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Abstract: Plant growth promoting rhizobacteria (PGPR) are bacteria that colonize plant roots, they promote plant
growth and reduce disease or insect damage. PGPR have been identified within many different bacterial taxa, most
commercially developed PGPR for agricultural crops are species of Bacillus which form endospores that confer
population stability during formulation and storage of products. Here the rhizobacteria Bacillus sp has been isolated
from tomato plant and characterized with routine biochemical tests. Then the isolated rhizobacteria was enriched
by inoculating with coconut water as carrier medium. The growth pattern was studied with the bacterial strain that
was aseptically inoculated within coconut water in flask, coconut water within intact coconut and in nutrient broth.
The rhizobacterial culture inoculated within coconut water in coconut has multiplied to the tune of 10.0×10 -6cfu ml-

1within a period of 24 hrs. The bacterial strain developed mucoidal colonies on coconut water agar medium as a
result of increased polysaccharide production. Seed colonization and plant growth promotion of tomato plant was
more when culture was grown in coconut water was used for seed treatment.
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INTRODUCTION
Plant growth promoting rhizobacteria (PGPR) are

naturally occurring bacteria soil bacteria that
aggressively colonize plant roots and benefits plants by
providing growth promotion. Inoculation of crop plants
with certain strains of PGPR at an early stage of
development improves biomass.  Production through
direct effects on root and shoots growth.20Various
bacteria which are predominantly studied and
increasingly marketed as the biological control agents
includes genera Such as Bacillus, Streptomyces,
Pseudomonas, Burkholderia and Agrobacteria exposure
to PGPR triggers a defense response by the crop as if
attacked by pathogenic organisms. PGPR benefits
plants by providing growth promotion.18Among the
bacilli, strains of B. subtilis are the most widely used
PGPR due to their disease reducing and antibiotic
producing capabilities when they applied as seed
treatments.6Bacillus sp. is one of the most potential
genera due to their spore forming ability, thereby
increasing the adaptation of Bacillus strain to
commercial formulation and field application. Bacillus
subtilis is known to positive influence on plant growth,
vitality and the ability of the plant to cope with
pathogens often resulting in higher yield. B.
mucilaginous has been observed for its capability in
solubulizing potassium7.

There are several PGPR inoculants currently
commercialized that seems to promote plant growth
through at least one mechanism: suppression of plant
disease (termed Bioprospectants), improved nutrient
acquisition (termed Biofertilizers) or phytohormone
production (termed Biostimulants)22. Inoculants
development has been most successful to deliver
biological control agents of plant diseases i.e.
organisms capable of killing other organisms
pathogenic or disease causing to crops. Various
bacteria which are predominantly studied and
increasingly marketed as the biological control agents
includes the genera such as Bacillus, Streptomyces,
Pseudomonas, Burkholderia and Agro bacterium. They
suppress the plant disease through at least one
mechanism; induction of systemic resistance, and
production of siderophores or antibiotics. B. subtilis as
well as other Bacilli are potentially useful as bio-control
agents 10

The carrier is the delivery vehicle of live
microorganisms from the factory to the field; however
no universal carrier or formulation is presently available
from the release of microorganisms in to the soil.24A
cheap and locally available materials for cultivation and
as carrier for formulation has resulted in use of several
naturally occurring plant derived from organic
substrates. Such as coconut water (CW) present in the
coconut was free from any microbial contaminants and
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is highly nutritious, rich in amino acids, vitamins and
minerals16. Coconut water is known to induce plant
growth in tissue culture and is frequently used as a
growth supplement in plant tissue culture media due to
its rich content of nutrients and plant growth
regulators. One way to enhance the effect of CW is to
competitive with PGPR. Studies have been carried out
indicating that PGPR can be used to increase crop
yields 15. It has been shown that CW also acts as a good
nutritional supplement in many of the bacteriological
media25. Microbial formulations are carrier-based
preparations containing beneficial microorganisms in a
viable state intended for seed or soil application. They
are designed to improve soil fertility and help plant
growth by increasing their numbers their biological
activity in the root environment. PGPR are commonly
used as inoculants for improving the growth and yield
of agricultural crops and offers an attractive way to
replace chemical fertilizers, pesticides, and
supplements21. Plant growth-promoting rhizo-bacteria
(PGPR) are beneficial bacteria that colonize plant roots
and enhance plant growth by a wide variety of
mechanisms. The use of PGPR is steadily increasing in
agriculture and offers an attractive way to replace
chemical fertilizers, pesticides, and supplements. Here,
we have isolated and characterized the PGPR from the
rhizosphere soil of rice field for the enhancement of
growth of rice.17

A simple method for multiplication of PGPR in
coconut water and within coconut is described here.
This method is expected to help farmers easily multiply
PGPR, for usage in nurseries of transplanted plants and
agricultural crops.

MATERIALS METHODS
Isolation of PGPR Bacillus strain from soil sample:
The soil samples were collected from the

rhizosphere of healthy tomato growing agriculture
fields around Trichy district. Both the rhizosphere soil
and root samples were taken from the depth of 0- 15
cm. The soil samples were brought in polythene bags
and stored in cool place to maintain their
physiochemical properties for further use. The soil
samples were serially diluted up to 10-9 dilutions. The
dilutions were plated on nutrient agar plates. The
plates were then incubated at 37°C for 24 hrs. The
suspected colonies were picked up, sub-cultured and
preserved on Nutrient agar slants at 4-5°C.

The isolates were identified by routine biochemical
tests as per the guidelines of Berge’s Manual of
Determinative Bacteriology 9

Cultivation of PGPR strains Bacillus sp. on coconut
water agar medium:

Colony morphology of bacterial culture on Coconut
water agar medium: Plain agar (20ml) with double the

agar concentration (agar at 30g/l) was added to 20ml
of double distilled water, and sterilized by autoclaving.
Coconut water (CW) was collected aseptically with
sterile 20ml syringe fitted with 18 gauge needle, by
inserting it through the opened eye of the coconut
aseptically. 20ml of coconut water was further filter
and sterilized with 0.2µ disposable syringe filter and
collected in 100ml conical flask. Sterile molten plain
agar was added to above coconut water in 100ml
conical flask and poured into sterile plates. Bacillus
culture was streaked on the plates and incubated at
28°C. Colony morphology was observed and compared
with nutrient agar plates and coconut water agar
plates.

Enrichment of PGPR Bacillus sp within coconut water
in flask, within coconut and nutrient broth:

PGPR Bacillus sp. was enriched within coconut
water2and inoculation of Bacillus sp (PGPR) into
coconut water in conical flask. Eye of the coconut was
surface sterilized with 70% alcohol and removed with
help of sterile blade. Coconut water was aseptically
collected and transferred to a sterile conical flask with
help of sterile 20ml syringe fitted with 18 gauge needle
by inserting it through opened eye of coconut. 20ml of
filtered sterilized with 0.2µl disposable syringe filter
and collected in an100ml sterile conical flask. A single
colony of bacterial culture was suspended in 1ml sterile
distilled water from that 100µl of suspension was
transferred to coconut water. It was incubated at 28°C
for 24-48 hrs without shaking.  Samples were drawn
from coconut water suspension at regular time
intervals and cell count was monitored using viable
plate count method on nutrient agar plates. The same
method was followed and the Bacillus species was
inoculated in nutrient broth. Then cell count was
monitored at regular time intervals which served as
control.

Tomato Seed treatment and ability of colonization
comparing with Bacillus culture grown in coconut
water and nutrient broth:

Seed treatment was done to compare the
colonizing ability of Bacillus culture on tomato seeds
grown in coconut water and nutrient broth. Seeds of
tomato were surface sterilized with 1% sodium
hypochlorite for 30 min and washed in sterile distilled
water aseptically and spread on sterile tissue paper to
drain excess water. Surface sterilized seeds were then
soaked in Bacillus culture in coconut water and nutrient
broth for 30 min. Treated seeds were kept in sterile
plates at room temperature. Bacterial population on
seeds was determined at 30mts and 24hrs after seed
treatment, by serial dilution with coconut water and
nutrient broth culture. Dilution plating was done on
nutrient agar plate, and total viable count was
measured as CFU/seed.
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Pot Culture Method:
The PGPR Bacillus culture grown in different media

was assessed under pot culture method. The isolated
bacterial culture was grown in nutrient broth coconut
water; intact coconut and seed treatment were also
done. Soaking seeds into sterile distilled water without
inoculation of bacterial culture was served as control.
Seeds were sown in sterile soil mixture (1:1) in big
plastic cups and the planting medium was sterilized by
autoclaving at 121°C for 20min for 3days. Then the
plants were watered regularly with sterile water and no
chemical fertilizers are applied externally. After 28 days
of planting, the seedlings were uprooted for
observation.

Statistical analysis of data
Data was analyzed by one way analysis of variance

(ANOVA) followed by fischer’s LSD post hoc test using
spss 10.0 software (spss Inc., Chicago). The values are
expressed as mean ±.

RESULTS AND DISCUSSION
Rhizosphere is a rich habitat of microorganisms

and should be explored for obtaining potential PGPR,
which can be useful in developing bio inoculants for the
enhancement of growth and yield of crop plants. The
beneficial effect of plant growth promoting
rhizobacteria, particularly those belonging to the genus
Bacillus or Pseudomonas, in enhancing growth and
overall plant establishment is well established.10Plant
growth promoting bacteria are important in managing
plant growth because of their effects on soil
conditions, nutrient availability and tree
growth.11Therefore, it is necessary to develop efficient
strains in field conditions. Isolation and identification of
rhizosphere microorganisms such as Pseudomonas and
Bacillus for proper utilization of their beneficial effects
as plant growth promoters on maize, wheat, rye and
other crops have been well reposrted.14Since PGPR
application on agriculture is currently attracting many
attentions of the community. The present study was
undertaken to isolate and analyze the PGPR
enrichment with coconut water.

The colony morphology of the isolate was large,
flat and opaque colonies were observed. The bacterial
isolates on nutrient agar media were further subjected
to biochemical and physiological characterization and
the results obtained are presented in Table-I.

Growth characters of bacterial culture on coconut
water agar was small round, mucoidal appearance than
those on nutrient agar were large, flat, undulated
colonies with dry appearance.

The PGPR strain Bacillus sp. was found to multiply
well in coconut water utilizing it as sole source of
nutrients. The PGPR strain was grown in coconut water

collected in conical flask as well as within intact
coconut. In nutrient broth which served as control had
maximum bacterial count 8.8×106 CFU/ml at dilution
factor 10-6 within 24hrs incubation and it declines over
at 48hrs, whereas in coconut water in flask, the
maximum population was11.0 ×106 CFU/ml attained
within a period of 24 hr and then the growth was
declined at 48 hrs. The population of the bacterial
suspension in coconut water within coconut was
10.0×106 CFU/ml at the same dilution factor of 10-6and it
declines at 48hrs with further incubation. Hence
maximum population of PGPR isolate was observed in
coconut water medium than nutrient broth at 24 hr
incubation and the growth of the organism declined at
48 hrs incubation due to difference in pH of coconut
water (Table II, III, IV).

Assessment of the bacterial population on treated
tomato seeds showed that cells from the culture
grown in coconut water were present in more in
numbers on the seed as compared to those treated
with culture grown in nutrient broth. The initial
population of the culture on tomato seed in the
nutrient broth was 6.6×106 CFU/ml at 10-6 dilution
factor, after 30 min of tomato seed inoculated with the
culture was subjected to viable count method showed
that 8.5 ×106 colony forming unit/ml at 10-6 dilution
plate. After 24hr incubation the bacterial count on the
seed was counted as 7.2×106 CFU/ml at 10-6 dilution
factor, whereas the initial population count of the
culture in coconut water with tomato seed had 7.8×106

CFU/ml at 10-6 dilution plate. After 30min of incubation
the higher bacterial count on treated tomato seed was
10.0CFU/ml ×106 at same dilution factor and at 24 hr
incubation the population of cell culture was increased
to 11.4 CFU/ml ×106 of the cell suspension in 10-6 dilution
factor were  illustrated in, Table V.

Comparison of the seed treatment revealed that
seeds treated with PGPR grown in coconut water had
more ability to promote plant growth than those
treated with bacteria grown in nutrient broth. The
treatment of tomato seeds with PGPR Bacillus culture
in coconut water  compare within coconut had totally
16 numbers of leaves, the height of the plant was
measured upon 3.5cm with 0.35g as fresh shoot and
0.85g as root weight of the tomato plant. Those seeds
treated with Bacillus culture in nutrient broth had
totally 12 numbers of leaves with 2.3cm as plant height
and the fresh shoot and root weight was measured as
0.21g and 0.53g. The untreated tomato seeds had the
least count with totally 9 numbers of leaves, the height
of the plant measured as 1.6cm and the fresh shoot and
root weight was weighed and recorded as 0.06g and
0.14g in Table VI.

In the present investigation PGPR Bacillus sp. were
isolated from rhizosphere soil sample of tomato plant.
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Similar results on the occurrence of Bacillus spp. in the
rhizosphere soil has been reported by various
workers4,5. The isolated culture were further processed
and identified based on morphological and biochemical
characters by referring to Berge’s Manual of
Determinative Bacteriology (Table-I). The growth
characters of bacterial culture on coconut water agar
medium was small round, mucoidal appearance than
those compared with the colony morphology on
nutrient agar medium were large undulated with dry
appearance. Similar observation was done by (Anith,
2009) with the colonies of Bacillus pumilis strain SE34
on coconut water agar were flat, spreading with
mucoidal appearance and those on nutrient agar were
small, well separated and having dry appearance. The
present study is in accordance with the earlier findings
of Bianciotto, 2008 and Jofre, 2004 had proved that
the seed and root colonization efficiency was highly
influenced by the type and amount of bacterial
polysaccharides.

Table I: Biochemical identification of PGPR isolate
Bacillus sp.

Characteristics Results
Gram’s staining Gram positive
Spore staining Positive
Motility Motile
Catalase test Positive
Oxidase test Negative
Starch utilization test Positive
Indole Negative
Methyl red Negative
Vogesproskauer Positive
Citrate Positive
Nitrate Positive
Glucose Acid production
Lactose Acid production
Mannitol Acid production
Dextrose Acid production
Sucrose Acid production
Xylose Acid production

The multiplication of PGPR strain Bacillus sp within
coconut water as carrier attained a maximum
population of 10.0×106cfu/ml at 24 hrs incubation on
further incubation the growth rate of the culture
declines. In case of multiplication of bacterial culture in
coconut water in flask had 11.0×106 cfu/ml at 24hr
incubation (Table 2, 3 & 4). This result is correlated with
the work of Anith, 2009, on the growth pattern of
bacterial strain B. pumilus SE34, multiply well in
coconut water and maximum population was attained
within a period of 24 hr and then it declined. The
population of the bacterial strain was 108 cfu/ml in case
of coconut water within coconut and 109cfu/ml in the
case coconut water in flask 19studied that coconut
water was rich in source of nutrients for the
multiplication of microbial agents. It has been shown
that coconut water also acts as a good nutritional
supplement in many of the bacteriological media.

Table II: Multiplication and growth of Bacillus sp. In
Nutrient broth (Total viable count method)

Dilution factor (CFU/ml)* after 24 hrs (CFU/ml)* after 48hrs
10-6 8.8×106 7.1×106

10-7 7.0×107 5.3×107

10-8 5.6×108 4.0×108

* Mean of three independent observations.

Table III: Multiplication and growth of Bacillus sp., in
Coconut water conical flask

Dilution factor (CFU/ml)* after 24 hrs (CFU/ml)*  after 48hrs
10-6 11.0×106 9.8×106

10-7 9.3×107 7.7×107

10-8 7.5×108 6.0×108

*Mean of three independent observations.

Table IV: Multiplication and growth of Bacillus sp. in
Coconut water within coconut

Dilution factor (CFU/ml)*  after 24 hrs (CFU/ml)*  after 48hrs
10-6 10.0×106 8.2×106

10-7 7.8×107 6.4×107

10-8 6.0×108 5.5×108

*Mean of three independent observations.

In current study the bacterial population on
tomato seeds treated with coconut water showed
11.4×106cfu/ seed after 24 hr incubation. The mucoidal
nature enriched by content of coconut water helped in
better agglutination of the cells to the seed surface
(Table v). This correlates with the experimental results
of Anith, (2009), reported that the tomato seeds
treated with PGPR strain BacillusSE34 grown in coconut
water had resulted in maximum bacterial population of
8.7×106cfu/seed after 24 hr incubation.  In earlier
studies, The tomato seeds treated with B. subtilis
culture containing 106cfu/ml to promote the tomato
plant growth was experimented by 1surface sterilized
the wheat seeds by soaking seeds in liquid culture
medium for 1 hr using 10% gum arabic as adhesive
agent. The microbial population of Bacillus sp. was 2×
108cfu per seed. The seed treatment was done with
PGPR Bacillus sp. as inoculant carrier and coconut
water as carrier medium, to enhance the plant growth
promoting activity of PGPR Bacillus sp.

The plant growth parameters of tomato seeds
treated with PGPR Bacillus sp. with coconut water as
carrier medium resulted in maximum number of leaves
(16 no. of leaves) with increased plant height (3.5cm)
and fresh shoot and root weight (0.35g and 0.85g).
When compared, the tomato plant growth of seeds
treated with nutrient broth culture and untreated
seeds had least number of leaves with decreased plant
height and fresh shoot and root weight (Table VI). The
results of the present study are in accordance with the
results of the study by Woyessa27 had reported that on
inoculation of AURB65 (Bacillus subtilis), the amount of
fresh shoot and root weight (0.25g) of the plant variety
had been increased when compared with
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Burkholderiacepacia23. Anith, (2009), reported that
plant growth parameters of tomato seeds treated with
Bacillus strain SE34 grown in coconut water resulted in
maximum numbers of leaves as well as increased fresh
shoot (0.22g) and root (0.025g) weight of the plant
when compared with the treated seeds in nutrient
broth. The current study results correlates with the
results of recent experimental findings, Kim,13

demonstrated that PGPR strains Bacillus subtilis had
increased growth promotion of medicinal plant to 150%
the plant height was measured as 50.4cm in length.
The maximum plant height of chilli plant was recorded
as 54.17 cm in the combined treatment of PGPR C2 and
C32 isolate from rhizosphere soil of chill (Capsicum
annuum L.) plant was shown by Wahyudi26 studied on
PGPR Bacillus sp. (Cr-69, Cr33 and Cr68) significantly
promoted the length of primary roots and lateral roots
respectively.

Table V: Bacterial population on tomato seeds (Total
viable count method)

In Nutrient
broth

Initial population in the
suspension(CFU/ml)*

CFU/seed*
after 30 min

CFU/seed*
after 24hrs

10-6 6.6×106 8.5×106 7.2×106

10-7 4.4×107 6.3×107 6.1×107

10-8 2.8×108 4.6×108 5.3×108

In Coconut
water

Initial population in the
suspension(CFU/ml)*

CFU/seed*
after 30 min

CFU/seed*
after 24hrs

10-6 7.8×106 10.0×106 11.4×106

10-7 6.6×107 8.5×107 9.8×107

10-8 4.7×108 6.0×108 7.4×108

*Mean of three independent observations.

Table VI: Plant growth parameters of tomato seedlings
under sterile soil conditions

Treatment No. of
leaves

Plant Height
(cm)*

Fresh shoot
weight (g)*

Fresh root
weight (g)*

Control 9±2.51 1.6±0.12 0.06±0.02 0.14±0.015
Nutrient
broth

12±3.0 2.3±0.25 0.21±0.025 0.53±0.035

Coconut
water

16±1.5 3.5±0.15 0.35±0.01 0.85±0.03

*Mean values of triplicates ± SD

The present results suggest that coconut water
present in uncontaminated form within the intact
coconut serves as excellent carrier medium for
multiplication of plant growth promoting rhizobacteria
that enhances the plant growth ability of various
agricultural crops. The plant growth parameters such
as plant height, number of leaves and weight of the
shoot and root increases when the plant seedlings are
treated with the rhizobacterial cultures formulated
with coconut water as carrier medium.

CONCLUSION
Therefore, the result revealed that the presence of

sucrose in coconut water had favored an increase in
production of polysaccharides by the bacterial strains.
The mucoidal nature of the colonies had positive
influence on seed and root colonization. Assessment of

the bacterial population on the treated tomato seeds
showed that cells from the cultures grown in coconut
water were present in more numbers on the seeds as
compared to those treated with cultures grown in
conventional broth.

Finally, this work reported that seed treatment
with coconut water alone improved plant growth
which was comparable with that observed in other
bacterial treatments. The high population PGPR strain
Bacillus sp. on tomato seeds at the time of seed
treatment had positive effect on the plant growth
promoting ability in tomato plant under sterile soil
condition. This current report suggests that
uncontaminated coconut water naturally available
within the coconut rich in source of nutrients can be
used as an enrichment medium for the multiplication
PGPR rhizobacteria for their enhancement of plant
growth conditions. It is a cheap and farmer friendly
method for multiplication of Plant growth promoting
rhizobacteria in coconut water within coconut. The
inoculant production of low cost rhizobacteria
promote plant growth (PGPR) is an alternative to
reduce the use of pesticides and chemicals.
Furthermore, the use of such inoculants can increase
agricultural production, making the product more
competitive and differentiated as well as reduced the
costs to the producer, the less need for inputs. PGPR
mediated agriculture was now gaining a worldwide
importance and acceptance for an increasing number
of crops and managed ecosystems as the safe method
of pest control, agricultural development and
establishment of good eco- friendly to the
environment.
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