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INTRODUCTION
Many microorganisms reside in the rhizosphere of the plants. 

Plant growth promoting rhizobacteria (PGPR) can actively colonize 
plant roots and increase plant growth [1]. The growth promotion 
mechanisms may be direct i.e., production of growth hormones, 
phosphate solubilization, nitrogen fixation or indirect, such as 
suppression of deleterious organisms by siderophore production 
or secretion of antifungal metabolites [2]. The mechanisms with 
which PGPR influence plant growth may vary from species to 
species and strain to strain. The performance is well demonstrated  
in the laboratory and green house conditions, but results are 
inconsistent in the field conditions.

Biocontrol of different insect genera including Anomala, 
Costelytra and Phyllophaga by Serratia entomophila is also known 
[3]. Chitinase, from S. marcescens, is in use to control plant diseases 
[4]. Biofertilizer mainly act in three different ways, either fixing 
atmospheric nitrogen, or provide plant growth regulators (PGR), 
while others solubilize and translocate water insoluble soil nutrient 
including macro (P&K), and micro (Zn & Cu) elements. Soil pH either 
alkaline or acidic, decreases phosphorus availability to plants. 
Phosphate solubilizing microorganisms (PSM) solubilize insoluble 
phosphate to inorganic phosphorus to act natural buffering system 
[5]. Serratia plymuthica is most frequently associated with plants. 
This organism has been isolated from the rhizosphere of grass 
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[6], wheat [7], maize [8], oilseed rape [9], grape [10], melon [11], 
onion [12], Brassica sp. [13], tomato [14] and endophyte from 
the endorhiza of potato [15] and on the phyllo sphere of spring 
wheat [16]. Research over the past years has demonstrated that 
induced systemic resistance (ISR) can be a potential mechanism 
by which PGPR demonstrated biological disease control [17]. ISR is 
dependent on colonization of the root system by sufficient number 
of PGPRs. Previous studies have shown that proteamaculans 1-102 
promotes soybean-bradyrhizobia inoculation and growth, but the 
mechanism is unknown [18].

Biological control is a potential way of reducing chemical use 
in agriculture. Biocontrol bacteria can mediate their role in disease 
suppression through various mechanisms including competition 
for nutrients and niches [19], production of antimicrobial 
metabolites and induced systematic resistance in the host plants. 
Some biocontrol PGPR protects the plants by activating gene 
encoding defense enzymes-peroxidase, Chitinase, phenylalanine, 
ammonia-lyase, β-1, 3-glucanase and others involved in synthesis 
of phytoalexin [19]. In addition to biological nitrogen fixation, 
phosphate solubilization is equally important. Phosphorus (P) 
is major essential macronutrients for biological growth and 
development. Microorganisms offer a biological rescue system 
capable of solubilizing the insoluble inorganic P of soil and make 
it available to the plants. The ability of some microorganisms 
to convert insoluble phosphorus (P) to an accessible form, like 
orthophosphate, is an important trait in a PGPB for increasing 
plant yields. The rhizosphere phosphate utilizing bacteria could 
be a promising source for plant growth promoting agent in 
agriculture.  Among the heterogeneous and naturally abundant 
microbes inhabiting the rhizosphere, the Phosphate solubilizing, 
microorganisms (PSM) including bacteria have provided an 
alternative biotechnological solution in sustainable agriculture 
to meet the phosphorous demands of plants. PSM include largely 
bacteria and fungi. The most efficient PSM belong to genera Bacillus, 
Rhizobium and Pseudomonas amongst bacteria, and Aspergillus 
and Penicillium amongst fungi.

Nearly 40% of world’s surface has salinity problems. Most of 
the saline areas confined to the tropics and the Mediterranean 
region and has made the salt tolerance an urgent priority for the 
future of agriculture. The productivity of crops is greatly affected 
by salt stress. Highly alkaline (pH greater than 8.0) soils tending 
to be high in sodium chloride, bicarbonate and borate, are often 
associated with high salinity, reduces nitrogen fixation. Saline 
conditions reduce the ability of plants to absorb water, induce many 
metabolic changes causing rapid reduction in growth rate, similar to 
those caused by water stress. If salt-tolerance cannot be improved, 
by perforce vast amounts of soils may be left uncultivated. The 
failure of nitrogen fixing activity of some nitrogen-fixing organisms 
in high salinity clearly inhibits the induction of lupines. In such 
soils, microorganisms tolerating high concentration of salt and yet 
capable of fixing nitrogen are of importance in increasing its fertility. 
The halotolerant microorganisms are effective in the treatment 
of waste from tannery industry or pickle industry [20].  These 
organisms are isolated from sources such as marine environment, 
soils, rhizosphere or industrial waste. They are also known to be the 
potential sources of extracellular enzymes with novel properties, 
useful for diverse industrial applications. Hence the objective of the 
present study is isolation and characterization of high salt tolerant, 
non-halophilic microorganisms from food samples and evaluation 
of their characteristics under stress conditions.

Arbuscular mycorrhizal fungi constitute an important 
component of the soil microbial community and are extremely 

successful fungi that form mutualistic symbioses with about 
two thirds of all plant species. They improve plant nutrition and 
promote plant diversity, help to control pests and fungal pathogen 
and affect the fitness of plants in polluted environments.

MATERIAL AND METHODS
Test Organisms

The soil used for bacterial isolation was collected from 
rhizosphere soil of Castor plant near Mahabubnagar. The processed 
soil sample was serially diluted, spread plated on full strength 
nutrient agar and incubated at 28 ºC for 48 h. A total of 59 different 
colonies were isolated on nutrient agar (NA) and were purified 
with repeated culturing and maintained in 20% glycerol at -80 ºC. A 
potential isolate was screened and selected on the basis of halo zone 
produced in Pikovskaya agar, Salt tolerance at 6%, IAA production 
and antifungal activity. Strain was assessed for phenotypic and 
molecular 16S rDNA characterization.

Bacterial Identification and Characterization

Isolated strain was subsequently differentiated by gram 
reaction, microscopic observation, biochemical tests (ONPG, 
Lysine utilization, Ornithine utilization, Urease,  Phenylalanine, 
Deamination, Nitrate reduction, H2S production, Citrate utilization, 
Voges Proskauer’s, Methyl red, Indole, Malonate utilization, Esculin 
hydrolysis, Arabinose, Xylose, Adonitol, Rhamnose, Cellobiose, 
Melibiose, Saccharose, Raffinose, Trehalose, Glucose, Lactose, 
Oxidase, Catalase, Coagulase, Amylase, Protease, Casein hydrolysis), 
Lipase (Tween 20), HCN, Gelatinase, (using Hi-25 Kit, Himedia, 
Mumbai) and 16S rDNA sequence.

16s rDNA Sequencing 

16S rDNA gene was amplified using SCP genomic DNA as a 
template by PCR using the primers pair FD1 (5′-AGA-GTT-TGA-
TCC-TGG-CTC-AG-3′) and RP2 (5′-ACG-GCT-ACC-TTG-TTA-CGA-
CTT-3′) designed in the conserved region. Purified genomic DNA 
was isolated from organism and used as template in PCR reaction 
(DNA template 100 ng; primer 5 pm; Big Dye terminator dye 2 
µl of genomic DNA in total reaction volume of 20µl, with final 
magnesium concentration of 1.5 mM). The amplification conditions 
were as follows 33 cycles of 94 ºC, denaturation 30 sec; annealing 
53 ºC, 30 sec; extension 60 ºC, 4 min incubation at 72 ºC. The 1499 
bp PCR product was sequenced. Sequencing was performed with 
5 different primers viz., 16SEQ2R, INS16SREV, 16SEQ3F, 16SEQ4F 
and 16SEQ4R designed in the conserved regions on 16S rDNA. The 
16S rDNA similarity sequences searches were performed using 
BLASTN in the GenBank database of the NCBI website.

Antagonistic Ability

The invitro antagonistic assay was performed using dual 
culture method on YMA medium. Agar discs (5 mm) of Rhizoctonia 
solani, Fusarium oxysporum f. sp. Ricinus communis and Alternaria 
solani isolated from 7-day old culture was disposed at the center of 
Petri dishes and the bacterial strain was streaked in a square form 
around the agar disc at 4 cm distance. The antagonistic activity 
of the studied bacterial strain was estimated by the inhibition 
of the fungal growth monitored by measuring the diameter in 
centimeter of the colony until 10 days at 28 ºC in BOD incubator.  
The experiment was carried out in triplicate.

Quantitative Estimation of IAA Production

Luria-Bertani Broth medium (Hi-Media) was used containing 
L-tryptophan (1 g/litre). The pH was adjusted to 7.5 with 1 N NaOH 
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before autoclaving. To determine the amount of IAA produced a 
colorimetric technique was performed using the Van Urk Salkowski 
reagent (2% 0.5 M Fecl3 in 35% Perchloric acid). Isolate was grown 
in no-agar LBT medium and incubated at a 30 ºC temperature 
for 72 h in a rotary shaker (90 rpm). Later, the culture broth was 
centrifuged at 5000 rpm for 10 min. The supernatant was mixed 
with salkowaski reagent (2:1). Development of pink color indicates 
IAA production and optical density was recorded at 530 nm 
spectroscopy after 30 min.

 Using LB medium, different concentrations of IAA (0, 10, 20, 30, 
40, 50, 60, 70, 80, 90 and 100 ppm) were prepared using standard 
IAA (Hi-Media). Further, these concentrations were treated with 
salkowaski reagent as above for measuring developed.

Phosphate Solubilization

The isolate was screened for phosphate solubilization as per 
the methodology described by [21] on modified Pikovskaya agar 
(Glucose-10 g, Ca3(PO4)2-5 g, KCl-0.2 g, MgSO4-0.1 g, MnSO4-trace, 
FeSO4- trace, Yeast extract 0.5 g, Agar-15 g, Distilled water- 1 L, pH-
7.0) and the plates were incubated at 30±1 ºC for 48-96 h. Phosphate 
solubilization is indicated by the formation of a solubilization or a 
clear zone around the bacterial colony. A loop full of SCP culture 
was placed on the center of agar plates and incubated at 30±1 ºC 
for 7 days. The appearance of transparent halo zone around the 
bacterial colony indicated the phosphate solubilizing activity of the 
bacterium. Halo surrounding the colonies were measured and the 
solubilizing efficiency (SE) was calculated by the following formula: 
SE= (Solubilization diameter (S)/Growth diameter (G)) x 100.

NH3 Production

Bacterial isolate was tested for the production of ammonia in 
peptone water. Overnight growth culture of bacteria was inoculated 
in 10 ml peptone broth and incubated at 30 ± 0.1 ºC for 48 hr in 
incubator shaker. After incubation 0.5 ml of Nessler’s reagent was 
added. The change of faint yellow to dark brown color indicated the 
production of ammonia [22].

Siderophore production

Siderophore production was determined by the chrome azurol 
S (CAS) assay [23]. Overnight cultures in LB medium at 28 ºC were 
seeded onto CAS agar plates and incubated for 2 days at 28 ºC after 
which the diameter of the orange haloes, indicating production of 
Siderophore was measured.

Hydrogen cyanide

Bacterial isolate was screened for the production of hydrogen 
cyanide by adapting the method of [24]. Briefly, nutrient broth 
was amended with 4.4 g glycine/L and bacteria were streaked on 
modified agar plate. A Whatman filter paper no.1 soaked in 2% 
sodium carbonate in 0.5% picric acid solution was placed in the top 
of the plate. Plates were sealed with parafilm and incubated at 28 ± 
2 ºC for 4 days. Development of orange to red color indicates HCN 
production.

Antibiotic susceptibility test by Disc diffusion method

Disc diffusion method was used for antimicrobial assay using 
antibiotics. Sterile twenty milliliters of molten Mueller Hinton agar 
were poured into the Petri plate (Hi-Media). After solidification, 
100 µl of the inoculum (1x108 cfu /ml) was inoculated uniformly 
over agar plate. The different antibiotic discs (Hi-Media, Dodeca 
G-V Plus, Dodeca Universal-IX, Hexa G-Plus 3) were saturated with 
100 µl of the upper layer of the seeded agar plate. The plates were 

incubated overnight at 32±1 ºC. Microbial growth was determined 
by measuring the diameter of zone of inhibition. The result was 
obtained by measuring the zone diameter. The experiment was 
carried out thrice and the mean values are presented.

Antifungal susceptibility test by agar well diffusion 
Method

Agar well diffusion assay is the key process used to evaluate the 
antifungal potential of fungicides. In the present study six systemic 
fungicides i.e., carbendazim, tebuconazole+trifloxystrobin, 
hexaconazole, propiconazole, azoxystrobin and benomyl were 
used. Petri dishes (100 mm) containing 20 ml of Mueller Hinton 
agar (MHA) were seeded with approximately 100 µl inoculums of 
bacterial strains (inoculums size was adjusted so as to deliver a final 
inoculum of approximately 108 CFU/ml). After solidification of the 
media, wells of 6 mm diameter were cut into media using a sterilized 
cork borer. 100 µl of each fungicide was poured into respective well 
and the plates were incubated at 32 ºC overnight. The experiment 
was performed thrice under strict aseptic conditions to insure 
consistency of all findings. Fungicidal activity on inoculums was 
expressed in terms of the mean of diameter of zone of inhibition (in 
mm) produced at the end of the incubation period.

Sodium Chloride (NaCl) Tolerance

The bacterial isolates were inoculated separately on specific 
agar medium containing 1%, 2%, 3%, 4%, 4.5, 5%, 6%, 7%, 8%, 
9%, 10% M concentrations (NaCl). Four replications of the plates 
for each isolate were maintained along with control. After 48 hrs 
of incubation, observations for survival and growth of inoculum 
were started [25]. Promising isolates were repeated for their 
confirmations.

Inoculum Preparation and Application

Bacterium: To prepare the inoculums, initially Serratia sp. 
SCP was cultured in Nutrient Broth medium (Himedia, M002-
100G; ingredients: peptic digest of animal tissue - 4.00 g/l; sodium 
chloride - 5.00 g/l; beef extract - 1.50 g/l; yeast extract - 1.50 g/l, 
final pH 25 ºC -7.4±0.2) and was allowed to grow properly, with 
shaking at 37 ºC at 120 rpm for 48 h. At the end of the log phase, 
bacterial culture was centrifuged at 10,000 rpm for 15 min and the 
supernatant was discarded, selecting the bacterial pellet. Pellet was 
scraped into sterile distilled water. The aqueous suspensions were 
diluted as necessary to maintain the bacterial concentration at 108 
CFU/ml. The aqueous suspension was then applied as a soil drench, 
at 100 ml/plant to the rhizosphere of castor seedling both in field 
and potted conditions one month after transplantation. Application 
was performed at an interval of one month and three applications 
were carried out. The bacterial suspension was applied once more 
as a soil drench prior to pruning.

Fungus: Culture of Fusarium oxysporum was grown in sand-
maize meal medium (Maize meal: sand: water (1:9:5 w:w:v) in 
autoclavable plastic bags (sterilized at 20 Lb pressure for 20 min) 
for a period of three weeks at 28 0C until the mycelia completely 
covered the substrate.

Preparation of bio-formulation of Serratia sp. SCP

The bio-formulation was prepared using rice husk. For the 
preparation of bio-formulation, 2.5 g of carboxy methyl cellulose 
sodium salt (Himedia) was added to 250 g of rice husk, pH was 
adjusted to 7 by adding calcium carbonate and sterilized twice for 
30 min. 100 ml of aqueous bacterial suspension (at a concentration 
of 1 x 1010 CFU/ml) was added to the mixture, was dried under 
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shade to reduce the moisture to less than 20%. Formulation was 
packed in polythene bags, sealed and stored at room temperature. 
Survivability of Serratia sp. SCP was checked at a regular interval of 
one month for a period of nine months using direct plating method 
in nutrient agar medium.

Green House Experiment

The experiment consisted of four treatments i.e., control 
(sterile soil + pathogen), sterile soil + pathogen + seed treatment 
with Serratia + Serratia inoculums added to soil + drenching with 
Serratia, pathogen + seed treatment with fungicide + drenching 
with fungicide, and pathogen + seed treatment with fungicide + 
drenching with Serratia in a pot size of 60 x 60 x 40 cm3. Data of 
plant height, root length, no. of leaves, dry matter produced (stem 
& root) and no. of wilt plants at 155 and 30 days of sowing. Three 
replicates (total of 100 plants) were maintained for each treatment.

RESULTS
Bacterial Identification

Table 1: Phenotypic characteristics of Serratia sp. SCP.

Characteristics SCP

Colony size Medium

Surface Shiny

Colony Color Pink

Margin Smooth

Elevation Raised

Pigment Production Pinkish red

Growth in liquid medium Turbid

Microscopic Examination

Gram staining Negative

Morphology Rod shaped

Endospore formation Negative

Motility Positive

Growth optimum temperature 32 0C

Growth Ph 7.5

The bacterial strain was gram negative, motile rods, with 
circular smooth margin, raised and pinkish red in colour (Table 
1). The strain was positive for ONPG, lysine utilization, ornithine 
utilization, nitrate reduction, citrate utilization, methyl red, 
indole, malonate utilization, esculin hydrolysis, xylose, melibiose, 
glucose, coagulase, protease (casein hydrolysis), lipase (Tween 
20), gelatinase and ammonia production, and negative for Urease, 
phenylalanine, deamination, H2S production, voges proskauer’s, 
arabinose, rhamnose, cellobiose, raffinose, lactose, oxidase, 
catalase, amylase and HCN, and intermediate (11-89% positive) 
for adonitol, saccharose and trehalose. It was able to grow over a 
wide range of temperatures 15-40 ºC, with optimum at 32 ± 0.5 
ºC. It had a pH tolerance over the range of 4-10, with optimum 7.0 
± 0.5 (Table: 2). Further, 1,499 bp of 16S rDNA was cloned and 
sequenced. The sequence of 16S rDNA of strain SCP was deposited 
in GenBank under accession number JX276738. The 16S rRNA 
similarity sequence searches revealed that strain SCP shares the 
highest similarity to members of the Serratia marscens in GeneBank 
database (Figure 1).

Table 2: Biochemical tests.

Test SCP

1 ONPG +

2 Lysine utilization +

3 Ornithine utilization +

4 Urease -

5 Phenylalanine Deamination -

6 Nitrate reduction +

7 H2s production -

8 Citrate utilization +

9 Voges Proskauer’s -

10 Methyl red +

11 Indole +

12 Malonate utilization +

13 Esculin hydrolysis +

14 Arabinose -

15 Xylose +

16 Adonitol V

17 Rhamnose -

18 Cellobiose -

19 Melibiose +

20 Saccharose V

21 Raffinose -

22 Trehalose V

23 Glucose +

24 Lactose -

25 Oxidase -

26 Catalse -

27 Coagulase +

28 Amylase -

29 Protease (Casein hydrolysis) +

30 Lipease (Tween 20) +

31 HCN -

32 Gelatinase +

33 Ammonia production +
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Figure 1: Phylogenetic tree for Serratia sp. SCP.

Antifungal Activity

Dual culture bioassays demonstrated that three 
phytopathogenic fungal (Fusarium oxysporum, Rhizoctino solani 
and Alternaria) isolates tested were suppressed with strain SCP 

on PDA plates, indicated by different sizes of inhibition. The per 
cent inhibition was more for Fusarium oxysporum (73.2) followed 
by Alternaria solani (67.3) and Rhizoctino solani (66.6), (Figure 2); 
(Table 3).

Figure 2: Dual culture assay of Alternaia and Fusarium oxysporum f.sp. ricini at 7 days.

Table 3: Antifungal activity.

Fungi Control SCP Inhibition Percentage

Fusarium oxysporum 5.3±0.17 1.4±0.8 73.2±0.12

Rhizoctonia solani 4.2±0.17 1.2±0.11 66.4±0.15

Alternaria solani 4.6±0.1 1.6±0.11 67.3±0.05
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IAA Production

The strain in culture medium containing L-Tryptophan source, 
produced growth hormone IAA to an extent of 49 ppm as detected 

by salkowski reagent under colorimetry as compared to the 
synthetic standard IAA (10-100 ppm); (Figure 3).

Figure 3: Quantitative estimation of IAAA production by Serratia sp. SCP.

Phosphate Solubilization

On Pikovaskaya’s agar, the strain showed very distinct, clear, 

and transparent P solubilization zone (16 mm) and recorded high 
Solubilization efficiency (SE) of 200% Table 4.

Table 4: Phosphate solubilizing ability of SCP.

Organism Growth Diameter Solubilization Diameter Solubilization Efficiency (%)

SCP 8 mm 24 mm 200

Ammonia Production

Ammonia production is an important trait of PGPR that 
indirectly influence the plant growth. The strain was producing 
ammonia.

Siderophore Production

The strain was producing siderophores as indicated by the 
orange halo on CAS-agar plate.

Sensitivity to Fungicides

The test fungicides carbendazim, propiconazole and 
azoxystrobin could not inhibit the growth of Serratia sp. SCP even at 
4000 ppm under in vitro conditions. Tebuconazole + trifloxystrobin 
(3000 ppm), hexaconazole (3000 ppm) and benomyl (3000 ppm) 
inhibited the bacterial growth (Table 5).

Table 5: Effect of fungicides on bacterial growth (bio-
control agent).

Fungicide
Concentration of the 

Fungicide in ppm

1000 2000 3000 4000

Carbendazim R R R R

Tebuconazole + Trifloxystrobin R R 15 mm 21 mm

Hexaconazole R R R 9 mm

Propiconazole R R R R

Azoxystrobin R R R R

Benomyl R R R 13 mm

NaCl Tolerance

Of the different concentrations of NaCl (0-10% w/v), the strain 
could tolerate up to 8% (Table 6).

Table 6: NaCl tolerance test from 4% to 7 %.

Organism 4% 5% 6% 7% 8% 9% 10%

SCP +++ ++ ++ + +

Antibiotic Sensitivity Test

Figure 4: Antibiotic sensitivity test.

Out of 44 antibiotics used, Serratia was resistant  to 14 
antibiotics (Figure 4); (Table 7) (penicillin-G, amoxycillin, 
methicillin, lincomycin, telcoplanin, linezolid, nitrofurantoin, 
sulphamethoxazole, trimethoprim, cloxacillin, lincomycin, 
cefadroxil, Cefactro and cefaperazone) and susceptible to 
30 antibiotics(Carbenicillin, Azithromycin, Clindamucin, 
Roxithromycin, Vancomycin, Rifampicin, Ampicillin /Sulbactam, 
Gentamicin, Ampicillin, Amikacin, Aztreonam, Netillin (Netilmicin 
Sulphate), Cefriaxone, Ceftazidime, Ofloxacin, Imipenem, Cefepime, 
Ceftazidime, Cefoxitin, Ticarcillin, Tetracycline, Co-Trimoxazole, 
Cafuroxime, Cefotaxime, Augmentin, Cephotaxime, Erythromycin, 
Ciprofloxacin, Clarithromycin and Naidixic acid); (Table: 8). 
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Table 7: Antibiotic Sensitivity test.

S. No Antibiotic Symbol Concentration SCP

1 Penicillin-G P 10 units R

2 Amoxycillin AMX 10 mcg R

3 Carbenicillin CB 100 mcg 19 mm

4 Methicillin MET 5 mcg R

5 Azithromycin AZM 15 mcg 15 mm

6 Clindamucin CD 2 mcg 15 mm

7 Roxithromycin RO 15 mcg 11 mm

8 Lincomycin L 2 mcg R

9 Vancomycin VA 30 mcg 11 mm

10 Rifampicin RIF 5 mcg 11 mm

11 Telcoplanin TEI 30 mcg R

12 Linezolid LZ 30 mcg R

13 Ampicillin /
Sulbactam A/S 10 mcg 18 mm

14 Gentamicin GEN 10 mcg 22 mm

15 Ampicillin AMP 10 mcg 12 mm

16 Amikacin AK 30 mcg 21 mm

17 Aztreonam AT 30 mcg 31 mm

18 Netillin (Netilmicin 
Sulphate) NET 30 mcg 19 mm

19 Cefriaxone CTR 10 mcg 25 mm

20 Ceftazidime CAZ 30 mcg 22 mm

21 Ofloxacin OF 5 mcg 31 mm

22 Imipenem IPM 10 mcg 36 mm

23 Cefepime CPM 30 mcg 31 mm

24 Ceftazidime CAZ 30 mcg 28 mm

25 Cefoxitin CX 30 mcg 25 mm

26 Nitrofurantoin Nf 50 mcg R

27 Sulphamethoxazole Sx 50 mcg R

28 Trimethoprim Tr 2.5 mcg R

29 Ticarcillin Ti 75 mcg 27 mm

30 Tetracycline TE 30mcg 12mm

31 Co-Trimoxazole COT 25mcg 21mm

32 Cloxacillin COX 1mcg R

33 Lincomycin L 2mcg R

34 Cafuroxime CXM 30mcg 15mm

35 Cefotaxime CTX 20mcg 25mm

36 Cefadroxil CFR 30mcg R

37 Augmentin AMC 30mcg 10mm

38 Cephotaxime CTX 30mcg 25mm

39 Cefactro CF 30mcg R

40 Erythromycin E 15mcg 12mm

41 Cefaperazone CPZ 75mcg R

42 Ciprofloxacin CIP 5mcg 34mm

43 Clarithromycin CLR 15mcg 1mm

44 Nalidixic acid NA 30 mcg 18 mm

Table 8: Serratia sp SCP showing resistance below the 
antibiotics.

S. No. Antibiotic Symbol Concentration SCP

1 Penicillin-G P 10 units R

2 Amoxycillin AMX 10 mcg R

3 Methicillin MET 5 mcg R

4 Lincomycin L 2 mcg R

5 Telcoplanin TEI 30 mcg R

6 Linezolid LZ 30 mcg R

7 Nitrofurantoin Nf 50 mcg R

8 Trimethoprim Tr 2.5 mcg R

9 Sulphamethoxazole Sx 50 mcg R

10 Cloxacillin COX 1mcg R

11 Lincomycin L 2mcg R

12 Cefadroxil CFR 30mcg R

13 Cefactro CF 30mcg R

14 Cefaperazone CPZ 75mcg R

The results of the experiment indicated the treatment sterile 
soil + pathogen + seed treatment with Serratia + drenching with 
Serratia, was found to be most effective over other in terms of 
Fusarium wilt control and plant growth after those 4 methods 
sterile soil+ pathogen + seed treatment with fungicide + Drenching 
with Serratia show also better plant growth (Table 9).

DISCUSSION
Isolation and Molecular Identification

In the present study, the strain SCP was characterized 
morphologically and biochemically and later subjected to 16S rDNA 
sequencing. This strain identified as Serratia sp. SCP (Gene Bank 
accession no.) whose rDNA sequence was similar to genus Serratia 
marcescense stored in the NCBI database.

Biological Control

Most studies on the biocontrol of plant pathogens focused 
on the use of antagonistic rhizobacterial strains belonging to the 
genus Pseudomonas or Bacillus. However, several Serratia strains 
have been demonstrated to be effective bio-control agents against 
a range of plant diseases [26]. S. marcescense NBR 11213 was 
reported to induce plant growth promotion and biological control of 
foot and root rot of betelvine caused by Phytophthora nicotiaeneae 
[27,28] also reported that three strains of PGPRs-Serratia sp. J12, 
fluorescent Pseudomonas J3 and BB11-provided disease control in 
tomato against Tomato wilt and increased yield. Numerous studies 
have shown a substantial increase in plant growth and seed yield 
following inoculation with PGPR strains [29]. S. marcescens not 
only promoted plan growth but also reduced intensity of brown 
root rot disease [30]. In the present study Serratia Sp. SCP reduced 
the three phytopathogenic fungal mycelia i.e., Fusarium oxysporum, 
Rhizoctonia solani and Alternaria solani. S. marcescens was shown 
to have the ability to secrete IAA, produce sideriohore, solubilize 
phosphate and was also antagonistic to fungal pathogen. It was 
also a non-HCN and chitinase producing strain [31]. Phosphate 
solubilizing ability and antagonistic activity of S. marcscens against 
root rot pathogens was confirmed [30].
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Table 9: Greenhouse experiment.

S. No. Treat-
ments

15 Days After Sowing 1 Month After Sowing

Plant 
Height 
(cm)

Root 
Length 

(cm)

No. Of 
leaves

Dry Matter (g) Wilted 
Plants

Plant 
Height 
(cm)

Root 
Length 

(cm)

No. of 
Leaves

Dry Matter (g) Wilted 
PlantsStem Root Stem Root

1
Sterile 
soil + 

Pathogen
22.6±0.08 7.3±0.08 8.23±0.88 5.6±0.11 2.4±0.05 21±0.5 43.1±0.05 13.4±0.11 14.5±0.05 11.5±0.14 4.6±0.08 42±0.57

2

Sterile 
soil + 

Pathogen 
+ Seed 

treatment 
with 

Serratia + 
drenching 

with 
Serratia

23.1±0.03 8.3±0.05 10.7±0.08 6.4±0.1 3.5±0.05 1± 46.1±0.03 15.4±0.08 18.5±0.08 14.2±0.08 6.2±0.06 1±0.3

3

Pathogen 
+ seed 

treatment 
with 

fungicide + 
drenching 

with 
fungicide

21.7±0.06 7.5±0.1 8.6±0.11 6.4±0.11 3.3±0.15 4.2±0.11 48.4±0.08 14.5±0.17 15.4±0.11 12.23±0.08 4.7±0.05 5±0.03

4

Pathogen 
+ Seed 

treatment 
with 

fungicide + 
Drenching 

with 
Serratia

23.6±0.05 7.7±0.08 9.5±0.05 6.7±0.05 3.1±0.08 3±0.5 45.4±0.11 14.1±0.08 16.3±0.05 11.66±0.88 5.3±0.14 3±0.5

*Seed treatment carried out with carbendazim @ 1 g/kg seed.
*Soil drenching with fungicide – carbendazim @ 1 g/litre of water; Serratia drenching @ 106/ ml

Siderophores synthesized by microbial communities of soil 
supply iron to plants that possess the mechanisms for its uptake 
under iron deficient conditions [32]. The phytohormone, the 
IAA synthesized from the transamination and decarboxylation 
of tryptophan, primarily in the young leaves and seeds, controls 
cell division, root initiation, phototropism, geotropism and apical 
dominance in plants [33]. Bacterial IAA has the potential to 
interfere with any of these processes by input of the IAA into the 
plant’s auxin pool.

Strain SCP can produce an array of secondary metabolites such 
as chitinase and protease that inhibit the growth of plant pathogens 
and synthesize siderophores to competitively acquire ferric iron. It 
is also able to produce the plant growth hormone indole-3-acetic 
acid. These data implied that besides direct antagonism against 
plant pathogens, such as antibiosis, lysis and competition; the 
interactions with host plants such as production of plant auxin 
IAA might be also involved in biocontrol activity indirectly, which 
is similar to well-studied plant rhizospheric bacteria S. plymuthica 
HRO-C48, IC1270 and IC14 [34,35,26].

Phosphate Solubilization

The ability of PGPRs to convert insoluble phosphorus (P) to an 
accessible form is an important trait for increasing the plant yields. 
The fact that certain microbes are capable of dissolving relatively 
insoluble phosphatic compounds has opened the possibility of 
inducing microbial solubilization of the phospahates in the soil 
[36,37]. Rhizobacteria solubilize the mineral P in the rhizosphere 
and hence, provided soluble P to the plants. The cause of the 
mineral P solubilization could probably be due to secretion of 
organic acids such as gluconic, 2-ketogluconic, oxalic, citric, acetic, 

malic, and succinic, etc. [38]. The strain SCP is a potential phosphate 
solubilizer. The ammonia released by the rhizobacterial strain plays 
a signaling role in the interaction between PGPR and plants and 
also increases the glutamine synthetase activity [39].

Tolerance to Fungicides

In our study, the Serratia sp. SCP exhibited an unusual tolerance 
to higher concentrations of the six systemic fungicides carbendazim, 
tebuconazole + trifloxystrobin, hexaconazole, propiconazole, 
azoxystrobin and benomyl. Microorganisms that developed 
resistance to xenobiotics, such as pesticides, are frequently capable 
of biodegrading them and are able to bioremediate the soils [40]. 
In agriculture usage of fungicides was increased enormously. PGPR 
showing tolerance/resistance is highly to fungicides is highly 
desirable.

Salt Tolerance

Soil salinity in arid regions is frequently an important limiting 
factor for cultivating agricultural crops. Serratia marcescense sp. 
SCP expressed the salt tolerance up to 8%, indicating they are new 
novel strains qualified by adaptation to environment and thereby 
acquiring additional traits.  Earlier salt tolerant PGPR Bacillus 
strains were reported such as Bacillus clausii [41], different sp. of 
Bacillus [42,43], Bacillus cereus [20] and Lactococcus lactis (subsp. 
lacti).

Antibiotic Resistance

Antibiotic assay revealed that Serratia marcescense was 
susceptible to all the antibiotics used except for Penicillin-G, 
Amoxycillin, Methicillin, Lincomycin, Telcoplanin, Linezolid, 
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Nitrofurantoin, Sulphamethoxazole, Trimethoprim, Cloxacillin, 
Lincomycin, Cefadroxil, Cefactro and Cefaperazone.

Green House Experiment

The green house experiment revealed that seed treatment with 
Serratia, addition of Serratia inoculum soil and drenching with 
Serratia is found to be most effective in controlling Fusarium wilt 
over other treatments. The results also indicate that Serratia is 
acting as a growth promoter, it is evident from plant height, root 
length and dry matter production. In agriculture use of bio-control 
agents will enhance the yield levels by promoting the growth and 
protect the environment by avoiding use of chemical fertilizers and 
others.

CONCLUSION
Plant growth promoting rhizobacteria (PGPR) promotes the 

plant growth by various mechanisms such as production of plant 
growth hormones, phosphate solubilization, nitrogen fixation, 
suppression of phytopathogens. Serratia sp. SCP displayed a broad 
spectrum of antifungal activity in vitro against phytopathogens 
such as Fusarium oxysporum, Alternaria solani, Helminthosporium 
and Rhizoctonia solani by production of antimicrobial compounds. 
Many mechanisms which involved in biocontrol of Serratia were 
identified. Strain SCP produces Indole Acetic acid (IAA), ammonia 
and siderophores for iron competition. In addition, it is an effective 
phosphate solubilizer and has compatibility with broad spectrum 
of fungicides and antibiotics. It promoted the plant growth in 
association with Arbuscular Mycorrhiza. Therefore, SCP is desirable 
as a potential biological agent, phosphate solubilizer, producing 
growth promoting hormones, compatibility with fungicides.
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