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The objective of the present work was to study the efficiency and diversity of nitrogen-fixing bacteria 
that colonize the weed Macroptilium lathyroides (L.) Urb. M. lathyroides roots were collected in areas of 
natural infestation of the species in rural and periurban areas of the municipality of Alta Floresta-MT, 
Brazil. The roots that presented nodulation were washed and their nodules removed, disinfected and 
inoculated in culture medium 79 in Petri dishes. These were incubated in a germination chamber in the 
dark at 28°C for 10 days, after which time the colonies were purified by streaking. The authentication 
experiment was conducted in a greenhouse and showed that of the 39 isolates, 19 of them had potential 
to be conducted for the nitrogen fixation efficiency test. The sequencing of the 16S rDNA gene 
identified the following bacteria that colonize the roots of the species: Mucilaginibacter gossypiicola, 
Novosphingobium arabidopsis, Bacillus haynesii, Bacillus xiamenensis, Bradyrhizobium namibiense 
and Flavobacterium anhuiense. Isolates M004, M005 and M022 showed values of nitrogen content very 
close to the ‘with N’ treatment, being indicated for further studies with commercially important cultures. 
 
Key words: Diazotrophic bacteria, isolates, nodulation, rice bean. 

 
 
INTRODUCTION 
 

The genus Macroptilium, from the Fabaceae family, has 
approximately 20 species in the Americas (Sousa et al., 
2013). 

M. lathyroides belongs to the same family of sirato 
(Macroptilium atropurpureum) and  is  used  as  forage  in 

Brazil and in several regions of South America (Monks et 
al., 2006; Guerra et al., 2007; Vasconcelos et al., 2011). 
As a typical characteristic related to its genus 
(Leguminosa) and easily visually verified, when uprooting 
plants, the  presence of nodules, reflects the possibility of  
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this species being used as a possible nitrogen fixing 
plant, besides its current use as a forage, because they 
are grown for hay or silage production or even as a 
protein bank (Albuquerque, 2013). 

However, the species has become a potentially weed 
plant in areas with corn and soybean cultivation and in 
renewal and pasture sites (Concenço et al., 2012). Thus, 
research to obtain information about its biology (Silva et 
al., 2018) and practices that allow its controlled use is 
deserving attention, since it can apparently fix nitrogen. 

Biological nitrogen fixation is performed by several 
bacterial phylogenetic groups, called diazotrophic. These 
bacteria can live free in many different ecosystems, 
establish symbiosis or be associated with plants and be 
called associative (Moreira et al., 2010). 

Rhizobium inoculation can replace the use of various 
chemical nitrogen fertilizers, such as soybean in Brazil, 
inoculated with Bradyrhizobium (Moreira et al., 2010). The 
use of inoculants from the 1960s onwards ensured 
international competitiveness for soybean cultivation, 
reflecting directly on the country's trade balance 
(Embrapa, 2016). 

Due to their ability to fix nitrogen through symbiotic 
association with rhizobia, legumes are widely used as 
green manures and their importance is increasing, since 
their residues promote the gradual release of nitrogen, 
being absorbed by subsequent or associated crops. 
These have specific nutrient absorption, produce large 
amounts of green and dry phytomass and, due to their 
deep and well branched root system, allow for greater 
extraction and recycling of nutrients. 

Thus, the use of species with this symbiotic capacity, 
even seen as weeds, such as M. lathyroides, may have 
potential for use as green manure in certain situations. 
And, in this way, even though they are seen as weeds, 
harmful, they can be used for benefits in soil quality. 
Grown in a manner and time appropriate to cropping 
systems, they would be a promising alternative from a 
technical and economic perspective (Amabile and 
Carvalho, 2006). 

Therefore, the objective of the present work was to 
study the efficiency and diversity of nitrogen-fixing 
bacteria that colonize the leguminous species 
Macroptilium lathyroides (L.) Urb. 
 

 
MATERIALS AND METHODS 
 
The roots of M. lathyroides were collected in areas of natural 
infestation in the rural and periurban area of Alta Floresta - MT, at 
latitude 9°52'32”S, longitude 56°05'10” W and altitude 288 m 
(Inmet, 2018). The soil that was used for the study had a sandy-
clay texture, had a pH of 5.6, base saturation of 70%, phosphorus 
of 9.7 mg/dm3, potassium of 222 mg/dm3, and absence of 
aluminum. 

The root collection procedure was performed according to the 
methodology proposed by Hungria (1994). Random samples were 
collected from 20 plants. The roots were removed from the soil to 
keep the root system as intact as possible. These were packed in 
plastic bags, kept in a Styrofoam box and immediately taken  to  the  
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laboratory. 
 
 
Grouping of isolates by morphological similarity 
 
After the cultural characterization of the isolates, with the data 
obtained with the morphology of bacterial colonies, a Euclidean 
distance similarity dendrogram and a biplot were constructed; this 
was used to group the isolates by morphological similarity, allowing 
verifying groups of similar individuals. The dendrogram was made 
with the aid of Statistica software (Statsoft, Inc., 2011). 
 
 
Isolation of bacterial strains 
 
The collected roots were washed and those with nodulation were 
wrapped in paper towels to remove excess water and, with the help 
of pruning shears, were fragmented into smaller particles to 
facilitate the removal of the inoculum from inside the nodule. Five 
active nodules were removed per root system. 

For disinfection and purification of nodules, the methodology 
proposed by Hungria (1994) was adopted. The nodules were 
macerated and subsequently inoculated in culture medium 79 in 
Petri dishes (Vicent, 1970). 

The plates were incubated in a germination chamber (BOD) in 
the dark at 28 °C for 10 days. Cultures were purified by the stretch 
mark depletion method as described by Tortora et al. (2012). 

 
 
Isolation authentication 
 
Nodulation capacity was verified following the methodology 
proposed by Everitt (1993). The experiment for this authentication 
was conducted in a greenhouse. 

The seeds of M. lathyroides were subjected to dormancy break 
(Almeida et al., 1979) and then disinfected. Three seeds of the 
species were sown in an experimental unit represented by 355 cm3 
tubes filled with sand and vermiculite in a 2: 1 ratio, previously 
sterilized. After emergence, thinning was performed maintaining 
only one plant per tube (this was chosen, seeking to maintain 
uniformity of size among all plants of the other experimental units). 

The plants were irrigated with autoclaved nutrient solution 
according to Sarruge (1975) under two conditions: one with 
nitrogen (45%) and one with 10x less nitrogen. 

From sowing up to 15 days of emergence, the plants were 
irrigated with a solution at 25% of the nutrient concentration and, 
after this date, until the experiment collection, a 50% of the solution 
concentration was used. 

Each plant was inoculated with 1.0 mL of inoculum. The inoculum 
preparation consisted of the growth of the bacterial strains in liquid 
medium®79 under stirring at 150 rpm until the log phase of growth 
(Hungria, 1994). 

The experiment was organized in a completely randomized 
design with 3 replications, consisting of 41 treatments, 39 bacterial 
strains, irrigated with nutrient solution containing 10 X less nitrogen 
than recommended, and two treatments without inoculation [one 
with nitrogen in concentrations recommended for the soybean crop 
(Embrapa, 2016) and another with 10 X less nitrogen than that 
recommendation]. 

Plant collection was performed 47 days after sowing, separating 
shoots, roots and nodules. The different parts of the plant were 
dried in a forced air circulation oven at 65 ° C for 72 h and then 
weighed. Relative efficiency (ER) was determined, which 
corresponds to the ratio between inoculated treatment yield and 
percentage nitrogen treatment of strains by the equation: 

 

𝐸𝑅 = (
𝑀𝑆𝑃𝐴 𝑖𝑛𝑜𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑀𝑆𝑃𝐴 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝑁
 𝑥 100). 
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ER - Relative efficiency; 
 
MSPA inoculated treatment - shoot dry mass of the inoculated 
treatment with the bacterial strain. 

MSPA treatment with N - dry mass of the aerial part of the 
treatment without inoculation and with nitrogen. 

The shoot dry mass (MSPA), root dry mass (MSR) and total dry 
mass data were transformed to Log (x) for data normality 
adjustment. Nodule dry mass (MSN) was transformed into Log (x + 
10) and shoot and root ratio (Relation) into Log (x) + 0.5. Data were 
subjected to analysis of variance and, when significant, were 
compared by Scott-Knott test at 5% probability, with the aid of 
Sisvar 4.6 software (Ferreira, 2014). 
 
 
Molecular identification of bacterial isolates 
 
The bacteria selected through the authentication test, isolated 
M002, M004, M005, M014, M016, M019, M022, M024, M028, 
M033, M035 and M036, were subjected to molecular identification 
using partial 16S region sequencing. For molecular sequencing, 
bacterial colonies were transferred to 1.5 mL microtubes containing 
200µL of autoclaved water, according to Ferreira (2008) protocol. 
This solution was used as a DNA source for PCR. The primers 
used were 1378R (5'CGGTGTGTACAAGGCCCGGGAACG-3') and 
PO27F (5'GAGAGTTTGATCCTGGCTCAG-3'). 

Reactions were performed containing 1µL of bacterial 
suspension, 39.30µL of autoclaved Milli-Q water, 10x buffer, 0.5µM 
of each deoxyribonucleotide triphosphate, 0.2 µL of each primer 
and 2.5 U of Taq DNA polymerase (SIGMA). ®). 

A negative control, PCR reaction without bacterial material, was 
included in all reactions. Polymerase Chain Reaction - PCR - was 
performed in a T100 Thermal Cycler thermal cycler (BIO-RAD) 
programmed to perform initial denaturation at 94 ° C for 4 min, 35 
cycles of 94 ° C for 30 s, 62.5 °C for 1 min, 72 ° C for 1 min and 
final extension at 72 ° C for 7 min. Confirmation of target DNA 
fragment amplification was performed by 1.5% (w / v) agarose gel 
electrophoresis run for 1 h at 60 volts, staining (GELRED) with 
observation of the expected size fragment (1400 bp) under UV light. 

The PCR products were purified with 100% ice-cold isopropanol 
and centrifugation at 9,000 rpm for 15 min after supernatant 
discard, 200µL 70% alcohol and centrifugation at 9,000 for 5 min, 
followed by supernatant discard and bath evaporation dried at 35 ° 
C. After evaporation, the samples were resuspended in 20µL of 
autoclaved Milli-Q water and incubated in a refrigerator for 24 h. 

Again, the samples were submitted to 2.0% agarose gel 
electrophoresis with low molecular weight marker for DNA 
quantification. After quantification the samples were diluted to 50ng 
/ µL and 9.5µL aliquots were sent for partial sequencing of the 16S 
rDNA gene. The sequences obtained were compared by BLASTn 
against NCBI database. Only nucleotides with sequencing quality 
value greater than or equal to 500 were considered. Clustal X and 
MEGA X software were used to make the phylogenetic tree 
(Thompson et al., 1997; Kumar et al., 2018). 
 
 
Biological nitrogen fixation test (FBN) 
 
For this experiment, isolates that tested positive for nodule 
formation and higher shoot dry matter yield in the authentication 
experiment were studied. 

The experiment was carried out in plastic pots with a capacity of 
1.7 liters, with soil collected in a forest area, in the rural area of Alta 
Floresta - MT, Brazil, free of contamination. Five seeds previously 
submitted to dormancy break were sown and disinfected in 2.5% 
hypochlorite solution for 5 min. The inoculum consisted of LM broth 
(Vicent, 1970), with cell number determined and expressed in mL-1. 
The fertilization was  performed  according to  chemical  analysis  of  

 
 
 
 
the soil, following the recommendation of Ribeiro et al. (1999), for 
soybean cultivation. The chemical characteristics of the soil, in the 
0-0.20 m profile, are: pH (H2O) of 5.6, P and K of 9.7 and 2220 mg 
dm

-3
 and Ca, Mg, Al and H contents 4.7; 1.1; 0.0; 1.7 cmolc dm

-3
 

and organic matter of 26 g dm
-3

. 
The treatments consisted of 19 isolates, in addition to one 

treatment without nitrogen addition and another with the addition of 
N, according to soil analysis, totaling 21 treatments and a 
completely randomized experimental design with 4 replications. The 
experiment was conducted for 45 days. 

At harvest, the aerial part of the plant was separated from the 
root system, placed in paper bags and oven-dried at 65 °C with 
forced ventilation for three days. The evaluations were: root length, 
root volume, root dry mass, shoot length, shoot dry mass, total dry 
mass, shoot and root ratio, number of nodules, nodule dry mass, 
green index, and nitrogen content according to the methodology 
described in Tedesco et al. (1995). Data were submitted to the 
Scott-Knott test at 5% probability using the Sisvar 4.6 software 
(Ferreira, 2014). 

The factors root volume, number of nodules, shoot dry mass, 
nodule dry mass, total dry mass and nitrogen content were 
transformed into log (x + 2) of for data normality adjustment. 

 
 
RESULTS AND DISCUSSION 
 
Grouping of isolates 
 
According to the similarity dendrogram, it is possible to 
observe the existence of 3 distinct groups of bacteria, 
formed according to the morphological characteristics at 
15% similarity level for Macroptilium lathyroides isolates 
(Figure 1). From the obtained groups, it can be observed 
that group III had a large amount of isolates that is 20 in 
total (Figure 1). 

Table 1 presents the results of the principal component 
analysis, with the eigenvalues and the correlation 
coefficients for the verification of the formation of the 
groups observed in the hierarchical cluster analysis. 
Results indicate that approximately 28% of total variability 
was explained by the first major component (CP1). In 
turn, the second main component (CP2) explained 
approximately 23% of the variability, with an accumulated 
value of approximately 51% of the variability contained in 
the original data. The third major component (CP3) 
explained approximately 11% of the total data variability. 

Thus, the sum of the three main components accounts 
for approximately 62% of the variability contained in the 
original data set. The amount of variation was sufficient 
for the generation of three clusters, observed in the 
hierarchical clusters analysis. 

The biplot graph allowed to verify the correlation of the 
variables with the main components (Figure 2), indicating 
the formation of the clusters. The discriminatory power of 
variables within a main component was measured by the 
linear correlation coefficients between each variable and 
its main component. 

It can be inferred that for the main component CP1 and 
in order of importance, the attributes with the highest 
correlation coefficients were: pH (-0.84), mucus (0.81), 
growth  time  (-0.79) and color (0.52), approximate values  
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Figure 1. Dendrogram of rhizobium isolates obtained from Macroptilium lathyroides 
roots, by phenotypic characterization and formation of groups with similar 
characteristics, collected in Alta Floresta - MT. 
Source: Authors 

 
 
 

Table 1. Eigenvalues, amount of variation explained, correlation coefficients and 
eigenvectors among rhizobia isolates of Macroptilium lathyroides plants. 
 

Components PC1 PC2 PC3 

Eigen value 3.103002 2.536786 1.246715 

Cumulative 3.10300 5.63979 6.88650 

% Total 28.20911 23.06169 11.33377 

Cumulative 28.2091 51.2708 62.6046 

Factor coordinates of the variables, based on correlations (Macroptilium lathyroides) 

Growth -0.789961 -0.139977 -0.291305 

Diameter -0.408323 -0.534475 -0.129201 

Color 0.516073 0.696599 -0.205930 

Elevation 0.333336 -0.733610 0.318261 

Edge -0.463656 0.422065 0.545418 

Transparency -0.109680 0.605652 0.282816 

Surface 0.437892 -0.650006 -0.229536 

Mucus 0.808475 0.008860 -0.092064 

Consistency -0.198772 0.446279 -0.659025 

Elasticity -0.331166 -0.077426 -0.348701 

pH -0.844526 -0.188135 0.083259 
 

Source: Authors 

 
 
 
(Table 1 and Figure 2). 

These components are interpreted as the main 
morphological characteristics that led to the grouping of 
the  isolates.  In  general,  the  isolates  contained  in  this 

group I have yellow coloration, fast growth, and abundant 
mucus and acidified the culture medium. The genera 
Mesorhizobium, Rhizobium and Sinorhizobium, have the 
ability  to  modify  the  pH of culture medium 79, making it  
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Figure 2. Biplot plot of principal components 1 and 2 of principal component analysis with 
morphological characteristics for growth, diameter, color, shape, edge, elevation, transparency, 
surface, mucus production, mucus consistency, elasticity, and alteration of pH of bacterial culture 
medium isolated from Macroptilium lathyroides roots. 
Source: Authors 

 
 
 
acidic (Coutinho et al., 2000). These data are indicative 
that group I may be composed of bacteria of the genus 
Rhizobium, as they were yellow in color, acidified the 
culture medium, had rapid growth and mucus production. 
These observed bacteria fit perfectly with what was 
suggested by Sprent (1994), the author reports that fast-
growing bacteria, common in arid regions, are not good 
N2 fixators, because the priority of these organisms is 
survival, however, Martins et al. (1997) reports that there 
are several fast growing strains obtained in tropical 
regions, as is the case of the collection region of this 
study. 

For the main component CP2, the indices with the 
highest correlation coefficients were: elevation (-0.73), 
color (0.70), surface (0.61), transparency (0.61) and 
diameter (0.53), approximate values (Table 1 and Figure 
2), of these components the elevation of the bacterial 
colony was the main to group the isolates, the group II 
was composed by 3 isolates that presented the elevation 
type lens. Araújo and Gualter (2017) studying native 
bacteria from cerrado soils, reported having isolated 3 
bacteria with lens-like colony elevation, the same number 
of isolates obtained in this research. 

For the main component CP3, the indices with the 
highest correlation coefficients were: mucus consistency 
(-0.66) and edge (0.54)  (Table  1  and  Figure  2).  These 

components are interpreted as the main morphological 
characteristics that led to the grouping of isolates. In 
general, the isolates contained in this group III are cream-
to-white in color, and most had viscous mucus production 
and full border. 

The genus Bradyrhizobium has the characteristic of 
having opaque, circular colonies, occasionally translucent 
or white, tending to alkalinize or maintain neutral pH 
(Bergey and Holt, 1994; Jordan, 1984; Araújo, 1994; 
Melloni et al., 2006). These data are indicative that the 
bacteria belonging to group III may fit into the genus 
Bradyrhizobium, as their morphological characteristics 
are similar. 
 
 
Isolation authentication 
 
According to Table 2, 19 isolates (M002, M004, M005, 
M008, M014, M016, M019, M022, M024, M025, M026, 
M028, M030, M032, M033, M036, M037 and M039) 
presented higher values, when compared to the other 
isolates, for the variables shoot dry mass (MSPA), nodule 
dry mass (MSN), total dry mass (MST) and shoot and 
root ratio (RELATION), without presenting significant 
difference with Nitrogen treatment. 

Nineteen  isolates  showed  a  difference  for the MSPA  

groups with similar characteristics, collected in Alta Floresta - MT. 
 
Figure 2. Biplot plot of principal components 1 and 2 of principal component analysis with morphological characteristics for growth, diameter, 

 
 color, shape, edge, elevation, transparency, surface, mucus production, mucus consistency, elasticity, and alteration of pH of bacterial 
culture medium isolated from Macroptilium lathyroides roots. 
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Table 2. Shoot dry matter (MSPA), root dry matter (MSR), nodule dry matter 
(MSN), total dry matter (MST), shoot and root ratio (REL), of Macroptilium 
lathyroides plants inoculated with rhizobium isolates, values expressed in mg. 
 

Isolate MSPA MSR MSN MST REL 

M001 146.13
b
 89.03

a
 4.13

b
 235.16

b
 1.67

a
 

M002 215.86
a
 110.83

a
 16.40

a
 326.70

a
 1.89

a
 

M003 110.03
b
 66.16

a
 3.56

b
 176.20

b
 1.64

a
 

M004 270.36
a
 137.53

a
 10,10

a
 407.90

a
 1.97

a
 

M005 264.50
a
 119.03

a
 11.50

a
 383.53

a
 2.25

a
 

M006 68.06
b
 75.53

a
 0.50

b
 143.60

b
 0.89

b
 

M007 64.76
b
 60.06

a
 8.90

a
 124.83

b
 1.08

b
 

M008 267.36
a
 114.76

a
 11.06

a
 382.13

a
 2.30

a
 

M009 124.90
b
 97.46

a
 3.76

b
 222.36

b
 1.27

b
 

M010 177.46
b
 91.33

a
 7.36

a
 268.80

b
 1.72

b
 

M011 68.20
b
 50.50

a
 0.86

b
 118.70

b
 1.43

b
 

M012 163.20
b
 63.83

a
 8.30

a
 227.03

b
 3.86

a
 

M013 106.80
b
 89.90

a
 4.83

b
 196.70

b
 1.14

b
 

M014 213.63
a
 101.66

a
 8.00

a
 315.30

a
 2.24

a
 

M015 101.40
b
 82.63

a
 2.10

b
 184.03

b
 1.21

b
 

M016 193.26
a
 85.73

a
 7.40

a
 279.00

a
 2.37

a
 

M017 163.23
b
 94.20

a
 4.13

b
 257.43

b
 1.67

a
 

M018 99.53
b
 74.53

a
 5.73

b
 174.06

b
 1.33

a
 

M019 244.96
a
 119.06

a
 11.23

a
 364.03

a
 2.05

a
 

M020 141.80
b
 110.10

a
 6.93

b
 251.90

b
 1.14

b
 

M021 73.50
b
 59.36

a
 3.60

b
 132.86

b
 1.25

b
 

M022 270.73
a
 111.46

a
 12.76

a
 382.20

a
 2.29

a
 

M023 132.00
b
 84.26

a
 5.00

b
 216.26

b
 1.64

a
 

M024 269.10
a
 134.70

a
 14.6

a
 403.80

a
 2.01

a
 

M025 255.56
a
 106.23

a
 6.30

a
 361.80

a
 2.42

a
 

M026 240.13
a
 131.06

a
 13.60

a
 371.20

a
 1.79

a
 

M028 239.56
a
 117.53

a
 8.23

a
 357.10

a
 2.13

a
 

M029 136.43
b
 79.63

a
 1.86

b
 216.06

b
 1.54

b
 

M030 209.33
a
 105.36

a
 10.00

a
 314.70

a
 1.97

a
 

M031 90.30
b
 80.06

a
 2.23

b
 170.36

b
 1.12

b
 

M032 192.20
a
 91.70

a
 7.50

a
 283.90

a
 2.20

a
 

M033 274.33
a
 127.76

a
 11.36

a
 402.10

a
 2.14

a
 

M034 130.06
b
 67.46

a
 1.10

b
 197.53

b
 1.85

a
 

M035 265.06
a
 103.86

a
 14.26

a
 368.93

a
 2.46

a
 

M036 285.13
a
 146.83

a
 13.00

a
 431.96

a
 1.96

a
 

M037 246.30
a
 104.76

a
 8.23a 351,06

a
 2.54

a
 

M038 125.13
b
 74.56

a
 10.30

a
 199.70

b
 1.68

a
 

M039 183.23
a
 88.46

a
 8.16

a
 271.70

a
 2.06

a
 

M040 205.30
b
 106.46

a
 8.96

a
 311.76

b
 1.57

b
 

Without N 99.23
b
 85.43

a
 0.00

b
 184.66

b
 1.15

b
 

With N 256.23
a
 121.46

a
 0.00

b
 377.70

a
 2.22

a
 

c.v. (%) 10.03 10.09 10.07 8.37 15.43 
 

Averages followed by the same letter in the column do not differ by the Scott-Knott 
test at 5% probability. 
Source: Authors 

 
 
 
factor being higher than the other isolates and with the 
treatment   without   nitrogen   supply   (Table  2).   These 

isolates were not different from nitrogen treatment. 
Vargas  et al. (1990) and Vieira et al. (1994), working with  
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bean inoculated isolates also reported increase of MSPA 
in plants with N application. It is verified that these 
isolates have potential for nitrogen fixation, being 
indicated for efficiency testing in FBN. Antunes (2010) 
report similar results to this research, describing that of 
the isolates evaluated for MSPA, a large number of 
isolates were not different from the nitrogen treatment. 
For the MSR factor, no difference was observed between 
the isolates and the treatments with and without nitrogen 
supply. Among the growth-stimulating effects that growth-
promoting bacterial species can play in the relationships 
between rhizobia and legumin, one can cite the 
development of lateral roots and primary root elongation 
associated microbial species, reflecting directly on the 
amount of phythormonium available to the plant, affecting 
the promotion or inhibition of root growth (Patten and 
Glick, 1996). From this point of view, possibly the 
population level of bacteria in the rhizosphere of the 
studied plants was not sufficient to cause the greater root 
development of M. lathyroides plants. This result may be 
due to soil conditions that may not have affected this 
growth. Similarly, Antunes et al. (2011) and Souza 
(2015), studying rhizobia in fava beans and cowpea, 
respectively, found no difference for the MSR variable, 
corroborating the data presented here. 

There are several mechanisms by which symbiont 
bacteria can alter root and nodule development via auxin 
synthesis by the microsymbiont or by altering the 
synthesis of this hormone in the host (Mathesius, 2008; 
Spaepen et al., 2007). 

Auxin synthesis promotes the growth of these bacteria, 
such as cyanobacteria of the genus Frankia and 
Rhizobium itself, even in non-symbiont plants (Peret et 
al., 2007; Mathesius, 2008). In this way the exudation of 
compounds produced by plants can stimulate auxin 
synthesis in bacteria and thus they synthesize it through 
tryptophan exuded by plant roots (Kefford et al., 1960). 
However, in the present study, the nodule was possibly 
not efficient to assist in the development of MSR. 

For MSN, most of the 19 isolates corresponded to the 
similarity in this variable, indicating a trend and 
relationship between root mass and nodule mass. 
Something already expected, since the volume of roots 
and consequent mass of these indicates the best 
development of this part of the plant, demonstrating that 
nodulation was efficient and used the larger volume of 
roots to increase the number of nodules and consequently 
greater mass produced. 

Souza (2015) also reports values similar to those of this 
study for MSN. Fernandes et al. (2003) working with 
guandu beans, cowpea and pork beans, reported finding 
significant differences between rhizobial strains in their 
ability to promote vegetative growth (MSPA) and 
nodulation (MSN), as well as the results found here. 

In rhizobial bacteria, auxin synthesis and alteration of 
the relationship between auxins and cytokines is directly 
related   to   the   capacity  of  initiation  and  formation  of  

 
 
 
 
nodules in the plant. Thus, the genetic mechanisms of 
auxin biosynthesis regulation by bacteria such as 
Rhizobium, Bradyrhizobium and Azospirillum are very 
similar and have functions that influence the physiology 
and development of the host plant (Costacurta and 
Vanderleyden, 1995). 

Despite the predominance of fast-growing, yellow-
colored isolates with acidification capacity of the culture 
medium, the most efficient isolates were white to cream, 
with intermediate to slow growth, with little mucus 
production and ability to alkalize the culture medium. 
These presented the highest averages for all analyzed 
variables, without presenting significant difference 
between them. Only one efficient isolate showed yellow 
coloration and fast growth, but capable of alkalizing the 
culture medium. 

For the MST factor, 19 isolates did not differ 
significantly from the WITH N treatment (Table 2), but 
showed a significant difference from the WITHOUT N 
treatment, probably this result can be observed due to 
the lack of competitiveness with strains generally present 
in the soil, the fact that the substrate The autoclaving 
method used ensured the possibility of observing the 
effect of strains on plant development. 

For the RELATIONSHIP factor, 27 isolates did not 
differ significantly from the WITH N treatment (Table 2), 
but differed from the WITHOUT N treatment, which 
shows that the isolates allowed the development of the 
shoot in relation to the root system in a similar way to the 
WITH N treatment. This means that the plant invested 
less in root development and more in leaf area showing 
greater nutritional balance compared to other isolates. 

The relative efficiency (ER) of the isolates (Figure 3) 
was calculated and comparing with the WITH N treatment 
and without inoculation we found that 8 isolates obtained 
ER higher than the WITH N treatment (M004, M005, 
M008, M022, M024, M033, M035 and M036), 
demonstrating that the isolates had the capacity to supply 
higher amounts of nitrogen to the shoot than to the 
nitrogen treatment. Isolate M025 allowed growth similar 
to that observed with nitrogen supply. 

Chagas Junior et al. (2010) obtained similar data 
working with cowpea isolates, the authors report 
obtaining isolates with high ER above treatment with N. 
 
 
16S rDNA sequencing of Macroptilium lathyroides 
isolates 
 
From the isolates selected for genetic identification by 
partial sequencing of the 16S rDNA gene, it was not 
possible to identify three of them (M014, M019 and 
M033). These samples did not show similarity, possibly 
due to the amount of base pairs contained in them and 
which were not sufficient for the identification of isolates. 

The isolates M16, M22, M24 and M36 were white to 
cream in color,  poorly produced mucus and alkalized the  
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Figure 3. Relative efficiency (RE) of shoot dry mass production by Macroptilium lathyroides plants inoculated 
with rhizobia isolates obtained from Macroptilium lathyroides roots in soils of the periurban and rural region of 
Alta Floresta - MT. Brazil. 
Source: Authors 

 
 
 

Table 3. Genetic identification by partial sequencing of rDNA 16S gene from Macroptilium lathyroides root 
nodule isolates. 
 

Isolate Isolate Identification General number  % of identification Number of access 

M002 Mucilaginibacter gossypiicola 1249 97 NR_116406.1 

M004 Novosphingobium arabidopsis 625 84 NR_133799.1 

M005 Bacillus haynesii  1332 99 NR_157609.1 

M016 Bradyrhizobium namibiense 442 81 NR_159233.1 

M022 Bradyrhizobium namibiense 326 82 NR_159233.1 

M024 Bradyrhizobium namibiense 730 85 NR_159233.1 

M028 Flavobacterium anhuiense 1375 100 NR_044388.1 

M035 Bacillus xiamenensis 1129 95 NR_148244.1 

M036 Bradyrhizobium namibiense 1048 92 NR_159233.1 
` 
Source: Authors 

 
 
 
culture medium, as indicated by morphological 
characterization, similarity dendrogram and biplot. 
Sequence analysis of the 16S rDNA gene from the cited 
isolates classified them as Bradryzobium namibiense 
(Table 3), with pair sequence similarity and related 
gender lineage ranging from 81 to 92%. These results 
reinforce what was observed in the morphological 
analysis and grouping of isolates. B. namibiense was 
recently proposed as a new species by Grönemeyer et al. 
(2017) studying isolates in smelling beans. 

The M002 isolate presented as white color, little mucus 
production and kept the pH of the culture medium neutral, 
as indicated by the morphological characterization, the 
similarity dendogram and the biplot. Sequence analysis 
of the 16S rDNA gene from the M002 isolate classified it 
into the Mucilaginibacter genus (Table 3) with 97% 
similarity in peer sequence and related gender lineage 
type. 

The genus Mucilaginibacter, member of the family 
Sphingobacteriaceae, has as one of its characteristics 
the promotion of plant growth. Bacteria of this genus  can 

promote this benefit directly or indirectly through the 
production of phytohormones or plant growth promoting 
enzymes, allowing increased nutrient absorption (Glick et 
al., 1999; Pankratov et al., 2007; Steyn et al., 1998; 
Whipps, 2001). According to Madhaiyan et al. (2010), the 
bacterium Mucilaginicabter gossypiicola produces a large 
amount of extracellular polysaccharides, indicating that 
this strain is probably responsible for promoting the 
growth of cotton plants. 

Isolate M004 was characterized by white coloration, 
low mucus production changing the pH of the culture 
medium to alkaline, as indicated in the morphological 
characterization. Sequence analysis of the 16S rDNA 
gene from the isolate placed it in the Novosphingobium 
genus (Table 3) with 84% similarity in peer sequencing 
and gender lineage type. According to Lin et al. (2014), 
some bacteria of this genus found in the Arabidopsis 
thaliana (mustard) rhizosphere are resistant to DDT. 

Isolate M005 was white in color, low in mucus 
production, and maintained neutral pH. This isolate was 
allocated   to   the   genus   Bacillus,   more   precisely  as  
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Figure 4. Phylogenetic tree based on 16S rDNA gene sequences from isolates 
obtained from Macroptilium lathyroides roots in soils of the periurban and rural 
region of Alta Floresta - MT. Brazil. 
Source: Authors 

 
 
 
Bacillus haynessi (Table 3) with 99% similarity. Dunlap et 
al. (2017) in a biodiversity survey of strains of the genus 
Bacillus, proposed the recognition of Bacillus haynessi as 
a new species, not finding recent studies on its 
characteristics and properties. 

The M035 isolate had yellow coloration, abundant 
mucus production and acid pH. Gene sequence analysis 
classified it as Bacillus xiamenensis (Table 3) with 95% 
similarity. As for this species, it was not found in the 
literature reporting any interaction with plants. 
In the phylogenetic analysis (Figure 4) it is possible to 
observe that isolates M024 and M022 were grouped as 
similar. Isolates M004 and M016 showed close genetic 
similarity, although the sequencing makes it clear that 
these are individuals of different genera. Already the 
isolates M002, M028, M005 and M035 presented similar 
characteristics in their sequencing that grouped them as 
similar, and these bacteria still have a degree of similarity 
with the isolate M036, belonging to the genus 
Bradyrizobium. 

Studies on nitrogen-fixing bacteria using cowpea beans 
as bait have revealed a high incidence of Bradyrhizobium 
bacteria (Guimarães et al., 2012; Junior et al., 2010b; 
Pinheiro et al., 2014). This was similar to that found in 
this study, with a legume species from the same 
botanical family as cowpea. 
 
 
Biological nitrogen fixation test (FBN) 
 
Shoot length (CPA), shoot dry mass (MSPA) and total dry 
mass (MST) were not significant according to the f test, 
the root length (CR), Root volume (RV), root dry mass 
(MSR) and root shoot ratio (RELATION) did not differ 
significantly according to the Scott-Knott test at 5% 
probability. 

According to the analysis of variance, the nitrogen 
content factor (WITH N) was not significant for the 
number of nodules (N° of nodules), dry mass  of  nodules 

(MSN), and nitrogen content (N) there was significance 
according to the f test, but MSN and IV factors did not 
show significant difference according to the Scott-Knott 
test at 5% probability. 

For the nitrogen content factor, 4 samples showed no 
significant difference in relation to the WITH N treatment 
(Table 4), isolates M004, M005 and M022 obtained N 
contents close to the WITH N treatment. According to 
Malavolta et al. (1999), an adequate leaf nitrogen 
concentration would be 36 g per kg for soybean crop. It 
can be observed that the WITH N treatment presented 
equivalent nitrogen content for soybean crop, and the 
isolates mentioned presented very close to this value. 
 
 
Conclusion 
 
Thus, based on the results obtained from the study of 
rhizobia isolates of M. lathyroides roots collected from the 
periurban and rural zone of Alta Floresta - MT, Brazil, it is 
concluded that the isolates have great heterogeneity. 
There is a predominance of fast growing isolates, 
however only one fast growing isolate has efficiency in 
nitrogen fixation. 

Intermediate and slow growth bacteria with low mucus 
production are more efficient in nitrogen fixation, 
compared with the other isolates of this study. M004, 
M005, M008, M022, M024, M024, M033, M35 and M036 
isolates show higher ER than WITH N treatment and 
without inoculation, showing potential for further studies. 
The following bacteria were identified by 16S rDNA gene 
sequencing analysis: Mucilaginibacter gossypiicola, 
Novosphingobium arabidopsis, Bacillus haynesii, Bacillus 
xiamenensis, Bradyrhizobium namibiense and 
Flavobacterium anhuiense. Isolates M004, M005 and 
M022 have nitrogen content values very close to that of 
supplemental nitrogen treatment and are potentially 
indicated for further studies aiming at commercially 
important crops. 

 

 



 
 
 
 
Table 4. Number of nodules (N°. of nodules) and nitrogen content 
in leaf analysis (N) of Macroptilium lathyroides plants inoculated 
with rhizobia isolates. Value expressed in g kg

-1
. 

 

Isolate Number of nodules Number 

M002 80.17
a
 29.30

b
 

M004 108.19
a
 31.40

a
 

M005 133.92
a
 32.15

a
 

M008 118.04
a
 29.17

b
 

M014 94.69
a
 27.67

b
 

M016 122.33
a
 28.77

b
 

M019 108.46
a
 28.70

b
 

M022 67.12
a
 30.45

a
 

M024 122.23
a
 24.95

b
 

M025 104.02
a
 26.42

b
 

M026 83.83
a
 27.17

b
 

M028 131.16
a
 27.72

b
 

M030 100.00
a
 24.85

b
 

M032 147.25
a
 28.72

b
 

M033 95.60
a
 27.40

b
 

M035 125.66
a
 26.80

b
 

M036 130.42
a
 28.37

b
 

M037 112.08
a
 25.07

b
 

M039 104.17
a
 28.65

b
 

SEM N 114.16
a
 28.02

b
 

COM N 14.66
b
 36.10

a
 

C.V.% 9.29 1.72 
 

Means followed by the same letter in the column do not differ from 
each other by the Scott-Knott test at p> 0.05 probability. 
Source: Authors 

 
 
 
It is important to point out that collecting information on 
beneficial microorganisms for agriculture is beneficial for 
future food production. Research in regions of great 
biological diversity, such as the Amazon, can bring very 
important information in this area of knowledge. 
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