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ABSTRACT 

 

Genus Acinetobacter can be exploiting as an ecofriendly plant-growth promoting rhizobacteria and as an 

alternative to chemical fertilizers. In present study, Acinetobacter strain RSC7 isolated from the 

rhizosphere of sugarcane cultivar Co671 has been used for the characterization of plant growth potential 

and molecular identification through 16S rRNA gene sequence. The phosphate solubilisation Index (SI) 

of the isolate strain was tested on the Pikovskaya agar and recorded 3.5 and quantitative estimation of 

isolated strain revealed that maximum 27.10μg/ml phosphate was releases in NBRIP broth with 1.5% 

tricalcium phosphate after 120 hr incubation at 37°C. Further, IAA production was also estimated and it 

was reported 20.89μg/ml after 24 hr and within 48 hr production significantly increase to 43.85μg/ml. 

Acinetobacter strain has  potential to act as plant-growth promoting rhizobacteria and can enhance the 

growth of Vigna radiate, Vigna unguiculata, Abelmoschus esculentus, Dolichos lablab . The improved 

seedling growth parameters of the treated crop seeds indicated the potential of Acinetobacter sp. RSC7 

to be used in a bio-fertilizer formulation for sustainable production. 
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                                                                                1 Introduction  

Although Chemical fertilizer gives higher crop productivity but 

their prolong and overuse makes the soil less fertile and unsuitable 

for agriculture. Continues deposition of chemicals also leads the 

environmental and health hazard. On flipside, the rhizosphere is a 

unique locus, which is associated with various groups of 

microorganisms those have capacity to influence plant growth 

beneficially. So, the best alternative approach for sustainable 

cultivation is to use of such plant growth promoting rhizobacteria 

(PGPR). Rhizobacteria that exert affirmative effects on plant 

development are called PGPR (Bashan & Holguin, 1998; 

Chaiharn et al., 2008) and are use to increasing seed germination 

(Reed et al., 2005; Lytvynenko et al., 2006) or stimulating the 

development of seedling roots (Patten & Glick, 2002b), or 

indirectly by inhibiting phytopathogens (Haas & Défago, 2005). 

The concept of PGPR for promotion of plant growth is gaining 

worldwide acceptance (Zablotowicz et al., 1991). The beneficial 

effects of PGPR have been demonstrated in many crops, but 

practical implementation in field requires to detailed research on 

various factors like limited self life, variability of environmental 

conditions and plant species (Mendes et al., 2013). Recently Modi 

& Patel (2017) reported six potential PGPR isolates from different 

sugarcane cultivars.  

In recent years, members of the genus Acinetobacter have been 

isolated from the rhizosphere of different plants (Rokhbakhsh-

Zamin et al., 2011; Kuan et al., 2016). In this context, there is 

some evidence that Acinetobacter  strains play an important role 

in plant- growth promotion (Huddedar et al., 2002; Indiragandhi 

et al., 2008), as certain strains of this genus are known to be 

involved in phytostimulation based on the production of plant-

growth-promoting hormones (Huddedar et al., 2002), 

solubilization of phosphate (P) (Gulati et al., 2009; Peix et al., 

2009), and production of siderophores (Sarode Prashant et al., 

2009). The importance of sugarcane as one of the most important 

commercial crop needs no special emphasis. This crop is major 

sources for employments and industrial development particularly 

in some developing countries (Mohanraj et al., 2002). It is a long 

duration crop and faces many biotic and abiotic challenges during 

developmental period, the PGPR associated with sugarcane root 

may be effective and functional for supporting plant growth 

(Bhardwaj et al., 2017). So, there has been a new focus on 

investigating the abilities of such bacteria to increased 

productivity of multiple crops, including vegetables. Sharma et 

al., (2003) have reported growth promotion in V. radiate by 

Pseudomonas strain GRP3. Deepa et al. (2010) reported plant 

growth promoting ability of Enterobacter Species from non-

rhizospheric soil in V. unguiculata. This report explores the 

potential of Acinetobacter for In vitro growths promoting 

activities such as IAA production, phosphate solubilization, 

nitrogen fixation and siderophore production as well as growth 

promotion in V. radiate, V. unguiculata, A. esculentus, D. lablab 

under green house condition. 

2 Materials and Methods 

2.1 Collection of soil sample and Isolation of bacteria 

For bacterial isolation, soil samples were collected from the 

rhizosphere of sugarcane plant (Saccharum officinarum) CoC671 

grown in agricultural fields of the Madhi village (25°20′39″N 

latitude and 84°12′46″E longitude) in Surat district of Gujarat, 

India. Randomly selected plants were uprooted carefully and the 

excess of soil was removed by gentle shaking and the soil 

adhering to the roots formed composite samples. The collected 

samples were placed in sterilized plastic bags and transferred to 

the laboratory under temperature controlled conditions. The soil 

adhering to the roots was removed by gentle agitation and serially 

diluted in physiological saline (0.85%, NaCl w/v), spread plated 

in triplicate on Nutrient Agar medium and incubated at 30 °C for 

48 h. Representative colonies were selected on the basis of 

distinct morphological characteristics, including color of colony, 

texture of colony, elevation and margin; texture and opacity.  

After primary screening for various plant growth promoting 

(PGP) traits, a predominant white colony with good activity was 

selected and maintained on nutrient agar slants at 4 °C. Isolate 

was also characterized for biochemical characters as method 

described by Cappuccino et al. (1996). All the subsequent 

experiments were carried out after raising fresh cultures. 

2.2 Antibiotic Susceptibility Assay 

To evaluate the antibiotic susceptibility of Acinetobacter sp. 

RSC7, 1ml of overnight grown culture was inoculated into sterile 

20ml melted nutrient agar and poured into sterile 9mm Petri 

plates. After the media got solidified antibiotic hexa disc 

(HiMedia) were placed on it and were incubated overnight at 

37°C and clear zone of inhibition was recorded. 

2.3 Phosphate Solubilization Quantification 

The phosphate solubilization activity to the isolated bacterium 

was detected on Pikovskaya agar medium. For this 10 μl of 24 hr 

old bacterial culture was inoculated on center of media and 

diameter (dm) of colony and halo zone around was measured after 

48 hrs at 37
o
C (Bashan & Holguin, 1998). The phosphate 

solubilization efficiency (SE) was calculated (SE= 100 X 

Diameter of Halo zone /Diameter of colony). For quantification, 

an actively growing 0.1 ml of bacterial suspension was transferred 

to 9.9 ml of a NBRIP broth with 0.5%, 1% and 1.5% Tri-calcium 

phosphate and incubated on shaker at 120 rpm, 37
o
C. Quantitative 

measurement was carried out according to Bhardwaj et al. (2017). 
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The quantity of solubilized phosphate was determined using a 

standard graph and achieved using known quantities of calcium 

phosphate solutions and reading the absorbance at 660 nm. 

Uninoculated broth was used as the blank (Pikovskaya, 1948)   

2.4 Indole Acetic Acid (IAA) Quantification 

The isolate was grown in a sterile LB broth from pure colony for 

24 hr at 30
o
C. 0.1ml of the bacterial culture was inoculated into 

9.9 ml of sterile LB medium containing 0.1% tryptophan as 

precursor and incubated at 30
o
C. IAA production was measured 

after 24 hr, 48 hr, 72 hr, 96 hr and 120 hr by adding 2 ml of the 

Salkowaski reagent to 1 ml of the culture supernatant. 

Development of a pink to red color was measured by 

spectrophotometer analysis at 540 nm (Huddedar et al., 2002). 

2.5 Nitrogen Fixation and Siderophore production 

Both Nitrogen Fixation and Siderophore production property was 

checked qualitatively on Jensan and CAS media respectively 

(Jensen, 1965; Schwyn & Neilands, 1987).  

2.6 Molecular identification and phylogeny 

Total genomic DNA was extracted and used as DNA template in 

polymerase chain reaction (PCR) for amplification of the 16S 

rDNA gene. PCR amplification was performed with primer set; 

27F (5’-AGAGTTTGATCTTGGCTCAG-3’) and 1492R (5’-

TACGGTTACCTTGTTACGACTT-3’). The amplified sequence 

was analyzed using the Basic Local Alignment Search Tool 

(BLAST) to identify the most closely related sequences from Gen 

Bank DNA database (www.ncbi.nlm.nih.gov). The partial 16S 

rDNA sequence of the strain was submitted to the NCBI database. 

The phylogenetic tree was constructed using MEGA 5.0 software 

and Kimura’s two-parameter model, after aligning the sequences 

with ClustalW. 

2.7 Seed germination bioassay 

The seeds of Vigna radiate, V. unguiculata, Abelmoschus 

esculentus, Dolichos lablab were used for germination assay 

under greenhouse condition at Uka Tarsadia University. All the 

selected seeds were surface sterilized by 1% NaOCl for 90 sec, 

followed by 30 sec in 70% ethanol and two consecutive rinses in 

sterile distilled water, followed by air drying under laminar air 

flow condition (Lamy et al., 2010). Bacterial inoculum was 

prepared by collecting bacterial cells from 24 hr old culture and 

was diluted to adjust 10
6
cfu/ml with sterile distilled water. Seeds 

were coated with culture by immersion in a suspension of bacteria 

for 30 min and were then dried in a laminar flow cabinet for 1 to 2 

hr. This experiment was carried out in four replications and the 

results were compared with that for control seeds treated with 

water instead of a bacterial isolate. Fifty seeds treated with 

bacteria and water was placed in pot containing four time 

autoclaved soil and was incubated for 7 days under green house 

condition. Germinated seeds were counted at day 7. The average 

plant height, root weight and lengths for each plant were also 

recorded for calculation of the vigour index. Vigour index (VI) 

was calculated by VI= (RL+SL) × PG (Razmi et al., 2013). 

3 Results and Discussion 

The screening of the potent PGPR strain is appearing to be most 

effective strategy for improvement of agriculture crops. The 

present study was initiated to investigate the plant growth-

promoting efficacy of cultivable rhizosphere bacteria 

Acinetobacter sp. RSC7 from the sugarcane Co 671. Preliminary 

identification of these isolates as members of the genus 

Acinetobacter was purely based on the morphological, cultural, 

and biochemical characteristics. The isolated bacterium was 

Gram-negative, motile, rod shaped with oxidase negative and 

catalase positive features. All the identified biochemical 

characters have been represented in table 1. Further, 16S rDNA 

sequence analysis; this bacterial strain was identified as 

Acinetobacter spp. The plant growth-promoting traits of the 

isolated Acinetobacter strain revealed that the bacteria possessed 

properties such as phosphate solubilization, IAA production, 

nitrogen fixation, and siderophore production. Acinetobacter sp. 

Table 1: Biochemical properties of isolate RSC7 

Biochemical test Result 

Glucose Positive 

Maltose Negative 

Lactose Negative 

Sucrose Positive 

MR Negative 

VP Negative 

Citrate Positive 

Catalase Positive 

Nitrate Reduction Positive 

Phenyl alenine Negative 

HCN Negative 

Amylase Negative 

Pectinase Negative 

Cellulase Negative 

Protease Negative 

Lipase Positive 

Laccase Negative 
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RSC7 susceptibility was evaluated against 18 antibiotics           

and found to be sensitive to 14 antibiotics and resistant                

to 4 antibiotics namely Linezolid, Cloxacillin, Cephalexin         

and Clindamycin (Table 2).  

Phosphorus is major nutrient required for the plant growth. 

Generally, plenty of phosphorus is available in the soil due to 

overuse of chemical fertilizer and it is in the insoluble mineral 

form. Due to accumulation of unutilized phosphorous, soil 

become dry and its structure change drastically. Phosphate 

solubilizing bacteria (PSB) play an important role in improving 

the availability of phosphorus to plants by converting it into 

soluble form and increasing the crop yield (Jones & Darrah, 1994; 

Toro et al., 1997). The Acinetobacter strain was identified as 

potential phosphate solubilizers based on its ability to solubilize 

tricalcium phosphate [Ca3 (PO4)2] by formation of a clear zone of 

solubilization around the colony on Pikovskaya agar medium. In 

NBRIP broth P solubilization has been increase gradually from 24 

hr to 120 hr at all the three different concentrations (0.5%, 1.0% 

and 1.5%) of insoluble P supplemented studied. Significant 

increases from 8.869μg/ml to 14.521μg/ml was reported in 

released P concentration from third to fourth day in 1.5% 

Ca3(PO4)2 concentration. The bacterial isolate showed maximum 

solubilization on the 5th day of incubation and their maximum 

values of P solubilized was 27.10μg/ml (Figure 1). The results of 

study revealed that the isolate could efficiently solubilise higher 

concentration of P (1.5%). This indicates its potential to be use as 

biofertilizer for eco-friendly farming. 

Table 2 Antibiotics susceptibility profile of Acinetobacter sp. RSC7 isolate 

Antibiotic 

Zone of 

Inhibition 

(mm) 

Antibiotic 

Zone of 

Inhibition 

(mm) 

Antibiotic 

Zone of 

Inhibition 

(mm) 

Ampicillin  10μg 15 Cefotaxime 30μg 15 Imipenem 10µg 18 

Ceftriaxone 30μg 16 Cefepime 30µg 17 Cloxacilin 1µg R 

Chloramphenicol 30μg 10 Cefoperazone 75µg 25 Erythromycin 15µg 20 

Ciprofloxacin  5μg 28 Linezolid  30μg R Cephalexin 30µg R 

Co-Trimoxazole  25μg 22 Gentamicin 10μg 16 Clavulanic acid 10µg 20 

Tetracycline 30μg 22 Vancomycin 30μg 14 Clindamycin 2μg R 

R – Resistance 

 

               

Figure 1a       Figure1b  

Figure 1a: Phosphate solubilization by Acinetobacter strain in the Pikovskya medium supplemented with different concentration                                    

of Tri-calcium phosphate on different time interval (Error bars are ±SEM; n = 3) 

Figure 1b The IAA production of RSC7 strain in the LB medium supplemented with tryptophan at different time interval                                    

(Error bars are ±SEM; n = 3).   
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The Acinetobacter strain obtained in this study was further 

investigated for its plant hormone (IAA) production trait. The 

results of study indicated that L-tryptophan amended as a 

precursor in LB broth was converted to IAA by Acinetobacter sp. 

RSC7 up at more or less constant rate up to 120 hour. Initially 

after 24 hr, IAA production was found to be 20.89μg/ml and its 

production reached 43.85μg/ml after 48 hr. Here after, IAA 

production increase slowly 46.83μg/ml, 49.66μg/ml and 

50.27μg/ml at 72 hr, 96 hr and 120 hr respectively. Contradictory 

results are reported by Swain et al. (2007), these researchers 

reported that IAA production increased linearly from 2 to 8 days 

and decreased later on with reducing the growth of organisms in 

L-tryptophan-supplemented medium. Results of present study are 

in agreement with the findings of Patten & Glick (2002a), those 

who have also reported increased IAA production up to 96hr and 

attributed to the greater availability of the precursor. Datta & Basu 

(2000) studied the IAA-degrading enzymes responsible for 

decrease in IAA production after 96hr incubation period. Like 

present investigation, various researchers also reports on the 

involvement of the genus Acinetobacter in the production of IAA 

and its effect on plant growth (Huddedar et al., 2002; Gulati et al., 

2009). Therefore, the multiplication of this bacterial strain in the 

rhizosphere with the release of IAA may enhance plant growth. 

Moreover, IAA production may be an important strategy for 

detoxifying excess tryptophan released in the rhizosphere 

(Teixeira et al., 2007). The IAA hormone not only supports the 

plant growth but also inhibits the mycelial germination of various 

pathogenic fungi (Brown & Hamilton, 1992; Hahn & Strittmatter, 

1994). 

Nitrogen fixation is considered as a direct plant growth-promoting 

trait and the nitrogen fixing rhizobacteria provide an alternative 

source to inorganic nitrogen fertilizers. In the present study, it was 

also reported  that the isolated bacteria can efficiently grown on 

Jensen medium which is especially recommended for the 

detection and cultivation of nitrogen fixing bacteria. The 

siderophores of rhizobacteria can significantly influence the 

ability of plants to acquire iron from soil (Sarode Prashant et al., 

2009). In the present study, the siderophore production by 

Acinetobacter species was also revealed by a CAS plate assay. 

The isolate were identified at molecular level using partial 16S 

rDNA sequence analysis.  The 16S rDNA sequences of 

Acinetobacter sp. RSC7 determined in this study were deposited 

in GenBank database under accession number KX168056. The 

evolutionary history was inferred using the Neighbor-Joining 

method (Saitou & Nei, 1987). The optimal tree with the sum of 

branch length = 1.06205122 is shown (Figure 2). The percentage 

of replicate trees in which the associated taxa clustered together in 

the bootstrap test (1000 replicates) is shown next to the branches  

 
 

Figure 2: A neighbor-joining tree derived from sequences of 16S rRNA region of Acinetobacter sp. RSC7. Numbers on nodes represent bootstrap 

values (%) from 1000 replicates. A phylogenetic tree was constructed using MEGA 5.0 with kimura-two parameter model. Bar represents 0.1 

substitutions per site 

 

 
 Acinetobacter baumannii HNYD01 (KT964443) 

 Acinetobacter baumannii HBf01 (KJ646022) 

 Acinetobacter baumannii D36 (KU593567) 

 Acinetobacter baumannii SRMC 27 (EU760630) 

 Acinetobacter sp. hry-inp1 (KM624588) 

 Acinetobacter baumannii HNHB02 (KT964444) 

 Acinetobacter baumannii BR52 2H (JN644533) 

 Acinetobacter baumannii AIIMS 11 (EU883589) 

 Acinetobacter baumannii AV4 (KR002081) 

 Acinetobacter baumannii ROII 1A (JN644493) 

 Acinetobacter baumannii LUH 7493 (FJ867361) 

 Acinetobacter baumannii RUH 3414 (FJ867357) 

 Acinetobacter baumannii AFMC 3 (EU760622) 

 Acinetobacter baumannii MMG 5b (JN162444) 

 Acinetobacter sp.RSC7 (KX168056) 

66 

0.1 



 

 

Journal of Experimental Biology and Agriculture Science  

http://www.jebas.org 

 
 
 

Isolation and characterization of Acinetobacter sp. RSC7 isolated from Saccharum officinarum                   488 

                                                                                (Felsenstein, 1985). The tree is drawn to scale, with branch 

lengths in the same units as those of the evolutionary distances 

used to infer the phylogenetic tree. The evolutionary distances 

were computed using the Kimura 2-parameter method and are in 

the units of the number of base substitutions per site (Kimura, 

1980). The analysis involved 15 nucleotide sequences. All 

positions containing gaps and missing data were eliminated. There 

were a total of 1421 positions in the final dataset. Evolutionary 

analyses were conducted in MEGA5 (Tamura et al., 2011). 

The seeds are the reproductive part of the plant which is expected 

to give more rises in shoot and root growth upon application of 

PGPR. The ability of Acinetobacter sp. RSC7 to promote the 

growth of V. radiate, V. unguiculata, A. esculentus, and D. lablab 

seedlings were evaluated in pot experiments (Figure 3). 

Acinetobacter sp. RSC7 significantly promoted all the studied 

growth traits in the all plants (Tables 3). Similarly, promotion of 

the growth parameters of several crop plants in response to 

inoculation with PGPR has also been reported by other 

researchers (Egamberdiyeva, 2007; Sachdev et al., 2010). In 

studied treatment, seed germination was in the range from 91% to 

97% and maximum was recorded in the pots of V. unguiculata. In 

case of V. unguiculata, plant heights increased almost double 

from 9.37±1.72cm to 18.77±1.31 in case of treatment (Table 3). 

As with plant height, seed treatment also had significant effect on 

the shoot dry weight (103.7±9.29) and this was significantly 

different from control (42.0±7.00mg). Treated V. radiata seeds 

had shown the highest root length (9.17±1.00cm) as compared to 

control (4.17±0.25 cm). Similar observations were made in the 

case of growth parameters for Abelmoschus esculentus and 

Dolichos lablab. The seedling vigour index of V. radiata (2522.3) 

was recorded maximum and it was followed by the V. unguiculata 

(2360.3) A. esculentus (2041.4), and D. lablab (2021.1). However, 

the present investigation revealed that Acinetobacter strains have 

interesting plant-growth-promoting traits, such as phosphate 

solubilization, IAA production, siderophore production and 

nitrogen fixation. Thus, the present data corroborates the 

hypotheses that Acinetobacter strain has the potential to act as 

plant-growth-promoting rhizobacteria and can enhance the growth 

of V. radiate, V. unguiculata, A. esculentus, D. lablab.  

Conclusion 

Over all, this study revealed that the plant growth- promoting 

traits associated with Acinetobacter strains were indicative of a 

beneficial relationship between the plants and the Acinetobacter 

strain. Thus the prevalence of Acinetobacter species with multiple 

plant growth-promoting traits in the rhizosphere of plants 

emphasizes its potential for development of effective bioi-

noculant to improve the growth and health of plants. 
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Figure 3 Effects of Acinetobacter spps. RSC7 on the growth of seedlings grown for 6 day after plantation.                                                                       

(a) V. radiate (b) V. unguiculata (c) A. esculentus (d) D. lablab 
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