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Abstract 

The present study was conducted to characterize the 30 native plant growth promoting (PGP) bacteria 

from different pulse crops rhizosphere grown in BHU, Varanasi, India. All the 30 isolates were 

screened in vitro for PGP characteristics. Among them, 12 were produced fluorescent pigments on 

Kings’B medium, P1 and C4 were best in producing IAA (11.37 and 5.75 mg/l, respectively), whereas 

PSB1 and PSB2 solubilized highest amount of tri-calcium-phosphate (502.39 and 395.45 mg/l, 

respectively), while C4 and CRM3 were strongly cyanogenic. In addition to it, PUR46 was also found to 

be positive in other growth promoting traits like phosphorus solubilization and ammonification. The 

results suggested that solubilization of tri-calcium phosphate might be helpful in enhancement of plant 

growth. 
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Introduction 

Over the past few decades, the role of Plant Growth-Promoting Rhizobacteria (PGPR) in plant 

growth and developmental processes has become firmly entrenched in literature (Deepa et al., 

2010; Vacheron et al., 2013; Majeed et al., 2015; Shakeela et al., 2017) [10, 45, 29, 41]. PGPR has 

been in limelight among agriculturists for their benefits on crop. One of important features of 

PGPR is phosphate solubilizing power. Phosphorus is one of the major plant nutrient limiting 

plant growth. It plays a key role in nutrition of plants as it promotes development of deeper 

roots. The average soil is rich in phosphorus as it contains about 0.05% (w/w) phosphorus 

(Barber, 1984) [7]. But, only one tenth of phosphorus is available to plants and approximately 

95–99% is present in the form of insoluble phosphates. Hence insoluble phosphate cannot be 

utilized by the plants due to its poor solubility and chemical fixation in the soil causing a low 

efficiency of soluble P fertilizers. Chemical phosphatic fertilizer is widely used to supply 

phosphorus to the soil–plant system throughout the world. However, the prices, availability, 

and the environmental concerns of chemical fertilizers especially the P fertilizers are real 

issues of today’s agriculture. Soils microorganisms are involved in a range of processes that 

affect Phosphate transformation and thus influence the subsequent availability of phosphate to 

plant roots (Richardson, 2001; Majeed et al., 2015) [34, 29].  

In recent years application plant growth-promoting rhizobateria (PGPR) for the enhancement 

of sustainable agricultural production is becoming a more widely accepted practice in intensive 

agriculture. Plant growth-promoting rhizobacteria are free-living soil bacteria that aggressively 

colonize the rhizosphere/plant roots, and enhance the growth, and yield of plants when applied 

to seed or crops (Kumar et al., 2014) [26]. The plant growth promoting (PGP) effect of the 

PGPR is mostly explained by the release of metabolites directly stimulating growth. There are 

several rhizobacteria are known for PGPR properties. Among the rhizobacteria, Pseudomonas 

spp. are emerged as the largest and most promising group, owing to their potential of rapid and 

aggressive colonization, rhizosphere abundance, catabolic versatility, and their capacity to 

produce a diverse array of antifungal compounds (Anuratha and Gnanamanickam 1990; Yeole  
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and Dube 2000; Sivaprasad 2002; Saharan et al. 2011) [1, 50, 43, 

36]. Other important mechanisms include production of lytic 

enzymes such as chitinases and β-1, 3 glucanases which 

degrade chitin and glucan present in the cell wall of fungi 

(Frindlender et al. 1993; Lim et al. 1991; Potgieter and 

Alexander 1996; Velazhahan et al. 1999) [19, 28, 32, 47], HCN 

production (Defago et al. 1990) [14] and degradation of toxin 

produced by pathogen (Borowitz et al. 1992; Duffy and 

Defago 1997) [9, 14].  

Knowledge of the native bacterial population and their 

characterization is required for understanding the distribution 

and diversity of indigenous bacteria in the rhizosphere of 

specific crops (Keating et al., 1995; Chahboune et al., 2011; 

Majeed et al., 2015) [23, 10, 29]. With increasing awareness 

about the-chemical-fertilizers-based agricultural practices, it 

is important to search for region-specific microbial strains 

which can be used as a growth promoting/enhancing 

inoculum to achieve desired crop production (Deepa et al., 

2010; Majeed et al., 2015) [10, 29].  

 

Materials and methods 

Rhizobacteria 

Soil isolates of Pseudomonas spp. were obtained from the 

Department of Botany; B. H. U., Varanasi, where as 

rhizosphere isolates of pseudomonads were isolated from soil 

around the roots of different pulse crops grown in the campus 

of Banaras Hindu University. For isolation of fluorescent 

Pseudomonads, the roots with the tightly adhering soil 

particles were cut into small pieces and one gram of these root 

pieces were vigorously shaken in 100ml of sterilized distilled 

water for 10-20 minutes to get the bacterial suspension. The 

bacterial suspensions thus obtained were used for the isolation 

of Pseudomonas rhizobacteria by dilution plate technique 

(Johnson and Curl 1972) in king’s B medium (KMB) (King et 

al. 1954); supplemented with benomyl, 20 mg/ml to avoid the 

growth of fungi. The organisms were allowed to grow at 28 ± 

2 ºC. Dilutions of 10-4 and 10-6 were used and the typical 

different colonies of Pseudomonas spp. were further purified 

and maintained on KMB slants at 4 ºC in a refrigerator. 

 

Plant growth-promoting attributes 

Estimation of Indole Acetic Acid (IAA) 

IAA produced by bacteria was assayed colorimetrically using 

ferric chloride-perchloric acid reagent (FeCl3-HClO4) (Saxena 

et al. 2003) [37]. This method estimated the quantities of indole 

compounds produced by bacteria in LB (Luria Bertani 

medium) amended with 50 µg/ml tryptophan. The LB 

medium contained (in 1000 ml distilled water), 5.0 g 

Tryptone, 3.0 g Yeast extract and, 5.0 g NaCl. The pH of LB 

medium was adjusted to 7.0 before autoclaving. All the 

isolates were grown in LB broth for 24 hours on rotary shaker 

(240 rpm) at 28 ± 2 ºC. After overnight incubation, each 

bacterial broth culture was centrifuged at 10,000 rpm for 15 

minutes. Two milliliter of the supernatant was added to 4 ml 

FeCl3-HClO4 reagent. After 25 minutes (after color density 

reaches its maximum), the mixture was read in a 

spectrophotometer at 530 nm absorbance. The amount of IAA 

produced per milliliter culture was estimated using a standard 

curve. The experiment was conducted with three replications 

for each isolate. 

 

Phosphorus-solubilization 

Solubilization of tri-calcium phosphate was quantified in 

Pikovskaya’s broth (Pikovskaya 1948). The medium 

consisted of 10.0 g glucose, 5.0 g tri-calcium phosphate, 0.5 g 

(NH4)2SO4, 0.2 g KCl, 0.1 g MgSO4.7 H2O, trace of MnSO4 

and FeSO4 and 0.5 g Yeast extract, in 1,000 ml distilled 

water. Each flask containing 100 ml of Pikovskaya broth 

having 500 mg of tri-calcium phosphate was inoculated with 

0.5 ml of 24 h broth culture of each isolate in triplicate and 

incubated in a rotary shaker (240 rpm) at 28 ± 2 ºC for 4 day. 

The culture was centrifuged at 15,000 rpm for 10 min. One 

milliliter of supernatant was added to 10 ml of ammonium 

molybdate and shaken well then after diluted the contents of 

the flask to 45 ml followed by addition of 0.25 ml of 

chlorostannous acid and immediately the volume was made to 

50 ml with distilled water. Spectrophotometeric measurement 

of blue colored intensity was taken at 600 nm absorbance. 

The amount of soluble phosphorus was estimated using a 

standard curve. The experiment was conducted with three 

replications for each isolate. 

 

Ammonia production 

For the detection of ammonia production, all the isolates were 

grown in test tube containing peptone water: 10.0 g peptone, 

5.0 g NaCl, 1,000 ml distilled water, 7.0 pH (Dye 1962). The 

tubes were inoculated with 100 µl of 24 h grown cultures in 

broth and incubated at 28 ± 2 ºC for 4 days. The accumulation 

of ammonia was detected by adding Nessler’s reagent (0.5 ml 

tube-1). An uninoculated control was kept for comparison of 

results. The experiment was conducted with three replications 

for each isolate. A faint yellow color indicated a small amount 

of ammonia, and deep yellow to brownish color indicated 

maximum production of ammonia. 

 

HCN production 

HCN production by isolates was detected qualitatively by the 

method of Bakker and Schipper (1987) [3]. King’s B medium 

was prepared and amended with 4.4 g l-1 glycine and 

sterilized. 25 ml of this medium was poured into each plate. 

After solidification, the isolates were streaked separately in 

plates. Whatman no. 1 filter paper disc (9 cm in dia.) was 

soaked in 0.5 % picric acid in 2 % sodium carbonate. A 

soaked disc was placed in the lid of each Petri plate. The Petri 

plate was sealed with parafilm and incubated at 28 ± 2 ºC for 

4 days. An uninoculated control was kept for comparison of 

results. The experiment was conducted with three replications 

for each isolate. 

 

Results 

Growth-promoting traits of pseudomonad isolates  

Pseudomonads were isolated from rhizosphere of different 

pulse crops and soil, were tested for a wide array of traits 

associated with biocontrol as well as growth promoting 

attributes, like HCN production, fluorescence pigmentation, 

ammonification, IAA production and solubilization of tri-

calcium phosphate in vitro. Results indicated that all isolates 

except L3 were exhibited the ammonification property, twelve 

isolates produced fluorescence pigment, eight isolates 

produced HCN (Cyanide), eleven isolates produced IAA and 

twenty six isolates positive for phosphorus solubilization out 

of thirty isolates (Table 1). After 24 h of inoculation of 

pseudomonad isolates in KBM, the center of the some isolates 

showed reddish tinge with slight green colouration in the 

medium. Later on the intensity of green colour intensified. 

The culture having fluorescence under UV light of 

wavelength 260 nm with excretion of diffusible yellow-green 

pigment was identified as Pseudomonas fluorescence. Among 

30 pseudomonad isolates, 12 isolates viz., R1, L2, L3, C1, C3, 

C5, C6, CRM2, CRM3, PUR46, PSB1 and PSB2 were found 
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to be positive for fluorescence pigment. Out of twelve, six 

isolates (R1, C1, C3, C5, C6, CRM3, and PSB1) were 

strongly fluorescent pigment producers (Table 1, Figure 1A). 

Out of 30 isolates, eight isolates viz., C4, CRM3, C6, C3, A1, 

A2, C5 and P4 were found to produce volatile cyanide, among 

this C4 and CRM3 were strongly cyanogenic, A1, C3 and C6 

were moderately cyanogenic whereas A2, P4 and C5 were 

weakly cyanogenic (Table1, Figure 1C). 

Our experimental result revealed that all pseudomonad 

isolates except L3 were exhibited the ammonification 

property. P1 and PUR46 were found to produce maximum 

amount of ammonia, 14 isolates produced medium amount of 

ammonia whereas L3 showed negative response for 

ammonification activity (Table 1, Figure 1B). 

Among the eleven isolates for IAA producers, P1 and C4 

were the best in producing IAA (11.37 and 5.75 mg/l, 

respectively). However, among the twenty six isolates 

positive for phosphorus solubilization, five of the isolates viz., 

PSB1, PSB2, R3, A2 and R1 solubilized highest amount of 

tri-calcium phosphate (502.39, 395.45, 385.55, 346.34 and 

312.23 mg/l, respectively) (Table1, Figure 1D). 

Ten of the 30 pseudomonad isolates were positive for two 

traits, while C3, C5 and CRM3 were best in exhibiting 

multiple PGPR traits like ammonification, IAA production 

(0.25, 0.63 and 0.13 mg/l, respectively), and phosphate 

solubilization (11.42, 66.98 and 217.32 mg/l, respectively). 

The data clearly suggested the wide spectrum of biological 

activities performed by these strains under in vitro conditions. 

 
Table 1: Growth-promoting traits of pseudomonad isolates 

 

Pseudomo-nad  

isolates 

Habitat  

(Host rhizosphere) 

(Fluoresc- 

ence)a 
(NH4 producti-on)b (HCN producti-on)c 

IAA production  

(mgl-1) ‡ 

P solubilization  

(mgl-1) $ 

A1 Arhar - + ++ - 82.59 ± 1.21 

A2 Arhar - + + - 346.34 ± 2.71 

A3 Arhar - ++ - - - 

R1 Rajma ++ ++ - 1.00 ± 0.08 228.36 ± 1.82 

R2 Rajma - + - - 312.23 ± 2.38 

R3 Rajma - + - - 385.55 ± 2.79 

P1 Pea - +++ - 11.37 ± 0.38 271.37 ± 2.26 

P2 Pea - ++ - 1.75 ± 0.22 - 

P3 Pea - ++ - 2.12 ± 0.15 23.98 ± 1.53 

P4 Pea - + + 0.88 ± 0.06 109.23 ± 1.98 

M1 Mungbean - ++ - - - 

L1 Lentil - ++ - - 216.18 ± 2.54 

L2 Lentil + + - - 88.30 ± 1.68 

L3 Lentil + - - 1.75 ± 0.09 71.93 ± 1.61 

L4 Lentil - ++ - - 133.57 ± 2.42 

C1 Chickpea ++ ++ - - 145.40 ± 2.10 

C2 Chickpea - + - - - 

C3 Chickpea ++ + ++ 0.25 ± 0.02 11.42 ± 0.42 

C4 Chickpea - ++ +++ 5.75 ± 0.45 191.82 ± 2.10 

C5 Chickpea ++ + + 0.63 ± 0.03 66.98 ± 1.87 

C6 Chickpea + ++ ++ - 131.31 ± 2.07 

C7 Chickpea - + - 0.75 ± 0.07 161.37 ± 1.81 

CRM1 Soil - ++ - - 274.03 ± 2.48 

CRM2 Soil + ++ - - 194.87 ± 2.03 

CRM3 Soil ++ ++ +++ 0.13 ± 0.01 217.32 ± 2.26 

KB133 Soil - + - - 93.25 ± 1.92 

PUR46 Soil + +++ - - 50.24 ± 1.32 

PUR171 Soil - + - - 76.12 ± 1.19 

PSB1 Soil ++ + - - 395.45 ± 3.62 

PSB2 Soil + ++ - - 502.39 ± 4.17 

a± indicates degree of fluorescence pigment production on KBM; - indicates no fluorescent pigment production, + indicates mild fluorescent 

pigment production, ++ indicates strong fluorescent pigment production. b± indicates degree of HCN production; - indicates no HCN 

production, + indicates small amount of HCN production, ++ indicates medium amount of HCN production., +++ indicates maximum amount of 

HCN production. c± indicates degree of reaction for ammonia production in peptone water broth; - indicates no ammonia production, + indicates 

small amount of ammonia production, ++ indicates medium amount of ammonia production, +++ indicates maximum amount of ammonia 

production. ‡ IAA= indole acetic acid; - indicates no IAA production. $ P solubilization = phosphorus solubilization; - indicates no P 

solubilization. 
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Discussion 

Plant growth-promoting attributes 

Fluorescent Pseudomonas spp. are important for biological 

control. Certain strains can suppress diseases caused by 

phytopathogenic fungi (Salman et al. 2013; Weller 1988) and 

are candidates as hosts for the delivery of genes, such as 

biocontrol toxin, to the plant rhizosphere (Obukowicz et al. 

1986; Van Elsas et al. 1991; Araujo et al.1994) [31, 2, 4].  

Production of volatile ammonia was also implicated as a 

possible mechanism to control soil borne pathogens (Baligh et 

al. 1990, 1991 and 1996; Conway et al. 1989) [6, 4, 5]. In our 

experiment, all pseudomonad isolates except L3 produced 

ammonia. Among these P1 and PUR46 were found to produce 

maximum amount of ammonia, where PUR46 showed strong 

antibiosis against DL2, while P1 did not show strong 

antibiosis.  

The production of volatile cyanide is very common among the 

rhizosphere pseudomonad (Bakker and Schippers 1987; 

Dowling and O’Gara 1994) [3]. HCN production has been 

postulated to play an important role in biocontrol of 

pathogens (Defago et al. 1990) [14]. Other workers have also 

reported HCN production by antagonistic bacteria (Saxena et 

al. 1996; Rangeswaran and Prasad 1998) [37, 33] and are known 

to inhibit the electron transport, disturbing the energy supply 

to the cells, ultimately leading to the death of the pathogen 

(Knowels 1976). Production of HCN by pseudomonad is 

associated with biological control of the black root of tobacco 

(Beauchamp et al. 1991) [8]. Flaishman et al. (1996) [18] also 

reported that overproduction of cyanide may control fungal 

diseases in wheat seedlings. However, some other workers 

observed that it can have a detrimental effect on plant growth 

(O’Sullivan and O’Gara 1992) [30]. In this investigation, eight 

HCN producing strains viz., C4, CRM3, C6, C3, A1, A2, C5 

and P4 were found to be deleterious and caused differential 

lysis and deformation of mycelia.  

Indole acetic acid is one of the most physiologically active 

auxins. IAA is a common product of L-tryptophan 

metabolism by several microorganisms including PGPR (Lee 

et al. 2010; Lynch 1985: Frankenberger and Brunner 1983) 
[27,]. Among the 30 isolates, 11 isolates were able to produce 

IAA in the range 0.13 to 11.37 mg/l. Out of eleven, two 

isolates P1 and C4 showed high level (11.37 and 5.75 mg/l, 

respectively) production of IAA. This observation revealed 

that IAA production varies in different isolates of 

pseudomonad. Tien et al. (1979) [44] established that 

rhizobacteria that produce IAA could responsible for 

increasing the number of lateral roots and root hairs in pearl 

millet. But there are some reports that rhizobacteria that 

overproduce IAA inhibit root elongation, and this was 

attributed to the stimulation of ethylene synthesis by IAA 

(Xie et al. 1996, Glick et al.1998) [49, 20]. Rhizospheric 

bacteria are known to play a very significant role in plant 

growth promotion by different mechanisms, one of them 

being the ability to solubilize phosphorus in soil and making it 

available for plant uptake (Selvakuma et al. 2011; Sharma et 

al. 2011; Kucey et al. 1989; Gyaneshwar et al. 2002) [39, 37]. 

The mineral phosphate solubilizing property is associated 

primarily with the production of low molecular weight 

organic acids which forms complexes with the metal ions 

such as Fe, Al, and Ca of the phosphate ore. The metabolic 

and genetic basis for the high efficiency solubilization of P by 

majority of the gram-negative PSB, studied so far, has been 

attributed to the production of gluconic acid by direct 

oxidation of glucose via, membrane bound quinoprotein 

glucose dehydrogenases (Gcd) enzyme. This enzyme is 

known to act not only on glucose but also on several other 

aldo sugars such as xylose, arabinose, maltose, etc. and 

oxidizes them to their corresponding acids. Most of the 

pseudomonads used in this study were found to solubilize 

complex form of P to the plant available form in the in vitro 

studies conducted. In the screening of the 30 pseudomonad 

isolates, 26 isolates showed phosphorus solubilization 

activity. Among these, five isolates viz., PSB1, PSB2, R3, A2 

and R1 were the most effective solubilizers in vitro and 

solubilized (502.39, 395.45, 385.55, 346.34 and 312.23 mg/l, 

respectively) highest amount of tri-calcium phosphate. These 

results indicate that the solubilization of phosphorus varies in 

different isolates of the same species. Some P solubilizing 

organisms have been reported as plant growth promoters 

(Selvakuma et al. 2011; Sharma et al. 2011; De Freitas et al. 

1997; Whitelaw et al. 1997) [39, 37, 12]. The ability to convert 

insoluble P to an accessible form like orthophosphate is an 

important trait for a PGPR for increasing plant yields 

(Rossolini et al. 1998) [35]. The present study indicated that 

many isolates of pseudomonad found to be phosphorus 

solubilizer and thereby expected to enhance uptake by the 

plants, resulting in increased plant biomass. Apart from 

phosphorus solubilization, phytohormone production like IAA 

is another of mechanism that directly influences plant growth 

(Glick et al. 1995) [21]. 

Results from the present investigation reveal interesting 

observation that the PUR46 has also other growth promoting 

attributes like phosphorus solubilization and ammonification, 

which may contribute to enhancement of growth, yield and 

nutrient uptake of plant.  
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