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Abstract 

Symbiosis of common bean with nitrogen-fixing bacteria can lead to a reduction in production costs and in en-
vironmental impacts. Considering the diversity of soils and climates, it is important to validate bacterial strains 
under different conditions to consolidate their recommendation as inoculants. Studies concerning the economic 
viability of Rhizobium inoculation in common bean are few, but they could assist in choosing the strain to be 
adopted. The aim of this study was to evaluate the performance of Rhizobium strains isolated from acid soils from 
the Amazon inoculated in seeds of the ‘BRSMG Madrepérola’ cultivar and to evaluate the economic viability of 
their use in the field. Four field experiments were conducted in the state of Minas Gerais, Brazil. A randomized 
block experimental design was used with four replications and seven treatments: inoculation with the strains 
CIAT 899 (Rhizobium tropici), UFLA 02-100 (R. etli), UFLA 02-68 (R. etli bv. mimosae), UFLA 02-127 (R. 
leguminosarum bv. phaseoli), and UFLA 04-173 (R. miluonense), plus two controls, one without inoculation + 
mineral nitrogen (N-urea) at a rate of 80 kg N ha-1 and another without inoculation and without mineral N. The 
strain CIAT 899 is already recommended for the manufacture of  commercial inoculants, and the others, collected 
in the Amazon region, have proven to be highly effective in biological nitrogen fixation. Symbiosis of common 
bean with all the strains evaluated leads to satisfactory yields, with reduction in the application rate of mineral 
nitrogen and in environmental impacts and, consequently, reduction in economic costs, with higher profitability.
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1. Introduction

Plant growth promoting rhizobacteria, which include 
symbiotic atmospheric nitrogen (N2) fixers, are important 
tools for sustainable agriculture (Barea, 2015; Lagos et 
al., 2015; Larsen et al., 2015). Common bean is a legume 
that exhibits the ability to fix N2 through symbiosis with 
bacteria of the Rhizobium genus and other genera, which 
are capable of providing at least part of the N required by 
the plant for its development, resulting in significant sav-
ings in the use of N rhizobia (Moreira, 2008).
In spite of this ability, biotic and abiotic factors can 
act in reducing the efficiency of this relationship. 
Prominent limiting factors include competition of 
the rhizobium with inefficient native strains estab-
lished in the soil (Araújo et al., 2007) and adverse 
environmental conditions, such as high temperature 
(Raposeiras et al., 2002), soil acidity (Vargas and 
Graham, 1988), and other soil factors, such as alumi-
num (Al) and manganese toxicity (Tsai et al., 1993). 
To maximize the contribution of biological nitrogen 
fixation (BNF) in soils, mainly in tropical soils where 
these conditions are more pronounced, it is necessary 
to use strains that are more adapted, competitive, and 
efficient in the infection process (Rufini et al., 2011). 
In this respect, studies have been undertaken, showing 
good results in the field not only with the strain CIAT 
899 of Rhizobium tropici, whose symbiotic efficiency 
is already well known (Graham et al., 1994), but also 
with strains isolated from acid soils with high Al con-
tent from the Amazon (Soares et al., 2006; Ferreira et 
al., 2009; Nogueira et al., 2017). Studies in regard to 
the economic viability of inoculation with Rhizobium 
in common bean, however, are few, but they could as-
sist in choosing the strain to be adopted. (Soares et 
al). (2016). 
Considering the diversity of climates and soils, it is im-
portant to validate strains that have provided satisfac-
tory results in different soil and climate conditions and,

above all, that increase return on the capital invested 
in the common bean crop. This information will con-
tribute to consolidate recommendation for their use 
and consequent approval as inoculants. Thus, the aim 
of this study was to evaluate the performance of Rhi-
zobium strains isolated from acid soils from the Ama-
zon, and to evaluate the economic viability of their 
use in the fields of Minas Gerais. 

2. Materials and Methods

Four field experiments were performed during the 
2012/13 spring-summer crop season in the South 
(Lavras and Lambari), Triangle (Uberaba), and Up-
per Paranaíba (Patos de Minas) regions of the state 
of Minas Gerais, Brazil. A randomized block experi-
mental design was used, with four replications, and 
five treatments inoculated with Rhizobium spp. (strains 
CIAT 899, UFLA 02-100, UFLA 02-68, UFLA 02-127, 
and UFLA 04-173), plus two controls without inocula-
tion: one with N from urea (80 kg N ha-1, ½ at sowing 
and ½ in topdressing between the V3 and V4 stages of 
the crop cycle), and another without mineral N. 
All the experiments were established in an Oxisol 
(USDA classification), using a conventional tillage 
system, with one plowing and two harrowings, in ar-
eas with no previous records of inoculation of bean 
plants or of other leguminous species. In Lavras, 
Uberaba and Patos de Minas, the soils had previ-
ously been used as pasture, while the soil of Lambari 
had a history of maize cropping. The native rhizobial 
populations able to nodulate beans at the four sites 
were approximately 103 colony-forming units (CFU) 
g soil-1. These most probable numbers were deter-
mined as described by Rufini et al. (2011).The re-
sults of analysis of soil samples, geographic coordi-
nates, and climate of the areas are shown in Table 1. 
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Table 1. Chemical composition, physical analysis of samples from soil material used (0-20 cm layer), textural 
class, and geographic coordinates.

SB: Sum of exchangeable bases; t: Cation exchange capacity; T: Cation exchange capacity at pH = 7; m: Exchangeable alumi-

num; V: Base saturation. 

A summary of the main climatic occurrences during the 
period of the experiments is shown in Figure 1. 
Rhizobium tropici strain CIAT 899 (Graham et al., 
1994), approved by the Ministry of Agriculture, Live-
stock and Food Supply (Ministério da Agricultura, 
Pecuária e Abastecimento–MAPA) for the production 
of commercial inoculants for bean seeds, was used as 
a reference. The strains UFLA 02-100, UFLA 02-68, 
UFLA 02-127, and UFLA 04-173 were collected from 
different environments and soils of the Amazon and 

have shown high effectiveness in biological nitrogen 
fixation in common bean, as well as high tolerance to 
acidity and high Al concentration (Ferreira et al., 2009; 
2012; Rufini et al., 2011; Oliveira-Longatti et al., 2013; 
Nogueira et al., 2017). The four strains of the bacteria 
with the UFLA code belong to the SBMPBS/UFLA (Bi-
ology, Microbiology, and Biological Processes Sector)  
collection  of  the Federal University of Lavras (Univer-
sidade Federal de Lavras). Identification and other char-
acteristics of these strains are shown in Table 2.  

Chemical composition Units 

Crop locations 

Lavras Lambari Uberaba 
Patos de 

Minas 

pH (H2O) - 5.9  5.9  6.0  6.4  

Available P mg dm-3 5.81  10.64  20.70  19.80  

K mg dm-3 128.0  74.0  64.0  131.0 

Ca cmolc dm-3 3.5  2.5  1.6  2.6  

Mg cmolc dm-3 1.1  0.90  0.50  0.90  

Al cmolc dm-3 0.1  0.1  0.1  0.1  

H + Al cmolc dm-3 4.04  3.62  1.30  4.00  

SB cmolc dm-3 4.93  3.59  2.30  3.80  

OM dag kg-1 2.61 3.99  1.20  2.90  

V % 54.94  49.79  63.50  48.90  

t cmolc dm-3 5.03  3.69  2.40  3.90  

T cmolc dm-3 8.97 7.21  3.60  7.80  

m % 1.99  2.71  4.20  2.50  

Physical analysis      

Clay g kg-1 590 540 130 180 

Silt g kg-1 70 130 90 350 

Sand g kg-1 340 330 780 470 

Texture class - Clay Clay Loamy sand Sandy loam 

Altitude m 920 986 760 833 

GPS coordinates -
-21.22927,  

-44.977572 

-21.967576, 

 -45.350253 

-19.738794,     

-47.958297 

-18.587258, -

46.514675 
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Figure 1. Monthly variation of maximum, mean, and minimum temperatures and rainfall recorded between 1 
Nov. 2012 and 28 Feb. 2013 in Lavras (A), Lambari* (B), Uberaba (C), and Patos de Minas (D), Brazil. Spring/
summer 2012/13 crop season. *Varginha - INMET station closest to Lambari, Minas Gerais. Source: National 
Meteorology Institute (Instituto Nacional de Meteorologia- INMET).

Strain *LUS/ Location 
Growth characteristics in 79 medium 

Identification 
GRa CDb GPc pHd AIe CCf 

UFLA 02-100g Agriculture, RO, Brazil F >2 Low Neutral Yes White Rhizobium etli 

UFLA 02-68g Agriculture, RO, Brazil F >2 High Neutral Yes White R. etli bv. mimosae 

UFLA 02-127g Agriculture, RO, Brazil F >2 Medium Neutral Yes White R. leguminosarum bv. phaseoli 

UFLA 04-173h Agriculture, AM, Brazil I 2 Medium Neutral Yes White R. miluonense 

CIAT 899g Colombia F >2 High Acidic Yes Yellow R. tropici 

 

Table 2. Origin, characteristics, and identification of the Rhizobium strains used as inoculants for common bean 
(Phaseolus vulgaris L.) in the study.

*LUS: Land use system from which the strain was isolated. RO = state of Rondônia. AM = state of Amazonas. Growth char-

acteristics in 79 medium:  aGR = Growth rate; F: Fast (3 days); I: Intermediate (4–5 days); bCD = Colony diameter; cGP = 

Gum production; dpH = pH of the culture medium after growth; eAI = Absorption indicator; fCC = Colony color. g,h Sources: 

Oliveira-Longatti et al. (2013) and Ferreira et al. (2012), respectively. The four strains of bacteria with the UFLA code belong 

to the SBMPBS/UFLA (Biology, Microbiology, and Biological Processes Sector) collection of the Federal University of Lavras 

(Universidade Federal de Lavras).



926Acid tolerant Rhizobium strains contribute to increasing

Journal of Soil Science and Plant Nutrition, 2017, 17 (4), 922-934

The inoculants were prepared with peat (sterilized 
in an autoclave) mixed at a ratio of 3:2 (w:w) with 
log phase cultures in a semi-solid 79 medium (Fred 
and Waksman, 1928), according to the procedures 
described by Soares et al. (2006) and Ferreira et al. 
(2009).  The resulting material was applied at a ratio 
of 10 g per kg of seeds. Inoculant quality was moni-
tored by counting the number of CFU and comparing 
it to the legal minimum number of viable cells, ap-
proximately 109 Rhizobium cells per gram of inocu-
lant. The final concentration was about 106 Rhizobium 
cells per seed. Immediately after inoculation, seeds 
from the ‘BRSMG Madrepérola’ cultivar (Carioca 
grain) were manually sown at a density of 20 seeds 
per m at a sowing depth of 3 to 4 cm, with subsequent 
thinning to 15 plants per m.
Each experimental unit consisted of six 4-m-long 
rows spaced at 0.5 m (12 m2).  Rows 1 and 6 were 
designated as borders; rows 2 and 3 were used for 
sampling during flowering; and rows 4 and 5 were 
harvested at maturation. 
In Lavras and Lambari, the furrows of all of the plots 
were fertilized with 70 kg P2O5 ha-1 (triple superphos-
phate) and 40 kg K2O ha-1 (potassium chloride), as 
recommended by Soil Fertility Commission for the 
State of Minas Gerais (Comissão de Fertilidade de 
Minas Gerais). In Patos de Minas and Uberaba, base 
fertilization was 300 kg ha-1 of 00-30-15 fertilizer. In 
all locations, these fertilizers were applied mechani-
cally during furrowing.  Seeds were manually sown 
immediately after fertilization. In the mineral-N con-
trol, the topdressing (40 kg N ha-1) was applied manu-
ally with distribution in a continuous stream along the 
side of the plant rows. 
Weed control was performed using a mixture of 0.9 
L fomesafen (Flex®) + 1.7 L fluazifop-p-butyl (Fusi-
lade®) per hectare. Manual weeding was performed 
as required. None of the treatments received irrigation. 
Pest control was not required in Lambari; however, the 

insecticide lambda-cyhalothrin (Karatê® 50 CE, 150 
mL ha-1 c.p.) was applied as a preventive measure 
in the other locations at 20 days after emergence 
(DAE), at a spray volume of 400 L ha-1. 
Samples were taken at random from 12 plants from 
each plot, also during the flowering stage, to deter-
mine the nodules number (NN), nodule dry matter 
(NDM), shoot dry matter (SDM), shoot N concen-
tration (SNC), and shoot N accumulation (SNA). 
At maturation (stage R9), the grain yield, and grain 
N concentration (GNC), and grain N accumulation 
(GNA) were determined at 76 DAE in Lavras, 79 
DAE in Lambari, and at 81 DAE in Uberaba and 
Patos de Minas. Grain yield was corrected to 130 g 
kg-1 moisture and calculated based on threshing the 
pods from all the plants of the part of the plot used 
for testing. 
The semi-micro-Kjeldahl method was used to deter-
mine SNC and GNC. The SNC was calculated by 
multiplying the percentage of N by the dry matter 
and dividing the result by 100. The GNC was deter-
mined through the same formula used for the shoot 
samples, with grain yield substituting SDM. 
All the data were subjected to individual and com-
bined analyses of variance using the Sisvar version 
4.0 software (Ferreira, 2011), after being previously 
subjected to normality (Shapiro-Wilks test) and vari-
ance homocedasticity (Bartlett test) tests, using the 
R software (R Development Core Team, 2011). The 
viability of the combined analysis was measured 
by comparing the magnitude of the residual mean 
square of the individual analysis. The variables of 
NN and NDM were first transformed to (x+1)0.5 in 
order to meet the requirements of analysis of vari-
ance. When significant effects of the crop locations 
and treatments were observed, the Scott-Knott test 
was used at p<0.05 for comparison of means; all 
analyses were performed using Sisvar software.
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In order to estimate the Return on invested capital 
(RIC), Theory of cost was applied, by calculating the 
difference between income from production (INC) 
and the sum of the COSTS of the nitrogen fertilizer 
(80 kg N ha-1 in the control with N-urea), inocu-
lant (for the treatments UFLA 02-100, UFLA 02-68, 
UFLA 02-127, UFLA 04-173, and CIAT 899) and 
tractor-hour. It is assumed two tractor-hours in the 
mineral-N control due to number of nitrogen appli-
cations. All other expenses were considered trivial to 
treatments and therefore, were not counted. Thus, RIC 
can be calculated as following:

                      RIC = INC – (COSTS)
                              INC = Py x Y
                     COSTS = (Pn x NA) + C
                                  C = T + I

Where: RIC = Return on invested capital (R$); INC 
= Income from production (R$); Py = Unit price of 
beans products* (R$ 1.79 kg-1), Y = Grain yield (kg 
ha-1); Pn = Unit price of nitrogen from urea* (R$ 2.00 
kg-1); NA = Nitrogen amounts applied (kg); and C = 
Inoculant cost* (I = R$ 5.00 dose-1) and T = Tractor-
hour cost* (T = R$ 60.00) for nitrogen application.

*Prices based on consultation in Common Bean Infor-
mation Center (Centro de Inteligência do Feijão-CIF). 
March 2013.  
<http://www.cifeijao.com.br/index.php?p=cotacoes_
diarias> 

3. Results

Nodulation (NN and NDM) varied among the crop 
locations under study (Table 3). In Lavras, the val-
ues of NN and NDM were approximately three times 

greater than those registered in Patos de Minas, while 
in Uberaba, the values of these characteristics were 
intermediate. Although Lambari showed the same 
number of nodules as Uberaba, in the previous lo-
cation the nodules had greater weight, equivalent to 
those observed in Lavras. 
The treatments also differed in regard to the number 
of nodules. Lower NN values, around 25 nodules per 
plant, were obtained in the control with N-urea and 
in inoculation with the strain UFLA 02-68. The good 
performance of the other introduced strains in regard 
to NN was also observed in native strains (treatment 
without inoculation and without N-urea). In spite of 
the significant effect on this variable, the negative ef-
fect of the addition of mineral N did not affect the 
NDM, whose mean values were equivalents among 
all the treatments (Table 3).
The greatest SDM was also observed in Lavras, more 
than double the values observed in Patos de Minas 
and Lambari (Table 3). As the accumulation of nu-
trients by plants, including N, is proportional to the 
accumulated dry matter, Lavras also provided greater 
SNA, and Patos de Minas and Lambari showed the 
lowest values; however, in Patos de Minas there was 
even lower accumulation. 
Plant growth (SDM) and SNA, with or without in-
oculation, were equivalent to the values provided 
by control fertilized with 80 kg N ha-1 (Table 3). 
The effects of the treatments on SNC, for their 
part, were dependent on the crop locations; but sig-
nificant differences among treatments were only 
observed in Lavras, where the control with N-urea 
exhibited the greatest value and did not differ sig-
nificantly from the strain UFLA 04-173 (Table 4). 
Except for the strain UFLA 02-100, with the low-
est SNC in Lavras, the other strains showed SNC 
that did not differ from the control without N. In 
the other locations, all the inoculated treatments 
were equal to both controls (Table 4). 
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The GNC was influenced both by the location and by 
the treatments. In Lavras, Lambari, and Uberaba, the 
GNC ranged from 4.2% to 4.5% and did not show 
significant difference, but in Patos de Minas, the N 
concentration (5.1%) exceeded that of the previously 
mentioned locations (Table 3). Regarding the effect 
of the treatments, it can be observed that all the in-
oculations promoted  GNC similar to  the  nitrogen-

fertilizer control. All these treatments, however, ex-
ceeded the 3.8% provided by native rhizobia (Table 
4). In regard to N accumulations, only the strain 
UFLA 02-68 showed low GNA, which did not differ 
from the control without N. The other inoculations 
exhibited higher GNA and did not differ from the 
mineral N control (Table 3).

Table 3. Mean number of nodules (NN), nodule dry matter (NDM), shoot dry matter (SDM), shoot nitrogen ac-
cumulation (SNA), grain nitrogen concentration (GNC), grain nitrogen accumulation (GNA), and grain yield of 
common bean cv. BRSMG Madrepérola cultivar.

Crop location NN 
NDM SDM SNA GNC GNA Grain yield 

mg plant-1 g plant-1 mg plant-1 % -------------- kg ha-1 ------------- 

Lavras 620 A 1.41 A 193.75 A 4.8 A 4.5 B 134.7 A 3,000 A 

Lambari 415 B 1.60 A 82.59 C 2.2 C 4.2 B 69.7 B 1,659 B 

Uberaba 335 B 0.92 B 131.27 B 3.8 B 4.3 B 67.8 B 1,579 B 

Patos de Minas 200 C 0.44 C 82.80 C 1.4 D 5.1 A 39.9 C 795 C 

Treatment        

UFLA 02-100 393 A 1.18 A 119.35 A 2.5 A 4.7 A 79.2 A 1,713 B 

UFLA 02-68 296 B 1.24 A 110.73 A 2.7 A 4.5 A 66.0 B 1,488 B 

UFLA 02-127 413 A 1.01 A 127.35 A 3.0 A 4.5 A 77.9 A 1,820 A 

UFLA 04-173 484 A 1.49 A 131.53 A 3.5 A 4.7 A 85.4 A 1,845 A 

CIAT 899 419 A 1.06 A 128.96 A 3.2 A 4.7 A 86.1 A 1,844 A 

Cont. w/N1 308 B 0.65 A 130.66 A 3.5 A 4.6 A 88.2 A 1,922 A 

Cont. wo/N2 435 A 1.02 A 109.64 A 2.9 A 3.8 B 63.4 B 1.677 B 

CV§ (%) 24.11 19.91 27.37 32.72 13.35 27.69 19.09 

 

Within each factor, means followed by the same uppercase letter within the same column are not significantly different accord-

ing to the Scott-Knott test at p<0.05. 1Cont. w/N = Control with nitrogen application ( 80 Kg N-urea h-1) and without inoculation. 
2Cont. wo/N = Control without nitrogen fertilization and without inoculation. §CV = Coefficient of variation.

Grain yield in the different locations followed the 
same decreasing order observed for GNA, that is, 
Lavras>Lambari, Uberaba>Patos de Minas (Table 
3). The strains UFLA 02-127, 04-173, and CIAT 899 
showed mean yields from 1,820 to 1,845 kg ha-1, which 
did not differ from the control with N. The strains 
UFLA 02-68 and UFLA 02-100, for their part, did not 
differ from the control without N (Table 3).

In relation to the viability of the practice of inocula-
tion, although the lowest effective operational cost 
occurred in the non-inoculated treatment, maxi-
mum economic efficiency was shown in use of the 
strain UFLA 04-173 (Table 5); returns at an average 
of 16% lower than this strain were provided by the 
treatments control without N and UFLA 02-68.
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Treatment 

Shoot nitrogen concentration  

Mean Lavras Lambari Uberaba Patos de Minas 

------------------------------- % ------------------------------- 

UFLA 02-100 2.3 C 3.7 A 3.6 A 2.7 A 3.1 

UFLA 02-68 3.3 B 4.0 A 4.0 A 2.2 A 3.4 

UFLA 02-127 3.4 B 3.6 A 3.9 A 1.8 A 3.2 

UFLA 04-173 3.9 A 3.5 A 4.2 A 2.7 A 3.6 

CIAT 899 3.2 B 3.8 A 4.2 A 1.8 A 3.3 

Cont. w/N
1 

4.2 A 3.6 A 4.0 A 2.6 A 3.6 

Cont. wo/N
2 

3.5 B 4.0 A 4.3 A 2.2 A 3.5 

Mean 3.4 3.8 4.0 2.4 3.4 

 

Table 4. Mean of shoot nitrogen concentration of common bean cv. BRSMG Madrepérola  cultivar at different 
experimental sites and treatments 

Within each factor, means followed by the same uppercase letter within the same column are not significantly different accord-

ing to the Scott-Knott test at p<0.05. 1Cont. w/N = Control with nitrogen application (80 kg N-urea ha-1) and without inoculation. 
2Cont. wo/N = Control without nitrogen fertilization and without inoculation.

Table 5. Income from production, cost, and return on invested capital.

Treatment
Income from production Cost Return on invested capital 

---------------------------------- R$ ------------------------------------

UFLA 02-100 3,066.62 65.00 3,001.62 

UFLA 02-68 2,663.24 65.00 2,598.24 

UFLA 02-127 3,258.29 65.00 3,193.28 

UFLA 04-173 3,302.34 65.00 3,238.58 

CIAT 899 3,301.72 65.00 3,236.72 

Cont. w/N1 3,440.11 280.00 3,160.11 

Cont. wo/N2 3,000.20 60.00 2,940.20 

 

1Cont. w/N = Control with nitrogen application (80 kg  N-urea ha-1) and without inoculation. 2Cont. wo/N = Control without 

nitrogen fertilization and without inoculation.
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4. Discussion

The varied responses in relation to nodulation in each 
location show a strong influence from the environment 
in establishment of symbiosis. According to Sessitsch 
et al. (2002), the interaction between the legume and 
rhizobia is influenced by genotypic characteristics of 
the macro- and microsymbiont and modulated by an 
intense exchange of molecular signals. For Henson 
et al. (2004), these responses are furthermore condi-
tioned by soil and climatic factors, which certainly 
interfere in the results. In fact, excessive rainfall was 
observed in Patos de Minas and Uberaba in the initial 
period of carrying out the trials (Figure 1), which may 
have impeded access and fixing of rhizobia at the sites 
of nodular infection, limited achievement of nitrogen 
nutrition necessary for the growth and development 
of the plants and, consequently, interfered in the yield 
at these locations. The greater sand fraction of these 
soils may have further worsened the situation. These 
arguments seem consistent and, apparently, these in-
fluences occurred in a more intense manner in Patos 
de Minas, where the negative reflexes simply did not 
fall on the GNC value. 
The good performance of most of the introduced 
strains in regard to formation of nodules was also ob-
served in the control without N fertilization, which in-
dicates the presence of native strains of rhizobium in 
the soil, which were capable of nodulating as much as 
the inoculated bacteria, resulting in equivalent mean 
values in NN and NDM (Table 3). This has been a 
frequent result in many situations (Figueiredo et al., 
2016; Ferreira et al., 2009; Oliveira et al., 2016). 
The low nodulation of the strain UFLA 02-68 co-
incides with the results of Rufini et al. (2011), who 
found high sensitivity of this bacterium to the effects 
of the environment. The possibility cannot be exclud-
ed that some undetected factor unfavorable to weight 
of nodules may have interfered in the activity of this 

strain, resulting in low GNA and, consequently, a de-
cline in yield (Table 3). 
The smaller number of nodules in the treatment that 
received nitrogen fertilization confirms the consider-
ations of Moreira (2008) that associate reduction in 
formation of nodules to the excess of mineral N in the 
soil, through the lack of stimuli related to nutritional 
deficiency in the plant. This effect of the addition of 
mineral N, however, was not observed on NDM, but 
also was not favorable to plant growth (Table 3). 
The plant N concentration, one of the characteristics 
that reflect the efficiency of uptake and assimilation of 
this nutrient, including through BNF, was within the 
sufficiency range indicated by Ferreira et al. (2012), 
which is greater than 3%. Although in Lambari, 
Uberaba, and Patos de Minas the SNC provided by 
the strains did not differ from those of either control, 
the greater concentrations of UFLA 04-173 in Lavras 
were equivalent to that of application of 80 kg ha-1 
of mineral N, exceeding the other treatments, whether 
inoculated or not (Table 4). Elbanna et al. (2009) like-
wise found that the isolates R11, R13, R28, R49, and 
R52 obtained equivalent mean values and, in some 
cases, values even superior to the value of the ni-
trogen-fertilized control, which allowed them to be 
considered as potential strains for nitrogen fixation 
in the green bean crop, also of the same Phaseolus 
vulgaris species.
The response of plant N concentration is related to 
factors such as N content available in the soil (arising 
from mineralization of organic matter), temperature, 
and genotype and to the density and activity of soil 
microorganisms (Moreira, 2008). Thus, high N con-
centration in the common bean plant are expected in 
soils with a high degree of fertility or with abundant 
populations of native rhizobia with high symbiotic ef-
ficiency (Ferreira et al., 2009; Figueiredo et al., 2016), 
conditions which were certainly not found in Patos de 
Minas. Uberaba and Lambari, for their part, proved to 
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have more effective rhizobia, providing high N even 
in the absence of inoculation or mineral fertilization. 
In soils with less N or with low populations of ef-
ficient rhizobia, the effect of application of nitrogen 
fertilizers has provided concentrations superior to 
those found in plants without fertilization with min-
eral N (Soares et al., 2006; Rufini et al., 2011). In 
Lavras, where the SNC of the control with N-urea 
reached 4.2%, this increase appears to have occurred 
and complemented the contents provided by the na-
tive population (Table 4).
The good activity of the inoculations was maintained 
also in relation to grain nitrogen, providing enrichment 
similar to that of the control with N-urea. Concentra-
tions that were 22% greater were observed in compari-
son to control plants, without fertilization and without 
inoculation. These results confirm the effectiveness of 
the strains selected, which was also reported by Soares 
et al. (2006) and Fonseca et al. (2013). 
The high mean yield achieved in the trials is note-
worthy, at the level of 1.800 kg ha-1, normally only 
achieved in crops of high technological level, which 
was not applied in these experiments. In Lavras, grain 
yield was much greater than the mean value estimated 
by the National Food Supply Agency (Companhia Na-
cional de Abastecimento - Conab) for the rainy crop 
season 2012/13 in Minas Gerais (818 kg ha-1). The low 
yield of Patos de Minas, which possibly occurred due 
to the activity of other factors, as previously men-
tioned, was compensated by greater N nutrition of 
the grain, resulting in the effect of concentration 
of this nutrient, which did not favor it in terms of 
accumulated content. This compensatory effect has 
already been reported in the literature (Figueiredo et 
al., 2016; Fonseca et al., 2013).The positive response 
of inoculation extended to common bean yield and to 
N accumulated in the grain. Mostasso et al. (2002) 
confirmed that use of the inoculation technique in fa-
vorable conditions, with adequate cultivars and strains 

and high technological level, can achieve yields of up 
to 2,600 kg ha-1. Ferreira et al. (2000) and Elbanna et 
al. (2009) likewise found that inoculation with efficient 
strains, or even the BNF promoted by native rhizo-
bia, can reduce the need for supplying mineral N to 
the crop, without affecting the yield of common bean. 
In this study, three strains (UFLA 02-127, UFLA 04-
173, and CIAT 899) provided grain yields equivalent 
to the yield of the control with N-urea, while two oth-
ers (UFLA 02-68 and UFLA 02-100), just as the native 
population, produced around twice the mean yield of 
the state (Table 3). The occurrence of native strains is 
common under field conditions. Selected strains that 
were introduced (UFLA 02-127, UFLA 04-173, and 
CIAT 899) must have higher efficiency and must adapt 
to soil conditions and compete with native strains for 
root infection sites. The introduced strains certainly 
nodulated because their contribution to nitrogen fixa-
tion is evident, not only from higher grain yields in the 
inoculated treatments in relation to the control without 
inoculation (where there is only the contribution of na-
tive strains) but also from higher nitrogen accumulation 
in the grain. It is well known that acidity is a common 
limitation in tropical soils. The pH of the soils studied 
ranged from 5.9 to 6.4 (Table 1). Thus, it is notewor-
thy that these strains responded well even in soils with 
moderate acidity. 
When economic analysis is made, however, the ad-
vantages of inoculation in relation to yield exceed the 
control treatment. The greater effective cost of the 
treatment fertilized with 80 kg N ha-1 makes its use 
unfeasible through reducing the margin of return on in-
vestment, which, from the perspective of the producer, 
means a reduction in earnings from the crop. In con-
trast, the low cost of the inoculant has little additional 
cost compared to the control without N, yet provides 
high yields, resulting in increases in gross income, in 
which maximum economic efficiency is observed 
through use of the strain UFLA 04-173.
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Under the conditions in which this study was devel-
oped, however, it can be affirmed that the technique 
of inoculation of common bean with selected strains 
of Rhizobium is a real alternative for contributing to 
an increase in yield and return on invested capital in 
this important crop in Minas Gerais. These results are 
encouraging and represent not only savings on fertiliz-
ers, but also an ecological contribution, due to possible 
problems related to the use of high application rates of 
nitrogen fertilizers, especially when mismanaged. 

5. Conclusions

The environment has a considerable influence on 
the characteristics evaluated. In the soil in Lavras, 
there is greater nodulation, plant growth, and shoot 
and grain N accumulation, resulting in greater grain 
yield. Nitrogen fertilization with 80 kg ha-1, applied 
half at sowing and half in topdressing, reduces the 
number of Rhizobium nodules in relation to the in-
oculated treatments. In respect to the nitrogen in 
grain, and to yield, the inoculated strains UFLA 02-
127, UFLA 04-173, and CIAT 899 have performance 
equivalent to that of fertilization with 80 kg N-urea 
ha-1, but a greater return on invested capital, that is, 
the greatest profitability is obtained through use of 
the strain UFLA 04-173.  
The symbiosis of common bean with the strains eval-
uated allow satisfactory yields, with reduction in the 
application rate of mineral N and of economic costs 
and, consequently, environmental costs. 
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