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Introduction

Cocoa is a commodity produced in the developing
countries of the tropics and consumed mostly in the
middle-and high-income countries of the world’s
temperate zones. Cocoa is now grown in some 50 tropical
countries, with smallholder farmers growing most of the
world’s 3 million tons of annual cocoa production (Lass,
2004). Continuous and excess use of chemical fertilizers
and other agrochemicals to increase yield may lead to
many ill effects on soil and environment, eventually
resulting in reduction of crop yield. Biofertilizers from
microorganisms can partially replace chemical fertilizers
to increase crop production. In principle, biofertilizers
are less expensive and are more environmentally friendly
than chemical fertilizers.

It has been long recognized that many naturally
occurring rhizospheric bacteria and fungi are plant
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growth promoting and may offer a viable substitute for
chemicals. Plants play an important role in selecting and
enriching the type of bacteria by the constituents of their
root exudates. Most popular bacteria studied and
exploited as plant growth promoting rhizobacteria
(PGPR) which include the species of fluorescent
Pseudomonas and Bacillus. Numerous Bacillus strains
display plant growth-promoting activities and have been
investigated due to their widespread distribution in soil,
ability to colonize the rhizospheres of host plants, and
ability to produce a range of plant growth promoting
traits. Application of Bacillus species to seeds or roots
has been shown to cause alteration in the composition of
rhizosphere leading to increase in growth and yield of
different crops.

Screening for the selection of effective PGPR
strains is very critical to achieve improved growth and
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yield of agricultural crops using microbial inoculant
technology. Recent research has identified isolates of
many endophytic fungi especially Trichoderma species
(Bae et al., 2009) and Bacillus spp. (Rachel et al., 2008)
that are endophytic on cocoa including above ground
tissues. PGPR based products with strains of Bacillus
are more successful in the field due to the resistant spore
forming characteristics. Therefore, Bacillus spp. can be
applied as booster inoculants to increase the efficacy of
plant growth promotion and elicitation of systemic
disease protection in the field (Kloepper et al., 2004).
The present studies were undertaken to characterize
Bacillus species from the rhizosphere of healthy cocoa
plants and to study their plant-growth promotion effects
by inoculating the rhizobacteria on test crop of cowpea.

Materials and Methods

Isolation of rhizobacteria

Rhizosphere soil samples were collected from
cocoa plants (Forastero variety) of various locations in
Southern states of India. From each field site, five
rhizospheric cocoa-growing soils were randomly selected
and a composite sample of rhizosphere soil (roots +
adhering soil) was collected. From each sample, 10g of
soil was aseptically weighed and transferred to 90 ml of
sterile distilled water, which was shaken for 30 min at
180 rpm and then heated on water bath at 80 0C for 20
min for isolating endospore forming Bacillus spp. A series
of 10-fold dilutions were made for each sample. Later
they were spread and pour plate were made on nutrient
agar and incubated at 30 0 C for 48-96 h. Colony counts
were taken and morphologically different colonies were
selected, picked for purification and purified colonies
were stored at 4 0 C.

In vitro assessment of Bacillus spp. for their plant
growth promoting potential

The ability to produce siderophore, solubilize
phosphate and production of chitinase were determined
in terms of change in colour of the specific dye and
clearance zone around the colony, respectively. Growth
of bacteria in DF salts minimal medium supplemented
with 3 mM ACC and Jensen’s agar medium were taken
as the presence of aminocyclopropane-1-carboxylate
(ACC) deaminase activity and nitrogen fixation ability.
The HCN and IAA production were determined by
change in colour of the indicator.

i) Siderophore production ability

Ability of the rhizobacterial isolates to synthesize
siderophore under iron limiting conditions was assessed
by universal chemical assay (Schwyn and Neilands,

1987). Rhizobacteria plated on blue agar CAS medium
were incubated at 30 0 C. Siderophore activity was
detected after 24 h in terms of the intensity of colour
change (blue to orange-yellow).

ii) Phosphate solubilization ability

This was detected by means of a plate assay using
Pikovskaya (PVK) agar, which results in formation of a
clear halo. Bacterial growth and clearing of turbidity were
taken as measures of phosphate solubilization and
diameter of the activity zone was recorded.

iii) 1-Aminocyclopropane-1-carboxylate (ACC)
deaminase production

ACC-deaminase production was determined by
assessing the ability of rhizobacterial isolates to utilize
ACC as sole source of N. The isolates were spot
inoculated in DF salts minimal medium supplemented
with 3 mM ACC (Harry et al., 1991). Growth of bacteria
in media was taken as the presence of ACC- deaminase
activity.

iv) Production of ammonia

Bacterial isolates were tested for the production
of ammonia in peptone water. Freshly grown cultures
were inoculated in 10 ml peptone water in each tube and
incubated for 48–72 h at 30 0 C. Development of brown
to yellow colour in the presence of Nessler’s reagent was
a positive test for ammonia production.

v) HCN production

All the isolates were screened for the production
of hydrogen cyanide by adapting the method of Bakker
and Schippers (1987). Briefly, nutrient agar amended
with 4.4 g glycine/l and bacteria were streaked. A
Whatman No.1 filter paper soaked in 1 % ammonium
carbonate in 0.5 % picric acid solution was placed on
the top of the plate. Plates were sealed with parafilm and
incubated at 30 0C for 7 days. Development of orange to
red colour indicated HCN production.

vi) Assay for indole-acetic acid (IAA) production

For detection of IAA, the method of Brick et al.
(1991) was slightly modified and standardized. Isolates
were streaked on LB medium containing 5mM
L-Tryptophan. Sterile Whatman No.1 filter paper was
placed on inoculated plate. After 3 days of incubation,
the filter paper was transferred to another petriplate
containing Salkowsky-reagent saturated filter paper.
Development of a pink colour within 30 min on filter
paper was considered as positive result. The intensity of
colour was noted.
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vii) Ability to grow on nitrogen-free medium

Growth on N-free medium was determined by
using Jensen’s medium (HiMedia).

viii) Chitinase production

Production of chitinase enzyme was determined
as described by Renwick et al. (1991) on a defined
medium by using colloidal chitin as substrate. Presence
of clearing zone was recorded as positive result.

ix) Antibiotic production

The capability of isolates to produce antibiotic was
studied using agar well method. Supernatant of the culture
was added to the wells made on TSA plates, which
already had been spread plated with appropriate soil
dilution.  Presence of inhibition zone around the well
was recorded after 48 h of incubation.

Environmental Plant Growth Chamber (EPGC) Assay

Cocoa isolates were tested on short duration test
plant cowpea for determining their plant growth
promoting potential. Cowpea seeds were surface
sterilized by 0.1 % HgCl

2 
for four min and washed with

sterile distilled water five times. Surface sterilized seeds
were allowed to dry in airflow for a few minutes.
Bacterization of the seeds was achieved by soaking seeds
in broth for 10 min. Seeds treated with sterile broth served
as untreated control. Seeds were aseptically transferred
to petriplates with soft agar. Five seeds were sown in
each Petri plate with two repeats. Observations were
taken on the 7th day. Seedling bioassays were done in a
growth chamber, which was maintained at 25 0 C, 85 %
humidity with 10 h light and 14 h dark cycles. Increases
in seedling length and fresh weight compared to control
were measured.

Green house studies

For the evaluation of growth promotion under
green house conditions, seeds were sown in plastic cups
filled with unsterile soil: sand mixture (3:1 ratio). PGPR
treated and an untreated control in each treatment was
maintained. The inoculation treatments were set up in a
completely randomized design with 20 replicates/culture.
Four surface sterilized seeds of cowpea were sown per
cup. The rhizobacteria were grown in NB medium and
inoculation was carried out by soil drench with 1 ml of a
bacterial suspension, which resulted in inoculam density
of 106 cfu /ml. After germination, plants were thinned to
two per pot. Plants were kept under natural photoperiod
(16 h light/8 h dark) in the greenhouse. Twenty days after
inoculation, seedlings were harvested and seedling
length, fresh weight and dry weight were measured.

Result and Discussion

In vitro assessment of Bacillus spp. for their plant
growth promoting potential

A total of 59 samples were collected from different
locations in south India and 185 isolates of endospore
forming bacteria (54 isolates from Kerala, 80 from
Karnataka, 33 from Tamil Nadu and 18 from Andhra
Pradesh) were obtained (Table 1).

Table 1. Details of Bacillus spp. isolated from cocoa rhizosphere

State Name of place Total no. of
Bacillus spp. obtained

Kerala Kasaragod 29

Wayanad 12

Kozhikode 13

Sub-total 54

Karnataka Tumkur 46

Kidu 17

Vittal 17

Sub-total 80

Tamil Nadu Coimbatore 21

Pollachi 12

Sub-total 33

Andhra Pradesh Ambajipetta 18

Total 185

Qualitative phosphate solubilization activity was
verified for all 185 isolates and 49 % strains studied were
able to solubilize phosphate in the Pikovskaya’s agar.
Phosphorus, one of the main nutrients limiting plant
growth, is rapidly immobilized after addition to soil as a
soluble fertilizer, becoming unavailable to the plant.
Therefore, bacterial activity is highly important with
respect to supplying plants with phosphorus. Bacillus
spp. is known to promote plant growth by phosphate
solubilization (Hariprasad et al., 2009). The results in
the solubilization of inorganic phosphates by Bacillus
spp. in the present study corroborate the earlier reports
(Hariprasad et al., 2009; Ahmad et al., 2008). Test for
nitrogen fixing bacteria to improve the plants nitrogen
nutrition showed that 50 % of the Bacillus spp. could
grow on N-free medium. Ammonification, an important
step in the transformation of organic nitrogen to
ammoniacal form, would enhance soil nitrogen content
by the ammonifying character of the PGPR isolates.
Production of ammonia was common among the tested
isolates (91 % of Bacillus spp.). ACC-deaminase activity
of PGPR strains is known to enhance the root length and
growth by sequestering and hydrolyzing ACC from
germinating seeds and thereby increasing the active
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rhizosphere zone. Test for their ability to produce ACC
deaminase revealed that almost 71 % of the Bacillus spp.
were able to synthesize ACC deaminase. Similar findings
were reported by Raddadi et al. (2008). Qualitative
phenotypic test for ACC deaminase activity in Bacillus
thuringiensis showed that seven strains are able to grow
on salt minimal medium containing ACC as sole nitrogen
source, indicating the expression of the accd genes.
Bacillus spp. can also promote plant growth by producing
the phytohormone IAA. IAA increases root size and
distribution, resulting in greater nutrient absorption from
the soil. When screened for auxin production, 22 % of
Bacillus spp. produced IAA in the presence of tryptophan.
The root exudates of various plants contain rich supplies
of tryptophan which can be utilized by microorganisms
for synthesis and release of auxins as secondary
metabolites in the rhizosphere. Auxin production
potential of plant associated Bacillus spp. was reported
(Ahmad et al., 2008).

Other important traits of PGPR that may indirectly
influence the plant growth, tested in this study were the
production of siderophore, HCN, chitinase and
antibiotics. Less than 20 % of Bacillus spp. produced
HCN, siderophore and antibiotics. Siderophores bind to
the available form of iron (Fe3+) in the rhizosphere, thus,
making it unavailable to the phytopathogens and
protecting the plant health. Production of fungal cell wall
degrading enzyme was analyzed because this is an
important mechanism of fungal inhibition. Forty three
isolates (23 % of Bacillus spp.) were found to produce
chitinase, a fungal cell wall degrading enzyme. Screening
results of PGP traits are depicted in Fig. 1 and 2. It was
found that higher percentage of Bacillus spp. from cocoa
rhizosphere exhibited direct PGP traits like phosphate

solubilization, ammonification, ability to grow on N-free
media and ACC deaminase (≥ 50 %), whereas less than
25 % of Bacillus spp. showed indirect PGP traits such as
production of HCN, siderophore, chitinases and
antibiotics. Among the direct PGP traits less number of
isolates 41 out of 185 (22 % of Bacillus spp.) showed
IAA production.

In the present study, it was found that the bacilli
isolated from the cocoa rhizosphere were functionally
diverse and possessed more than one plant growth
promoting traits. Difference in the production of PGPR
traits were observed among the isolates and it may be
attributed to the various biosynthetic pathways or
mechanisms, location of the genes involved, regulatory
sequences and also dependent on environmental
conditions. All the 185 Bacillus spp. were assessed and
scored based on in vitro characterization and 36 Bacillus
spp., having combination of PGP activities (score of 9
and above) were selected (Table 2). The isolates could
exhibit upto six PGP traits, which may promote plant
growth directly or indirectly or synergistically. The
maximum score was acquired by two isolates, Bacillus
sp. ASB 12 (from Andhra Pradesh) and Bacillus sp. CSB
17 (from Tamil Nadu). Both the isolates could solubilize
phosphate, exhibit growth on N- free media and were
capable of producing ACC deaminase, ammonia,
siderophore and antibiotics.

Environmental Plant Growth Chamber (EPGC)
Assay

Thirty six Bacillus spp. from the rhizosphere of
cocoa, selected based on their performance in plant
growth promoting traits, were further tested on cowpea
seeds for their effect on seedling growth by measuring
shoot and root length in vitro in growth chamber (Table 3;Fig. 1. Direct plant growth promoting activities of test isolates

MPS - mineral phosphate solubilization, N-free- growth on N-free agar medium,
IAA - indole acetic acid, ACC- amino cyclopropane -1- carboxylate (ACC) deaminase

Fig. 2. Indirect plant growth promoting activities of test isolates
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Fig. 3). Thirty Bacillus spp. induced significant effects
on any one of the tested parameters i.e., shoot length or
root length as compared with non-treated control.
Eighteen isolates showed increase in total seedling length,
whereas 12 isolates showed increases in either shoot
length or root length. Bacillus sp. TSB 15, an isolate
from Karnataka, showed 57 % increase in seedling length.
Based on the selection criterion of concomitant increase
in the tested parameters, 30 Bacillus spp. were considered
promising. The good results obtained in vitro could not
be dependably reproduced under in vivo conditions. The
variability in the performance of PGPR may be due to
various environmental factors that may affect the growth and exert their effect on the plant. The selected Bacillus

spp. were further screened under greenhouse conditions.

Green house studies

Growth promotion efficiency of selected isolates
(selection made on the basis of assessment score obtained
in in vitro characterization for plant growth promoting
traits and seedling bioassay) were evaluated under
greenhouse condition on test crop, cowpea. The growth
promotion by bacilli was assessed by treating the cowpea
seeds with each bacterial isolates separately using the
suspension. In general, most of the isolates tested (27
out of 30 Bacillus spp.), showed positive growth
responses for the parameters measured under green house

Table 2. Scoring of Bacillus spp. based on their plant growth promoting traits

State Name of Total no. of Number of Bacillus spp.
place Bacillus spp. falling in different

tested assessment range in
in vitro characterization

1-4* 5-8 9-12 13-16

Kerala Kasaragod 29 11 11 7 0

Wayanad 12 8 3 1 0

Kozhikode 13 7 5 1 0

Sub-total 54 26 19 9 0

Karnataka Tumkur 46 25 19 2 0

Kidu 17 9 6 1 1

Vittal 17 7 10 0 0

Sub-total 80 41 35 1 1

Tamil Nadu Coimbatore 21 2 7 10 2

Pollachi 12 3 6 3 0

Sub-total 33 5 14 13 2

Andhra Pradesh Ambajipetta 18 2 8 7 1

Total 185 74 75 32 4

No. of Bacillus spp. selected for EPGC screening 36

*Assessment score given to each PGPR isolate based on the results of in vitro
characterization for PGP traits

EPGC- Environmental Plant Growth Chamber

Table 3. Screening of Bacillus spp. for growth promotion under EPGC
conditions

State Bacillus spp. No. of Bacillus spp. showing
tested increase in

Shoot Root Total seedling
length length length

Kerala 9 1 2 1

Karnataka 4 0 1 3

Tamil Nadu 15 4 3 8

Andhra Pradesh 8 1 0 6

Total 36 6 6 18

No. of isolates selected for green house studies 30

(b)

Fig. 3. Cocoa isolate (Bacillus sp. CSB 17) showing enhanced root
development of cowpea seedlings (a) as compared to uninoculated
control (b) under Environmental Plant Growth Chamber conditions

(a)
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conditions compared with the non-bacterized controls
(Table 4). Eleven Bacillus spp. (Isolates CSB 8, CSB 11,
CSB 14, CSB 16, CSB 17, CSB 20, PSB 1, ASB 3, KDSB
3, TSB 15, TSB 17) showed increases in all the three
parameters i.e., seedling length, fresh weight and dry
weight. Seven Bacillus spp. increased seedling length
and fresh weight, two Bacillus spp. showed increase in
fresh weight and dry weight. One Bacillus sp. promoted
only the seedling length and four could enhance only the
seedling dry weight. Three isolates did not show any
response on the growth parameters measured under green
house conditions. Bacillus sp. KGSB 1, isolated from
Kasaragod, Kerala, showed maximum of 38 % increase
in dry weight. Maximum increase in fresh weight
(31 %) was showed by Bacillus sp. KDSB 3, an isolate
from Kidu, Karnataka. The highest increase in shoot
length was obtained upon inoculation with Bacillus sp.
KDSB 14 (20 % increase over control), isolated from
the same location (data not shown). Analysis of the data
obtained from green house studies showed that all the
selected 11 Bacillus isolates, which showed significant

The results of our study under green house
condition showed an increase in seedling length of
cowpea (upto 20 %), fresh weight (upto 31 %) and dry
weight (upto 38 %) in response to inoculation with
selected Bacillus spp. The plant growth stimulation effect
of the bacilli tested can be explained not only by their
ACC-deaminase activity and/or P-solubilization ability,
but also by their ability to grow in N-free conditions,
ammonification and IAA production. Ghosh et al. (2003)
reported that soil inoculation with ACC-deaminase
producing Bacillus circulans, DUC1, Bacillus firmus
DUC 2 and Bacillus globisporus DUC3 increased the
root and shoot length and fresh and dry weight of potted
canola plants. Trials with rhizosphere associated plant
growth promoting N

2
 fixing and p-solubilizing Bacillus

spp. indicated yield increases in rice, barley (Cakmakci
et al., 2001 and 2007), wheat (Cakmakci et al., 2007),
canola (De Freitas, 1997), apples (Aslantas et al., 2007),
tomato (Hariprasad et al., 2009). The possible role of
phosphate solubilization by PGPR isolates in enhancing
the cowpea growth in this study is further substantiated
by the fact that all isolates selected from green house
assay were positive for P- solubilization under in vitro
studies. Soil inoculation with phosphate-solubilizing
Bacillus spp. can solubilize fixed soil P and applied
phosphates resulting in a better plant development and
higher yields (Canbolat et al., 2006). Biological nitrogen
fixation may be facilitated further by the enhancement
in the active root zone by increase in the root length and
growth due to ACC- deaminase activity of the inoculant
strains and thus enhanced nutrient mobilization, capture,
harvest and uptake by the plant from the limited pool of
nutrients in the rhizosphere (Dey et al., 2004). N

2
- fixing

bacteria inoculation significantly increased uptake of N,
Fe, Mn and Zn by barley seedling as compaired to the
uninoculated control (Cakmakci et al., 2007). Root and
shoot weights were enhanced by IAA producing Bacillus
strains isolated from different wild plant species (Ali et
al., 2009). Application of IAA to P- deficient plants
increased root surface area, carbohydrate release and acid
phosphatase activity (Aslantas et al., 2007).

Other attributes like HCN, chitinase, antibiotics
and siderophore production etc. reduce the plant mortality
and disease severity by suppressing root pathogens and
thus enhancing the plant growth. Several studies have
demonstrated that production of siderophore, other
secondary metabolites and lytic enzymes were most
effective in controlling plant root pathogens (Ahmad et
al., 2008). In natural soil environments where microbial
species compete through siderophore-mediated iron
uptake, an organism able to utilize siderophores produced

Table 4. Plant growth promoting effects of selected Bacillus spp. under
green house conditions

Total      No. of isolates Negative
no. showing increases in for all

of isolates parameters
tested

SL FW DW SL + SL + FW + SL+
FW DW DW FW

+DW

30 1 2 4 7 0 2 11 3

SL - Seedling length, FW - Fresh weight, DW - Dry weight

effect in green house studies, were positive for
ammonification and produced ACC deaminase in in
vitro studies (Table 5). Ten Bacillus spp. could
solubilize inorganic phosphate, eight Bacillus spp.
produced antibiotics, five isolates exhibited growth on
nitrogen free medium and chitinase production. Four
isolates produced siderophores. Three isolates produced
HCN and one showed the ability to produce IAA. An
incremental effect on growth observed in cowpea on
inoculation with rhizobacteria indicated a broad
spectrum plant growth promoting activity by the
isolates. All the traits of PGPR might not get expressed
at a given point of time. Thus, the more the presence of
the PGPR traits in an individual organism, the more
the chances of the organism being a successful inoculant
strain. Similar multiple PGP activities among PGPR
have been reported earlier (Ahmad et al., 2008; Farah
et al., 2006).
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Table 5. Functional characteristics of selected Bacillus spp. from the cocoa rhizosphere

PGPRs Characterization for PGP traits Growth Green house  assay
Chamber (% increase over
assay (% untreated control)
increase

over
untreated
control)

Side- HCN P- solubi- Growth Ammoni- IAA Chitinase ACC Antibiotics Seedling Seedling Fresh Dry
rophore lization on N-free fication (zone deaminase (zone length length weight weight

(zone (zone medium in mm) in mm)
in mm) in mm)

Tamil Nadu isolates

Bacillus sp. CSB 8 6 - 6 + + - - + 6 0 8 25 8

Bacillus sp. CSB 11 - - 6 - + - 7 + 6 0 11 15 23

Bacillus sp. CSB 14 - - 6 + + - - + 5 9 5 7 2

Bacillus sp. CSB 16 - + - + + - - + 6 47 13 20 25

Bacillus sp. CSB 17 11 - 6 + + - - + 5 40 2 13 5

Bacillus sp. CSB 20 - - 6 - + - 6 + 7 0 10 14 29

Bacillus sp. PSB 1 4 - 6 - + - 6 + - 13 6 19 5

Andhra Pradesh isolates

Bacillus sp. ASB 3 - - 6 - + - 8 + 5 0 5 7 2

Karnataka isolates

Bacillus sp. KDSB 3 14 - 9 + + - - + 28 17 31 7

Bacillus sp. TSB 15 - + 6 - + - 6 + 3 57 6 13 2

Bacillus sp. TSB 17 - + 6 - + + - + - 38 8 18 5

- = no activity, + = positive result, mm = radius in mm

by other organisms may be more competitive in terms
of survivability and functioning. Geetha et al. (2008)
reported that co- inoculation of siderophore producing
Bacillus isolates with Rhizobium spp. enhanced
nodulation of pigeon pea under iron-starved
conditions.

Cook (1993) suggested that microorganisms
isolated from rhizoplane or rhizosphere of a specific crop
may be better adapted to that crop and may have greater
impact on the health status of the crop than organisms
originally isolated from other crops. The multiple plant
growth promoting activities and incremental growth
influence of some of the promising Bacillus spp. in the
test plant appears potentially promising for further testing
as a bioinoculant in the cocoa plant, where conditions
are much more complex than those prevailing in vitro.
The chances of successful application of isolates would
appear high, as it is to be deployed in the same milieu
from where it has been isolated.
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