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Abstract: This study evaluated root endophyte bacteria and rhizobacteria in terms of 
multifaceted plant growth promotion (PGP) traits and antagonistic potential against major 
fungal pathogens of rice (viz. Rhizoctonia solani, Bipolaris oryzae, Pyricularia oryzae, 
Ustilaginoidea virens and Sarocladium oryzae). Twenty bacterial isolates from each group 
(viz. endorhiza and rhizosphere) were isolated from different rice types of North East 
India. Cultivated rice types were Upland rice (Mima, Kochi and Minil), Lowland HYV rice 
(Ranjit and Jaya) and Lowland scented rice (Keteki Joha and Kunkuni Joha). The 
population of rhizospheric bacteria was higher than the endophyte isolates. The 
population counts of endophyte bacteria were the highest in scented rice cultivar 
(Kunkuni Joha) and for rhizobacterial isolates; the population density was maximum in 
the lowland HYV rice (Jaya). The endophytes were more efficient than the rhizobacteria in 
terms of the activity of cellulase, pectinase, ACC-deaminase, production of IAA- like 
substances, solubilization of zinc and mineralization of organic phosphates. In contrast, 
the rhizobacterial isolates were more efficient in solubilization of inorganic phosphates 
and antagonism against major rice fungal pathogens. Through 16S rDNA sequence 
analysis, the promising rhizobacterial isolates showing antagonism against all the fungal 
pathogens were identified as Brevibacillus reuszeri 12R, Lysinibacillus xylanticus 48R, 
Bacillus megaterium 58R and Serratia marcescens 79R. These results suggest that the root 
bacterial endophytes and rhizobacteria characterized in this study could be successfully 
used to promote plant growth and induce fungal resistance in rice plants and can be used 
as bioinoculants for enhancing rice growth in the acid soil regions. 
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INTRODUCTION 

Soil acidity is one the biggest impediment to the crop 

productivity of the world affecting 30% of the global arable 
land [1]. In India, about one-third of the total arable land is 
occupied by acid soil [2]. In North East India, acid soils are the 
most predominant (approximately 95%) and nearly 65% area 
are under strongly acid soil category [3]. The nutritional 
security of this region predominantly depends on rice and it 
is the principal food grain crop of this hilly ecosystem 
followed by maize [4]. But the rice productivity in NE India is 
much below (1.57 t/ha) the national average (2.08 t/ha) [5].  
Acid soil regions are well known for lower crop productivity. 
This is due to crucial factors associated with poor soil fertility, 
mineral toxicities (aluminum, manganese, iron), deficiency of 
phosphorus, boron, manganese, calcium, magnesium, etc. and 

other acidity induced soil and plant nutritional problems [6, 
1]. Integrated nutrient management along with the lime 
application is often recommended to increase the availability 
of the essential elements and ameliorate acid soil infertility, 
thus enhancing crop productivity [6, 7]. However, in practical 
terms, the application of higher quantities of lime 
requirement becomes inconvenient for resource poor-
farmers from acid soil regions [1]. Also in acidic rice soils, the 
agronomic use efficiency of nitrogen and phosphatic 
fertilizers are reported to be very low [1]. Recently, Kalidas-
Singh and Thakuria [8] also emphasized the use of 
bioinoculants in rice nutrition management in acid soils by 
adopting seedling root dip treatment. Therefore, the quest for 
efficient bacteria in developing bioinoculants is considered to 
be an important aspect of rice microbiological research. 

Rhizospheric bacteria which are known to colonize 
and inhabit the rhizosphere of many plants species have the 
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ability to modulate the edaphic factors [9]. These rhizospheric 
bacteria have been well studied for decades for their 
beneficial effects on plant growth and health [10] and are 
recognized as an important factor influencing the physiology 
and development of plants [11] by providing resistance 
against various biotic and abiotic stresses [12]. This 
rhizospheric microbiome has been documented as having the 
capability of plant root invasion [13]. The bacteria having the 
ability to colonize and survive inside the plant tissues are 
known as bacterial endophytes. These endophytic bacteria 
are known to modulate the physiology of the host plant for 
better adaptability under stress condition [14]. The 
potentiality of the endophytes in providing resistance against 
abiotic stressors has been exploited in modern agriculture 
system [15]. Endophyte microorganisms are increasingly 
recognized to be environmentally friendly solutions with the 
potential to be used as microbial inoculants for improved 
growth and health of plants [16].  

The negative ecological impacts of mineral fertilizers 
and chemicals on climate and environment are well known 
[17, 18] Organic farming has emerged as an important 
priority area in the agriculture sector at the global and 
national level [19] possessing the ability of providing broad 
solution to many problems in an efficient manner [20]. The 
farmers of NE India have been reported to use lesser amount 
of fertilizers as compared to the other regions of the country. 
As a result of the least application of chemical inputs this 
region provides good opportunities for organic farming [21]. 
Also the Government of India has encouraged the promotion 
of organic farming by implementing several schemes and 
programmes [22, 21]. Under such scenario of sustainable crop 
production system, the use of plant growth promoting 
bacteria (PGPB) is gaining momentum due to their beneficial 
effects and environmental friendliness with the prospect of 
using the efficient strains as bioinoculant components in the 
organic agriculture. Although exotic strains of bacteria can 
increase rice growth and yield [23], evidence based on 
molecular technique suggests that genotypes of beneficial 
bacteria may be endemic to a biogeographical region [24]. The 
endemic bacterial pool of a region may contain highly efficient 
genotypes and is also likely to perform better than the exotic 
strain [25]. The NE region of India situated within the Indo-
Burma mega-biodiversity hotspot considered to be the home 
of Indica rice. So, our hypothesis is that there may be 
functionally unique association between the root-associated 
PGP bacteria and rice cultivars grown in acidic soils of NE 
India. With this background, the present study aimed to 
isolate the rice root-associated bacteria from the rhizosphere 
and endorhiza of different rice cultivars of NE India.The 
isolates were then identified and characterized for their 
multifaceted plant growth promotion traits and antagonistic 
potential against major rice fungal pathogens.  
 
MATERIALS AND METHODS 
 
Rice types and sample collection 
Roots and rhizospheric soil samples of rice plants were 
sampled from Upland rice (Mima, Kochi and Minil) from West 
Garo Hill district of Meghalaya (India), lowland high–yielding 
rice (Ranjit and Jaya) from Nalbari district of Assam (India) 
and lowland scented rice (Keteki joha and Kunkuni joha) from 

Goalpara district of Assam (India) as depicted in Table 1. 
Plants were sampled during Kharif season (July – November). 
Healthy rice plants were randomly collected at the maximum 
tillering stage from the farmers’ field. Three farmers field 
were selected for each rice type and three rice plants were 
randomly collected from each field. The sampling was carried 
out for each rice plants by carefully uprooting the root system 
along with the rhizospheric soil at a depth of 5-15 cm from the 
surface. From one field three rice plants were collected. The 
entire plant along with the rhizospheric soil placed in sterile 
bags and carried to the laboratory in a cool box and stored at 
4°C. 
 
Isolation of rice root endophyte bacteria and 
rhizobacteria 
The loosely adhered soils from the rice plants were removed. 
The roots of the individual rice plant were washed in tap 
water to remove adhering soil particles and rinsed four times 
in sterile distilled water. Roots from three individual plants 
from each rice field were pooled to prepare one composite 
sample. Thus for isolation of endophytes, 3 composite rice 
root samples were considered from 3 rice fields per rice type. 
The composite rice root samples were cut with a sterile 
scissor into 1 cm long segments and mixed together. 
Sterilization was performed using 70% alcohol for 1 min, 2% 
NaOCl for 5 min and 70% alcohol for 30 s, followed by four 
rinses in sufficient volume of new sterile distilled water. After 
sterilization, root materials (1g) were crushed in an 
autoclaved mortar pestle in sterile phosphate buffer saline 
(PBS) solution (1g roots in 5ml). Serial dilutions up to 10-5 
were prepared and 0.1ml of each dilution from 10-3 to 10-5 
were spread on plates of NA (Nutrient agar) and R2A 
(Reasoner’s 2A agar) plates in triplicates. Plates were 
incubated for 24 h-72 h at 30°C. To ascertain complete surface 
sterilization, sterility check was performed by spreading 100 
µl of the last rinsed water on NA, Tryptic Soy Agar (TSA) and 
Potato Dextrose Agar (PDA) (Himedia, India) plates and 
observed for contamination by incubating at 28°C for 3 days. 
No contamination was observed confirming the efficacy of the 
sterilization method. For rhizobacterial isolation, the soils 
from three plants were pooled to make one composite sample. 
Loosely adhered soils were removed and 1g of the tightly 
adhered soil of the rice roots was collected and mixed. 
Dilution series (up to 10-6) were prepared in sterile PBS 
solution and an aliquot of 0.1ml of each dilution from 10-4 to 
10-6 was evenly plated separately on NA and R2A plates and 
incubated for 24-72 hrs. The number of colonies was reported 
as cfu g–1 fresh root weight and soil for endophyte and 
rhizospheric bacteria respectively. Colonies with different 
morphologies were counted, picked out and purified by 
restreaking onto the same medium at least three times. The 
purified colonies were stored at 4°C in the refrigerator and for 
long term storage, 30% glycerol stock of the pure culture of 
each isolate was prepared and maintained at −80°C. 
 
Preparation of pure inoculum suspension of bacterial 
isolates 

The pure bacterial isolates were streaked individually on NA 
plates and incubated at 30°C for 18-24 h for the appearance 
of single colonies. From every single colony, a loopful of 
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bacteria were inoculated in 5ml sterile nutrient broth 
contained in sterile falcon tubes and incubated for 18-24 h in 
an environmental shaker at 30C at 120 rpm until broth 
culture reached the OD value 2.0 at 600 nm (late log phase of 
the bacterial growth). The broth culture was immediately 
centrifuged (10,000 rpm for 1 min) to pellet down the 

bacterial cells and the clear supernatant was discarded. The 
pellet was resuspended in 2ml sterile distilled water and 
vortexed to form a uniform bacterial suspension. This 
bacterial suspension served as the inoculums for inoculating 
different broths for screening different in vitro PGP traits in 
the following assays.

Table 1: Types of rice (variety and local names) and their sampling locations and the population (colony forming units g-1 fresh 
root) of root endophyte bacteria and rhizobacteria counted in NA and R2A growth media. 
 

Rice cultivars  Sampling site Location Population of culturable bacteria  
(cfu g-1 fresh root or soil) 

Endophyte Rhizobacteria 
NA R2A NA R2A 

Upland traditional 

rice cultivars 

Mima West Garo hills, 

Meghalaya 

25.5679° N, 

90.2245° E 

2.4x105 

(5.38) 

3.4x104 

(4.53) 

7.5 x106 

(6.87) 

4.9 x105 

(5.69) 

Kochi 

 

-do- -do- 3.0x105 

(5.47) 

2.0x103 

(3.30) 

4.3 x107 

(7.63) 

1.5 x105 

(5.17) 

Minil 

 

-do- -do- 6.0x104 

(4.77) 

5.9x106 

(6.77) 

5.4 x106 

(6.73) 

4.0 x106 

(6.60) 

Lowland HYV rice 

 

Ranjit (IET-

12554) 

Nalbari, Assam 26.3660° N, 

91.3276° E 

3.6x106 

(6.55) 

1.3x105 

(5.11) 

2.2 x107 

(7.34) 

2.6x106 

(6.41) 

Jaya (IET-723) -do- -do- 7.0x105 

(5.84) 

5.4x106 

(6.73) 

3.0 x106 

(6.47) 

8.0 x107 

(7.90) 

Lowland scented 

rice  

 

Keteki Joha 

(IET-14390) 

Goalpara, Assam 26.0876° N, 

90.5636° E 

2.3x107 

(7.36) 

5.4x106 

(6.73) 

5.2 x106 

(6.71) 

3.6 x105 

(5.55) 

Kunkuni joha -do- -do- 5.6x107 

(7.74) 

3.5x107 

(7.54) 

7.9x106 

(6.89) 

4.0 x105 

(5.60) 

NA- Nutrient agar, R2A-Reasoner’s 2A agar; each cfu value represents the mean of 3 replicate counts. Values within parentheses represent log cfu. 
 
 

Evaluation of in vitro plant growth promotion (PGP) traits 
 
Assay for production of IAA like substances: Production of 
IAA like substances was determined as described by Thakuria 
et al [25] with slight modifications. The suspension of each 
pure isolate (100 µl) was inoculated in 9ml nutrient broth 
containing 1% L-tryptophan and incubated at 30°C and 150 
rpm for 48 hrs in an environmental shaker. Then the 
suspension was centrifuged (10,000 rpm for 5 min at 4°C) and 
1ml supernatant was mixed with 4ml Van Urk Salkowski’s 
reagent (i.e. 1 ml of 0.5 M FeCl3 and 50 ml 35% HClO4) [26] 
and allowed to react at room temperature for 20 min. After 
the reaction, the absorbance was measured at 530 nm using a 
spectrophotometer and the concentration of IAA was 
extrapolated based on standard curve prepared by serially 
diluted pure IAA (Sigma–Aldrich, USA). 
 
ACC (1-aminocyclopropane-1-carboxylate) deaminase 
activity measurement: ACC deaminase activity of all the 
strains was determined by growing the pure isolates in 
Dworking and Foster (DF) salts minimal broth amended with 
0.5 mol l-1 ACC. The conversion of ACC in the broth was 
measured in terms of α-ketobutyrate generated by the 
enzymatic cleavage of ACC [27]. The absorbance (OD 540) 
was compared with a standard curve of α–ketobutyrate 
(Sigma–Aldrich, USA) ranging between 0.1 and 1.0 mol. 
 
Nitrogen fixation: The pure isolates were screened for 
nitrogen fixation assay by inoculating 10 µl of pure bacterial 
suspension in Nitrogen-free bromothymol (Nfb) semi-solid 
agar [28] and incubated at 30±0.5°C for 5 days. The N2 fixation 
ability was confirmed by the change of the Nfb agar from light 

green to blue color due to the production of NH4 as a by-
product of N2-fixing by the test isolates. 
 
Qualitative detection of extracellular enzyme activity: 
Enzyme assay for cellulase was detected by screening for 
zones of hydrolysis on carboxymethyl cellulose (CMC) (0.5% 
w/v) amended minimal agar medium containing two agar 
holes [29]. An aliquot of 20 µl bacterial inoculums was poured 
on one hole and 20µl sterile water was poured on the other 
hole as control. After incubation at 30°C for 5 days, the plates 
were flooded with 100 ppm congo red solution for 30 minutes 
followed by 1M NaCl solution for 15 min [30]. The presence of 
a colorless halo zone around the bacterial colony indicates the 
enzymatic activity. The diameter of the halo zone can be 
measured and expressed in mm radial area solubilized h-1. 

Pectinase was assayed by spot inoculation of the pure 
culture isolates on nutrient agar plates containing pectin 
(0.5%) (Sigma-Aldrich) [31]. After 5 days of incubation at 
30°C, the plates were flooded with 2% CTAB 
(hexadecyltrimethylammonium bromide) solution. After 30 
minutes the CTAB solution was drained off and washed with 
1M NaCl and zone of clearance was observed. Formation of 
transparent zones around the bacterial colonies indicated 
pectinase activity. 
 
Zinc solubilization assay:  
The zinc solubilizing efficiency of the pure culture isolates was 
estimated by plate assay using modified Bunt and Rovira 
media [32] containing 0.1% zinc oxide as a source of insoluble 
inorganic zinc. After 48hrs of incubation at 30°C, the plates 
showing halo zone around the colonies were considered 
positive for solubilization of inorganic zinc. The diameter of 
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the clear zone can be measured and the solubilizing efficiency 
was calculated [33].  

 
SE = (Solubilisation diameter – colony diameter/colony 
diameter) 100. 
 
Solubilization of inorganic P and mineralization of 
organic P complexes: 
P-solubilization potential of the isolates was evaluated by 
inoculating 10 µl of the pure culture suspension in 5ml 
Pikovskaya’s broth [34] amended with 0.5% w v-1 Ca3(PO4)2, 
0.5% w v-1  FePO4, 0.5% w v-1 AlPO4 and 0.3% w v-1 Na-phytate 
containing minimal broth separately in falcon tubes and 
incubated at 30°C for 3 days at 150 rpm. After 72 h incubation, 
the cultures were centrifuged at 4000 rpm for 1 min and the 
clear supernatant (2ml) was transferred to 2ml 
microcentrifuge tube followed by centrifugation again at 
13000 rpm for 1 min. This clear supernatant was used to 
estimate the concentration of inorganic and organic 
phosphorus following the stannous chloride blue color 
method [35]. Available P was expressed as µg ml-1 h-1. 
 
In vitro antagonism of bacterial isolates towards five 
major rice fungal pathogens 
The antagonistic potential of the endophytic and rhizospheric 
isolates was assessed against fungal pathogens of rice. Five 
rice fungal phytopathogens Rhizoctonia solani, Bipolaris 
oryzae, Pyricularia oryzae, Ustilaginoidea virens and 
Sarocladium oryzae were kindly provided by the Laboratory 
of Plant Pathology, School of Plant Protection, Central 
Agricultural University (Imphal), Umiam, Meghalaya, India. 
The in-vitro antagonistic activity was determined using a dual 
culture technique [36]. A 5mm agar plug was cut from the 
freshly cultured pathogen on PDA and placed on one side of 
the Oatmeal agar (Himedia) plate. Simultaneously the 
bacterial isolate was streaked diametrically opposite to the 
agar plug. The petriplate containing the pathogen alone 
without the antagonist served as the control. The dual culture 
experiment along with the control was run in triplicates. The 
plates were incubated at 28C for 5 days and the antagonistic 
activity was evaluated by measuring the inhibition zones 
formed between the pure culture isolate and the pathogens. 
The percent inhibition of fungal pathogen growth over control 
was measured with the following formula: [(C-T) × 100]/C], 
where, C is the mycelial growth of the fungal pathogen in 
plates in absence of antagonists; T is the mycelial growth of 
the pathogen in presence of antagonists.   
 
Identification of endophytic bacteria and rhizobacteria 
The molecular identification of the selected efficient bacterial 
isolates from rice roots and rhizosphere were identified by 
16S rDNA gene sequences. Genomic DNA was extracted from 
the pure culture isolates using the lysozyme method. The pure 
culture colonies of the endophyte and rhizobacterial isolates 
were inoculated in 5ml Luria Bertani (LB) broth and 
incubated for 24 hrs at 150 rpm at 30°C. Cells equivalent to 2 
OD 660nm (Thermo Scientific Multiskan Spectrum) were 
harvested at 3000× g for 5 min (Centrifuge 5810R, Eppendorf, 
Hamburg, Germany). The cell pellet of the culture isolates 
obtained from 2ml LB broth were subjected to lysis in 
presence of 90µl sterile  PCR grade water plus 10µl lysozyme 

(1mg/ml, Hi Media, India) by vortexing, followed by 
successive incubation at 37°C for 30 minutes and 95°C for 5 
minutes. The genomic DNA in the supernatant was used for 
PCR amplification. The quality of genomic DNA was judged 
based on A260/230 and A260/280 ratios using a Nanodrop 2000 
Spectrophotometer (Thermo Scientific, USA) as per the 
procedure described by Thakuria et al [37]. The genomic DNA 
was diluted 50 -fold with sterile PCR grade water.  
 Amplification of the 16S rDNA gene fragment was 
done by using the universal bacterial-specific primers 27F (5- 
AGAGTTTGATCCTGGTCAG-3) and I492R (5-GGTTACCTTGTT 
ACGACTT-3) [38]. Amplification was done in a Gradient 
Master Cycler 5331 (Eppendorf Make, Germany) using 
standard PCR conditions and PCR mixtures [39]. The 
amplified products were purified by GenElute PCR clean-up 
kit (Sigma–Aldrich, USA) and sequenced by FirstBASE 
Laboratories, Malaysia. The 16S rRNA sequences obtained 
were compared against the GenBank reference genome 
database using BLASTn (http://www.ncbi.nlm.nih.gov/ 
blast/). The species designated were confirmed in Eztaxon 
website. The sequences of the isolates are available in 
GenBank with accession numbers. 
 
Statistics 
The test of significance among isolates in terms of means of a 
PGP trait was analyzed by performing One-way Analysis of 
Variances (ANOVA) followed by Fisher’s Least Significance 
Difference test (LSD) for pair-wise comparisons among 
isolates means. Data analysis was performed using SPSS v. 
21.0 (SPSS Inc., Chicago, IL, USA).  
 
 
RESULTS 
 
Isolation of endophytic and rhizospheric bacteria  
A total of 40 isolates were isolated from roots and 
rhizospheric soil of rice plants. The population of cultivated 
rice root bacterial endophyte (E) and rhizobacteria (R) were 
counted in NA and R2A plates. In NA plates the population 
counts of endophyte ranged from 6.0 x 104 to 5.6 x 107 cfu g-1 
fresh roots whereas in rhizobacteria the densities ranged 
from 3.0 x106 to 4.3 x107 cfu g-1 soil. In R2A plates the 
population counts of endophyte ranged from was 2.0 x 103 to 
3.5 x 107 cfu g-1 fresh roots and in rhizobacteria, the 
population density was 1.5 x105 to 8.0 x107 cfu g-1 of soil 
(Table 1). The roots of scented rice (Kunkuni Joha) were 
found to accommodate relatively higher endophytes as 
compared to the other rice varieties. Likewise, for the 
rhizospheric isolates, the highest population density was 
found in the lowland high yielding rice variety (Jaya) (Table 
1). 

PGP characteristics of the endophyte and rhizobacterial 
isolates  

Production of IAA-like substances and ACC-Deaminase 
activity: All the isolates were able to produce IAA-like 
substances in the presence of L-tryptophan as a precursor. In 
the endophyte and rhizobacterial isolates, the production of 
IAA-like substances ranged from 73.5±2.62-301±7.22 µg ml-1 
h-1 (Table 2) and 14.5±2.29-253±6.82 µg ml-1 h-1 (Table 3) 
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respectively. The highest IAA production was observed in 50E 
(301±7.22 µg ml-1 h-1) followed by 52E (280±8.08 µg ml-1 h-1) 
of the endophytic isolates and 56R (253±6.82 µg ml-1 h-1) 
followed by 64R (233±7.13 µg ml-1 h-1) of the rhizobacterial 
isolate. ACC deaminase activity was observed in all the tested 
bacterial isolates by their growth on Dworking and Foster 
(DF) minimal medium containing ACC. It was revealed that 
the endophytic isolates produced ACC deaminase over a range 
of 10.2-201 nmol α-ketobutyrate mg-1 protein h-1 where the 
highest activity was found in the isolate 52E (201±9.31 nmol 
α-ketobutyrate mg-1 h-1) followed by 47E (100±3.50 nmol α-
ketobutyrate mg-1 protein h-1) (Table 2). Likewise in the 
rhizospheric bacteria, the range of ACC deaminase activity 
was found to 9.93-76.2 nmol α-ketobutyrate mg-1 protein h-1 
and the isolate 45R (76.2±4.64 nmol α-ketobutyrate mg-1 
protein h-1) showed the highest activity followed by 79R 
(33.8±3.78 nmol α-ketobutyrate mg-1 protein h-1)(Table 3). 
The activity of ACC deaminase was found to appreciably 
higher in the endophyte isolates as compared to the 
rhizobacterial isolates. 

Hydrolytic enzyme activity 
The qualitative bioassay for the hydrolytic enzyme activity 
showed that out of 20 evaluated endophyte isolates, only 14 
(70%) isolates were positive for cellulase and 13 (65%) 
isolates were positive for pectinase (Table 2). The highest 
cellulase activity was observed in four isolates (41E, 47E, 64E 
and 69E) with 60 mm halo zone diameter and the highest 
pectinase activity was showed by 64E (64mm) followed by 
63E (50 mm). In the case of rhizobacterial isolates, only 9 
(45%) isolates were able to hydrolyze cellulose and only 3 
(15%) isolates were able to hydrolyze pectin (Table 3). 
Maximum cellulase activity in rhizobacterial isolates was 
detected in two isolates (35R and 45R) where the zone 
diameter was found to be 50mm. For pectinolytic activity, the 
maximum zone diameter was observed in 78R (34mm). The 
percent incidence of hydrolytic enzyme activity was found to 
be more in bacterial endophytes as compared to the 
rhizobacterial isolates. 

 
Table 2: Multifaceted plant growth-promoting (PGP) traits of root endophyte bacteria obtained from different rice cultivars 
 

Root 
endophyte 

bacteria 
isolates 

N2a Celb 

(mm) 
Pecc 

(mm) 
Dissolution 

of ZnO 
IAAf 

(µg ml-1 h-1) 
Dissolution of insoluble phosphates (µg ml-1 h-1) ACC 

deaminase 
activity 

(n mol mg-1 

h-1) 

Zone 
dia d 

Sol 
eff.e 
(%) 

Ca3(PO4)2
g Na-

phytateh 
AlPO4

i 
 

FePO4
j 

41E 2+ 60 12 3 7.1 108±10.3ab 280±2.49f 147±8.68e 2.75±0.14f 3.36±0.10bc 59.5±4.65d 

43E 2+ 29 10 35 20.58 99.2±3.66ab 89.0±5.24a 22.0±1.76ab 4.16±0.10h 2.90±0.21ab 12.5±2.91a 

44E 2+ 30 39 10 12.5 73.5±2.62a 189±11.1bcd 139±9.45de 2.34±0.12def 5.00±0.24fg 54.8±1.77d 

46E 2+ 26 22 15 16.66 86.2±3.10a 78.5±3.66a 18.8±1.37a 2.57±0.09ef 5.61±0.12h 20.6±1.23ab 

47E 3+ 60 42 5 5.55 92.1±4.71a 176±11.9bc 157±10.5e 2.40±0.09def 3.75±0.16cd 100±3.50e 

50E 3+ 30 27 20 16.66 301±7.22e 62.3±2.70a 138±9.16de 2.29±0.10def 2.67±0.11a 38.0±2.40c 

51E 2+ 18 ND 20 13.33 234±10.0d 155±12.1b 118±10.5cd 2.08±0.09cde 4.12±0.08de 13.6±2.93a 

52E 2+ 23 ND 15 12.5 280±8.08e 188±10.6bcd 110±10.0c 2.23±0.12de 5.02±0.10fg 201±9.31f 

56E 2+ ND 25 40 22.2 242±7.86d  66.3±4.28a 10.5±1.23a 1.56±0.09ab 4.64±0.10ef 11.0±1.73a 

57E 2+ 25 ND ND ND 99.3±2.35ab 101±8.68a 7.25±0.60a 2.28±0.12def 3.02±0.09ab 12.3±1.68a 

62E 2+ ND ND ND ND 129±9.54bc 149±13.2b 16.3±1.80a 2.09±0.08cde 3.12±0.09ab 26.3±1.33abc 

63E 2+ ND 50 30 25 82.9±3.42a 189±9.65bcd 6.75±0.70a 1.46±0.18a 3.36±0.09bc 31.1±3.70bc 

64E 2+ 60 64 5 7.1 107±8.85ab 208±1.82cd 7.75±1.16a 1.12±0.08a 3.26±0.08bc 19.2±0.19ab 

69E 1+ 60 15 10 14.2 277±9.15e 344±11.6g 12.3±1.18a 1.88±0.10bcd 3.35±0.08bc 99.3±2.48e 

71E 3+ 35 ND 25 12.5 160±9.60c 151±10.2b 27.0±2.66ab 1.66±0.10bc 4.26±0.10de 22.8±1.79abc 

73E 2+ ND ND ND ND 146±8.88c 261±10.4ef 45.0±1.97b 3.57±0.09g 4.26±0.07de 10.2±0.92a 

75E 2+ 36 38 40 28.5 75.4±2.43a 226±11.2de 17.0±1.39a 1.55±0.13ab 4.35±0.10e 56.5±1.5d 

76E 2+ ND 37 20 10.5 132±5.79bc 295±10.2f 13.5±1.24a 3.65±0.08g 5.32±0.14gh 22.5±1.35abc 

77E 3+ ND ND 30 23.07 214±9.80d 495±10.4h 10.8±1.25a 2.12±0.10cde 6.23±0.08i 70.0±2.34d 

78E 3+ 34 13 ND ND 99.4±2.04ab 285±10.4f 9.85±1.52a 2.26±0.06def 3.27±0.14bc 22.4±1.27abc 

Values are mean (±SE) (n=3), ND=not detected; Within a parameter (column), values followed by different letters are statistically significant as determined 
by one-way ANOVA incorporating Tukey’s HSD test for pair-wise comparisons between means.     
N2a –Nitrogen fixation, Nitrogen fixation assay was based on the color change in nitrogen-free bromothymol blue medium. +, color change from yellow to 
green–blue; 1+, Intensity of blue color is dark; 2+, Intensity of blue color is darker, 3+, Intensity of blue color is darkest;—, no color change.  
Celb– Cellulase activity, Pecc– Pectinase activity, Zone dia d – Zinc solubilisation  diameter, Sol eff.e - Zinc Solubilisation efficiency, IAAf –Indole Acetic Acid like 
substances, Ca3(PO4)2g–Solubilisation of tricalcium phosphate, NA phytateh– Solubilisation of Sodium Phytate , AlPO4i– Solubilisation of aluminum phosphate, 
FePO4j – Solubilisation of ferric phosphate. 

 
Zn solubilization and N2-fixation test 
In the plate assay for zinc solubilization, the ability to 
solubilize zinc oxide was detected in 16 isolates of endophytic 
bacteria and 11 isolates of rhizospheric bacteria. The percent 
incidence was found to be 80% and 55% for endophytic and 
rhizospheric bacterial isolates respectively. The solubilization 
diameter for the zone of clearance on zinc oxide for endophyte 
isolates ranged from 3-40 mm and the range of dissolution 

efficiency was found to be 7.1-28.5. The endophyte isolates 
75E (28.5%) followed by 77E (23.5 %) exhibited the highest 
zinc solubilization efficiency (Table 2). Similarly, for the 
rhizobacterial isolates, the solubilization diameter was found 
to be in the range of 1-25 mm and the dissolution efficiency 
ranged from 2-22.7. The maximum solubilization efficiency 
was observed in 35R (22.7) followed by 79R (18.7) from 
rhizobacterial isolates (Table 3). Dissolution of zinc oxide was 
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more prominent in the endophyte bacterial isolates than that 
of the rhizospheric bacterial isolates. The ability to fix 
atmospheric nitrogen was found to be positive in all the 
endophytic bacterial and rhizobacterial isolates (Table 2 and 
Table 3). 
 
Solubilization of Inorganic P complexes and 
mineralization of organic P complexes 
The ability of all the endophytic bacterial and rhizobacterial 
isolates to solubilize different insoluble phosphates as well as 
organic phosphate was evaluated in liquid cultures. All the 
isolates possessed distinct phosphate solubilization abilities 
in solubilizing inorganic and organic phosphates. In 
endophytic bacterial isolates the concentration of insoluble 
phosphates (Ca3(PO4)2, AlPO4 and FePO4) varied from 62.3-
495 µg ml-1 h-1, 1.12-4.16 µg ml-1 h-1, 2.67-6.23 µg ml-1 h-1 
respectively (Table 2). The amount of P-solubilization in 
organic phosphate in endophytes ranged from 6.75-157 µg 

ml-1 h-1. For endophytes the maximum P-solubilization in 
Ca3(PO4)2 was observed by 77E (495±10.4 µg ml-1 h-1), in Na 
phytate by 47E (157±10.5 µg ml-1 h-1), in AlPO4 by 43E 
(4.16±0.10 µg ml-1 h-1) and in FePO4 by 77E (6.23±0.08 µg ml-

1 h-1). The range of insoluble phosphate concentration in the 
rhizobacterial isolates was 71.2-500 µg ml-1 h-1 for Ca3(PO4)2, 
1.27-5.78 µg ml-1 h-1 for AlPO4 and 3.66-8.59 µg ml-1 h-1 for 
FePO4. The concentration of organic phosphate in 
rhizobacterial isolates ranged from 1-26.8 µg ml-1 h-1 (Table 
3). The highest concentration for rhizobacterial isolates was 
observed in 65R (500±11.3 µg ml-1 h-1) for Ca3(PO4)2, 79R 
(26.8±1.81 µg ml-1 h-1) for Na phytate, 76R (5.78±0.16 µg ml-1 
h-1) for AlPO4 and 2R (8.59±0.14 µg ml-1 h-1) for FePO4. The P- 
solubilization ability of inorganic phosphates was found to be 
higher in rhizobacterial isolates than the endophyte bacterial 
isolates. In contrast to this result, the organic phosphate 
mineralization was higher in endophyte bacterial isolates as 
compared to the rhizobacterial isolates. 

 
Table 3: Multifaceted plant growth-promoting (PGP) traits of rhizospheric bacteria obtained from different rice cultivars 
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) 

Dissolution of 
ZnO 

IAAf 
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Dissolution of insoluble phosphates (µg ml-1 h-1) ACC 
deaminase 

activity 
(n mol 

mg-1 h-1) 

Zone 
dia d 

Sol 
eff.e 
(%) 

Ca3(PO4)2g Na-phytateh AlPO4i 
 

FePO4j 

1R 4+ ND ND 20 11.11 49.1±1.76cd 97.0±5.28abc 1.0±0.07a 3.46±0.15g 7.75±0.11hi 16.3±3.49ab 

2R 1+ ND ND 10 14.28 106±6.03f 101±6.58abcd 1.0±0.08a 2.43±0.12e 8.59±0.14k 13.8±2.74ab 

6R 1+ 23 ND 10 16.66 30.8±3.95abc 113±5.65bcde 7.51±1.0abcd 2.32±0.11de 5.92±0.16f 15.2±2.83ab 

12R 1+ 24 ND ND ND 60.4±3.52d 81.0±6.90ab 4.25±1.19ab 2.43±0.09e 5.79±0.10ef 15.5±2.40ab 

35R 1+ 50 ND 25 22.72 14.5±2.29a 133±7.22de 8.75±1.69abcde 1.49±0.08ab 8.44±0.11jk 22.1±1.85abc 

37R 2+ ND ND ND ND 45.3±4.20cd 455±9.52j 25.0±2.21hi 2.95±0.08f 7.98±0.16ij 22.8±2.98abc 

45R 3+ 50 ND ND ND 38.4±4.93bc 215±7.67g 6.25±1.72abcd 2.0±0.10a 6.51±0.12g 76.2±4.64d 

48R 2+ 15 ND ND ND 25.5±3.70abc 136±5.78e 18.5±2.50fghi 1.27±0.08bcde 6.16±0.07fg 11.6±1.62a 

55R 2+ ND ND ND ND 124±6.43f 379±9.27i 12.8±1.76bcdef 1.87±0.11bcd 5.26±0.10de 11.5±1.70a 

56R 3+ ND ND 10 7.14 253±6.82i 78.8±5.98ab 8.25±1.23abcd 2.18±0.12de 4.73±0.12bc 10.2±1.63a 

58R 1+ 18 ND 20 12.5 32.6±4.53abc 73.6±6.09a 15.0±2.17defg 2.37±0.08de 7.29±0.10h 13.9±2.81ab 

59R 2+ ND ND 1 2 84.7±5.23e 117±4.84cde 5.56±0.95abc 1.56±0.09abc 5.37±0.11h 16.6±2.07ab 

61R 2+ ND ND 10 14.28 32.4±2.83abc 250±8.87h 4.75±0.50ab 1.98±0.06bcde 6.53±0.10g 20.6±3.59ab 

62R 1+ 17 23 ND ND 113±4.64f 450±7.29j 7.0±1.14abcd 2.17±0.08de 6.26±0.11fg 20.3±1.77ab 

63R 2+ 34 26 2 2.85 19.8±2.96ab 85.1±5.19abc 17.3±3.56efgh 1.64±0.12abc 4.25±0.12b 13.8±1.83ab 

64R 2+ ND ND ND ND 233±7.13h 181±6.05f 13.0±1.67bcdef 1.98±0.10bcde 6.03±0.11fg 12.4±2.67a 

65R 2+ ND ND 20 13.33 194±7.06g 500±11.3k 14.3±2.27cdefg 4.26±0.14h 8.45±0.14jk 14.9±2.36ab 

76R 3+ ND ND ND ND 34.1±3.50abc 71.2±8.20a 21.5±1.64ghi 5.78±0.16i 6.55±0.11g 26.7±1.72abc 

78R 2+ ND 34 ND ND 14.5±2.38a 85.5±7.22abc 25.5±2.28hi 3.14±0.12fg 5.09±0.14g 9.93±1.14a 

79R 1+ 34 ND 1 18.75 21.7±2.91ab 71.5±7.80a 26.8±1.81i 2.03±0.09cde 3.66±0.15a 33.8±3.78c 

Values are mean (±SE) (n=3), ND=not detected; Within a parameter (column), values followed by different letters are statistically significant as determined 
by one-way ANOVA incorporating Tukey’s HSD test for pair-wise comparisons between means.     
N2a –Nitrogen fixation, Nitrogen fixation assay was based on the color change in nitrogen-free bromothymol blue medium. +, color change from yellow to 
green–blue; 1+, Intensity of blue color is dark; 2+, Intensity of blue color is darker, 3+, Intensity of blue color is darkest;—, no color change.  
Celb– Cellulase activity, Pecc– Pectinase activity, Zone dia d – Zinc solubilisation  diameter, Sol eff.e - Zinc Solubilisation efficiency, IAAf –Indole Acetic Acid 
like substances, Ca3(PO4)2g–Solubilisation of tricalcium phosphate, NA phytateh– Solubilisation of Sodium Phytate , AlPO4i– Solubilisation of aluminum 
phosphate, FePO4j – Solubilisation of ferric phosphate. 

 
In- vitro antagonistic activity against major rice fungal 
pathogens 

All the bacterial isolates were screened in vitro for 
antagonistic potential against five rice fungal 
phytopathogens. Out of 20 rhizobacterial isolates, four 
isolates (12R, 48R, 58R and 79R) were found to inhibit the 
growth of all the fungal pathogens (Table 4) and the percent 
growth inhibition ranged from 36% to 71%. These isolates 
showed broad-spectrum antagonism against all the test 

pathogens. Out of 20 endophytic bacterial isolates, only one 
isolate (52E) was found to show antagonism against all the 
fungal pathogens except Pyricularia oryzae (Table 4) and the 
percent growth inhibition ranged from 49% to 63%. Not a 
single endophytic isolate was found to show antagonism 
against all the five pathogens. A total of 38 bacterial isolates 
(19 each from root interior and 19 from rhizosphere) out of 
40 isolates were found to be positive in inhibiting the mycelial 
growth of pathogenic fungi (at least one fungal pathogen). 
Thus from 19 bacterial endophytic strains, 16 isolates (80%), 
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15 isolates (75%), 12 isolates (60%), 2 isolates (10%) and 4 
isolates (20%) exhibited growth inhibition against 
Rhizoctonia solani, Bipolaris oryzae, Pyricularia oryzae, 
Ustilaginoidea virens and Sarocladium oryzae, respectively. 
Similarly, from 19 rhizospheric isolates 14 isolates (70%), 14 
isolates (70%), 12 isolates (60%), 9 isolates (45%) and 9 
isolates (45%) inhibited the growth of Rhizoctonia solani, 
Bipolaris oryzae, Pyricularia oryzae, Ustilaginoidea virens and 
Sarocladium oryzae, respectively. The fungal growth 

inhibition by the rhizospheric isolates was found to be more 
efficient than that of the endophytes. The frequency of 
inhibition of the mycelial growth of the fungal pathogen by 
endophytes decreased in the order: Rhizoctonia solani> 
Bipolaris oryzae> Pyricularia oryzae> Sarocladium oryzae> 
Ustilaginoidea virens. The maximum and minimum percent 
growth inhibition recorded for bacterial endophyte was 86.6, 
27.2 respectively and for rhizobacteria was 70.5 and 29.5 
respectively.

 
Table 4: The antagonistic activity of rice root endophyte bacteria and rhizospheric bacteria against five major fungal pathogens 
of rice determined in dual culture plate assay 
 

Isolates  Percent mycelia inhibition during 5 days incubation in oatmeal agar  
Rhizoctonia solani Bipolaris oryzae Pyricularia oryzae Ustilaginoidea virens Sarocladium 

oryzae 
41E 38.4±1.99 abcd  41.8±3.59 cdef NI NI NI 

43E 40.0±2.73 abcde 28.3±2.66 ab 60.0±3.95 cdefg NI NI 

44E 49.2±1.77 cdefg  38.3±2.74 abcde NI NI NI 
46E 36.6±3.59 abc NI   52.9±2.42 bcde NI NI 
47E 40.0±3.35 abcde NI   45.4±3.51 ab NI NI 
50E 40.0±2.39 abcde  41.6±3.59 cde  63.3±3.58 defg NI NI 
51E 40.4±3.57 abcde  38.1±3.00 abcde  58.8±2.49 bcdefg NI NI 
52E 48.5±3.20 cdefg  62.5±2.81 h NI 60.0±2.96 c  48.5±3.70 a 
56E 55.2±3.51 fg  54.5±2.38 fgh  54.5±2.42 bcdef NI NI 
57E 70.5±1.81 h  54.5±3.49 fgh  72.2±3.54 g NI NI 
62E NI  54.5±2.70 fgh  61.1±3.07 defg NI NI 
63E NI  47.2±1.82 efg   66.6±2.43 efg  NI 86.6±2.40 b 
64E 49.2±3.28 cdefg  43.3±2.97 cdef NI NI NI 
69E 52.2±2.79 efg  63.6±3.07 h  66.6±2.93 efg NI NI 
71E 51.1±2.37 defg  40.0±2.70 bcde  57.7±3.26 bcdef NI NI 
73E NI  27.2±3.08 a  57.7±4.10 bcdef NI 50.0±3.59 a 
75E NI NI NI NI NI 
76E 58.8±2.83 fg NI NI 65.0±2.70 c 48.0±2.49a  
77E 34.4±2.07 ab  42.5±2.37 cdef NI NI NI 
78E 47.0±3.03 bcdef NI NI NI NI 
1R 61.19±1.69 gh NI 56.29±2.49 bcdef 53.05±2.48 abc 53.33±2.37a 
2R NI NI NI NI NI 
6R 47.13±1.76 bcdef 45.47±2.13 defg 56.27±2.36 bcdef 43.66±2.33 a NI 

12R 41.03±2.42 abcde 45.45±2.31 cdef 46.26±2.32 abc 47.27±2.10 ab 40.42±2.88a 
35R 29.57±1.73a 30.80±1.85 abc NI NI NI 
37R 37.94±1.87 abcd NI NI NI NI 
45R NI NI 66.25±1.78 efg NI NI 
48R 70.58±2.09 h 54.56±2.22 fgh 68.76±2.26 fg 52.89±2.94 abc 53.32±2.74a 
55R NI 57.56±2.13 gh NI NI 46.45±2.42a 
56R NI 36.46±1.74 abcde 50.18±2.34 abcd 58.87±2.45 bc NI 
58R 47.17±1.77 bcdef 36.41±1.87 abcde 56.27±1.78 bcdef 58.82±2.11 bc 46.35±2.12a 
59R 47.05±2.14 bcdef 54.50±2.21 fgh 62.16±2.15 defg NI NI 
61R NI 36.35±1.78 abcde 50.21±2.34 abcd NI 53.37±2.55a 
62R 41.17±2.74 abcde 30.98±1.52 abc NI NI NI 
63R 53.18±2.35 efg 92.51±1.82 i NI 58.85±2.57 bc 53.30±2.70a 
64R 47.44±2.04 bcdef NI NI NI NI 
65R 52.97±1.90 efg 56.27±1.81 gh 58.75±2.32 bcdefg 58.02±2.42 bc NI 
76R NI NI 37.47±2.27 a NI 53.28±2.35a 
78R 47.59±1.87 bcdef 32.78±1.70 abcd NI NI NI 
79R 52.93±1.89 efg 54.56±1.90 fgh 56.83±1.77 bcdef 56.50±2.37 bc 46.85±2.02a 

    NI – No inhibition, ± Standard deviation 

 
Identification of the effective endophytic and 
rhizospheric isolates 

Based on the multiple PGP traits and on the ability to inhibit 
fungal pathogens the best endophytic and rhizobacterial 
isolates were identified. The database in the GeneBank was 
investigated for sequences similar to the 16S rRNA gene. The 
taxonomic identification revealed that the efficient 
endophytes belong to the genera Bacillus, Klebsiella, 
Pseudomonas, Brevundimonas and Serratia. The genera of the 

selected rhizospheric bacteria were identified to be 
Lysinibacillus, Brevibacillus, Bacillus, and Serratia. Highest IAA 
was produced by Bacillus proteolyticus 50E and Lysinibacillus 
sphaericus 56R from root endophyte and rhizospheric soil of 
rice. Klebsiella pnuemoniae 52E from root endophyte and 
Bacillus cereus 45R from rhizosphere registered the highest 
ACC deaminase activity. Endophyte isolates showing 
maximum ability to hydrolyze cellulase was Bacillus 
altitudinis 41E, 47E and 64E, and Pseudomonas saponiphila 
69E. In rhizobacteria, the isolates with the highest cellulase 
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activity were identified as Bacillus megaterium (35R) and 
Bacillus cereus (45R). Pectinase activity was found to be 
maximum in Bacillus altitudinis 64E and Bacillus cereus 78R in 
endophyte and rhizobacterial isolates respectively. The 
isolates with maximum Zn solubilising efficiency were 
identified as Brevundimonas olei 75E and Bacillus megaterium 
35R from endophyte and rhizosphere of rice respectively. 
Among the rhizobacterial isolates Lysinibacillus sphaericus 
65R, Serratia marcescens 79R, Brevibacillus brevis 76R and 
Lysinibacillus sphaericus 2R showed highest phosphate 
solubilizing activity in Ca3(PO4)2, Na phytate, AlPO4, and 
FePO4 respectively. Similarly, the strain having the highest P-
solubilizing potential among endophytes were Serratia 
glossinae 77E in Ca3(PO4)2 and  FePO4, Bacillus altitudinis 47E 
in Na phytate and Bacillus altitudinis 43E in AlPO4. The 
promising isolates possessing antagonistic potential against 
five major rice fungal pathogens from rhizobacteria were 
identified to be 12R (Brevibacillus reuszeri), 48R 
(Lysinibacillus xylanticus), 58R (Bacillus megaterium), 79R 
(Serratia marcescens) and from endophyte, the only isolate 
identified was Klebsiella pnuemoniae (52E). The strains along 
with the accession numbers are presented in Table 5.  
 
DISCUSSION 
 
The population density of rice endophyte bacteria isolated 
through full strength NA media and R2A media have been 

reported to show significant variation [40]. In our study, the 
population counts of the rice cultivars ranged from 6.0×104 to 
5.6×107 (cfu g-1 fresh roots) bacterial endophyte on NA media. 
The population of rice endophyte bacteria on NA media in the 
range of 1.4×106 to 1.0×108 cfu g-1 fw was previously reported 
[40]. Similarly, on R2A media, the population density of 
bacterial endophyte found was 2.0×103 to 3.5×107. The size of 
viable root endophytes in the range of 104–106 cfu g-1 of rice 
tissue (fresh weight) was previously reported [41] on R2A 
media. The abundance of bacterial colony isolated on NA 
(3×106 to 4.3×107 cfu g-1 soil) and R2A (3×105 to 8×107) was 
more in the rhizospheric samples than that of the rice root 
interior samples. This finding is in agreement with the study 
of Etesami et al. [42] where the bacterial population was more 
in the rhizospheric isolates (1.3 × 106 cfu g‾1 soil) as compared 
to the endophyte isolates (2.1 ×105 cfu g-1 fresh tissue weight). 
The scented rice harbored higher population density of 
endophytes as compared to the other rice types. Similarly, 
highest population density was exhibited by the HYV cultivar 
for the rhizobacterial isolates. This may be due to the 
difference in the root exudation pattern among the rice types. 
Plant roots release low molecular weight exudates which 
attract soil microbes into the rhizosphere and thus increase 
bacterial abundance and diversity [43]. A past study also 
indicated that the chemical composition of rice root exudates 
induces chemotactic response for endophytic bacteria [44].  

 
Table 5: Molecular identification of endophytic and rhizospheric bacteria isolated from rice roots and rhizospheric soil of 
different rice cultivars using 16S rRNA gene sequences 
 

Isolates Closest relative in database Similarity (%) GenBank accession no. 

41E Bacillus altitudinis 100% MH021876 

43E Bacillus altitudinis 100% MK645551 

47E Bacillus altitudinis 99% MH021982 

50E Bacillus proteolyticus 99% MH781022 

52E Klebsiella pnuemoniae 99% MH021986 

64E Bacillus altitudinis 100% MH021683 

69E Pseudomonas saponiphila 99% MH021684 

75E Brevundimonas olei 100% MH021687 

77E Serratia glossinae 99% MH021688 

2R Lysinibacillus sphaericus 99% MK605948 

12R Brevibacillus reuszeri 99% MK597924 

35R Bacillus megaterium 100% MK608384 

45R Bacillus cereus 100% MK608385 

48R Lysinibacillus xylanticus 100% MK608665 

56R Lysinibacillus sphaericus 100% MK608675 

58R Bacillus megaterium 100% MK608774 

65R Lysinibacillus sphaericus 100% MK645546 

76R Brevibacillus brevis 100% MK608777 

78R Bacillus cereus 100% MK608840 

79R Serratia marcescens 100% MK609345 

IAA production represents one of the most important direct 
mechanisms used by the microbes involved in the plant 
growth promotion (PGP) activities. Our study revealed that 
the production of IAA-like substances was more in the 
endophytes than that of the rhizobacterial isolates. This 
observation corroborated with the findings of several 
different researches where the ability of IAA production was 
more prevalent in the endophytes than the rhizobacteria [42, 
45, 46, 47]. We found that the 50E strain of Bacillus 

proteolyticus showed the highest production (301±7.22 µg ml-

1 h-1) for IAA. Similarly, the research work of Khan et al. [48] 
reported the highest IAA production (165.53 μM) by the 
endophyte Bacillus subtilis LK14 strain. Among the 
rhizobacteria, the highest IAA production was showed by 
Lysinibacillus sphaericus 56R strain (253±6.82 µg ml-1 h-1). 
This finding is in line with the work of Naureen et al. [49] 
where the rhizobacteria Lysinibacillus sphaericus ZA9 isolated 
from maize showed a high level of IAA production (697 ± 10.2 
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µg ml-1). IAA acts as an essential component for inducing 
tolerance and defense response in plants against different 
abiotic stressors [50]. The rice crops of this region are 
exposed to soil acidity stress and thus the larger production 
of IAA-like substances by the endophytes exerts the beneficial 
effects on host plants and provides fitness benefit to the plants 
during stress [51, 52]. 

ACC deaminase is an enzyme produced by plant 
growth-promoting microbes and is responsible for stress 
modulation.  All the endophytic and rhizospheric bacteria 
analyzed in our study showed ACC deaminase activity. The 
range of ACC-deaminase was noted to be from 9 to 191 nmol 
α-ketobutyrate mg-1 protein h-1. The ACC-deaminase activity 
of endophytes in the range of 310 to 454 nmol α-ketobutyrate 
mg-1 protein h-1 has been previously reported [48]. In our 
results, the 52E strain of Klebsiella pneumonia noted the 
highest (201±9.31 nmol α-ketobutyrate mg-1 protein h-1) ACC-
deaminase activity. Similarly, the ACC-deaminase activity by 
the diazotrophic rice endophyte Klebsiella pneumonia S2 was 
documented [53]. In addition to this, the highest ACC-
deaminase activity (40 ng α-ketobutyrate mg-1 protein h-1) by 
the strain K5 of Klebsiella pneumonia was studied by 
Pramanik et al. [54]. We observed that in rhizobacterial 
isolates the highest ACC-deaminase activity per hour was 
exhibited by the isolate Bacillus cereus 56R. Similar 
observation for the production of high ACC deaminase activity 
(4.2% µmh α KB mg-1 h-1) by the rhizobacterial strain T1B3 
identified as Bacillus cereus was noted [55]. Bal et al. [56] also 
reported that the rice rhizobacterial isolate Bacillus sp. AR-
ACC1 produced the highest ACC-deaminase activity per hour 
(1350.02 nmol α -ketobutyrate mg-1 h-1). We revealed that the 
ACC-deaminase production was significantly higher in the 
endophytes as compared to the rhizobacteria. This result is 
consistent with the result of Etesami et al. [42] where the 
endophytes possessed a higher frequency of ACC-deaminase 
production than the rhizosphere isolates. The higher potential 
of ACC-deaminase activity of endophyte as compared to 
rhizobacteria may be due to the fact that under stress 
conditions this bacterial biosynthesis of ACC-deaminase 
enzyme is an important trait for root elongation and 
endophyte colonization in rice roots [57].  

The secretion of hydrolytic enzymes represents an 
important mechanism for invasion and colonization of plant 
tissues [16]. Cellulase and pectinase are two most important 
hydrolytic enzymes that mediate penetration into the plant 
tissues by the bacterial endophytes and helps in degradation 
of the plant cell wall and the middle lamella thereby 
improving plant growth [58, 59]. The percent incidence for 
cellulase activity was observed to be more in endophytes 
(70%) as compared to rhizobacteria (45%). This finding is in 
line with the finding of Szymanska et al. [46] where the 
authors reported the greater percentage of cellulolytic 
activity in endophytes (50%) than that of the rhizobacteria 
(31.8%) isolated from saline soils. In our study among all 
endophyte and rhizospheric bacteria, the highest cellulolytic 
activity was exhibited by the isolates belonging to Bacillus 
genera in both the groups. This finding corroborated with the 
study of Szymanska et al. [46] where the endophyte Bacillus 
pumilus I-SE-24 (Wact 26.77) had the highest cellulase 
activity. Recently the protease, cellulase and lipase activities 
by the endophytes of genera Bacillus was reported [60]. Also 

from the rhizospheric isolates of rice origin, the highest 
cellulase producers were reported from the genera Bacillus 
[61]. Likewise, a greater incidence of pectinolytic endophytes 
(45%) was reported in this study as compared to rhizospheric 
isolates (15%). In both, the groups of bacteria the maximum 
pectinase production was noted in the Bacillus genera. The 
presence of hydrolytic enzyme production by endophytic 
Bacillus sp. had been reported earlier [62, 31]. Also, the 
pectinase activity from the rice rhizobacterial isolate Bacillus 
sp. KR083 was reported [63]. The presence of significantly 
higher percentage of hydrolytic enzymes in endophytes than 
the rhizobacteria may be due to the fact that these enzymes 
are necessary for colonization and migration of the 
endophytes from one location to another and are involved in 
plant-microbe interactions. 

In our study, the percent incidence of zinc 
solubilizing endophytes (80%) was more than the 
rhizobacteria (55%). When zinc is uptaken by root cells, it 
usually forms a complex with phosphorus as zinc phosphate 
in the cytoplasm. As a result, though plant roots have a high 
content of zinc they may not be sufficiently translocated to 
upper parts of the plant body. As a result, plant acquires 
certain endophytic bacteria that can breakdown the zinc 
phosphate complex in the root cell cytoplasm which enhances 
the zinc translocation inside plant tissues. This might be the 
reason that the root endophyte bacteria show a higher 
capacity for zinc solubilization than rhizospheric bacteria. 
The endophyte Brevundimonas olei 75E showed the highest 
zinc dissolution during the plate assay. Among the 
rhizobacteria Bacillus megaterium 35R was noted to exhibit 
the maximum zinc dissolution. Earlier studies already 
reported the zinc dissolution ability of the rhizobacterial 
strain of Bacillus genera [64, 65, 66]. Production of organic 
acids (such as 2-keto-gluconic acid and gluconic acid), 
secretion of amino acids, vitamins and phytohormones are 
considered to be the mechanisms involved for zinc 
solubilization by the Bacillus strains [67, 68]. But there are no 
previous reports on zinc solubilization by Brevundimonas olei 
which is supposed to be the first of its kind. 

The dissolution of inorganic phosphorus assessed in 
three inorganic P sources (Ca3(PO4)2, AlPO4 and FePO4) was 
found to be more in the rhizobacterial isolates than that of the 
endophytes. Rice plants of the NE India are grown in acid soils 
which are aluminum toxic and phosphorus deficient. Most of 
the phosphorus present in the soil is unavailable to the plants 
as it remains bound forming complexes with Ca, Al and Fe. The 
conversion of an insoluble form of phosphorus to soluble 
forms is an important trait of rhizospheric bacteria. These 
rhizobacteria help release a substantial amount of soluble 
phosphate through the different process such as chelation, 
acidification, H+ protonation or by decreasing the soil pH by 
the production of organic acids such as oxalic, gluconic, lactic, 
succinic, etc. [69, 70, 71]. The observation of the greater P-
solubilization among rhizobacterial isolates than the 
endophytic isolates is consistent with the findings of Etesami 
et al. [42]. Our study revealed that the rhizobacterial isolates 
belonging to the genera Lysinibacillus and Brevibacillus 
possessed the greater capacity to solubilize inorganic 
phosphorus. This result is in line with the study of Rafique et 
al. [72] who reported the ability of rhizobacterial strain 
Lysinibacillus fusiformis 31MZR to solubilize tricalcium 
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phosphate and induce growth enhancement of maize plants 
when inoculated with biochar in a greenhouse experiment. 
Also, inorganic phosphate dissolution capacity in tricalcium 
phosphate, rock phosphate and bone meal by rhizobacterial 
Brevibacillus brevis was previously reported [73]. Another 
study reported the solubilization of inorganic phosphate by 
the genera Brevibacilllus isolated from wetland soil of Ox-bow 
lake [74]. Yadav et al. [75] reported the Brevibacilllus sp. BISR-
HY65 isolated from rock phosphate mines having high Fe and 
Al phosphate dissolution ability. This is congruent with our 
finding where the strain belonging to genera Brevibacillus 
showed the highest capacity to solubilize AlPO4. 

The mineralization of the phytate was significantly 
higher in endophytes than the rhizobacteria and the genus 
Bacillus possessed higher ability to mineralize phytate. Not 
many studies on bacterial endophytes have assessed the 
ability of the isolates in mineralizing organic phosphates. Only 
one study by Matos et al. [76] from banana root endophytes 
has reported the organic phosphate mineralization by 
Bacillus. Microbial phosphatases and phytases activities were 
reported as one of the major mechanism for phosphorus 
release from an organic form of phosphates by phosphate 
solubilizing bacteria [77, 78]. This solubility of P might be the 
activity of certain microbes in preferable phosphate sources 
or due to the activity of the phosphatase enzyme. 

From our study the genus Serratia as endophyte was 
found to solubilize tricalcium phosphate and as rhizobacteria 
was able to mineralize Na phytate. Even though the P-
solubilizing ability of Serratia strains have been previously 
reported [79, 80, 81] the study on both P-solubilization as 
well as mineralization by Serratia genera is very few. The in-
vitro solubilization of inorganic phosphorus and 
mineralization of organic phosphorus by Serratia sp. S119 
isolated from peanut root nodule was previously reported 
[82, 83, 84]. 

Rice rhizobacterial isolates identified as Brevibacillus 
reuszeri, Lysinibacillus xylanticus, Bacillus megaterium, and 
Serratia marcescens were found to be potent inhibitors 
against all the test pathogens whereas only one isolate 
identified as Klebsiella pnuemoniae from endophyte isolates 
inhibited the growth of four rice pathogens. Reports from the 
literature indicate that Bacillus strains may be promising 
biocontrol agents against a range of plant fungal pathogens 
[85, 86]. Similarly, the antagonism of B. amyloliquefaciens 
UASBR9 isolated from rice rhizosphere against Magnaporthe 
oryzae was evaluated [87]. The previous study also reported 
Bacillus sp. as the predominant antagonistic bacteria in rice 
[88]. The mechanism of biocontrol of the Bacilli genera 
involves antibiosis, production of secondary metabolites, 
lipopeptides, induction of plant systemic resistance, etc [89, 
90]. Strains of Brevibacillus have also been documented as an 
effective candidate of biocontrol agent against various plant 
pathogens [91]. The biocontrol efficacy of rice rhizobacterial 
Brevibacillus laterosporus B4 against rice bacterial brown 
stripe was reported by Kakar et al [92]. Naureen et al. [49] 
reported the antagonistic potential of rhizospheric 
Lysinibacillus sphaericus ZA9 strain against six fungal 
pathogens (Alternaria alternata, Curvularia lunata, 
Aspergillus sp., Sclerotinia sp., Bipolaris spicifera, Trichophyton 
sp). The antifungal property of the strain was due to the 
production of siderophore and lytic enzymes (such as 

cellulase, protease, lipase, and chitinase). The antifungal 
capability of five rice rhizobacterial isolates viz. Pseudomonas 
spp. E227, E233, Rh323, Serratia sp. Rh269 and Bacillus sp. 
Rh219 against 3 strains of the rice pathogen Xanthomonas 
oryzae pv. oryzae (Xoo) has been reported [93]. The authors 
noted all the five strains were able to synthesize lytic 
enzymes, produce siderophores and HCN. Also, Singh et al. 
[94] reported the biocontrol potential of the rhizospheric 
Serratia marcescens CDP-13 strain against Fusarium 
oxysporum and F. graminearum and demonstrated the ability 
of this strain to augment systemically induced disease 
resistance in host plants which reduced diseases severity. The 
inhibition of Rhizoctonia solani by silicon solubilizing rice 
rhizobacterial isolates Serratia marcescens (SSR13) and 
Pseudomonas aeruginosa (SSR24) was studied by Ng et al. 
[95]. The biocontrol mechanism was related to the production 
of volatile compounds and HCN. Also, Maxton et al. [96] 
reported the biocontrol capability of the rhizobacterial 
Serratia marcescens against Rhizoctonia solani and 
Phytophthora infestans. Recently, the biocontrol potential of 
rice endophytic Klebsiella pneumoniae (S2) against 
Rhizoctonia solani was studied [53]. In our study, all five 
antagonistic bacterial isolates were found to be positive for 
cellulase enzyme secretion. The antagonism may be due to the 
production of this hydrolytic enzyme. Cellulase damages the 
fungal cell wall and inhibits the formation of spore [97]. 
 
CONCLUSION 
 
The rhizosphere and endorhiza of rice grown in acid soils of 
NE India are important niche areas for bacteria having 
multifunctional plant growth promoting traits. The 
population of root endophyte bacteria was more in the 
scented rice cultivar (Kunkuni Joha) than any other rice types 
and for the rhizobacterial isolates, the maximum population 
density was observed in the lowland HYV rice (Jaya). Our 
study conclusively indicated that endophyte bacteria isolates 
are more efficient compared to rhizobacteria isolates on a 
certain PGP traits like activity of cellulase and pectinase, 
production of IAA-like substances, ACC-deaminase activity, 
solubilization of zinc oxide and mineralization of organic 
phosphate). In comparison to endophyte bacteria isolates, 
rhizobacteria isolates were more efficient antagonists in 
inhibiting the growth of five tested major fungal pathogens of 
rice. So, isolation, characterization and screening of rice root-
associated bacteria would not only help in the selection of an 
efficient acid soil adaptive bioinoculant agent as a component 
of acid soil management programme, but also help to ensure 
enhanced rice productivity of the NE India. 
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