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R E S U M O

A fixação biológica de azoto é uma importante alternativa para o fornecimento de azoto (N) às leguminosas. O presente 
trabalho objetivou avaliar a qualidade de mudas de Enterolobium contortisiliquum (Vell.) Morong em função da inocula-
ção e da nodulação natural em solos do Sudoeste do Piauí. O delineamento experimental foi inteiramente casualizado, 
com cinco repetições, e os tratamentos arranjados em esquema fatorial (5 x 4), constituídos por cinco classes de solo e 
quatro tratamentos de N (a-inoculação com a estirpe BR 4406, b-adubação com N mineral, c-adubação com N mineral e 
inoculação com a estirpe BR 4406, d-sem N mineral e sem inoculação). Aos 75 dias após a semeadura foram avaliados: 
nodulação, eficiência da fixação de N2, acúmulo de azoto na massa seca da parte aérea e parâmetros morfológicos das 
mudas. As mudas de E. contortisiliquum apresentaram nodulação natural apenas quando cultivadas no Organossolo e 
Neossolo Flúvico. A estirpe inoculante BR 4406 mostrou-se pouco adaptada aos solos do Sudoeste piauiense constituin-
tes dos substratos de cultivo. As mudas cultivadas no Neossolo Quartzarênico, Organossolo e Neossolo Flúvico apresen-
tam melhor qualidade em relação às cultivadas no Latossolo Amarelo e Neossolo Litólico.

Palavras-chave: Fixação biológica de N2; Bradyrhizobium; índice da qualidade de Dickson.
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A B S T R A C T

Biological nitrogen fixation is an important alternative to provide nitrogen (N) to legumes. This study aimed to evaluate 
the quality of Enterolobium contortisiliquum (Vell.) Morong seedlings depending on the inoculation and natural nodula-
tion in soils from southwest of Piauí, Brazil. The experimental design was completely randomized with five replications 
and treatments arranged in a (5 x 4) factorial design, consisting of five soil classes and four N treatments (a-inoculation 
with strain BR 4406, b- with application of mineral N, c- with mineral N and inoculation with BR 4406, d- without miner-
al N or inoculation). Seventy five days after sowing number and fresh weight of nodules, N2 fixation efficiency, nitrogen 
concentration in shoot and morphological parameters of seedlings were evaluated. The seedlings of E. contortisiliquum 
presented natural nodulation only when grown on Organosol and Fluvic Neossol. The inoculant strain BR 4406 showed 
a very low adaptation to the soils from Southwest of Piauí. Seedlings grown in Quartzarenic Neosol, Organosol and 
Fluvic Neossol have better quality compared to those grown in Oxisol and Litolic Neosol.

Keywords: Biological fixation of N2 ; Bradyrhizobium; Dickson quality index.
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Introduction

In environmental recovery programs, the nutri-
tional limitations of the cultivation substrate is one 
of the main factors that affect the quality of forest 
seedlings in the  nursery, as well as the establish-
ment and growth of plants in field. Thus, the choice 
of species with low nutrient demands and adapted 
to climate and soil conditions, associated with the 
use of technologies that maximize their growth, are 
important conditions to enable their establishment 
in degraded soils.
At the nursery stage, the substrate for seedlings 
should present attributes that allow the develop-
ment of roots forming a structural support, provid-
ing water, oxygen and nutrients to the development 
of seedlings shoots. The use of soil for seedling pro-
duction is very common (Schmitz et al., 2002; Nóbre-
ga et al., 2008), due to its large availability and low 
cost. However, one of the major constraints to the 
growth of forest species is the use of soil with low 
natural fertility in the cultivation substrates (Furtini 
Neto et al., 1999). An important practice to produce 
forest seedlings with good quality is the use of tech-
nologies aiming at increasing the availability and 
acquisition of nutrients as, for example, mineral fer-
tilizers and/or use of arbuscular mycorrhizal fungi 
and microbial inoculants containing symbiotic N2-
fixing bacteria (Souchie et al., 2005; Moreira et al., 
2010).
Nitrogen fixation through the symbiosis between 
symbiotic N2-fixing bacteria and leguminous forest 
species is an important way to increase the avail-
ability of nitrogen in the soil-plant system. Thus, 
legumes that fix nitrogen through symbiosis with 
nitrogen fixing bacteria are important economically 
and ecologically. This symbiosis stimulates plant 
growth, in a sustainable way, which may substitute 
partially or completely nitrogen fertilizers (Costa et 
al., 2011; Moreira et al., 2010).
In prospecting for seedling production of forest leg-
umes grown in local soils, the species can be nodu-
lated by native strains or strains introduced into soil 
by inoculation of seeds (Bala et al., 2003). Thus, it 
is necessary to conduct experiments with inocula-
tion of rhizobia strains authorized by the Ministry 
of Agriculture, Livestock and Supply (Brasil, 2011), 
to verify their efficiency in different regions. For a 
successful symbiosis, the inoculant strain should 
survive in soil, present a high symbiotic efficiency 
and be able to compete with native populations 
(Moreira and Siqueira, 2006).
Among forest legumes, Enterolobium contortisiliquum 
(Vell.) Morong has a great potential for revegetation 

of degraded areas, with the purpose of reforestation 
and environmental recovery. According to Lorenzi 
(2008) this species have fast growth,  establishes 
symbiosis with soil N2-fixing bacteria (Moreira et 
al., 2010) and is adapted to soils with low levels of 
nitrogen or degraded and with excess of heavy met-
als (Trannin et al., 2001). In this context, the aim of 
this study was to evaluate the quality of E. contortisi-
liquum (Vell.) Morong seedlings depending on the 
inoculation and natural nodulation in several soils 
from Southwest of Piauí, Brazil.

Material and Methods

The experiment was conducted in a nursery cov-
ered with 50% shade in Professora Cinobelina Elvas 
Campus (09 º 04’28 “S and 44 º 21’31” W), Federal 
University of Piauí, Bom Jesus, Brazil. During the 
experimental period the temperature, humidity and 
luminosity inside of the nursery were evaluated 
both at 9:00 and 15:00 h (Figure 1).
The experimental design was completely rand-
omized with five replications and treatments ar-
ranged in a 5 x 4 factorial scheme. The treatments 
were constituted by samples of five soil classes rep-
resentative of ecosystems from Southwest of Piauí 
(Table 1) collected in areas of native vegetation at a 
depth of 0.2 m and four N treatments (a-inoculation 
with strain BR 4406 Bradyrhizobium elkanii author-
ized Ministry of Agriculture, Livestock and Supply 
for E. contortisiliquum, b- with application of mineral 
N, c- with mineral N and inoculation with BR 4406 e 
d-without mineral N and inoculation).
The soils samples were air dried, passed through a 
2-mm sieve and put in polystyrene bags of 2 kg. The 
chemical characteristics of soils samples evaluated 
in the 0.2 m layer are shown in Table 2.
Seeds were treated with concentrated sulfuric acid 
for 30 minutes and disinfected with 10% sodium 
hypochlorite for 1 minute before seeding. The inoc-
ulant with strain BR 4406 was prepared with auto-
claved peat and a log phase culture (after six days of 
growth with a concentration of 109 cells g-1 inoculant) 
in semi-solid 79 medium (Fred and Waksman, 1928) 
in the proportion 3:1. Seeds were inoculated with the 
inoculant in the proportion 500 g/50 kg seeds. Four 
seeds per bag were sown immediately after inocula-
tion. For the treatments with mineral nitrogen (urea) 
150 mg per plant were applied in liquid form. Thin-
ning was performed 15 days after sowing, leaving 
two plants per bag. Water was supplied twice a day 
to maintain humidity around 60% of the maximum 
water-holding capacity.
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Vegetation  Classification of soils Geographical coordinates 

Caatinga Litolic Neosol 09002’0,00’’S 44022’78,0’’W 
Ecotone Cerrado/Caatinga Quartzarenic Neosol 09003’48,60’’S 44019’11,9’’W 
Buritizal Organosol 09008’19,44’’S 44021’50,0’’W 
Riparian forest Fluvic Neossol 09007’25,60’’S 44021’40,7’’W 
Cerrado Oxisol 09º19’0,00’’S 44049’8,00’’W 

Table 1 – Classification and geographical coordinates where soils samples were collected in areas of native vegetation from 
Southwest of Piauí, Brazil.

Table 2 – Chemical characterization of the soils samples used as substrates for cultivation. pH in water (pH H2O), concentra-Chemical characterization of the soils samples used as substrates for cultivation. pH in water (pH H2O), concentra-
tion of phosphorus (P), potassium (K+), calcium (Ca2+), magnesium (Mg2+), aluminum (Al3+), hydrogen and aluminum (H+Al), 
zinc (Zn2+), iron (Fe2+), manganese (Mn2+), copper (Cu2+) and boron (B), total bases (SB), cation exchange capacity effective (t) 
and potential (T), base saturation (V) aluminum saturation (m) and soil organic matter (OM).

Soils pH (H2O) P K+ Ca2+ Mg2+ Al3+ H+Al Zn2+ Fe2+ Mn+ Cu2+ B 
  mg dm-3 ------ cmolc dm-3------ ----------- mg dm-3----------- 
Litolic Neosol 5.2 2.0 22.0 0.1 0.1 0.4 2.3 0.8 28.2 2.2 0.2 0.5 
Quartzarenic Neosol 4.9 1.7 27.0 1.0 0.1 0.7 3.2 4.3 67.7 16.8 0.4 0.2 
Organosol 5.4 8.8 42.0 5.3 1.9 0.3 11.0 16.9 21.4 60.0 9.0 0.3 
Fluvic Neossol 6.4 85.7 147.0 11.8 2.9 0.1 1.5 1.0 67.7 27.2 0.8 0.3 
Oxisol 4.9 1.4 19.0 0.1 0.1 1.4 8.8 0.8 184.6 1.4 0.2 0.1 

Soils SB t T V m OM 
----------- cmolc dm-3 ----------- ------ % ------ mg dm-3 

Litolic Neosol 0.3 0.7 2.6 9.9 61.0 1.2 
Quartzarenic Neosol 1.2 1.9 4.4 26.5 37.5 1.4 
Organosol 7.3 7.6 18.3 39.9 3.9 10.9 
Fluvic Neossol 15.1 15.2 16.6 91.0 0.7 1.8 
Oxisol 0.2 1.6 9.0 2.7 85.0 3.3 

Figure 1 – Climatic conditions inside the nursery.

Seventy five days after sowing, the following vari-
ables were analyzed: number of nodules (NN), nod-
ules fresh biomass (NFB), plant height (H), collar 
diameter (CD), the H/CD ratio, shoot dry biomass 
(SDB), root dry biomass (RDB), total dry biomass 

(TDB), the SDB/RDB ratio, the Dickson quality index 
(DQI), nitrogen accumulation in the shoots (NSDB) 
and  efficiency compared to control with mineral N 
without inoculation (EFN). To measure dry biomass 
the nodules, shoots and roots were dried in an oven 
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with forced air at 60º C until constant weight. The 
content of N was determined in shoot dry biomass 
by the semi-micro-Kjeldahl method and NSDB was 
calculated by multiplying SDB by N percentage and 
dividing by 100. The relative efficiency (EFN) of 
each treatment was calculated using the following 
formula: EFR = (treatments SDB) x 100/(SDB treat-
ment with mineral N without inoculation). The DQI 
was determined according to Dickson et al. (1960), 
wherein DQI = TDB (g) / [(H (cm) / CD (mm) + RDB 
(g) / SDB (g)].
Data were subjected to analysis of variance and the 
means were compared by the Scott-Knott test at a 
probability level of 5% using the statistical program 

SISVAR 5.3 (Ferreira, 2011). Data of NN and NFB 
were transformed by square root of Y + 0.5.

Results and Discussion

There was a significant interaction between soils 
and nitrogen treatments for variables NN, H, H/CD 
and SDB/RDB, but not for EFN and CD (Table 3). 
Nodulation occurred only in the Organosol and Flu-
vic Neossol. The largest NN (17.80 nodules plant-1) 
was obtained in the control without mineral N or 
inoculation in the Fluvic Neossol, indicating the 
presence of native populations of bacteria able to 

Soils N Treatments2 NN H H/CD SDB/RDB 
 nº plant-1 cm plant-1 

Oxisol  

Without N/I 0.00 aC1 14.54 aB 5.10 aB 0.88 bA 
With N+I 0.00 aA 15.09 aB 5.10 aB 1.50 bA 
Inoculated 0.00 aC 12.55 aC 4.43 aC 1.39 bB 
With N 0.00 aA 15.05 aB 5.38 aB 2.27 aA 

Means  0.00 C 14.43 B 5.00 C 1.39 B 

Litolic Neosol  

Without N/I 0.00 aC 14.95 bB 5.03 aB 1.52 aA 
With N+I 0.00 aA 19.15 aA 6.89 aA 2.13 aA 
Inoculated 0.00 aC 16.83 bB 5.86 aB 1.62 aB 
With N 0.00 aA 15.95 bB 5.53 aA 2.24 aA 

Means  0.00 C 17.96 A 6.39 B 1.88 A 

Quartzarenic Neosol 

Without N/I 0.00 aC 21.42 aA 6.08 bB 0.90 bA 
With N+I 0.00 aA 20.90 aA 7.46 bB 1.91 bA 
Inoculated 0.00 aC 24.82 aA 9.60 aA 1.07 bB 
With N 0.00 aA 17.63 bA 6.69 bB 2.06 aA 

Means  0.00 C 19.94 A 7.46 A 1.73 A 

Organosol 

Without N/I 5.80 aB 16.78 bA 6.24 aA 1.59 bA 
With N+I 0.00 bA 21.01 aA 7.45 aA 1.39 bA 
Inoculated 4.80 aB 18.04 bB 6.58 aA 2.54 aA 
With N 0.00 bA 19.36 aA 6.64 aA 2.21 aA 

Means  2.65 B 18.79 A 6.73 B 1.53 A 

Fluvic Neossol 

Without N/I 17.80 aA 17.01 bA 6.12 aA 1.52 aA 
With N+I 0.00 cA 18.05 bA 6.65 aA 1.74 aA 
Inoculated 9.60 bA 19.38 aB 7.00 aA 1.86 aA 
With N 0.00 cA 19.47 aA 7.12 aA 1.68 aA 

Means  6.85 A 18.42 A 6.72 B 1.47 A 
CV (%)  47.15 13.83 14.03 15.10 

Table 3 – Number of nodules (NN), height (H), height and collar diameter ratio (H/CD), ratio shoot dry biomass and root dry 
biomass (SDB/RDB) of E. contortisiliquum seedlings depending on the inoculation and natural nodulation in soils from Sou-
thwest of Piaui, Brazil.

1 Means followed by the same letter, lowercase in columns for the N treatments within each soil and uppercase in columns among the soils 
do not differ according to the Scott-Knott test at 5% probability. 2Control without mineral N or inoculation (Without N/I),  with mineral N and 
inoculation with strain BR 4406 (With N+I), inoculated with strain BR 4406 (Inoculated), and with mineral N only (With N), coefficient of 
variation (CV).
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nodulate E. contortisiliquum. In the same soil, there 
was a significant reduction of NN following inocu-
lation with strain BR 4406, suggesting a competition 
between native populations and inoculant strain, 
resulting in a lower nodulation. In the Organosol, 
the NN in the inoculated treatment was similar to 
the control without mineral N and inoculation (Ta-
ble 3). The populations of nitrogen fixing bacteria 
that nodulate legumes, as well as selected inocu-
lants are affected by various biotic and abiotic soil 
factors, such as chemical and physical attributes, 
the presence of the host plant, history of cultivation 
and management, among others (Jesus et al., 2009; 
Silva et al., 2009; Moreira et al., 2010). The reduction, 
maintenance and total inhibition of nodulation in 
inoculated treatments, compared to the other treat-
ments can be attributed to these factors. 
In both soils where nodulation occurred (Organosol 
and Fluvic Neossol), the treatments with mineral N 
did not nodulate, indicating the inhibitory role of 
this nutrient on nodulation of E. contortisiliquum. 
There are several studies showing the inhibition of 
nodulation by high doses of mineral N (Silva et al., 
2009; Costa et al., 2011). On the other hand, the use 
of small doses of N can improve plant growth and 
promote a synergistic effect on nodulation of some 
legumes species which have delayed nodulation or 
fix N2 during short periods of their cycle, such as 
Phaseolus vulgaris (Moura et al., 2009) and Inga magi-
nata (Gonçalves et al., 1999). This fact was not ob-
served for E. contortisiliquum in this work.
The absence of nodulation in Oxisol, Litolic Neo-
sol and Quartzarenic Neosol may be related to low 
natural fertility as indicated by the low base satura-
tion and high aluminum saturation (Table 2), that 
may have affected the survival and infection of bac-
teria in the roots. According to Bonilla and Bolaños 
(2010), soil nutritional deficiency can limit nodula-
tion and biological nitrogen fixation (BNF).
The greater height (H) obtained in the treatment 
with inoculation was observed when plants were 
grown in Quartzarenic Neosol (24.82 cm plant-1), 
compared with other soils, despite an absence of 
nodulation in this soil. According to some studies, 
diazotrophic bacteria in addition to being respon-
sible for the process of BNF, can also benefit plants 
by releasing plant growth promoting substances 
and solubilizing inorganic phosphate (Marra et al., 
2011; Costa et al., 2013; Oliveira-Longatti et al., 2013) 
increasing thereby the development and vigor of 
seedlings.
In controls with and without mineral N the greater 
height of plants was obtained on Organosol, Quart-
zarenic Neosol and Fluvic Neosol soils. In the treat-

ment with mineral N and inoculated with the strain 
BR 4406 seedlings produced in Oxisol showed sig-
nificantly lower height compared to plants in the 
others soils (Table 3).
The ratio H/CD represents an important charac-
teristic for the adaptation of seedlings in the field 
because it is related to growth equilibrium of these 
two important parameters (Gomes et al., 2002). Ac-
cording to Carneiro (1995), this ratio should be in 
the range 5.4 to 8.1; considering the overall mean of 
H/DC, only the seedlings grown in Oxisol did not fit 
within these limits. Among N treatments there was 
a significant difference only for the seedlings grown 
in Quartzarenic Neosol, being the highest value ob-
served in treatment with inoculation only (Table 
3). In the study by Melo et al. (2008) H/CD values 
within the range (5.4 to 8.1) were also obtained for 
E. contortisiliquum seedlings.
The SDB/RDB ratio is of fundamental importance 
for the organization and functioning of physiologi-
cal processes and development of plants (Leles et al., 
2000), being indicated as an efficient index to assess 
the quality of seedlings. The treatments with miner-
al N, with mineral N and inoculation and the control 
without mineral N or inoculation had no significant 
differences among soils for SDB/RDB (Table 3). For 
the treatment with inoculation only, plants grown 
in Fluvic Neosol and Organosol presented signifi-
cantly higher values (Table 3). Marques et al. (2009) 
obtained values of SDB/RDB ranging from 3.41 to 
1.37 for Piptadenia gonoacantha JF Macbr. seedlings 
grown in Argisol and Cambisol, respectively.
The variables NFB, RDB, TDB, DQI and NSDB were 
influenced by different soils and also by N treat-
ments (Table 4). Seedlings grown in Fluvic Neossol 
has higher NFB (Table 4), indicating a higher occur-
rence of diazotrophic symbiotic bacteria in this soil. 
The control without mineral N and inoculation had 
the highest value of NFB, compared to other treat-
ments.
For RDB and TDB similar responses were observed 
in all soils, well as for the N treatments (Table 4). 
The seedlings grown in Quartzarenic Neosol, Fluvic 
Neossol and Organosol soils, showed higher mean 
than those grown obtained in Litolic Neosol and 
Oxisol soils. The lower means of RDB and TDB in 
Oxisol and Litolic Neosol soils can be attributed to 
fertility limitations of these soils (Table 2). Accord-
ing to Furtini Neto et al. (1999), the high aluminum 
saturation and low nutrient availability, especially 
of Ca2 + and Mg2 + are limiting factors for growth of 
forest species.
The highest NSDB was obtained when seedlings 
were grown on Organosol, with no significant dif-
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ferences in other soils (Table 4). It is important to 
consider that the Organosol had the highest content 
of organic matter (Table 2), probably leading to a 
large amount of N derived from mineralization dur-
ing the experimental period and hence a higher con-
centration of this nutrient. Among N treatments, the 
highest NSDB was obtained in treatments with min-
eral N (with or without inoculation). The treatment 
inoculated with strain BR 4406 and the control with-
out mineral N or inoculation showed similar means, 
indicating that inoculation with BR 4406 strain did 
not affect the NSDB compared to the native bacteria 
populations that nodulate E. contortisiliquum, agree-
ing with Sousa et al. (2013).
The DQI is an important morphological index be-
cause it translates the vigor and balance in distribu-
tion of plant biomass (Melo et al., 2008). For this index 
the seedlings grown in Quartzarenic Neosol, Organo-
sol and Fluvic Neossol presented values significantly 
higher  than in other soils (Table 4), suggesting that 
these soils are more suitable for the initial growth of 
E. contortisiliquum seedlings. Among N treatments, 
only the treatment with mineral N showed a DQI 
significantly lower than the others (Table 4).
There was a significant effect of soils on SDB (Ta-
ble 5). Similarly to the results of RDB and TDB, the 
higher dry biomass of shoots was observed in seed-
lings grown in Quartzarenic Neosol, Organosol and 
Fluvic Neossol (Table 5). This can be attributed to 
better fertility of these soils (Table 2). 

There was a significant effect of N treatments on 
EFN. The highest efficiency was observed in the 
treatment with mineral N and inoculation, while 
there were no significant differences among the oth-
er N treatments (Table 6). 
The symbiosis between plants and nitrogen fixing 
bacteria resulting in largest acquisition of N may 
stimulate the establishment and survival of seed-
lings inoculated in nursery phase and cultivated in 
the field. In some plants species, it is expected that 
inoculated plants will grown more than when unin-
oculated or even present a growth equal to N ferti-
lized plants. This fact was not observed in this study 
and it may be attributed to differences between the 
chemical conditions of the soils, as well as the natu-

Treatments NFB RDB       TDB NSDB DQI 
 -------------- g plant-1 ------------- mg plant-1  

Soils 
Oxisol 0.00 b1 1.11 b 2.44 b 67.40 b 0.38 b 
Litolic Neosol 0.00 b 1.06 b 2.79 b 78.14 b 0.34 b 
Quartzarenic Neosol 0.00 b 1.86 a 4.05 a 88.88 b 0.44 a 
Organosol 0.01 b 1.75 a 4.37 a 116.01 a 0.51 a 
Fluvic Neossol 0.06 a 1.43a 3.68 a 83.84 b 0.43 a 

Nitrogen treatments 
Without N/I2 0.04 a 1.74 a 3.69 a 74.42 b 0.46 a 
With N+I 0.00 b 1.60 a 3.76 a 95.06 a 0.46 a 
Inoculated 0.01 b 1.42 a 3.41 a 76.03 b 0.41 a 
With N 0.00 b 1.01 b 2.99 b 101.09 a 0.35 b 
VC (%) 4,91 18.62 29.82 36,76 8.14 

Table 4 – Nodules fresh biomass (NFB), root (RDB) and total (TDB) dry biomass, nitrogen accumulation in shoot dry matter 
(NSDB) and Dickson quality index (DQI) of E. contortisiliquum seedlings depending of soils and nitrogen treatments in Sou-
thwest of  Piaui, Brazil.

1 Means followed by the same letter do not differ according to the Scott-Knott test at 5% probability. 2Control without mineral N or inocu-
lation (Without N/I),  with mineral N and inoculation with strain BR 4406 (With N+I), inoculated with strain BR 4406 (Inoculated), with 
mineral N (With N), variation coefficient (VC).

Soils SDB 
g plant-1 

Oxisol 1.33 c2 
Litolic Neosol 1.72 b 
Quartzarenic Neosol 2.19 a 
Organosol 2.63 a 
Fluvic Neossol 2.26 a 
CV (%)1 16.67 

Table 5 – Shoot dry biomass (SDB) of E. contortisiliquum se-
edlings depending on soils from Southeast of Piaui, Brazil.

1Coeficient of variation. 2Means followed by the same letter do not differ accor-
ding to the Scott-Knott test at 5% probability.
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rally occurring bacteria that nodulate E. contortisi-
liquum in the Organosol and Fluvic Neossol.
This inoculant strain (BR 4406) authorized by Min-
istry of Agriculture, Livestock and Supply showed 
poor adaption to the soil conditions from South-
west of Piauí, as it did not provide greater relative 
efficiency and nitrogen concentration in treatments 
that showed nodulation in the absence of nitrogen. 
It may also be noted that in Organosol and Fluvic 
Neossol there is a potential for isolation of efficient 
strains that may be tested as inoculants for E. con-
tortisiliquum.
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N treatments  EFN 
(%) 

Without N/I(2) 99.85 b(1) 
With N+I 109.53 a 
Inoculated 99.48 b 
With N 100.00 b 
CV (%) 15.16 

Table 6 – Efficiency (EFN) of E. contortisiliquum seedlings in 
function of N treatments in Southwest of Piauí, Brazil.

1Means followed by the same letter do not differ according to the Scott-Knott 
test at 5% probability. 2Control without mineral N or inoculation (Without N/I), 
with mineral N and inoculation with strain BR 4406 (With N+I), inoculated 
with strain BR 4406 (Inoculated), with mineral N (With N), Coefficient of va-
riation (CV).

Conclusions

The E. contortisiliquum seedlings presented natural 
nodulation only when grown in Organosol and Flu-
vic Neossol soils.
The inoculant strain BR 4406 showed poor adapta-
tion to the soils from Southwest of Piauí.
As the highest shoot and root dry biomasses and 
Dickson quality index were obtained in seedlings 
grown in Quartzarenic Neosol, Organosol and Flu-
vic Neossol, these soils are the best suited for the 
production of E. contortisiliquum seedlings.
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