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Abstract

Some strains of nitrogen fixing bacteria, besides fixing the N2, can produce phytohormones, control 
pathogens, act in solubilization of minerals containing phosphorus (P) and potassium (K), contributing 
to plant growth. However, the solubilization of minerals containing K has been little exploited. 
Therefore, the aim of this study was to evaluate potassium solubilization (K) of phonolite rock by strains 
of associative nitrogen fixing bacteria supplied with two different carbon sources. Twelve bacterial 
strains were cultured for seven days at 25°C in Aleksandrov medium supplemented with phonolite 
rock powder. The experiment was carried out in a completely randomized factorial design, 13 x 2 (12 
bacterial strains and a control without inoculation) and two carbon sources (glucose and sucrose) 
with four repetitions. After the growth, the supernatant was separated by centrifugation and analyzed 
for the final pH value and the content of K. All diazotrophic bacteria strains contributed to increase 
the release of K when compared to the control treatment. The strain UNIFENAS 100-94 solubilized 130 
mg L-1 K in the presence of the two carbon sources, indicating the potential use of these diazotrophic 
bacterial strains for K solubilization from minerals.
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Solubilização de potássio da rocha fonolito por bactérias diazotróficas

Resumo

Algumas estirpes de bactérias diazotróficas, além de fixar o N2, são capazes de produzir fitormônios, 
controlar patógenos e solubilizar minerais que contenham fósforo (P) e potássio (K), contribuindo 
para o crescimento vegetal. No entanto, a solubilização de minerais contendo K tem sido pouco 
explorada. Portanto, o objetivo deste estudo foi avaliar a solubilização de potássio (K) da rocha 
fonolito por estirpes de bactérias diazotróficas associativas supridas com duas fontes diferentes de 
carbono. Foram utilizadas 12 estirpes bacterianas cultivadas por sete dias a 25°C em meio líquido 
Aleksandrov suplementado com pó de rocha fonolito. O experimento foi instalado em delineamento 
inteiramente casualizado, em esquema fatorial 13 x 2 (12 estirpes bacterianas e um controle sem 
inoculação) e duas fontes de carbono (glicose e sacarose) com quatro repetições. Após o cultivo, 
o sobrenadante foi separado por centrifugação e analisado o valor do pH final e a concentração 
de K. A redução do pH foi diretamente relacionada à maior concentração de K. Todas as 
estirpes bacterianas diazotróficas contribuíram para maior liberação de K quando comparado ao 
tratamento controle, destacando-se a estirpe UNIFENAS 100-94, que solubilizou cerca de 130 mg L-1 
de K na presença das duas fontes de carbono, indicando o potencial de utilização desta estirpe 
bacteriana diazotrófica e solubilizadora de minerais contendo K na agricultura.

Palavras chave: biosolubilização, fonte de carbono, pó de rocha
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Introduction
The biological nitrogen fixation process 

(BNF), performed by diazotrophic bacteria or 
N2 fixers can provide economic advantages 
and greater sustainability to agroecosystems 
(Moreira et al., 2010). In addition to N, bacteria 
can contribute to plant growth through 
several mechanisms, such as the production of 
phytonutrients and the increase in the release 
of nutrients in minerals of low solubility, being 
considered the bacteria that promote plant 
growth (Moreira et al., 2010; Phua et al., 2012).

In order to evaluate the solubility of 
minerals by diazotrophic bacteria, a large part 
of the studies are related to the solubilization of 
phosphorus-containing minerals (Souchie et al., 
2005; Barroso & Nahas, 2008; Lira-Cadete et al., 
2012). However, it is necessary to evaluate the 
potential of bacteria in solubilizing other minerals 
that contain elements of economic importance, 
such as potassium (K), nutrient which Brazil 
import about 90% of the total amount used in 
agriculture (Anda, 2012). The high dependence 
of the foreign market is due to the lower national 
production, in which most part came from Silvinite 
and Carnalite, which contribute to less than 10% 
of the national demand (DNPM, 2014).

One of the rocks that has been studied as 
a potential source of K is the volcanic phonolite 
found in Poços de Caldas, MG, Brazil, which 
presents 8.0% of total K2O. The low concentration 
of soluble K2O present in the phonolite may be 
due to the predominance of some constituent 
minerals such as: microcline (KAISi3O8), orthoclase 
(KAISi3O8), andesine [(Na,Ca)(Si,Al)4O8] and e 
nepheline [(Na, K) AlSiO4] (Teixeira et al., 2012), 
where K is retained by covalent bonds in the 
crystalline network of the mineral, presenting low 
K release to the soil solution (Martins et al., 2008). 
Researches carried out with the rock powder 
presented satisfactory results when it was used in 
the same proportion of potassium chloride (KCl) 
(Mancuso, 2012; Padua, 2012).

Some microbial species are able to 
solubilize minerals, releasing K to the solution 
and increasing the availability of this nutrient 
in the soil, consequently contributing to plant 
development Wu et al., 2005; Girgis et al., 2008; 
Basak & Biswas, 2009; Leaungvutiviroj et al., 2010; 

Parmar & Sindhu, 2013; Meena et al., 2014). 
Alves et al. (2010) reported the efficiency of 
ectomycorrhizal fungi in providing P and K from 
rock powder for the development of eucalyptus. 
Considering the conditions of Brazilian soils, with 
high acidity and low natural fertility, researches 
associating N2 fixation and K solubilization are of 
great relevance, especially for extensive areas, 
where the lack of nutrient replacement, such 
as N and K have been identified as one of the 
causes of degradation (Bonfim-Silva & Monteiro, 
2006).

Therefore, the selection and identification 
of these microorganisms is of great importance, 
since it would make possible the use of rock 
powder, reducing the external dependence 
of fertilizers and providing greater sustainability 
to the ecosystems. However, different crop 
conditions such as rock type, carbon source, 
temperature and pH may interfere with the 
amount of K released by the microorganisms 
(Parmar & Sindhu, 2013), being important to 
consider these parameters in the initial studies 
involving selection of mineral containing K 
solubilizing microorganisms.

Thus, the objective of this study was 
to evaluate the potassium (K) solubilization 
of phonolite rock by strains of associative 
diazotrophic bacteria supplied with two different 
carbon sources.

Material and Methods
In the present study, 12 strains of 

diazotrophic bacteria belonging to the 
collection of the Microbiology Laboratory of 
Unifenas and isolated from rhizosphere soils 
cultivated with Urochloa brizantha cv. Marandu, 
in the municipalities of Alfenas and Machado, 
Minas Gerais, were used. These bacteria were 
isolated from four semi-selective semi-solid 
culture media (JMV, JNFb, LGI and NFb) for the 
genera Burkholderia-JMV (Baldani et al., 2000), 
Herbaspirillum-JNFb, Azospirillum amazonense- 
LGI and Azospirillum spp.- NFb (Döbereiner et al., 
1995). On Table 1 is possible to observe the main 
characteristics of the bacterial strains used in this 
study.

The bacterial strains were cultured on 
potato liquid medium under agitation for three 
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days, time enough to reach the log phase of 
growth, with approximately 109 ml-1 of cells. 
Subsequently, 500 μL of the bacterial suspensions 
were transferred to 50 mL of modified Aleksandrov 
liquid medium (Parmar & Sindhu, 2013), with 
the following composition (g L-1): Glucose 10.0; 
MgSO4.7H2O 0.5; CaCO3 0.1; FeCl3 0.006; Ca3PO4 

2.0; pH adjusted to 7.0 and 10 g of the phonolite 
rock as a potassium source containing 8.0% of 
K2O, ground and sieved through a 0.25 mm (60 
mesh) mesh sieve. In addition to glucose as a 
carbon source, sucrose (10.0 g L-1) was also tested 
to verify the effect of the carbon source on the K 
solubilization potential of phonolite rock.

In addition to the treatments inoculated 
with the bacterial strains, a control treatment 
was also used, whose medium had the same 
composition (modified Aleksandrov medium 
containing 10 g of phonolite rock), without 
inoculation with bacterial strain.

The experiment was installed in a 
completely randomized design, in a 13x2 factorial 
scheme, with 12 bacterial strains and one control 
without inoculation and two carbon sources 
(sucrose and glucose) with four repetitions. The 
media were incubated at 25°C for seven days 
under agitation (120 rpm at 28°C) and after 
that time, the supernatant was separated by 
centrifugation (10,000 rpm at 4°C and 20 min) 
and the pH value was evaluated using a pHmeter 

Table 01. Identification, isolation site, potassium concentration in soils of origin, medium used for bacteria 
isolation and morphological characteristics of strains cultured in potato agar dextrose (BDA) medium containing 
bromothymol blue as pH indicator.

Strains
Exchange potassium 
of the soils of origin 

(mg.dm-3)

Culture 
medium of 

origin

Morphological characteristics in BDA culture 
medium

pH Color EPS(1)

Isolated in the municipality of Alfenas, MG
UNIFENAS 100-01 114 JNFb Acid Yellow Low
UNIFENAS 100-16 30 JMV Acid Yellow Low
UNIFENAS 100-21 30 JNFb Acid Yellow Low
UNIFENAS 100-26 42 JNFb Alkaline Yellowish Low
UNIFENAS 100-39 30 JNFb Acid Yellow Medium
UNIFENAS 100-40 42 JNFb Acid/alckaline Yellow Low
UNIFENAS 100-79 30 LGI Acid/alcaline Yellow High
UNIFENAS 100-94 42 JMV Acid Yellow Low

Isolated in the municipality of Machado, MG
UNIFENAS 100-13 128 JNFb Acid Yellow High
UNIFENAS 100-27 120 LGI Acid Yellow Medium
UNIFENAS 100-85 120 LGI Acid /alcaline Yellowish High
UNIFENAS 100-93 68 JMV Acid/alkaline Yellowish High

(1)EPS - Production of exopolysaccharides 

and the soluble K concentration was evaluated 
with the aid of a flame photometer (Lopes-Assad 
et al., 2006). 

The data were submitted to variance 
analysis and the means of the four replications 
were compared by the Scott-Knott´s test at 5% 
of probability, using the Sisvar software (Ferreira, 
2011). The linear correlation analysis between K 
concentrations and pH values for each carbon 
source was also performed using the AgroEstat 
software - version 1.0 (Barbosa & Maldonado 
Júnior, 2011).

Results and Discussion 
For the final pH values (Table 2), it is 

possible to observe that the inoculation with 
all the studied bacterial strains contributed to 
the final pH reduction of the medium when 
compared to control, except for the treatment 
with UNIFENAS 100-27 in the medium with sucrose, 
in which final pH value was similar to the value 
observed for the control treatment. 

In the medium with glucose, treatments 
inoculated with the strains UNIFENAS 100-26, 
UNIFENAS 100-39, UNIFENAS 100-40, UNIFENAS 
100-79 and UNIFENAS 100-94 presented final 
pH values about three units below the control 
treatment. In this same carbon source, among the 
treatments inoculated with the bacterial strains, it 
was observed that the inoculation with the strain 
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Table 2. Values for final pH in the Aleksandrov culture medium supplemented with phonolite with two carbon 
sources, incubated for seven days(1).

Treatments
Final pH

Carbon Source
Glucose Sucrose

Control 6.84 A a 6.84 A a
UNIFENAS 100-01 4.97 C a 4.88 C a
UNIFENAS 100-13 4.16 D b 4.76 C a
UNIFENAS 100-16 4.36 D a 4.41 D a
UNIFENAS 100-21 4.14 D a 4.40 D a
UNIFENAS 100-26 3.54 E b 4.82 C a
UNIFENAS 100-27 4.19 D b 6.74 A a
UNIFENAS 100-39 3.86 E b 4.30 D a
UNIFENAS 100-40 3.99 E a 3.87 E a
UNIFENAS 100-79 3.89 E b 4.41 D a
UNIFENAS 100-85 5.44 B a 5.72 B a
UNIFENAS 100-93 4.73 C b 5.76 B a
UNIFENAS 100-94 3.90 E b 4.59 C a

Means 4.46 5.04
(1)Means followed by different letters, uppercase in column and lowercase in the line are different according to Scott Knott´s test at 5% of 
probability.

UNIFENAS 100-85 resulted in the highest final pH 
value. For the culture medium containing sucrose 
as carbon source, the strain that promoted the 
greatest reduction in the pH of the medium was 

UNIFENAS 100-40 and the one that had the least 
influence on the pH reduction was the UNIFENAS 
100-27 strain.

The final pH of the medium containing 
glucose and inoculated with the strains UNIFENAS 
100-13, UNIFENAS 100-26, UNIFENAS 100-27, 
UNIFENAS 100-39, UNIFENAS 100-79, UNIFENAS 100-
93 and UNIFENAS 100-94 strains was lower than 
the Final pH values of the medium containing 
sucrose and inoculated with the same strains.

The reduction of the medium pH 
promoted by the inoculation with the bacterial 
strains may be due to the production of different 
organic acids by the microbial metabolism 
(Sheng et al., 2008). The carbon source presented 
in the culture medium can interfere in the type of 
organic acid produced (Barroso et al., 2006).

All bacterial strains used in the study 
effectively contributed to the increase of 
soluble K contents in the culture medium when 
compared to the control treatment (Table 3). In 
the presence of glucose, the treatments with the 
highest levels of K were those inoculated with the 
strains UNIFENAS 100-13 and UNIFENAS 100-94. In 
the same medium, the treatments with the lowest 
K contents were those inoculated with the strains 
UNIFENAS 100-27, UNIFENAS 100-85 and UNIFENAS 
100-93. For the medium containing sucrose, the 
highest K content was observed in the treatments 
inoculated with the strains UNIFENAS 100-01, 

UNIFENAS 100-21 and UNIFENAS 100-94 and the 
lowest K value was observed in the treatment 
inoculated with UNIFENAS 100-27 strain.

The highest solubilization of K of the 
phonolite rock by the strains UNIFENAS 100-
13 and UNIFENAS 100-94, when cultivated in 
medium containing glucose and UNIFENAS 100-
01, UNIFENAS 100-21 and UNIFENAS 100-94, in the 
presence of sucrose, showed no relation with the 
K concentration in these soils of origin (Table 1).

By analyzing the K concentrations in the 
culture medium after bacterial growth and the 
final pH values, it is possible to relate these two 
parameters (Figure 1). In the medium containing 
glucose, this fact can be observed for the strain 
UNIFENAS 100-94, which presented high capacity 
in solubilizing K and promoted greater reduction 
in the pH of the culture medium. In the same 
medium, the opposite situation can be observed 
for the treatment inoculated with the strain 
UNIFENAS 100-85, presenting low capacity of K 
solubilization and lower reduction of the medium 
pH. When sucrose was used as a carbon source 
it was also possible to observe the same type of 
relationship between available K and pH of the 
medium for the treatment inoculated with the 
strain UNIFENAS 100-27 (Tables 2 and 3). Accordin 
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Figure 1. K concentration (mg L-1) and pH values for the Aleksandrov culture medium supplemented with phonolite rock and 
glucose (A) and sucrose (B) as carbon source, cultivated with different bacterial strains ** = p < 0.01.

to Barroso et al. (2006), these results may be due 
to the properties of the metabolism of each 
bacteria strain, as well as the influence of the 
carbon source. 

The relationship between pH reduction 
and increased K availability were observed by 
other authors (Lopes-Assad et al., 2006; Girgis 
et al., 2008), suggesting that the pH decrease, 
usually associated with the production of different 
organic acids, may be one of the mechanisms 
used by these bacteria to solubilize the mineral 
and release the K present in their crystalline 
structure.

The production of organic acids has 
been pointed out as the main mechanism of 
K solubiliziation by microorganisms (Hassan et 
al., 2010; Meena et al., 2014), and some strains 

analyzed in this experiment will be studied later 
in relation to the production and identification of 
organic acids.

The amount of K released from the 
phonolite was dependent on the source of 
carbon used in the culture medium (Table 3). 
The strain UNIFENAS 100-13 presented higher 
solubilization of K in the presence of glucose, 
while the strains UNIFENAS 100-01 and UNIFENAS 
100-21 showed higher concentrations of K when 
sucrose was used as the carbon source.

Among the studied strains, it is possible 
to highlight UNIFENAS 100-94, which presented 
a high capacity to solubilize K of phonolite rock 
powder when grown in both studied carbon 
sources, indicating greater metabolic versatility, 
having a  good potential to solubilize K in the soil.

Table 3. Values for soluble potassium (K - mg L-1) in Aleksandrov culture medium supplemented with phonolite rock 
powder and two different carbon sources, incubated for seven days (1).

Treatments
K (mg L-1)

Carbon Source
Glucose Sucrose

Control 11.00 D a 11.25 E a
UNIFENAS 100-01 106.25 B a 115.50 A a
UNIFENAS 100-13 138.50 A a 97.50 B b
UNIFENAS 100-16 96.00 B a 101.25 B a
UNIFENAS 100-21 117.50 B a 120.75 A a
UNIFENAS 100-26 112.50 B a 103.25 B a
UNIFENAS 100-27 55.75 C a 58.50 D a
UNIFENAS 100-39 115.25 B a 103.25 B a
UNIFENAS 100-40 106.75 B a 109.25 B a
UNIFENAS 100-79 114.75 B a 76.75 C b
UNIFENAS 100-85 43.75 C b 74.50 C a
UNIFENAS 100-93 54.25 C b 73.25 C a
UNIFENAS 100-94 132.75 A a 130.25 A a

Means 92.69 90.40
(1)Means followed by different letters, uppercase in column and lowercase in the line are different according to Scott Knott´s test at 5% of 
probability.
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The strains that stood out in solubilizing K 
should be included in new researches to identify 
the potential of solubilization of silicate minerals 
in the soil and, later, to evaluate the amount of K 
that can be available to the plant.

Conclusions
The strains of UNIFENAS 100-01 and 

UNIFENAS 100-21 diazotophic bacteria presented 
greater potential in solubilizing K from phonolite 
rock powder in the presence of sucrose as a 
carbon source. Better results were observed for 
the strain UNIFENAS 100-13 in the presence of 
glucose and the strain UNIFENAS 100-94 for the 
high capacity to solubilize K in the presence of 
the two studied carbon sources.
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