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ABSTRACT – Mimosa foliolosa is a promising native species of rupestrian fi elds for revegetation of degraded 
areas in this ecosystem. The symbiosis between leguminous plants and N

2
-fi xing bacteria may play an important 

role in the recovery of these areas, since these plants have better development and are more resistant to the attack 
of pathogens. In addition to the biological nitrogen fi xation (BNF), these bacteria can promote plant growth 
through other processes, such as phosphate solubilization and siderophore production. We studied the cultural 
and genetic characteristics of 11 bacterial strains, isolated from rupestrian fi eld soils using Mimosa tenuifl ora 
as “trap” plant. We evaluated these strains considering their symbiotic characteristics such as nodulation, and 
growth-promotion of Mimosa foliolosa, as well as their ability for siderophore production and phosphate 
solubilization. Native N2-fi xing bacterial strains belonging to the Paraburkholderia genus (UFLA01-750, 
UFLA01-728, UFLA01-725, and UFLA01-757), showed high symbiotic effi  ciency with M. foliolosa. These 
strains also solubilized calcium phosphate and produced siderophores, exhibiting high functional diversity and 
potential for use in revegetation projects.

Keywords: Nitrogen fi xing bacteria; Recovery of degraded areas; Phosphate solubilization. 

ESTIRPES DE Paraburkholderia ORIUNDAS DE CAMPOS RUPESTRES PROMOVEM 
O CRESCIMENTO DE Mimosa foliolosa

RESUMO – Mimosa foliolosa é uma espécie nativa de campos rupestres promissora para revegetação de áreas 
degradadas neste ecossistema. A simbiose entre leguminosas e bactérias fi xadoras de N

2
 pode desempenhar um 

papel importante na recuperação dessas áreas, uma vez que estas plantas têm melhor desenvolvimento e são 
mais resistentes ao ataque de patógenos. Em adição à fi xação biológica de N

2
 (-FBN), essas bactérias podem 

promover o crescimento vegetal por meio de outros processos, tais como solubilização de fosfatos e produção 
de sideróforos. Nós estudamos as características culturais e genéticas de 11 estirpes de bactérias isoladas de 
solo de campos rupestres utilizando Mimosa tenuifl ora como planta isca. Nós avaliamos estas estirpes em 
relação as suas características simbióticas como nodulação e promoção de crescimento de Mimosa foliolosa, 
assim como sua habilidade de solubilizar fosfato e produzir sideróforos. Estirpes bacterianas fi xadoras de N

2
 

nativas pertencentes ao gênero Paraburkholderia (UFLA01-750, UFLA01-728, UFLA01-725 e UFLA01-757), 
apresentaram alta efi ciência simbiótica com M. foliolosa, além de solubilizar fosfato de cálcio e produzir 
sideróforos, evidenciando uma alta diversidade funcional e potencial para uso em projetos de revegetação.

Palavras-Chave: Bactérias fi xadoras de nitrogênio; Restauração de áreas degradadas; Solubilização de 
fosfato.
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1.INTRODUCTION

Rupestrian fi elds are known for the high diversity 
of plant and animal species that inhabit them, many 
of which are endemic. Given this high diversity above 
ground level, a large diversity of soil-dwelling organisms 
is expected. Studies have shown that the rupestrian fi elds 
can be considered a hotspot of diversity of an important 
group that composes the soil biota – the arbuscular 
mycorrhizal fungi (Coutinho et al., 2015; Carvalho et 
al., 2012). 

Symbiosis between leguminous plants and 
Nodulating Bacteria may play an important role in 
processes for recovery of these areas, since these plants 
have better development and are more resistant to 
attack from pathogens (Martins et al., 2018; Ferreira et 
al., 2020). In addition, through improving soil fertility, 
they may favor the growth of other non-leguminous 
species (Zotarelli et al., 2012). The multifunctionality 
of this group of microorganisms is well-known, i.e., 
in addition to biological nitrogen fi xation (BNF), 
these bacteria can promote plant growth through other 
processes, such as phosphate solubilization (Marra et 
al., 2012), which results in an increase in the supply 
of phosphorus available for uptake by plants, and 
siderophore production, which makes iron available 
for plant growth through the iron/siderophore bacterial 
complex and limits iron acquisition by plant pathogens, 
preventing their proliferation in this ecological niche 
(Neilands, 1952; Neilands, 1995). For that reason, we 
studied the bacterial culture and genetic characteristics 
of 11 native bacterial strains, among which are rhizobia 
and endophytic bacteria, that may have characteristics 
of plant growth-promoting rhizobacteria (PGPR) 
(Oliveira-Longatti et al., 2014). We evaluated the strains 
regarding their nodulation- and growth-promoting 
ability in Mimosa foliolosa (a leguminous plant species 
endemic to the rupestrian fi elds), as well as their ability 
for siderophore production and phosphate solubilization.

2.MATERIAL AND METHODS

The strains were isolated from nodules of Mimosa 
tenuifl ora grown in pots containing soil from diff erent 
habitats (Cerrado-tropical savanna; Peat bogs; Rocky 
outcrops; Quartz gravel fi eld) of the rupestrian fi eld 
ecosystem collected from the  private reserve Vellozia, 
in the Serra do Cipó, Minas Gerais. 

Soil samples from each of the 4 habitats constituted 
the 4 treatments that were arranged in completely 

randomized design with three repetitions. The 
experimental unit corresponded to a 1kg pot with one 
plant per pot. Each pot contained 75% of sterile inert 
sandy substrate and 25% of soil from each habitat 
studied. Before planting Mimosa tenuifl ora seeds, used 
as trap plant, were superfi cially disinfected using 70% 
alcohol for 3min, 1% sodium hypochlorite for 3min and 
successive washing in running water. After 90 days, 
nodules were collected from the plants for isolation. 
The nodules obtained from the trap plants were fi rst 
immersed in 95% ethyl alcohol for 30 seconds to break 
the surface tension, then immersed in 30% hydrogen 
peroxide for 1 to 3 minutes according to the size of 
the nodules. disinfect the surface of the lump, and then 
washed several times in sterile water. The nodules were 
then crushed with the aid of properly sterilized forceps in 
plates containing culture medium 79 (Fred and Waksman, 
1928) with bromothymol blue, pH 6.8. The plates were 
incubated at 28 °C. After the appearance of colonies, 
subculturing was performed and incubated again until 
obtaining isolated colonies which were described 
according their growth characteristics in 79 medium.

Genetic characterization of the bacterial strains 
was obtained by means of partial sequencing of 
the gene 16S rRNA. The DNA of each strain was 
isolated using the ZR Fungal/Bacterial DNA Kit 
(Zymo Research Corp.). The 16S rRNA of the strains 
was amplifi ed by PCR using the primer set 27F 
(50-AGAGTTTGATCCTGGCTCAG-30) and 1492R 
(50-GGTTACCTTGTTACGACTT-30) (Lane, 1991). 
Sequences were compared to the GenBank database to 
obtain the most similar accessions and their similarities 
(Table 1). The 11 strains sequences were deposited in 
the GenBank under accession numbers MK649676 to 
MK649686. 

The nodulating and plant growth-promoting ability 
of the strains in Mimosa foliolosa plants were evaluated 
in a greenhouse using seedling plug pots (240 cm3) 
containing sand and vermiculite (1:2). The experiment 
consisted of 15 treatments: 12 treatments involved 
inoculations with the 12 strains, each one inoculated 
separately,  and irrigation with Hoagland nutrient 
solution (Hoagland and Arnon, 1950) containing a low 
concentration of mineral N (5.25 mg L-1); two negative 
controls without inoculation, one irrigated with nutrient 
solution with the low concentration (5.25 mg L-1) of 
mineral N and the other with a high concentration of 
mineral N (52.5 mg L-1); and one positive control with 
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the strain BR 3460 (Burkholderia sp.) authorized by 
the Brazilian Ministry of Agriculture (MAPA) as an 
inoculant for Mimosa bimucronata, since there is no 
strain authorized for M. foliolosa. One of the strains tested 
(UFLA 01-750) had already proven to be eff ective in M. 
bimucronata in a previous study (Araújo et al., 2017). 
The sources of mineral N used were Ca(NO3)2.4H2O, 
KNO3, and NH4H2PO4. The experimental design was 
completely randomized, with eight replications. The 
seedling plug pots and the nutrient solution (Hoagland 
and Arnon, 1950) were autoclaved for 60 min at a 
pressure of 1.5 kg cm2 at 121°C. 

Before sowing, the M. foliolosa seeds were 
disinfected and scarifi ed, in accordance with Silveira 
and Fernandes (2006). After that, the seeds were pre-
germinated in moistened fi lter paper in petri-dishes for 
5 days in a growth chamber at 28ºC. For each inoculated 
treatment, the seedlings received 1 mL, containing 1 x 108 
cells of the strain grown in 79 medium (Vicent, 1970).

At 70 days after setting up the experiment, the 
plants were collected to determine the number of 
nodules (NN), nodule dry matter (NDM), shoot dry 
matter (SDM), root dry matter (RDM), and total dry 
matter (TDM). For determination of NDM, SDM, and 
RDM, the nodules, the shoots, and the roots were placed 
in paper bags and then dried in a forced air circulation 
oven at 60°C until reaching constant weight. Analysis of 
variance was conducted on the data from the trial using 
the SISVAR 5.6 statistical analysis program (Ferreira, 
2011). The eff ects of the treatments were compared 
by the Scott-Knott test at 5% probability. The NN and 
NDM data were transformed in square root of Y + 0.5.

The solubilization of calcium phosphate (Ca-P), 
aluminum phosphate (Al-P), and iron phosphate (Fe-
P) was evaluated in solid NBRIP medium (Nautiyal, 
1999), in solid GES medium (Sylvester-Bradley et al., 
1982), and in solid GELP medium (Sylvester-Bradley 
et al., 1982), respectively. The evaluation followed the 
procedure described by Marra et al. (2012). Based on the 
solubilization index (SI), the strains were classifi ed as 
having low (SI < 2 mm), medium (2 mm ≤ SI < 4 mm), 
or high (SI ≥ 4 mm) solubilization capacity (Berraquero 
et al., 1976).

Siderophore production was evaluated in King B 
medium (King et al., 1954), called “poor medium” since 
it does not contain any source of iron. The strains were 
grown in liquid 79 medium for 48 hours under shaking 

of 100 rpm. Aliquots of 100 µL of the bacterial cultures 
were transferred to microtubes and centrifuged (10,000 
rpm) for 3 minutes. The supernatant was discarded and 
the cell mass was washed with 1.0 ml of salt solution 
(0.85% NaCl) three consecutive times to remove residues 
of the culture medium. The strains were then inoculated 
in King B medium and shaken at 110 rpm for 48 hours 
more. After that period, 1.5 ml of these bacterial cultures 
was pipetted in microtubes and centrifuged (10,000 
rpm) for 5 minutes. Then 300 µL of the supernatant was 
removed and added to test tubes containing 300 µL of the 
transport solution called CAS (Alexander and Zuberer, 
1991). A change from blue color to a pinkish color 
constituted a positive test for siderophore production. 
All the material used was cleaned with HCL (30%) and 
running, distilled, and ultrapure water, respectively, so 
as not to leave any trace of contaminating material that 
could generate a false-positive result.

3.RESULTS 

The origin (habitats, Global Positioning System) 
and Growth characteristics of twelve isolated strains are 
shown in Table 1. 

Sequences obtained varied from 560 to 1073bp.  
Most strains (7) belonged to Paraburkholderia genus 
with similarity to sequences in GenBank varying from 
98-100%. The other fi ve strains belong to genera do 
not recognized as legume- nodulating bacteria, with 
similarities varying from 99 to 100%.

The species Mimosa foliolosa nodulated with 50% 
of the strains evaluated (UFLA 01-750, UFLA 01-725, 
UFLA 01-728, UFLA 01-757, UFLA 01-794, and UFLA 
01-802); these strains belong to the Paraburkholderia 
genus. Among the Paraburkholderia strains identifi ed 
(Table 1), UFLA 01-786 (P. nodosa) was not able to 
nodulate M. foliolosa (Table 2). 

The strains that signifi cantly promoted the largest 
number of nodules (NN) were UFLA 01-750, UFLA 
01-794, and UFLA 01-802, followed by  strains UFLA 
01-725, UFLA 01-728, and UFLA 01-757. In regard to 
nodule dry matter (NDM), the highest production was 
obtained with strains UFLA 01-750, UFLA 01-725, 
and UFLA 01-794, followed by strains UFLA 01-728 
and UFLA 01-757, which diff ered signifi cantly from 
the others (Table 2). Although the strain UFLA 01-802 
promoted high production of nodules, the dry matter of 
these nodules did not diff er from the other treatments.
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The strains UFLA 01-690, UFLA 01-758, UFLA 
01-759, UFLA 01-760, and UFLA 01-789 did not form 
nodules in M. foliolosa. 

The experiment to evaluate the ability of strains to 
promote growth of M. foliolosa had signifi cant eff ects 
for all the variables analyzed. In relation to shoot dry 
matter, most of the strains, including two that were able 
to nodulate (UFLA 01-794 and UFLA 01-802), did not 
diff er from the control with low concentration of mineral 
N, which also did not diff er from the control with high 
concentration of mineral N, even though the control with 
high concentration of mineral N had a 28% increase in 
relation to the control with low concentration of mineral 
N (Table 2).

The strain UFLA 01-750 stood out not only for NN 
and NDM, but also for production of shoot dry matter 
(SDM), root dry matter (RDM), and total dry matter 
(TDM) (Table 2). Following that strain, three other 
nodule-forming strains, UFLA 01-725, UFLA 01-728, 
and UFLA 01-757, also led to a signifi cant increase in 
production of these three parameters (Table 2).

The other root-nodule-forming strain (UFLA 
01-794) and non-root-nodule-forming strains (UFLA 
01-690, UFLA 01-758, UFLA 01-759, UFLA 01-760, 
UFLA 01-786, UFLA 01-789) also promoted growth of 
M. foliolosa since their production of RDM and TDM 
were superior to the control with low concentration of 
mineral N (Table 2).

In production of plant growth-promoting 
compounds, fi ve strains were able to solubilize Ca-P 
in vitro and none was able to solubilize Fe-P and Al-P 
(Table 2). Nevertheless, all  strains were able to grow 
in Fe-P and four did not grow in Al-P (Table 2). The 
strains that solubilized Ca-P had a low solubilization 
index, except for the strain UFLA 01-757, which stood 
out from the others since it was the only one that had 
medium solubilization capacity of Ca-P (Table 2).

The strains UFLA 01-750, UFLA 01-725, UFLA 
01-728, and UFLA 01-757 that were able to solubilize 
Ca-P (Table 2) were also able to produce siderophores 
(Table 2) and were precisely those that led to the highest 
plant growth. The strain UFLA 01-786 solubilized Ca-
P; however, it was not able to produce siderophores 
(Table 2). The strain UFLA 01-759 was able to produce 
siderophores; however, it did not solubilize phosphate 
(Table 2).

4.DISCUSSION

The species Mimosa foliolosa was recently 
recommended for ecological recovery of rupestrian 
fi elds due to its high relative growth rate and its 
growth in low fertility soils (Negreiros et al., 2009). 
In addition, symbiosis with effi  cient bacterial strains 
represents a viable strategy for preventing mortality in 
the initial stages of setting up environmental recovery 
programs (Negreiros et al., 2009). Our study shows that 
M. foliolosa establishes symbiosis with nitrogen fi xing 
bacteria of the Paraburkholderia genus. Among these 
bacteria, the strain UFLA 01-750 had already been 
reported as effi  cient in M. foliolosa; however, at that time, 
the Paraburkholderia genus had not yet been described 
as including the symbiotic species of the Burkholderia 
genus (Dobritsa and Samadpour, 2016). Our study 
shows other strains of this genus also effi  cient in growth 
promotion of M. foliolosa and they are also able to 
perform other plant growth-promoting processes, such 
as phosphate solubilization and siderophore production. 
The use of species that are able to establish symbiosis 
with diazotrophic bacteria in recovery programs is 
fundamental since they have a high capacity for growth 
in low fertility soils and they endure severe conditions 
(Chaer et al., 2011), as is the case of rupestrian fi elds.

Therefore, we suggest that production of seedlings 
for setting up these programs consider inoculation 
of strains that are promising for promoting their 
development, as is the case of the strains UFLA 01-750, 
UFLA 01-728, UFLA 01-725, and UFLA 01-757. These 
nodule-forming strains that are eff ective in promoting 
the growth of M. foliolosa perform other processes 
beyond biological N

2
 fi xation, which are important for 

development of seedlings and success in establishing 
them in the fi eld, especially in tropical soils; because 
they can provide nitrogen and phosphorus directly, and 
iron indirectly. 

In addition to nodule-forming strains, bacterial 
strains of other genera already reported as plant-
growth promotors (Lysinibacillus, Brevibacillus, 
Stenotrophomonas, and Paenibacillus) were isolated 
and may be also promising for the development of M. 
foliolosa seedlings . Lysinibacillus sphaericus is known 
for resistance to toxic metals (Velásquez and Dussán, 
2009), potential for phytoremediation processes and 
in the growth and nutrition of plants grown in polluted 
soils and soils with low nutrient content (Martínez and 
Dussán, 2017). Brevibacillus sp. promotes plant growth 
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