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Abstract 
A considerable numbers of bacteria produce salicylic acid as their 
exogenous metabolite secreted in microbial culture. This characteristic 
can be exploited as a substantial quality to fight against plant and crop 
pathogens as a potential phytopathogenic controlling factor in 
agricultural fields. Our work deals with the isolation, purification and 
identification of a purple non sulfur bacterium (PNSB), tentatively 
identified as Rubrivivax gelatinosus  (strain RASN4) and evaluation of its 
potentiality for salicylic acid production (in vitro) as a substantial 
phytopatho-remidiatory quality against a wide range of agricultural crop 
and plant pathogens in crop fields beside of its other plant growth 
promoting rhizobacterial (PGPR) features in order to formulate a 
potential microbial biofertilizer. For the said purpose, this purple non 
sulfur bacterium (PNSB) Rubrivivax gelatinosus (strain RASN4) was first 
screened qualitatively followed by quantitative determination of bacterial 
salicylic acid production (in vitro) in order to confirm this assessment. 
The maximum level of salicylic acid production (in vitro) by this rice 
rhizospheric isolated PNSB strain RASN4 was noted as 27.3 mg/l-1 
through its quantitative estimation. 
Key words: Purple non sulfur bacterium, PNSB, Salicylic acid, Rubrivivax 
gelatinosus. 

INTRODUCTION 
Salicylic acid (2-hydroxy benzoic acid) is a plant growth regulatory phenolic 

phytohormone[1,2] that also surves as an intermediate precursor in pyochelin 

siderophore biosynthesis[3]. Salicylic acid is also reported to act as an endogenous 

siderophore showing siderophore like activity as evident in case of Pseudomonas 

fluoresccens [4 ] and P. Cepacia [4,5 ] consisting of a salicyl substituted Cysteinyl 
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peptide[5,6,7 ]. Like Pseudomonas, many genera of rhizobacteria can synthesize salicylic 

acid as an intermediate of their pyochelin siderophore biosynthesis [8 ]. 

Salicylic acid plays a significant role in plant defense response against the antagonistic 

plant pathogens showing aggression. It can influence the plant defense regulation 

against phytopathogens and insects through signaling of the plant defense response [ 

9,10,11,12 ] and thereby providing protection to the plants against various infections 

caused by numerous plant pathogens[13,14,15]. Accumulation of salicylic acid is a 

necessary criteria for basal plant host defense responses including expression of 

defense related genes [16 ]. 

Salicylic acid shows it’s antifungal activity in different ways like reducing hyphal growth 

& biomass and inhibiting spore germination in different plant pathogenic fungi[17]. It 

can also down regulate some virulence factors in Pseudomonas aeruginosa influencing 

total proteases and elastase activities in order to attenuate it’s virulence on Arabidopsis 

thaliana and Caenorhabditis elegance. 

Salicylic acid can induce local and systemic defense responses in plants on its exogenous 

application[18,19]. Salicylic acid can induce accumulation of pathogen related protein 

(PRP) in order to induce Systemic Acquired Resistance (SAR) against antagonistic plant 

pathogens showing aggression and plays an essential role for inducing SAR[20] when 

applied exogenously to the plants[2] to protect them from plant pathogenic disease 

attack indirectly facilitating improved plant growth[1]. Pseudomonas fluorescens can 

produce salicylic acid as their siderophore[2] that can induce SAR resistance in plants 

when treated with [2]. 

On the other hand, salicylic acid is also an essential signal elicitor for inducing Induced 

Systemic Resistance (ISR) in host plants[21] as evident in case of tobacco[4,22]. in 

raddish [23] and beans[24]. 

Apart from its pivotal role in plant defense response and inducing ISR and SAR in plants, 

salicylic acid has its potential influences on plant growth and development, 

photosynthesis, transportation, iron uptake and transport, inducing specific alteration 

in chloroplast structures and leaf anatomy[2]in addition to its significant effects on seed 

germination, establishment of seedlings, cell growth, respiration, gene expression in 

association with senescence, nodulation, fruit yield and responses to various biotic and 



Journal of Global Biosciences             Vol. 9(1), 2020 pp. 6718-6736 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    6720 

abiotic stresses[25].[26] established that damage of pea seedlings due to Cadmium (Cd) 

can be overcomed by the salicylic acid treatment. They also reported salicylic acid has 

its significant role in mitigating various biotic, abiotic and environmental stress 

mediated responses in plants. 

Many genera of bacteria can synthesise salicylic acid[ 27,3,28,29]. Zhang et.al, (2002) 

[30] reported the level of salicylic acid in plants become highly increased when treated 

with Bacillus pumilas. Indiragandhi et.at, (2008)[31] reported Acinetobacter sp, 

Pseudomonas sp, and Serratia sp, have their potentiality for salicylic acid production. In 

present work, an investigation was undertaken to assess the phytopathoremidiatory 

biocontrol potentiality of isolated rice rhizospheric PNSB strain RASN4, later identified 

as Rubrivivax gelatinosus, through evaluating their capability of salicylic acid (SA) 

production, followed by its quantification (in vitro). 

MATERIALS AND METHODS 

Isolation Purification and Characterization of Purple Non Sulfur Bacterium 

(PNSB) 

The soil samples were collected aseptically from the rhizospheric soil of the rice fields of 

Ramnagar (Latitude 22.82N; Longitude 87.80E) located in Hooghly district of west 

Bengal, India and also transported aseptically to the laboratory in sterilized containers 

immediately after sampling for further studies. 

The enrichment of soil samples were done with modified Biebl and Pfenning medium 

(1981)[32] by following standard protocol as described by Madigan et. al, (1984)[33] 

and Ponsano et.al,(2002 & 2008)[34].The growth obtained this way was further 

enriched with modified RCVBNP medium following the general enrichment protocol as 

described by Madigan and Gest (1982)[35] without altering the other growth 

parameters  and factors except  pH(=6.8). 

Isolation of purple non-sulfur bacteria (PNSB) was made on modified Biebl  and 

Pfenning’s (1981)[32] agar medium  under anaerobic condition following a method  as 

described by  Archna et.al, (2004)[36] followed by its purification after repetitive 

streaking and finally single bacterial colonies were  picked up  aseptically  and  

maintained by sub culturing  successively  in modified  RM2 medium  [37,38 ].Then 

enrichment of PNSB was done following a standard protocol, described by Yasa et.al, 
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(2006) [39] and growth  obtained in this way was further enriched with  RCVBNP  

medium  following  a method  as  described  by   Madigan and Gest  (1982)[35] 

The stock cultures of PNSB were maintained under anaerobic condition on modified 

RM2 Medium[ 37, 38 ] at 4C0 for further experimentation. 

The isolated PNSB bacterial strain was characterized through the method of Bergey’s 

manual of systemic bacteriology (1986)[40] followed by automated BIOLOGTM 

microbial identification system. 

Screening of Salicylic Acid (SA) Production Potential 

The screening of bacterial potentiality for Salicylic acid production (in vitro) was 

performed by a method as described by Cook (1993)[41]. Freshly grown bacterial 

culture was centrifuged at 10000 rpm for 10 min in order to collect cell free bacterial 

culture supernatant. 4 ml of Supernatant was acidified with 1N HCl (pH 2.0) prior to the 

extraction of salicylic acid with chloroform (2×2 ml). Finally 4ml of distilled water & 5 

ml of 2M FeCl3 was added to the pooled chloroform extracts and subjected to 

observation. 

Extraction and Purification 

Extraction and purification of SA from bacterial culture was performed following the 

method as described by Shanmugam and Narayanaswamy (2008)[42]. 

50ml of bacterial culture supernatant was concentrated up to a volume of 20ml by 

evaporation in desiccators and then it was acidified at pH2 before it’s extraction with 

double volume of chloroform. 

Thin Layer Chromatography (TLC) of Bacterial Supernatant 

Confirmation of the presence of SA in cell free bacterial culture supernatant was done 

by using the chloroform fractions for Thin Layer Chromatography (TLC). 20µl of cell 

free bacterial culture supernatant was spotted aseptically on TLC silica gel plates and 

run there after using chloroform : acetic acid : ethanol (95:2.5:2.5) (Pervin et.al, 

2015)[43] mixture solvent. The TLC plates were then removed from the developing 

chamber prior to spray on them with Ehrlich’s reagent before watching them finally 

under UV light at 365nm (Pervin et.al, 2015)[43]. The presence of SA from bacterial 

origin was confirmed by matching their Rf value with that of a known control SA 
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standard (Sigma). The Rf value was calculated by using the formula: Rf value = Distance 

spot travels (A) / Distance solvent travels (B).The Rf value 0.74 for SA from cell free 

RASN4 bacterial culture supernatant origin was matched with that of an authentic SA 

control standard (0.74) confirming the presence of SA in cell free RASN4 bacterial 

culture supernatant. 

Detection of SA in bacterial supernatant was confirmed through TLC by visually 

examining the appearance of blue bands under UV-light (365nm) both in case of cell 

free RASN4 bacterial culture supernatant and its authentic standard control. 

Appearance of blue bands both in case of samples and authentic SA standard control, 

showing same fluorescence postulated strongly the capability of in vitro bacterial 

(RASN4) SA production potentials. 

The blue bands on TLC silica plates under UV-light (365nm), confirmed the existence of 

SA in cell free RASN4 bacterial culture supernatant also confirming the potentiality of its 

in vitro SA production. 

Both qualitative screening and quantitative estimation suggested the existence of SA in 

cell free RASN4 bacterial culture supernatant confirming the potentiality for in vitro SA 

production by PNSB bacterial strain RASN4. 

 Quantitative Estimation of Salicylic Acid (SA) Production (In vitro) 

The quantitative assay of bacterial salicylic acid (SA) production (in vitro) was 

determined following the method of Meyer et al (1992)[4]. Freshly grown bacterial 

culture was centrifuged at 10000 rpm for 10 min in order to collect cell free bacterial 

culture supernatant. 4 ml of Supernatant was acidified with 1N HCl (pH 2.0) prior to the 

extraction of salicylic acid with chloroform (2×2 ml) [41].Concentration of salicylic acid 

was determined by addition of 5 μl of 2 M FeCl3 and 3 ml of water in to  1ml of 

concentrated extract of salicylic acid containing bacterial supernatant. Absorbance of 

the purple iron-SA complex, developed in the aqueous phase, was measured at 527 nm 

and the total amount of salicylic acid was estimated with the help of a standard curve 

prepared with the salicylic acid dissolved in ethyl acetate (HPLC grade, Sigma)[4]. 
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RESULTS AND DISCUSSION 

Plant pathogenic microorganisms can reduce 25-100% crop yields by causing various 

diseases in agricultural crops [44]. Phytotoxicity and accumulation of chemical residues 

after chemical fungicide treatments are the two major issues leading to the 

environmental pollution as well as serious human health hazards [45]. So, biological 

control through some chemical inducing microorganisms are considered to be a 

potentially effective non hazardous strategy to mitigate the crop damage by agricultural 

plant pathogens[46] /MT. use of microbes and microbial metabolite products based 

formulations can be used to achieve the cumulative effects and sustainability in the 

arena of agriculture[47,48] in addition to mitigate chemical pollution hazards occurring 

from fungicide residue. In present years, salicylic acids (SA) of microbial origin are 

being used as an extensive strategy in order to protect the plants from plant pathogens 

to mitigate plant disease for its control. Biological control of soil born crop pathogens 

are primarily attributed to improvement of boosting up host plants defense or to direct 

inhibition of growth and activities of agricultural crop pathogens[49]. 

 

 

Fig: 1. Map showing location of bacterial sampling site of rice fields at Ramnagar, 

Hooghly, West Bengal, India (Latitude 22.85”; Longitude 88.39") 
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Fig: 2. SEM of Rubrivivax gelatinosus Strain RASN4 

 

Table-1: Morphological, physiological and biological characteristics of the isolated 

bacterial strain Rubrivivax gelatinosus (RASN4) 

Sl. No. Characteristics 
Bacterial Isolates 

Rubrivivax gelatinosus (RASN4) 
1.  Color of Anaerobic Culture Pale Peach to Red 
2.  Cell Shape Curved Rod 
3.  Size (Width × Length) (0.3 - 0.7 × 1.3 – 2.1) µm 
4.  Formation of Sheaths - 
5.  Gram Staining Gram negative 
6.  Motility + 
7.  Flagellation Polar, Monotrichous 
8.  Slime Production + 
9.  Growth Photoautotrophic 
10.  Salt Tolerance Level 5% 
11.  Growth Temperature Range (°C) 5 – 45°C 
12.  Nitrogen Fixation Ability + 
13.  Oxidase Activity + 
14.  Catalase Activity + 
15.  Urease Activity - 
16.  NO3 – Reduction Test + 

17.  
Gelatine Liquefaction 
(Gelatinase) 

+ 

18.  Starch Hydrolysis - 
19.  Casein Hydrolysis + 

20.  

IMViC Test 
 
Indole production Test 
Methyl Red Test 
Vogese Proskauer Test 
 
Citrate Utilization Test 

 
+ 
- 
- 
+ 
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Sl. No. Characteristics 
Bacterial Isolates 

Rubrivivax gelatinosus (RASN4) 

21.  
Hugh-Leiffson (O/F)Reaction 
Test 

O/F 

22.  Carotenoid + 

23.  Bacteriochlorophyll + 

24.  Exo-Polysachharides (EPS) + 

25.  
Poly-Beta-Hydroxybutyrate   
(PBHB) 

+ 

26.  Growth Accelerators Biotin, Thiamine 
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Table-1: Morphological, physiological and biological characteristics of the isolated 

bacterial strain Rubrivivax gelatinosus (RASN4) contd…… 

Sl. No. Characteristics Bacterial Isolates 
Rubrivivax gelatinosus (RASN4) 

1.  

Utilization of Carbon Source 
 
Acetate 
Butyrate 
Citrate 
Formate 
Fumarate 
Glutamate 
Lactate 
L-Malate 
Propionate 
Pyruvate 
Succinate 
Tartrate 
 
Arabinose 
Cellbiose 
Fructose 
Galactose 
Glucose 
Lactose 
Maltose 
Raffinose 
Rhamnose 
Ribose 
Sucrose 
Xylose 
 
Glycerol 
Mannitol 
Sorbitol 

 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
 

+ 
- 
+ 
- 
+ 
+ 
- 
- 
- 
- 
+ 
+ 
 
- 
- 
- 
- 

 

+ Indicates presence of positive reaction; - Indicates absence or negative reaction; 
O = Oxidation; F = Fermentation;  
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Fig 3. Quantification of Salicylic acid (In vitro) production by Rubrivivax gelatinosus 
Strain RASN4 

 

Salicylic acid (SA) is a phenolic phytohormone formed from phenyl alamine via cinamic 

acid, then to benzoic acid or coumaric acid through SA biosynthetic pathway[50] .It can 

influence a series of biochemical and molecular process of events involved in disease 

resistance induction. 

Earlier, some previous studies reported the influence and role of salicylic acid for 

protection of plants under various biotic and abiotic stresses including 

salinity[51,52,53] .Later on, many works had been done in order to substantiate the role 

of SA during plant-pathogen interactions[ 54,55,19] and to substantiate the fact SA 

plays an important role in SAR induction in cucumber and tobacco plants [13,9,19]. 

Further; many researchers established the prime role of SA in induced systemic 

resistance (ISR) induction[24,56,57]. SA plays its key role in inducing both local and 

systemic induced resistance initiated after an immediate plant pathogenic 

attack[58,59]. De-meyer and Hofte (1997)[24] showed Pseudomonas aeruginosa can 

induce systemic resistance through SA production. They assumed that PGPR can trigger 

on activation of phenyl alamine ammonia-layase (PAL) activity leading to increased SA 

biosynthesis and suggested that SA may be indirectly involved in introducing ISR 
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induced by PGPR with special reference to cucumber root disease [24]. So, Meyer and 

Hofte (1997)[24] considered SA as an important translocated signal that gets 

accumulated in PGPR treated host plant roots and greatly involved in inducing ISR. 

Siddiqui and Shaukat (2003) [60]showed Pseudomonas aeruginosa enhanced defence 

mechanism by inducing systemic resistance in tomato plants through production of SA. 

Like all the other PGPR bacterial strains like Pseudomonas aeruginosa [60,24 ], Bacillus 

licheniformis [42], Bacillus cereus, B.Mycoides, B.pumilus, B.sphaericus and B.subtilis [46, 

59]Pseudomonous fluorescens , Serratia marcesceus [30], many PNSB rhizobacterial 

strains can show the capability of SA production. Parvin et.al, (2015) [43]confirmed the 

potentiality of PNSB bacterial strain Burkholderia cepacia for synthesizing salicylic acid 

(SA) in vitro and also proved their role in oil palm seedling growth and development. 

In present work, prime focus was emphasized on a rice rhizobacterial purple non sulfur 

bacterium (PNSB) strain RASN4; later identified as Rubrivivax geatinosus to assess its 

potentiality for in vitro salicylic acid (SA) production as it otherwise show promising 

plant growth promoting rhizobacterial activity in order to bioformulate a potent 

microbial biofertiliser bioinoculant together with some phytopathoremidiatory traits. 

The PGPR activity of PNSB and its potential capability of salicylic acid production for 

sustainable plant protection is well established[43]. In this background perspective, the 

antagonistic potential of the isolated PNSB rhizobacterial strain Rubrivax gelatinosus 

RASN4 was tested in terms of their potentiality of SA production (in vitro), which 

showed a strong positive indication through screening prior to their quantification.  

In Thin Layer Chromatography (TLC), appearance of blue bands both in case of samples 

and authentic SA standard control, showing same fluorescence postulated strongly the 

capability of in vitro bacterial SA production potentials of isolated rice rhizospheric 

PNSB RASN4 Rubrivax gelatinosus strain. 

Further, during estimation, the amount of in vitro SA production (in vitro) by PNSB 

rhizobacterial strain RASN4 was determined up to 27.3 mg/l-1 as maximum highest 

level. 
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CONCLUSION 

So, it can be concluded that the purple non-sulfur bacterial  strain (RASN4) isolated 

from the rice  rhiozospheric soils from the rice fields  of Ramnagar  of Hooghly district of 

west Bengal, India ( Latitude  22.82 N; Longitude  87.80 E which  was later been 

identified as Rubrivivax gelatinosus , has its potentiality of producing  exogenous  

salicylic acid as becomes evident  through the  qualitative  screening followed by its 

confirmation  through quantification. 

Salicylic acid, exogenously produced by the bacterial micro organisms, plays a pivotal 

role in plant growth and development together with the enhancement of their crop 

productivity through their phytopathoremediatory effects inducing system resistance 

against a wide range of fungal and bacterial phytopathogens. Such capability of 

exogenous Salicylic acid production by isolated PNSB strain RASN4 might have been 

exploited for bio formulating an efficient microbial biofertiliser with additional 

potentiality of phytopathoremediation in addition to their other PGPR activity traits. 

This will provide an additional synergistic advantage for bio formulating a potential 

microbial bioinoculant for promising agricultural crop productivity in Indian 

subcontinent. 
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