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Plant-growth-promoting bacteria are often used to enhance crop yield and for biological control of phytopathogens.
Bacillus sp. CHEP5 is a biocontrol agent that induces systemic resistance (ISR) in Arachis hypogaea L. (peanut)
against Sclerotium rolfsii, the causal agent of root and stem wilt. In this work, the effect of the co-inoculation of
Bacillus sp. CHEP5 and the peanut nodulating strain Bradyrhizobium sp. SEMIA 6144 was studied on induction of
both systemic resistance and nodulation processes. Bradyrhizobium sp. SEMIA 6144 did not affect the ability of
Bacillus sp. CHEP5 to protect peanut plants from S. rolfsii by ISR and the priming in challenged-plants, as evidenced
by an increment in phenylalanine ammonia-lyase enzyme activity. Additionally, the capacity of Bradyrhizobium sp.
SEMIA 6144 to induce nodule formation in pathogen-challenged plants was improved by the presence of Bacillus sp.
CHEP5.
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1. Introduction

Plant-growth-promoting bacteria (PGPB) are associated with
plants and stimulate their growth either directly or indirectly.
PGPB exert a direct effect on plant growth by producing
phytohormones or by facilitating the uptake of certain nutri-
ents from the environment, such as nitrogen, phosphorus or
iron. On the other hand, indirect promotion occurs when
PGPB lessen or prevent the deleterious effect of
phytopatogenic organisms by antibiosis, competition for
space and nutrients, production of siderophores, and induc-
tion of systemic resistance in plants against a broad spectrum
of root and foliar pathogens (Podile and Kishore 2006;
Lugtenberg and Kamilova 2009).

The induced systemic resistance (ISR) is an indirenct
biocontrol mechanism that involves the activation of plant
defence state only upon pathogen attack (Kloepper et al.
1992). A common feature of the resistance responses in-
duced by beneficial microorganisms is priming. Primed
plants display faster and/or stronger activation of cellular
defence responses when they are attacked by pathogens
(Pieterse et al. 2000; Paré et al. 2005; Conrath et al. 2006;
Pozo et al. 2008). ISR involves a cascade of defence reactions
that spread from the site of induction to distant parts of the
plant and encompass signal transduction mediated by phyto-
hormones, generation of phytoalexins, oxidative stress protec-
tion, enzymes related to plant defence (phenylalanine
ammonia-lyase, peroxidase, β-1,3-glucanase), and formation
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of structural barriers such as wall thickening, callose depo-
sition and accumulation of phenolics (Reymond and Farmer
1998, Verhagen et al. 2004). Considering that the protection
mediated by ISR is not specific and is effective against a
broad range of phytopathogens (Van Loon et al. 1998), this
mechanism becomes promising as an alternative or comple-
ment to pesticide application in the integrated disease
management.

Among PGPB there is a wide group of microorganisms
called rhizobia, which provide nitrogen to legumes by a
symbiotic process. They can form nodules on roots of legu-
minous plants in which they convert N2 into ammonia,
which become available as nitrogen source for the plant
(Podile and Kishore 2006; Lugtenberg and Kamilova 2009;
Fabra et al. 2010).

Peanut (Arachis hypogaea L.) is an economically
important legume throughout the world and its produc-
tivity is affected, among other environmental stresses, by
different diseases. A soil-borne fungal disease that ad-
versely affects peanut yields all over the world’s grow-
ing areas is root and stem wilt caused by Sclerotium
rolfsii. The extensive use of pesticides could contribute
to environmental pollution and to an increase in the
production cost. Moreover, beneficial microorganisms,
including those that fix atmospheric nitrogen, could be
negatively affected by this practice. Previous studies in
our laboratory demonstrated that the native isolate Ba-
cillus sp. CHEP5 induces systemic resistance in peanut
against the pathogen S. rolfsii and primes the activity of
the enzyme phenylalanine ammonia-lyase (PAL) when
the plant is challenged by the phytopathogen (Tonelli
et al. 2011). On the other hand, Bradyrhizobium sp.
SEMIA 6144 is able to establish a symbiotic association
with peanut plants, inducing the formation of root nod-
ules (Fabra et al. 2010).

Plants are in constant interplay with many soil micro-
organisms. There is an appreciable amount of literature on
physiological effects on host plant growth during the in-
teraction between only one group of microorganisms and
plants (especially rhizobia and legumes). However, en-
hanced and concentrated efforts are nedeed to obtain a
greater clarity about the beneficial effects of different
groups of PGPB on plant growth, considering that in the
rhizosphere, communication among more than one group
of microorganisms and roots are established.

Since the induction of systemic resistance against phy-
topathogens and the improvement in nitrogen nutrition are
both desirable features for peanut growth promotion, it
becomes relevant to evaluate the effect of Bacillus sp.
CHEP5 and Bradyrhizobium sp. SEMIA 6144 co-
inoculation on this legume. Therefore, the aim of this
work was to determine whether the co-inoculation of these
microorganisms affects their peanut growth promoting
activities.

2. Materials and methods

2.1 Bacterial strains, pathogen and culture conditions

The native biocontrol agent Bacillus sp. CHEP5 and the
symbiont Bradyrhizobium sp. SEMIA 6144 (reference strain
recommended by Microbiological Resource Center, Porto
Alegre, Brasil) were used in this study. Bacillus sp. CHEP5
was cultured at 28°C on Trypticase Soya Broth (TSB) or
Agar (TSA) (Britania) media. Bradyrhizobium sp. SEMIA
6144 was cultured at 28°C onYeast Extract Mannitol broth
(YEM) or YEM-agar (YEMA) (Vincent 1970). The strains
were kept in 20% glycerol at −80°C for long-term storage
and in 40% glycerol at −20°C for short-term storage.

The fungal pathogen S. rolfsii was grown on Potato Dex-
trose Agar (PDA) at room temperature for 7 days. The
phytopathogen was kept in 15% glycerol at −20°C for
long-term storage.

2.2 Indole acetic acid-like molecule production
by Bradyrhizobium sp. SEMIA 6144

Indole acetic acid (IAA)-like molecule production was de-
tected by the method described by Bric et al. (1991). YEMA
plates supplemented with L-tryptophan and containing nitro-
cellulose discs were spot-inoculated with 10 μL bacterial
cultures (108 cfu mL−1) and incubated at 28°C for 120 h.
Nitrocellulose discs were transferred to test tubes and im-
pregnated with Salkowsky reagent (Gordon and Weber
1951). Appearance of pink colour after 30 min to 3 h of
incubation indicated IAA-like molecule production. Uninoc-
ulated nitrocellulose discs were used as negative control.

2.3 Simultaneous growth of Bacillus sp. CHEP5
and Bradyrhizobium sp. SEMIA 6144 on solid media

To evaluate whether the growth of one strain is affected by
the presence of the other, the following assays were done: (a)
One half of a YEMA plate was streaked with the strain
Bradyrhizobium sp. SEMIA 6144 and, at the same time,
the other half was streaked with Bacillus sp. CHEP5 culture;
(b) Bacillus sp. CHEP5 was streaked earlier (24 h) than
Bradyrhizobium sp. SEMIA 6144; (c) Bradyrhizobium sp.
SEMIA 6144 was streaked earlier (5 days) than Bacillus sp.
CHEP5. The plates were incubated at 28°C.

2.4 Plant material and growth conditions

Seeds of Arachis hypogaea L. (peanut) var. Runner cultivar
Granoleico, susceptible to S. rolfsii root and stem wilt, were
surface sterilized as described by Vincent (1970). Briefly,
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the seeds were soaked in 96% ethanol for 30 s followed by
20% H2O2 for 15 min, and then washed six times with sterile
distilled water. The surface sterilized seeds were germinated
at 28°C in sterilized Petri dishes with one layer of Whatman
No.1 filter paper and moist cotton, until the radicle reached
approximately 2 cm. Seedlings were sown in plastic cups
filled with sterilized quartz sand, watered regularly and
supplied with Hoagland medium (Hoagland and Arnon
1950) once a week. Plants were grown under controlled
environment (light intensity of 200 mmol m−2 s−1, 16 h
day/8 h night cycle, at a constant temperature of 28°C and
a relative humidity of 50%).

2.5 Bacterial inoculum preparation

Bacillus sp. CHEP5 was cultured on TSB medium for 24 h,
while Bradyrhizobium sp. SEMIA 6144 was cultured on
YEM media for 10 days. They were incubated at 28°C until
cultures reached an OD620nm= 1 (108–109 cfu mL−1) ap-
proximately. The number of viable cells was determined
following the methodology described by Somasegaran and
Hoben (1994). The cultures were centrifuged at 4000g for
12 min at room temperature and the cells were suspended in
0.85% NaCl sterile solution. For co-inoculation treatments,
mix inoculums were prepared in a 1:1 ratio.

2.6 Phytopathogen inoculum preparation

Wet wheat seeds contained in a 50 mL Erlenmeyer flask
were autoclaved and then infected with 5 mm diameter
S. rolfsii mycelia plugs. The Erlenmeyer was maintained at
room temperature until abundant mycelium growth was ob-
served (7–10 days approximately) (Grupta et al. 2002).

2.7 Bioassays to evaluate the induction of systemic
resistance

To avoid direct contact between the bacteria and the phyto-
pathogen, the root system of 12-day-old plants growing in
pots with quartz sand was separated (without cutting) using
the split root system methodology (Tonelli et al. 2011). Each
root part was placed in 100 mL glass tubes containing
agarized (0.6%) Hoagland medium (Hoagland and Arnon
1950). One of the root parts was inoculated with 3 mL (109

cfu mL−1) of each strain culture (Bradyrhizobium sp.
SEMIA 6144 or Bacillus sp. CHEP5) or with a mixture
(1:1) of both strains. The root part inoculated with the
bradyrhizobial strain was growing in nitrogen-free agarized
Hoagland medium. A week later, the other root part was
challenged with the pathogen by adding one wheat seed
infected with S. rolfsii mycelium (20 mg). Non-
pathogenized and non-bacterized control plants were also

included. The activity of the enzyme PAL was determined
in plants at 24 h and 30 days post-pathogen challenge. At
this last time, disease symptoms were recorded and total
chlorophyll content and shoot and root dry weights were
also analysed.

The experiment was repeated four times with 4 replicates
for each treatment.

2.8 BOX –PCR analysis

The fingerprinting analysis was performed in order to con-
firm that there was no direct contact between Bacillus sp.
CHEP5 and S. rolfsii in plants inoculated with the PGPB and
challenged with the phytopathogen. Bacteria were isolated
from the root half that was challenged with S. rolfsii, as
described by Tonelli et al. (2010). Approximately 10–12
colonies from YEMA or TSA plates were selected to obtain
DNA template. Total genomic DNA was extracted with
Illustra bacteria genomicPrep Mini Spin KitA (GE
Healthcare Life Sciences, UK) according to the manufac-
turer’s protocol. DNA concentration of the samples was
approximately 5 ng μL−1. The DNA sequences of BOX
primer BOX-AR1 5′-CTACGGCAAGGCGACGCTGA
CG- 3′ used in this study was described by Versalovic
et al. (1994). The BOX-PCR was performed in 25 μL
reaction mixture containing 10× PCR buffer, 50 mMMgCl2,
2 mM DNTPs, 50 pmol mL−1 of primer, 1 U of Taq DNA
Polymerase (Promega, USA) and 6 μL of DNA template
solution. The temperature profile was as follows: initial
denaturation at 95°C for 7 min, 35 cycles of denaturation
at 94°C for 1 min, annealing at 53°C for 1 min, extension at
65°C for 8 min and a final extension step at 65°C for 16 min.

PCRs were performed in a Mastercycler gradient block
(Eppendorf, Germany). The BOX amplification products in
12 μL sub-samples were separated according to molecular
size by horizontal electrophoresis on 1.5% (w/v) agarose
gels stained with SYBR Green.

2.9 Determination of PAL (EC 4.3.1.5) activity

Peanut leaves (0.1 g) were homogenized with liquid nitrogen
using a mortar and pestle containing appropriate buffer so-
lution (50 mM potassium phosphate and 1 mM EDTA, pH
7.8) and 1% PVP (polyvinylpyrrolidone). The tissue extract
was centrifuged at 12000g for 20 min at 4°C. The superna-
tant was stored at −20°C to be used for enzymatic activity
determination.

The protein concentration of the extracts was determined
by the method described by Bradford (1976), using bovine
albumin (1mg mL−1) as standard.

PAL activity was assayed following the method described
by Paynet et al. (1971) by measuring the amount of trans-
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cinnamic acid formed at 290 nm. The reaction mixture
consisted of 100 μL of enzyme extract, 900 μL 6 mM of L-
phenylalanine and 500 mM Tris HCl buffer solution (pH 8).
The mixture was placed in a water bath at 37°C for 70 min
and the reaction was stopped by the addition of 50 μL of 5 N
HCl. Trans-cinnamic acid (1 mg ml−1) was used as standard
and PAL activity was expressed as ‘μg trans-cinnamic acid
min−1 mg protein−1’.

2.10 Total chlorophyll determination

The amount of total chlorophyll was determined by the
method described by Arnon (1949). Briefly, 0.1 g of fresh
weight peanut leaves was placed in a mortar and the tissue
was ground to fine pulp after the addition of 80% acetone.
The extract was transfered to a Buchner funnel containing a
pad of Whatman filter paper. While filtering the extract, the
gridding of the leaves pulp was repeated to adjust the final
volume of the filtrate to 10 mL. The chlorophyll content was
spectrophotometically determined at 650 and 665 nm. The
amount of total chlorophyll was calculated on the basis of μg
of chlorophyll per gram of fresh leaf tissue, according to the
following equation (Mc Kinney 1938):

Total chlorophyll ¼ 6:45 Absorbanceat665nmð Þ
þ 17:72 Absorbanceat650nmð Þ

2.11 Nodulation tests

Peanut seedlings obtained as described above were sown in
sterilized plastic cups filled with quartz sand. Ten-day-old
plants were inoculated at the junction between stems and
roots (crown) with 4 mL of bacterial culture (109 cfu mL−1)
or with the same volume of a mixture (1:1) of Bacillus sp.
CHEP5 and Bradyrhizobium sp. SEMIA 6144. At this time
they were also challenged with the pathogen in the plant
crown by adding one wheat seed infected with S. rolfsii
mycelium (20 mg). Plants were grown under controlled
environment, watered regularly and supplied with Hoagland
medium (Hoagland and Arnon 1950) once a week. Non-
pathogenized and non-bacterized control plants were also
included.

The plants were harvested 30 days after inoculation and
the number of nodules was determined.

The experiment was repeated four times with 4 replicates
for each treatment.

2.12 Statistical analysis

Statistical analysis was performed by subjecting the data to
analysis of ANOVA. Statistical significance was determined

by the Tukey and LSD tests at p<0.05, using Infostat soft-
ware (1.0, FCA, UNC, Argentina).

3. Results

3.1 Growth compatibility of Bacillus sp. CHEP5
with Bradyrhizobium sp. SEMIA 6144

In order to determine whether there is antagonism between
Bacillus sp. CHEP5 and Bradyrhizobium sp. SEMIA 6144,
they were streaked at the same time or sequentially on the
same Petri plate. Both strains grew optimally under all the
conditions evaluated (data not shown), suggesting that there
is no antagonistic effect between them.

3.2 Evaluation of the ISR response in peanut plants
inoculated with Bacillus sp. CHEP5 and Bradyrhizobium sp.

SEMIA 6144

ISR response was evaluated by using the split root system.
Notably, nodules were not formed in roots growing in
nitrogen-free medium and inoculated with Bradyrhizobium
sp SEMIA 6144. Therefore, the assay was repeated and the
plants were grown in Hoagland medium supplemented with
nitrogen. Inoculation with each strain or with their mixture
reduced disease severity, as the shoot and root dry weights
from challenged plants previously inoculated with Bacillus
sp. CHEP5, Bradyrhizobium sp. SEMIA 6144 or their mix-
ture were greater than the weights of S. rolfsii -challenged
uninoculated plants (table 1). Moreover, the chlorophyll
content of challenged plants inoculated with Bacillus sp.
CHEP5 and the mixture of the PGPB was higher than the

Table 1. Shoot and root dry weight from peanut plants inoculated
with Bacillus sp. CHEP5 and/or Bradyrhizobium sp. SEMIA 6144,
30 days post S. rolfsii challenge

Treatments
Shoot dry
weight (g)

Root dry
weight (g)

Control 0.39 ± 0.02b 0.18 ± 0.01b

S. rolfsii 0.32 ± 0.02ª 0.13 ± 0.01ª

CHEP5 0.57 ± 0.02d 0.23 ± 0.01c

SEMIA 6144 0.65 ± 0.02e 0.23 ± 0.01c

CHEP5 + SEMIA 6144 0.66 ± 0.02e 0.21 ± 0.01bc

CHEP5 : S. rolfsii 0.57 ± 0.02d 0.20 ± 0.01bc

SEMIA 6144 : S. rolsfii 0.44 ± 0.02c 0.18 ± 0.01b

CHEP5 + SEMIA 6144:S. rolfsii 0.59 ± 0.02d 0.18 ± 0.01b

Values are the mean ± SE (n=16). Different letters indicate signif-
icant differences according to the LSD Fisher test (p<0.05). The
experiment was repeated four times with 4 replicates for each
treatment.
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chlorophyll content of uninoculated challenged plants
(table 2).

The fingerprinting analysis done with bacterial genomic
DNA obtained from the root part challenged with S. rolfsii
did not show the typical BOX-profile of Bacillus sp. CHEP5
(figure 1). This result indicated the absence of direct contact
between S. rolfsii and Bacillus sp. CHEP5 in plants inocu-
lated with the bacterium before the phytopathogen challenge.
Therefore, we confirmed that there was no direct antagonism
between the biocontrol bacterium and the phytopathogen and
that Bacillus sp. CHEP5 protection against S. rolfsii was
mediated by ISR.

The shoot and root dry weights and the chlorophyll con-
tent increased in plants inoculated with Bradyrhizobium sp.
SEMIA 6144 compared with uninoculated ones. Consider-
ing that these plants were growing in the presence of an
available nitrogen source, growth promotion could not be
attributed to biological nitrogen fixation. The fact that
Bradyrhizobium sp. SEMIA 6144 synthetises IAA-like mol-
ecules (data not shown) allows us to speculate that they are
involved in the growth promotion of plant inoculated with
this bradyrhizobial strain.

3.3 PAL activity in peanut plants inoculated with Bacillus
sp. CHEP5 and Bradyrhizobium sp. SEMIA 6144

Peanut PAL activity determined at 30 days after S. rolfsii
challenge was higher than at 24 h post challenge. At both
times, a significant increase was observed in plants that had
previously been inoculated only with Bacillus sp. CHEP5 or
with the bacterial mixture, compared with uninoculated
pathogen-challenged plants (figures 2 and 3).

3.4 Bradyrhizobium sp. SEMIA 6144 symbiotic behaviour
in the presence of Bacillus sp. CHEP5 and S. rolfsii

The number of nodules formed was unchanged in
coinoculated plants compared with plants inoculated only
with Bradyrhizobium sp. SEMIA 6144. As expected, the
number of nodules decreased dramatically when the plants
were challenged with S. rolfsii. Interestingly, the inoculation
with Bacillus sp. CHEP5 reverted this effect, as the number
of nodules induced in co-inoculated plants was higher than
that obtained in challenged plants inoculated with
Bradyrhizobium sp. SEMIA 6144 (table 3).

4. Discussion

We have previously reported that Bradyrhizobium sp.
SEMIA 6144 is an effective peanut nodulating strain that
promotes plant growth by fixing nitrogen in peanut and that
Bacillus sp. CHEP5 induces systemic resistance in this le-
gume (Fabra et al. 2010, Tonelli et al. 2011). Therefore, it
becomes relevant to evaluate the impact of the co-
inoculation of Bacillus sp. CHEP5 and Bradyrhizobium sp.
SEMIA 6144 on the ISR and the symbiotic interaction in
peanut plants.

To attribute a biocontrol agent the ability to induce sys-
temic resistance against phytopathogens, it is important to
inoculate the bacterium and the phytopathogen separately in
space and time (Van Loon et al. 1998). In this work we used
the split root system methodology, since it guarantees the
physical separation between the bacteria and the rhizoplane
phytopathogen S. rolfsii, as confirmed by the BOX-PCR
analysis of the gram-positive bacteria isolated from the root
half inoculated only with the fungus.

The evaluation of biocontrol activity mediated by ISR not
only involves recording disease incidence and severity but
also pathogenesis-related enzymes activity usually deter-
mined as ISR markers (Heil and Bostock 2002). Increased
activity and accumulation of these proteins depend mainly
on the biocontrol agent and the phytopathogen species, as
well as on the plant genotype and growth conditions
(Madhaiyan et al. 2006). Some of these proteins are involved
in the fungal cell wall degradation (Van Loon et al. 2006),
but other enzymes associated with ISR such as PAL are
related to phytoalexin biosynthesis (Compant et al. 2005).
In peanut plants inoculated with Bacillus sp. CHEP5, we
have previously determined a significant increment in PAL
activity 15 days after S. rolfsii challenge (Tonelli et al.
2011), and an increase in the AhPAL relative transcript
amount after 24 h S. rolfsii inoculation (Tonelli et al.
2013). Therefore, in this work PAL activity was evalu-
ated at this last time and also when S.rolfsii-challenged
plants showed significant wilt symptoms (30 days after
pathogen inoculation).

Table 2. Total chlorophyll content in peanut plants inoculated
with Bacillus sp. CHEP5 and/or Bradyrhizobium sp. SEMIA6144,
30 days after S. rolfsii challenge

Treatments
Total chlorophyll
(μg per g fresh weight)

Control 203.93 ± 23.89c

S. rolfsii 107.64 ± 23.89ª

CHEP5 188.48 ± 26.17bc

SEMIA 6144 234.20 ± 20.69c

CHEP5 + SEMIA 6144 173.98 ± 22.12bc

CHEP5 : S. rolfsii 176.57 ± 23.89bc

SEMIA 6144 : S. rolsfii 131.39 ± 23.89ab

CHEP5 + SEMIA 6144 : S. rolfsii 174.10 ± 22.12bc

Values are the mean ± SE (n=16). Different letters indicate signif-
icant differences according to the LSD Fisher test (p<0.05). The
experiment was repeated four times with 4 replicates for each
treatment.
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Figure 1. Genomic BOX-fingerprints profiles of bacterial isolates obtained from roots inoculated with S.rolfsii in split root plants. Lane
M: 1 kb molecular weight marker; Lane 1: Bacillus sp. CHEP5; Lanes 2 and 3: bacterial isolates; Lane 4: negative control.

Figure 2. PAL enzyme activity in peanut plants inoculated with Bacillus sp. CHEP5 and/or Bradyrhizobium sp. SEMIA 6144, 24 h after
S. rolfsii challenge. Values are the mean ± SE (n=16). Different letters indicate significant differences according to the Tukey test (p<0.05).
The experiment was repeated four times with 4 replicates for each treatment.
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Since PAL activity was higher in plants inoculated with
the biocontrol agent, as compared with those that were
challenged only with S. rolfsii, we assume that the plant
defence response was primed to be potentiated towards the
pathogen infection. Moreover, at 24 h post-pathogen chal-
lenge a significant increment of PAL activity was registered
in peanut plants inoculated both with Bacillus sp. CHEP5
and with the bacterial mixture. In agreement with our results,
Madhaiyan et al. (2006) and Podile and Laxmi (1998) also
reported a fast accumulation of PAL enzyme after pathogen
challenge in leguminous plants.The fact that PAL activity in
peanut plants is increased at short times allows us to assume
that this is an early event in the priming phenomenon that
characterizes the ISR-mediated protection.

It was interesting to find that, at 24 h post-pathogen
challenge, PAL activity was lower in plants inoculated with

the mixture of the PGPB than in plants inoculated only with
Bacillus sp. CHEP5. The establishment of rhizobia requires
mutual recognition with the plant. During the first stages of
establishment, rhizobia are initially recognized as potential
invaders. In fact, it is known that there are many similarities
between the early legume responses to infection by patho-
genic and symbiotic organisms (Santos et al. 2001). How-
ever, at later stages of the interaction, they are able to
modulate plant defence responses to enable successful colo-
nization of host roots (Zaminoudis and Pieterse 2012).
Therefore, we suggest that at first stages of the interaction
with the plant, Bradyrhizobium sp. SEMIA 6144 modulated
the defence response and this could diminish PAL activity
even when Bacillus sp. CHEP5 was present. However, the
increase in PAL activity in plants inoculated with the mix-
ture of the PGPB was restored at 30 days post-pathogen
challenge. Although finding reasons for this response is
beyond the scope of this work, it became evident that in
the rhizosphere the different populations of the microbial
consortium and the plant roots detect each other and respond
to each other’s presence.

At 30 days post-pathogen challenge, PAL activity in
plants inoculated with Bradyrhizobium sp. SEMIA 6144
reached values similar to those in plants inoculated with
the bacterial mixture. The fact that PAL activity was higher
in plants inoculated with the PGPB as compared with
pathogen-challenged plants confirms that the presence of
Bradyrhizobium sp. SEMIA 6144 did not affect the ability
of Bacillus sp. CHEP5 to induce ISR against S. rolfsii.

Comparison between shoot and root dry weights and
chlorophyll content from challenged-PGPB inoculated

Figure 3. PAL enzyme activity in peanut plants inoculated with Bacillus sp. CHEP5 and/or Bradyrhizobium sp. SEMIA 6144, 30 days
after S. rolfsii challenge. Values are the mean ± SE (n=16). Different letters indicate significant differences according to the Tukey test
(p<0.05). The experiment was repeated four times with 4 replicates for each treatment.

Table 3. Number of nodules induced by Bradyrhizobium sp.
SEMIA 6144 in peanut plants inoculated with Bacillus sp. CHEP5
and/or S. rolfsii challenge

Treatments No. of nodules

Control 23 ± 1.47bc

S. rolfsii 11 ± 1.47a

CHEP5 26 ± 1.55c

CHEP5 + S. rolfsii 19 ± 1.29b

Values are the mean ± SE (n= 16). Different letters indicate signif-
icant differences according to the Tukey test (p<0.05). The exper-
iment was repeated four times with 4 replicates for each treatment.
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plants and from challenged plants reveals that the inoc-
ulation with one or both bacteria reduced wilt severity
and improved growth and physiological state of
pathogen-treated peanut plants. Considering that
Bradyrhizobium sp. SEMIA 6144 was not able to induce
nodule formation in the system used in this study (split
root), plant growth promotion cannot be attributed to
nitrogen fixation, but to other growth promoting mecha-
nisms such as IAA production. It has been demonstrated
that increased root proliferation, related to bacterial IAA
biosynthesis, enhances plant mineral uptake (Spaepen
et al. 2007). This could place the plant in a better
fitness state and condition to face the phytopathogen
challenge and, as a consequence, diminish the patho-
gen’s deleterious effect. In this study, the root dry
weight of Bradyrhizobium sp. SEMIA 6144-inoculated
plants was higher compared to uninoculated ones.

In addition to enhanced total chlorophyll content and PAL
activity, the increase in shoot and root dry weight of co-
inoculated and pathogen-challenged peanut plants suggests
that Bradyrhizobium SEMIA sp. 6144 does not affect the
ability of Bacillus sp. CHEP5 to induce systemic resistance
against S. rolfsii.

To assess whether Bacillus sp. CHEP5 affects the capac-
ity of Bradyrhizobium sp. SEMIA 6144 to nodulate
S. rolfsii-challenged peanut plants, a nodulation assay was
done in the presence of the biocontrol agent. Bacillus sp.
CHEP5 inoculation reversed the harmful effect of S. rolfsii
on the number of nodules formed, indicating that the sym-
biotic interaction in pathogen-challenged plants is not affect-
ed and, in fact, is improved by the presence of Bacillus sp.
CHEP5. Similar results have been recently reported in pea-
nut plants inoculated with Bradyrhizobium spp. and the
biocontrol agents Serratia marcescens and/or Trichoderma
harzianum (Badawi et al. 2011).

In summary, data obtained in this work indicate that the
presence of Bradyrhizobium sp. SEMIA 6144 does not affect
Bacillus sp. CHEP5 ISR-mediated protection of peanut
plants against S. rolfsii. Moreover, the inoculation of both
PGPB strains, in the presence or absence of S. rolfsii, pro-
motes plant growth and increases the number of nodules
formed by Bradyrhizobium sp. SEMIA 6144. It is possible
that, as has been proposed, the biocontrol agent alters host
plant metabolism and/or produces antimicrobial compounds
that favour competition abilities of the rhizobial strain
(Podile and Kishore 2006; Verma et al. 2010).

Living in a community is thought to generate robustness
to environmental stresses and to promote stability for the
members of a consortium over time. Communities might be
more capable of resisting invasion by other species than
monocultures (Brenner et al. 2008). The results obtained in
this work demonstrated that microbial consortia constituted
by PGPB may outperform the beneficial effects achieved by

each strain (pure cultures). This is an attractive trait that can
be used to increase peanut plant production.
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