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ABSTRACT 

 

 
Background and Objectives: Sustainability in agricultural systems without compromising the environmental quality and 

conservation is one of the major concerns of today’s world. The excessive use of agrochemicals is posing serious threats to 

the environment. Therefore identification of efficient plant growth promoting (PGP) bacteria as an alternative to chemically 

synthesized fertilizers is of great interest. 

Materials and Methods: In the present investigation, forest soil samples collected were used for isolation of efficient plant 

growth promoting bacteria. 

Results: Total of 14 bacteria were isolated, and tested for various PGP properties. Out of the 14 isolates, four isolates la- 

belled as BKOU-1, BKOU-8, BKOU-13 and BKOU-14 showed significant plant growth promoting traits, hydrolytic enzyme 

production and effectively restricted the mycelial development of phyto-pathogenic fungi (Fusarium oxysporum and Mac- 

rophomina phaseolina). 16 S rRNA gene sequences of the bacterial isolates BKOU-1, BKOU-8, BKOU-13 and BKOU-14 

were found to have maximum identity with Bacillus aerius, Bacillus infantis, Alcaligenes faecalis and Klebsiella Oxytoca 

respectively. All four bacterial isolates nucleotide sequences were submitted to GenBank and NCBI accession numbers were 

generated as follows: OL721916, OL721918, OL721919 and OL721926. 

Conclusion: According to the findings of the study, these PGPR could be employed as biofertilizers/ biopesticides to boost 

crop yield of different crops in sustainable manner. 

 

Keywords: Plant growth promoting bacteria (PGPR); Bacillus aerius; Bacillus infantis; Alcaligenes faecalis; Antagonistic 

activity; 16S rRNA sequencing; Biofertilizers 

 
INTRODUCTION 

 
In terms of both population and economics, India 

is one of the nations that is growing the fastest. By 

2050, the Indian population is projected to reach 1.5 

billion, and the country would need more than 300 

million metric tonnes of food grains, about twice as 

much as it currently produces. In order for the food 

production to keep up with the rapid increase in the 

population, the yield plateau urgently needs to be 

raised. Since it is constrained by a number of phys- 

ical, environmental and social variables, expanding 

the area under cultivation is not a practical solution. 

Farmers have been more reliant on chemical fertilisers 

and pesticides to increase food output during the pre- 

vious few decades. According to several scholars, 
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one of the greatest techniques for increasing global 

agricultural productivity is to use chemically man- 

ufactured fertilisers (1, 2). However excessive usage 

of chemically manufactured fertilisers has disrupted 

ecosystems all around the world. Such fertilisers are 

not only costly, but they can also harm the ecosystem 

by polluting soil and groundwater. They also have a 

detrimental effect on beneficial soil microbes, reduce 

soil fertility, promote pest resistance, and can remain 

in food grains, affecting human health (2-4). There- 

fore, alternative techniques must be prioritized that 

improve soil fertility and enhance crop production 

without the use of chemical fertilizers. 

Sustainable  agricultural  practices  like  employ- 

ing  plant  growth-promoting  rhizobacteria  (PGPR) 

or microbial inoculants are coming to the limelight 

in intensive agriculture globally. PGPR are a more 

sustainable choice which may improve plant fitness 

by increasing the plant's ability to use available nu- 

trients (5). Rhizosphere is considered as narrow re- 

gion of soil peculiarly influenced by existing plant 

root system (2, 6). This region is found to have ample 

nutrients in comparison with bulk soil. This is due 

to lodgement of extensive range of exudates from 

plants which include lipids, organic acids, amino ac- 

ids, sugars and other secondary metabolites, creates 

a unique and dynamic environment for the micro- 

organisms which affect plants and other associative 

microorganisms. Many microorganisms are highly 

dependent for their survival on preformed substrates 

exuded by plant roots (7-9). In turn, the soil micro- 

flora inhabiting the rhizosphere can cause dramatic 

changes in plant growth and development by produc- 

ing plant growth regulators (PGRs) or biologically 

active substances, or by altering endogenous levels 

of PGRs, and/or by facilitating the supply and uptake 

of nutrients and providing other benefits (10). Plant 

growth-promoting rhizobacteria (PGPR) positively 

impacts plant growth both directly and indirectly (5, 

11). Direct effects of PGPB on plant growth include 

the production and/or synthesis of phytohormones 

such as auxins, gibberellins, ethylene, cytokinins, 

and abscisic acid (ABA) (12, 13) potassium, zinc and 

phosphorus solubilization and the creation of iron 

chelating compounds (siderophore) (2, 14-16). Plant 

growth can also be aided indirectly by PGPB through 

disease control by suppression of pathogens. It has 

long been known that PGPB can impede the growth 

of disease-causing plant pathogens by releasing hy- 

drolytic  enzymes,  antibiotics,  and  volatile  chem- 

icals including hydrocyanic acid and ammonia (17, 

18). A diverse array of bacteria, including species of 

Burkholderia, Rhizobium, Pseudomonas, Bradyrhi- 

zobium, Azospirillum, Bacillus, Azotobacter, Artho- 

bacter, Alcaligens, Klebsiella, Enterobacter, Serra- 

tia and many others, have been shown to facilitate 

plant growth by various mechanisms (19-21). The 

current study was focused on the isolation of effi- 

cient/novel plant growth promoting bacteria from the 

rhizosphere of forest samples that can be employed 

as bio-fertilizers or bio-pesticides as an alternative to 

chemically generated fertilisers. 
 

 
 
MATERIALS AND METHODS 

 
Sampling process and bacterial isolation. The 

samples of soil were collected from forest sites of 

Chintoor, East Godhavari district Andhra pradesh 

at 17.7434° N, 81.3977° E co-ordinates and Sujatha 

nagar, Bhadradri Kothagudem, Telangana, India at 

17.4848° N, 80.5728° E co-ordinates to isolate PGPR 

strains. After digging 5 to 10 cm deep, soil samples 

were collected in sterile polythene bags. The soil 

samples collected were then safely transported to the 

botany laboratory of the Osmania University, Hyder- 

abad, India, and were stored at 4°C for further inves- 

tigation. 10 g of rhizosphere soil was mixed with 90 

ml of sterile distilled water in a flask and was shaken 

on a rotary shaker for 1 h. Following this, 1 ml sus- 

pension from the flask was added to 9 ml vial and 

successive dilutions were made up to 10-7 dilution. 

0.1 ml of this solution was put to nutritional agar (NA) 

medium plates and the plates were incubated at 30°C. 

Morphologically different colonies were picked fur- 

ther for purification on fresh NA medium by employ- 

ing spread plate technique. The purified cultures were 

stored in nutrient agar slants at 4°C in refrigerator. 

 
PGP traits of the isolated bacteria under in vi- 

tro conditions. Under in vitro conditions, the isolated 

rhizobacteria were tested for PGP properties such as 

ACC deaminase activity, hydrocyanic acid (HCN), 

ammonia, indole acetic acid (IAA), phosphate solu- 

bilization and siderophore synthesis. Qualitative esti- 

mation of IAA production was carried out as per the 

methodology of Mir et al. (2). In brief the bacterial 

isolates were spot inoculated on nutritional agar me- 

dium containing 5 mM L-tryptophan. After 48 hours 

of incubation, the inoculated site was covered with 
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a 10 mm-diameter nitrocellulose membrane (NCM) 

disc pre-soaked with a few drops of the Salkowski 

reagent. After a little while, a pink colour appeared 

which indicates IAA production. Siderophore pro- 

duction of the isolates was assessed using the Louden 

et al. (22) method by spot-inoculating test organism 

on chrome azurol- S (CAS) agar plates and incubat- 

ing at 30°C for 2-3 days in the dark. A yellow to or- 

ange halo that formed around bacterial colonies was 

supposed to indicate the production of siderophores. 

HCN production by the rhizosphere bacterial isolates 

was determined by employing the methodology of 

Ahmad et al. (23). In brief actively grown isolates 

were streaked on nutrient agar medium amended with 

0.44% glycine and overlaid with Whatman No.1 filter 

paper (pre saturated with 0.5% picric acid and 2% so- 

dium carbonate solution w/v) was placed inside the 

lid of Petri dish and plates were incubated at 30 ± 2°C 

for 3-5 day. Colour change of the filter paper from yel- 

low to brown indicates HCN production. Production 

of ammonia by bacterial isolates was determined by 

adopting the methodology of Di Benedetto et al. (24). 

Actively grown bacterial cultures were inoculated in 

10 ml of peptone water broth and incubated at 30°C 

and 120 rpm for 4 days. After incubation, 0.5 ml of 

Nessler's reagent was added in each tube and change 

in colour from deep yellow to brown indicates ammo- 

nia generation. Solubilization of phosphate by isolat- 

ed bacteria was carried out as per the methodology of 

Mehta & Nautiyal (25). In brief actively grown bacte- 

rial isolates were spot inoculated on NBRIP medium 

and plates were incubated at 30 ± 2°C for 5-78 days. 

Development of halo zones surrounding the colonies 

was a sign of successful phosphate solubilization. 

ACC deaminase was qualitatively estimated using 

the Penrose and Glick, (26) recommended approach. 

In brief actively grown bacterial cultures were inocu- 

lated on DF salt minimal medium supplemented with 

3 mM ACC and the plates were incubated at 30°C 

for 3-4 days. DF medium without ACC served as 

the negative control, while DF medium containing 

duction by the rhizobacterial isolates was carried out 

as per the methodology of Bhattacharya et al. (27). In 

brief bacterial isolates were spot inoculated on skim 

milk agar plates. Production of halo zones surround- 

ing the colonies indicates protease activity. Rhizo- 

bacterial isolates were inoculating on starch agar 

medium, incubated for 48 hrs at 30°C. After the in- 

cubation period, the plates were saturated with iodine 

solution, maintained for a minute and solution was 

drained out, formation of colourless zones around the 

bacterial colonies indicated amylase production (28). 

Actively growing bacterial cultures were inoculated 

onto carboxy methyl cellulose congo red medium, 

incubated at 30°C for 2-3 days. Halo zones presence 

surrounding bacterial colonies indicated cellulase en- 

zyme production (2). Activity for lipase was tested by 

inoculating the actively growing culture on Tween 80 

agar medium and incubating the plates at 30°C for 

3-4 days. The appearance of halo zones around the 

bacterial colonies shows that the lipase enzyme is be- 

ing produced (27). 

 

Antagonistic activity in vitro against Fusarium 

oxysporum and Macrophomina phaseolina. The an- 

tifungal activity of the isolated bacteria was assessed 

using dual culture technique. Fusarium oxysporum 

and Macrophomina phaseolina, the two phytopatho- 

genic fungus, were grown on PDA medium for this 

investigation. A clump of mycelium 5 mm in diame- 

ter was removed from an active fungal culture and put 

in the centre of a Petri plate containing potato dex- 

trose agar. Actively growing individual rhizobacterial 

cultures were streaked in straight line 2.5 cm away 

from the fungal plug placed onto potato dextrose agar 

plate and inoculated with same fungus without bacte- 

rial culture served as control followed by incubation 

at 30°C for seven days. Fungal growth inhibition was 

evaluated and the percentage inhibition compared to 

the control was obtained by using the formula: I% = 

[(C-T)/C] ×100 (2), Where I = inhibition % of mycelial 

growth, C = radial growth of the pathogen without 

(NH ) SO served as the positive control. The ability antagonists, T = radial growth of the pathogen with 

of the isolates to grow on ACC plates indicated that 

they exhibited ACC deaminase activity. 

 
Screening of rhizobacterial isolates for multi- 

ple hydrolytic extracellular enzymes. Rhizobac- 

terial isolates were screened for various hydrolytic 

enzymes under in vitro conditions such as protease, 

amylase, cellulase and lipase. Test for protease pro- 

antagonists. 

 
Identification of bacterial isolates at molecular 

level. In order to identify each isolate at the molec- 

ular level, a colony of each strain was inoculated in 

nutritious broth till the log phase. The genomic DNA 

was extracted using the Sambrook et al. (1989) meth- 

od. The universal primers 27 F and 1492 R were em- 
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ployed for amplifying the 16S rRNA regions, as per 

Pandey et al. (29). PCR reaction setup and thermal 

profiling conditions  were  performed  according  to 

methods described by Zakhia et al. (30). Amplified 

PCR products were confirmed by electrophoresis in 

1.5% agarose gels containing ethidium bromide and 

visualized   using   UV-transilluminator.   Macrogen 

Inc. in Seoul, Korea purified and sequenced all of 

the PCR-generated products. Clustal X software was 

used to align the acquired sequences, phylogenetic 

trees were built using MEGA X software. BLAST 

method was utilised to match the obtained sequences 

with that of the NCBI and Ez-Taxon databases (31). 

Neighbour joining method was utilised to generate 

the dendrogram. The nucleotide sequences of isolated 

bacteria were submitted to NCBI GenBank and ac- 

cession numbers were received. 
 

 
 

RESULTS 

 
Isolation of rhizobacteria. A total of 14 bacteria 

were obtained from forest soil samples collected from 

Chintoor, East Godhavari district, Andhra Pradesh, 

and Sujatha nagar, Bhadradri Kothagudem, Telanga- 

na, India. The bacterial isolates are named as BKOU 

followed by a numeric digit. All the 14 bacterial iso- 

lates were labelled as BKOU-1, BKOU-2, BKOU-3, 

BKOU-4, BKOU-5, BKOU-6, BKOU-7, BKOU-8, 

BKOU-9, BKOU-10, BKOU-11, BKOU-12, BKOU- 

13 and BKOU-14 (Table 1). 

 
Plant growth promoting traits of the isolated 

bacteria in vitro. As indicated in Table 2 and Fig. 

1, all the bacterial isolates were examined for plant 

growth boosting features like IAA, ammonia, phos- 

phate  solubilization,  ACC  deaminase,  siderophore 

and HCN synthesis. In the present study, seven of 

the 14 isolates produced IAA and among these iso- 

lates, BKOU-1, BKOU-8, BKOU-13, and BKOU-14 

exhibited the highest intensity (+++) of pink colour, 

indicates higher production capacity for IAA a PGP 

hormone. Isolate BKOU-6 has shown moderate inten- 

sity (++) of pink colour and BKOU-2 and BKOU-10 

has shown very low intensity (+) with pink colour in- 

dicating production of very low quantity of production 

of IAA (Fig. 1A). The development of orange halos 

surrounding the bacterial colonies verified and identi- 

fied siderophore production. The study has shown that 

6 isolates (BKOU-1. BKOU-3, BKOU-5, BKOU-8, 

BKOU-13 and BKOU-14) showed production of or- 

ange halos indicating the siderophore production (Fig. 

1BA). All the 14 isolates have shown the capability of 

producing ammonia. Out of the 14 isolates, BKOU- 

1 and BKOU-14 have shown strong activity (+++) 

for ammonia production, while BKOU-5, BKOU-8, 

BKOU-10 and BKOU-13 have shown moderate activ- 

ity (++) for ammonia production and isolates BKOU- 

2, BKOU-3, BKOU-4, BKOU-6, BKOU-7, BKOU-9, 

BKOU-11 and BKOU-12 have demonstrated mild ac- 

tivity (+) for ammonia synthesis (Fig. 1D). By altering 

the colour of the filter paper from orange to brown, 

seven of the fourteen isolates were able to show the 

ability to produce hydrocyanic acid (HCN). Four iso- 

lates, BKOU-1, BKOU-8, BKOU-13, and BKOU-14, 

showed strong activity (+++) for HCN generation, 

while three others, BKOU-3, BKOU-7, and BKOU- 

10, showed mild activity (+) (Fig. 1E). Phosphorus is 

one of the most limiting nutrient for plant develop- 

ment next only to nitrogen. Amongst the 14 isolates, 7 

have shown the ability to solubilize tricalcium phos- 

phate on NBRIP medium. Even amongst the 7 isolates 

showing phosphate solubilization capability, isolates 

BKOU-1, BKOU-8, BKOU-13 and BKOU-14 have 

shown highest solubilization zone (+++) and isolates 

BKOU-2, BKOU-6 and BKOU-10 have shown mild 

(+) solubilization zone (Fig. 1C). Six isolates namely 

BKOU-1, BKOU-2, BKOU-8, BKOU-11, BKOU-13, 

and BKOU-14, grew on DF minimum medium sup- 

plemented with ACC, demonstrating that the bacteria 

have the ability to synthesize ACC deaminase. 

 
Hydrolyzing extracellular enzymes and antago- 

nistic activity screening. All the 14 bacterial isolates 

 

Table 1. Source of sample collection details  

Labels of isolated bacteria Source Place of collection 
BKOU-1, BKOU-2, BKOU-3, BKOU-4, BKOU-5, 

BKOU-6, BKOU-7, BKOU-8 

BKOU-9, BKOU-10, BKOU-11, BKOU-12, BKOU-13 

and BKOU-14 

Soil 
 

 
Soil 

Chintoor, East Godhavari , Andhra pradesh, India 
 

 
Sujatha nagar, Bhadradri Kothagudem, Telangana India 
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Table 2. In vitro screening of isolates for PGPR characteristics. 

 

Isolate name IAA Siderophore P- solubilisation HCN Ammonia ACC deaminase 
BKOU-1 +++ + +++ +++ +++ + 
BKOU-2 + - + - + + 
BKOU-3 - + - + + - 
BKOU-4 - - - - + - 
BKOU-5 - + - - ++ - 
BKOU-6 ++ - + - + - 
BKOU-7 - - - + + - 
BKOU-8 +++ + +++ +++ ++ + 
BKOU-9 - - - - + - 
BKOU-10 + - + + ++ - 
BKOU-11 - - - - + + 
BKOU-12 - - - - + - 
BKOU-13 +++ + +++ +++ ++ + 
BKOU-14 +++ + +++ +++ +++ + 

 

+++: Strong activity, ++: moderate activity, +: mild activity, -: no activity 
 

 

 
 

 

Fig. 1. (A) Indole acetic acid (IAA) production by the bacterial isolates, (B) Production of siderophore, (C) Phosphate solubil- 

zation by bacterial isolates, (D) Ammonia production by bacterial isolates and (E) Hydrocyanic acid production by bacterial 

isolates. 

 
were analysed qualitatively for the synthesis of hydro- 

lytic enzymes like protease, lipase, cellulase and am- 

ylase using skim milk agar, Tween 80 agar, carboxy 

methyl cellulose Congo red media and starch agar 

medium. 8 of the 14 isolates had a definite zone of 

clearance surrounding the colonies on skim milk agar 

medium, indicating the synthesis of protease enzyme. 

Amongst the 8 isolates, BKOU-1 and BKOU-14 iso- 

lates have shown strong (+++) protease production 

and BKOU-8 and BKOU-13 have shown moderate 

(++) production (Fig. 2A). Eight of the fourteen bac- 

terial isolates produced lipase (Fig. 2B and Table 3) 

while nine produced cellulase (Fig. 2C). Seven of the 

14 bacterial isolates were found to be amylase posi- 
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tive, as demonstrated by colourless zones around the 

colonies on starch agar medium. Even amongst the 

7 isolates, BKOU-8 and BKOU-13 isolates showed 

strong production (+++) of amylase and BKOU-1 and 

BKOU-14 have shown moderate (++) production. 

Using the dual culture approach, it was determined 

whether all 14 bacterial isolates were hostile to the 

soil-borne phytopathogens Fusarium oxysporum and 

Macrophomina phaseolina. Fusarium oxysporum my- 

 

 
 

Fig. 2. A) Protease production, B) Lipase production, C) 

Cellulase production 

celium development was observed to be inhibited by 

5 isolates, with isolate BHKOU-1 showing the great- 

est suppression (79%) followed by BKOU-8 (76%), 

BKOU-13 (54%), BKOU-14 (50%) and BKOU-2 

(26%). Four isolates suppressed the mycelium growth 

of Macrophomina phaseolina, with highest level of 

inhibition displayed by BKOU-8 at 64%, followed 

by BKOU-1 (62%), BKOU-13 (50%) and BKOU-14 

(44%). The results are depicted in Table 3. 

 
Identification of the bacterial isolates. The PGPR 

characteristics of 14 bacteria isolated from forest soil 

samples were qualitatively evaluated. Out of the 14 

isolates, four isolates labelled as BKOU-1, BKOU- 

8, BKOU-13 and BKOU-14 have shown significant 

PGP properties such as IAA, ammonia, HCN, sid- 

erophore, ACC  deaminase  and  hydrolytic  enzyme 

activity and phosphate solubilization. The same four 

isolates  have  shown  significant antagonistic action 

towards phytopathogenic fungi (Fusarium oxyspo- 

rum and Macrophomina  phaseolina). The four iso- 

lates BKOU-1, BKOU-8, BKOU-13 and BKOU-14 

were chosen for further evaluation at molecular level. 

The 16S rDNA gene amplicon of about 1.5 kb was 

yielded after PCR amplification and was delivered to 

Macrogen Inc. in Seoul, Korea for sequencing. The 

Macrogen Inc. sequences (941 base pair for BKOU- 

1, 871 bp for BKOU-8, 992 bp for BKOU-13, and 

 
Table 3. Hydrolytic enzyme and antagonistic activity of isolated bacterial strains 

 
 

Isolate 
 

Amylase 
 

Cellulase 
 

Lipase 
 

Protease 
 

% growth inhibition 
 

of plant pathogenic fungi 

     Fusarium oxysporum Macrophomina phaseolina 
BKOU-1 ++ ++ +++ +++ 79 ± 0.15 62 ± 0.16 
BKOU-2 - + - + 26 ± 0.21 - 
BKOU-3 - + - + - - 
BKOU-4 + - + - - - 
BKOU-5 + - - - - - 
BKOU-6 - - + + - - 
BKOU-7 - + - - - - 
BKOU-8 +++ ++ +++ ++ 76 ± 0.08 64 ± 0.3 
BKOU-9 + - - - - - 
BKOU-10 - - + + - - 
BKOU-11 - + - - - - 
BKOU-12 - + + - - - 
BKOU-13 +++ +++ +++ ++ 54 ± 0.5 50 ± 0.13 
BKOU-14 ++ +++ +++ +++ 50 ± 0.34 44 ± 0.18 

 

+++: Strong activity, ++: moderate activity, +: mild activity, -: no activity, Data expressed as mean ± Standard error (SE) of 

values from replication of three experiments 
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1034 bp for BKOU-14) were compared to compara- 

ble sequences in GenBank, aligned with the Clustal 

W software, and the dendrogram was derived using 

the Neighbor-joining method (Fig. 3). The bacterial 

isolates BKOU-1, BKOU-8, BKOU-13 and BKOU- 

14 with their 16 S rRNA gene sequences were found 

to have maximum identity with Bacillus aerius, Ba- 

cillus infantis, Alcaligenes faecalis and Klebsiella 

Oxytoca respectively. All four bacterial isolates' nu- 

cleotide sequences were submitted to GenBank, and 

the following NCBI accession numbers were ob- 

tained: BKOU-1: OL721916, BKOU-8: OL721918, 

BKOU-13:OL721919 and BKOU-14: OL721926 

(Table 4). 

 

 
 

 
 

Fig. 3. Phylogenetic tree of the isolates A) BKOU-1, B) BKOU-8, C) BKOU-13 and D) BKOU-14 
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Table 4. Molecular identification of potential PGP bacterial isolates based on 16S rRNA sequence. 

 

Isolate label Source 16S rRNA Sequence Length Hit strain GenBank accession numbers 
BKOU-1 

BKOU-8 

BKOU-13 

BKOU-14 

Rhizosphere 

Rhizosphere 

Rhizosphere 

Rhizosphere 

941 bp 

871 bp 

992 bp 

1034 bp 

Bacillus aerius 

Bacillus infantis 

Alcaligenes faecalis 

Klebsiella oxytoca 

OL721916 

OL721918 

OL721919 

OL721926 

 

 

DISCUSSION 

 
Chemical fertilizers and their excessive use has led 

to perturbations in the ecosystem across the globe 

and usage of PGPR is an excellent substitute for 

chemical fertilizers and pesticides with the potential 

for plant growth promotion and bio control and this 

was demonstrated by many studies (20, 21). Microbi- 

al environment is more in soil than any other environ- 

ment and this is the reason why rhizosphere soil was 

chosen for sample collection and the same has been 

the primary focus area for agriculture based research 

(32). The present study was aimed to isolate efficient 

focused on rhizobacteria from soil of the forest areas 

of Chintoor, East Godhavari district Andhra pradesh 

and Sujatha nagar, Bhadradri Kothagudem, Telanga- 

na, India, which can be employed as biofertilizers/ 

biopesticides to boost crop yield of different crops in 

sustainable manner. The isolates BKOU-1, BKOU-8, 

BKOU-13 and BKOU-14 with their 16 S rDNA gene 

sequences were found to have maximum identity 

with Bacillus aerius, Bacillus infantis, Alcaligenes 

faecalis and Klebsiella oxytoca respectively. 

Currently, awareness on application of beneficial 

microbes as biofertilizers and biocontrol agents in 

agricultural practice is increasing, to maintain soil 

health and improve crop quality and quantity. Plant 

growth promoting bacteria are a class of heteroge- 

neous soil bacteria found around and/or on surface 

of plant root system and involved in growth and de- 

velopment of plant through secretion of a broad list 

of chemical metabolites in vicinity of rhizosphere 

region. These bacteria boost plant growth and de- 

velopment directly by either increasing mobilization 

of nutrients such as nitrogen, phosphorus, zinc, po- 

tassium etc. or regulating phytohormone levels like 

auxins, gibberellins, cytokinin and ethylene and/or 

indirectly by suppressing the growth of disease caus- 

ing phytopathogens through excretion of antibiotics, 

hydrolytic enzymes and other volatile compounds 

IAA promotes plant cell elongation, division dif- 

ferentiation, enhance seed, tuber germination, ini- 

tiates lateral and adventitious roots and biosynthe- 

sis of several metabolites etc., making it the most 

critical phytohormone for plant growth (2, 20, 34, 

35). In this investigation, 7 of 14 bacterial isolates 

produced IAA (Table 2) and amongst the 7 isolates, 

Bacillus aerius strain BKOU-1, Bacillus infantis 

strain BKOU-8, Alcaligenes faecalis strain BKOU- 

13 and Klebsiella oxytoca strain BKOU-14  showed 

the highest intensity (+++) of IAA production. IAA 

is the main auxins for plant growth promotion and 

its production is more in rhizobacterial species than 

from the non-rhizosphere soil (36). The results of the 

present investigation are in line with the previous 

studies of many researchers who reported the pro- 

duction of IAA by various genera of bacteria belong- 

ing to Bacillus, Pseudomonas, Alcaligenes faecalis, 

Serratia and Klebsiella (35, 37-41). Similarly, Hyder 

et al. (42) reported the production of IAA by Pseudo- 

monas putida, P. aeruginosa, P. libanensis, Bacillus 

megaterium, Bacillus cereus and Bacillus subtilis 

isolated from the rhizosphere of chilli. Phosphate 

solubilization has been of great interest to microbiol- 

ogists, rhizobacteria’s ability to solubilize insoluble 

phosphates can increase the supply of phosphorous 

and boost plant yield and growth of plants (43). Ac- 

cording to many studies, rhizosphere soil contains a 

higher concentration of bacteria with phosphate-sol- 

ubilizing ability than bulk soil (44). Using phosphate 

solubilizing PGPR can meet the phosphate needs of 

plants in a sustainable manner as a substitute bio- 

technological solution. A lot of bacterial genera to- 

gether with Bacillus, Pseudomonas, Enterobacter, 

Acinetobacter, Alcaligenes faecalis, Ochrobactrum, 

Burkholderia, Serratia, Klebsiella, Arthrobacter, 

Rhizobium etc., are determined to be potential phos- 

phate  solubilising  microorganism  (19,  20,  33,  45, 

46). In the current study 7 isolates have shown phos- 

phate solubilization capability and even amongst the 

like HCN and NH (33, 34). 7 isolates, Bacillus aerius strain BKOU-1, Bacillus 
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infantis strain BKOU-8, Alcaligenes faecalis strain 

BKOU-13 and Klebsiella oxytoca strain BKOU-14 

isolates have shown highest phosphate solubilization. 

The isolated rhizosphere bacteria's ability to solubi- 

lize insoluble phosphates is consistent with a prior 

investigation of  Baig et al. (47); Lee and Hong, (48); 

Bhardwaj et al. (37); Benaissa et al. (38); Kakar et al. 

(39); Miljaković et al. (40); Babar et al. (46) who re- 

ported phosphate solubilization by various genera of 

bacteria belonging to Bacillus, Alcaligenes faecalis 

and Klebsiella. Various organic acids are released by 

PGPR, which decreases the pH of the culture media 

results in phosphate solubilization (20). In the pres- 

ent investigation, six isolates showed production of 

siderophore. Because of the poor solubility of Fe3+ 

in soil, iron availability as a micronutrient is limited. 

Some rhizosphere bacteria have the capability to pro- 

duce siderophore, a low molecular weight iron chela- 

tors, which can make iron available for plant growth 

and development and make it unavailable to phyto- 

pathogenic fungi hence also aid in defense against 

pathogens (2, 49). Rhizobacterial HCN synthesis is 

acknowledged as a phytopathogen’s bio-control agent 

(50). In this study, 7 of the 14 isolates produced hy- 

drocyanic acid (HCN) by changing the colour of the 

filter paper from orange to brown. Of the 7 isolates, 

three isolates Bacillus aerius strain BKOU-1, Bacil- 

lus infantis strain BKOU-8 and Alcaligenes faecalis 

strain BKOU-13 have shown strong activity (+++) for 

HCN production. The results of the present study are 

in line with the previous studies of various research- 

ers who reported the production of HCN by Bacillus 

subtilis, Bacillus licheniformis, Bacillus circulans, 

Alcaligenes faecalis, Bacillus mojavensis, and Bacil- 

lus cereus (20, 38, 41). In the present investigation all 

the isolates were able to produce ammonia (Table 2). 

Plant growth is aided by the production of ammonia 

by PGPR, which supplies nitrogen to the host plant 

and thus promotes root and shoot elongation (51). In 

addition to plant growth, ammonia production by 

PGPR inhibits phytopathogenic spore germination 

and fungal growth suppression (52). 

Hydrolytic enzymes produced by PGPR act as an 

important mechanism to prevent plant pathogenesis 

by inducing lysis of microbial cell walls. Hydrolytic 

enzymes act by breaking down the cell walls of fun- 

gal pathogens leading to death of the cells (35). In the 

current study, 7 of the 14 isolates tested have shown 

the ability to produce amylase, while 8 tested positive 

for protease production. Nine out of fourteen isolates 

were positive for cellulase synthesis and eight tested 

positive for lipase production. PGPR with the capac- 

ity to synthesize lytic enzymes restrict the growth of 

phytopathogens and thus enable bio-control against 

these pathogens in a more sustainable way vis-à- 

vis chemical fungicides. The findings of the present 

study are in line with the studies of Miljaković et al. 

(40) and Rasool et al. (20) who reported the produc- 

tion of various hydrolytic enzymes such as chitinase, 

proteases, β-1, 3-glucanase, cellulase etc., by various 

genera of Bacillus and Alcaligenes faecalis. Bio-con- 

trol minimizes the need for chemical fungicides and 

thus reduces the problem of soil infertility caused 

due to chemical fungicides. The antagonistic action 

of PGPR against the fungus is a very important fea- 

ture for plant growth and pest management. In this 

work, bacterial isolates Bacillus aerius strain BKOU- 

1, Bacillus infantis strain BKOU-8, Alcaligenes fae- 

calis strain BKOU-13 and Klebsiella oxytoca strain 

BKOU-14, inhibited the development of phytopatho- 

gens like Fusarium oxysporum and Macrophomina 

phaseolina in dual culture assay. The results of the 

present study are in line with the previous studies of 

various researchers who reported antagonistic ac- 

tivity of Alcaligenes faecalis, Bacillus sp., against 

various phytopathogens such as Rhizoctonia solani, 

Botrytis cinerea, Fusarium graminearum, Fusarium 

fujikuroi; Sclerotium rolfsii, Fusarium oxysporum, 

Macrophomina phaseolina (20, 39, 53-57). 
 

 
 
CONCLUSION 

 
Present study concludes that four bacteria isolat- 

ed from soil samples of forest lands (Bacillus aeri- 

us strain BKOU-1, Bacillus infantis strain BKOU-8, 

Alcaligenes faecalis strain BKOU-13 and Klebsiel- 

la oxytoca strain BKOU-14) had an excellent plant 

growth promoting properties as well as antagonis- 

tic activity against the phyto-pathogens. It can be 

concluded from the findings of this study that these 

strains can be used as bio-inoculants in a sustainable 

manner either individually or in consortium for plant 

growth promotion in different crops. 
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