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Abstract
There is a pressing need for biocontrol agents to control soil borne plant pathogens through biocontrol agents. The focus of this research was on the
interactions of halophilic bacterial isolates with the phytopathogenic fungi such as Sclerotium oryzae and R. solanii. The biocontrol ability of �fty bacterial
strains isolated from saline soils of the Koppal (Gangavathi) and Raichur districts was assessed in vitro. Eight isolates, HB-10, HB-17, HB-28, HB-30, HB-39,
HB-48, HB-49 and HB-50 showed strong antifungal activity against S. oryzae and R. solani in dual culture method. These prospective isolates were identi�ed
as Bacillus cereus (HB-48 and HB-49), Bacillus albus (HB-17), Bacillus safensis (HB-28), Staphylococcus xylosus (HB-39), Lysinibacillus sphaericus (HB-50)
and Pseudomonas stutzeri (HB-10 and HB-30) based on 16S rRNA analysis. We found a link between isolates producing HCN, siderophore and hydrolytic
enzymes and the biocontrol function of isolates. The isolate B. albus (HB-17), produced both catechol and hydroximate type of siderophores, con�rmed in
Arnow’s and Csaky’s tests. All isolates were tested for drug resistance and were shown to be immune to penicillin, o�axacin and vancomycin. In addition, these
isolates were investigated at three NaCl concentrations (3, 6 and 10 % w/v) for their plant growth promoting attributes viz., phosphorous, and zinc
solubilization and potassium release. The solubilization zones of zinc carbonate, zinc oxide and phosphorous were within the range of 5.20 to 9.0 mm, 6.06 to
13.20 mm, 6.30 to 9.70 mm respectively, at 6 % NaCl concentration. 

Introduction
Rice (Oryza sativa), an important staple crop in India, inclined to several biotic and abiotic stresses (Richa et al. 2016; Maclean et al. 2002). As per the recent
reports, annual global yield losses caused by biotic and abiotic stress are about 5 % and 20 to 30 % respectively (Savary et al. 2019; Song and Goodman,
2001). Abiotic stresses like excessive or insu�cient water, high salinity, heavy metals including Ultra Violet (UV) rays impinges life cycle of the plant. Plants
mange them through cuticular alterations, unsaturated fatty acids synthesis, membrane modulators, oxylipin proteins, reactive species scavengers, molecular
chaperones and compatible solutes (Fich et al. 2016). Rice is susceptible to more than seventy diseases caused by fungi, bacteria, viruses, and nematodes
(Manandhar et al. 1998), among those blast and sheath blight are considered as most destructive (Wopereis et al. 2009). Interestingly, minor diseases like
stem rot (Sclerotium oryzae) and sheath blight (Rhizoctonia solani) have been forecasted as major diseases for the near future (Cother and Nicol 1999). Rice
sheath blight is considered a destructive disease due to annual yield losses of between 5.9-69 % of the total annual yield of the crop (VenkatRao et al. 1990;
Tan et al. 2011; Yellareddygari et al. 2014; Dodds and Rathjen 2010). R. solani also infects wheat, soybean, sugar beet, barley, corn, canola and potato (Hane
et al. 2014). Regardless of the extreme damage caused by R. solani and S. oryzae, conventional breeding had limited e�cacy in introducing genetic resistance
to R. solani and S. oryzae in any crop species (Liu, 2017). Developing the cultivars with resistant genes for sheath blight and stem rot diseases has not been
very encouraging due to the lack of high levels of resistance in the available rice germplasm, polygenic nature of the trait of tolerance as well as several
unknown complexities associated with resistance phenotype (Bhaskarrao et al. 2019). Currently, non-ecofriendly methods like fungicide sprays and straw
burning are being implemented to manage these diseases (Baskarrao et al. 2019; Jackson et al. 1977). Biocontrol agents are environmentally friendly and can
effectively control soil borne pathogens, but, identifying the right strain has now been challenging.

Biocontrol agents occupy the pathogen’s niche either by natural means or through host environmental control, and can suppress or eliminate most soil borne
diseases. Several rhizosphere associated microbes viz., strains of Bacillus spp., Pseudomonas spp. and Trichoderma spp., were emerged as biocontrol agents
due to their diversity, mode of action, ability to inhabit diverse niches in agro-ecosystems, and capacity to survive in several environmental conditions
(Choudhary and Johri 2009; Zhao et al. 2018). However, they have reduced performance at higher salt levels due to their explicable salt sensitivity. Conversely,
salt tolerant biocontrol agents have not been explored so far. Halophiles are currently explored for the production of active and stable pigments, enzymes,
lipids, and compatible solutes at extreme conditions (used in pharmaceuticals, laundry, food coloring, and as biosurfactants) (Tango and Islam 2002). Several
researchers have reported that rhizosphere halophilic microorganisms are rich sources of novel hydrolytic enzymes capable of breaking the cell walls of fungi
(Oren 2010). Hypersaline habitats are ubiquitous and can be found in saline lakes, salterns, and saline and hypersaline soils (Oren 2002a, b). In the current
investigation, we focused on identifying the potential biocontrol agents from the saline soils of Ganagavathi, the rice bowl of Karnataka.

Material And Methods
Soil sample collection

Composite soil samples collected from Cotton (15.456571, 76.531624), Rice (15.455944, 76.531503) and Red gram (15.456488, 76.530143) crops at a depth
of 10 to 12 inches from salinity affected areas of Ganagavathi, Karnataka, India; these were kept in sterile polythene bags at 4 0C until further use. The pH of
the soil samples ranged from 8.12 to 9.46 and the electric conductivity from 0.6 to 6.75 dSm‐1.

Isolation of bacteria and selection of halophilic nature

Isolation was done on nutrient agar media amended with cycloheximide (50 mg L-1). Concisely, one gram of each of the soil sample was taken into nine ml of
sterilized 0.85 % saline blank, then serially diluted up to 10-7. Then, from the higher dilution (10-7), 100 μL (0.1 ml) of uniform suspension was used for
spreading on nutrient agar plates containing 3 %, 5 % (w/v), and 10 % (w/v) sodium chloride (NaCl), and the plates were incubated in BOD incubator at 28 ± 2
0C for 72 hrs. Lastly, individual colonies observed on 10 % NaCl supplemented plates were sub-cultured with Nutrient Agar. All the isolates were stored at 4 0C
until further use.

Physiological characterization of halophilic bacterial isolates

Biochemical tests were performed to identify and con�rm the genus and species of selected strains according to the procedure Cappuccino and Sherman,
(2013). Pure cultures of isolates were studied for the colony morphology and pigmentation. The cell shape and gram response were also recorded as per the
standard procedures given by Barthalomew and Mittewar (1950). Morphological characteristics of each isolate were examined on Nutrient agar supplemented
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with 3 % NaCl. Cultural characteristics such as shape, elevation, surface, margin, color, pigmentation, etc., were explicitly recorded. The biochemical tests like
hydrogen sul�de production test, indole production test, catalase test, oxidase test, Voges Prausker's test, methyl red test, citrate utilization test, and nitrate
reduction test were performed (Shirling and Gottlieb, 1966). The sugar utilization characteristics halophilic bacteria were determined using carbohydrate
fermentation test with different carbohydrates viz., Glucose, Adonitol, Arabinose, Lactose, Sorbitol, Mannitol, Rhamnose, and Sucrose (Coleman et al. 1930).

Extracellular enzyme production

The antagonistic halophilic bacteria were screened qualitatively for the production of three important enzymes namely, chitinase, amylase and gelatinase. The
chitinase enzyme assay was performed on SM medium consists of (g L-1): Na2HPO4-6; KH2PO4- 3; NH4Cl-1; NaCl-0.5; yeast extract-0.05; agar-15 and colloidal
chitin 1 % (w/v) as sole carbon source. Colloidal chitin was prepared by dissolving 20 g of chitin powder (Himedia Ltd.) in 200 ml of concentrated HCl and
kept at 30 0C for 60 min with vigorous stirring. This solution was slowly added to 2 L of water at 4-10 0C to form precipitation. Further, this solution was
diluted with 5 L of Distilled Water (DW) and suspension was collected by �ltration through suction on a coarse �lter paper, which was then washed 3 times
until the pH of the suspension was about 3.5. After the above treatment, loose colloidal chitin was used as a substrate in the medium as recommended by Hsu
and Lockwood (1975). For further use the colloidal chitin was autoclaved at 121 0C for 15 min and stored under refrigerated conditions. The pure cultures of
halophilic bacteria were inoculated on SM medium and incubated at 37 0C in the BOD incubator for 5 days (Thamthiankul et al. 2001). The colonies showing
clear zones on a creamish background were considered chitinase-positive. Standard methods were adopted for the assay of amylase and gelatinase
(Cappuccino and Sherman, 2013).

Antifungal activity of halophilic bacteria

A total of �fty halophilic bacterial isolates were evaluated for their antifungal activity towards plant pathogenic fungi Sclerotium oryzae and Rhizoctonia
solani by dual culture method. The pathogens Sclerotium oryzae and Rhizoctonia solani used in this study was isolated from infected rice plants according to
Gopika et al. (2017) and were maintained as pure cultures in refrigerator at 4 0C. For the test, a loopful of bacterial culture was streaked on the potato dextrose
agar plate at one end (1 cm away), which was pre-inoculated with a 3 day old (5 mm mycelial disc) test pathogen at the other end. The pathogen without
biocontrol agent served as control. The assay plates were incubated at 28 ± 2 0C for 5 more days and observations were made on inhibition of mycelial
growth of the test pathogens (Skidmore and Dickson 1976). After incubation, the zone of inhibition and colony growth was measured and the percent
inhibition of pathogen was calculated based on the below formulae

Plant growth promoting attributes of halophilic bacteria

Halophilic bacterial isolates were assayed for tricalcium phosphate solubilization test, zinc solubilization test, potassium releasing test, siderophore
production test, IAA production test and HCN production test. For determining phosphate solubilization, isolates were inoculated on Pikovskaya agar medium
supplemented with 3, 6 and 10 % NaCl at 37 0C for 3-12 days for determining halo zone near colony (Pikovskaya, 1948). The zinc solubilization test was
performed on TRIS minimal media supplemented with 3, 6, and 10 % NaCl, and inoculated plates were incubated at 37 0C for 3-12 days. Later, the halo zone
around the colony was recorded (Simine et al., 1998). The potassium releasing test was performed on Aleksondrov medium supplemented with 3, 6 and 10 %
NaCl. The halophilic bacteria were inoculated on the Aleksondrov medium containing potassium alumino silicate and incubated for 3-12 days at 28 ± 2 0C.
This test was performed under three different levels of salt concentrations viz., 3, 6, and 10 %.

For siderophore assay, Chromo Azurol S method (Schwyn and Neilands, 1987) was adopted due to its high sensitivity and reliability. Cells were harvested from
the broth using centrifugation (3000 ×g, about 10 to 30 min), after careful removal of supernatant the pellet was immediately stored at -20 0C until further use.
Cell pellets were diluted using 100 μl of double distil water, from this about 10 μl of culture was inoculated on CAS media and plates were incubated at 37 C
for 24 hrs in the BOD incubator. Observations were made after three days of inoculation with changes in medium color from blue to reddish yellow to
determine siderophore production. Siderophore quantitative assay was carried out based on the CAS shuttle assay given by Payne (1994). The culture extract
(0.5 ml) was mixed with 0.5 ml of CAS reagent. The color obtained was measured using the spectrophotometer at 630 nm after 20 min of incubation. The
blanks were prepared using an uninoculated broth medium. Siderophore content in the extract was calculated using the following formula:

Where,

As = Absorbance of the sample at 630 nm (CAS reagent) and

Ar = Absorbance of the reference

Arnow’s and the Csaky’s methods (for catecholates and hydroxamates respectively), were employed to identify the type of siderophore produced by halophilic
bacteria (Payne, 1994). In Arnow method, yellow color changes to orange red color under alkaline conditions (Arnow, 1937). The Csaky’s test, presence of deep
pink color con�rms the presence of hydroximates (Csaky 1948; Martins et al., 2018). As blank, 1.0 mL of deionized water used in both assays.

For IAA production test, fresh cultures of 24 hrs old were inoculated into starch casein broth with 1 μg ml-1 of L-tryptophan and grown for 5 days at 28 ± 2 0C
in BOD incubator. Later, the broth was centrifuged at 10000 rpm for 8-10 min, and the supernatant was collected separately and allowed to react with 1 ml of
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Salkowski reagent for 30 min. Lastly, development of pink to red color was considered as IAA positive. For the HCN test, the isolates were grown on Bennet
agar amended with 3 % NaCl (w/v). A disc of Whatman �lter paper No.1 of the diameter equal to the Petri plate size (resized in case of larger than Petri plate),
impregnated with alkaline picric acid solution (0.5 % picric acid (w/v) in 1 % sodium carbonate) and placed underneath the petri plate under aseptic
conditions. The control plate did not receive the inoculum. The plates were incubated-upside down at 28 ± 2 0C for 48-72 hrs. A change in color from yellow to
light brown, moderate or strong reddish brown was taken as an indication of HCN production (Castric and Castric 1983).

Genetic characterization of halophilic bacterial isolates

Genomic DNA extraction from bacterial cultures were carried out as per the protocol described by Sambrrok et al. (1989). DNA puri�cation was checked based
on A260/A280 ratio, samples with 1.8 or above values were used for sequencing. Pure DNA samples were ampli�ed in the PCR using universal primer pair 27F
(AGAGTTTGA TCCTGGCTCAG) and 1492R (CGGTTACCTTGTTAC GACTT). Sequence of ampli�ed DNA fragments (16S rRNA) was determined using the
Sanger method. The resulting sequences were evaluated by compared with the submitted sequences in NCBI databases. Clustal W program was used to align
the multiple sequences and generated phylogenetic tree using neibour hood joining method.

In vitro antibiotic susceptibility test

Mueller-Hinton agar was evenly seeded throughout the plate with 1 ml of pure culture that was diluted at a standard concentration (approximately, 1 to 2 x 108

cfu ml-1). Commercially available octo-disk containing Cephalothin (CEP-30 mcg), Clindamycin (CD-2 mcg), Co-Trimoxozole (COT-25 mcg), Erythromycin (E-15
mcg), Gentamicin (Gen-10 mcg), O�aoxacin (OF-1 mcg), Penicillin-G (P-10 units), and Vancomycin (VA-30 mcg) (source: Hi-media) pre-impregnated with a
standard concentration of a particular antibiotic, then evenly dispensed and lightly pressed onto the agar surface. The test antibiotic immediately begins to
diffuse outward from the disks, creating a gradient of antibiotic concentration in the agar such that the highest concentration can be found closest to the disk
while the lowest concentration is found further away from the disk. After overnight incubation, bacterial growth around each disc was observed. If the test
isolate is susceptible to a particular antibiotic, a clear area of "no growth" may be observed around that particular disk. The zone around the antibiotic disk
showing no growth is referred to as the zone of inhibition since this approximates the minimum antibiotic concentration su�cient to prevent the growth of the
test isolate. This zone is then measured in mm and compared to a standard interpretation chart used to categorize the isolate as susceptible, intermediately
susceptible, or resistant (Franco et al. 2018).

Results
Isolation of halophilic bacteria

In this study, �fty halophilic bacterial isolates were isolated from the saline soils. They have salt tolerance range of 1- 17 % NaCl, and classi�ed them as
halotolerant (1-6 % NaCl w/v) and halophilic (6-15 % NaCl w/v) and extremophiles (15-30 % NaCl w/v) based on growth in nutrient broth supplemented with
different NaCl concentrations. Out of these �fty bacterial isolates, forty-one isolates classi�ed as halotolerant and nine as halophilic based on in vitro assay.

Physiological properties of halophilic bacterial isolates

In this study, six morphological types of bacteria were observed under compound microscope (Olympus) at 1000 x magni�cation viz., rods, small rods, long
rods, coccus, streptococcus, and staphylococcus. In gram staining, twenty eight isolates were gram positive and twenty two were gram negative. The
pigmentation in halophilic bacteria varied from creamy white to milky white, red and yellow (Figure 1). Based on growth pattern in the broth, the isolates were
classi�ed as aerobic, facultative anaerobe and obligate anaerobes for pellicle formatting, throughout and bottom growing isolates. In biochemical tests, the
halophilic bacterial isolates showed diversi�ed results and displayed in Table 1. Thirty-six isolates showed positive for nitrate reduction test, fourteen isolates
were positive for MR (Methylene Red) test, ten isolates positive for indole production, eleven isolates positive for citrate utilization test, thirty-seven isolates
positive for starch hydrolysis test, ten isolates positive for H2S production test, all the isolates positive for the cytochrome c oxidase and catalase tests. In
carbohydrate utilization test, forty-one isolates positive for lactose test, thirty-three isolates positive for mannitol, ten isolates positive for rhamnose, thirty
isolates positive for sucrose, twenty-seven isolates positive for sorbitol, thirty-nine isolates positive for arabinose, sixteen isolates positive for adonitol and
glucose utilizing bacteria from saline soils (Table 2).

Production of extracellular enzymes

The chitinase activity was limited to few natural isolates; in the present investigation, a total of fourteen halophilic bacteria found with chitinase activity.
Based on colloidal chitin degradation, Bacillus sp. (HB-25) was recognized as best solubilizer with halo zone of 12.1 mm in plate, followed by Staphylococcus
sp. with 9.33 mm and Pseudomonas stutzeri (HB-30) with 3 mm solubilization zone. In gelatin liquefaction test, forty-four isolates lique�ed the gelatin, thirty
seven isolates positive for amylase production.

Selection of antagonistic halophilic bacterial isolates

The antifungal activity of halophilic bacteria was examined on potato dextrose agar using dual culture method. Out of the �fty halophilic bacterial isolates
screened for their antifungal activity against Sclerotium oryzae ten isolates inhibited the mycelial growth (Figure 2), forming a clear halo zone. The isolate,
Pseudomonas stutzeri (HB-10) inhibited the S. oryzae up to 34.4 %, and Staphylococcus xylosus (HB-39) up to 33.33 %. Similarly, the radial growth of
Rhizoctonia solani, inhibited by eight halophilic bacterial isolates under in vitro conditions. The halophilic bacterial isolate, Bacillus cereus HB-48 inhibited the
radial growth of R. solani up to 38.9 % (Figure 3) and Lysinibacillus sphaericus (HB-50) up to 33.3 %. In this study, radial growth of R. solani inhibited more
than S. oryzae. Using this approach, eight isolates were selected for further study based on criteria such as biocontrol activity and extracellular enzyme
activity.
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Plant growth promoting attributes

The ability of halophilic bacteria to solubilize and release phosphorous, zinc and potassium at different concentrations of NaCl (3, 6 and 10 % w/v) was
studied in greater detail based on plate assay. In potassium releasing test, out of eight halophilic bacterial isolates selected, two isolates namely, P. stutzeri
(HB-10) and Bacillus cereus (HB-48) showed halo zones at 6 and 10 % NaCl (w/v). Clear halo zones gradually increased over a period in all the isolates.
Insoluble tri-calcium phosphate solubilized by �ve isolates, viz.,P. stutzeri (HB-10), B. albus (HB-17), B. safensis (HB-28), P. stutzeri (HB-30), L. sphaericus (HB-
50) at 3, 6, and 10 % salt concentration. The isolates showing solubilization zones > 5 mm were classi�ed as halophilic phosphate solubilizing bacteria. P.
stutzeri (HB-30) demonstrated the highest solubilization at 3 % salt (11.20 mm), while three halophilic bacteria had no sign of solubilization. In the presence of
6 and 10 % NaCl (w/v), the phosphate solubilization was much lower.

The zinc solubilization ability of halophilic bacterial isolates was evaluated at different salt concentrations (3, 6 and 10 % w/v) based on the diameter of halo
zone. Zinc solubilization varied with the isolate and salt concentration. Among all, four isolates showed positive for zinc carbonate solubilization and six
isolates positive for zinc oxide solubilization. Maximum zone of 10.03 and 13.20 mm was observed for Pseudomonas stutzeri (HB-30) in ZnCO3 and ZnO
amended medium respectively (Table 3). The zone of solubilization was competitively high in ZnO amended medium as compared to ZnCO3 at 3 and 6 %
NaCl (w/v) concentrations. The zone of solubilization increased up to 6 % NaCl thereafter decreased. The halophilic bacterial isolates which sowed positive
for zinc, phosphorous and potassium solubilization were subjected to inoculation of bromothymol blue near solubilization zones for evaluation of their effect
on pH. Decreased in pH was evaluated based on the changes in color from blue to yellow near halo zones, all the positive isolates showed yellow color
formation.

Siderophores production was evaluated on CAS agar medium and the type of siderophores were identi�ed based on Arnow’s and Csaky’s tests. Strain HB-17
had a positive result for both Arnow’s and Csaky’s test and showed highest siderophore producing capacity with a siderophore unit of 49.34 %. The three
isolates (HB-28, HB-30 and HB-39) studied had a strong reaction to Csaky’s test, which suggest that they produce hydroximate type of siderophores. Isolates
showed varied yellow halo zone around the colony (Figure 4). Hydrogen cyanide (HCN) was produced by Pseudomonas stutzeri (HB-10), Bacillus safensis
(HB-28) and Bacillus cereus (HB-48). Isolates were also checked with respective to their IAA production qualitatively and quantitatively. Among eight isolates,
six isolates positive for IAA in quantities ranging from 27.56-58.76 μg ml-1. Strains HB-30 and HB-49 had the highest IAA production ability, yielding 58.76 and
46.83 μg ml-1 respectively.

Molecular characterization

The 16S rRNA sequence analysis was performed to eight isolates for elucidating the taxonomic position of isolated prospective halophilic bacterial strains.
The strain HB-10 and HB-30 highly homologous (99.9 %) to P. stutzeri, two isolates were closely related to Bacillus cereus (HB-48 and HB-49), one isolate
similar to Bacillus albus (HB-17), one isolate displayed a highest similarity (99.9 %) with Bacillus safensis (HB-28), one isolate had a close similarity with
Staphylococcus xylosus (HB-39), and one to Lysinibacillus sphaericus (HB-50). The resulted sequences were also deposited in Gen Bank with the accession
numbers MN098847.1, MN098870.1, MN122435.1, MN098871.1, and MN121550.1 and remaining three isolates are under process of getting the accession
numbers.

Screening of halophilic bacteria for their antibiotic susceptibility

In vitro evaluation of antibiotic susceptibility using different antibiotics viz., Cephalothin (CEP-30 mcg), Clindamycin (CD-2 mcg), Cotrimoxazole (COT-25 mcg),
Erythromycin (E-15 mcg), Gentamicin (Gen-10 mcg), O�oxacin (OF-1 mcg), Penicillin-G (P-10 units), and Vancomycin (VA-30 mcg) showed varied responses.
Isolates responded very differently to the Cephalothin (30 mcg), which is a β-lactam group antibiotic active against gram-positive and some gram-negative
bacteria. The response of the isolates was recorded as viz.,Pseudomonas sp. (Gram negative), Pseudomonas sp. HB-11 (Gram negative), Pseudomonas
sp.HB-12 (Gram negative), and Bacillus sp. HB-20 (Gram positive) were completely inhibited whereas some isolates namely, Bacillus sp. HB-8 (Gram positive),
Pseudomonas sp. HB-13 (Gram negative), Staphylococcus sp. HB-14 (Gram positive), Pseudomonas sp. HB-35 (Gram negative), Bacillus sp. HB-36 (Gram
positive), and Lysinibacillus sphaericus HB-50 (Gram positive) were completely resistant.

Clindamycin (2 mcg) belong to lincosamide group interferes with protein synthesis by binding with 50S part of ribosome. It is mostly active against
anaerobes, gram positive cocci and less effective against enterobacteriaceae family members. Clindamycin showed complete inhibition of Bacillus sp. HB-6
(Gram positive, rod), Pseudomonas sp. (Gram negative, rod), Pseudomonas sp. HB-12 (Gram negative, cocci), and Bacillus sp. HB-20 (Gram positive, rod)
isolates and some isolates showed complete resistance viz.,Pseudomonas sp. HB-13 (Gram negative, rod), Bacillus sp. HB-41 (Gram negative, rod), and
Neisseria sp. HB-43 (Gram negative, coccus). Rest of the isolates showed intermediate to low susceptibility for clindamycin. Cotrimoxazole belongs to
sulfonamide group, contains two components sulfamethoxazole and trimethoprim. In combination it acts as a bactericidal, sulfamethoxazole inhibits the
formation of dihydrofolic acid and trimethoprim inhibits the dihydrofolate reductase. In the present investigation, cotrimoxazole showed complete inhibition of
some isolates viz.,Pseudomonas stutzeri (HB-10), Bacillus sp. (HB-20), and Bacillus sp. (HB-23), rest of all isolates have low to moderate susceptibility.
Isolates, Pseudomonas stutzeri (HB-10), Bacillus sp. (HB-20) and Bacillus cereus (HB-48) were completely susceptible to the Erythromycin, whereas remaining
isolates showed moderate susceptibility. Few isolates viz.,Pseudomonas stutzeri (HB-10), Bacillus sp. (HB-20), and Pseudomonas sp. (HB-26) showed
complete susceptibility to the Gentamicin, a broad spectrum antibiotic. Conversely, a maximum number of isolates showed susceptibility to the O�oxacin viz.,
HB-6, Pseudomonas stutzeri (HB-10), Staphylococcus sp. (HB-15), Bacillus sp. (HB-20), Bacillus sp. (HB-21), Pseudomonas sp. (HB-26), Moraxella sp. (HB-27),
Pseudomonas sp. (HB-35), Bacillus sp. (HB-37), Staphylococcus sp. (HB-38), and Staphylococcus xylosus (HB-39). Almost all the isolates were moderate to
highly susceptible to o�axacin. In contrary to the above results most of the isolates were resistant to Penicillin except few isolates namely, Pseudomonas sp.
(HB-7), Pseudomonas stutzeri (HB-10), Bacillus sp. (HB-20), Clostridium sp. (HB-34), and Lysinibacillus sphaericus (HB-50). Vancomycin has less effect on
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bacteria which is evident from the appraised data. Isolates, Pseudomonas stutzeri (HB-10), Bacillus sp. (HB-20), and Clostridium sp. (HB-34) showed
maximum susceptibility, rest were poorly inhibited.

Reproducibility of results

All the experiments were repeated, and performed independently at least three times. Data is presented as mean values.

Discussion
It was our aim to isolate and screen halophilic bacteria with biocontrol potential, since these isolates have rhizosphere competency and adaptability.
Halophilic bacteria are well adapted to saline soils, but also bring about plant growth and solubilize macro and micronutrients in saline soils (Nagaraju et al.
2020). The halophilic bacterial isolates in our study exhibited antifungal activity through the release of siderophores, chitinase enzyme production and HCN
production. In addition, they also possess the plant growth promoting attributes like, phosphorous and zinc solubilization, IAA production. This emphasized
that, they may be provide a better growth of plants and inhibit the pathogens. In spite of their promising results, research in this pivotal area has been largely
ignored and the information available is at best fragmented.

In the present investigation, a total of �fty halophilic bacteria were isolated from saline soils of Ganagavathi. The isolated bacteria had successfully grown up
to 15 % NaCl (w/v) concentration and a strong halotrophic nature was observed. One of the halophilic bacterial isolate, P. stutzeri (HB-10) exhibited the strong
antifungal activity against S. oryzae and R. solani. The strong biocontrol activity of halophilic bacterial isolates against plant pathogenic fungi was attributed
to the production of siderophores, HCN, and mycolytic enzymes (Figure 5). It has been already established in several reports that microorganisms with
biocontrol attributes are very helpful in controlling pathogens which causes menace to plants (Shrivatsava and Kumar, 2015). We reported the production of
siderophore by four halophilic bacterial isolates, of these isolate B. albus (HB-17) positive for both Arnow’s and Csaky’s test, which indicates the production of
both catecholate and hydroximate type of siderophores respectively. The production of two different types of siderophores by Bacillus albus, agreed with the
studies of Dave et al. (2006). Several studies highlighted the production of siderophores by halophilic bacteria viz., a salt tolerant (12 %) Serratia marcescens
KH1R KM035849 produced siderophores (Vora et al. 2014).

 In vitro evaluation showed, one strain of P. stutzer (HB-30) showed a chitin solubilization of 3.06 mm, which might be responsible for the antagonistic activity
against plant pathogens. Based on the biocontrol ability under in vitro conditions, eight halophilic bacterial isolates chosen for further study. These consisted
of six rod shaped halophilic bacterial isolates and two cocci shaped isolates. Of the bacterial isolates, six were gram positive, �ve were amylase positive, and
all are positive for oxidase, catalase, and gelatin liquefaction. All the isolates readily used glucose and lactose and least preferred Rhamnose. After studying
the morphological, biochemical and genetic characteristics (16S rRNA analysis), two strains were identi�ed as P. stutzeri (HB-10 and HB-30), one as Bacillus
safensis (HB- 28), two as B. cereus (HB-48 and HB-49), one as B. albus (HB-17), one as Staphylococcus xylosus (HB-39) and one as L. sphaericus (HB-50).
These bacteria are known to inhabit the saline soils (Berrada et al. 2012). Various species of Pseudomonas sp. and Bacillus sp. have extensively been studied
for their biocontrol activity in neutral soils (Reetha et al. 2014 and Saravanan et al. 2003).

Several researchers highlighted that isolates possessing the biocontrol capabilities can solubilize zinc, phosphorous, potassium and release, IAA (Yandigeri et
al. 2012; Khamna et al. 2009). For example, the commercial biocontrol agents like Pseudomonas sp. and Bacillus sp. have been reported with zinc,
phosphorous and potassium solubilization and IAA, siderophore production (Tank and Saraf, 2009; Cray et al. 2015). However, few reports are available for the
biocontrol ability and mineral solubilization of halophilic bacterial strains such as P. stutzeri, B. safensis, B. cereus and L. sphaericus on S. oryzae and R.
solani. Our strains along with the biocontrol ability exhibited PGP traits such as phosphate and zinc solubilization and potassium release at 3, 6 and 10 %
NaCl (w/v) concentration. The strain of P. stutzeri (HB-30) was solubilized zinc oxide and zinc carbonate 13.20 and 10.03 at 6 % NaCl (w/v) concertation. For
all the isolates, 6 % NaCl (w/v) was found optimal for growth and solubilization of ZnCO3, ZnO, potassium alumino silicate and tricalcium phosphate. There
are few reports on zinc solubilization at different salt concentrations. For example, Ramesh et al. (2014) reported, Bacillus aryabhattai solubilized zinc up to
10 mm on solid media at 4 % NaCl concentration. In the present study we also reported the drop in pH of media near halo zone. These �ndings are in
accordance with the works of Ramesh et al. (2014) and Saravanan et al. (2003). Production of organic acids by halophilic bacterial isolates has been reported
to be a cause of zinc, phosphorous and potassium solubilization and release (Fasim et al. 2002). The results of this research explicitly shows that increase in
salt concentration increased the solubilization of zinc, phosphorous and potassium. These �ndings are in agreement with the earlier �ndings of Shahab and
Ahmed, (2008).

Resistance to commonly used antibiotics was observed in halophilic bacterial isolates. Out of the �fty halophilic bacteria screened, six isolates showed
resistance to Penicillin-G (P-10 units). Similarly, Shawish and Tarabees (2017) reported Penicillin G resistance in Bacillus cereus and susceptibility to oxacillin,
clindamycin, vancomycin, erythromycin, gentamicin, cipro�oxacin, and ceftriaxone. Antibiotic resistance of halophiles was contributed by the salinity of the
media, at optimum salinity moderate halophiles generally tolerate high concentrations of most antimicrobial agents (Nieto et al. 1993). These halophilic
bacterial isolates may possess the potential to be applied as biocontrol as well as improving the crop production in salinity affected areas.

Conclusions
In conclusion, the hunt for new biocontrol agents extends from neutral soils to saline soils and also stresses that the possible reservoirs of halophilic
biocontrol agents are saline environments. The in vitro assessment carried out in the current investigation showed that both biocontrol and plant growth
encouraging attributes of halophilic bacteria. For the treatment of soil borne plant pathogenic fungi, these halophilic bacterial strains may be used as
prospective biocontrol agents. For these reasons, promotion and utility of halophilic bacteria would greatly help farming community.



Page 7/14

Declarations
Ethics approval and consent to participate – not applicable

Consent of publication – not applicable

Competing interests -not applicable

Funding -not applicable

Authors contribution

Mahadevaswamy, R.C. Gundappagol, Nagaraj M Naik and K. Narayana Rao, designed the experiment and helped in manuscript preaparation. Yalvarthi
nagaraju performed the experiment. Mahadevaswamy and Nagaraju wrote the manuscript. All the authors read and approved the �nal manuscript.

Acknowledgements

The authors would like to thank Miss. Swapna, Mr. Pampanna gouda, Miss. Swetha meti, Miss. Suma Kammar and My juniors, Department of Agricultural
Microbiology, University of Agricultural Sciences, Raichur, Karnataka, 584104 and Indian Council of Agricultural Research (ICAR) for providing �nical support
(ICAR-SRF fellowship) to carry out the research work smoothly.

References
1. Arnow LE (1937) Colorimetric determination of the components of 3,4-dihy‐ droxyphenylalanine-tyrosine mixtures. J Biol Chem 118:531–537

2. Barthalomew, JWMittewar T (1950) A simpli�ed bacterial strain. Strain Tech 25:153

3. Berrada I, Anne W, Paul DV, ElMostafa EF, Jean S, Najib B, Marouane M, Mohamed A (2012) Diversity of culturable moderately halophilic and halotolerant
bacteria in a marsh and two salterns a protected ecosystem of Lower Loukkos (Morocco). African J Microbiol Res 6(10):2419-2434

4. BhaskarRao T, Ramakrishna C, Ramesh M, Punniakotti E, Venkatesh V, Sailaja B, Raghurami RM, Arra Y, Laha GS, Sheshu M, Sundaram RM,
Ladhalakshmi D, Balachandran SM,  Satendra KM (2019) Pectin induced transcriptome of a Rhizoctonia solani strain causing sheath blight disease
in rice reveals insights on key genes and RNAi machinery for development of pathogen derived resistance. Plant Mol Bio 100:59-71

5. Cappuccino JC, Sherman N (2013) Microbiology: A Laboratory Manual (10th ed.), Harlow, Essex, Pearson Pub. Co., New York

�. Castric KF, Castric PA (1983) Method for rapid detection of cyanogenic bacteria. Appl Environ Microbiol 45:700-702

7. Choudhary DK, Johri BN (2009) Interactions of Bacillus and plants–with special reference to induced systemic resistance (ISR). Microbiol Res 164:493–
513

�. Coleman MB, Owen HH, Dacey HG (1930) Fermentation of monosaccharides by organisms of the abortus-melitensis group. J Lab and Clin Med 15:641-
642

9. Cother E, Nicol H (1999) Susceptibility of Australian rice cultivars to stem rot fungus Sclerotium oryzae. Austra Plant Path 28:85-91

10. Cray JA, Connor MC, Stevenson A, Houghton JDR, Rangel DEN, Cooke LR, Hallsworth JE (2015) Biocontrol agents promote growth of potato pathogens,
depending on environmental conditions. Microbial biotechnology doi:10.1111/1751-7915.12349.

11. Csaky TZ (1948) On the estimation of bound hydroxylamine in biological materials. Acta Chem Scand 2:450–454. https://doi.org/10.3891/acta.
chem.scand.02-0450

12. Csáky TZ (1948) On the estimation of bound hydroxylamine in biological materials. Acta Chem Scand 2:450–454.X

13. Dave BP, Kena A, Puja H (2006) Siderophores of halophilic archaea and their chemical characterization. Indian J Experimental Biol 44:340-344

14. Dodds PN, Rathjen JP (2010) Plant immunity: towards an integrated view of plant–pathogen interactions. Nat Rev Genet 8:539–548

15. Fasim F, Ahmed N, Parsons R, Gadd GM (2002) Solubilization of zinc salts by a bacterium isolated from the air environment of a tannery. FEMS Microbiol
Lett 213:1-6

1�. Fich EA, Segerson NA, Rose JK (2016) The plant polyester cutin: biosynthesis, structure, and biological roles. Annu Rev Plant Biol 67:207–233

17. Franco N, Jayleen D, Jose R, Karlo ML (2018) Assessment of halophilic bacteria in the salt �ats and wildlife refuge in Cabo Rojo, Puerto Rico and their
antibiotic resistance pattern. EC Microbiol 14(10):707-714

1�. Gopika K, Jagadeeswar R, Krishna rao V, Vijayalakshmi K (2017) Isolation, identi�cation and evaluation of native antagonists micro�ora from stem rot
infected rice plants against Sclerotium oryzae. 6(2): 349-353

19. Hane JK, Anderson JP, Williams AH, Sperschneider J, Singh KB (2014) Genome sequencing and comparative genomics of the broad host-range pathogen
Rhizoctonia solani PLoS Genet 10:1004281

20. Hsu SC, Lockwood JL (1975) Powdered chitin agar as a selective medium for enumeration of Actinomycetes in water and soil. Appl Microbiol 29(3):422-
426

21. Jackson LF, Webster RK, Wick CM, Bolstad J, Wilkerson JA (1977) Chemical control of stem rot of rice in California. Phytopathology 67:1155-1158

22. Khamna S, Yokota A, Lumyong S (2009) Actinomycetes isolated from medicinal plant rhizosphere soils: diversity and screening of antifungal
compounds, indole-3-acetic acid and siderophore production. World J Microbiol Biotechnol 25 (4):649–655

https://doi.org/10.3891/acta.%20chem.scand.02-0450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=234719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lockwood%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=234719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC186990/


Page 8/14

23. Liu Y (2017) Ethylene signaling is important for isofavonoid-mediated resistance to Rhizoctonia solani in roots of Medicago truncatula. Mol Plant
Microbe Interact 30:691–700

24. Maclean JL, Dawe DC, Hardy B, Hettel GP (2002) Rice Almanac. Los Banos, Phillippines; Bouake; Cali; Rome: International Rice research Institute; West
Africa Rice Development Association; International center for tropical agriculture; Food and Agriculture Organization, p 253

25. Manandhar HK, Lyngs JHJ, Mathur SB, Smedegaard PV (1998) Suppression of rice blast by preinoculation with avirulent Pyricularia oryzae and the non
rice pathogen Bipolaris sorokiniana, Phytopathol 88:735-739

2�. Martins JG, Martin C, Hernández-Apaolaza L, Barros MT, Soares HMVM, Lucena JJ (2018) Azotochelin and N-dihydroxy-N, N’-diisopropylhex‐ anediamide
as Fe sources to cucumber plants in hydroponic cultures. Emirates J Food Agric 30:65–76. https://doi.org/10.9755/ejfa.2018.v30. i1.1586

27. Nagaraju Y, Gundappagol RC, Mahadevaswamy (2020) Mining saline soils to manifest plant stress-alleviating halophilic bacteria. Cur Microbi 77:2265–
2278 https://doi.org/10.1007/s00284-020-02028-w.

2�. Nieto JJ, Fernandez CR, Garcia MT, Mellado E, Ventos A (1993) Survey of antimicrobial suceptability of moderately halophilic eubacteria and extremely
halophilic aerobic arcahaeobacteria: utilization of antibiotic resistance as a genetic marker. Sys Appl Microbiol 16:352-360

29. Oren A (2002a) Diversity of halophilic microorganisms: environments, phylogeny, physiology, and applications. J Ind Microbiol Bitechnol 28:56–63

30. Oren A (2002b) Molecular ecology of extremely halophilic archaea and bacteria. FEMS Microbiol Ecol 39:1–7

31. Oren A (2010) Industrial and environmental applications of halophilic microorganisms. Environ Technol 31:825-834

32. Payne SM (1994) Detection, isolation and characterization of siderophores. Methods Enzymol 235:329-344

33. Pikovskaya RI (1948) Mobilization of phosphorus in soil connection with the vital activity of some microbial species. Microbiologiya 17:362–370

34. Ramesh A, Sharma SK, Sharma MP, Yadav N, Joshi OP (2014) Inoculation of zinc solubilizing Bacillus aryabhattaistrains for improved growth,
mobilization and bioforti�cation of zinc in soybean and wheat cultivated in vertisols of central India. Appl Soil Ecol 73:87-96

35. Reetha S, Bhuvaneswari G, Thamizhiniyan P, Mycin TR (2014) Isolation of indole acetic acid (IAA) producing rhizobacteria of Pseudomonas
�uorescensand Bacillus subtilis and enhance growth of onion (Allim cepa. L). Int J Curr Microbiol App Sci 3:568–574

3�. Richa K, Tiwari IM, Kumari M, Devanna BN, Sonah H, Kumari A, Nagar R, Sharma V, Botel JR, Tilakr STR (2016) Functional characterization of novel
chitinase genes present in the sheath blight resistance QTL: qSBR11-1in rice line tetep. Front Plant Science 7:1-10

37. Sambrrok J, Fritsech EF, Maniaatis T (1989) Molecular cloning: a laboratory manual, 2nd edn. Cold Spring harbor Lab, Cold Spring Harbor, NY

3�. Saravanan VS,  Subramoniam SR,  Raj SA (2003) Assessing in vitrosolubilization of different zinc solubilizing bacterial (ZBS) strains. Braz J
Microbiol 34:121-125

39. Savary S, Willocquet L, Pethybridge SJ, Esker P, McRoberts N, Nelson A (2019). The global burden of pathogens and pests on major food crops. Nat Ecol
Evol 3:430–439

40. Schwyn B, Neilands J (1987) Universal chemical assay for the detection and determination of siderophores. Anal Biochem 160(1):47–56

41. Shahab S, Ahmed N (2008) Effect of various parameters on the e�ciency of zinc phosphate solubilization by indigenous bacterial isolates. Afr J
Biotechnol 7(10):1543–1549

42. Shawish R, Tarabees R (2017) Prevalence and antimicrobial resistance of Bacillus cereus isolated from beef products in Egypt Reyad. O Veterinary J
7(4):337-341

43. Shirling ET, Gottlieb D (1966) Methods for Characterization of Streptomyces species. Int J Syst Bacteriol 16:313–340

44. Shrivastava P, Kumar R (2015) Soil salinity: a serious environmental issue and plant growth promoting bacteria as one of the tools for its alleviation.
Saudi J Biol Sci 22(2):123–131

45. Simine CDD, Sayer JA, Gadd GM (1998) Solubilization of zinc phosphate by a strain of Pseudomonas �uorescens isolated form a forest soil. Biol Fertil
Soils 28:87-94

4�. Skidmore AM, Dickinson CH (1976) Colony interaction and hyphal interference between Septoria nodorum and phylloplane fungi. Transactions J British
Ceramic Soc 66:57-74

47. Song F, Goodman RM (2001) Molecular biology of disease resistance in rice. Physiol Mol Plant Pathol 59:1-11

4�. Tan WZ, Zhang W, Ou ZQ, Li CW, Zhou GJ, Wang ZK, Yin LL (2011) Analyses of the temporal development and yield losses due to sheath blight of rice
(Rhizoctonia solani AG1IA). Agric Sci China 6:1074–1081

49. Tango MSA, Islam MR (2002) Potential of extremophiles for biotechnological and petroleum applications. Energy Sources 24:543–559

50. Tank N, Saraf M (2009) Enhancement of plant growth and decontamination of nickel-spiked soil using PGPR. J. Basic Microbiol 49:195–204 doi:
10.1002/jobm.200800090.

51. Thamthiankul S, Suan-ngay S, Tantimavanich S, Panbangered W (2001) Chitinase from Bacillus thuringiensis Pakistani. Appl Microbi Biotech 56:395-401

52. VenkatRao G, Rajan CPD, Reddy MTS (1990) Studies on sheath blight disease of rice. Extended summary. In Proc Int Symp Rice Res, New Front, p 234–
235

53. Vora JU, Jain NK, Modi HA (2014) Extraction, characterization and application studies of red pigment of halophile Serratia marcescens KH1R KM035849
isolated from Kharaghoda soil. Int J Pure App Biosci 2(6):160-168

54. Wopereis MCS, Defoer T, Idinoba P, Diack S, Dugue MJ (2009) Curriculum for participatory learning and action research (PLAR) for integrated rice
management (IRM) in inland valleys of Sub-Saharan Africa. Technical Manual, p 105-109

55. Yandigeri MS, Meena KK, Singh D, Malviya N, Singh DP, Solanki MK, Yadav AK, Arora DK (2012) Drought-tolerant endophytic actinobacteria promote
growth of wheat (Triticum aestivum) under water stress conditions. Plant Growth Regul 68(3):411–420

https://doi.org/10.9755/ejfa.2018.v30.%20i1.1586
https://doi.org/10.1007/s00284-020-02028-w


Page 9/14

5�. Yellareddygari SK, Reddy MS, Kloepper JW, Lawrence KS, Fadamiro H (2014) Rice sheath blight: a review of disease and pathogen management
approaches. J Plant Pathol Microbiol 5:1

57. Zhao LJ, Liang H, Huang J, Chen Z, Nie Y (2018) Manipulation of the rhizosphere microbial community through application of a new bio-organic fertilizer
improves watermelon quality and health. PLoS One 13(2)

Tables
Table 1. Biochemical properties of halophilic bacteria:  Salt tolerance, shape of bacteria, growth pattern, MR-VP test results, Indole production, starch
hydrolysis, gelatine liquefaction, catalase and oxidase test results

S.No. Characteristics Pseudomonas
stutzeri

(HB-10)

Bacillus
albus (HB-
17)

Bacillus
safensis
(HB-28)

Pseudomonas
stutzeri

(HB-30)

Stahylococcus
xylosus

(HB-39)

Bacillus
cereus (HB-
48)

Bacillus
cereus (HB-
49)

Lysinibac
sphaericu

(HB-50)

1 Maximum
NaCl tolerance

15 6 11 10 9 11 11 8

2 Accession
number

MN098847.1 MN098871.1 MN121550.1 - - MN098870.1 MN122435.1 -

3 Optimum NaCl 11 4 5 5 2 6 6 3

4 Biochemical
properties

               

a Shape Small rods Rods Rods Small rods Coccus Rods coccus Rods

b Growth pattern Pellicle Pellicle Bottom Pellicle Bottom Throughout Pellicle Pellicle

c Gram staining Gram
Negative

Gram
Positive

Gram
positive

Gram
Negative

Gram positive Gram
positive

Gram
Positive

Gram
Positive

d Colony colour Dull white Brick red White White to
yellow 

Slight yellow White White White

e MR test - + - - + + - -

f VP test - - - - - - - -

g Indole
production

- - - - - - + -

h Citrate
utilization

- - - - - - - -

i Starch
hydrolysis

- + + - + + - +

j H2S
production

- - - - - - - +

k Cytochrome c
oxidation

+ + + + + + + +

l Catalase + + + + + + + +

m Gelatine
liquefaction

+ + + + + + + +

n Nitrate
reduction

- + + + + - + +

o Acid and gas
production

+ - + + + + + +

Table 2. Carbohydrates fermentation by halophilic bacterial isolates
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S.No. Characteristics Pseudomonas
stutzeri

(HB-10)

Bacillus
albus (HB-
17)

Bacillus
safensis
(HB-28)

Pseudomonas
stutzeri

(HB-30)

Stahylococcus
xylosus

(HB-39)

Bacillus
cereus
(HB-48)

Bacillus
cereus
(HB-49)

Lysinibacillus
sphaericus

(HB-50)

1 Glucose + + + + + + + +

2 Adonitol - + - - + - - -

3 Arabinose + + + + + - + +

4 Lactose + + + + + + + +

5 Sorbitol + + + - + - + +

6 Mannitol + + - + + - + +

7 Rhamnose - + - - - - - -

8 sucrose - + + - - + - +

9 Chitinase                

  Solubilization
zone (mm)

0.00 0.00 0.00 3.06 0.00 0.00 0.00 0.00

  Solubilization
e�ciency (%)

0.00 0.00 0.00 153.33 0.00 0.00 0.00 0.00

10 Amylase - + + - + + - +

Table 3. Plant growth promoting characteristics: Isolates screened for siderophore production, IAA production, Nitrogen �xation, zinc carbonate, zinc oxide,
tricalcium phosphate solubilization, potassium release at different concentrations of NaCl (w/v)
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S.No. Characteristics Pseudomonas
stutzeri

(HB-10)

Bacillus
albus (HB-
17)

Bacillus
safensis
(HB-28)

Pseudomonas
stutzeri

(HB-30)

Stahylococcus
xylosus

(HB-39)

Bacillus
cereus
(HB-48)

Bacillus
cereus
(HB-49)

Lysinibacillus
sphaericus

(HB-50)

1 Siderophore
production

               

  Qualitative - + + + + - - -

  Quantitative (%) 0.00 49.34 36.77 42.99 31.61 0.00 0.00 0.00

  Arnow’s method - + - - - - - -

  Csaky’s method - + + + + - - -

2 IAA production                

  Qualitative + - + + + - + +

  Quantitative
(µg/ml)

44.56 0.00 31.80 58.76 27.56 0.00 46.83 31.56

3 Nitrogen �xation - - - - - - - -

4 Potassium release                

  0 % NaCl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

  3 % NaCl (w/v) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

  6 % NaCl (w/v) 11.70 ± 0.14 0.00 0.00 0.00 0.00 14.83
±0.08

0.00 0.00

  10 % NaCl (w/v) 9.06 ± 0.13 0.00 0.00 0.00 0.00 9.76 ±
0.08

0.00 0.00

5 Zinc carbonate
(ZnCO3)
solubilization

               

  0 % NaCl 7.80 ± 0.05 7.70 ±
0.10

0.00 0.00 0.00 0.00 0.00 0.00

  3 % NaCl (w/v) 8.26 ± 0.20 0.00 0.00 10.03 ± 0.08 0.00 0.00 0.00 0.00

  6 % NaCl (w/v) 6.90 ± 0.10 9.00 ±
0.05

5.50 ± 0.05 5.20 ± 0.05 0.00 0.00 0.00 0.00

  10 % NaCl (w/v) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 Zinc oxide (ZnO)
solubilization

               

  0 % NaCl 3.23 ± 0.03 4.26 ±
0.06

3.26 ± 0.08 0.00 0.00 0.00 6.33 ±
0.06

6.26 ± 0.06

  3 % NaCl (w/v) 5.40 ± 0.11 7.33 ±
0.08

6.53 ± 0.03 11.90 ± 0.08 0.00 7.63 ±
0.03

0.00 5.20 ± 0.11

  6 % NaCl (w/v) 8.10 ± 0.11 0.00 0.00 13.20 ± 0.17 0.00 0.00 6.53 ±
0.03

6.06 ± 0.08

  10 % NaCl (w/v) 0.00 0.00 5.90 ± 0.05 0.00 0.00 0.00 0.00 5.36 ± 0.06

7 Phosphorous
solubilization

               

  0 % NaCl 7.63 ± 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00

  3 % NaCl (w/v) 7.56 ± 0.12 11.00 ±
0.21

0.00 11.20 ± 0.11 0.00 0.00 0.00 0.00

  6 % NaCl (w/v) 6.30 ± 0.05 7.43 ±
0.08

8.03 ± 0.12 9.70 ± 0.11 0.00 0.00 0.00 6.86 ± 0.06

  10 % NaCl (w/v) 9.26 ± 0.06 0.00 9.66 ± 0.03 0.00 0.00 0.00 0.00 0.00

8 HCN production + - + - - + - -

Figures
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Figure 1

Halophilic bacteria colony morphology: variation in colony morphology and colony colour was observed among the isolates

Figure 2

Mycelial growth inhibition by halophilic bacteria: Control plate with full growth of Sclerotium oryze and right-side plate showing inhibition zone (HB-49) by
halophilic bacterial isolate
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Figure 3

Inhibition of Rhizoctonia solani: The mycelial growth of R. solani was inhibited by halophilic bacteria, the colony is surrounded by clear halo zone.

Figure 4

Siderophore production by halophilic bacterial isolates: Halophilic bacterial isolates produced yellow halo zone around the colony
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Figure 5

Chord Diagram: Isolate with siderophore production and chitinase activity are potential inhibitiors of sclerotium oryzae and Rhizoctonia solani


