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Abstract: The biological nitrogen fixation is a process biological performed by legumes, through symbiotic with 
bacteria. However, in crop of snap bean, the process is not efficient, wherein some efficient cultivars may be 
responsible for inoculation. The objective was to evaluate the behavior of seven cultivar bean cultivars 
determined growing in relation to the inoculation with Rhizobium tropici. The experiment was carried out in the 
DIC, with four replicates, in the factorial 7x2, corresponding to seven cultivars of bean-pod of determined growth 
(Commodore Improved, Contender, Delinel, Jade, Strike, Stringless Green and Provider), in the presence and 
absence of rhizobian inoculum (R. tropici). The height, diameter, number of leaves, leaf area, dry mass of the 
aerial part were evaluated at the flowering stage; length, area, root dry mass; the number of nodules; nitrogen 
content, accumulated nitrogen, nitrogen utilization efficiency, specific nodulation, and relative efficiency. The use 
of R. tropici does not interfere in the vegetative development of the aerial part of the bean pod until the flowering 
phase. The cultivars Delinel, Jade and Stringless Green stand out when nodulation. The inoculation negatively 
affects the nitrogen and nitrogen contents accumulated by the aerial part, but it is able to increase the number 
of nodules, specific nodulation and the efficiency of nitrogen utilization. There is a negative correlation between 
the nodulation and the dry mass of the aerial part, nitrogen content and the nitrogen accumulated by the aerial 
part. 
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Resumo: A fixação biológica de nitrogênio é um processo biológico realizado por leguminosas, através da 
simbiose com bactérias. Entretanto, na cultura do feijão-vagem, o processo não é eficiente, sendo que algumas 
cultivares eficientes podem ser responsivas à inoculação. O objetivo foi avaliar o comportamento de sete 
cultivares de feijão determinadas em crescimento em relação à inoculação com Rhizobium tropici. O 
experimento foi realizado no DIC, com quatro repetições, no fatorial 7x2, correspondendo a sete cultivares de 
vagem de feijão de crescimento determinado (Commodore Improved, Contender, Delinel, Jade, Strike, 
Stringless Green and Provider), na presença e ausência de inóculo rizóbio (R. tropici). A altura, diâmetro, 
número de folhas, área foliar, massa seca da parte aérea foram avaliadas na fase de floração; comprimento, 
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área, massa seca da raiz; o número de nódulos; teor de nitrogênio, nitrogênio acumulado, eficiência na 
utilização de nitrogênio, nodulação específica e eficiência relativa. O uso de R. tropici não interfere no 
desenvolvimento vegetativo da parte aérea da vagem até a fase de floração. As cultivares Delinel, Jade e 
Stringless Green destacam-se quando da nodulação. A inoculação afeta negativamente o nitrogênio e o 
conteúdo de nitrogênio acumulado pela parte aérea, mas é capaz de aumentar o número de nódulos, a 
nodulação específica e a eficiência da utilização do nitrogênio. Existe uma correlação negativa entre a 
nodulação e a massa seca da parte aérea, o teor de nitrogênio e o nitrogênio acumulado pela parte aérea. 
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de nitrogênio 
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Introduction 
 

Snap bean (Phaseolus vulgaris L.) is a horticultural legume, of great nutritional and economic importance, 
in which its pods are consumed in the immature form, rich in essential vitamins (A, B12 and C), minerals and 
fibers, an excellent source of nutrients for human consumption (Filgueira et al., 2013).  

The snap beans are a nodulation Fabaceae capable of establishing mutual symbiotic with bacteria 
Rhizobiacea family, naturally present in the soil or by seed inoculation, and thus benefit from nitrogen fixed in a 
process called biological nitrogen fixation (BNF) (Matoso e Kusdra, 2014). Among the many bacteria that are 
able to establish symbiosis with snap beans, Rhizobium tropici is the most suitable type and recommended for 
tropical soils, because of its large capacity nodulation and their high tolerance to environmental stresses such 
as high temperature, acidity, and salinity (Cerro et al., 2017). 

Despite the numerous benefits of biological fixation for legumes, there is still little research on this 
process for snap beans, which makes it inefficient in the accumulation of nitrogen in the plant, making the crop 
is dependent on mineral nitrogen sources. Considering that the inoculation technique with rhizobia, by itself, is 
not fully efficient for culture, it is necessary to study alternatives to increase the efficiency of BNF and benefit 
mainly small farmers (Bertoldo et al., 2015). 

An alternative to improve BNF efficiency would be an evaluation of genotypes, and there is a great variety 
among cultivars regarding the number of nodules and the accumulation of nitrogen by the common bean. 
(Fonseca et al., 2013).  Currently, the search for more efficient cultivars in the use of nitrogen (NUE) is one of 
the main objectives of several programs of genetic improvement of different cultures, with the purpose of 
reducing the amount of nitrogen applied, without damaging gains in grain yield (Barraclough et al. 2014).  Thus, 
the NUE studies on the available genotypes are important to update and print the technologies most adapted to 
the producer, bringing economically satisfactory yields with less risk of environmental pollution (Teixeira Filho et 
al., 2010). 

Although the bean pod is considered to be of low efficiency in the BNF, Furlan et al. (2016) obtained 
promising results when studying the effects of inoculation on the crop, being a viable alternative and less onerous 
to improve the yield of the pods of the bean pod. Therefore, it is indispensable to disseminate this very low-cost 
biotechnology, considering that biological nitrogen fixation is an ecological, economically advantageous and 
sustainable process (Chagas Junior, 2010). Therefore, the aim of this study was to evaluate the behavior of 
seven cultivars of snap beans of growth determined in relation to the inoculation with Rhizobium tropici. 

 
Material and Methods 

 
Location and characterization of the experimental area 
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The experiment was carried out in a greenhouse belonging to the State University of Goiás, Câmpus 
Ipameri, with geographic coordinates of 17º9'59" W and 48º26'34" S, an altitude of approximately 800 meters. 
The weather is considered Aw, characterized in a tropical humid climate with dry winter and summer rainy 
second Koppen classification (Alvares et al., 2013). 

The soil was collected in the arable layer (0-20 cm) of a LATOSOLO VERMELHO Distrófico (Santos et 
al., 2018), in which it was dewormed, homogenized and passed in a 4 mm sieve and placed in vessel nine liters. 
Prior to the installation of the experiment, the soil had the following chemical and physical parameters: pH-CaCl2 
5.1; clay 300 g kg-1; Ca, Mg and Al, 2.8, 1.8 and 0 mg dm-3, respectively (extracted by KCl 1 mol L-1); P and K 
available 4.7 and 78 mg dm-3, respectively (extracted by Mehlich-1), organic matter 28.0 g kg-1, according to 
Teixeira et al. (2017).  

 
Treatments and experimental design  

 
The experiment was carried out in a completely randomized design, with four replications, in the 7x2 

factorial scheme corresponding to seven cultivars (Commodore Improved, Contender, Delinel, Jade, Strike, 
Stringless Green, and Provider) in the presence and absence of rhizobial inoculant (Rhizobium tropici). 

The inoculant used was Nitro1000 Feijão, from the company Nitro1000, in the form of liquid fluid 
containing 3,0 x 109  viable cells per mL of Rhizobium tropici Semia 4077 and Semia 4088, in the dose of 100 
mL to 40 kg of seeds. The inoculation was carried out during planting, being mixed directly in the seed. 

 
Installation and conduction of the experiment 

 
Planting fertilization it was made with 50 kg ha-1 of N, 300 kg ha-1 of P2O5 and 100 kg ha-1 of K2O, using 

as the source using ammoniated superphosphate (03-17-00) and potassium chloride (60% K2O). 
During the conduction of the experiment, daily irrigation was carried out until reaching the field capacity, 

in order to keep soil moisture constant, in addition to manual weed withdrawal. The experiment was carried out 
to the phenological stage R6 (flowering). 

 
Variables evaluated in the experiment 

 
In the aerial part, the height (HEI) was measured through a millimeter ruler; diameter (DIAM) through 

digital caliper; and the number of leaves (NL), by manual counting of triphols. Afterward, the aerial part of the 
plants was collected, cutting them close to the soil and taken to the laboratory for determination of the leaf area 
(LA) and dry mass of the aerial part (DMAP). 

The roots were carefully washed in water for removal of the soil adjacent to the roots, with posterior 
measurement of root length (RL) with millimeter ruler, the number of nodules (NN) by manual counting; root area 
(RA) and dry mass of root (DMR). 

The leaf area and root area were obtained by scanning the HP Scanjet G2410 scanner and the images 
were processed Image J. The dry matter of the aerial part and the root system was dried in an oven with forced 
air circulation at a temperature of 65ºC until obtaining of constant mass, for later weighing in a digital scale. 

For the evaluation of the nitrogen content in the aerial part (NCAP), the dry mass of the shoot was used, 
which after being weighed, were milled in the Willye Macro Mill with 30 mesh sieves. Then, the nitrogen content 
according to the Kjeldahl method, which consists of the sulfuric digestion + distillation + titration according to the 
methodology described in Carmo et al. (2000). 

Subsequently, it was calculated the nitrogen accumulated in the aerial part (ANAP), result of the product 
of NCAP and DMAP, and nitrogen utilization efficiency (NUE) obtained by the formula: NUE (g² mg-1) = dry 
mass of the aerial part² / accumulated nitrogen in aerial part, adapted from Siddiqi and Glass (1981). 

The specific nodulation (SN), through the expression SN = (number of nodules / DMR), and the relative 
efficiency (RE), calculated according to the formula RE = (DMAP inoculated / DMAP without inoculation) x 100, 
in which DMAP is the dry matter of the aerial part of the plant. 
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Statistical analysis 
 
The data were submitted to analysis of variance, and when significant, the means were compared by the 

Scott-Knott test at 5% probability, and then the Pearson correlation was calculated between the variables, both 
through software R.  
 
Results and Discussion 
 

The aerial part variables were not influenced by the inoculation or interaction with the cultivar x inoculum, 
although they are important for the effect of the cultivars. The Contender cultivar presented higher values for 
these variables, demonstrating greater shoot growth capacity. Note that that use from R. tropici does not interfere 
in the vegetative development of the aerial part of the bean pod until the flowering phase. 

 
Table 1. Analysis of variance and test of averages of height (HEI), diameter (DIAM), number of leaves (NL), dry 
mass of aerial part (DMAP), leaf aerial (LA), root length (RL), root dry mass (DMR), number of nodules (NN) and 
specific nodulation (SN) in different cultivars, in the absence and presence of inoculation with Rhizobium tropici 

Cultivar 
HEI DIAM NL DMAP LA RL RA DMR NN SN 

(cm) (mm) (nº) (g) (cm²) (cm) (cm²) (g) (nº pl-1) 
(nº msr-

1) 
Commodore 

I. 
25,24 

b 
4,78 5,43 a 3,38 b 471,28 38,06 b 112,68 b 0,42 a 48,25 a 112,27 b 

Contender 
29,42 

a 
5,15 5,87 a 4,12 a 420,04 39,19 b 152,94 a 0,66 a 63,62 a 97,86 b 

Delinel 
31,86 

a 
4,81 4,44 b 3,13 b 275,18 48,56 a 151,15 a 0,56 a 46,25 a 76,67 b 

Jade 
26,23 

b 
4,89 5,62 a 2,49 b 420,18 44,75 a 128,75 b 0,55 a 74,25 a 143,97 a 

Provider 
28,95 

a 
4,82 5,12 b 3,03 b 405,59 37,50 b 108,73 b 0,39 b 59,00 a 185,56 a 

Strike 
25,30 

b 
4,57 4,75 b 4,43 a 421,59 36,89 b 179,41 a 0,53 a 8,87 b 22,74 b 

Stringless G. 
31,29 

a 
4,88 5,87 a 2,56 b 382,97 44,06 a 175,97 a 0,63 a 58,25 a 93,35 b 

Inoculation           
Absence 28,05 4,78 5,19 3,35 406,31 41,07 148,13 0,53 42,07 b 83,53 b 
Presence 28,61 4,89 5,41 3,26 392,52 41,50 140,32 0,54 60,36 a 125,44 a 

Cultivar 3,984* 1,202 3,338* 6,253* 1,352 3,174** 3,514* 3,864* 4,616* 3,613* 
Inoculum 0,296 0,620 0,864 0,201 0,121 0,050 0,464 0,110 6,184* 4,258** 

C x I 1,115 0,325 0,346 1,848 1,500 1,724 1,401 2,679* 1,528 0,549 
CV (%) 13,83 9,28 16,26 25,18 37,12 17,28 29,79 26,18 53,72 72,74 

Within each factor, means followed by the same letter belong to the same group according to the Scott-Knott test (p> 0.05).  * Significant 
at 5% probability. ** Significant at 1% probability 
 

In relation to plant height, these results corroborate in part with the work of Vaz et al. (2017), in which it 
verified differences between the heights of tested bean cultivars and affirm that genotypes with greater vigor are 
desirable, promoting a better initial performance in the field. Although no inoculation effect was observed at plant 
height, Furlan et al. (2016) observed that inoculation treatments promoted increments in height and diameter of 
snap beans, as well as improving other agronomic characteristics. 

Vieira et al. (2010) found a similar result for the dry mass of aerial part (DMAP), with a difference between 
the accumulations of biomass among six Macassar bean cultivars, not observing a significant effect of DMAP 
increase as a function of inoculation. However, Fonseca et al. (2013), in addition to finding differences between 
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common bean cultivars, observed higher DMAP in inoculated plants, attributing to the fact the greater efficiency 
of inoculated strains in providing nitrogen to the bean, with increases of 15 to 20% in the biomass. 

With regard to the variables of the root system, it was found the effect of cultivars analyzed for root length, 
root area, number of nodes and root dry mass, but only the latter was significantly influenced by the interaction 
cultivar x inoculum (Table 1).  The highlight is for the cultivars Delinel, Jade and Stringless Green whose 
performance was superior in most of the variables.  

The significant effect of inoculation was observed only for the number of nodules and specific nodulation. 
In relation to the number of nodules (NN), it was observed that the inoculation with R. tropici promoted an 
average increase of 43% compared to the treatment in the absence of inoculant in snap bean plants, whereas 
for the specific nodulation the increase due to inoculation was 50%. This increase in nodulation was found by 
several studies in the literature, as described by Soares et al. (2016), Fonseca et al. (2013) and Oliveira e 
Sbardelotto (2011). 

The unfolding of interaction in the root dry mass (RDM) and the inoculation effect on the number of 
nodules and specific nodulation is shown in Table 2. In relation to RDM, the cultivars Contender, Delinel, Strike 
and Stringless showed higher RDM values in the presence of R. tropici, but only Delinel and Stike obtained a 
significant increase in response to the use of the rhizobium inoculant. 

 
Table 2. Unfolding of the interaction of root dry mass (DMR) and of the inoculant effect on nodule number (NN) 
and specific nodulation (SN) at different cultivars in the absence and presence of inoculation with Rhizobium 
tropici 

Cultivar 
DMR (g) NN (nº pl-1) SN (nº msr-1) 

Absence Presence Absence Presence Absence Presence 
Commodore I.  0,40 aB 0,44 aB 33,00 a 63,50 a 80,56 a 143,95 a 
Contender 0,72 aA 0,59 aA 64,50 a 62,75 a 90,25 a 105,49 a 
Delinel 0,43 bB 0,69 aA 22,75 b 69,75 a 51,12 a 102,23 a 
Jade 0,60 aB 0,51 aB 49,50 b 99,00 a 89,39 b 198,55 a 
Provider 0,45 aB 0,34 aB 62,75 a 55,25 a 165,18 a 203,94 a 
Strike 0,42 bB 0,64 aA 10,00 a 7,70 a 32,02 a 13,45 a 
Stringless Green 0,68 aA 0,58 bA 52,00 a 64,50 a 76,18 a 143,97 a 

Within each factor, capital averages in the column and lowercase in the row, followed by the same letter, belong to the same group 
according to the Scott-Knott test (p> 0.05) 
 

The cultivars Delinel and Jade increased the NN in the presence of inoculant, while the others showed 
no significant increase due to inoculation, whereas only Jade increased the SN. 

Note that for all cultivars nodulation occurred in both the presence and absence of the inoculant. This 
corroborates with the described by Oliveira e Sbardelotto (2011), in which all the bean varieties, even those not 
inoculated, produced nodules, indicating the presence of native nitrogen-fixing symbionts bacteria in the soil. 
However, the same authors affirm that nodule formation was less than 50% when compared to treatments that 
received inoculant. 

It is essential to clarify that despite introducing selected rhizobia by inoculating, it is not excluded the 
possibility of the native strains present in the soil promote nodulation, except if the inoculation is carried out 
under artificial conditions of sterilized soil. Therefore, the rhizobia strains of the inoculant should also be efficient 
enough in the BNF to be able to surpass the native ones, ensuring greater nodulation than these (Matoso e 
Kusdra, 2014). 

Analyzing the cultivars, it was verified that Delinel and Jade increased the nodulation significantly, while 
they did not vary the function of the inoculation, demonstrating the differentiation between the genotypes. 
Albuquerque et al. (2012) state that there is variation among bean genotypes in nodulation, which is justified by 
the higher genetic potential of nodulatory and biological nitrogen fixation of the cultivar, besides the existence of 
significant variability among the cultivars. 

In a study by Chekanai et al. (2018), it demonstrated that there are improved bean cultivars responsive 
to rhizobium inoculation, and there are soils that are not responsive to this practice, especially those that are 
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degraded. Yagi et al. (2015) concluded that there are differences between commercial bean cultivars, with more 
efficient cultivars in the BNF in the presence of strains of native or exogenous rhizobia, while other cultivars are 
only responsive to nitrogen fertilization. This fact may have occurred with the cultivar Strike, which was not able 
to perform satisfactory nodulation. 

Overall, the number of nodules was considered acceptable, above 15 units per plant, indicating good 
symbiotic efficiency, except for the cultivar Strike. However, Fonseca et al. (2013) that the number of nodules 
should not be analyzed in isolation because many times there is the formation of many nodules of small size. 

The nitrogen content of the aerial part (NCAP) and nitrogen accumulated by the aerial part (NAAP) were 
influenced by the cultivar x inoculum interaction, but it was observed a lower mean for the variables when 
submitted to inoculation, with a mean reduction of 20.85% and of 22.73% respectively (Table 3). 

 
Table 3. Analysis of variance and mean test of the nitrogen content of the aerial part (TNPA), accumulated 
nitrogen in aerial part (NAPA), nitrogen utilization efficiency (NUE), and relative efficiency (RE) in different 
cultivars, in the absence and presence  of inoculation with R. tropici 

Cultivar 
NCAP ANAP NUE RE 
(g kg-1) (mg planta-1) (g² mg-1) (%) 

Commodore I. 24,7 a 87,4 a 0,13 b 71,46 
Contender 24,0 a 98,3 a 0,18 a 102,69 
Delinel 23,0 a 73,1 b 0,14 b 101,83 
Jade 22,6 a 57,5 b 0,11 b 116,33 
Provider 22,4 a 67,5 b 0,14 b 104,62 
Strike 25,8 a 115,3 a 0,17 a 128,83 
Stringless G. 19,6 a 50,4 b 0,13 b 113,47 

Inoculation     
Absence 25,9 a 88,3 a 0,13 b - 
Presence 20,5 b 68,6 b 0,17 a - 
Cultivar 2,542** 6,195* 2,588** 0,741 
Inoculum 31,56* 7,875* 7,208** - 
C x I 3,114** 2,96** 1,706 - 
CV (%) 15,37 33,42 28,00 39,20 

Within each factor, means followed by the same letter belong to the same group according to the Scott-Knott test (p> 0.05).  * Significant 
at 5% probability. ** Significant at 1% probability 
 

Nitrogen use efficiency (NUE) increased by 29% in the presence of inoculation, in addition to 
differentiated behavior among the cultivars, so that Contender and Strike obtained higher efficiencies.  There 
was no difference between the cultivars relative to the relative efficiency (RE), varying between 71.46 and 
128.83%. Results similar to those found by Chagas Junior et al. (2010), who did not obtain significance for RE 
when testing different cultivars, strains and nitrogen fertilization, while Yagi et al. (2015) found ER of beans 
varying between 91 and 113%, while cultivars inferior to 100% were classified as efficient and responsive only 
to nitrogen fertilization.  

In relation to the nitrogen content of the aerial part, there was only a differentiation of the cultivars in the 
presence of the inoculation (Table 4). Strike showed higher mean when inoculated, while Contender, Delinel, 
Jade and Stringless Green reduced NCAP. 
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Table 4. Unfolding of the interaction of the nitrogen content of the aerial part (TNPA), accumulated nitrogen in 
aerial part (NAPA), and nitrogen utilization efficiency (NUE) in different cultivars, in the absence and presence 
of inoculation with  R. tropici 

Cultivar 
NCAP (g kg-1) ANAP (mg planta-1) NUE (g² mg-1) 

Absence Presence Absence Presence Absence Presence 
Commodore I. 27,0 aA 22,4 aB 115,5 aA 57,0 bB 0,15 a 0,12 a 
Contender 28,4 aA 19,6 bB 117,8 aA 81,1 aB 0,14 b 0,22 a 
Delinel 28,5 aA 17,6 bB 93,0 aA 53,2 bB 0,11 b 0,18 a 
Jade 25,6 aA 19,6 bB 65,9 aB 49,1 aB 0,09 a 0,13 a 
Provider 24,7 aA 20,0 aB 74,1 aB 60,8 aB 0,12 a 0,15 a 
Strike 24,2 aA 27,5 aA 94,5 bA 135,9 aA 0,17 a 0,18 a 
Stringless G. 22,4 aA 16,8 bB 57,4 aB 43,4 aB 0,12 a 0,15 a 

Within each factor, capital averages in the column and lowercase in the row, followed by the same letter, belong to the same group 
according to the Scott-Knott test (p> 0.05) 
 

For the accumulated nitrogen in the aerial part, there were variations between the cultivars in the absence 
and the presence of the inoculation, especially Strike, which accumulated more nitrogen in the presence of R. 
tropici, besides presenting the highest average, while Commodore and Delinel reduced the accumulation with 
the bacteria. For NUE, only Contender and Delinel have increased efficiency. 

According to Vieira et al. (2010), the fact that the challenge did not result in N content ideal for snap 
beans indicates that symbioses may not have been effective in promoting necessary quantities of nutrients the 
plant, causing its deficiency during development. In addition, it indicates that the native strains of the soil were 
able to perform symbiosis with the legume, which can compete and predominate in the soil with the strains 
introduced by the experiment, even though it is less efficient symbiotically. 

Another explanation for the lower leaf nitrogen content, and therefore less accumulation of nitrogen by 
snap beans in the presence of inoculant, is related to the high-energy demand of BNF. A considerable amount 
of energy is required to break the triple bond of atmospheric N2 in the molecule with ammonia production in an 
exothermic reaction, consuming about 12 grams of organic carbon per gram of N2 fixed (Taiz et al., 2017). 

Along with the assumptions already mentioned, another factor explaining the low ANAP is at particular 
growth short cycle of snap bean crop, which makes the apparatus of establishing symbiotic fixation of N and its 
efficient operation to provide content nitrogen necessary for the plant (Soares et al., 2016). 

The TNPA is indicative of how effective was the absorption and assimilation of N, including through FBN, 
while the NAPA has been considered as a potential indicator strain with inoculants to compose with symbiotic 
efficiency (Fonseca et al., 2013). The ANAP is directly proportional to shoot biomass and nitrogen content in the 
plant, which explains the high accumulation of N in some cultivars, such as Commodore Improved, Contender 
and Strike. 

Although different behavior of the cultivars for NCAP and ANAP under inoculation, which was not 
repeated for the nitrogen use efficiency, that despite having an average higher in inoculated plants, only two 
cultivars were able to increase their efficiency. In addition, in the presence of inoculation, all were statistically 
the same, not being possible to differentiate them in this variable.  According to Cancellier et al. (2011), efficient 
cultivars in the use of nitrogen are indicated for low technology crops, in which the producers do not use large 
doses of nitrogen fertilization, due to the high cost of this nutrient. 

Regarding the correlation between the analyzed variables, there are differences between the behavior 
of the uninoculated and inoculated plants. In uninoculated plants (Figure 1A), nine significant positive 
correlations were observed, where nodulation was influenced only by DMR, while ANAP was influenced by 
diameter, DMAP, and NCAP. The negative corrections were in the RE, directly affected by height, diameter, 
DMAP, ANAP, and NUE. 
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Figure 1. Correlation between the analyzed variables in absence of inoculation (A) and presence of inoculation. 
(B).*Significant correlation at 5% probability 
 

However, inoculated snap bean had 19 significant correlations, four of which were negative (Figure 1B). 
In this case, nodulation was negatively affected by the increase of DMPA, NCAP and ANAP. The nitrogen 
utilization efficiency was positively affected by height, diameter, DMPA, LA, and ANAP, while relative efficiency 
was affected by DMPA and NUE. 

The nodulation was not able to influence the characteristics of the aerial part and the root system of the 
plant, demonstrated by the absence of a significant correlation of the number of nodules with these variables. 
Brito et al. (2015) and Soares et al. (2016), in which they affirm that nodulation and inoculation do not influence 
the vegetative growth of the plant, corroborate this. 

For the efficiency of nitrogen use, it is possible to observe differences in correlation of variables as a 
function of inoculation.  In uninoculated plants, NUE is influenced by MSPA and NAPA, so the choice of cultivars 
with these characteristics is more efficient.  In this way, the cultivars Contender and Strike are the most 
recommended in planting without inoculation with R. tropici. 

 
Conclusions 

 
The use of Rhizobium tropici does not interfere in the vegetative development of the snap bean until the 

flowering stage, wherein the cultivars Delinel, Jade and Stringless Green stand out for nodulation. 
Inoculation is able to increase the number of nodes, specifies nodulation and nitrogen utilization 

efficiency, but reduces the nitrogen content and nitrogen by the cumulative shoot.  
There is a negative correlation between the nodulation and the dry mass of the aerial part, nitrogen 

content and the nitrogen accumulated by the aerial part. 
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