Brazilian Journal of Microbiology (2011) 42: 919-926
ISSN 1517-8382

TRIPLE INOCULATION WITH BRADYRHIZOBIUM, GLOMUS AND PAENIBACILLUS ON COWPEA (VIGNA

UNGUICULATA [L.] WALP.) DEVELOPMENT

André Suéldo Tavares de Lima, Terezinha Ferreira Xavier, Claudia Elizabete Pereira de Lima*, José de Paula

Oliveira, Adalia Cavalcanti do Espirito Santo Mergulhido, Marcia do Vale Barreto Figueiredo

Instituto Agrondmico de Pernambuco, Recife, PE, Brasil

Submitted: October 04, 2010; Returned to authors for corrections: October 31, 2010; Approved: January 31, 2011.

ABSTRACT

The use of microorganisms to improve the availability of nutrients to plants is of great importance to
agriculture. This study aimed to evaluate the effect of triple inoculation of cowpea with arbuscular
mycorrhizal fungi (AMF), plant growth-promoting bacteria (PGPB) and rhizobia to maximize biological
nitrogen fixation (BNF) and promote plant growth. The experiment was conducted in a greenhouse using
cowpea plants (Vigna unguiculata L. Walp cv. IPA 206). The treatments included inoculation with strains of
Bradyrhizobium sp. (BR 3267 and EI — 6) individually and as a mixture, an absolute control (AC) and
mineral nitrogen control (NC), all combined with the presence or absence of native AMF (Glomus
etunicatum) and PGPB (Paenibacillus brasilensis - 24) in a 5x2x2 factorial design. All treatments were
replicated three times. Contrasts were performed to study the treatment of variables. Inoculation with
Bradyrhizobium sp. (BR 3267 and EI - 6) and G. etunicatum favored nitrogen acquisition and phosphorus
availability for the cowpea plants. Inoculation with P. brasilensis - 24 increased colonization by
Bradyrhizobium sp. and G. etunicatum and promoted cowpea growth, while the nitrogen from symbiosis

was sufficient to supply the plants nutritional needs.
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INTRODUCTION

Cowpea (Vigna unguiculata [L.] Walp.), a rustic grain
legume adapted to the Northeast region of Brazil, is rich in
nutrients. It is planted mainly by family farmers who sell their
surplus production to generate extra income (25). However, the
low productivity of this crop is linked to the low technological

level used in its production, especially low water availability,

seeds with low genetic quality and low use of inputs such as
fertilizers and rhizobial inoculants (13).

The wuse of microorganisms to improve nutrient
availability to plants is important for improved or even
successful agriculture (12). Currently, there is an emerging
demand to decrease dependence on chemical fertilizers and
increase the Arbuscular

sustainability of agriculture.

mycorrhizal fungi (AMF), plant growth promoting bacteria
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(PGPB) and the association of rhizobia with leguminous plants
are mutualistic symbioses of great economic importance to
increase crop yields (3). AMF are obligatory biotrophs, only
multiplying in metabolically active roots. Their hyphae can be
compared to root extensions of the host plant; because they
absorb water and nutrients and then supply them to the plant
through ramifications formed by the hyphae inside the host’s
cells, called arbuscules (29).

Phosphorus (P), an element that is scarce and has low
mobility in the soil, is an important nutrient supplied to plants
through AMF (8). Biological nitrogen fixation (BNF) demands
high amounts of ATP energy, so an adequate supply of
phosphorous offered by AMF benefits nodule formation (6).
Nitrogen is one of the most limiting nutrients to agricultural
production in tropical regions of Brazil. Therefore, BNF has
great economic and environmental importance for crop
production (26). Rhizobia, when in symbiotic association with
leguminous plants, convert atmospheric N, to NH;, which is
used by the plants in various ways. This association can be an
alternative to chemical nitrogen fertilizers, with the advantage
of being more economically viable and environmentally
friendly (10).

Vessey (34) reported that plant growth promoting bacteria
(PGPB) colonize different organs of plants and exert beneficial
effects on them. These bacteria act indirectly by suppressing
diseases and directly by producing or modifying phytohormone
concentration, nitrogen fixation, solubilization of inorganic
phosphate or other nutrients from the soil, sulfur oxidation,
production of siderophores, and increasing root permeability
(30). Thus, this study aimed to evaluate the effect of triple
inoculation of cowpea plants with arbuscular mycorrhizal fungi
(AMF), plant growth-promoting bacteria (PGPB) and rhizobia,
seeking to maximize biological nitrogen fixation (BNF) and

promote plant growth.

MATERIALS AND METHODS

The soil used in this experiment was classified as Yellow
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Argisol (11) and was obtained from the Experimental Station
of the Itapirema - Agronomic Institute of Pernambuco (IPA),
located at latitude 07°34'00" and longitude 35°00'00". The soil
was collected from the surface layer (0-20 cm). After air
drying, it was sieved (2.0-mm mesh sieve) and homogenized.
The native populations of rhizobia and Glomus etunicatum
Becker and Gerdemann were also evaluated and were present
at 1.5 x 10° UFC mL™" and 9 glomerospores per 50 g of soil,
respectively. The legume used was the cowpea (Vigna
unguiculata [L.] Walp. cv. IPA-206) from the IPA Seed
Laboratory. The seeds were disinfected by immersion in 70%
alcohol for 30 seconds and 2% sodium hypochlorite for 1
minute and then were rinsed 7 times with sterile distilled water
(39).

The strains of Bradyrhizobium sp. used were BR 3267
from the CNPAB (National Center for Research in
Agrobiology (Seropédica — Rio de Janeiro, RJ- Brazil) and EI -
6 from the IPA Soil Biology Laboratory, and a mixture of the
strains (BR 3267 + EI - 6) grown separately. The bacteria (BR
3267 and EI - 6) were purified in YMA medium (agar,
mannitol and yeast extract) using Congo red as an indicator
(35). Afterwards, the strain was grown in duplicate 250-mL
Erlenmeyer flasks with YM medium (mannitol and yeast
extract) using a rotator shaker at 28 °C for 3 to 6 days,
according to the bacterial growth. The strain of PGPR
(Paenibacillus brasilensis - 24) used (isolated from maize
rhizospheres from Cerrado soil) was provided by the Microbial
Genetics Laboratory - Prof. Paulo de Gées Institute of
Microbiology - Center for Health Sciences - Rio de Janeiro
Federal Rural University (UFRJ). This strain was selected in
previous experiments (22) and showed better symbiotic
performance when co-inoculated with Bradyrhizobium sp. in
cowpea plants. It was grown in duplicate 250-mL Erlenmeyer
flasks with TSB medium (trypticase soy broth), using a rotator
shaker at 28 °C for 24 hours. The spores of G. etunicatum were

expanded in pots containing vermiculite and sand (in 1:1

proportion, autoclaved for 1 hour at 120 °C and 101 kPa), with
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intervals of 24 hours for three consecutive days, using Panicum
miliaceum as a host plant.

The experiment was conducted in a greenhouse at the IPA in 8-
kg pots with 6 kg of soil per pot. Seven cowpea seeds per pot were
planted in each pot. At the time of sowing, each seed was inoculated
with a mixture of 2 mL of the YM medium containing 108 CFU mL"!
of each strain of Bradyrhizobium sp., 2 mL of the TSB medium
containing 10’ CFU mL"' of the PGPR and 1 mL of each liquid
culture of strains of Bradyrhizobium sp. (BR 3267 and EI - 6). In the
G. etunicatum inoculation, 120 spores were used per pot.

After thinning the cowpeas at seven days, two plants were kept
in each pot. For every kilogram of soil, 2 mL of the nutrient solution
of Hoagland and Arnon (17) without N and P was applied weekly. For
the nitrogen treatment, ammonium sulfate was used at a concentration
of 20 kg ha™', distributed in three applications: 10, 20 and 30 days
after germination. All pots were irrigated with distilled water until
reaching the pot capacity. The cowpeas were harvested 40 days after
sowing. The following variables were evaluated: plant height at 10,
20, 30 and 40 days after sowing, root length (RL), shoot dry matter
(SDM), root dry matter (RDM), nodule dry matter (NDM),
SDM/RDM ratio, nitrogen content by the Kjeldahl method according
to Bremner (4), nitrogen accumulation (Nac) in the SDM, specific
nodulation, N, efficiency (N,FE), P content in the SDM by the
vanadate colorimetric method according to Malavolta et al. (23) and
leghemoglobin content (LHb), measured by spectrophotometer (540
nm) according to Wilson and Reisenauer (36). AMF spore density (15,
18), root colonization (16) and easily extractable glomalin (EEG) (37)
were also evaluated. The experimental design was randomized blocks
and treatments in a 5x2x2 factorial setup. The first factor involved the
inoculation with the

presence or absence of nitrogen and
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Bradyrhizobium sp. (BR 3267) and Bradyrhizobium sp. (EI - 6) strains
separately and in combination (BR 3267 + EI - 6) or no inoculation
and no nitrogen - absolute control (AC) and without inoculation but
with mineral nitrogen — nitrogen control (NC). The second and third
factors were the absence or presence of AMF (Glomus etunicatum)
and PGPB (Paenibacillus brasilensis - 24) or both, in all possible
combinations with the first factor, resulting in a total of 20 treatments
with 3 replicates.

The variance in the data was analyzed and contrasts were
performed for each variable, with levels of significance of 5%,
evaluated by the F-test. The means were compared using the Tukey

test (p < 0.05).

RESULTS AND DISCUSSION

Statistical analysis by the F-test revealed significance for the
isolated effects of the first factor (strains of Bradyrhizobium sp. BR
3267, EI - 6 inoculated separately and in combination [BR 3267 + EI -
6], AC and NC), the second factor (presence and absence of
inoculation with G. efunicatum) and the third factor (presence and
absence of inoculation with P. brasilensis - 24). Only the SDM of the
cowpea plants showed interaction between factors 1 and 2.

The cowpea plants inoculated with Bradyrhizobium sp. showed
significant differences (p <0.05) for the variables SDM, Nac and EEG
in soil (Table 1). The results showed that inoculation of cowpea plants
with strains of Bradyrhizobium sp., applied either separately or in
mixture, resulted in an SDM similar to the NC. The treatment with a
mixture of strains (BR 3267 + EI - 6) provided an increase in Nac
when compared to the AC. Inoculation with Glomus etunicatum did
not favor the production of glomalin, obtaining a lower mean (0.46

mg glomalin per gram of aggregates).

Table 1. Shoot dry matter (SDM), nitrogen accumulation (Nac.), easily extractable glomalin (EEG) from soil and root colonization in

treatments with strains of Bradyrhizobium sp. BR 3267 and EI — 6 inoculated separately and in combination (BR 3267 + EI - 6), without

inoculation and without nitrogen - absolute control (AC) and without inoculation and with mineral nitrogen — nitrogen control (NC)

SDM Nac EEG Root colonization
(g pot™) (mg N pot™') (mg g aggregate) (%)

NC 7.80 a 23453 a 0.64 a 80.20 a

BR 3267 +EI-6 773 a 227.49 ab 0.51 ab 81.20 a

BR 3267 772 a 202.78 bc 0.48 ab 91.00 a

EI-6 7.40 ab 212.62 abc 0.46b 81.60 a

AC 6.62b 19347 ¢ 0.57 ab 81.00 a

% CV 9.92 10.29 28.81 17.97

In each column, means (12 replicates) followed by the same letter do not differ statistically from each other at p< 0.05 according to the Tukey test.
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In assessing the effect of the inoculation of cowpea plants
with G. etunicatum associated with different treatments, we
found that presence of the fungi provided a higher mean for
SDM treatments than those inoculated only with rhizobia EI - 6
alone or in mixture (BR 3267 + EI - 6). These results
corroborate those found by Jesus et al. (19), who obtained
significant differences (p <0.05) when testing the co-
inoculation of rhizobia and AMF on the leguminous caiman

tree Piptadenia gonoacantha. The absolute control was also

aided by the presence of the fungus (Table 2). The effect of

Inoculation with Bradyrhizobium, Glomus and Paenibacillus

mycorrhizal  association and the  symbiosis  with

Bradyrhizobium sp. can be autocatalytic and synergistic

because the biological processes can increase the
photosynthetic rate of the microsymbiont. These processes can
reduce the risk of the photosynthate drain that is caused by
microsymbionts, which can cause reduction in crop yield (24).
According Bonfante and Anca (3), dual inoculation is capable
of reducing the costs of nitrogen and phosphate fertilizers. It
can also give plants a greater ability to absorb nutrients,

leading to an increase in productivity.

Table 2. Shoot dry matter (SDM) of cowpea plants inoculated with strains of Bradyrhizobium sp. BR 3267, EI — 6 separately and

in mixture (BR 3267 + EI - 6), without inoculation and without nitrogen - absolute control (AC) and without inoculation and with

mineral nitrogen — nitrogen control (NC), inoculated (I) or non-inoculated (NI) with Glomus etunicatum.

SDM (g pot™)

BR 3267 EI-6 BR 3267 + EI - 6 AC NC
I 7.85a 7.86 a 8.28a 7.75a 82la
NI 7.60 a 6.95b 7.17b 549b 740 a
% CV 9.92 9.92 9.92 9.92 9.92

In each column, means (6 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test.

Regardless of the treatment, the inoculation with G.
etunicatum favored cowpea growth according to the variables
SDM, RDM and SDM/RDM ratio, as well as Nac, N,FE and
number of glomerospores in the soil. However, the plant height
over time (10, 20, 30 and 40 days), root length and root
colonization by AMF and EEG did not differ significantly (p
<0.05) for the treatments inoculated or not inoculated with G.
etunicatum (Table 3). The short period of time in which we
evaluated these factors could have influenced the results of
plant growth, such as plant height and root length.
Additionally, the content of glomalin, found mainly in the
mycelium and the wall of the AMF spores, is involved in the
processes of soil aggregation and is considered a bioindicator
of the abundance of extracellular production of mycelium in
the soil (31). Finally, the high degree of colonization (80 to
100%) reveals the infective potential of both the native and

AMF isolates with which the plants were inoculated. The

cowpea crop probably had not completed its life cycle, because
the sporulation of AMF occurs more at the end of the plant
cycle. The highest number of glomerospores was found in the
soil of plants inoculated with G etunicatum, due to the
introduction of these fungi in their respective treatments. Bever
et al. (1) mentioned that the host plant can be one of the main
factors regulating the composition and structure of AMF
communities, as each development phase (spore germination,
hyphae growth, root colonization and sporulation) are
influenced by the roots of plants. According to Bressan et al.
(5), these factors are also influenced by the concentration of
nutrients in the substrate.

The SDM level and SDM/RDM ratio were higher for the
treatment inoculated with G. etunicatum, while the RDM was
higher when plants were not inoculated. This fact can be

explained by the increased contribution of mycelia extension in

capturing the nutrients needed by plants and transferring them
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to the shoots. This result is in agreement with Tylka et al. (33),
who showed that the presence of AMF increases SDM. The
treatments with the presence and absence of G. etunicatum did
not differ in NDM or LHb. In a comparable system, Mergulhdo
et al. (24) tested G. etunicatum and rhizobia co-inoculation on
Mimosa caesalpinifolia Benth. plants in sandy soil and also
found no significant differences (p <0.05) in the NDM. The
Nac and N,FE were higher in plants inoculated with G.

etunicatum. Inoculated plants usually have higher metabolisms

Inoculation with Bradyrhizobium, Glomus and Paenibacillus

than nonmycorrhizal plants and are able to provide greater
amounts of carbohydrates to the rhizobia, resulting in more
efficient nodulation. Thus, the results show that inoculation
with G. etunicatum, despite not having made a significant
difference in the NDM and LHb, increased nitrogen
accumulation in the SDM and improved the N, efficiency in
cowpea plants. These results suggest that AMF can affect N
acquisition by rhizobia and consequently increase symbiotic

efficiency.

Table 3. Plant height at 10, 20, 30 and 40 days; root length (RL), shoot dry matter (SDM), root dry matter (RDM), SDM/RDM

ratio, nodule dry matter (NDM), nitrogen accumulation (Nac.), N content, N, efficiency (N,FE), leghemoglobin (LHb) and

phosphorus content (P) in the cowpea plants, number of glomerospores, root colonization (%) and easily extractable glomalin

(EEQG) in soil inoculated (I) or not inoculated (NI) with Glomus etunicatum.

Plant height (cm)
10d 20d 30d 40d
I 18.80 a 28.56 a 54.03 a 148.60 a
NI 18.73 a 28.00 a 47.23 a 143.46 a
% CV 8.98 8.42 33.20 18.40
SDM RDM SDM/ RDM RL NDM
I 7.99 a 1.90b 431a 42.90 a 194.06 a
NI 6.92b 2.30a 3.19b 42.20 a 183.33 a
% CV 9.92 33.54 23.84 19.82 18.29
N ac. N Content N,FE LHb
I 231.22a 29.28 a 1.22a 0.50 a
NI 197.09 b 29.34 a 1.10b 0.47 a
% CV 10.29 11.92 17.38 24.25
P Content Glomerospores** EEG Root colonization (%)
I 1.47 a 213.40 a 0.54a 81.04 a
NI 1.39 a 155.00 b 0.53a 76.32 a
% CV 17.41 17.03 28.81 28.60

In each column, means (30 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test.

* NFM = nodule fresh matter
** Original medium processed to v (x +0).

The inoculation with G. etunicatum increased the P
content of the SDM, but this result was not significant (p
<0.05) by the Tukey test. A decrease or increase in phosphorus
concentrations is reported by different researchers, according to
genus, variety and plant cultivar. Bhivare and Nimbalkar (2)

observed increases in P concentrations in the shoots of the bean

cv. vaghia. Joshi (20) reported a reduction of this element in
Cajanus cajan (L.) Huth, while Flores-Aylas et al. (14)
observed no significant difference (p <0.05) in Schinus
terebenthifolius Raddi and Trema micrantha (L.) Blume.

In an attempt to keep the micro and macro biota and their

interactions closer to their native state, we chose to work with
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the inoculation of microorganisms using unsterilized soil and in
greenhouse conditions. Competition between AMF species, in
terms of their ability to colonize roots, can also be influenced by
environmental conditions (7). Experiments involving soils with
native AMF on a single host will probably better reflect those
processes that naturally occur (8). Interspecific competition has
been measured as a function of sporulation differentiated by these

fungi and the formation of entry points into roots being colonized.

Inoculation with Bradyrhizobium, Glomus and Paenibacillus

Despite these interactions, a combination of fungal isolates (native
+ tested) has been shown to provide a greater benefit in growth
than when only a single fungus colonizes the roots of the plant (9).

The co-inoculation with Paenibacillus brasilensis - 24
favored cowpea development (Table 4). A significant difference
was observed (p <0.05) by the Tukey test for the variables plant
height at 10, 20, 30 and 40 days, SDM, RDM, SDM/RDM ratio,

NDM, Nac and N content in cowpea plants.

Table 4. Plant height at 10, 20, 30 and 40 days, shoot (SDM), root (RDM) and nodule dry matter (NDM), SDM/RDM ratio, root

length (RL), nitrogen accumulation (N ac.), N content, N, efficiency (N,FE), leghemoglobin (LHb), phosphorus content (P) and

mycorrhizal colonization (MC) in the cowpea plants and number of glomerospores, easily extractable glomalin (EEG) in soil

inoculated (I) or not inoculated (NI) with Paenibacillus brasilensis - 24.

Plant height (cm)
10d 20d 30d 40d

I 19.40 a 30.00 a 62.95a 160.76 a
NI 18.13 b 26.56 b 38.31b 131.30 b
% CV 8.98 8.42 33.20 18.40

SDM RDM SDM/RDM RL NDM
I 8.82a 2.38a 3.99 a 4370 a 209.20 a
NI 6.09 b 1.82b 3.52b 41.50 a 168.20 b
% CV 9.92 33.54 23.84 19.82 18.29

N ac. N Content N,FE LHb
I 239.06 a 27.34b 1.17 a 0.50 a
NI 189.26 b 31.29a 1.16 a 0.47 a
% CV 10.29 11.92 17.38 24.25

P MC EEG Glomerospores**
I 1.46 a 81.89a 0.51a 189.80 a
NI 1.40 a 78.11 a 0.56 a 178.40 a
% CV 17.41 28.60 28.21 17.03

In each column, means (30 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test.

* NFM = nodule fresh matter
** Original medium processed to v (x +0).

The plant height over time (10, 20, 30 and 40 days) was
higher for the treatments inoculated with P. brasilensis - 24.
Sivaramaiah et al. (27), studying inoculation with different
strains of Bacillus sp. in Cicer arietinum L., noted that these
bacteria stimulate shoot growth at 10 days of observation
compared to the control. Shishido and Chanway (28) observed
that growth promotion in silver firs (Abies sp.) resulting from

the application of bacteria from the same ecosystem was low

and being not therefore necessary to combine other isolates
such as Pseudomonas with the fir ecotypes (Abies sp.) and soil
types for effective promotion of seedling growth, confirming
the non-specificity, as found in this work. Some authors
emphasize the need for homogenous isolates or isolates
adapted to the host, justified by a greater colonization capacity,
lowering the risk of introducing exogenous organisms (21) and

specificity between the host and isolated PGPR.
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The RL showed no difference between treatments co-
inoculated with or without P. brasilensis - 24, which probably
occurred because the experimental unit (pot) was limited
affecting the RL. However, the co-inoculated treatment
provided greater mean RDM, assuming that the roots grew
laterally. The N,FE, LHb and P content showed no significant
difference (p <0.05) provided by the co-inoculation of P.
brasilensis - 24, although these variables presented the highest
means. According to Triplett (32), the co-inoculation of
rhizobia with other bacteria such as Bacillus, Azospirillum and
Agrobacterium can promote symbiosis with legumes in many
ways, highlighting the influence of increasing competitiveness
of the rhizobia inoculated. The inoculation of P. brasilensis -
24 showed no significant difference (p <0.05) in the number of
glomerospores in the soil, root colonization or glomalin, thus

not favoring the increase of these variables.

CONCLUSIONS

The use of microorganisms as key components to increase
the availability of nutrients to plants has proved to have great
practical importance for sustainable agriculture. In this study,
the nitrogen from symbiosis was sufficient to supply the needs
of cowpea plants while the N accumulated in the plants
inoculated with a mixture of strains of Bradyrhizobium sp. (BR
3267+ EI 6) was higher compared to the single inoculation
with the strain BR 3267. The dual inoculation with
Bradyrhizobium sp. and Glomus etunicatum provided a greater
accumulation of nitrogen in the plants. The inoculation with G.
etunicatum increased the shoot dry matter more than the
treatments inoculated only with native AMF from the soil. The
dual

inoculation with G. etunicatum and Paenibacillus

brasilensis - 24 promoted greater growth of the cowpea plants.
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