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Abstract

Twelve isolates of endophytic bacilli were obtained from the inner tissue of Jatropha curcas L. roots,
a potentially important biofuel feedstock plant. /n vitro studies were performed to test the phosphate
solubilisation and indole-3-acetic acid (IAA) production of these isolates, of which four possessed
these abilities. Based on phenotypic, physiological, biochemical and phylogenetic studies, the four
isolates were identified as Bacillus (two Bacillus megaterium, one Bacillus thuringiensis and one yet
to be identified. Bacillus megaterium BP4D strain exhibited the highest phosphate solubilisation level
and IAA production level, and an overall plant growth-promoting effect, resulting in the enhancement
of vegetative parameters. This study discusses the differential growth promotion in Jatropha curcas
L. by different strains of Bacillus and demonstrates the potential use of Bacillus megaterium BP4D
strain as a biofertiliser.
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INTRODUCTION

Phosphorus (P) is an essential nutrient for plant growth
and development. Agricultural soils usually contain large
reserves of phosphorus (Rodriguez and Fraga, 1999).
However, a large portion of the soluble inorganic
phosphate applied to soil is rapidly immobilised and
becomes unavailable to plants (Rodriguez and Fraga,
1999). Several reports have recognised the ability of
different bacterial species (Pseudomonas, Bacillus,
Rhizobium, Burkholderia, Achromobacter, Micrococcus,
Aerobacter and Flavobacterium) to solubilise insoluble
inorganic phosphate compounds (Goldstein, 1986).
Similarly, bacteria have the ability to produce one of the
most important plant hormones, indole-3-acetic acid (I1AA)
(Patten and Glick, 2002), which induces the formation
and organisation of phloem and xylem, adventitious root
formation and also shoot apical dominance (Taiz and
Zeiger, 1998). Together, phosphate solubilisation and
IAA production constitute a principal role for plant growth
promotion (Cooper, 1959; Datta et al., 1982; Dias et al.,
2008; Gaur and Ostwal, 1972; Gerretsen, 1948; Kloepper
et al., 1988; Kucey et al., 1989; Rao, 1982).
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Jatropha curcas L. (family Euphorbiaceae) is an
important oilseed crop that has high oil content. This crop
grows relatively quick under a wide range of rainfall
regimes and can be used to prevent and control soil
erosion (Muys et al., 2008; Openshaw, 2000). For these
reasons, Jatropha has been proposed as a good
alternative for the production of biodiesel, especially in
dry and marginal lands (Johnson et al., 2011; Openshaw,
2000).

To make agriculture sustainable and environmentally
friendly, research has been focused on the isolation of
plant growth-promoting bacteria (Scavino et al., 2010).
These bacteria constitute a microbiota that benefits
plants by accelerating growth and suppressing disease.

In this study, we isolated 12 organisms were isolate
and 4 of them were tested for growth promotion.

METHODS
Biological material
Roots of 3-year-old Jatropha plants were collected from

the Centre for Molecular Biology and Genetic
Engineering (CBMEG) greenhouse for the isolation of



endophytes. Jatropha seeds maintained in the
Germplasm Bank of the Agronomic Institute of Campinas
(IAC) were selected for the plant growth-promotion
experiment.

Root samples and bacterial isolation

Roots were collected from 3-year-old Jatropha curcas L.
plants cultivated in the greenhouse. Root surfaces were
disinfected with a 5 min 70% ethanol wash, a 2 min 5%
sodium hypochlorite wash and two rinses in sterile
distilled water. Samples were homogenised in 10 mL of
sterile phosphate-buffered saline, and serial dilutions
were plated on Luria-Bertani (LB) medium and incubated
for 3 days at 30°C. Each colony was purified according to
morphological characteristics and grown in
CIRCLEGROW® Medium (ICN Biomedicals, Inc., Solon,
Ohio, USA) with shaking (150rpm) at 28°C for 12h. After
purification, each colony were heat-treated (90°C for 10
min) and only spore-forming bacteria were selected and
preserved in CIRCLEGROW® Medium containing 12%
glycerol at -70°C.

Screening for phosphate solubilisation and auxin
production

Strains were cultivated in solid medium containing 4g.L"
MgCl,.6H,0, 0.25g.L".MgS0,.7H,0, 0.2 g.L'KCl, 0.1
g.L" (NH4)>S0,4, 5 g.L" Cas(PO.), and 10g.L".glucose,
for phosphate solubilisation screening and incubated at
30°C for seven days. The ability to solubilise phosphate
was measured using the formation of halos around
colonies (de Freitas, 1997), and quantification was
performed using the molybdenum blue method as
described by Sa et al., (2005).

For IAA production screening, strains were cultivated
on Tryptic Soy Agar plates supplemented with NH,Cl, (10
mmol.L™") and L-tryptophan (100ug.mL™). The evaluation
of IAA production was performed as described by Dias et
al., (2008).

DNA extraction

Four isolates which had positive results were grown in
CIRCLEGROW® Medium with shaking at150rpm at 28°C
for 12h, followed by centrifugation at 2,200g for2 min, and
the supernatant was discarded. The pellets were re-
suspended in GTE buffer (Glucose 20%, EDTA 0.5M,
Tris-HCI 1M, pH 7.9) and treated with 2uL of RNAse
(10pg.uL™), followed by NaOH (4mol.L™")/SDS (10%) and
KOAc (3mol.L™"). The samples were incubated at 80°C for
30 min and centrifuged for 5 min. The supernatants were
transferred into microcentrifuge tubes, and the DNA was
precipitated with isopropanol and washed with 70%
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ethanol. The DNA was dried, eluted in 50uL of sterile
water and preserved at -20°C.

16S rDNA gene amplification,
phylogenetic analyses

sequencing and

Amplification of 16S rDNA gene sequences was
performed using PCR with the universal primers 338F
and 1046R as described by Antonio et al., (2011). The
PCR products were sequenced using the Big Dye
terminator v 3.1 kit and an automated DNA capillary
sequencer (ABI PRISM 3700 DNA Analyzer, Applied Bio
systems). All PCR products were 5'-sequenced using the
338F primer (5-ACTCCTACGGGAGGCAGCAG-3') and
3-sequenced using the 1046R  primer (5-
AGGTGNTGCATGGCTGTCG-3). Analyses of the
sequences were performed using BLASTn against the
Nucleotide (NT) Database. The partial 16S rDNA
fragment was sequenced and deposited at GenBank
(NCBI).

CG-FAME identification

FAME identification was performed using gas
chromatography as described by Dias et al., (2008). An
identification report was prepared using the Microbial
Identification System Software (Sherlock TSBA40 library,
MIDI Inc., Newark, DE, USA) according to the
manufacturer’s specifications.

Preparation of bacterial
treatment

suspension and seed

The bacterial strains used for the inoculation of Jatropha
seeds were grown in CIRCLEGROW® Medium for 24h at
28°C. The cells were collected and washed twice with
phosphate buffer (pH 7.0). The bacterial concentration
used for inoculation was adjusted to 10°cells.mL™ in
phosphate buffered saline (PBS). The seeds were treated
with 5% sodium hypochlorite for 3 min and washed twice
with sterile water. Seed bacterisation was performed as
described by Desai et al., (2007).

The plant
greenhouse

growth-promotion experiment in a

Treated seeds were germinated on plastic tubes (10cm
high and 7cm in diameter) containing sandy loam soil and
were watered regularly. Plants from all treatment groups
were maintained in a greenhouse for 40 days at
temperatures from 28-35°C, a relative humidity of 50-
80% and a 16h photoperiod. Germination was checked
every day. The number of leaves, the shoot and root
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Table 1. Screening for phosphate solubilisation and IAA production

Isolate  P-solubilisation (ug.mI')  IAA production (ug.ml™)

BP1D 44+1.4 Negative

BP2D 10.1x2.4 1.9+ 0.6

BP3D Negative Negative

BP4D 15.3£1.3 22+ 0.6

BP5D Negative Negative

BP6D 10.1£2.4 Negative

BP7D Negative Negative

BP8D Negative Negative

NFP1D Negative Negative

NFP2D Negative Negative

NFP3D Negative Negative

NFP4D Negative Negative

Table 2. Identification of bacilli isolates using 16S rDNA sequencing
Isolate GenBank Number Identity Max score Max identity
BP1D JN903950 B. megaterium strain GYB16 1179 100%
BP2D JN903951 Bacillus sp. SAP02_1 1114 98%
BP4D JN903952 B. megaterium strain GYB16 1212 100%
BP6D JN903953 B. thuringiensis strain GYS5 1171 99%
length, the shoot and root fresh weight and the shoot RESULTS

and root dry weight of the plant were analysed. The
experiment was repeated twice.

Statistical analyses

All of the greenhouse data were suitably transformed and
analysed in a completely randomised design and were
subjected to analysis of variance. The mean values in
each treatment were compared using least significant
differences at 1% probability (P=0.01).

Re-isolation of endophytic and rhizospheric bacteria

Re-isolation of inoculated bacteria was performed
according Dias et al., (2008) and Scavino et al., (2010)
methodology. DNA extraction, sequencing and sequence
analysis was done as described previously.

Nucleotide sequence accession humber
The nucleotide sequences obtained were deposited in

the GenBank Database under the accession number
JN903950 — JN903953

Isolation and characterisation of endophytes

Based on colony morphology, twelve isolates were
obtained from the inner tissue of Jatropha roots and
screened for plant growth-promotion abilities. Four, out of
the 12 isolates solubilised phosphate, two produced IAA
and two had both abilities (Table 1).

Identification of isolates

The four bacterial isolates were Bacillus spp. (Table 2)
with two B. megaterium, one B. thuringiensis and one
Bacillus sp.

Plant growth-promotion potential

Seed inoculation with endophytic bacteria significantly
enhanced growth in Jatropha compared with the control
during the 40 days of sowing under certain parameters.
The treatment of Jatropha seedlings with the BP4D
significantly influenced all vegetative parameters when
grown in pots under controlled conditions. The bacterised
seedlings recorded 57 and 36% higher root and shoot
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Figure 1. Vegetative parameters influenced by innoculum. Length
(A), fresh weight (B) and dry weight (C) of root and shoot of

Jatropha curcas L.

lengths, respectively, as compared with the control
(Figure 1). A similar 79 and 31.8% increase in the fresh
root and shoot weights of Jatropha seedlings,
respectively, was recorded as compared with the control;
analogously, the shoot and root dry weights increased
221.4 and 84%, respectively. All strains were reisolated
in rhizosphere and roots.

DISCUSSION

Few studies have examined the bacteria that live in
association with Jatropha curcas L. and promoting its
growth. Of those studies, most were implemented with
rhizospheric bacteria (Chaitanya et al., 2011; Desai et al.,
2007), and endophytes are yet to be studied with
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sufficient attention. In this study, we performed a
screening that revealed four endophytic bacteria that
produce IAA and solubilised phosphate. Dias et al.,
(2008) reported a large number of bacilli in inner plant
tissues and demonstrated that Bacillus megaterium is
one of the major phosphate-solubilising and [AA-
producing bacteria. The capacity of Bacillus megaterium
to colonise plant tissue and promote plant growth has
been reported for several species (Elvira-Recuenco et al.,
2000; Liu et al., 2006; Sturz et al., 1996) and for the first
time, we report this relationship with Jatropha curcas L.
Our tests illustrated that the Bacillus megaterium BP4D
has potential abilities (IAA production and phosphate
solubilisation) that promote plant growth and these
multiple abilities increases the vegetative parameters
significantly in comparison with other isolates which have
only one of the abilities. BP4D strain showed high genetic
similarity with BP1D strain, however BP1D did not
produce IAA.

Endophytes are known to promote plant growth by
phosphate solubilisation (Verma et al, 2001), and
inoculation with phosphate-solubilising Bacillus spp. can
promote plant development (Yadav and Dadarwal, 1997).
Similarly, endophytes can also promote plant growth by
producing IAA (Mendes et al., 2007). Frequently, high
scores for phosphate solubilisation do not correlate with
high IAA production (Pereira et al., 2011), but in our
study, we obtained an isolate that maximises both
abilities. Liu et al, (2006) reported that Bacillus
megaterium has the capacity to colonise maize with
possible benefits for plant development; thus, we can
speculate about the possible benefits of this bacterium for
the growth of Jatropha, particularly for root development,
which were observed in our experiment.

The capacity to promote plant growth was observed in
certain vegetative parameters such as the mass (dry and
fresh) and the length of the roots. This increase can
greatly benefit the plant because a well-developed root
system enables plants to grow in environments lacking
nutrients and water (Yang et al., 2009). Shoot growth did
not reach the same level as root growth, but both
exhibited significant changes that contributed to the
development of inoculated plants. However, it is difficult
to know which ability had a dominant effect on plant
growth, a question that will require further study. All
strains colonized rhizosphere and inner roots tissues
including BP4D, therefore in this case phosphate
solubilisation and IAA production works and both
environments.

Our results indicated that inoculation of Jatropha seeds
an endophytic Bacillus megaterium BP4D which had
multiple growths promoting abilities enhanced plant
vitality, notably in the root system. This indicates the
potential of this isolate to be used as a bio-fertilizer.

Nevertheless, studies are still needed to better
understand and optimise the endophytic relationship
between Bacillus spp. and Jatropha for biotechnological

applications.
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