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I. INTRODUCTION 

Soybean [Glycine max (L.) Merrill] is an important legume 

and oil seed crop indigenous to China and introduced to India 

in 1950's, It occupies 71.85 million hectares of area with 

154.32 million tonnes of annual world production. In India, it 

occupies about 6.45 million hectares of an area with a 

production of 6.5 million tonnes (Anon., 1999). Being well 

suited to black soils of transitional tract of Karnataka, it is a 

major crop of Belgaum, Dharwad and Bijapur districts 

occupying 54 thousand hectares of area with annual production 

of 36 thousand tonnes (Anon., 1999). The golden bean contains 

the highest lysine rich protein (43.2%) among the leguminous 

crops with 19.5 per cent of oil containing fairly high amount of 

unsa tura ted fatty acids (Gopalan et al, 1994). 

Soil is a habitat for a vast, complex and interactive 

community of soil organisms, whose activities largely determine 

the chemical and physiological properties of the soil and growth 

of the plant. From seed germination until a plant reaches 

m.aturity, it lives in close association with soil organismis. This 

association is determined as rhizocoenosis. The vast majority of 

plant associated soil organisms inhabit the rhizosphere, defined 

as the zone around roots and bacterial growth is stimulated by 

the release of nutr ients . Within the rhizosphere, there is a 

continues interaction between plant roots and rhizosphere 



organisms that comprise the rhizosphere. These interactions 

can have an important influence on plant growth. They may be 

viewed as neutral or harmful or beneficial. 

Although rhizosphere appears to be too complex to allow 

its manipulation, specific bacteria can be applied to seed or 

roots, which cause an alteration in the composition of the 

rhizosphere. Such manipulations have important and exciting 

implications. In addition to the manipulation of the microflora 

to control disease causing organisms, it should be possible to 

promote the activity of beneficial ones, such as mycorrhizal 

fungi, associative nitrogen fixers, actinorhizae and Rhizobium 

spp. 

The productivity of soybean is often very much influenced 

by effective rhizosphere microflora. The word "Rhizosphere" 

(Hiltner, 1904) means active part of the soil volume close to 

roots. In recent years there has been renewed interest in the 

use of rhizobacteria, which when applied to seeds, tubers or 

roots, are able to colonize plant roots and stimulate growth and 

improve crop yields. These have been termed as Plant Growth 

Promoting Rhizobacteria (PGPR) (Botton et al, 1990) and have 

been shown to increase plant growth, enhance nodulation, N2-

fixation and yields. In China such rhizobacteria are known as 

"Yield Increasing Bacteria". 



The effects of PGPR on plant growth can be mediated by 

the direct or indirect mechanisms. The direct effects have been 

most commonly attributed to the production of plant harmones 

such as auxins, gibberllins and cytokinins as by supplying 

biologically fixed nitrogen. These PGPR also affect growth of 

plants by indirect mechanisms such as suppression of 

bacterial, fungal and nematode pathogens by production of 

siderophores, HCN, ammonia, antibiotics, volatile metabolites 

etc., by induced systemiic resistance and/or by competing with 

the pathogen for nutr ients or space for colonization. 

Several soil microbiologists and microbial ecologists 

differentiated the rhizosphere microorganisms as beneficial and 

harmful according to their functions. Beneficial microorganisms 

are those that can promote plant growth by fixing atmospheric 

nitrogen, decomposing organic wastes and residues and 

enhance nutr ient cycling, detoxifying pesticides, suppressing 

plant diseases and soil borne pathogens and by producing plant 

growth promoting substarices such as lAA, GA, vitamins, 

harmones, enzymes etc. Using some of these beneficial 

microorganisms, various microbial inoculants have been 

prepared for use in crop production to reduce the cost of 

chemical fertilizers and to minimize environmental pollution. 

Since, microorganisms are useful in eliminating the problems 

associated with the use of chemical fertilizers and pesticides, 
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they are now widely applied in sustainable nature farming and 

organic agriculture (Higa, 1991 and Parr et al, 1994). 

The concept of active management of rhizosphere 

population of legumes has advanced towards co-inoculation of 

Rhizobium/ Brady rhizobium s trains with plant growth 

promoting rhizobacterial strains (PGPR) as adjunct inoculants. 

These bacteria stimulate the growth of important crop 

plants under field conditions. Combined use of two or three 

beneficial microorganisms as inoculants have been found to 

perform better than single inoculations (Alagawadi and Gaur, 

1988; Patil et al, 1992; J i sha and Alagawadi, 1996; Prathibha 

et al., 1994) and also reported that, they exert a moire accent 

effect. Hence, the combined inoculations are better than single 

inoculations (Patil et al, 1992). 

Combined use of Plant Growth Promoting Rhizobacteria is 

based on the principles of natural ecosystems, which are 

sustained by their consti tuents; that is, by the quality and 

quantity of their inhabitants and specific ecological parameters 

i.e., the greater the diversity and number of inhabi tants , the 

higher the order of their interaction and more stable the 

ecosystem. This concept of combined use of plant growth 

promoting rhizobacteria is an effort to shift microbiological 

equilibrium in favour of increased plant growth production, 



nutrient uptake and protection (Higa, 1991 and Parr et al., 

1994). 

Based on these approaches, an attempt was made to study 

the effect of combined inoculation of growth promoting 

rhizobacteria such as Rhizobium, Azospirillum, phosphate 

solubilizers and bacteria isolated from rhizosphere of soybean 

grown in different locations of Karnataka, over single 

inoculation on the soybean crop with the following objectives. 

1. Isolation of PGPR strains from soybean, grown in 

different regions of Karnataka. 

2. Screening the isolates for beneficial traits like 

production of plant growth promoting substances and 

bio-control potential etc. 

3. Selection of efficient isolates based on their beneficial 

trai ts . 

4. Study of combined-inoculation of PGPR with Rhizobial 

inoculants on growth and productivity of soybean. 



KeuieiAJ of oL iter at eraiure 



II. REVIEW OF LITERATURE 

There are several beneficial rhizobacteria in the 

rhizosphere, which can improve soil quality, enhance crop 

production and protection, conserve natural resources and 

ultimately create more sustainable agricultural production and 

safe environment. Effective techniques have been developed to 

isolate and enumerate these organisms from the rhizosphere of 

crop plants and test their efficiency for beneficial effects on soil 

and plant as well. Literature pertaining to utilizing of these 

beneficial organisms as bioinoculants in agricultural crop 

production and their effects either as single or mixed 

inoculants on crop growth, yield and nutrient uptake have been 

reviewed in this chapter. 

2.1 Isolation of PGPRs and Inoculation response of PGPRs 

2.1.1 Nitrogen fixers as PGPR 

2.1.1.1 Rhizobium 

Vincent (1970) and Roughly (1970) isolated pure cul tures 

of Rhizobium by washing and surface sterilizing the nodules 

and then plating the milky fluid from a crushed nodule on a 

suitable agar medium. 

Dhilllon et al. (1974) isolated ten strains of Rhizobium 

from the nodules of bengalgram and soybean and identified 



them to be R. phaseoli and R. japonium, respectively after 

carrying out the various biochemical tests. Patil et al. (1974) 

isolated 14 strains of Rhizobium from soybean grown in 

different parts of Karnataka and tested for nodulation in 

soybean through these plant passages. 

Fuhrmann (1990) collected 360 isolates of B. japonicum 

from soybean nodules from 18 locations and characterized 

serologically with an ELISA, morphologically by colony type on 

yeast extract mannitol agar medium. Thompson et al. (1991) 

isolated over 1500 root nodule bacteria from traditional 

soybean growing areas in Thailand and reported that most 

isolates were slow growers. Bromfield and Jones (1980) 

reported that many fast growing rhizobia produce acids from 

sugars when grown in culture medium while slow growers 

produce alkaline metabolites. 

A significant increase in seed yield of two pigeonpea 

cultivars by seed inoculation with Rhizobium strain KA-1 and 

the inoculation efficiency increased with applied P reported by 

Gupta and Bajpai (1981). In a nodulation study of 12 

greengram genotypes including Pusabaisaki as one of the 

genotypes on inoculation with Rhizobium at different growth 

stages reveal that number of nodules in cultivars Pusabaisaki 

go on increasing upto 50 DAS and there after decreased to 19 

per cent at harvest. There was a similar trend with nodulation 
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and nodule dry weight in other cultivars reported by 

Dhandopani and Sakharam Rao (1988). Highest nodulation and 

highest yield in soybean was recorded when a treatment 

including Rhizobium in combination with a nitrogen fertilizer 

was applied. 

Parashar et al. (1999) conducted a field trial to know the 

effect of Rhizobium inoculation and phosphorus application on 

quality of broadbean {Vicia faba L.) and opined that Rhizobium 

inoculation with application of 60 kg P2O5 ha-^ caused marked 

increase in seed yield and. quality parameters of broad bean 

seeds such as protein, methionine and tryptophan. 

Sharma et al. (1999) studied the response of 11 strains of 

Rhizobium. and nitrogen on symbiotic, biochemical and 

physiological parameters and yield of black gram [Vigna mango 

(L.) Hepper) and noticed the highest yield of black gram in local 

strain x N 20 kg ha'^ treatment combination. 

2.1.1.2 Azospirillum 

Agarwal and Tilak (1988) studied the establishment of 

Azospirillum brasilense in the roots of Eleusine coracana and 

reported the establishment of bacteria endobiotically in roots, 

mainly in the cortical intracellular space and vascular t issue. 

Al-Maadhidi (1989) isolated AzospiriHum from the roots of 

wheat cultivars and identified them as Azospirillum brasilense 



and A. lipoferum and noted A. brasilense as the most potent 

nitrogen fixing species. Jaskowska (1995) investigated the 

occurrence of bacteria in the rhizosphere of rye, wheat, barley 

and corn and found Azospirillum in 5 1 per cent of the samples. 

Maheshkumar (1997) isolated Azospirillum from the roots of 

Bombusa vulgaris and Dindrocalamus strictus grown on 

different soils. 

Rao et al. (1985) carried out field experiment at various 

location in India on response of Azospirillum brasilense and 

demonstrated that grain yield of sorghum (sorghum bicolor] 

pearlmillet (Pennisetum americanum), fingermillet (Eleusine 

coracana) and barley [Hardeum vulgare) increased, either with 

or without urea and Azospirillum seed inoculation. In a pot 

culture experiment Gallo et al. (1990) found that chickpea 

plants inoculated with Azospirillum brasilense produced greater 

root and shoot dry weight and root length than those inoculated 

with Rhizobium leguminosarum. 

Maheshkumar et al. (1997) reported improved seedling 

growth of bamboo due to inoculation of Azospirillum sp. 

Increased plant weight, grain and fodder yield and savings of 

25 per cent N fertilizer in rabi sorghum due to inoculation of 

Azospirillum sp., was observed by Tippannavar and Alagawadi 

(1998). Alagawadi and Krishnaraj (1998) reported increased 
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grain yield in sorghum due to inoculation of Azospirillum 

strains ACD-15 and ACD-20. 

2.1.2 Phosphate solubilizers 

As early as 1948, Pikovskaya obtained from the soil and 

phosphorus bearing rocks, an organism which was termed as 

"Bacterium P" capable of forming water soluble phosphate from 

tricalcium phosphates. 

Phosphate solubilizing microorganisms belonging to the 

genera Bacillus, Pseudomonas, Citrobacter, Enterobacter, 

Rohnella and Serratia have been isolated in the recent years 

from the soils and rhizosphere of crop plants by various 

workers (Haider et al., 1990; Krishnaraj and Gowda, 1990; 

Illmer and Schinner, 1992; Leinhos and Vacek, 1993; Kim et 

al., 1998 and Maheshkumar, 1997). 

Bopaiah (1985) isolated phosphate solubilizing bacteria of 

the genera Bacillus and Pseudomonas from the rhizosphere of 

arecanut palm. Molla et al. (1984) reported active phosphate 

solubilizing microbial population in the rhizosphere of rye grass 

and wheat. Yahya and Al-Azawi (1989) enumerated phosphate 

solubilizing bacteria in 52 soil samples of Bhagdad where the 

phosphate solubilizing bacteria varied from 0.012 to 28.4 x 10** 

cells g-i of soil. 
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Rokade and Patil (1993) conducted seed as well as soil 

inoculation with phosphate dissolving microorganisms (PDMOs) 

and found them to be effective in increasing yield and dry 

matter content of different crops. Chanway (1995) studied the 

differential response of western hemlock (Tsuga heterophylla 

(Raf.) sarg) with plant growth promoting Bacillus polymyxa 

strain L6-16R and obtained significant increase in seeding 

emergence height and biomas accumulation. 

Defreitas et at. (1997) inoculated phosphate solubilizing 

rhizobacterium to Canolo (Brassica napus L.) and obtained 

significant increase in plant height and pod yield of canola, but 

P-uptake was not increased. 

Highest number of double seeded and filled pods and 

increased pod weight, 100 kernel weight, shelling percentage, 

pod, kernel, oil and protein yield were obtained in treatment 

which received MRP (75%) + SSP (25%) along with nine tonnes 

of FYM ha-i and Aspergillus awamori. The pod yield in this 

treatment was 40 per cent higher than the one with only MRP 

(75%) + SSP (25%) alone (Ramesh et a/., 1998). 

2.2 Screening of PGPRs 

2.2.1 Rhizobium 

Erdman and Means (1952) studied the several 

characteristics used for measuring nitrogen fixation of 
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atmospheric nitrogen by inoculated Rhizobia and recorded a 

positive correlation between total yields, dry weight of the 

plants and nitrogen content of the plants. 

Certain desirable characters for use and selection of 

efficient Rhizobium strain were suggested by Bergerson et al. 

(1971). Lahiri (1979) suggested that the differential competition 

between the strains of Rhizobium in nodulating soybean is the 

resultant expression of two interaction forces operating 

simultaneously, like preferentially may be exploited by the 

particular bacterial strain. The magnitude of second compound 

depends more on the nature of strains and could be 

manipulated to some extent artificially. 

Lopes and Giardini (1974) reported that the nodulation 

and the total plant dry weight was not as a good criterion as 

the total nitrogen for strain differentiation although total 

nitrogen and dry weight are"correlated. 

Twenty isolates of horsegram were screened for their 

symbiotic response in pots UASB-87 strain for horsegram was 

developed which was efficient and effective in various parts of 

Karnataka (Siddaramaiah, 1977). 

Thomas and Shantaram (1987) screened Rhizobium 

isolates of eight different forage legumes based on nodulation 
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and ni t rogen fixing efficiency and compared with NiftAL 

composite cul t ivars . 

2 .2 .2 Azospirillum 

The ni t rogen fixing efficiency of Azospirillum species has 

been examined by several workers . 

Dobreiner and Day (1976) reported Azospirillum to fix as 

much as 150 mg of N/g of lacta te util ized. However, ni t rogen 

fixation values equivalents to this have not been observed by 

other workers . 

Okon et al. (1977) reported 20-24 mg of N fixed per gram 

of carbon source utilized whereas Nelson and Knowels (1978) 

observed 4.7 to 28.0 mg N/g of carbon source . Dobereiner and 

Boddey (1980) reported tha t the efficiency of ni t rogen fixation 

increased with increasing age of cu l ture reaching values of 98 

mg/g of lac ta te and 49 mg/g of glucose for A. brasilense and A. 

lipoferum respectively in the early s ta t ionary phase . 

P u r a s h o t h a m a n et al. (1988) reported tha t ni t rogen fixing 

potent ia l of Azospirillum sp. , varies between 1.6 and 23.96 

mg/g of carbon source . P ra th ibha (1993) observed 2.40 to 

18.28 mg of N/g of carbon source utilized by 25 Azospirillum 

s t ra ins isolated from 14 genotypes of cotton. Maheshkumar 

(1997) isolated six Azospirillum s t r a ins from the roots of 
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bamboo plants and found them to fix 15.68 to 22.4 mg of N/g 

of carbon source utilized. 

2.2.3 Phosphate solubilizers 

Oswal and Bhide (1972) reported that Pseudomonas sp., 

isolated from Maharashtra soils could solubilize 13-58 per cent 

of tricalcium phosphate added to liquid medium. Sardina et al. 

(1986) reported a 50 per cent solubilization of phosphorus from 

low grade mineral residues by Pseudomonas sp., when they 

were added at the rate of 1 g/1 of medium. Gaur (1990) has 

reported a range of 24 to 58.4 per cent solubilization of 

phosphorus from tricalcium phosphate. 

Singh and Kapoor (1994) observed increased in 

solubilization zone of tricalcium phosphate and mineral rock 

phosphate on inoculation with phosphate solubilizing bacteria 

upto 15 days in plates due to increase in the level of glucose 1 

to 2 per cent. Nahas (1996) studied 31 bacteria isolated from 

soil for their ability to solubilize rockphosphate and calcium 

phosphate in culture medium and found eight bacteria to 

possess solubilizing ability. Among the isolates, Pseudomonas 

cepacia showed highest solubilizing activity. Maheshkumar 

(1997) recorded maximum solubilization of tricalcium 

phosphate by Serratia sp., on 15*^ day of incubation. 
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Venkateshwaralu et al. (1984) and Gaur (1990) showed 

that production of organic acids by phosphate solubilizing is 

one of the mechanisms to solubilizing insoluble mineral 

phosphate. Solubilization of tricalcium phosphate is also 

reported to occur even in the absence of release of organic 

acids (Illmer and Schinner, 1992). Goldstein et al. (1993) 

showed that solubilization of mineral phosphates by bacteria is 

the result of acidification of the periplasmic space by the direct 

oxidation of glucose or other aldose sugars. 

Organic acid production may play an important role in 

hydroxy apatite solubilization but is not the sole reason for 

increased phosphorus concentration in the culture medium 

(Kim et al, 1998). 

2.3 Production of growth promoting substances by PGPRs 

2.3.1 Rhizobium 

Production of indole acetic acid and other indole 

compounds by Rhizobium sp., were reported from root nodules 

of leguminous tree Pongamia pinnata (L.) Pierre. The Rhizobium 

sp., isolated was able to produce lAA in culture when 

supplemented with L-tryptophan @ 110 |ig/ml (Sinha and Basu, 

1981). 

Rhizobium. sp., form the root nodules of a leguminous 

medicinal herb (TephrosecF^^&fmireq RersA were isolated by De 
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and Basu (1996) that produced high amounts of indole acetic 

acid (126 |ag/ml) from L- tryptophan supplemented basal 

medium and reported maximum lAA production in the 

stationary phase of growth of the bacteria. 

Chhaya Datta and Basu (1997) isolated a Rhizobium sp., 

from the root nodules of a leguminous medicinal herb (Dolichos 

biflorus L.) and found to produce large amounts of indole acetic 

acid (139.1 )ag/ml) from L-tryptophan and also discussed the 

possible role of the rhizobial production of lAA on the rhizobia 

legume symbiosis. 

2.3.2 Azospirillum 

Plant growth promoting substances released by 

Azospirillum isolated from, rhizosphere of crop plants was 

reported by Harari et al. (1983). 

Fallik and Okon (1984) identified the growth promoting 

substances produced by A. brasilense as indole acetic acid. Bar 

and Okon (1993) reported that the phyto hormone lAA was 

produced by Azospirillum and the organism promoted the plant 

growth. 

Omay et al. (1992) also observed the production of lAA by 

Azospirillum sp., under different growth conditions. Hernandez 

et al. (1996) observed Azospirillum isolates to produce lAA 
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within the broth and suggested that the organism increased 

biomass accumulation of Panicum maximum. 

2.3.3 Phosphate solubilizers 

Phosphate solibilizing microorganisms are also known to 

produce plant growth promoting substances. 

Barea et al (1976) showed the production of plant growth 

regulators by rhizosphere phosphate solubilizing bacteria. They 

isolated about 50 phosphate dissolving bacteria from 

rhizosphere of crop plants and examined for lAA, gibberellins 

and cytokinin production, 43 of these isolates produced lAA, 29 

formed gibberllins and 45 produced cytokinin like substances . 

Baya et al. (1981) reported the production of vitamin by 

rhizosphere isolates and found a direct correlation with 

solubilization of different phosphates. Sattar and Gaur (1987) 

tested eight phosphate solubilzing bacteria isolates and found 

them to synthesize auxins and gibberlins. Phosphate 

solubilizing microorganisms are also reported to produce 

siderophores and auxins (Chabot et al., 1993; Krishnaraj, 

1996). De freitas et al. (1997) recorded significant increase in 

plant height and pod yield of canola (Brassica napus L.) due to 

inoculation with phosphate solubilizing rhizobectrium but P 

uptake was not increased by the organism. 
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2.4 Plant growth promoting rhizobacteria 

The free living soil bacteria that provide some kind of 

benefit to plants are usually referred to as plant growth 

promoting rhizobacteria are PGPR (Kloepper et al., 1989) or 

Yield Increasing Bacteria YIB (Piao et al., 1992; Tang, 1994). A 

number of bacteria including Azotohacter, Azospirillum, 

Pseudomonas, Acetobacter, Burkholderia and Bacillus can be 

considered as plant growth promoting rhizobacteria (Brown, 

1974; Kloepper et al, 1988; Bashan and Levanony, 1990; Tang, 

1994; Okon and Labandera-Gonzalez, 1994). Plant growth 

promoting rhizobacteria can effect plant growth either directly 

or indirectly. There are several ways in which different plant 

growth promoting rhizobacteria have been reported to directly 

facilitate the proliferation of their plant hosts. They can fix 

atmospheric nitrogen and supply it to plants, synthesise 

siderophores that sequester iron from the soil and provide it to 

plants, synthesise several different phytoharmones that can act 

to enhance various stages of plant growth, they have 

mechanisms for the solubilzation of minerals such as P and 

make it readily available for plant uptake and they may 

synthesize some low molecular weight compounds or enzymes 

that can modulate plant growth and development (Brown, 1974; 

Kloepper et al, 1986 and 1989; Davison, 1988; Lambert and 

Joos, 1989; Glick et al, 1994a and 1994b). 



Yoshikawa et al. (1993) reported that secretion of succinic 

and lactic acids per se by a plant growth promoting 

rhizobacterial strain Pseudomonas putida stimulated root 

growth in Asparagus seedlings. 

Chanway (1995) reported that seed inoculation of western 

hemlock [Tsuga hecterophylla] with plant growth promoting B. 

polymyxa strain L6-16R can result in significant increase in the 

seedling em.ergence, height and biomass accumulation. 

2.5 Dual inoculation effect on crop plants 

Combined use of two groups of beneficial organisms helps 

in improving the efficiency of inoculated organisms (Alagawadi, 

1986). 

Combined inoculation of Rhizobium and A. chroococcum or 

Beijerinckia indica results in improved nodulation and increase 

in yield in soybean (Apte and Iswaran, 1975; Kumar Rao and 

Patil, 1976; Rawat and Sanoria, 1976; Sharma and Rao, 1978), 

in chickpea (Tosh and Sanoria, 1978), in mungbean, soybean 

and pea (Jauhri et al., 1979) and in soybean, Vigna and 

trifolium (Burns et al., 1981) have been observed. 

Inoculation of Azospirillum is also reported to show the 

improved nodulation and yield of soybean in unsterile soil (Sing 

and Subba Rao, 1979). Similar results have been recorded by 
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Tilak et al. (1981) in clover, Lucerne and chickpea inoculated 

with both Azospirillum and Rhizobium simultaneously. 

Inoculation of chickpea with A. brasilense together with 

Rhizobium is known to increase the grain yield, nodule dry 

weight, nitrogen activity and active iron content of nodules 

(Rai, 1983). 

Plazinski and Rolfe (1985) observed inhibition of 

nodulation in clover plants due to combined inoculation of 

Rhizobium trifolii and Azospirillum on addition of auxins to the 

plant growth medium, but an Hac strain of Rhizobium trifolii 

was still able to form nodules in the presence of Azospirillum.. 

/3-alal (1997) reported that dual inoculation with 

Brady rhizobium japonium and Azospirillum brasilense improved 

the crop growth and biological nitrogen fixation of soybean over 

single inoculation. 

Seed inoculation with Azospirillum brasilense and 

Klebsiella pneumoniae in combination with application of 60 kg 

N/feddan gave slightly higher dry matter and protein yields in 

pearlmillet than application of 90 kg N/feddan alone or single 

inoculation of each organism (Mahmoud et al., 1994). 

A significant increase in root nitrogen activity, dry matter 

and seed yields of rice " and sorghum due to combined 

inoculation of A. brasilense and phosphate solubilizing P. 
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striata or Bacillus polymyxa as compared to single inoculation 

of either organism or control (Gaur and Alagawadi, 1987). 

Umamaheswar Rao and Rao (1993) reported associative 

effect of Rhizobium with Glomus mosseae or G. epigaeum on 

blackgram and greengram and showed significant increase in 

growth, N and P uptake, nodulation and biochemical 

consti tuents like leaf chlorophyll, total soluble sugars, total 

phenols and free amino acids when compared to inoculation of 

Rhizobium alone. 

Savalgi et al. (1994) recorded higher nodulation due to 

dual inoculation with Azospirillum brasilense s trains and 

rhizosphere spp., strain NC-92 than Rhizobium alone in 

groundnut under red loam soil condition and among 

Azospirillum isolates ACR-8 (local isolate) showed better 

performance than SP-7. 

Inoculation of selected plant growth promoting 

rhizobacteria Pseudomonas and Rhizobium colonized the 

rhizosphere of wheat rape, pea, alfalfa and sugarbeat in a pot 

culture experiment, but no clear growth stimulation effect was 

observed (Hoflich et al., 1995). 

Thakur and Panwar (1997) in a field experiment studied 

the response of PS 16 and PUSA 105 greengram varieties to 

Rhizobium and VAM fungi inoculation. Nodulation, nitrate 



22 

reductase and nitrogenase activity was higher in dual 

inoculation plants than single inoculated PUSA 105 variety 

showed higher activity than PS 16. 

Alagawadi and Gaur (1992) also revealed a significant 

increase in yield and nutrient uptake of sorghum due to 

combined inoculation of A. brasilense and P. striata or B. 

polymyxa over inoculation of individual organisms. 

A significant increase in the yield of red cotton was 

recorded by Prathibha et al. (1994) due to combined inoculation 

of Azospirillum and P. striata as compared to single inoculation 

treatment. 

Dual inoculation of Rhizobium and phosphate solubilizing 

bacteria have been shown to increase the nodulation nitrogen 

fixation, nutr ient uptake as well as yields of mungbean, 

soybean, clover, commonbean and other crops (Bhatnagar et 

al, 1973; Delorenzini et al, 1979; Grimes and Mount, 1984). 

Alagawadi (1986) and Alagawadi and Gaur (1988) observed 

significant increase in nodule nitrogenase activity, nutr ient 

uptake, plant biomass and grain yield of chickpea due to 

combined inoculation of Rhizobium and phosphate solubilizing 

Pseudomonas striata or B. polymyxa as compared to single 

inoculation treatments . 
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Patel et al. (1998) showed combination of 50 per cent N 

and P coupled with Rhizobium and phosphate solubilizing 

microorganisms increased plant height, number of branches, 

leaves/plant, number of po.ds/plant, grains/pod and pod yield 

significantly in gardenpea compared to recommended levels of 

nutr ients applied through chemical fertilizers only. 

Prabhakaran et al. (1999) showed the dual inoculation of 

Rhizobium and phosphate with 50 per cent of P2O5 per hectare 

recorded a comparable yield with 100 per cent P2O5 per hectare 

alone application in horsegram which indicated saving of 50 per 

cent of chemical fertilizers of phosphorus due to inoculation. 

Dual inoculation with Glomus mosseae and Rhizobium with 

50 per cent of recommended N and P fertilization recorded the 

maximum plant height, root length, plant biomass, number of 

nodules per plant, nodule weight and grain yield of greengram 

variety Vamban compared to single inoculation or 100 per cent 

recommended dose of fertilizer application. Mycorrhization 

positively influenced Rhizobium for better nodulation and N2 

fixation (Balachander and Nagarjan, 1999). 

2.6 Effect of multiple inoculation on crop plant 

El-Mukkadam et al. (1989) observed improved nodule 

branching due to combined inoculation of Azospirillum 
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lipoferum, Azotobacter chroococcum and Rhizobium spp., as 

compared to dual inoculation treatment. 

Increase in dry matter production and phosphate uptake 

in chickpea plants due to triple inoculation with Rhizobium 

phosphobacteria and Glomus fasciculatum (Poi et al., 1989). 

El-Demerdash et al. (1992) observed highest nitrogenase 

activity in rhizosphere and grain yield in wheat plants 

inoculated with mixed cultures of cowpea rhizobia, Rhizobium 

leguminosarum, Azotobacter chroococcum and Azospirillum 

lipoferum as compared to control and other inoculation 

t reatments . 

Belimov et al. (1995) found that the mixed cultures of 

Azospirillum. lipoferum 137, Arthrobacter mysorens 7 and 

phosphate solubilizing Agrobacterium radiobacter 10 produced a 

significant positive effect on the grain yield of barley. They 

suggested that the combined inoculation of all the three 

organisms provided a more balanced nutrition for plants and 

the improvement in root uptake of N and P was a major 

mechanism of interaction between plants and bacteria. 

In a pot culture trial conducted by Veena (1999) reported 

maximum plant growth, biomass yield and nutrient uptake in 

sorghum in the treatment receiving consortia of eight 

component organisms comparing bacteria, fungi, actinomycete 
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which was almost equivalent to application of 75 to 100 per 

cent recommended dose of chemical fertilizers^ Combined 

inoculation of four beneficial organisms was also found 

superior over single, dual or triple inoculation of beneficial 

organisms and also a field experiment was conducted by 

Devananda (2000) reported m.aximum plant growth, yield and 

nutrient uptake in pigeonpea in the combined inoculation 

treatment comprising of Rhizobium, Azospirillum and P. striata 

(PGPRs). 
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III. MATERIAL AND METHODS 

The present study was carried out at the Department of 

Agricultural Microbiology, University of Agricultural Sciences, 

Dharwad, during the years 1999-2000 and 2000-01. The 

material used and the methods followed in carrying out the 

experiments are presented here. 

3.1 Collection of soybean plants and rhizosphere soils 

A survey for the soybean root nodulation was undertaken 

in the two Agro-climatic regions viz., II and IV, which include 

Northern dry zone No. 3 and transition zone No. 8. The soybean 

plants approximately 40-50 days old were collected from 30 

locations where soybean is predominantly grown. 

The healthy soybean plants were randomly selected for the 

study from each field in each location as mentioned in Table 1. 

The plants were uprooted carefully without disturbing the root 

system. The extent of nodulation as number of nodules and 

nodule weight were observed. The plants were dried in hot air 

oven for dry weight. 

Collection of soil samples 

The rhizosphere soils that adhere to the soybean plants 

were collected and were brought in polythene bags and stored 

in a cool spot and analysed immediately. 



27 

3.1.1 Soil chemical characters and nodulation status 

Detailed chemical analysis of 30 soil samples were carried 

out as explained below (Table 1). 

3.1 .1 .1 Soil pH 

The pH of the soil water suspension (1:2.5) was 

determined using a digital pH meter with combined glass 

electrode (Jackson, 1967). 

3.1.1 .2 Electrical conductivity 

The EC was determined in 1:2.5 soil water extract using 

electrical conductivity bridge (Jackson, 1967). 

3.1 .1 .3 Cation exchange capacity 

The cation exchange capacity (CEC) of the soil was 

determined by leaching the soil with neutral normal sodium 

acetate solution and the excess salts were removed by 60 per 

cent ethanol solution. The adsorbed sodium was replaced by 

neutral normal NH4OHC and the concentration of sodium in the 

leachate was measured by flame photometer and the cation 

exchange capacity was calculated (Jackson, 1967). 

3.1 .1 .4 Available nitrogen 

Available nitrogen was estimated by micro-kjeldhal 

method (Black, 1965). Soil sample was digested in H2SO4 
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containing salicilic acid, K2SO4, CUSOA and Na2S03. This was 

distilled with excess of 40 per cent NaOH. The ammonia 

released was absorbed in 4 per cent boric acid. Nitrogen was 

determined by back titration against H2SO4 using mixed 

indicator. 

3.1.1.5 Available phosphorus 

Available phosphorus was estimated by Olsen's method 

(Muhr et al., 1965). Soil sample was shaken with the extractant 

for few minutes, filtered and phosphorus in an aliquat of the 

extract was determined by chlorostanous reduced 

molybdophospheric blue colour method in HCl system. The 

intensity of the blue colour was read in a spectophotometer at 

660 nm wave length. 

3.2 Isolation of rhizobacteria 

3.2.1 Isolation of Rhizobium strains from soybean root 

nodule 

Soybean plants collected along with root system in 

polythene bags were packed properly to retain the nodules 

fresh. The nodules washed in tap water were carefully detached 

from the root system^ and surface sterilized in 70 per cent 

alcohol after dipping in 0.1 per cent mercuric chloride solution 

for three minutes. These nodules were thoroughly washed in 6-

8 changes of sterile distilled water. Big, healthy pink nodules 



Table 1. Chemical characteristics of the soil. 
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SI. 
No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

2 3 

24 

2 5 

26 

27 

2 8 

29 

30 

Place 

Agadi 

Algur 

Achatager i 

Ainapur 

Athani 

Bi japur 

Chikkodi 

D y a m a p u r 

GTC DWD 

H a n u m a n a m a t t i 

Haroogeri 

Hi rehonna l l i 

Honnawad 

Hooli 

Hubli 

Koulgudda 

Misrikoti 

Mole 

Mudhol 

Nippani 

P a d a r a n g h 

Pale 

Polekoppa 

R a m d u r g a 

S a n k e s h w a r 

S a u n d a t t i 

Seed farm 
Athani 

Telsang 

! UAS, DWD 

1 Ugar 

Soil 
type 

Black 

Red 

Red 

R e d 

Black 

Black 

Black 

Red 

R e d 

Red 

Black 

Black 

Black 

Yellow 

Black 

Black 

Black 

Black 

Black 

Black 

Black 

Red 

Red 

Black 

Black 

Black 

Red 

Black 

Black 

Black 

PH 

6 . 8 

7 .9 

6 .2 

6 . 3 

7 .4 

8.2 

8 .1 

6 . 3 

6 . 8 

6.9 ' 

7 . 5 

7 .2 

7 .6 

5 .2 

7 . 2 

7 .6 

7 . 3 

7 . 5 

6 . 8 

7 . 8 

7 . 4 

6 .8 

6 .9 

7 .1 

7 .9 

7 . 5 

6 . 5 

8 .2 

8 .1 

7 .9 

EC 
|dSm-i) 

0.20 

0.50 

0.90 

0 .35 

1.50 

0.70 

0.34 

0.20 

0.52 

0.31 

0.44 

3.20 

0.88 

0.75 

0 .85 

2.55 

0.10 

1.25 

0.19 

0.50 

0.20 

0.50 

0.90 

1.50 

0.70 

0.34 

0.20 

0.52 

0.31 

0.44 

CEC 
(C mol 

kg-M 

4 4 

3 6 

3 0 

4 9 

4 1 

4 9 

5 9 

2 1 

3 3 

2 8 

5 5 

4 9 

4 5 

22 

5 5 

5 4 

54 

4 5 

4 8 

4 9 

4 1 

3 5 

2 0 

5 3 

6 3 

44 

32 

42 

48 

5 5 

Avail N 
(kg ha 1) 

131.00 

178.52 

195.57 

201 .00 

251 .52 

145.00 

274 .54 

173.00 

170.00 

191.02 

2 0 6 . 5 8 

224 .64 

183.00 

112.00 

163 .55 

224 .00 

216 .32 

251 .32 

275 .00 

181.92 

210 .82 

196.82 

163 .41 

248 .44 

198.16 

154.61 

218 .32 

2 1 6 . 1 5 

174.80 

272 .40 

Avail P 
(kg ha-i) 

23.57 

22.24 

21.06 

17.21 

17.04 

28.80 

23 .85 

12.11 

15.06 

18.06 

26 .08 

24.80 

14.60 

14.00 

25 .28 

19.81 

22 .00 

17.90 

26.80 

9.80 

19.62 

19.72 

9.80 

22 .32 

23.86 

14.80 

17.84 

15.50 

31.85 

: 22.20 



Table 2. Characters of plant collected from different 
locations. 
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SI. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2 0 

2 1 

2 2 

2 3 

2 4 

2 5 

2 6 

27 

2 8 

2 9 

30 

Place 

Agadi 

Algur 

Achatager i 

Ainapur 

Athani 

Bi japur 

Chikkodi 

D y a m a p u r 

G.T.C. DWD 

H a n u m a n a m a t t i 

Harooger i 

Hi rechonal l i 

Honnawad 

Hooli 

Hubl i 

Koulgudda 

Misrikot i 

Mole 

Mudhol 

Nippani 

R a d a r s a n g 

Pale 

Polekoppa 

R a m d u r g a 

S a n k e s h w a r 

Savindat t i 

Seed form Athani 

Te lsang 

UAS, DWD 

Ugar 

Nodule 
number 
plant-i 

27.66 

. 26 .50 

27 .67 

61 .33 

65 .00 

48 .95 

52 .95 

13.75 

25 .99 

69 .50 

25 .99 

20 .00 

- 58.67 

10.99 

6 8 . 3 3 

32 .66 

84.47 

39 .00 

25 .93 

26 .50 

37 .62 

16.33 

24 .50 

66 .00 

58 .67 

39 .00 

16.33 

52 .95 

70 .50 

41 .99 

Nodule dry 
weight (mg 

plant-i) 

5 5 

106 

5 3 

2 3 4 

2 6 0 

2 1 3 

2 1 7 

3 1 

7 5 

2 7 8 

8 6 

4 1 

2 3 4 

29 

136 

110 

1 6 5 

129 

7 9 

7 3 

147 

3 3 

87 

1 2 8 

191 

111 

6 5 

2 1 6 

2 7 2 

126 

Plant dry 
we ight 

plant 1 (g) 

16.4 

17.3 

16.2 

19.2 

18.4 

17.2 

19.8 

14.9 

16.5 

18.8 

19.2 

11.6 

19.2 

15.8 

14.3 

16.2 

20 .2 

16.8 

17.3 

16.3 

13.5 

14.8 

19.2 

17.5 

19.8 

16.2 

15.2 

20 .2 

20 .6 

17.5 
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were crushed with sterile , glass rod to get the nodule 

suspension. A loopful of white milky nodule suspension was 

streaked on plates of yeast extract mannitol agar containing 

congored (2.5 ml/1 of 1%) as per the method described by Hahn 

(1966). These plates were incubated for four to seven days at 

26-28°C in a incubator. The colonies showing little or no 

congored absorption were further purified by the streak plate 

method. Well isolated single colonies on the plates were 

isolated and preserved in YEM'A slants. 

3.2.2 Isolation of Azospirillum from soybean roots 

Root samples of soybean plants collected from different 

locations were washed thoroughly in running tap water. The 

roots were then cut into bits of 1-2 cms length. These root bits 

were then surface sterilized by dipping in 0.1 per cent HgCb 

solution for three minute and then in 70 per cent ethyl alcohol 

for one minute followed by washing in 6-8 changes of sterile 

water. Then root bits were inserted into the test tubes 

containing sterilized semisolid N-free malate medium (Okon et 

al., 1977). The tubes were incubated for one week and observed 

for growth of Azospirillum as sub surface white pellicle. The 

isolates were purified by repeated sub-culturing in fresh tubes 

followed by streaking on potato infusion agar (Baldani and 

Dobereiner, 1980) till distinct pure colonies were obtained. 
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3.2.3 Isolation of phosphate solubilizing bacteria and 

general rhizobacteria from rhizosphere soil 

The roots of soybean plants were gently tapped to remove 

excess soil and soil adhered to the root was collected and used 

for isolation of microflora by serial dilution plate count method. 

For phosphate solubilizing bacteria, Pikovskay's agar medium 

(Pikovskaya, 1948) and for General rhizobacteria, soil extract 

agar (Bunt and Rovira, 1955) were used. The plates were 

incubated at 28±2°C for four to seven days and colony counts 

recorded. Predominant colonies of each group of organism were 

purified and subcultured on the slants of respective media for 

further use. 

3.3 Identification of the isolates 

The rhizobacteria isolated from soybean were identified 

upto generic level based on morphological and biochemical 

tests as detailed below. 

3.3.1 Identification of Rhizobium strains 

The pure cultures of nodule isolates were subjected to the 

following determinative tests . 
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3.3 .1 .1 Growth on YEMA + congored medium 

The procedure as described by Vincent (1970) was 

followed. YEMA medium with congored (2.5 ml of 1% solution) 

was prepared and 15 to 20 ml of this medium was dispensed in 

petriplate. Young cultures of collected purecultures were 

streaked on these plates and incubated for 7 days at 26-28oC. 

Little or no absorption of congored indicates the presence of 

Rhizobium. The number of days for the colonies to appear and 

the nature of the colonies formed were also recorded. The 

production of polysaccharide was also observed. 

3.3.1 .2 Gram reaction 

Gram staining for the isolates was conducted following the 

procedure described by Anonymous (1957). Typical gram 

negative short rods were inferred to be rhizobia. 

3.3 .1 .3 Acid or alkali production 

Freshly prepared YEMA plates containing Bromo Thymol 

Blue (BTB) having a pH of 7.0 were streaked with bacterial 

isolates as per the method described by Vincent (1970). Slow 

growing rhizobia produce alkalic metabolites in this medium 

which is indicated by change in the colour of BTB dye, from 

green to blue while fast growers were identified by the 

production of acidic metabolites changing colour of dye from 

green to yellow. 
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3.3 .1 .4 Growth on glucose peptone agar medium 

The method described by Vincent (1970) was followed. 

Young cultures were streaked on to freshly prepared glucose 

peptone agar plates and incubated at 26-28oC for 7 days. Poor 

growth in the medium was confirmatory test for Rhizobium. 

3.3.1 .5 Growth on Hofer's alakali broth 

The above test was conducted as a confirmatory test for 

Rhizobium as per the procedure described by Hofer (1935). The 

pH of YEMA broth was raised to 11.0 by adding sodium 

hydroxide. The broth was then dispensed into test tubes at the 

rate of 5 ml per tube and autoclaved at 121°C and 1.06 kg 

pressure for 15 minutes. The isolates were inoculated into 

these tubes and incubated at 28°C for 7 days. Inability of these 

isolates to grow on YEM broth at pH 11 was confirmatory for 

Rhizobium. 

3.3.1 .6 Ketolactose test 

Retest isolates were streaked on petriplates containing 

ketolactose medium and the plates were incubated at 26-28oC 

for 7 to 8 days in a incubator. After the incubation period, the 

plates were flooded with Benedict's solution. The change in 

colour from blue to yellow around the colonies indicates 



conversion of lactose and "tests were considered positive for 

Rhizobium (Bernaerz and Deley, 1963). 

3^.3.2 Efficiency test of isolates 

3 .3 .2 .1 Nodulation test 

To study the efficiency of different isolates the modified 

experiment of N free sterile sand media in plastic cups was 

followed as described by Nambiar and Dart (1980). 

3.3.2 .2 Preparation of assembly 

Plastic cups with proper drainage were used for the test. 

The plastic cups were washed with two per cent formaldehyde 

and filled with 600 grams of acid washed sterilized, dried river 

bed sand aseptically. 

3.3 .2 .3 Plant nutrient solution 

The details of plant nutrient solution and composition is 

given in Appendix-I. The N-free nutrient solution applied 

alternate day to the cups. 

3.3 .2 .4 Sowing of seeds 

Healthy, clean uniform sized seeds of soybean (JS-335) 

were surface sterilized with 70 per cent alcohol followed by 0.1 

per cent mercuric chloride for three minutes, than followed by 

washing in several changes in sterile distilled water. The 
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surface sterilized seeds were then germinated in petriplates 

containing moist filter paper. The seeds were allowed to sprout. 

Two sprouted seeds were sown in plastic cups containing sand 

and watered with sterile distilled water and plant nutr ient 

solution alternatively. After some days only one seedling per 

cup was retained. 

3.3 .2 .5 Inoculation 

All the 24 isolates grown on YEMA slopes were inoculated 

into sterile YEM broth and incubated for 7 days. One ml of the 

broth culture was poured around the seedling soon after 

germination of the seed with the help of sterile pipette. Three 

replications were maintained for each treatment. The control 

plants were not inoculated. 

3.3.3 Identification of Azospirillum isolates 

Azospirillum isolates were streaked on N-free malate 

medium plates (Kreig, 1976) containing 50 mg yeast extract per 

litre. They were then streaked on potato infusion agar plate 

(Baldani and Dobereiner, 1980) and simultaneously tested for 

colony morphology on nutr ient agar medium (Anon., 1957). The 

microscopic observations were made for cell shape gram 

reaction and motility. 
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3.3.4 Identification of phosphate solubilizing bacteria 

The isolates of phosphate solubilizing bacteria were identified 

upto generic level based on morphology and biochemical testes 

as given below. 

3.3.4.1 Morphological characters 

P-solubilizing bacterial cultures isolated were tested for 

colony morphology, gram reaction, cell shape and ability to 

form spores as per the standard procedures given by Anon. 

(1957) and Barthalomew and Mittewer (1950). 

3.3.4 .2 Biochemical tests 

3 .3 .4 .2 .1 Hydrolysis of starch 

The capacity of the isolates to hydrolyse starch was tested 

by the procedure given by Eckford (1927). Triplicate plates of 

s tarch agar were inoculated" with test cultures and incubated at 

30°C for 3 days. After incubation the plates were flooded with 

Lugol's iodine solution, allowed to stand for 15-30 minutes and 

observed for formation of clear zone around the colony to 

indicate hydrolysis of starch. (Starch agar was prepared by 

suspending one gram of starch powder in 10 ml of cold distilled 

water, mixed with 90 ml of nutrient agar and autoclaved at 

121°C for 20 minutes). 
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3.3 .4 .2 .2 Gelatin liquefaction 

The gelatin liquefaction ability of the P-solubilizing 

bacterial isolates was examined by the procedure of Blazevic 

and Ederer (1975). Triplicate plate of gelatin agar inoculated 

with cul tures in one pot were incubated at 30°C for three days. 

After incubation the plates were flooded with 12 per cent HgCb 

solution and allowed to stand for 20 minutes and observed for 

clear zone around the growth of organism to indicate gelatin 

liquefaction. 

3.3 .4 .2 .3 Catalase test 

Nutrient slants were inoculated with test cultures and 

were incubated at 30°C for 24 hours. After incubation, the 

tubes were flooded with one ml of three per cent hydrogen 

peroxide and observed for gas bubbles. The occurrence of gas 

bubbles indicates positive for catalase (Blazevic and Ederer, 

1975). 

3.3 .4 .2 .4 Acid and gas production 

Test cultures were examined for acid and gas production 

by following the procedures given by Seeley and Vandemork 

(1970). Test cultures were inoculated to five ml of pre-sterilized 

glucose broth medium in test tubes containing Durham's tube 

and bromocresol purple (15 ml L-i of 0.04% solution) as pH 

indicator. The tubes were incubated for seven days at 30°C. The 
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accumulation of gas in the Durham's tube was taken as positive 

for gas production and change in colour of medium to yellow 

was taken as positive for acid production. 

3 .3 .4 .2 .5 Hydrogen sulphide production 

Test isolates were inoculated to test tubes containing 5 ml 

of sterile H2S medium and incubated at 28±2°C. The tubes were 

examined for H2S production. The formation of black ring in the 

test tube was taken as positive for H2S production. 

3.3.5 Identification of general rhizobacterial isolates 

The general bacterial isolates were identified upto generic 

level based on their morphology and biochemical characterist ics 

as detailed for phosphate solubilizing bacteria in sectio.n 

3.3.3.1 and 3.3.3.2 of this chapter. 

3 . 4 / N i t r o g e n fixation by Azospirillum isolates 

The amount of nitrogen fixed in the broth culture by the 

free living N2 fixing isolates was estimated by microkjeldahl 

method of Jackson (1973). 

A loopful of 48 hours old culture of each isolate was 

inoculated to five ml N-free broth of respective medium and 

incubated for 48 hours . One ml of this broth was inoculated to 

50 ml of respective N-free broth in 250 ml flasks. The flasks 

were incubated at 28 + 200 for 15 days and 10 ml of this culture 
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was used for estimation of nitrogen. To the 10 ml of broth 

culture, five ml of concentrated H2SO4 and 200 mg catalyst 

mixture (potassium sulphate, copper sulphate and selenium in 

the ratio of 10:1:0.1) were added and allowed for digestion in a 

block digester for two hours to get the clear digest. The clear 

digest was cooled and diluted with distilled water upto 10 ml. 

This was distilled in a distillation unit after addition of 20 ml of 

40 per cent sodium hydroxide solution to make the digest 

alkaline, in a Parnas-wayner type distillation unit . The evolved 

ammonia was absorbed in four per cent boric acid with mixed 

indicator and finally titrated with 0.05 N H2SO4 for colour 

change from red to green. From the volume of acid consumed, 

total nitrogen content was calculated and expressed as mg N 

per gram carbon source utilized. 

5 P release by PSB strains 

Isolates of phosphate solubilizing bacteria were inoculated 

to 100 ml Pikovskaya's broth (Pikovskaya, 1948) and incubated 

for two weeks at 28±2°C and the amount of Pi released in the 

broth (2 replications) was estimated in comparison with a set of 

uninoculated controls. The broth cultures were centrifuged at 

9,000 rpm for 20 minutes in a Remi micro centrifuge to 

separate the supernatant from the cell growth and insoluble 

phosphate. Whenever, the supernatant was coloured due to 

pigmentation, about 1 g of activated charcol was added and 



shaken until it become colorless and filtered through Whatman 

No. 1 filter paper. The available P content in the supernatant 

was estimated by phospomolybdic blue colour method (Jackson, 

1973) as detailed below in 3.1.1.5. 

3.5.1 Reagents used 

Chloromolybdic acid 

Chloromolybdic acid reagent was prepared by dissolving 

7.5 g of ammonium molybdate in 150 ml distilled water to 

which 162 ml of concentrated HCl was added. The volume was 

made upto one litre with distilled water. 

Chlorostannous acid 

Chlorostannous acid reagent was prepared by dissolving 

25 g of SnCb 2H2O in 100 ml concentrated HCl and making the 

volume to one litre with distilled water. Both the reagents were 

stored in amber coloured bottle in a refrigerator. One ml of the 

culture filtrate was taken in a 50 ml volume flask to which 10 

ml of chloromolybdic acid was added and mixed thoroughly. 

The volume was made upto approximately three forth with 

distilled water and then 0.25 ml chlorostannous acid was added 

to it. Immediately the volume was made to 50 ml with distilled 

water. After 15 minutes, the blue colour developed was read on 

a spectrophotometer at 610 nm using a reagent blank. 

Simultaneously, a standard curve was prepared using various 
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concentrations of s tandard 2 ppm KH2PO4 solution. The amount 

of phosphorus solubilized w^s calculated from the standard 

curve. 

3.6 Production of lAA and GA 

The representative isolates of Azospirillum, phosphate 

solubilizers and general rhizobacteria isolated from soybean 

were tested for production of lAA and GA by paper 

chromatography following the method of Vancura and Macura 

(1960) as detailed below. 

One ml of the 48 hours old cultures were inoculated to 50 

ml of the respective broth media supplemented with L-

tryptophan (sodium malate broth, Okon et al., 1977, for 

Azospirillum; Pikovskaya's broth, Pikovskaya, 1948 for P-

solubilizers and nutrient broth. Anon., 1957 for general 

rhizobacteria) and the flasks were incubated at 2812^0 for 20 

days. 

3.6.1 Extraction of growth regulators 

The broth cultures after the incubation period were 

centrifuged at 4000 rpm for 40 minutes. The supernatant 

collected in EM flasks was acidified to pH 2.8 to 3.0 using 1 

NHCl and extracted in 40 ml butanol in a 1000 ml separating 

funnel (Podjil and Seveik, 1960). The butanol extract was 

subjected to centrifugation at 5000 rpm for 10 minutes. The 



organic layer was separated out from aqueous layer in a ^0 

separating funnel. The organic layer was air-dried and the dried 

residue was dissolved in 0.5 ml of methanol. 

3.6.2 Preparation of solvent mixture 

Isopropanol (Analar gra'de), ammonia (0.85 sp gr) and 

double distilled water in the ratio of 10:1:1 by volume were 

transferred into a clean dry 500 ml capacity separating funnel 

and mixed thoroughly by various shaking for five minutes. The 

mixture was allowed to stand for five minutes to achieve a 

distinct separation of organic and aqueous phases. The 

aqueous phase was transferred into a clean sterile petriplate 

and kept in a chromatography chamber for saturation as a 

stationary phase. Whereas, organic phase was used as a mobile 

phase by pouring the solvent into the trough. 

3.6.3 Preparation of indicator spray for detection of lAA and 

GA 

Three ml of H2SO4 was diluted to 20 ml with double 

distilled water in a 100 ml volumetric flask to which 500 mg of 

ferric chloride was added and dissolved. The volume was made 

upto 100 ml with double distilled water and then used for 

spraying to detect lAA and GA produced by cultures. 



3.6.4 Quantitative estimation of lAA and GA 

3.6 .4 .1 Extraction 

Bacterial cultures producing lAA and GA were inoculated 

to sterilized Czapek's solution (Mahadevan and Sridhar, 1984) 

supplemented with 0.005 M L-tryptophan. They were incubated 

at 370C for 7 days in dark. After 7 days of incubation, the 

cultures were centrifuged at 6000 rpm to remove the bacterial 

cells and the supernatant was collected in a conical flask and 

used for estimation of lAA and GA. 

3.6.4 .2 lAA estimation 

Twenty five ml of the supernatant was collected and the 

pH was adjusted to 2.8 using IN HCl in a 100 ml conical flask. 

Equal volume of diethyl ether was added to it and incubated in 

dark for four hours . Extraction of lAA was done at 4oC in a 

separating funnel using diethyl ether. The organic phase was 

discarded and the solvent phase was pooled and evaporated to 

dryness. To the dried material, two ml of methanol was added, 

pooled and the lAA present in the methanol extract was 

determined using the method of Gorden and Paleg (1957). To 

0.5 ml of methanol extract, 1.5 ml of distilled water and 4 ml 

Sapler's reagent (1 ml of 0.5 M FeCla in 50 ml of 35% perchloric 

acid) was added and incubated in dark for one hour. The 

intensity of pink colour developed was read at 535 nm in a 
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spectrophotometer. From a standard curve prepared with 

known concentrations of lAA, the quantity of lAA in the culture 

filtrate was determined and expressed as | ig/25 ml of the 

medium. 

3.6 .4 .3 GA estimation 

Twenty five ml of the culture filtrate was taken in a test 

tube to which two ml of zinc acetate was added. After two 

minutes, two ml of potassium ferrocyanide was added and 

centrifuged at 1000 rpm for 15 minutes. To five ml of this 

supernatant , was added five ml of 30 per cent HCl and 

incubated at 20°C for 75 minutes. The blank sample was 

treated with five per cent HCl and the observance of the sample 

as well as blank was measured at 254 nm in a 

spectrophotometer. The amount of GA present in the extract 

was calculated from the standard curve and expressed as |ag/25 

ml of the medium. The standard curves of lAA and GA were 

prepared by using graded concentrations of lAA and GA3. 

3.7 ^ iocontro l test 

Five efficient strains from each group of Rhizobium, 

Azospirillum, phosphate solubilizers and three efficient strains 

from general rhizobactera were studied for their potentiality of 

biocontrol. This biocontrol test was done against the pathogen 

Sclerotium collected from the Dept. of Plant Pathology. 
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The pathogen was spotted in the center marked area in 

the petriplate containing respective media and test isolate was 

spotted on the side of pathogen and the plate was kept for 

incubation for 3-4 days. Zone of inhibition indicates whether 

test isolate suppress the growth of pathogen or vice versa. 

3.8 Evaluation of efficient strains under pot culture 

condition 

A pot culture experiment was conducted to study 

combined effect of different efficient cultures, isolated from 

soybean rhizosphere, on the growth and nutr ient uptake of 

soybean plants as detailed below. 

3.8.1 Preparation of pots 

The medium black soil collected from E block of Main 

Research Station, University of Agricultural Sciences, Dharwad 

was mixed thoroughly, sieved and filled in the earthen plots of 

30 cms diameter at the rate of 18 kg per pot. The required 

quantity of FYM (90 gm pot"^) was weighed separately for each 

pot and incorporated into the soil. 

3.8.2 Soil characteristics 

The pH of the soil was determined in 1:2.5 soil solution 

using a pH meter. 
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The soil was analysed for its available nitrogen by kjldahl 4 ? 

method (Jackson, 1973) and organic carbon content by wet 

oxidation method (Jackson, 1973). The available phosphorus 

was determined by Olsen's method (Olsen et al., 1954) and the 

available potassium by flame photometer method (Stanford and 

English, 1949). Similarly microbiological analysis of the soil 

was carried out by serial dilution and plate count. 

3.8 .3 Selection of efficient strain 

One most effective strain of Rhizobium, Azo spirillum, 

phosphate solubilizer and general rhizobacteria were selected 

based on their nodulation s ta tus , bio-controlling capacity, 

production of growth promoting substances, nitrogen fixation 

and P-solubilizing ability, for pot culture to see their effect 

either singly or in combination. 

3.8.4 Fertilizers 

The recommended dose of fertilizers for soybean was 

40:80:25 kg NPK per hectare. N in the form of urea, P in the 

form of single superphosphate and K in the form of muriate of 

potash were applied to soil as basal dose at the time of sowing. 



3.8.5 Seed inoculation and sowing 48 

Soybean seeds of var. JS 335 collected from soybean 

improvement scheme at UAS, Dharwad, were used in the 

experiment. Healthy seeds with 85 per cent germination were 

sown in plots at five spots, to which one ml of the efficient 

inoculum broth was added according to the treatment schedule. 

One set of pots were kept as control without adding inoculum. 

After 10 days thinning was done to retain only three seedling in 

each pot. 

3.8.6 Treatments 

Four efficient s t ra ins selected namely Rhizobium (RhNas), 

phosphate solubilizer (PSBNi), Azospirillum (AzoN?), general 

rhizobacteria (GBNs) were compared with an uninoculated 

control. The performance of these strains was further evaluated 

in single application and in different combinations (Table 3). 

3.9 Observations 

Without disturbing the root system the soybean plants 

were pulled out at 45 and 60 DAS and their root and shoot 

system were separated and subjected for following 

observations. 



Table 3. Treatment details of pot culture experiment. 

Treatments 
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Control 

Rhizobium (RhN23) 

Phospha t e solubil izer (PSBNi) 

Azospirillum (AzoNy) 

Genera l rh izobac ter ia l i sola te (GBN5) 

Rhizobium + Phospha te solubil izer 

Rhizobium + Azospirillum 

Rhizobium + General rh izobac te r ia 

Phospha t e solubil izer + Azospirillum 

P h o s p h a t e solubil izer + General rh izobac te r i a 

Azospirillum + General rh izobac te r ia 

Rhizobium + Phospha te solubil izer + Azospirillum 

Rhizobium + Phospha te solubil izer + Genera l 

rh izobac te r i a 

Rhizobium + Azospirillum + General rh i zobac te r i a 

P h o s p h a t e solubil izer + Azospirillum + Genera l 

rh izobac te r i a 

Rhizobium + Phospha te solubil izer + Azospirillum + 

General rh izobac te r i a 
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1. Plant height : The average height of the three soybean 

plants was recorded at 30, 45 and 60 DAS and expressed in 

cm. 

2. Number of branches : Th? average number of branches of 

three soybean plants were counted at 30, 45 and 60 DAS. 

3. Number of nodules per plant : The Number of nodules on 

roots of each plant was counted and their mean was 

expressed as number of nodules per plant at 45 and 60 DAS. 

4. Number of pods per plant : The Number of pods per plant 

was counted and their mean was expressed as number of 

pods per plant at 60 DAS and at harvest, 

5. Chlorophyll content : Chlorophyll content of soybean plant 

was measured at 45 DAS "and at 60 DAS. 

Estimation of chlorophyll content 

The total chlorophyll at 45 and 60 DAS was determined by 

using dimethyl sulfoxide (DMSO) method given by Shoef and 

Lium (1976). 

Fresh leaf samples (10 mg) were incubated in 7.0 ml of 

DMSO at 65°C for 50 minutes. At the end of the incubation 

period, decanted the supernatant and discarded the leaf t issue. 

Made up the volume to 10 ml with DMSO. Read the absorbance 

of extract at 645 and 663 niri using DMSO as blank. 



Total chlorophyll = 20.2 (A 645) + 8.02 (A 663) x "^ 51 
100 X w X a 

(mg/g fresh weight) 

Where, 

A = Absorbance at specific wave length [645 and 663 nm] 

V = Final volume of chlorophyll extract (ml) 

w = Fresh weight of sample (g) 

a = Path length of light (1 cm) 

6. Grain yield : Yield of soybean grains per plant was recorded 

at the time of harvest. 

7. Dry weight yields of both root and shoot : The dry matter 

content of soybean plants was recorded at harvest. From 

uprooted plants, the root and shoot portions were separated 

and were separately air dried. The plant samples were oven 

dried at 60oC to constant weight. The shoot and root dry 

weights were recorded and expressed in g per plant. 

8. Nutrient uptake (N and P) : The oven dried plant samples 

were ground to fine powder and used for estimation of 

nitrogen and phosphorous content. 

3.9.1 Estimation of nitrogen 

the total content in the plant sample was estimated 

following the microkjeldahl method as outlined by Jackson, 

(1973) The analysis was done with 500 mg of oven dried finely 
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ground samples which were digested with five ml of 

concentrated H2SO4 in presence of 200 mg catalyst mixture 

(containing potassium sulphate, copper sulphate and selenium 

in 100:10:1 ratio). The samples were digested on a 

microkjeldahl digestion unit till a clear solution was obtained. 

The digest was cooled and diluted with distilled water. The 

digested samples were distilled after adding 20 ml of 40 per 

cent NaOH to make the digest alkaline in a Parnar-wayers type 

semimicrokjeldahl distillation unit . The evolved ammonia was 

absorbed in four per cent boric acid solution and titrated 

against 0.05 NH2S04- A standard was run by using 1 mg of 

nitrogen per five ml solution of ammonium sulphate and the 

titre values were converted to mg of nitrogen and per cent 

nitrogen was calculated. 

3.9.2 Estimation of phosphorus 

Five hundred mg of plant sample was taken in a 250 ml 

capacity conical flask and was added with 2.5 ml of 

concentrated HNO3. The flask was swirled to moisten, the entire 

sample and then placed on a hot sand bath for 30 minutes and 

then on the electric hot" plate at ISO^C to 200°C. The 

suspension was boiled until taken nearly to dryness. 



3.9.2 .1 Wet oxidation 
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Five ml of tri acid mixture (Cone HNO3, Cone H2SO4 and 

60 per cent HCIO4 in the ratio of 10:1:4) was added to pre 

digested sample and further digestion was carried out at 180°C 

to 200°C on a digestion mantle until the residue in the flask 

became clear white. The content of the flask were collected and 

added with 10 to 15 ml of 6 N HCl and stirred well. The acid 

digest was transferred to 50 ml volumetric flask and the volume 

was made upto 50 ml with distilled water. From this wet 

oxidised digested color, *P' was estimated by Vanadomolybdate 

phosphoric yellow colour method (Jackson, 1973). 

Ten ml of wet oxidised digested sample was taken in a 50 

ml volumetric flask and 10 ml of Vanadomolybdate reagent was 

added. The volume was made upto 50 ml with distilled water 

and allowed to react for 30 minutes. The yellow colour 

developed was read at 490 nm using spectrophotometer. The P-

content was obtained by the standard curve. 

For obtaining standard curve, 0.439 gm of KH2PO4 was 

dissolved in distilled water and made upto 1000 ml in a 

volumetric flask (100 ppm P-solution). Aliquots of 1 to 10 ml 

were transferred to 50 ml volumetric flask and 10 ml 

vanadomolybdate reagent was added to each flask including 

blank. The volume was made upto 50 ml with distilled water. 

The yellow colour developed was read after 10 minutes in a 
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spectronic-2-D soectrophotometer at 490 nm. The standard 

curve was obtained by plotting a graph as concentration along 

X-axis and corresponding observance along Y-axis. 

3.10 Statistical analysis 

The statistical analysis of the data in pot experiments 

were carried out as described by Panse and Sukhatme (1985) 

for completely randomized design as well as by Steel and Torrie 

(1960) for Dunkun's Multiple Range test. 
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IV. EXPERIMENTAL RESULTS 

Investigations were carried out on the growth promoting 

rhizobacteria of soybean for their abilities to fix atmospheric 

nitrogen, solubilize insoluble mineral phosphate, suppressing 

pathogens and production of plant growth promoting 

substances. Based on these characteristics, a t tempts were 

made to select most efficient strains and study their combined 

inoculation effect on growth and nutrient uptake of soybean 

under pot culture experiments. The results pertaining to 

present studies are interpreted in this chapter. 

4.1 Studies on morphological and biochemical 

characteristics 

4.1.1 Rhizobium 

All the Rhizobium isolates were subjected to various 

morphological, cultural and biochemical characters and results 

pertaining to these studies are presented in Table 4. 

Morphologically, all the isolates exhibited typical 

bradyrhizobial colony characters. They produced smooth raised 

circular white to light pink coloured, small sticky colonies 

indicating that either they did not absorb or weakly absorbed 

the congored colour on YEMA + CR medium. 
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All the isolates formed well developed colonies on YEMA 

plates after seven days of incubation indicating that they were 

slow growers, except six isolates which exhibited fast growth. 

When these isolates were subjected for gram straining, it was 

found that they were gram negative. When these isolates are 

subjected for acid or alkali production test, it was noticed that 

only six isolates were acid producing rest of the isolates alkali 

producers. On glucose peptone agar and Hofer's alkali broth, 

six isolates exhibited very poor growth and the remaining 

isolates did not exhibit any growth. On ketalactose medium six 

isolates did not produced lactonic acid while the rest of them 

did not produce lactonic acid. 

Nodulation ability of the bacterial isolates was tested 

using the soybean (Glycine max (L.) Merill) as test plant. Out of 

30 isolates, 24 isolates were capable of nodulating on the test 

plant (Table 8). Therefore, only these cultures were retained for 

further studies. 

4.1.2 Azospirillum 

Fifteen isolates obtained on semi solid N-free malate 

medium were further characterized for their morphology and 

physiology (Table 5). All the strains showed pellicle formation 

in the semisolid N-free malate medium. All strains were gram 

negative having spiral shape with corkscrew motility. 



Table 4. Morphological, physiological and biochemical 
characters of isolates collected. 
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I s o l a t e 
No . 

R h N l 

R h N 2 

R h N 3 

R h N 4 

R h N 5 

R h N 6 

R h N 7 

R h N 8 

R h N 9 

R h N l O 

R h N l l 

R h N 1 2 

R h N 1 3 

R h N 1 4 

R h N l 5 

R h N 1 6 

R h N 1 7 

R h N 1 8 

R h N 1 9 

R h N 2 0 

R h N 2 1 

R h N 2 2 

R h N 2 3 

R h N 2 4 

R h N 2 5 

R h N 2 6 

R h N 2 7 

R h N 2 8 

R h N 2 9 

R h N S O 

A p p e a r a n c e 
o n YEMA 

W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
L i g h t P i n k 
S t i c k y 
W h i t e , 
S t i c k y 

" White", 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
L i g h t p i n k . 
S t i c k y 

W h i t e , 
, S t i c k y J 

C r e a m y 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e 
c r e a m y . 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
L i g h t p i n k , 
s t i c k y 

W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 

W h i t e , 
S t i c k y 
W h i t e , 
S t i c k y 

Rate of 
growth 

s 

s 

s 

G r a m 
r e a c t i o n 

-ve 

-ve 

-ve 

S ; -ve 

S 1 -ve 

S -ve 

S 

S 

S 

S 

S 

S 

s 
s 

s 
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Plate la . Growth of Rhizobium on the petri plate 
containing YEMA media. 

Plate lb . Pellicle formation of Azospirillum 
isolates on semi solid N-free malate 
media. 



About eight isolates showed pale white and smooth 

colonies, five isolates showed pink and curled colonies and two 

colonies showed brown, smooth to curled colonies, when grown 

on potato infusion agar. When grown on nutrient agar medium, 

it was found that 13 strains showing white to pale white, raised 

colonies whereas two strains showed white and smooth 

colonies. 

When these isolates were subjected for carbon source 

utilization, sucrose supported medium growth for seven 

isolates, poor growth for six isolates and no growth of two 

strains. Dextrose supported medium growth for seven strains 

and poor growth for seven strains when as one strain showed 

no growth. Citrate and malate supported medium to better 

growth for almost all the strains. 

4.1.3 Phosphte solubilizers 

Based on miorphological and biochemical tests 18 

representative bacterial isolates which showed clear 

solubilizing zones on Pikovskaya's tricalcium phosphate 

medium were identified upto generic level. The results obtained 

are presented in Table 6. 

All the 18 isolates were gram negative having rod shaped 

cells. Based on their morphological and biochemical 

characteristics, the isolates were found to be associated with 

5; 
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the genera Pseudomonas, Enterobacter and Xanthomonas. 

Sixteen out of 18 isolates belonged to the genus Pseudomonas, 

one to Enterobacter and one to Xanthomonas. 

4.1.4 General rhizobacteria 

Eight major representative isolates from general 

rhizobacteria were characterized for their morphological and 

biochemical characteristics and results were presented in Table 

7. All the isolates were gram negative having rod shaped cells. 

Based on morphological and biochemical tests out of eight 

isolates, six were found to be Pseudomonas and two were 

Enterobacter spp. The six isolates belonging to genus 

Pseudomonas showed negative reaction for starch hydrolysis 

acid and gas production and H2S production test and showed 

positive for gelatin liquefaction (except one showing negative) 

and catalase activity. Whereas, two isolates belonging to genera 

Enterobacter showed positive for all biochemical test except H2S 

production. 

4.2 Nodulation test 

Preliminary screening of 30 Rhizobium isolates conducted 

on soybean plant for nodulation test are presented in Table 8. 

The number of nodules, formed by inoculation of different 

strains demonstrated a variation ranging from 3.0 to 14.0 

nodules per plant. Significantly maximum number of nodules 
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were recorded in the plants inoculated with isolate RhN23 (14.0) 

when compared with the others followed by RhNs (12.0), RhNao 

(11.66) and RhNs (11.0). 

However, six isolates were not capable of nodulating the 

plants. The nodule dry weight varied from 3.0 mg/plant to a 

maximum of 28.0 mg/plant . The maximum dry weight was 

recorded in isolate RhNaa (28.0 mg) and RhNs (28.0) followed by 

RhNs (27.5 mg), RhNn (21.0 nig) and RhNso (19.0 mg). 

4.3 Nitrogen fixation by Azospirillum 

The amount of nitrogen fixed by Azospirillum isolates are 

presented in Table 9. The results clearly indicate that all the 

isolates of Azospirillum were able to fix atmospheric nitrogen. 

The isolates showed 9.10 to 14.36 mg of N/g of glucose added. 

Significant differences in nitrogen fixation by the isolate was 

also observed. Among the Azospirillum isolates AzoN? showed 

highest amount of nitrogen fixation (14.36 mg), followed by 

AzoNi4 (13.56 mg), AzoNs (13.56), AZ0N4 (12.56 mg) and AzoNio 

(12.50 mg). 

4.4 Phosphate solubilization 

The data on the amount of tricalcium phosphate (TCP) 

solubilized in the broth by the PSB strains isolated from the 

different regions are presented in Table 10. The amount of P-

released from the TCP by the phosphate solubilizing bacteria 
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Table 8. Performance of various Rhizobium isolates on root 
nodulation and nodule dry weight. 

Rh I s o l a t e s 

RhNi 

RhNa 
RhNa 
RhN4 

RhNs 
RhNe 
RhNr 
RhNs 
RhN9 
RhNio 
R h N i i 

RhNi2 

RhNi3 
RhNi4 
RhNis 
RhNie 
RhNi7 

RhNi8 
RhNig 

RhN2o 
RhN2i 

RhN22 

RhN23 

RhN24 

RhN25 
RhN26 
RhN27 

RhN28 

RhN29 
RhNao 

SEm± 
CD at 1% 

Nodule number 
( /p lant ) 

6.33 
5.33 
11.0 
3.33 
12.0 
4.0 
8.0 

7.33 
3.0 
7.0 
7.0 
7.0 
NNF 
8.0 

NNF 
10.0 
4.0 
NNF 
NNF 
9.0 
11.0 
9.0 
14.0 
4.0 
NNF 
5.66 
NNF 
9.0 
6.0 

11.66 
0 .553 
1.647 

Nodule dry we ight 
(mg /p lant ) 

7.5 
6.0 

28 .0 
\ l 7.0 

27 .5 
3.0 
12.0 
13.5 
6.0 
12.0 
21 .0 
13.0 
NIL 
9.5 
NIL 
16.5 
6.5 
NIL 
NIL 
12.5 

; 12.5 
1 6.5 

28 .0 
3.5 
NIL 

1 5 .5 
1 NIL 

12.0 
11.0 

1 19.0 
' 0 .328 
1 0 .977 

NNF - Nodules not formed 
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Table 9. Nitrogen fixation by Azospirillum isolates. 

I s o l a t e No . 

Azospirill 
AzoNi 
AZ0N2 
AZ0N3 
AzqN4 
AzoNs 
AzoNe 
AzoN? 
AzoNs 
AzoNg 
AzoNio 
AzoNii 
AzoNi2 
AzoNi3 
AzoN 14 
AzoNis 
S e m i 
CD a t 1% 

A m o u n t of N2- f ixed in 
m g / g m of c a r b o n s o u r c e 

u t i l i z e d 
um i s o l a t e s 

9.10 
" 10.36 

12.31 
12.33 
12.56 
10.95 
14.36 
9.56 
11.35 
12.50 
12.00 
10.13 
11.65 
13.96 
9.60 

0.920 
2 .741 



Table 10. Phosphate solubilization by PSB isolates 
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I so la tes 

PSBNi 

PSBN2 

PSBN3 

PSBN4 

PSBN5 

PSBNe 

PSBN7 

PSBNs 

PSBNg 

PSBNio 

PSBNn 

PSBN12 

PSBN13 

PSBN14 

PSBN15 

PSBN16 

PSBN17 

PSBN18 

SEM + 

CD at 1% 

TCP so lubi l i zed 
(mg P / 1 0 0 ml 

medium) 

47.5 

26.1 

39.0 

38.5 

37.0 

33.5 

24 .0 

37 .5 

34.0 

43 .0 

22.0 

19.0 

36.0 

47 .5 

25.5 

40 .5 

33 .05 

33 .1 

0.391 

1.165 
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ranged from 19 to 47.5 mg/100 ml broth. Among the PSB 

isolates, PSBNi released highest amount of P (47.5 mg/100 ml 

broth) and was significantly superior over rest of the P-

solubilizing bacteria. Among the remaining PSBNio isolate 

released about 43 mg/100 ml broth followed by PSBNie (40.5 

mg/100 ml broth), PSBN3 (39.0 mg/100 ml broth) and PSB 

(38.5 mg/100 ml broth). 

4.5 Production of lAA and GA 

The representative isolates of phosphate solubilizers, 

Azospirillum and general rhizobacteria were examined for 

production of Indole Acetic Acid (lAA) and Gibberellic Acid (GA) 

by qualitative and quantitative methods and the resul ts are 

presented in Table 11. The amount of lAA produced by different 

strains of phosphate solubilizers ranged from 5.4 \xg to 24.0 

f^g/25 ml broth, whereas, the amount of GA produced ranged 

from 1.21 \ig to 9.28 ^g/25 ml broth. All the strains of 

phosphate solubilizers are capable of producing both lAA and 

GA. The strain PSBN4 was found to produce the highest amount 

of lAA (24.0 ^g/25 ml) followed by PSBNi (22.0 ng/25 ml). The 

least producer was PSBN5 (5.4 |ig/25 ml). 

The amount of GA produced by the PSB strains varied 

significantly and ranged from 1.21 |ag to 9.28 |ag/25 ml broth. 

PSBNii produced the highest amount of GA (9.28 |.ig/25 ml) 
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followed by PSBNe (7.41 | i g /25 ml), PSBNie (5.88 ^ g / 2 5 ml) and 

PSBNi (5.80 Mg/25 ml). The lowest p roduc t ion of GA was in 

P S B N M (1.21 ^ g / 2 5 ml). 

In case of Azospirillum, all the s t r a i n s are capable of 

p roduc ing lAA and three s t r a i n s are not capable of p roduc ing 

GA. The a m o u n t of lAA produced ranged from 5.3 ng to 36.20 

)iig/25 ml. The s t r a in AzoNy w.as found to p roduce significantly 

h ighes t a m o u n t of lAA (36.20 | ig /25 ml) t h a n o the r s followed by 

AzoNs (31.86 | ig /25 ml), AzoNi4 (30.55 ^ig/25 ml) and AZ0N4 

(28.70 |ag/25 ml). The leas t p roducer was AZ0N2 (5.3 ^ g / 2 5 ml). 

The a m o u n t of GA produced ranged from 1.21 î g to 4 .75 fxg/25 

ml. The signif icant h ighes t p roducer was AzoN? (4.75 ^ g / 2 5 ml) 

t h a n o the r s followed by AzoNio (4.20 | ig /25 ml). Three s t r a i n s 

i.e., AZ0N4, AzoNs and AzoNis were not capable of p roduc ing 

GA. 

In case of genera l rh izobac te r ia except two s t r a i n s , all 

were capab le of p roduc ing lAA and GA. GBN4 was not p roduc ing 

lAA and GBNs was not providing GA. The a m o u n t of lAA 

produc t ion range from 7.5 jig to 21 .10 |Lig/25 ml. The signif icant 

p roducer was GBN5 (21.10 |ag/25 ml) followed by GBNe (18.1 

|Lig/25 ml). 

The a m o u n t of GA produced ranged from 0.60 î g to 3.38 

fag/25 ml. The significant h ighes t a m o u n t of GA was produced 
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Table 11. Production of lAA and GA by PSB, Azospirillum 

and General rhizobacterial isolates. 

Isolate 

P S B N i 
PSBNa 
PSBN3 
PSBN4 
PSBNs 
PSBNe 
PSBN7 
PSBNs 
PSBN9 

"PSBNio 
P S B N i i 
PSBN12 
PSBN13 
PSBN14 
PSBNTS 
P S B W16 
P S B N 1 7 

P S B N 1 8 

AzoNi 
AZ0N2 
AZ0N3 
AZ0N4 
AZ0N5 

AzoNe 
AzoN? 
AzoNs 
AzoNg 
AzoN 10 
AzoNi i 
AzoNi2 
AzoNia 
AzoNi4 
AzoNis 

GBNi 
GBN2^ 
GBNa 
GBN4 
GBNs 
GBN6 
GBN7 
GBNs 
S E m + 
CD a t 1% 

A m o u n t o f l A A 
p r o d u c e d ( | j . g / 2 5 m l ) 

A m o u n t o f GA 
p r o d u c e d ( L i g / 2 5 m l ) 

PSB i s o l a t e s 
2 2 . 0 5 . 8 5 
7 .5 1.28 

^ 1 0 . 5 4 . 5 5 
2 4 . 0 
5.4 

2 . 6 6 
2 . 1 9 

1 0 . 5 7 . 4 1 
1 8 . 7 5 , 1.71 
I7TOO ' " " 3 . 3 1 
1 8 . 0 0 2 . 9 0 

' ' 7 .4" ^ 1^98 
9 . 3 9 . 2 8 

" 6 . 8 " ; " 3 / 4 4 
11 .5 1 3 . 4 6 
8.4 i 1.21 
18 .1 '• 2 . 6 0 
10.5 1 5.88 
1 2 . 8 3 . 6 6 

_ _ ] ^ 7 1 2.17 
Azospirillum. isolates 

9 . 3 0 i 1.21 
5.3 1 1.27 

9 . 1 6 I 3 . 4 4 
28i.70 
1 7 . 9 5 

-
-

T7.9O ! 1.23 
3 6 . 2 0 4 . 7 5 
3 1 . 8 6 2 . 5 1 

• 1 1 . 3 0 ' 3 . 6 6 
1 5 . 5 1 4 . 2 0 
9 . 5 0 1.34 

2 8 . 3 0 
2 8 . 5 0 ' 1.33 
3 0 . 9 5 i 1.27 

• 13^90 3 . 5 0 

General rhizobacterial isolates 
7^5 i 2 . 9 8 

: ' 1 0 . 5 1.84 
* 1 1 . 5 0 . 8 0 

0 . 6 0 
2 1 . 1 0 i 3 . 3 8 
18 .1 ' 1.65 
8.4 1.65 
10 .4 

0 . 1 8 6 0 . 0 2 2 
0 . 5 5 4 0 . 0 6 5 
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by GBNs (3.38 |Lig/25 ml) when compound with others followed 

GBNi (2.98 Mg/25 ml). 

4.6 Biocontrol test 

To know the efficiency of selected efficient strains against 

the pathogens i.e., Sclerotium bio-control test was conducted 

and resul ts obtained were presented in Table 12. Among the 

Rhizobium s trains only two strains showed positive effect viz., 

RhN23 and RhNao. Among PSB isolates only one strain i.e., PSB 

Ni was showed positive effect. Among general rhizobacterial 

s trains, only one strain GBNs expressed positive effect. 

Whereas, in case of Azospirillum, all the tested isolates showed 

negative effect. 

4.7 Effect of PGPR on plant parameters 

4.7.1 Plant height 

Significant differences in the plant height of soybean 

observed at 30, 45 and 60 DAS (Days After Sowing) due to 

various inoculation treatments presented in Table 13. 

At 30 DAS, Ti2 (Rhizobium + PSB + Azospirillum] recorded 

significantly higher plant height (25.4 cm) which was on par 

with Ti4 [Rhizobium + Azospirillum + General rhizobacteria), Te 

[Rhizobium +P), Tie [Rhizobium +P+A+G) and T13 (R+P+G) which 

were 25.33, 25.26, 24.83 and 24.50 cm, respectively. 
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Table 12. Potentiality of PGPR as bio-control agents for the 
control of Sclerotium. 

Rhizobium 
S t r a i n s 

PSB S t r a i n s 

Azospirillum 
s t r a i n s 

G e n e r a l 
r h i z o b a c t e r i a l 
s t r a i n s 

S t r a i n s 

RhNs 

RhNs 

RhNi6 

RhN23 

RhNso 

PSBNi 

PSBN4 

. PSBNio 

P S B N i i 

PSBN16 

AZ0N4 

AzoNs 

AzoNy 

AzoNio 

AzoNi4 

' GBN5 

GBNe 

GBNi 

B i o - c o n t r o l 
E f f e c t 

-ve 

-ve 

-ve 

+ve 

+ve 

+ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

-ve 

+ve 
i 

-ve 

1 -ve 



Plate 2a. Biocontrol test. 

Plate 2b. Soybean plants grown under pot culture 
condition. 
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Among single inoculat ion t r ea tmen t s T2 (Rhizobium alone) 

recorded maximum plant height and lowest p lant height was 

with T5 (General rhizobatcer ia alone) which was on par with 

control (Ti). Among dual inoculat ion t r ea tmen t s , Te (R+P) 

recorded significantly higher p lan t height as compared to other 

dual inocula ted t r ea tmen t s . Among triple inocula t ion 

t r e a tmen t s , T12 (R+P+A) recorded significantly higher p lan t 

height (25.40 cm). However, it was on par with T13 (24.50 cm) 

and Ti4 (25.33 cm). Significantly lower p lan t height was 

recorded with T15 (21.73 cm). 

At 45 DAS, T12 recorded significantly higher p lan t height 

(29.06 cm) when compared with res t of the t r e a t m e n t s which 

was on par with T2 (28.66 cm) and Tie (27.86 cm). Among single 

and dual inocula t ion t r ea tmen t s similar t rend was followed as 

noticed in 30 DAS, but among triple inoculat ion t r ea tmen t s T12 

showed significant higher p lant height t han o thers . 

At 60 DAS, T12 recorded significantly higher p lan t height 

(35.53 cm) t h a n o thers , which was on par with Te (35.30 cm), 

Ti4 (35.03) and Tie (35.30 cm). 

In general , T2, Te and T12 recorded h ighes t p lan t height 

among single, dual and triple inocula t ions , respectively and 

these t r e a t m e n t s including Tie are significantly superior over 

the control . 
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4 .7 .2 Number of branches per plant 

Significant difference in the number of b r a n c h e s of 

soybean was noticed at 30, 45 and 60 DAS due to var ious 

inoculat ion t r ea tmen t s and were presented in Table 13. 

At 30 DAS, more number of b ranches were recorded in 

inocula t ion t r ea tmen t s receiving Te {Rhizobium + PSB), T12 

(Rhizoboium + PSB + Azospirillum], T13 {Rhizobium + PSB + 

General rhizobacteria) and Tie (Rhizobium + PSB + Azospirillum 

+ general rhizobacteria) which were on par with T7 (Rhizobium + 

Azospirillum) having 3.66 and significantly superior t han res t of 

the t r e a t m e n t s and control . 

Among single inoculat ion T5 (general rh izobacter ia alone) 

showed lowest number of b ranches (2.0). Among dual 

inocula t ion Te (4.00) showed significant more number of 

b r anches when compared with res t of the t r ea tmen t s , which 

was on par with T? (3.66). 

Among triple inoculat ion t r ea tmen t s T12 (4.0) and T13 (4.0) 

showed significant more number of b ranches than res t of the 

t r e a t m e n t s . 

At 45 DAS, inoculat ion t r ea tmen t s Te, T12, T13 and Tie 

showed more number of b ranches when compared with other 

t r ea tmen t s and significantly superior over single inocula ted 

t r e a tmen t s and control . 
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Among single inoculat ion t r ea tmen t s T2 (4.66) recorded 

more n u m b e r of b ranches however, it was on par with res t of 

t r e a t m e n t s . All single inoculat ion t r ea tmen t s were showed 

significantly more number of b ranches than control . Among the 

dual inocula t ion t r ea tmen t s Te (5.66) recorded more number of 

b r anches , which was on par with T7 (5.00) and Ts (5.00) and 

significantly superior over res t of t r ea tmen t s . Among triple 

inocula t ion t r ea tmen t s T12 (5.66) and T13 (5.66) recorded more 

number of b ranches and on.par with other t r e a tmen t s . 

At 60 DAS, significantly more number of b r anches were 

no t iced / recorded in T12 (7.66) when compared with res t of the 

t r ea tmen t s and control . However, which was on par with Te 

(7.0), Ti3 (7.0) and Tie (7.33). 

Among single inoculat ion t r ea tmen t s except T5 (5.00) all 

t r e a tmen t s showed significantly more number of b ranches than 

control (4.67), T2 showed maximum number of b ranches . In 

case of dual inoculat ion t r ea tmen t s Te (7.0) showed 

significantly more number of b ranches than other t r ea tmen t s 

except T? (6.33). Whereas , in case of triple inoculat ion 

t r e a tmen t s , significantly more number of b ranches were 

recorded in T12 (7.66) than other t r ea tmen t s which was on par 

with Ti3 (7.00). 

In general T12, Tie and T2 showed more number of 

b ranches among triple, dual and single inocula t ions , 
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LEGEND 

T i 

T2 

T3 

T4 

Ts 

Te 

T7 

Ts 

Tg 

Tio 

Control 

Rhizobium a lone RhNjs (R) 

Phospha t e solubil izer alone PSBNi (?) 

Azospirillum a lone AzoN? (A) 

General rh izobac te r ia l isolate GBN5 (G) 

Rhizobium + Phospha te solubil izer 

Rhizobium + Azospirillum 

Rhizobium + General rh izobac te r ia 

Phospha t e solubil izer + Azospirillum 

Phospha te solubil izer + General 

rh izobac te r ia 

T n 

T12 

T l 3 

Tl4 

T 15 

16 

•* Azospirillum + General rh izobac te r ia 

•+ Rhizobium + Phospha te solubil izer 

+ Azospirillum 

-^ Rhizobium + Phospha te solubil izer 

+ General rh izobac te r ia 

-> Rhizobium + Azospirillum + General 

rh izobac te r ia 

-• Phospha te solubil izer + Azospirillum 

+ General rh izobac ter ia 

-̂  Rhizobium + Phospha te solubil izer 

. + Azospirillum + General rh izobacte 
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LEGEND 

Ti 

T2 

Te 

Control 

Rhizobiu'iti a lone 

Rhizobium + Phosphate solubilizer 

Rhizobium + Azospirillum 

Rhizobium + Genera l rh i zobac te r i a 

Ti 

T2 

T12 

J6 

Control 

Rhizobium alone 

Rhizobium + Phosphate solubilizer 

Rhizobium + Phosphate solubilizer + 

Azospirillum 

Rhizobium + Phosphate solubilizer + 

Azospirillum + General rhizobacteria 



Plate 3a. Effect of inocu la t ion of PGPR s tra ins on 
growth of plant. 

Comparing single and dual inoculations with control. 

Plate 3b. Effect of inocu la t ion of PGPR s tra ins on 
growth of plant . 

Comparing the treatments receiving single, dual, 
triple and combination of four organisms with 
control. 
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respectively and these inoculation treatments were significantly 

superior over control. 

• ^ ^ T Y ^ T N , odule number 

Variations in nodule number at 45 and 60 DAS as a 

consequence of different microbial inoculation and their 

interaction are presented in Table 14. 

At 45 DAS, significantly more number of nodules per plant 

was recorded in T12 (32.00/plant) when compared with all other 

treatments and control and significantly lowest nodule number 

per plant was recorded in control (3.00/plant). 

Among single inoculation treatments T2 (21.00/plant) 

showed significantly superior over rest of the treatments. 

Among the dual inoculation treatments Te (30.0/plant) recorded 

significantly more nodule number per plant than rest of the 

treatments. In case of triple inoculation treatments T12 

(32.0/plant) recorded significantly highest nodule number per 

plant when compared with rest of the treatments. 

At 60 DAS, significantly more number of nodules per plant 

was recorded in T12 {36.00/plant) when compared with all other 

inoculation treatments and control except Te (35.00/plant) and 

T16 (35.66/plant) which were on par with T12. Among single, 

dual and triple inoculation treatments similar pattern of results 

observed as recorded at 45 DAS. 
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The inoculation treatments involving Rhizobium showed 

more number of nodules. In general T2, Te, T12 and Tie showed 

more number of nodules among single, dual, triple and in the 

treatment involving four organisms, respectively. 

4.7.4 Chlorophyll content 

Chlorophyll content of soybean was significantly differed 

at 45 and 60 DAS due to various inoculation treatments and 

were presented in Table 14.-

At 45 DAS, T12 (2.65 mg/g) showed significantly maximum 

chlorophyll content when compared with rest of the inoculation 

treatments and control, which was on par with Tie (2.48 mg/g). 

Among the single inoculation treatments T2 (1.95 mg/g) showed 

more chlorophyll content than other treatments and all single 

inoculated treatments were significantly superior over control. 

Among dual inoculation treatments, Te (2.43 mg/g) 

recorded maximum chlorophyll content, which was closely on 

par with T7 (2.37 mg/g) and significantly superior over rest of 

the treatments. Significantly maximum chlorophyll content was 

noticed in T12 (2.65 mg/g) over the rest of the treatments in 

case of triple inoculation. 

Similar trend in results were also observed at 60 DAS. 
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LEGEND 

Ti 

T2 

T3 

T4 

T5 

Te 

T7 

Ts 

T9 

Tio 

Control 

Rhizobium alone RhN23 (R) 

Phosphate solubilizer alone PSBNi (?) 

Azospirillum alone AzoN? (A) 

General rhizobacterial isolate GBN5 (G) 

Rhizobium + Phosphate solubilizer 

Rhizobium + Azospirillum 

Rhizobium + General rh izobacter ia 

Phosphate solubilizer + Azospirillum 

Phosphate solubilizer + General 

rhizobacter ia 

T i l 

T12 

T l3 

Tl4 

Tl5 

T16 

Azospirillum + General rhizobacter ia 

Rhizobium + Phosphate solubilizer 

+ Azospirillum 

Rhizobium + Phosphate solubilizer 

+ General rhizobacter ia 

Rhizobium + Azospirillum + General 

rhizobacter ia 

Phosphate solubilizer + Azospirillum 

+ General rhizobacter ia 

Rhizobium + Phosphate solubilizer 

+ Azospirillum + General rhizobacter i 
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LEGEND 

Control 

Tc Rhizobium alone 

Rhizobium + Phosphate solubilizer 

Control 

12 Rhizobium + Phosphate solubilizer + 

Azospirillutn 

16 Rhizobium + Phosphate solubilizer + 

Azospirillum + General rhizobacteria 



T.HT.HTa 

Plate 4a. Effect of PGPR s t ra ins on number of 
nodules. 

Comparing the t r ea tmen t receiving single and 
dual inoculat ions. 

Plate 4b. Effect of PGPR st ra ins on number of 
nodules. 

Comparing the t r ea tmen t receiving tr iple and 
inoculat ion of four organism. 



80 
4.7.5 Dry weight of shoots 

The shoot dry weight of soybean plants was found to 

increase significantly at harvest due to inoculation of combined 

PGPR inoculants (Table 15). 

The inoculation treatment T12 (5.148 g/plant) recorded 

significantly highest shoot dry weight when compared with rest 

of the inoculation treatments and control. It was followed by 

T16 which recorded 6.026 g. Lowest shoot dry weight was 

observed in control (4.102 g/plant). 

Among the single inoculation treatments, T2 (5.187 

g/plant) recorded significantly highest shoot dry weight than 

other treatments and lowest shoot dry weight was recorded in 

T5 (4.450 g/plant). Among the dual inoculation treatments, 

significantly highest shoot dry weight was recorded in T? (5.936 

g/plant) when compared with rest of the treatments and lowest 

shoot dry weight was recorded in Tio (5.055 g/plant). In case of 

triple inoculation, T12 recorded significantly highest shoot dry 

weight than other treatments. 

4.7.6 Dry weight of roots 

All the inoculation treatments significantly enhanced the 

root dry weight of soybean plants over control (Table 15). 

Significantly highest root dry weight was noticed in the 

inoculation treatment receiving T12 (1.636 g) when compared 



Table 15. Effect of inoculation of PGPR on dry weight yield 
at harvest. 
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Treatments 

Ti Control 

T2 R 

T3 P 

T4 I A 
___ _j 

T5 G 

Te R+P 

T7 R+A 
"" 1 """ "" 

Ts R+G 

Tg \ P+A 

Tio P+G 

Tu A+G 

T12 ! R+P+A 

Ti3 R+P+G 

Ti4 i R+A+G 

Ti5 P+A+G 
i 

T16 (R+P+A+G) 

SEm± 

CD at 1% 

Shoot dry weight 
(g/plant) 

4.102 

5.187 

.5.022 

5.049 

4 .450 

5.749 

5.936 

5.189 

5.436 

5.028 

5.055 

6.148 

5.753 

5.941 

5.443 

6.026 
1 

Root dry weight 
(g/plant) 

0 .987 

1.384 

1.350 

1.336 

1.186 

1.525 

1.592 

1.389 

1.476 

1.351 

1.340 

1.636 

1.537 

1.591 

1.479 

[ 1.633 

0 .021 0.009 

0.062 1 0 .026 

R= Rhizobium 
A= Azospirillum 

P= Phosphate solubilizer 
G= General Rhizobacteria 
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with rest of the treatments, however, which was closely on par 

with Ti6 (1.633 g). 

Among the single inoculated treatments, T2 (1.384 g) 

showed highest root dry weight which was significantly superior 

over rest of the treatments. Inoculation treatment receiving T7 

showed significant highest root dry weight when compared with 

rest of the treatments among the dual inoculation treatments . 

Whereas, in case of triple inoculated treatments T12 recorded 

significantly highest root dry weight than other treatments and 

lower root dry weight was noticed in T15 (5.443g). 

4.7.7 Number of pods 

Number of pods per plant was significantly increased due 

to various combined inoculation treatments at 60 DAS and at 

harvest (Table 16). 

At 60 DAS, T16 showed significantly maximum number of 

pods per plant than rest of the treatments and control. 

Among single inoculation treatments, T2 (10.33) recorded 

more number of pods per plant followed by T3 (9.66) and was 

significantly superior over rest of the treatments. Among dual 

inoculation treatments, significantly more number of pods per 

plant was recorded in Te (13.66) and T7 (13.00) when compared 

with other treatments and Tio showed lowest number of pods 

per plant. 
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Among triple inoculation treatments, T13 (13.33) recorded 

more number of pods per plant and it was on par with rest of 

the t reatments . Number of pods per plant recorded at harvest 

clearly showed that treatments receiving Te (23.66), T12 (24.66), 

Ti3 (23.66) and Tie (24.33) were significantly high and superior 

as compared to rest of the inoculation treatments and control, 

but the difference between them was non-significant. 

Among single inoculation treatments, T3 (19.00) recorded 

more number of pods per plant and was significantly superior 

over rest of the treatments except T2 (18.33). Among dual 

inoculation treatments, Te (23.66) recorded significantly more 

number of pods per plant than other t reatments. Among triple 

inoculation treatments, T12 and T13 recorded significantly more 

number of pods per plant when compared with rest of the 

t reatments . 

Among the highest results recorded from the t reatments , 

T12 has showed good results when compare to T2 and Te of 

single and dual inoculation, respectively. 

4.7.8 Grain yield 

Significant variations in grain yield of soybean plant due 

to inoculation of different microbial t reatments was furnished 

in Table 16. 



Significantly highest grain yield was noticed in T12 (12.25 

g) when compared with all other inoculation treatments and 

control. However, which was on par with Tie (12.07 g). Lowest 

grain yield was recorded in control (7.43 g). 

Among single inoculation, higher grain yield was recorded 

in T2 (9.70 g) followed by T4 (9.43 g) and T3 (9.33 g) and these 

three t reatments were significantly superior over T5 (7.80 g) 

which was on par with control. Among dual inoculations, T? 

(11.48 g) recorded significantly higher grain yield than rest of 

the t reatments . However, which was on par with Te (11.42 g) 

and Tg (11.35 g). Among triple inoculations, significant highest 

yield was recorded in T12 when compared with rest of the 

treatments and lowest yield was recorded in T15 (11.37 g). 

4.7.9.1 Shoot N content 

The nitrogen content in the shoot of soybean plants was 

significantly increased due to inoculation of combined microbial 

inoculants as compared to control (Table 17). 

Treatment inoculation receiving Tie (2.98%) was 

significantly superior over rest of the treatments and control 

(1.84%). However, which was on par with T14 {Rhizobium + 

Azospirillum + General bacteria) recorded 2.91 per cent. 

Among the single inoculation treatments , T2 (2.33%) 

showed higher N content followed by T4 (2.27%). However, both 

84 
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^̂ »Ĥ vtycr̂ »vcc»v.»np̂ VVVmkVVV̂ ^̂ ^̂ ^ 

^ 

CO 

O lO W 

^ue^d/spod JO jsqnitifi 

o 



CO 

Si 

a 

• f - l 

c 
• .-( 

o 
• 

S " , " 

K 

\ 

\ pWS'^f^^-^^iWWtiEsaW^WItfSi^t'jy/i ' ' ^ ' '- '̂ 

\ • ' • •. • 

. * i * " . ^ A ; ^ V * ^ ^*tv'> ^tV'i'*-.' 

, • • • . 

— — 

"?'^WW4 

, , , 1 

• . . - . ; • • . • . • • .• ; . :....•-;•• W X 

. . • . — . • : - . • - \ 

' ' " ' • • ' • ' • . - , W « » ^ B W i W W A ! * ^ 

(N 

E 
E 

.,.;,,,, «^.„..,..J,^,IJ,^^.,M.<l|.|.. 

^ 2 TT-TrrrTTT^ ' L f • '»'."."! ,-' J 

0^^|KiiSl^j3:a."^XSS^i?iSiS^rt^?i'^!^^ ~ ' i 'B ' - ' -^J^-^ .^ i f f l ^ r#^^ i^ te^^^^t^^ 

^ 

•^m^mm^^m^fsmm^^^ 

o 00 ix) ^ 
I—I 

cs 

A ' 

^J|B^ . , ; . , > , • J . • . , ! . , . . ' . ' 

\ • . • • • • • • • . • • 

N * " " • ' " • ' ! ' • • " " • ' " • ' ^ : ^ • "• •'.'• 

v - . • • ; „ • : , - : . • - . - . T ^ • : , .£ : ; 

v . - • • • • • • . • • 

- . • . . . 

, , , , , , , . . , .^ . , , , ,n, , , „ , . , , , ^ , , u , , . , ^ ^ , ^ ^ . , , , . • • ' " ^ ^ ' • - / • • • • . : • ' • ? ' ' 

. . . \ 

mwf^ 

' - • -x 

^ 
t-t 

H 

in 
t -H 

H 

^ 
T - H 

H 

ro 
f -H 

H 

(N 
T - H 

f-

o 
»—( 
H 

01 
H 

00 
H 

K 
H 

vO 
H 

m 
H 

Tt-
H 

(0 

a 
u 
a 4-> 

i) 
u 
H 

• 
a 

0 
CO 

0 

•o 
»-l 
V 

• F 4 

>> 
fl 

• I H 

CO 

0 

0 
cu 
0 
a 
0 

• IH 
•4-1 

« 

o 0 
d 

CO 

(N 
& 



86 
are significantly superior over rest of the t reatments . Among 

dual inoculation treatments, Ty (2.80%) recorded significant 

higher N content when compared with other t reatments and 

lowest N content was recorded in Tio (2.18%). Among triple 

inoculation treatments Ti4 (2.91%) showed significant higher N 

content than others, 

4.7.9 .2 Shoot N uptake 

The nitrogen uptake in the shoot of soybean plant was 

found to be significantly higher in all the inoculation 

t reatments over control (71 mg) Tie (171 mg) recorded 

significant highest N uptake when compared with the other 

t reatments . Among single inoculation treatments, T2 (117 mg) 

recorded significant highest N uptake in shoot than other 

t reatments and lowest N uptake was recorded in T5 (90 mg). 

Among dual inoculation treatments, Ty (150 mg) recorded 

significant highest N uptake in shoot when compared with rest 

of the t reatments and lowest was recorded in Tio (107 mg). 

Among triple inoculation treatments, T4 (166 mg) showed 

significant highest N uptake in shoot than other t reatments and 

lowest was recorded in T15 (141 mg). 



Table 17. Effect of inoculation of PGPR on N content and 
N-uptake 
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T r e a t m e n t s 

Ti C o n t r o l 

T2 R 

T3 P 

T4 A 

Ts G 

Te R+P 
i 

T7 R+A 

Ts R+G 

Tg P+A 

Tio P+G 

T u A+G 

T12 R+P+A 

Ti3 R+P+G 

Ti4 R+A+G 

Ti5 P+A+G 

T16 (R+P+A+G) 

S E m ± 

CD a t 1% 

N c o n t e n t 

1.84 

2 . 3 3 

. 2 . 2 3 

2 . 2 7 

2 . 0 7 

2 . 5 6 

2 . 8 0 

2 . 4 1 

2 . 3 3 

2 . 1 8 

2 . 2 9 

2 . 7 7 

2 . 6 7 

1 

! 2 . 9 1 

i 2 . 6 6 
i 

2 . 9 8 

0 . 0 2 7 

, 0 . 0 8 0 

S h o o t 

(%) N 
( m 

' 

' 

1 

1 

- u p t a k e 
g / p l a n t ) 

7 1 

117 

104 

112 

9 0 

143 

160 

121 

123 

107 

113 

1 6 3 

149 

166 

141 

171 

0 . 5 6 5 

1 .683 

R= Rhizobium 
A= Azospirillum 

P= P h o s p h a t e solubil izer 
G= Genera l Rhizobacter ia 
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4.7 .9 .3 Shoot P content 

The phosphorus content in the shoot of soybean plants was 

significantly increased due to inoculation of various microbial 

inoculants (Table 18). 

Treatment inoculation receiving Tie (0.42%) showed 

significant higher P content when compared with rest of the 

t reatments . 

Among the single inoculation treatments, T3 (PSB alone) 

showed significant higher P content in the shoot than other 

t reatments which recorded 0.30 per cent and lowest P content 

was recorded in T4 (0.21%). 

Among the dual inoculation treatments, Tio (PSB + 

General rhizobacteria) showed significant highest P content 

which recorded 0.38 per cent and lowest P content was 

recorded in T7 (0.23%). 

Among the triple inoculation treatments, T15 (0.39%) 

showed significant higher P content than rest of the t reatments . 

However, which was on par with T13 (0.38%). 

4.7.9 .4 Shoot P uptake 

The phosphorus uptake in the shoot of soybean plants was 

found to be significantly higher in all the inoculation 

treatments over control (6.64 mg). 
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Table 18. Effect of inoculation of PGPR on P content and P 

uptake in shoot at harves t . 

Treatments 

Ti Control 

T2 R 

T3 P 

T4 ' A 

Ts G 

Te R+P 

T7 R+A 

Ts ! R+G 

Tg 'P+A 

Tio P+G 

1 
Til A+G. 

T12 R+P+A 

Ti3 R + P+G 

Ti4 R+A+G 

Ti5 1 P+A+G 

T16 : (R+P+A+G) 

SEm± 

CD at 1% 

P c o n t e n t ( % ) 
in s h o o t 

0.17 

0.22 

0.30 

0.21 

0.25 

0.33 

0.23 

0.26 

0.30 

0.38 

0.26 

0.32 

0.38 

0.35 

0.39 

0.42 

0 .005 

0.014 

P uptake (mg/p lant ) 
in s h o o t 

6.64 

11.14 

14.78 

10.37 

10.88 

18.50 

13.17 

13.07 

15.94 

18.73 

12.89 

18.84 

21.32 

20 .07 

20 .94 

24 .13 

0 .313 

0.932 

R= Rhizobium 
A= Azospirillum 

P= Phosphate solubilizer 
G= General Rhizobacteria 
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Significant highest P uptake was recorded in Tie (24.13 

mg) when compared with the rest of the treatments. 

Among single inoculation treatments, T3 (14.78 mg) 

recorded significant highest P uptake when compared with 

other t reatments and lowest was recorded in T4 (10.37 mg). 

Amiong dual inoculation treatments, Tio (18.73 mg) recorded 

significant higher P uptake than rest of the t reatments . 

However, which was on par with Te (18.50 mg). Among triple 

inoculation treatments, T13 (21.32 mg) recorded higher P 

uptake followed by T15 (20.94 mg). However, both are 

significantly superior over rest of the treatments. 
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V. DISCUSSION 

The rhizosphere is a complex system consisting of the soil 

immediately adjacent to the roots, the root surface with its 

overlying slimecoat and the endorhizosphere. The rhizosphere 

microbial activity is influenced by root activities such as the 

exudation of organic substrates such as aminoacids, sugars, 

enzymes, carbohydrates, vitamins and several other chemicals. 

These chemical substances as well as microbial interactions 

that help in nutrient availability may have a profound influence 

on component of the soil microflora and thereby could have 

major effects on the growth and development of plants 

(Lmderman, 1986). Hence, the crop productivity can be 

improved by manipulating the beneficial rhizosphere 

microorganisms. The effective microorganisms (EM) which 

means to indicate specific mixed cultures of known beneficial 

microorganisms may have an added advantage in the degraded 

agro-ecosystems of tropical countries. To maximize the 

beneficial plant growth responses, optimal combination of 

selected microbes is to be. used, therefore it is importanc to 

identify the effective strains of beneficial microorganisms for 

the planting situation, based on their compatibility and 

combined efficacy, both in vitro and in vivo and employ this 

consortia of microorganisms in real agricultural si tuations for 

efficient management and production to promote plant growth 



and yield. Contrary to the use of single inoculants, combined 92 

inoculation of two or more beneficial and compatible organisms 

have been shown to work better which indicates that in mixed 

cultures there is a better interaction of the introduced 

compatible organisms (Alagawadi and Gaur, 1988; Poi et al., 

1989; Patil et al, 1992; Belimov et al, 1995). Combined 

inoculations are said to work better than single inoculations 

based on the principle that greater the diversity and number of 

inhabi tants , the higher the order of interaction and more stable 

the ecosystem (Higa and Wididana, 1991) and also they exert 

moire accent effect (Patil et al., 1992). 

Although, the results of field tests have demonstrated the 

considerable potential of using combined inoculation of 

microorganisms to promote plant growth but the consistency of 

results is lacking. It can be because of the underlying 

mechanisms accounting for the phenomenon are not well 

understood. In case of growth benefit by dual inoculation, it is 

assumed that each beneficial microbe contributes something 

toward enhanced plant growth, such as increased nitrogen or 

soluble phosphate. The mechanisms may be much more 

complex that, and elucidating them should be subjected to 

future research. Furthermore, some of the bacteria involved 

may be interacting on more than one metabolic level i.e., P-

solubilizers may also be auxin producers and N2-fixers may 
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also solubilize phosphorus. It is well-known that certain soil 

properties-such as moisture holding capacity, pH, texture and 

organic matter content favour the establishment and activity of 

certain organisms. Therefore, effective use of dual or multiple 

inoculants will depend on matching the microorganisms of 

interest with the environment that favours its activities or 

altering the environment to favour the microorganisms. In 

addition, the ability of inoculated microbes to compete with the 

native flora and the influence of usual agronomic practices like 

tillage, fertilizer and pesticide application will also influence 

the outcome of inoculation. 

In this context an attempt was made to know the effects of 

plant growth promoting rhizobacteria like Rhizobium, 

Azospirillum, phosphate solubilizers and general rhizobacteria 

on growth, nutrient uptake and yields of soybean. The results 

obtained pertaining to this study are discussed here under. 

5.1 Isolation and characterization of PGPRs as N-fixers 

5.1.1 Rhizobium 

All the 24 cultures, isolated from the root nodules of 

soybean from different locations, were confirmed as Rhizobium. 

These isolates were gram negative short rods, slow growing 

bacteria, which formed white to creamy, raised circular sticky 

colonies on YEMA with congored. They exhibited poor growth on 
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glucose peptone agar and absence of growth in Holfer's alkaline 

broth. They did not produce 3-ketogalactose in ketolactose 

medium. These observations are in accordance with Rhizobium 

characterist ics as described by Vincent (1970). 

Out of 30 isolates, six isolates were slimy and absorbed 

colour of congored in YEMA plates. These isolates exhibited fair 

growth on ketalactose medium by producing 3-ketogalactase 

forming yellow ring around the colonies indicating these 

cultures were of Agrobacterium type, a comimon contam.inant of 

root nodule bacteria as reported by Bernaertz and Deley (1963). 

Growth of these six isolates in Holfer's alkaline broth once 

again i l lustrates that these were possible contaminants like 

Agrobacterium which tolerate a pH of 11 in the media whereas, 

Rhizobium can not tolerate high pH as reported by Hofer (1935). 

No growth or poor growth of Rhizobium was observed on 

glucose peptone agar plates and this is in accordance with 

report of Stowers and Elkan (1980). 

The rate of growth of 24 isolates on YEMA was slow and 

these isolates took almost seven days to form a visible colony. 

This character is also , considered to authenticate 

Brady rhizobium isolates since B. japonium is slow grower. This 

slow growth was once gain confirmed by production of alkali 

metabolites. On YEMA + BTB medium these slow growers 

produced alkali metabolites which changed the colour of BTB 
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(pH indicator) from green to blue (neutral to alkaline) whereas, 

fast growers produced acidic metabolites changing the colour 

from green to yellow. These results were consistent with the 

report of Bromfield and Jones (1980) who reported that many 

fast growing rhizobia produce acid from sugar when grown in 

culture medium. 

The ability to nodulate on suitable host plant is 

considered as an important characteristic for any isolate to 

confirm their identity as rhizobia (Vincent, 1970; Bergerson et 

al., 1971). 

In the present s tudy-24 isolates nodulated on soybean 

[Glycine max) host plant in about 21 days of inoculation. This 

result confirmed the isolates as rhizobia. Inability of the 

remaining six isolates to nodulate in soybean plant once again 

illustrated that they were not Rhizobium possibly some 

contaminants from soil saprophytic forms. Hence, these 

isolates were excluded for further study. 

5.1.1.1 Efficiency test of isolates or nodulation test 

Among the 24 isolates, RhNas formed more number of 

nodules which was statistically significant over other isolates. 

It was followed by isolate numbers RhNs, RhNso, RhNa, RhNai 

and RhNi6. The variability among the strains for their capacity 

to nodulate and to fix atmospheric nitrogen have been reported 
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(Mai and Yadav, 1972; Sundar Rao, 1974). Number of nodules 

formed due to inoculation of strains was between 3.0 to 14.0. 

In the present investigation, maximum nodule dry weight 

was found in plant inoculated with isolate RhN23 (28.09 mg). 

The dry weight nodules recorded by isolates RhN23, RhNa, RhNs, 

RhNii and RhNso was significantly higher than other isolates. 

Nodule dry weight recorded by different isolates did not show 

any relation with nodule number. This is in agreement with the 

results of Schiffmann and Label (1973). The results of the glass 

house studied so for clearly indicated that isolate RhN23, RhNs, 

RhNs and RhNso performed well with regard to their efficiency 

in nodulation. 

5.1.2 Azospirillum 

Based on cell morphology i.e., curved and twisted shape, 

characteristic rotating corkscrew type of motility and formation 

of subsurface pellicle in the nitrogen free semisolid malate 

medium, the associative diazotorphic isolates from surface 

sterilized soybean roots were identified as Azospirillum as 

suggested by Kerig (1976). The amount of nitrogen fixed by the 

Azospirillum isolates ranged from 9.10 to 14.36 mg/g of carbon 

source utilized. Isolation of Azospirillum from the roots of 

numerous cereals, legumes and cultivated grasses from 

tropical, subtropical and temperate soils world wide have been 

reported (Okon et ah, 1977; Agarwal and Tilak, 1988; 
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Jaskowska, 1995). Almost similar range of nitrogen fixation as 

that recorded in the present study have also been noted earlier 

(Dobereiner and Boddey, 1980; Prathibha, 1993; Tamilvendan 

and Purushothaman, 1996 and Maheshkumar, 1997). 

5.1.3 Phosphate solubilizers 

Out of 18 isolates identified based on morphological and 

biochemical characteristics, 16 belonged to the genus 

Pseudomonas, one to the genus Enterobacter and remaining one 

to the genus Xanthomonas indicating the dominance of 

Pseudomonas sp. having P-solubilizing ability occurrence of 

phosphate solubilizing bacteria in the rhizosphere of various 

crop plants has been well documented (Gaur, 1990). Reports on 

solubilization of insoluble phosphates by microorganisms have 

been made by several workers (Gaur et al., 1973; Bardiya and 

Gaur, 1972; Wani and Patil, 1979 and Wani, 1980). The amount 

of tricalcium phosphate (TCP) solubilized by the 18 bacterial 

isolates ranged from 19 to 47.5 mg/100 ml broth. 

5.1.4 General rhizobacteria 

About eight general bacteria isolated from soybean 

rhizosphere were purified and subjected to identification. Out 

of eight predominant bacterial isolates, six belonged to the 

genus Pseudomonas and remaining two to the genus 

Enterobacter. 
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several workers (Rovira and Davey, 1977; Curl and Truelove, 

1986; Lambert et al., 1987; Chan et al., 1994 and 

Maheshkumar, 1997) who also observed predominant 

occurrence of Pseudomonas, Xanthomonas, Bacillus and 

Enterobacter in the rhizosphere. 

5.2 Production of lAA and GA 

The isolated organisms were also examined for another 

property i.e., production of plant growth promoting substances 

such as lAA and GA. Production of lAA and GA by phosphate 

solubilizers, Azospirillum and general rhizobacteria were 

reported by many workers (Barea et al., 1976; Reynders and 

Vlassak, 1979; Tien et al., 1979; Sattar and Gaur, 1987) 

provides support for the present investigation. 

All the isolates of phosphate solubilizers are able to 

produce lAA and GA. In case of Azospirillum all the isolates 

produced lAA whereas three isolates are unable to produce GA. 

Whereas, in case of general rhizobacteral isolates except two 

strains all are able to produce both lAA and GA. These results 

are in confirmity with the earlier findings with respect to lAA 

and GA production by Azospirillum, Phosphate solubilizers and 

General rhizobacteria (Omay et al., 1992; Bar and Okon, 1993, 

Sattar and Gaur, 1987 and Leinhos and Vacek, 1993). 



5.3 Biocontrol efficiency test 

Only the efficient promoting rhizobacterial isolates are 

subjected for biocontrol test. Among them two strains of 

Rhizobium, two strains of Azospirillum and one strain of 

phosphate solubilizers suppressed the growth of Sclerotium 

pathogen whereas general rhizobacteria did not show any 

pathogen supression. These results are in conformity with the 

earlier findings with respect to microorganisms as biocontrolers 

(Siddiqui and Mahamood, 1995, Wakimoto, 1987; Gallardo et 

al., 1989). The suppression of pathogen may be either due to 

the production of antibiotics substances or production of 

biocides. In view of their ability to control pathogenic flora the 

PGP rhizobacteria is also referred as Plant Health Promoting 

Rhizobacteria (PHPR) as it improves soil quality. 

5.4 Effect of plant parameters 

5.4.1 Plant height and number of branches 

The plant height and number of branches of soybean 

cultivars JS-335 increased significantly with the multiple 

inoculation when compared with single inoculations and control 

at 30, 45 and 60 days of growth. The maximum plant height 

and number of branches was recorded in the treatment 12, 

which received comibined inoculation of Rhizobium, Azospirillum 

and phosphate solubilizer, which was however on par with 
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treatment 16, which received combined inoculation of 

Rhizobium, Azospirillum, phosphate solubilizer and general •*• ^ 

rhizobacteria. However, increase in crop growth due to single 

inoculation of beneficial organisms like Azospirillum, Rhizobium 

and phosphate solubilizers (Pseudomonas) over control has 

been reported by several workers (Wani et al., 1978; Defreitas 

et al., 1997, Upadhyay et al., 1999; Sharma et al., 1999) in 

various crops. 

( 
But, the combined inoculation of two or more beneficial 

organisms have been reported to perform better than the single 

inoculation treatments (Patil et al., 1992; EL-Mokadem et al., 

1989; Balachandar and Nagarajan, 1999; Alagawadi and Gaur, 

1988, 1992 and Balmurugan and Gunasekaran, 1996). The 

increase in plant growth in the combined inoculation of 

treatment of all the three organisms may be ascribed for 

enhanced N and P nutrient uptake (Rao and Dhir, 1993). 

However, another mechanism with which it is possible to 

explain similar effects, is the synthesis and exudation of plant 

growth promoting substances like lAA and GA (Tien et al., 

1979). lAA and GA are known to enhance the shoot elongation, 

root elongation and also the plant growth (Brown, 1974). 

5.4.2 Number of nodules and chlorophyll content 

Number of nodules and chlorophyll content was maximum 

in the treatment 12 followed by Te at 45 and 60 DAS and was 



significantly superior over the control, whereas, the singlelOl 

inoculations of beneficial organisms showed increased nodule 

number and chlorophyll content over control. Similar increase 

in nodule number and chlorophyll content in several legumes 

have been reported by (Savalagi et ah, 1994; Balamurugan and 

Gunasekaran, 1996, Upadhayay et al., 1999; Sharma et al., 

1999L .̂>The maximum nodule number due to inoculation of two 

or more beneficial organisms over single inoculation and 

uninoculated control has been reported (Iruthayathas et al., 

1983, Rao and Dhir, 1993; Alagawadi and Gaur, 1988; 

Balachandar and Nagarajan, 1999; Singh, 1996 and Sivaprasad 

and Rai, 1991). 

The increase in the nodule number and chlorophyll 

content attr ibuted can be ascribed to presence of rhizobia in 

the legume rhizosphere influencing the legume roots to secrete 

growth promoting sunstances , which in turn might have 

enhanced the growth of other three organisms in situ and a 

synergistic effect may have achieved in case of teatment 12 and 

16. Enhancem^ent of rhizobial growth, in case of treatment 12 

(triple inoculation) might be due to inoculation of Azospirillum, 

where more root hairs become susceptible for rhizobial 

infection and also might be due to better provision for P-

availability by phosphate solubilizers (Poi et al., 1989). 

Moreover Azospirillum cells produce an excretable compound (1) 

which creates new infection sites (Plazinski and Rolfe, 1985). 
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The higher nodule number in JS-335, might be due to its 

vigorous growth habit resulting in deeper and wider penetration 

of roots and hence facilitating higher rhizobial infection. 

5.4.3 Dry matter production 

In accordance with the root and shoot growth the dry 

matter content in root and shoot as well as total dry matter of 

soybean plants was also enhanced due to inoculation of 

beneficial organisms. The maximum shoot and root dry weight 

was recorded in the treatment 12 consortia consisting of 

Rhizobium, Azospirillum and phosphate solubilizer however, 

which was on par with treatment 16 consirtia consisting of 

Rhizobium, Azospirillum, Phosphate solubilizers and general 

rhizobacteria increased root and shoot dry matter over 

uninoculated control, increasing combined inoculation further 

enhanced the root and shoot biomass. The increase in the plant 

dry weight due to single inoculation of Rhizobium, Azospirillum 

and phosphate solubilizers has already been well established 

(Wani et al., 1978; El-Demerdash et al., 1992). Similar results 

of increase was reported due to combined inoculation of 

Rhizobium, phosphate solubilizers, Azotobacter, Azospirillum, 

Acetobacter (Patil et al, 1992; El-Mokadem et al, 1989; 

Alagawadi and Gaur, 1988b; Prathibha et al, 1994, Veena, 

1999 and Devananda, 2000). 



The increased plant dry weight in case of combined! U 3 

inoculations due to availability of a more balanced nutrition for 

plants by way of synergistic interactions and also might be due 

to release of growth regulators and ammonia from Rhizobium 

(Subba Rao, 1995) and continuos supply of P nutrition by 

solubilization of insoluble phosphates by phosphobacteria 

(Sperber, 1957). The increase may also be due to greater 

solubilization of P by the rhizosphere microorganisms would 

lead to better symbiotic N2-fixation by the legumes and the 

latter one was found to have maximum contribution in 

increasing dry matter production. 

5.4.4 Nutrient uptake (N and P) 

In case of nutrient uptake, inoculation treatment 16 

recorded significantly highest N and P uptake when compared 

with all other t reatments. However, the N uptake and P uptake 

was lowest in uninoculated control, which increased with single 

inoculation, dual inoculation, triple inoculation and was 

maximum in treatment involving four organisms. The increase 

in N and P uptake due to single inoculation of Na-fixers and 

phosphate solubilizers are reported (Sharma et al., 1999; 

Parashar et al, 1999; Mehta and Ram Mohan Rao, 1996; 

Defreitas et al., 1997). The increase in N and P uptake due to 

combined inoculation of two or more organisms has been 

documented by several workers (Balamurgan and 
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Gunasekharan, 1996; Patil et al., 1992; Devananda, 2000). 

These reports provided support to the results of present 

investigation. 

The P-solubilizer used, capable of solubilizing a good 

amount of insoluble phosphate enhances the N uptake from soil 

solution and utilization of added N fertilizers improves 

symbiotic N2-fixation of legumes and this may be attributed to 

the improvement in P-uptake from the soil solution, a process 

that enhances the nodulation and biological N2 fixation (Subba 

Rao et al., 1986). Maximum N uptake in the consortia of 

organisms might be due to improvement in effectiveness of 

legume Rhizobium symbiosis in presence of Azospirillum and P 

solubilizing microorganisms (Apte and Iswaran, 197land Barea 

et al, 1976. 

5.4.4 Yield parameters 

The yield parameters such as number of pods per plant 

and grain yield was recorded highest in treatment 12 followed 

by treatment 16. The increase in yield due to single 

inoculations with PGPR over control have been well reported 

(Defreitas et al, 1997; Raut and Masood Ali, 1983; 

Prabhakaran et al, 1999; Mehta and Ram Mohan Rao, 1996). 

However,(^the maximum increase in yield parameters due to 

dual and combined inoculation of PGPRs was documented (Patil 
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et ah, 1992; Belimov et al., 1995; Alagawadi and Gaur, 1988 

and Prathibha et al., 1994).O 

The increase in the yield parameters because the several 

factors such as release of growth promoting substances like lAA 

and GA, proliferation of beneficial organisms in the 

rhizosphere, control of plant pathogens in addition to 

phosphate solubilization and nitrogen fixation. The response 

might be due to probiotics of mixed culture of two or more 

types of organisms (Kundu and Gaur, 1984). 

In treatment Tie where in combined inoculation of four 

organisms has give lesser yield compared to treatment T12 

where in only three organisms were combindly inoculated. This 

may be because of competition for nutr ients , which is limited 

under pot culture experiment. However, the same may not be 

extrapolated to field conditions. 

[^^^ Few reasons for highest yield in treatment receiving 

combined inoculation of three organisms are coated below. 

1. The organism compatible to each other will only be 

selected hence there will be no competition among 

effective organisms. 

2. The beneficial traits of each organism will be an 

additive factor resulting an overall complimentary or 

probiotic effect. 
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3. The mixture of nodulating, associative and free living 

organisms do not compete for the site of infection on 

plant roots. 

4. The bio-control effects of cultures improve soil quality. 
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VI. SUMMARY 

An attempt was made to know the effect of growth 

promoting rhizobacteria, isolated from different locations on 

the growth and yield of siiyb-^an under pot culture conditions. 

Plant growth promoting rhizobacteria (PGPR) such as 

Rhizobium (30 strains), Azospirillum (15 strains), phosphate 

solubilizers (18 strains) and general rhizobacteria (8 strains) 

isolated from different regions and they are characterized based 

on morphological, biological and physiological characteristics. 

Then they are screened for their beneficial traits such as N2-

fixation, phosphate solubilization, production of plant growth 

promoting substances such as lAA, GA and biocontrol test. 

Rhizobium isolates are subjected for nodulation test as 

conformity test. Those nodiilating isolates are selected for the 

further studies. 

The amount of nitrogen fixed by the nitrogen fixing 

organisms indicate that Rhizobium were found to fix higher 

amount of nitrogen than Azospirillum in s-9.3daean. Phosphate 

solubilizers are subjected for phosphate solubilization test to 

know how much amount of tricalcium phosphate solubilized in 

the broth indicating efficiency of each isolates. The amount of P 

released from the TCP by the phosphate solubilizing bacteria 

was ranged from 19 to 47.5 mg/100 ml broth. 



1 
Similarly, the Azospirillum, P-solubilizers were tested foi 

production of plant growth promoting substances like, lAA and 

GA. All the isolates of phosphate solubilizers produced both lAA 

and GA. All the isolates of Azospirillum produced lAA whereas, 

three isolates were incapable of producing GA. In case of 

general rhizobacteria except two strains all produced lAA and 

GA. 

For bio-control test only efficient isolates were taken from 

each group and tested against the pathogen (Sclerotium). Out of 

five isolates selected from each group, 2 isolates from 

Rhizobium and Azospirillum and one isolate from phosphate 

solubilizer were capable of suppressing the pathogen. Whereas, 

All the efficient three isolates selected from general 

rhizobacteria, showed negative effect in bio-control test. 

By considering all these beneficial traits one efficient 

strain was selected from each group to know the combined 

effect of these growth promoting rhizobacteria on the growth 

and yield of soybean. 

All the inoculation treatments showed better plant growth, 

yield and nutrient uptake compared to uninoculated control. 

Among the inoculation treatments, single inoculations 

performed better than uninoculated control whereas, dual 

inoculations performed better over single inoculation 

treatments . Combined inoculation of three beneficial organisms 
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{Rhizobium + Azospirillum + PSB) was superior over dual, single 

inoculants and control. However, this was on par with the 

combined inoculation of four beneficial organisms (Rhizobium + 

Azospirillum + phosphate solubilizers + general rhizobacteria) 

with respect to plant growth, yield and nutrient uptake. The 

results of our studies indicate that the combined inoculations 

involving three or more beneficial organisms exerts more 

favourable effect on growth and productivity of soybean than 

dual or single inoculations. Results can be extrapolated to field 

conditions. The results of combination of four organisms were 

on par with combination of three organisms and hence the 

desired combination of Rhizobium + Azospirillum + PSB was 

producing maximum favourable influence on growth and yield 

of soybean and could be recommended for field applications in 

soybean. 



r\eh eterenced 



VII. REFERENCES 

AGARWAL, R. AND TILAK, K. V. B. R., 1988, E s t a b l i s h m e n t of 

Azospirillum brasilense in roots of fingermillet Eleusine 

Coracana. Zentralblatt fur Microbiologie, 143 : 539 -544 . 

ALAGAWADI, A. R., 1986, S tud ies on in te rac t ion of n i t rogen 

fixing and p h o s p h a t e solubil izing bac te r ia on crop 

product iv i ty . Ph. D. Thesis, lARI, New Delhi. 

ALAGAWADI, A. R. AND GAUR, A. C., 1988, Associa t ion effects 

of Rhizobium and p h o s p h a t e solubil izing bac te r i a on the 

yield and n u t r i e n t u p t a k e of chickpea . Plant and Soil, 

105 : 241 -246 . 

ALAGAWADI, A. R. AND GAUR, A. C., 1992, Inocula t ion of 

Azospirillum brasilense and p h o s p h a t e solubil izing 

bac te r ia on yield of sorghum in dry l and . Tropical 

Agriculture, 69 : 347-352 . 

ALAGAWADI, A. R. AND KRISHNARAJ, P. U., 1998, Field 

per formance of two local rh izobac te r ia i so la tes in 

so rghum. In : 39^^^ Annual Conference, Association of 

Microbiologists of India, Mangalore, December 5-7, p . 

278 . 



I l l 

AL-MAADHIDI, J . F., 1989, Isolat ion and cha rac te r i za t ion of 

Azospirillum spp. from Iraqi wheat cu l t iva rs . Journal of 

Universities of Kuwait, 16 : 343 -348 . 

ANONYMOUS, 1957, Manual of Microbiological Methods, Mcgraw 

Hill Book Company Inc. , New York, p. 127. 

ANONYMOUS, 1999, FAO, Statistics Bulletin, p. 8. 

APTE, R. AND ISWARAN, V., 1975, Cu l tu re of Rhizobium 

i n o c u l a n t s with those of Beijerinckia and Azotobacter. 

Proceedings of Indian National Science Academy Bulletin, 

4 0 : 4 8 2 - 4 8 5 . 

BALDANI, V. D. L. AND DOBEREINER, J . , 1980, Host p lan t 

specificity in the infection of cereals with Azospirillum 

spp . Soil Biology and Biochemistry, 12 : 4 3 3 - 4 4 0 . 

BALACHANDER, D. AND NAGARAJAN, P., 1999, Dual 

inocu la t ion of ves icular a r b u s c u l a r mycorohiza and 

Rhizobium in greengram. Legume Research, 22 : 177-

180. 

BALAMURUGAN, S. AND GUNASHEKARAN, S., 1996, Effect of 

combined inocula t ion of Rhizobium sp . and 

p h o s p h o b a c t e r i a at different levels of p h o s p h o r u s in 

g r o u n d n u t . Madras Agricultural Journal, 8 3 : 5 0 3 - 5 0 5 . 



112 

BAR, T. AND OKON, Y., 1993, Tryp tophan convers ion to indole-

3-acet ic acid via indole-3-ace tamide pa thway in 

Azospirillum brasilense sp. 7. Canadian Journal of 

Microbiology, 39 : 81-86 . 

BARDIYA, M. C. AND GAUR, A. C , 1972, Rock p h o s p h a t e 

d i sso lu t ion by bac ter ia . Indian Journal of Microbiology, 

12 : 2 6 9 - 2 7 1 . 

BAREA, J . M., NAVARRO. E. AND MONTOYA, E., 1976, 

Produc t ion of p l a n t growth regu la to r s by rh izosphere 

p h o s p h a t e solubil izing bac te r ia . Journal of Applied 

Bacteriology, 4 0 : 129-134. 

BARTHALOMEW, J . W. AND MITTEWER, T., 1950, A simplified 

bac ter ia l s t ra in . Strains Technology, 25 : p. 153. 

BASHAN, Y. AND LEVANONY, H., 1990, Cur ren t s t a t u s of 

Azospirillum inocula t ion technology, Azospirillum as a 

chal lenge for Agricul ture . Canadian Journal of 

Microbiology, 3 0 : 591 -608 . 

BAYA, A. M., BOETHLING, R. S. AND RAMOS-CORMENZANA, 

A., 1981 , Vitamin produc t ion in re la t ion to p h o s p h a t e 

solubi l izat ion by soil bac ter ia . Soil Biology and 

Biochemistry, 13 : 5 2 7 - 5 3 1 . 



113 

BELIMOV, A. A., KOJEMIAKOV, A. P. AND CHUVRAL lYEVA, C. 

v . , 1995, In te rac t ion between barley and mixed c u l t u r e s 

of n i t rogen fixing and p h o s p h a t e solubil izing bac te r ia . 

Plant and Soil, 173 : 29 -37 . 

BERGERSON, F. J . , BROCKWELL, J . , GIBSON, A. H. AND 

SCHWINGHAMER, E. A., 1971 , S tud ies on n a t u r a l 

popu la t i ons and m u t a n t s of Rhizobium in the 

improvement of legume inocu lan t s . Plant and Soil, Spl. 

Vol., 3-16. 

BERNAERTZ, M. AND DELEY, J . , 1963, A biochemical tes t for 

crown gall bac te r ia . Nature, 197 : 4 0 6 - 4 0 7 . 

BHATNAGAR, R. S., JAUHRI, K. S. AND ISWARAN, V., 1973, 

Associative effects of inocula t ion of Bacillus megaterium 

Var. p h o s p h a t i c u m and homologous Rhizobium on the 

yield Vigna radiata and Glycine max. Legume Research, 

2 : 106-108 . 

BLACK, C. A., 1965, Methods of Soil Analysis, Agronomy 

Monograph No. 9, Part II, American Society of Agronomy 

Inc. , Pub l ica t ions , Madison, Wisensin . 

BLAZEVIC, D. J . AND EDERER, G. M., 1975, Principle of 

Biochemical Tests in Diagnostic Microbiology, Wiley and 

Corapany, New York, pp. 13-45. 



1 1 4 

BOPAIAH, B. M., 1985, Occurrence of p h o s p h a t e solubil izing 

mic roorgan i sms in root region of a r e c a n u t pa lm. Journal 

of Plantation Crops, 134 : 60-62 . 

BOTTON, H., TURCO, L. F. AND KENNEDY, A. C , 1990, 

Rhizoplane colonizat ion of pea seedl ings by Rhizobium 

leguminosarum and de le te r ious root colonizing 

Pseudomonas sp . and effects on p lan t growth. Plant and 

Soil, 123 : 121-124. 

BROMFIELD, E. S. P. AND JONES, D. G., 1980, S tud ies on acid 

to le rance of Rhizobium trifoli in cu l tu re and soil. Journal 

of Applied Bacteriology, 4 8 : 259-264 . 

BROWN, M. E., 1974, Seed and root bac te r iza t ion . Annual 

Review of Phytopathology, 12 : 181-198 . 

BUNT, J . S. AND ROVIRA, A. D., 1955, Microbiological s tud ie s 

of s u b - a n t a r t i c soils. Journal of Soil Science, 6 : 119. 

BURNS, T. A. J r . , BISHOP, P. E. AND ISRAEL, D. W., 1981 , 

E n h a n c e d nodu la t ion of l eguminous p lan t roots by 

mixed cu l tu re of Azotobacter Vinelandii and Rhizobium. 

Plant and Soil, 62 : 399-419 . 

CHABOT, R., ANTOUN, H. AND CESCAS, M. P., 1993, 

S t imula t ion of the growth of corn and le t tuce by 

mic roorgan i sms with solubi l izat ion of inorganic 



115 

p h o s p h o r u s . Canadian Journal of Microbiology, 39 : 9 4 1 -

947 . 

CHAN, Y. v . , BARRAQUIO, W. L. AND KNOWLES, R. ,1994, 

Nitrogen fixing Pseudomonads and re la ted soil bac te r ia . 

FEMS Microbiology Reviews, 13 : 93 -118 . 

CHANWAY, C. P., 1995, Differential r e sponse of wes te rn 

hemlock from low and high elevat ions to inocula t ion 

with p l an t growth promot ing Bacillus polymyxa. Soil 

Biology and Biochemistry, 27 : 767 -775 . 

CHAYA DATTA AND BASU, P. S., 1997, Growth behavior and 

lAA produc t ion by Rhizobium sp . isolated from root 

n idu l e s of a l eguminous medic inal h e r b . Dolichos 

biflorus L., in cu l tu re . Microbiological Research, 152 : 

3 5 3 - 3 5 7 . 

COWAN, S. T. AND STEEL, K. J . , 1970, Manual for the 

Identification of Medical Bacteria, Lowe and Brydon, 

London. 

CURL, E. A. AND TRUELOVE, B., 1986, The Rhizosphere. 

Springerverlag, New York. 

DAVISON, J . , 1988, Plant Beneficial Bacter ia . Biotechnology, 6 : 

282 -296 . 



116 

DE, P. S. AND BASU, P. S., 1996, Growth behaviour and lAA 

produc t ion by a Rhizobium species isola ted from root 

nodu le s of a l eguminous medicinal he rb , Tephrosea 

purpurea Pers , in cu l tu re . Microbiological Research, 151 

: 71 -76 . 

DEFREITAS, J . R., BANERJEE, M. R. AND GERMIDA, J . J . , 

1997, Phospha t e solubil izing rh izobac te r ia e n h a n c e the 

growth and yield but not P-up take of canola {Brussica 

napus L.). Biology and Fertility of Soils, 2 4 : 3 5 8 - 3 6 4 . 

DELORENZINI, C , BAREA, J . M. AND OLIVARES, J . , 1979, 

Biological ferti l ization (Mycorrhiza + Rhizobium + 

phosphobac te r i a ) of Trifolium Pratense in different 

c u l t u r a l condi t ions . Revista Latino americana de 

Microbiologia, 2 1 : 129-134. 

DEVANANDA, B. J . , 2000 , Role of p lan t growth promot ing 

rh izobac te r ia on growth and yield of p igeonpea (Cajanus 

cajan L.) cu l t ivars . M. Sc. (Agri.) Thesis, Universi ty of 

Agr icul tura l Sciences , Dharwad. 

DHANDOPANI, Y. AND SAKHARAM RAO, J . , 1988, 

Pho tosyn the t i c efficiency and re la ted factors on 

greengram {Vigna radiata) genotypes in re la t ion to yield. 

Madras Agricultural Journal, 77 : 114-118. 



117 

DHILLON, G. S., RANGARAJAN, N. AND CHAHAL, D. S., 1974, 

Isolat ion and charac te r i za t ion of Rhizobium sp . Abst XV 

Ann Conf. AMI, Bangalore , p. 17. 

DOBERINER, J . AND BODDEY, R. M., 1980, Nitrogen fixation in 

assoc ia t ion with g raminae . In : Proceedings of Fourth 

International Symposium on Nitrogen Fixation. Caber ra 

(Ed.) A. H. Gibson, Aus t ra l ian Academy of Sciences . 

DOBERINER, J . AND DAY, J . M., 1976, Associative symbiosis in 

t ropical g ra s ses : Charac te r iza t ion of mic roorgan i sms 

and dini t rogen fixing s i tes . In : Proceedings of the First 

International Symposium on Nitrogen Fixation, held at 

Pu lman , USA (Ed.) W. E. NEWTON AND C. J . NYMAN, 

pp . 518-537 . 

ECKFORD, M. O., 1927, Thermophi l ic bac te r i a in milk. 

American Journal of Hygience, 7: 201-202 . 

EL-DEMERDASH, M. E., ABD-EL-HAFEZ, A. E., MOSTAFA, M. 

AND ISHAC, Y. Z., 1992, Response of whea t p l an t s to 

inocula t ion with rhizobia and associa t ive d iazop t rophs 

in the p resence of rock p h o s p h a t e as a P fertilizer. 

Annals of Agricultural Sciences, Cairo, 37 : 3 7 9 - 3 8 8 . 

EL-MOKADEM, M. T, HELEMISH, F. A., ABOU-BAKR, Z. Y. M 

AND SHETEAWI, S. A., 1989, Associative effect of 

Azospirillum lipoferum and Azotobacter chrococcum with 



US 
Rhizobium spp . on minera l composi t ion and growth of 

ch ickpea [Cicer arietinum) on sandy soils . 

ERDMAN, L. W. AND MEANS, V. M., 1952, Use of to ta l yield for 

predic t ing ni t rogen con ten t of inocula ted legumes grown 

in s and cu l t u r e s , Soil Science, 7 3 : 2 3 1 - 2 3 5 . 

FALLIK E. AND OKON, Y., 1984, Identif icat ion and 

quant i f ica t ion of lAA and IBA in Azospirillum brasilense 

on cot ton (G. barbadense). Biology and Fertility of Soils, 

4 : 91 -97 . 

FUHRMAN, J . , 1990, Symbiotic effectiveness of ind igenous 

soybean bradyrh izobia as re la ted to serological 

morphological , rh izobi toxins and hydrogenase 

pheno types . Applied and Environmental Microbiology, 56 

: 224 -229 . 

GALAL, Y. G. M., 1997 , . Dual inocula t ion with s t r a in of 

Bradyrhizobium japonicum and Azospirillum brasilense to 

improve growth and biological n i t rogen fixation of 

soybean (Glycine max (L.)). Biology and Fertility of Soils, 

2 4 : 317 -322 . 

GALLO, M. DEL, E. AND FABBRI, P. J . , 1990, Inocula t ion of 

Azospirillum brasilense cd on chickpea, SYMBA, 9 : 2 8 3 -

287 . 



119 

GALLARDO, P. B. AND PANNO, L. C , 1989, Biological control of 

bac te r ia l wilt of pota to induced by P. solanacearum. 

Revista de Microbiologia, 2 0 : 18-26. 

GAUR, A. C , 1990, Phospha t e solubil izing microorgan isms as 

biofert i l izers. Omega Scientific Pub l i she r s , New Delhi. 

GAUR, A. C., MADAN, M. AND OSWAL, K. P., 1973, 

Solubi l izat ion of phospha t i c c o m p o u n d s by nat ive 

microflora of rock p h o s p h a t e s . Indian Journal of 

Experimental Biology, 11 : 4 2 7 - 4 2 9 . 

GAUR, A. C. AND ALAGAWADI, A. R., 1987, In te rac t ion of 

n i t rogen fixing and p h o s p h a t e solubil izing 

mic roorgan i sms on crop product ivi ty-Focal theme. 

Indian Science Congress Association Symposium, pp . 35-

46. 

GLICK, B. R., JACOBSON, C. B., SCHWARZE, M. M. K. AND 

PASTERNAK, J . J . , 1994a, Does the enzyme 1-

aminocyc lopropane-1 carboxylate deaminase play a role 

in p lan t growth promotion by Pseudomonas putida GR 

12-2. In : Improving productivity with rhizosphere 

Bacteria (Ed.). M. H. RYDER, P. M. STEPHENS AND G. 

D. BOWEN. Commonwealth Scientific and Industrial 

research Organization, Adelaide, Aust ra l ia , pp . 150-152 . 



120 

GLICK, B. R., JACOBSON, .C. B. , SCHWARZE, M. M. K. AND 

PASTERNAK, J . J . , 1994b, l - aminocyc lopropan i - l 

carboxylic acid d iaminase m u t a n t s of the p lan t growth 

promot ing rh izobac te r ium Pseudomonas Putida GR 12-2 

do not s t imula te canola root e longat ion. Canadian 

Journal of Microbiology, 4 0 : 9 1 1 - 9 1 5 . 

GOLDSTEIN, A. H., ROGERS, R. D. AND GERALD, M., 1993 , 

Mining by microbes . Biotechnology, 11 : 1250-1254 . 

GOPALAN, C., RAMASHASTRY, B. V. AND BALASUBRAMANIAN, 

S.C., 1994, Nutri t ive value of Ind ian foods. Indian 

Council of Medium Research, Hyderbad, India . 

GORDON, S. A. AND PALEG, L. G., 1957, Quant i ta t ive 

m e a s u r e m e n t of Indole, Acetic Acid. Plant Physiology, 10 

: 3 7 - 4 8 . 

GRIMES, H. D. AND MOUNT, M. S., 1984, Influence of 

Pseudomonas Putida on nodu la t ion of Phaseolus 

vulgaris. Soil Biology and Biochemistry, 16 : 27-30 . 

GUPTA, B. R. AND BAJPAI, P. D., 1981 , S tud ie s on the 

r e sponse of early m a t u r i n g var ie t ies of p igeonpea to 

rhizobial inocula t ion . • Agricultural Science Digest, 1: 

2 0 7 - 2 0 9 . 



121 

HAHN, N. J . , 1965, The congored reac t ion in bac ter ia and the 

use fu lness on the ident if icat ion of rhizobia . Canadian 

Journal of Microbiology, 12 : 725 . 

HALDER, A. K., MISHRA, A. K., BHATTACHARYYA, P. AND 

CHAKRABARATHI, B. K., 1990, Solubi l izat ion of rock 

p h o s p h a t e by Rhizobium and Bradyrhizobium. Journal of 

General Applied Microbiology, 36 : 81 -82 . 

HARARI, A., KIGEL, J . AND OKON, Y., 1983, Involvement of lAA 

in the in te rac t ion between Azospirillum brasilense and 

Panicum Miliaceum roo t s . Plant and Soil, 110 : 2 5 7 - 2 8 2 . 

HERNANDEZ, Y., SARMIENTO, M. AND GARCIA, O., 1996, 

Influence of the Azospirillum inocula t ion model on grass 

per formance . Cuban Journal of Agricultural Sciences, 30 

: 2 1 9 - 2 2 6 . 

HIGA, T., 1991 , Effective mic roorgan i sms : A biotechnology for 

m a n k i n d . Proceedings of the First International 

Conference of Kyusei Nature Farming, Washington , USA 

(Ed.). J . F. PARR, S. B. HORNICK and C. E. WHITMAN, 

pp . 8-14. 

HIGA, T. AND WIDIDANA, G. N., 1991 , Changes in the roil 

microflora induced by effective mic roorgan i sms . 

Proceedings of the First International Conference of 

Kyusei Nature Farming, Washington , USA (Ed.). J . F. 



122 

PARR, S. B. HORNICK AND C. E. WHITMAN, pp . 153-

162. 

HOFER, A. W., 1935, Methods for d i s t ingu ish ing between 

legume bac te r ia and their most c o n t a m i n a n t . Journal of 

American Society of Agronomy, 2 7 : 228 -230 . 

HOFLICH, G. WIEHE, W. AND HECHT-BUCHHOLZ, C , 1995, 

Rhizosphere colonizat ion of different c rops with growth 

promot ing Pseudomonas and Rhizobium bac te r ia . 

Microbiological Research, 150 : 139-147. 

ILLMER, P. AND SCHINNER, F., 1992, Solubi l izat ion of 

inorganic p h o s p h a t e s by mic roorgan i sms isola ted from 

forest soi ls . Soil Biology and Biochemistry, 2 4 : 239 -296 . 

IRUTHAYATHAS, E. E., GUNASEKARAN, S. AND VLASSAK, K., 

1983 , Effect of combined inocula t ion of Azospirillum and 

Rhizobium on nodu la t ion and n i t rogen fixation of 

wingedbean and soybean. Scientia Horticulture, 2 0 : 

2 3 1 - 2 4 0 . 

JACKSON, M. L., 1967, Soil Chemical Analysis. Oxford IBH, 

B o m b a y . 

JACKSON, M. L., 1973 , Soil Chemical Analysis. Prent ice Hall of 

India (P) Ltd., New Delhi. 



123 

JASKOWSKA, H., 1995, Occur rence and c h a r a c t e r s of 

Azospirillum spp . in the rh izosphere of cerea ls . Acta 

Microbiologica, Polonies , 4 4 : 69-77 . 

JAUHRI, K. S., BHATNAGAR, R. S. AND ISWARAN, V., 1979, 

Associat ive effect of inocula t ion of different s t r a i n s of 

Azotobacter and homologus Rhizobium on the yield of 

moong [Vigna radiata). Soybean (Glycine max) and pea 

(Pisum sativum). Plant and Soil, 5 3 : 105-108 . 

JISHA, M. S. AND ALAGAWADI, A. R., 1996, Nut r ien t u p t a k e 

and yield of so rghum inocula ted with p h o s p h a t e 

solubil izing bac te r ia and cellulolytic fungus in a cot ton 

s ta lk amended vert isol . Microbiological Research, 151 : 

2 1 3 - 2 1 7 . 

JONES, N. R. AND SREENIVASA, M. N., 1992, Response of 

sunflower to the inocula t ion of VA mycorrh iza a n d / o r 

p h o s p h a t e solubil izing bac te r ia in black clayey soils . IX 

Southern Regional Conference on Microbial Inoculants, 

Dharwad . 

KIM, K. Y., JORDAN, D." AND McDONALD, G. A., 1998, 

Enterobacter agglomerans, p h o s p h a t e solubiizing 

bac te r i a and microbial activity in soil. Effect of ca rbon 

source . Soil Biology and Biochemistry, 3 0 : 9 9 5 - 1 0 0 3 . 



124 

KLOEPPER, J . W., LIFSHITIZ, R. AND SCHROTH, M. N., 1988, 

Pseudomonas i nocu l an t s to benefit p lan t p roduc t ion . 

Atlas Scientific : Animal and Plant Science, 1 : 50 -64 . 

KLOPPER, J . W., LIFSHITZ, R. AND ZUBLOTOWICZ, R. M., 

1989, Free living bac ter ia l inocula for e n h a n c i n g crop 

product iv i ty . Trends in Biotechnology, 7 : 3 9 - 4 3 . 

KLOPPER, J . W., SCHER, F. M., LALIBERTE, M. AND TIPPING, 

B. , 1986, Emergence-promot ing rh izobac te r i a : 

descr ip t ion and impl ica t ions for ag r i cu l tu re . In : Iron 

Siderophores and Plant Disease (Ed.). T. R. SWINBURNE, 

P lenum Publ i sh ing Corporat ion, New York, pp . 155-164. 

KREIG, N. H., 1976, The genera Spirillum, Aquaspirillum and 

Oceanospirillum. In : The Prokaryris, A Hand Book on 

Habitats, isolation and identification of bacteria (Ed.) M. 

P. STASS, H. STOLP, H. G. TRUPER, A. BALONIS AND H. 

G. SCHLEGAL, Springer Verlag Berlin Heidelberg, New 

York, pp . 595 -608 . 

KRISHNARAJ, P. U., 1996, Genetic cha rac te r i za t ion of minera l 

p h o s p h a t e solubi l izat ion in Pseudomonas Psd 2 0 1 . Ph. 

D. Thesis, lARI, New Delhi. 

KRISHNARAJ, P. U. AND GOWDA, T. K. S., 1990, Occur rence of 

p h o s p h a t e solubi l izat ion in the endorh izosphere of crop 

p l a n t s . Current Science, 59 : 933 -934 . 



125 

KUMAR RAO, J . V. D. K. AND PATIL, R. B., 1976, Effect of 

inocu la t ion with Rhizobium and Azotobacter on 

nodu la t ion on growth and yield of soybean. Current 

Science, 4 5 : 523-524 . 

KUNDU, B. S. AND GAUR, A. C , 1984, Rice r e sponse to 

inocu la t ion with N2-fixing and P-solubil izing 

mic roorgan i sms . Plant and Soil, 79 : 227 -234 . 

LAHIRI, K. K., 1979, Differential compet i t ion among the s t r a i n s 

of Rhizobium japonicum for nodule s i tes on soybean. 

Proceedings of Indian National Science Academy, 4 0 (3) : 

6 4 4 - 6 4 9 . 

LAMBERT, B. AND JOOS, H., 1989, F u n d a m e n t a l a spec t s of 

rh izobac te r ia l p lan t growth promotion r e sea rch . Trends 

in Biotechnology, 7 : 215 -219 . 

LAMBERT, B., LEYNS, F., VAN ROOYEN, L., GOSSELS, F. , 

PAPON, Y. AND SWINGS, J . , 1987, Rhizobacter ia of 

maize and their ant i fungal act ivi t ies . Applied and 

Environmental Microbiology , 5 3 : 1 8 6 6 - 1 8 7 1 . 

LEINHOS, V. AND VACEK, O., 1993, Biosyn thes i s of aux in s by 

p h o s p h a t e solubil izing rh izobac te r ia from whea t 

(Triticum aestivum) and rye (Secale cereale). 

Microbiological Research, 149 : 31 -35 . 



126 

LINDERMAN, R. G., 1986, Rhizobacter ia from field-grown 

m u n g b e a n isola t ion and identif icat ion. Horticultural 

Science, 2 1 : 1299-1302 . 

LOPES, B. S. AND GIARDINI, A. R., 1974, Host specificity and 

pre-se lec t ion of Rhizobium japonicum s t r a i n s for three 

soybean var ie t ies . Braqantia, 35 : 1-11. 

MAHADEVAN, A. AND SRIDHAR, R., 1984, Methods in 

Physiological Plant Pathology, S ivakami Publ ica t ions , 

Madras , pp . 551-586 . 

MAHESHKUMAR, K. S., 1997, S tud ies on microbial diversi ty 

and their activity in soil u n d e r bamboo p l an ta t ion . M. Sc 

(Agri.) Thesis, Universi ty of Agr icul tura l Sciences , 

Dharwad . 

MAHMOUD, T. A., MIKHIEL, G. S. AND EL-SELEMY, H. E. A., 

1994, Bioferti l ization of pearlmil let grown in ca l ca reous 

soi ls . Alexandria Journal of Agricultural Research, 39 : 

145-158 . 

MAL, B. AND YADAV, M. S., 1972, Nodulat ion and root 

development in Gaur . Journal of Biological Science, 15 : 

13-18 . 

MEHTA, A. K. AND RAM MOHAN RAO, D. S., 1996, Effect of 

Rhizobium inocula t ion , n i t rogen and p h o s p h o r u s 



127 

appl ica t ion on yield and yield a t t r i b u t e s of g r o u n d n u t . 

Legume Research, 19 : 151-154. 

MOLLA, M. A. Z., CHOUDHARY, A. A., ISLAM, A. AND ESQUE, 

S., 1984, Microbial minera l iza t ion of organic phospha t e 

in soil. Plant and Soil, 78 : 393-399 . 

MUHR, G. R., DATTA, N. P., SANKASUBRAMONEY, H., lEIEY, V. 

K., DONAHUE, L. AND ROY, 1965, Soil Testing in India. 

United S ta t e s Agency for In t e rna t iona l Development , 

New Delhi, p . 20 . 

NAHAS, E., 1996, Fac tors de te rmin ing rock p h o s p h a t e 

solubi l izat ion by microorgan isms isolated from soil. 

World Journal of Microbial Biotechnology, 12 : 567-572 . 

NELSON, L. M. AND KNOWLES, R., 1978, Effect of oxygen and 

n i t r a t e on ni t rogen fixation and deni t r i f icat ion by 

Azospirillum brasilense grown in c o n t i n u e s cu l t u r e . 

Canadian Journal of Microbiology, 2 4 : 1398-1403 . 

NAMBIAR, P. T. C. AND DART, P. J . , 1980, S tud ies on n i t rogen 

fixation by g r o u n d n u t a t ICRIJAT. Proceedings of the 

International Workshop on Groundnuts, 13-17, October . 

OLSEN, S. R., COLE, C. C , WATANABE, F. S. AND DEAN, L. A., 

1954, Estimation of Available Phosphorus in Soil by 



1 ?S 
OKON AND LABENDERA-GONZALEZ, C. A., 1994, Agronomic ^ 

Applications of Azospirillum in Plant Productivity with 

Rhizosphere bacteria (Ed.). M. H. Ryder, P. M. 

STEPHENS AND G. D., BOWEN. Commonwealth Scientific 

and Industrial Research Organization, Aus t ra l ia , pp . 

2 7 4 - 2 7 8 . 

OKON, Y., ALBRECHT, S. L. AND BURRIS, R. H., 1977, Methods 

for growing Spirillum lipoferum and for coun t ing it in 

pu re cu l tu re and in assoc ia t ion with p l a n t s . Applied and 

Environmental Microbiology, 3 3 : 85-87 . 

OMAY, S. H., SCHMIDT, W. A. AND MARTIN, P., 1992, Indole 

acet ic acid p roduc t ion by the rh izosphere bac te r ium 

Azospirillum brasilense cd u n d e r in vitro cond i t ions . 

Canadian Journal of Microbiology. 39 : 187-192 . 

OSWAL, K. P. AND BHIDE, V. P., 1972, Solubi l izat ion of TCP by 

soil Pseudomonas. Indian Journal of Experimental 

Biology, 10 : 153-154. 



129 
PANSE, V. S. AND SUKHATME, P. V., 1985, Statistical Methods 

for Agricultural Workers, ICAR, New Delhi, pp. 152-155 . 

PARASHAR, A., AWASTHI, C. P., SINGH, A. B. AND GUPTA, D. 

M. K., 1999, Effect of Rhizobium inocula t ion and 

p h o s p h o r u s appl ica t ion on qual i ty of b r o a d b e a n (Vicia 

faba L.). Legume Research, 22 : 162-166. 

PARR, J . F. , HORNICK, S. B. AND KAUFMAN, D. D., 1994, Use 

of microbial i nocu lan t s and organic ferti l izers in 

ag r i cu l tu ra l p roduc t ion . In ; Proceedings of the 

International Seminar on the Use of Microbial and 

Organic Fertilizers in Agricultural Production. Food and 

Ferti l izer Technology Centre Publ ica t ion , Taiwan, pp . 

13-18. 

PATEL, T. S., KATARE, D. S., KHOSLA, H. K. AND DUBEY, S., 

1998, Effect of bioferti l izers and chemical fertil izers on 

growth and yield of garden pea (Pisum sativum L.). Crop 

Research, 15 : 54-59 . 

PATIL, A. B., EFIMOV, V. N. AND OROBEKOV, 1992, Effect of 

combined inocu la t ions on minera l nu t r i t i on and yield of 

l eguminous c rops . Ph. D. Thesis, S ta te Agar iar ian 

Universi ty, St. Pe te r sburg , Russ ia . 

PATIL, R. B., PVGASHETTI AND BAGYARAJ, D. J . , 1974, 

Isolat ion of efficient s t r a in s of Rhizobium for soybean 



130 

root nodu la t ion . Proceedings of Indian National Science 

Academy, 4 0 : 6 4 1 - 6 4 3 . 

PIAO, C. G., TANG, W. H. AND CHEN, Y. X., 1992, Study on the 

biological activity of yield increas ing bac te r ia . Chinese 

Journal of Microbiology, 4 : 55-62 . 

PIKOVSKAYA, R. I., 1948, Mobilization of p h o s p h o r u s in soil in 

connec t ion with vital activity of some microbial species . 

Mikrobiologiya, 17 : 362 -370 . 

PLAZINSKl, J . AND ROLFE, B. G., 1985, In te rac t ion of 

Azospirillum and Rhizobium s t r a in s leading to inhibi t ion 

of nodu la t ion . Applied and Environmental Microbiology, 

4 9 : 9 9 0 - 9 9 3 . 

PODJIL, M. AND SEVEIK, V., 1960, Methods to ex t rac t growth 

r egu la to r s . Foliar Microbiologica, 5 : 192-197. 

POI, S. C., GHOSH, G. AND KABI, M. C , 1989, Response of 

ch ickpea (Cicer arietinum L.) to combined inocula t ion 

with Rhizobium, Phosphobac te r i a and Mycorrhizal 

o rgan i sms , Zentralblatt fur Mikrobiologie, 144 : 2 4 9 - 2 5 3 . 

PRABHAKARAN, J . , BALACHANDAR, D., NAGARAJAN, P. AND 

DHANAKODI, C. V., 1999, Effect of dua l inocula t ion of 

Rhizobium and phosphobac t e r i a a t different levels of 



p h o s p h o r u s in hor segram. Legume Research, 22 : 137- 1 3 1 

138. 

PRATHIBHA, C. K., 1993, In t e rac t ions of Azospirillum sp. and 

Pseudomonas strita or Glomus fasciculatum on growth, 

yield and n u t r i e n t u p t a k e of hybrid cot ton . M. Sc. (Agri.) 

Thesis, un ivers i ty of Agricul tura l Sciences , Dharwad . 

PRATHIBHA, C. K., ALAGAWADI, A. R. AND SREENIVASA, M. 

N., 1994, E s t a b l i s h m e n t of inocu la ted o rgan i sms in 

rh i zosphere and their influence on n u t r i e n t u p t a k e and 

yield of cot ton . Karnataka Journal of Agricultural 

Sciences, 8 : 22 -27 . 

PURUSHOTHAMAN, D., JAYANTH, M. K. AND GUNASHEKARAN, 

S., 1988, Associat ion of Azospirillum wi th the roots of 

u p l a n d r ice. In : Biofertilizers Potentialities and Problems 

(Ed.) S. P. SEN AND P. PATIL, Plant Physiology Forum, 

Calcu t t a , Naya Prokash , Ca lcu t ta . 

RAI, R., 1983 , Efficiency of associa t ive N2-fixation by 

s t rep tomycin r e s i s t a n t m u t a n t s of Azospirillum 

brasilense with genotypes ch ickpea Rhizobium s t r a i n s . 

Journal of Agricultural Sciences, Coimibatore, 100 : 75-

80 . 

RAMESH, R., SHANTHAMALLAIAH, N. R., JAYADEVA, H. M., 

RAJASHEKAR, HIREMATH, R. AND BHAIRAPPANAVAR, 



132 
S. T., 1998, Yield and quality parameters of irrigated 

groundnut as influenced by sources of phosphate FYM 

and phosphate solubilizing microorganisms. Crop 

Research, 15 : 144-147. 

RAO, L. AND DHIR, K. K., 1993, Some biochemical aspects on 

nitrogen fixation under salt stress in mungbean 

seedlings. In New Trends in Plant Physiology, 

Proceedings of National Symposium on Growth and 

Differentiation in Plants. 

RAO, N. S. S., TILAK, K. V. B. R. AND SINGH, C. S., 1985, Field 

response to inoculation with Azospirillum brasilense in 

India. Zentralblatt fur Mikrobiologiee, 140 : 97-102. 

RAUT, M. S. AND MASOODALI, 1983, Response of cluster bean 

(Cyamposis tetragonaloba) to phosphate application and 

rhizobial inoculation under dry land conditions. Legume 

Research, 6 : 65-68. 

RAW AT, A. K. AND SANORIA, C. L., 1976, Effect of Rhizobium, 

Azotobacter and Beijerinckia inoculation on Cicer 

arietinum Var type 1. Current Science, 45 : 655-656. 

REYNDERS, L. AND VLASSAK, K., 1979, Short communication 

conversion of tryptophan to indole acetic acid by 

Azospirillum brasilense. Soil Biology and Biochemistry, 

11 : 547-548. 



133 

ROKADE, S. M. AND PATIL, P. L., 1993, Phospha t e solubil izing 

mic roorgan i sms . A review-II. Journal of Maharashtra 

Agricultural Universities, 18 : 9 3 - 1 0 1 . 

ROUGHLEY, R. J . , 1970, The p repa ra t ion and u s e of legume 

seed i n o c u l a n t s . Plant and Soil, 32 : 6 7 5 - 7 0 1 . 

ROVIRA, A. D. AND DAVEY, C. B., 1977, Biology of 

Rhizosphere . In : The Plant Root and its Environment 

(Ed.). CARSON, E. W., University Virginia Press , 

Charlottesville, pp, 153-204. 

SARDINA, M. G., BIARDE, J . L. AND EXTOLA, J . , 1986, 

Soluibi l izat ion of p h o s p h o r u s from low grade minera l s 

by microbial ac t ion. Biotechnology, 8 : 2 4 7 - 2 5 2 . 

SATTAR, M. A. AND GAUR, A. C , 1987, Product ion of aux in s 

and giberl l ins by p h o s p h a t e dissolving mic roorgan i sms . 

Zentralblatt fur Mikrobiologie, 142 : 393 -395 . 

SAVALGI, V. v . , SAVALAGI, V. AND PAKALE, N., 1994, 

S t imula t ion of p e a n u t - Rhizobium symbiosis and p l an t 

product iv i ty by Azospirillum s t r a i n s in red loam soil. 

Legume Research, 17 : 75 -78 . 

SCHIFFMANN, J . AND LABEL, R., 1973, Seasona l c h a n g e s in 

symbiot ic n i t rogen iix&tion and hemoglobin content in 

nodule of p e a n u t s . Plant and Soil, 39 : 329 -340 . 



134 

SEELEY, H. W. AND VANDEMMARK, P. J . , 1970, Microbes in 

ac t ion - A Laboratory Manual of Microbiology. D. B. 

Taraporeva la Sons and Company Private Limited, 

Bombay, pp. 86 -95 . 

SHARMA, R. L. AND RAO, A. V., 1978, In te rac t ion of 

Azotobacter with Rhizobium in soybean rh izoshpere . 

Fertilizer Technology, 15 : 5 0 - 5 1 . 

SHARMA, S., SHARMA, C. R. AND UPADHYAY, R. G., 1999. 

Response of var ious s t r a in s of Rhizobium a n d n i t rogen 

on symbiot ic physiological p a r a m e t e r s , b iochemica l 

c o n s t i t u e n t s and yield of b lackgram (Vigna mungo (L.) 

Hepper) . Legume Research, 22 : 233-236 . 

SHOEF, T. W. AND LIUM, B. M., 1976, Improved ex t rac t ion of 

chlorophyl l a and b from algae us ing dimethyl sulfoxide, 

Limnol. Oceanogr, 2 1 : 9 2 6 - 9 2 8 . 

SIDDARAMAIAH, V. K., 1977, Isolat ion tes t ing and development 

of an inocu lan t s t ra in of Rhizobium for horsegram 

Macrotyloma uniflorum (Lam) Verde. M. Sc. (Agri.) Thesis, 

UAS, Bangalore , India . 

SIDDIQUI, Z. A AND MAHMOOD, I., 1995, Biological control of 

Heterodera cajani and Fusarium udum by Bacillus 

subtilis, Bradyrhizobium japonicum and Glomus 



135 

fasciculatum on pigeonpea. Fundamental and Applied 

Nematology, 18 : 559-566 . 

SINGH, C. S., 1996, Arbuscu la r , mycorrhiza (AM) in assoc ia t ion 

with Rhizobium spp. improves nodu la t ion , N2-fixation 

and N Util ization of pigeonpea (Cajanus cajan) as a 

a s s e s s e d with a 15 N t echn ique , in po ts , Microbiological 

Research, 151 : 87-92 . 

SINGH, C. S. AND SUBBA RAO, N. S., 1979, Associative effect 

of Azospirillum brasilense with Rhizobium japonicum on 

nodu la t ion and yield of soybean (Glycine max). Plant and 

Soil, 5 3 : 387 -392 . ' 

SINGH, S. AND KAPOOR, K. K., 1994, Solubi l izat ion of 

insoluble p h o s p h a t e s by bac te r ia isolated from different 

s o u r c e s . Environmental Ecology, 12 : 51 -55 . 

SINHA, B. K. AND BASU, P. S., 1981 , GM-9 P-I, Bio-product ion 

of indole acetic acid and other indole c o m p o u n d s by 

Rhizobium species , from root nodules of Pongamia 

pinnata (L.) Pierre. Indian Journal of Microbiology, 22 : 

218 -220 . 

SIVARRASAD, P. AND RAI, P. V., 1991 , Synergist ic assoc ia t ion 

between Glomus fasciculatam and Rhizobium species and 

i ts effect on pigeonpea (Cajanus cajan). Indian Journal of 

Agricultural Sciences, 61 : 9 7 - 1 0 1 . 



136 

SPERBER, J . I., 1957, Solubi l izat ion of minera l p h o s p h a t e by 

soil bac te r ia , Nature, 1 8 1 : 934 . 

STANFORD, D. AND ENGLISH, L., 1949, Use of flame 

pho tomete r in rapid soil t e s t s of K and Ca. Agronomy 

Journal, 4 : 4 4 6 - 4 4 7 . ' 

STEEL, R. G. D. AND TORRIE, J . H., 1960, Pr inciples and 

Procedures of S ta t i s t i c s , Mc Graw-hil l Book, Inc. , 

London. 

STOWERS, M. D. AND ELKAN, G. H., 1980, Cri ter ia for 

se lect ing effective and efficient s t r a in s of Rhizobium for 

u s e in t ropical agr icu l tu re . Technical Bul le t in . No. 264 . 

North Carolina Agriculture Research Service, p . 13. 

SUBBARAO, N. S., 1995, Soil Microorganisms and Plant Growth, 

Oxford and IBH Publ i sh ing Company Private Limited, 

New Delhi, p . 174. 

SUBBARAO, N. S., TILAK, K. V. B. R. AND SINGH, C. S., 1986, 

Dual inocula t ion with Rhizonium sp. and Glomus 

fasciculatum e n h a n c e s nodu la t ion yield and n i t rogen 

fixation in ch ickpea (Cicer arietinum Linn.) . Plant and 

Soil, 9 5 : 351 -359 . 



137 

SUNDAR RAO, W. V. B., 1974, Effect of Rhizobium inocu la t ion 

on nodu la t ion and yields of some pulse c rops . Abs t rac t 

XV Annua l Conference, AMI, Bangalore , p . 15. 

TAMILVENDAN, K. AND PURUSHOTHAMAN, D., 1996, 

Developing p h o s p h o r u s solubiizing s t r a i n s in 

Azospirillum. Proceedings of the National Seminar on 

Microorganisms in Sustainable Agriculture, M a d h u r a i , 

pp . 79 -89 . 

TANG, W. H., 1994, Yield increas ing bac te r ia and bicontrol of 

s h e a t h blight of rice in improving p lan t product iv i ty 

with rh izosphere bac te r ia (Ed.) M. H. RYDER, P. M. 

STEPHANS AND G. D. BOWEN. Commonwealth Scientific 

and Industrial Research Organization, Aus t ra l ia , pp. 

2 6 7 - 2 7 8 . 

THAKUR, A. K. AND PANWAR, J . D. S., 1997, Response of 

rh izob ium-ves icu la r a r b u s c u l a r mycorrhizal symbiosis 

on p h o t o s y n t h e s i s , . n i t rogen metabol i sm and sucrose 

t r ans loca t ion in greengram (Phaseolus radiatus). Indian 

Journal of Agricultural Sciences, 6 7 : 2 4 5 - 2 4 8 . 

THOMAS, G. V. AND SHANTARAM, M. V., 1987, Isola t ion and 

tes t ing of rhizobia for Pueraria phseoloidus and 

Calopoqonium muconoides. Mysore Journal of Agricultu-^al 

Sciences, 2 1 : 450 -454 . 



138 

THOMPSON, J . A., BHROMSIRI, A., SHUTSRIRUNG, A. AND 

LILLAKAN, S., 1991 , Native root nodule bac te r ia of 

t r ad i t iona l soybean growing a r ea s of Nor thern Thai land . 

Plant and Soil, 135 : 53 -65 . 

TIEN, T. M., GASKINS, M. H. AND HUBBEL, D. H., 1979, Plant 

growth s u b s t a n c e s p roduced by Azospirillum brasilense 

a n d their effect on the growth of pear l millet . Applied, 

and Environmental Microbiology, 37 : 1016-1024 . 

TILAK, K. V. B. R., SINGH, C. S. AND RANA, J . P. S., 1981 , 

Effects of combined inocula t ion of Azospirillum 

brasilense with Rhizobium trifoli, Rhizobium meliloti and 

Rhizobium sp. [Cowpea miscellany) on nodu la t ion and 

yield of clover [Trifolium repense), Lucerne (Medicago 

sativa) and ch ickpea (Cicer arietinum). Zentralblatt fur 

Bakteriologie II, 136 : 117-120. 

TIPPANNAVAR, C. M. AND ALAGAWADI, A. R., 1998, Influence 

of Azospirillum inocula t ion in combina t ion with reduced 

levels of n i t rogen on 'rabi so rghum, In : 39^^^ Annual 

Conference Association of Microbiologists of India, 

Mangalore , December , 1998, 2 0 7 : p . 256 . 

TOSH, B. N. AND SANGRIA, C. L., 1978, Combined effect of 

Rhizobium and Azotobacter on soil p roper t i es , yield and 



139 

qual i ty of gram (Cicer arietinum L.) var ie t ies . Fertilizer 

Technology, 15 : 35-37 . 

UMAMAHESHWARA RAO V. AND RAO, A. S., 1993, Dual 

inocu la t ion of VAM and Rhizobium in b lackgram and 

greengram. Legume Research, 16 : 119-125 . 

UPADHYAY, R. G., SHARMA, S. AND DHARAMWAL, N. S., 1999, 

Effect of Rhizobium inocula t ion and graded levels of 

p h o s p h o r u s on the growth and yield of summer 

greengram (Phaseolus radiatus L.). Legume Research, 22 

: 277 -279 . 

VANCURA, A. AND MACURA, J . , 1960, Indole p roduc t ion in 

Azotobacter culture. Folia Microbiologica, 5 : 2 9 3 - 2 9 8 . 

VEENA, S. C , 1999, Development of inocu lum consor t i a for 

e n h a n c e d growth and n u t r i e n t u p t a k e of so rghum 

{Sorghum bicolor L-. Moench). M. Sc. (Agri.) Thesis, 

Universi ty of Agricul tura l Sciences , Dharwad. 

VENKATESHWARULU, B. RAO, A. V. AND RAINA, P., 1984, 

Eva lua t ion of P h o s p h o r u s solubi l iza t ion by 

mic roorgan i sms isola ted from arid soils . Journal of Soil 

Science Society of America, 32 : 273-277 . 



140 

VINCENT, J . M., 1970, A manual for the Practical Study of Root 

Nodule Bacteria. IBP Hand Book. Blackwell Scientific 

Pub l ica t ions , Oxford. 

WAKIMOTO, S., 1987, Biological control of bac ter ia l wilt of 

tomato by non-pa thogen ic s t r a i n s of P. glumae Korean. 

Journal of Plant Pathology, 3 : 3 0 0 - 3 0 3 . 

WANI, P. v . , 1980, S tud ies on p h o s p h a t e solubil izing 

mic roorgan i sms review. Journal of Maharashtra 

Agricultural Universities, 5 : 144-147. 

WANI, P. V. AND PATIL, L. K., 1979, P h o s p h o r u s solubil izing 

ability of mic roorgan isms us ing two P-car r ie r s . National 

Academy of Science Letters, 2 : 360-362 . 

WANI, P. v . , MORE, B. B. AND PATIL, P. L., 1978, Effects of 

seed inocula t ion with some P-solubil izing 

mic roorgan i sms on p h o s p h a t e u p t a k e and yield of gram. 

Journal of Maharashtra Agricultural Universities, 3 : 

2 7 1 - 2 7 2 . 

WANI, S. P., RAI, P. V. AND SUDARSHANA, M. R., 1978, Ext ra 

cel lular po lysacchar ides of Azotobacter chroococcum and 

Azotobacter vinelandii a ssoc ia ted with Jowar (Sorghum 

vulgare). IV Southern Regional Conference on Bacterial 

Inoculants, P a r a b h a n i , 23-26 , May 1978, pp . 3 1 - 3 5 . 



1 4 1 

YAHYA, A. I. AND AL-AZAWI, S. K., 1989, Occur rence of 

p h o s p h a t e solubilizing bac ter ia in some Iraqi soils . Plant 

and Soil, 117 : 135 -141 . 

YOSHIKAWA, M. HIRAI, N., WAKABAYASHI, K., SUGIZAKI, H. 

AND IWAMURA, H., 1993, Succinic and lact ic ac ids as 

p l an t growth promot ing compounds produced by 

rh izospher ic Pseudomonas putida. Canadian Journal of 

Microbiology, 39 : 1150-1154 . 



U. A. S. 
Onivetcity Library 

DHARWAD. 

Ace. N«. 





APPENDIX- I 

COMPOSITION OF MEDIA 

C o m p o s i t i o n of k e t o l a c t o s e m e d i u m ( B e r n a e r t z 
and D e l e y , 1 9 6 3 ) . 

L a c t o s e 

K2HPO4 

CaCl2 

Yeas t e x t r a c t 

MgS04 . 7H2O 

- 10 .0 g 

- 0 .5 g 

- 0.2 g 

- 0 .5 g 

- 0 .1 g 

NaCl 

FeCl3 

Dis t i l l ed w a t e r 

Agar 

p H 

- 0 .2 g 

- 0 . 0 1 g 

- 1000 ml 

- 15 .0 g 

- 6 .8 

C o m p o s i t i o n of Hofer ' s b r o t h (Hofer, 1 9 3 5 ) 

K2HPO4 - 0 .50 g 

MgS04 . 7H2O - 0 .20 g 

NaCl - 0 .10 g 

CaCOa - 0 . 05 g 

Yeas t e x t r a c t - 3.0 g 

M a n n i t o l - 10 .0 g 

Dis t i l l ed w a t e r - 1000 ml 

1 N NaoH - 28 ml 

pH - 11 

C o m p o s i t i o n of P l a n t n u t r i e n t s o l u t i o n ( J e n s e n , 1 9 4 2 ) 

- 0 . 0 5 g 

- 0 . 05 g 

- 0 . 0 0 5 g 

- 6 . 5 - 7 . 0 

K2HP04 

MgS04 . 

NaCl 

FeCl3 

W a t e r 

7 H i iO 

- 0.2 g 

- 0.2 g 

- 0.2 g 

- 0 .1 g 

- 1000 m l 

H3BO3 

M n S 0 4 

Z n S 0 4 

p H 
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Map of a r e a s from w h e r e i s o l a t e s co l l ec t ed . 
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An attempt was made LTr=̂ rrow the effect of g- owth promoting 
rhizobacteria, isolated from diflereiit locations on the growth and 
yield of soybean under pot culture conditions. 

Plant growth promoting rhizobacteria (POPR) sijch as 
Rhizobium (30 strains), Azospirillum (15 strains), phosphate 
solubilizers (18 strains) and general rhizobacteria (8 strains) 
isolated from different regions and they are characterized based 
on morphological, biochemical and physiological characteristics. 
Then they are screened for their beneficial traits such as N2-
fixation, phosphate solubilization, production of plant growth 
promoting substances such as lAA, GA and biocontrdl tbst. By 
considering all these beneficial trai ts one efficient stfdiii was 
selected from each group to know the combined effecl: bf these 
growth promoting rhizobacteria on the growth and yield of 
soybean. 

All the inoculation treatments showed bettei' plant growth, 
yield and nutr ient uptake compared to uninoculated control. 
Among the inoculation treatments , single inoculations perfoi-med 
better than uninoculated control whereas, dual inoculations 
performed better over single inoculation treatments . Cotnbined 
inoculation of three beneficial organisms Rhizobikm 
Azospirillum + FSB) was superior over dual, single inocLilElhts and 
control. However, this was on par with the combined ih'dctilation 
of four beneficial organisms [Rhizobium + Azospirillum + 
phosphate solubilizers + general rhizobacteria) with respect to 
plant growth, yield and nutr ient uptake. The results of our 
studies indicate that the combined inoculations involving three or 
more beneficial organisms exerts more favourable effect on growth 
and productivity of soybean than dual or single inoculations. 
Results can be extrapolated to field conditions. The results of 
combination of four organisms were on par v/ith combination of 
three organisms and hence the desired combination of Rhizobium 
+ Azospirillum + PSB was producing maximum faVdUrable 
influence on growth and yield of soybean and could be 
recommended for field applications in soybean. 




