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Plant growth-promoting bacterial strains (LEP1-LEP31) were isolated from
rhizosphere of Lycopersicon esculentum L. (Tomato) and screened for their
plant growth promoting (PGP) activities. On the basis of morphological,
physiological, biochemical, carbon source utilization and molecular
characterization, these strains were identified as Pseudomonas sp., Azotobacter
sp. and Bacillus sp. For antagonistic activities all the strains were subject to
the chitinase activities by the development of clear halo around the inoculated
bacterial spots when loaded on chitin (0.2%) supplemented mediumBased on
pot and field trial results of individual strains and consortium application, it
may be concluded that all the three strains i.e. Pseudomonas sp. LEP17,
Azotobacter sp. strain LEP21 and Bacillus sp. strain LEP25 showed plant
growth promoting effects. The growth promotion provided by these strains
was apparently related to improve shoot and root development, which resulted
in better nutrient uptake capability and suppression of plant pathogen. All
these three strains were superior in this regard because they provided the best
and most consistent effects on growth and yield of L. esculentum. All these
strains Pseudomonas sp. LEP17, Azotobacter sp. strain LEP21, Bacillus sp.
strain LEP25 and their consortium seems to be suitable for use as a plant
growth promoting and improvement of growth and yield of L. esculentum and
suppression of fungal phyto-pathogen M. phaseolina.
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Introduction
Tomato (Lycopersicum esculentum L.) suffers from
several diseases caused by fungi, bacteria and
viruses etc. One of the serious fungal diseases is the
charcoal rot caused by Macrophomina phaseolina.
This fungus survives in soil by microsclerotia
produced during parasitic phase of life and survives
in soil for several years. M. phaseolina is
destructive soil borne plant pathogen of more than
500 plant species worldwide. Due to highly
prokaryotic character of the mycelium, the fungi
appear to be highly variable in nature. Charcoal rot
is common disease caused by M. phaseolina among
stem rot, collar rot, dry root rot, pod and stem rot,

leaf blight, seedling blight, foliage blight, pre and
post emergence damping off of crop plant, weeds
grasses and trees in tropical, subtropical and
temperate range of 25-40°C (Dhingra and Sinclair,
1977). This fungus caused a serious damage and a
great loss in crop yield every year throughout the
world particularly in the tropical countries. Besides,
it infects the seed that either failed to germinate or
produce seedlings which do not survive. A wide
variety of seeds carry the inoculums of pathogen
inside their seed coat (Agarwal and Sinclair, 1997).
Infection of M. phaseolina starts from movement of
the pathogen from rhizosphere to the root surface.
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After many steps including penetration pathogen
establish itself inside the host tissue. Before
penetration many activities can be seen such as
sclerotia germination, hyphal growth, aspersoria
formation and penetration through cracks inside the
root surface done mechanically or through
biological agents Aspersoria exert mechanical
pressure to get entry inside the root tissue. The
hyphae of M. phaseolina grow first intercellular in
the cortex and then intracellular through the xylum
tissue colonizing the vascular tissue. Establishment
of M. phaseolina inside host tissue is done by joint
action of substrate specific enzymes and a number
of phytotoxins (Kumar et al., 2005). Tomato is a
common plant with edible fruit cultivated all over
India. The present research work is focused to
screen tomato rhizosphere for plant growth
promoting strains of Azotobacter, Bacilli and
Pseudomonas with ability to reduce the incidence
of fungal disease especially charcoal rot. Charcoal
rot is a deadly disease caused by M. phaseolina. We
will also analyze the application of biofertilizer or
inoculum to increase productivity. Using plant
growth promoting rhizospheric competent strains in
co-culture and consortia with experimental pot trail
and field trial.

Material and Methods
Isolation and characterization of rhizospheric
bacteria associated with tomato roots
The survey of the study area will be done. The
samples from different sites will be collected and
transported to the lab under sterile conditions for
further studies. The rhizospheric bacteria will be
isolated using standard dilution technique according
to Vincent (1970). These cultures will be examined
for their morphological, physiological and
biochemical characteristic according to Bergey’s
manual.
To evaluate bacterial isolates for their PGPR
activities.
The isolates will also be screened for their plant
growth promoting (PGP) activities including
phytohormone (IAA3) production, phosphate
solubilization, HCN production, siderophore
production etc. (Chandra et al., 2007), secretion of
other volatile organic compounds (VOC`s),
Nitrogen fixation.

Antagonistic properties against Macrophomina
phaseolina
In vitro antagonistic properties of the isolates shall
be studied by dual culture method (Skidmore and
Dickinson, 1976).
Molecular characterization of selected plant
growth promoting isolates
Organisms from different biotypes will be selected
for molecular characterization. Selected biotypes
will be subjected for genomic extraction and
amplification of 16S rDNA. The amplified DNA
will be sequenced and the data thus obtained will be
used to search the similar sequences in primary
databases. The sequences will be aligned using
multiple sequence alignment programs and
phylogenetic analysis will be performed.
Studies on bacterial interaction for co-culture
and consortia
Bacterial interaction will be performed Skidmore
and Dickinson (1976) and synergetic strains will be
studied for their plant growth promoting attributes
in co-culture and consortia (Pandey et al., 2006).
Induction of antifungal proteins in against test
pathogens by using characterized strains for
seed bacterization
Surface Sterilized and bacterized seeds will be
crushed in a pre-chilled (4C) mortar and pestle
using acid-sand and extraction buffer (pH-5). Crude
homogenate will be filtered using nylon filter and
centrifuged (10,000 rpm, 4C). The supernatant
will be precipitated at 4C overnight by ammonium
sulphate and recentrifuged at same conditions. The
crude protein (supernatant) so obtained will be then
loaded on to well made in sterile PDA/NAM plate
pre-spreaded with uniform fungal/bacterial
inoculum.
Seed bacterization by plant growth-promoting
strains to study their effect on
growth
parameters by experimental pot/field trials
For seed bacterization, methodology adopted by
Arora et al. (2000) will be followed. Pot and field
trials of individual strain and consortia along with
pathogen infested treatment and a control will be
put using a complete randomized block design
(RBD). Plant growth parameters such as shoot, root
length and biomass along with number of fruits,
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total fruit yield per treatment and reduction in
disease incidence will be recorded periodically and
analyzed boistatistically. Further elaborate studies
will be carried out according to Dubey and
Maheshwari (2006).
Shelf-life of consortia will be assessed in carrier
for a bioformulation
Characterized strains in different consortia with
optimum growth promoting activity will be
assessed for shelf-life in economically viable solid
carrier to be used as a bioformulation.

Results and Discussion
Isolation of microorganisms
Isolation and Identification of Macrophomina
phaseolina
The fungal pathogen Macrophomina phaseolina
was isolated from disease infected plants of L.
esculentum. The isolated black colour colonies of
M. phaseolina were compared with standard
cultures of M. phaseolina procured from Division
of Plant Pathology, IARI, New Delhi and

maintained on potato dextrose agar medium at 4oC.
The colonies of M. phaseolina on PDA were
grayish brown to black, floccose with abundant
aerial mycelium and micro-sclerotia nestling
amongst the hyphae. Mycelium was umber to
chestnut brown eventually becoming dark brown,
septate, branched, and composed of barrel shaped
or cylindrical hyphal cells. Mycelial growth was
followed by sclerotia formations. The sclerotia
were abundant, dark brown to jet-black, smooth,
irregular in size, composed of dark brown cells with
a central rounded pour within mesh of the cells.
Isolation and characterization of native
rhizospheric bacteria from L. esculentum.
A total of 31 bacterial strains were isolated from the
rhizosphere of young and healthy tomato plant
collected from the Roshnabad, Haridwar
(Uttarakhand). These isolates were abbreviated as
LEP25 to LEP31. The standard strains viz.,
Pseudomonas aeruginosa MTCC1934, Azotobacter
vinelandii MTCC124 and Bacillus subtilis
MTCC441 were procured from the Institute of
Microbial technology (IMTECH), Chandigarh for
comparisons.

Table 1: Evaluation of plant growth promoting attributes of LEP11- LEP31
Strains
LEP11
LEP12
LEP13
LEP14
LEP15
LEP16
LEP17
LEP18
LEP19
LEP 20
LEP21
LEP22
LEP23
LEP24
LEP25
LEP26
LEP27
LEP28
LEP29
LEP30
LEP31
MTCC1934
MTCC124

IAA
+
+
+
–
+
–
++
–
+
+
++
+
–
+
+
+
+
–
+
–
+
+
+

Siderophore
–
+
–
+
–
+
++
–
+
–
+
+
+
++
++
+
–
+
+
+
+
+
+

HCN
–
–
+
–
+
–
+
+
–
+
++
+
–
+
+
–
+
+
–
+
+
+
+

MTCC441

+

+

+

Chitinase
–
+
–
–
–
–
+
–
+
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

ACC deaminase
+
–
+
–
–
+
+
+
–
+
–
–
+
+
+
+
+
–
–
+
+
+
+

β–1,3–Glucanase
–
–
+
+
–
+
+
–
–
+
++
–
+
+
+
–
+
+
–
+
++
++
+

Protease
+
+
–
+
–
+
–
+
+
+
+
–
+
–
+
–
+
+
–
+
–
–
+

+

++

–

Abbreviations: – = negative, + = positive; IAA = indole-3-acetic acid; siderophore + = small halos <0.5 cm wide
surrounding colonies, ++ = medium halos > 0.5 cm wide surrounding colonies, +++ = large halos >1.0cm wide
surrounding colonies; HCN = hydrocyanic acid production; ACC = 1-aminocyclopropane-1-carboxylate deaminase;
Pseudomonas aeruginosa MTCC1934; Azotobacter vinelandii MTCC124; Bacillus subtilis MTCC441. All the PGP
activities were performed in triplicate experiments. Values represent an average of three replicates
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On the basis of biochemical characters, the
phylogenetic relatedness among the all isolates was
assessed by UPGMA cluster (Jaccard’s coefficient).
All the seven isolates LEP11-LEP17 were showed
the similarity with standard cultures in UPGMA
clusters analysis. Isolate LEP17 and MTCC1934
were found similar identity and showed 97%
similarity. Isolate LEP12 and LEP14 showed 93%
similarity, while LEP16 found 94% similar to
MTCC1934. Among the isolates of LEP18-LEP24
were found to the similarity in UPGMA cluster.
LEP18 showed 97.5% similarity in phenotypic
character with standard culture MTCC124,
Whereas LEP21 isolate showed 94.5% similarity
with MTCC124 standard culture (Table 1).
Plant growth promoting (PGP) activities: Direct
and indirect plant growth promoting activities of
Pseudomonas spp., Azotobacter spp. and Bacillus
spp. for plant growth promotion were evaluated.
The isolates will also be screened for their plant
growth promoting (PGP) activities including
phytohormone (IAA3) production, phosphate
solubilization, HCN production, siderophore
production etc. (Chandra et al., 2007).
Lytic enzymatic activity
(i) Chitinase activity: Chitinase activity of
bacterial isolates were determined by the
development of clear halo around the inoculated
bacterial spots when loaded on chitin (0.2%)
supplemented medium. Only LEP12 and LEP17
isolates of Pseudomonas sp. strain and LEP19
isolate of Azotobacter sp. strain showed the positive
result for the production of chitinase. None of the
isolates of Bacillus sp. showed chitinase activity
Pseudomonas sp. strain LEP17 (2.8 U/ml/h)
showed the maximum chitinase activity. Chitinase
formation was started after 24 h of incubation
which reached the maximum at 120 h and on
further incubation its activity was declined.
(ii) ACC deaminase production: ACC deaminase
producing bacteria were screened based on the
enrichment method, where ACC was used as sole
nitrogen source. For primary screening, multiple
colonies of the same bacterial species were spot
inoculated on ACC containing Petri plates. Only
single colony was selected and further streaked
onto the surface of a fresh Prtri plate containing
ACC. All the strains of Pseudomonas sp. (except
LEP12, LEP14 and LEP15), Azotobacter sp.

(except LEP19, LEP21and LEP22) and Bacillus sp.
(except LEP28 and LEP29) were able to grow in
minimal medium containing ACC as sole nitrogen.
(iii) β-1,3-glucanase activity: β-1,3-glucanase
activities were screened by appearance of bacterial
growth in the medium supplemented with laminarin
as a sole source of carbon. Pseudomonas sp. strains
isolates LEP13, LEP14 LEP16 and LEP17,
Azotobacter sp. strains LEP20, LEP21, LEP23,
LEP24 and Bacillus sp. strains LEP25, LEP27,
LEP28, LEP30 and LEP31 of were able to grow on
laminarin azure-amended minimal medium that
indicate β-1, 3-glucanase production.
Root colonization study
Pseudomonas sp. strain LEP17tet+, Azotobacter sp.
strain LEP21nf+ and Bacillus sp. strain LEP25chlo+
were used to evaluate the root colonization of
bacteria. All bacterial strains depicted characteristic
pattern of root colonization. The populations of
bacteria were slightly increased from its initial
single inoculation, combinations of two strains and
also in consortium.
In present study, 31 bacterial strains were isolated
from the rhizosphere of tomato and characterized
morph locally, biochemically and phylogenetic
relatedness among the all isolates was assessed
(Table 1). A number of workers (Gupta et al., 2001;
Bhatia et al., 2003; Kamilova et al., 2005; Dubey et
al., 2011; Kumar et al., 2012) were isolated the
wide variety of beneficial microorganisms. Some
PGPB have been isolated from the rhizosphere of
agricultural crops such as potato, tomato, cotton,
tea were identified and characterized as
Pseudomonas spp.. Some noble strains of
Pseudomonas aeruginosa were isolated from the
rhizosphere of potato (Gupta et al., 1999; 2002) and
sunflower (Bhatia et al., 2003; 2005). Keeping this
fact, more strains of Pseudomonas spp. having PGP
characters, were isolated from the rhizosphere of
tomato (L. esculentum). Initially, Kloepper et al.
(1988) identified as plant growth promoting
rhizobacteria (PGPR) due to their rapid and
aggressive rhizosphere colonization that proved as
most powerful inoculants to improve plant growth
and crop yield (Shahzad et al., 2010; Wahyudi et
al., 2011; Saharan and Nehra, 2011; Zabihi et al.,
2011). In our study, Pseudomonas sp. LEP17,
Azotobacter sp. strain LEP21, Bacillus sp. strain
LEP25 evaluated for antibiotic resistance.
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Table 2: Effect of bacterial isolates LEP17, LEP21 and LEP25 and their consortium on seed germination and
vigour Index
Treatments
Pseudomonas sp. strain LEP17
Azotobacter sp. strain LEP21
Bacillus sp. strain LEP25
Consortium 1
Consortium 2
Consortium 3
Control

Germination (%)
86.50
88.36
89.31
91.25
92.15
95.34
65.80

Seedling length
12.32
13.08
14.47
16.50
16.95
19.70
10.56

Seedling Vigour Index
1065.68
1155.74
1292.31
1505.62
1561.94
1878.19
694.84

Abbreviations: Consortium 1 (Pseudomonas sp. strain LEP17 + Azotobacter sp. strain LEP21), consortium 2
(Pseudomonas sp. strain LEP17+ Bacillus sp. strain LEP25), consortium 3 (Pseudomonas sp. strain LEP17+ Azotobacter
sp. strain LEP21+ Bacillus sp. strain LEP25), control (Non-bacterized seeds), Values are the mean of three replicates.

Table 3: Average root colonization of inoculated bacterial strains in the rhizosphere of L. esculentum after 30,
60, and 90 days of sowing
Treatments
Pseudomonas
sp.
strain LEP17
Azotobacter
sp.
strain LEP21
Bacillus sp. strain
LEP25
Consortium 1 LEP17
LEP21
Consortium 2 LEP17
LEP25
Consortium 3 LEP17
LEP21
LEP25

30 DAS
Bacterial
population
4.55±0.23

Indigenous
population
4.95±0.18

60 DAS
Bacterial
population
5.24±0.40

Indigenous
population
5.30±0.13

90 DAS
Bacterial
population
5.43±0.22

Indigenous
population
5.20±0.16

4.12±0.26

5.34±0.24

4.22±0.53

5.85±0.26

4.40±0.23

5.25±0.22

4.00±0.14

5.18±0.20

4.10±0.27

5.30±0.30

4.15±0.20

5.28±0.14

4.12±0.25
3.62±0.18
4.40±0.11
4.58±0.80
4.60±0.61
4.81±0.13
4.89±0.18

4.50±0.24

4.35±0.20
4.08±0.05
4.51±0.62
4.64±0.34
4.65±0.28
4.86±0.24
4.94±0.18

4.61±0.28

4.55±0.17
4.26±0.28
4.83±0.33
4.76±0.31
5.06±0.38
4.99±0.67
5.12±0.60

4.88±0.26

5.23±0.50
5.34±0.10

The antibiotic resistant maker strains developed for
carrying out studies on seed bacterization and root
colonization. Plant growth promoting attributes of
isolates was determined by bacterization of tomato
seeds with Pseudomonas sp. strain LEP17,
Azotobacter sp. strain LEP21 and Bacillus sp. strain
LEP25. These isolates enhanced the seed
germination as compared to control at 7 days after
sowing (DAS). The tomato seeds bacterized with
LEP17tet+ + LEP21nf+, LEP17tet+ + LEP25chlo+ and
consortium (LEP17tet++ LEP21nf++ LEP25chlo+)
showed 92%, 95% and 97% seed germination,
respectively, that was 47%, 51% and 55% higher
than control. Single inoculation, co-inoculation and
consortium preparations applied to seed resulted in
enhanced seed germination (Table 2).
Pseudomonas sp. strain LEP17 showed resistance

5.60±0.29
5.61±0.41

5.65±0.68
5.37±0.45

to tetracycline (100 µg ml-1), Azotobacter sp. strain
LEP21 to nitrofurantoin (100 µg ml-1) and Bacillus
sp. strain LEP25 to chloramphenicol (100 µg ml-1)
and, hence abbreviated as Pseudomonas sp. strain
LEP17tet+, Azotobacter sp. strain LEP21nf+ and
Bacillus sp. strain LEP25chlo+. Presence of the
marker strains revealed the effective root
colonization (Table 3) and competence in the
rhizosphere even in the presence of pathogens by
Pseudomonas sp. strain LEP17tet+, Azotobacter sp.
strain LEP21nf+ and Bacillus sp. strain LEP25chlo+.
The antibiotic marker strains viz., Pseudomonas sp.
strain LEP17tet+, Azotobacter sp. strain LEP21nf+
and Bacillus sp. strain LEP25chlo+ showed enhanced
growth and grain yield of tomato besides showing
reduction in disease incidences. Effective root
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Table 4: Effect of Pseudomonas sp. strain LEP17, Azotobacter sp. strain LEP21, Bacillus sp. strain LEP25 and their consortium on growth of L.
esculentum after 90 days of sowing.
Treatments
Length (cm)
Fresh weight (gm)
Dry weight (gm)
No. of
No. of
No. of
leaf/plant
fruit/plants
seeds/fruit
Shoot
Root
Shoot
Root
Shoot
Root
Pseudomonas sp. strain LEP17
55.85**
6.62**
171.36**
36.71**
58.07**
12.07**
93.00
11.67**
48.66**
Azotobacter sp. strain LEP21
57.19**
6.78**
172.89**
37.78**
59.40**
12.48**
96.67**
12.33**
51.00**
Bacillus sp. strain LEP25
57.88**
7.15**
176.39**
38.03**
59.40**
13.74**
96.00*
12.67**
52.66**
Consortium 1
59.76**
7.67**
177.44**
38.89**
60.34**
14.91**
104.00**
13.33**
55.00**
Consortium 2
61.44**
8.17**
178.95**
41.11**
62.85**
15.84**
108.34**
14.67**
57.00**
Consortium 3
63.96**
8.40**
183.59*
45.94**
68.32**
20.74**
121.66**
15.33**
63.00**
Control
54.08
5.55
161.45
32.98
52.75
9.72
87.33
8.33
45.33
SEM
0.259
0.702
0.328
0.195
0.226
0.188
2.036
0.496
0.608
CD at 1%
1.120
0.303
1.416
0.845
0.978
0.813
8.790
2.141
2.627
CD at 5%
0.799
0.216
1.012
0.602
0.698
0.580
6.272
1.524
1.874
Abbreviations: SEM = standard error mean; CD = Critical Difference, Values are mean of 3 randomly selected plants from each set, * significant at 5%, ** significant at
1% as compared to control, ns = non-significant as compared to control; consortium 1 (Pseudomonas sp. strain LEP17 + Azotobacter sp. strain LEP21); consortium 2
(Pseudomonas sp. strain LEP17+ Bacillus sp. strain LEP25); consortium 3 (Pseudomonas sp. strain LEP17+ Azotobacter sp. strain LEP21+ Bacillus sp. strain LEP25);
control (non-bacterized seeds)

Table 5: Antagonistic effect of bacterial isolates LEP17, LEP21 and LEP25 in dual culture plate at 28oC against Macrophomina phaseolina
Bacterial isolates

Pseudomonas sp. strain LEP17

Azotobacter sp. strain LEP21

Bacillus sp. strain LEP25

Incubation period
(h)
48
72
96
120
48
72
96
120
48
72
96
120
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Growth inhibition of
M. phaseolina (%)
48.16
54.89
58.35
63.31
43.89
47.25
49.63
52.77
44.59
50.91
55.15
63.53
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Figure 1: Plant growth promoting activities of Pseudomonas sp. strain LEP17, Azotobacter sp. strain LEP21
and Bacillus sp. strain LEP25; indole acetic acid (A); siderophore on CAS medium (B) and HCN production
(C and D).

Figure 2: Scanning electron microscopic photographs showing interaction between Pseudomonas sp. strain
LEP17 and Macrophomina phaseolina in dual culture. Hyphal lysis (A); hyphal destruction (B); breakage and
leakage of cytoplasm (C).
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colonization by Pseudomonas sp. strain LEP17tet+,
Azotobacter sp. strain LEP21nf+ and Bacillus sp.
strain LEP25chlo+ gave enhanced plant growth
parameters at 90 DAS (Table 4). Antagonistic
effect of bacterial isolates LEP17, LEP21 and
LEP25 against Macrophomina phaseolina showed
significant plant growth promoting activities and
yield attributes (Table 5). The bacteria-mediated
production of siderophore, HCN (Figure 1) , lytic
enzymes and antibiotics suppressed fungal
pathogens (Figure 2). Secretion of root exudates
enhances rhizobacterial colonization (Chandra et
al., 2007) resulting in production of excess amount
of siderophore and other compounds which may be
involved in biocontrol of phytopathogens (Bais et
al., 2006).

Conclusion

Bais, H. P., Weir, T. L., Perry, L. G., Gilroy, S., & Vivanco, J.
M. (2006). The role of root exudates in rhizosphere
interactions with plants and other organisms. Annu. Rev.
Plant Biol., 57, 233-266.
Bhatia, S., Bhatia, S., Dubey, R. C., & Maheshwari, D. K.
(2003). Antagonistic effect of fluorescent pseudomonads
against Macrophomina phaseolina that causes charcoal rot
of groundnut. Ind. J. Expt. Biol. 41: 1442-1446.
Bhatia, S., Dubey, R. C., & Maheshwari, D. K. (2005).
Enhancement of plant growth and suppression of collar rot
of sunflower caused by Sclerotium rolfsii through
fluorescent Pseudomonas. Indian Phytopathol, 58(1), 1724.
Chandra, S., Choure, K., Dubey, R.C. & Maheshwari, D.K.
(2007). Rhizosphere competent Mesorhizobium loti MP6
induces root hair curling, inhibits Sclerotinia sclerotiorum
and enhances growth of Indian mustard (Brassica
campestris). Braz. J. Microbiol. 38: 124–130.

This study has shown that all the three strains and
consortiums evaluated in present study, consortium
3 i.e. Pseudomonas sp. LEP17, Azotobacter sp.
strain LEP21 and Bacillus sp. strain LEP25 showed
significant plant growth promoting activities and
yield attributes. The growth promotion provided by
these strains was apparently related to improve
shoot and root development, which resulted in
better nutrient uptake capability and suppression of
plant pathogen. All these three strains were superior
in this regard because they provided the best and
most consistent effects on growth and yield of L.
esculentum. All these strains Pseudomonas sp.
LEP17, Azotobacter sp. strain LEP21, Bacillus sp.
strain LEP25 and their consortium seems to be
suitable for use as a plant growth promoting and
improvement of growth and yield of L. esculentum
and suppression of fungal phytopathogen M.
phaseolina.

Dhingra, O. D., & Sinclair, J. B. (1977). An annotated
bibliography of Macrophomina phaseolina 1905-1975. An
annotated bibliography of Macrophomina phaseolina
1905-1975.
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