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ABSTRACT

The selection of efficient rhizobia for the inoculation of velvet bean may increase the use of this plant as green manure, maximizing the
addition of nitrogen (N) to the crop. This study aimed to select rhizobia that nodulate velvet bean more efficiently than do strains currently
recommended and for the potential of rhizobia to compose an inoculant. A greenhouse experiment evaluated 39 strains using non-sterile
soil and was followed by a field experiment with the five most effective strains under field conditions on a dystrocohesive Yellow Argisol. Both
experiments included non-inoculated and inoculated treatments with currently recommended strains and N-fertilized controls. Nodules,
root and shoot dry mass, shoot N concentration and accumulation and relative efficiency were evaluated. The N dose corresponding to the
shoot dry mass increase of the inoculated plants was also estimated. Under field conditions, the plants inoculated with the strains T2.19A
and T1.17M had a shoot N concentration similar to that from the application of 80 kg ha' N, and the N concentration was significantly higher
that of the other treatments; additionally, the N accumulation was significantly higher than that of the control (112 and 104% for the two
strains, respectively), the recommended strain mixture inoculation (99 and 91%, respectively) and the mineral N application (58 and 52%,
respectively). Inoculation with T2.19A and T1.17M presented promising results, showing the potential of these strains for recommendation
and inoculation of velvet bean.

Index terms: Green manure; efficient rhizobia; biological nitrogen fixation.

RESUMO

A selecdo de rizébios eficientes para inoculagdo em mucuna preta pode aumentar o uso dessa leguminosa como adubo verde,
maximizando o incremento de nitrogénio (N) na cultura. O objetivo deste trabalho foi selecionar rizébios que nodulam mucuna preta
com eficiéncia superior as estirpes atualmente recomendadas, com potencial para compor um inoculante. Um experimento em casa de
vegetacdo avaliou 39 estirpes em solo ndo esterilizado, seguido de um experimento de campo com as cinco estirpes mais efetivas sob
condi¢des de campo em um argisolo amarelo distrocoeso. Ambos os experimentos incluiram a inoculagdo com as estirpes atualmente
recomendadas, sem inoculagdo e os controles fertilizados com N, avaliando-se assim os nédulos, a massa seca da raiz e da parte aérea,
a concentracdo e acimulo de N da parte aérea e eficiéncia relativa. A dose de N correspondente ao ganho de massa seca da parte aérea
das plantas inoculadas foi também estimada. Em condi¢des de campo, as plantas inoculadas com os isolados T2.19A e T1.17M tiveram
concentracdo de N na parte aérea similar a aplicacdo de 80 kg ha” de N e significativamente superior aos demais tratamentos. Além
disso, o acimulo de N foi significativamente superior ao controle (112 e 104%), a inoculagdo com a mistura das estirpes recomendadas
(99 e 91%) e a aplicacdo de nitrogénio mineral (58 e 52%), respectivamente. A inoculagdo com as estirpes T2.19A e T1.17M apresentou
resultados promissores, mostrando o seu potencial para recomendagdo e inoculagdo em mucuna preta.

Termos para indexagdo: Adubo verde; rizobio eficiente; fixacdo biolégica de nitrogénio.

INTRODUCTION

Green manuring with legumes improves soil quality
and increases available nitrogen by biological nitrogen fixation
(BNF) through the symbiotic relationship between rhizobia and
legumes. Velvet bean (Stizolobium aterrimunt) is recommended
for green manuring of several crops due to the high biomass
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productivity and potential for nitrogen fixation under tropical
conditions (Ambrosano etal., 2011,2013; Andrade Neto etal.,
2010; Queiroz et al., 2010; Zaccheo et al., 2016).

Velvet bean is of African origin, with a cycle
ranging from 140 to 180 days (Formentini, 2008). Velvet
bean is considered an annual or bi-annual legume that
requires a warm climate and tolerates low fertility and
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low soil moisture (Eiras; Coelho, 2010). Experiments
indicate the shoot dry mass yield is between 6 and 9 Mg ha’',
resulting in up to 350 kg biologically fixed N ha'! per crop
(Formentini, 2008), but there is large variation depending
on the soil and climatic conditions (Barros; Gomide;
Carvalho, 2013).

Biological nitrogen fixation is affected by bacterial,
plant and environmental factors. The native rhizobia
population of the soil may not be able to perform efficient
symbiosis and may compete with the strains introduced in
the inoculation, failing to achieve the maximum potential of
N fixation (Soares et al., 2006). Moreover, to inoculate with
more efficient rhizobia, it is important to adjust the acidity
and soil fertility to favor symbiosis, which consequently
increases BNF (Amado; Mielniczuk; Aita, 2002).

There have been few studies under experimental
field conditions aiming to select more efficient rhizobia
for velvet bean. Chada and De Polli (1988) evaluated
the efficiency of strains recommended for velvet bean
in the soil and reported that the strains were not more
efficient in the presence of native rhizobia. Similarly,
Rodrigues, De-Polli and Eira (1994) showed that the
inoculation of selected strains of Rhizobium in velvet
bean and spontaneous nodulation resulted in the same
performance. Therefore, the search for new strains with a
greater capacity of nitrogen fixation is extremely necessary.

Thus, we selected rhizobia nodules of velvet
bean with higher efficiency than the strains currently
recommended have for study under greenhouse and
experimental field conditions.

MATERIAL AND METHODS

Greenhouse conditions

This experiment was conducted in a completely
randomized design with five repetitions for 45 days.
Thirty-nine new rhizobial strains; the mixture of two strains
currently recommended for commercial inoculant production
for velvet bean, SEMIA6156=CPAC F2=AY904758
(Bradyrhizobium elkanii) and SEMIA 6158=CPAC
C2=AY904760 (B. elkanii); and five non-inoculated
treatments that received the equivalent of 60, 120, 180 and
240 kg N ha'! (Brasil, 2011) were evaluated. The new strains
under evaluation were selected from sugarcane growing in
soils in northeastern Brazil.

The pots contained 2.5 kg of anon-sterile dystrocohesive
Yellow Argisol with medium texture (Alves; Ribeiro, 1994),
which has been conventionally used in sugarcane cultivation
throughout history. In addition to these treatments, we adopted
the following treatments as controls: I-inoculation with the
mixture of two strains recommended by the Ministério da
Agricultura Pecuaria e Abastecimento (MAPA) -Brazil
for velvet bean, Bradyrhizobium spp. (SEMIA6156) and
Bradyrhizobium elkanii (SEMIA 6158); IlI-four nitrogen
fertilizations (60, 120, 180 and 240 kg N ha''); and IV-non-
inoculated and non-fertilized (native) control treatments.

The soil was air-dried and sieved through a 4-mm
mesh. Two subsamples were then separated, one for chemical
and physical analyses and the other for estimating the native
rhizobia population (Table 1). The rhizobia population

Table 1: Chemical, physical and microbiological analyses of the soil under greenhouse and field conditions.

pH Na* K* Caz Mg2* Al H+AI P ocC
(Water; 1:2.5) (cmol, dm-) (mgdm?3) (gkg")
Greenhouse 5.4 0.04 012  1.67 0.60 0.10  6.68 15.31 12.28
Field 4.9 0.08 0.13  3.10 0.90 025 7.87 7.37 16.12
Granulometry
Sand Silt Clay Textural Class
(g8 kg™
Greenhouse 751 49 200 Sandy loam
Field 591 69 340 Sandy loam
Rhizobial population’
Greenhouse 3.9x102 Rhizobial cells g soil
Field 6.7x102 Rhizobial cells g soil

TMPN technique of dilution and infection of cowpea plants adapted from Andrade and Hamakawa (1994); chemical and physical

analyses, Donagema et al. (1997). OC - Organic carbon.
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determination was performed by the most likely number
(MPN) method of dilution and plant infection (Andrade;
Hamakawa, 1994). Cowpea plants (Vigna unguiculata (L.)
Walp. cv. IPA-206) grown in plastic polyethylene bags
containing 500 g of autoclaved substrate (sand + vermiculite;
1:1, v:v) were inoculated with 2.0 ml of each soil diluted to
107 and maintained for 45 days, in triplicate.

The soil was adjusted by incorporating dolomitic
limestone, calculated by the method of increasing the
exchangeable contents of Ca + Mg to 2.5 cmol_  dm?
(Cavalcanti, 2008).

The fertilization application consisted of 53.2
mg pot' P,O, and 35.5 mg pot' K O, corresponding to
60 kg ha'! and 40 kg ha' doses (Lopes, 2000), using
superphosphate and potassium chloride as sources,
respectively. For the nitrogen treatment, urea in solution
was applied (11.82 g L' of distilled water), divided into
three applications (1/3 of the dose at planting and the other
two after 15 and 30 days).

Velvet bean seeds were chemically scarified by
immersion in concentrated sulfuric acid for 20 minutes
(Maeda; Lago, 1986) followed by washing in distilled water
several times. The seeds were pre-germinated in autoclaved
sand + vermiculite (1:1, v:v) for four days, transplanted and
inoculated with 1 ml YMA culture broth containing 10°cells
ml™', after counting by repeated dilutions.

Three days after transplanting, shoot, root and
nodule dry masses were determined. The shoots were
separated at harvest, followed by washing of the root
system. The nodules were removed and separately
packaged in a paper bag for greenhouse drying at 65°C for
three days. The following variables were reported: nodule
dry mass (NDM), shoot dry mass (SDM) and root dry mass
(RDM). Shoot N concentration (SNC) was determined
by the Kjeldahl method (Embrapa, 2009), and shoot N
accumulation (SNA) was determined.

Regressions relating SDM, SNC and SNA to the
N doses of non-inoculated plants were used to estimate
N dose. The relative efficiency (RE) of the maximum
applied dose of 120 kg ha! was calculated according to
the following equation:

_ [ SNA of each treatment jX 100
SNA of nitrogen treatment with120 kg N ha™

The data were submitted to normality analysis

and transformed as necessary to conform to ANOVA

preconditions. The SNC variable data were square-root

transformed, after which ANOVA was performed, and the
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means were separated by the Scott-Knott test (p< 0.05).
Correlations among the variables were evaluated by the
Pearson correlation test.

Field conditions

The experiment was performed at Estacgédo
Experimental de Cana-de-Agucar de Carpina (EECAC/
UFRPE, Pernambuco, Brazil) at 07°35°S, 34°15°W. The
climate is tropical subhumid with a dry summer season.
The average yearly rainfall is 1300 mm year’, and the
average annual temperature is 24 °C. The same soils as
those in the greenhouse experiment were used (Table 1).

The area was prepared by heavy disking after
the application of dolomitic limestone (0.65 Mg ha''),
which was calculated according to Al** neutralization
(Cavalcanti, 2008), followed by 60 days before seeding.

Velvet bean was grown in rainfed conditions
between May and July 2015 in the rainy season, whose
cumulative precipitation was 336.1 mm, for 45 days (IPA
— Estag@o Meteorologica, Pernambuco, Brazil).

The experiment was performed in a randomized
block design with four replicates. The five strains selected
in the previously described experiment were evaluated;
inoculation involved the same recommended strains,
and fertilization occurred with 80 kg N ha! as urea, with
1/3 applied at seeding and 2/3 applied after 15 days. The
plots measured 3.5 by 6.0 m (21 m?), with 1-m borders
between plots. P and K fertilization was similar to that
of the greenhouse experiment; fertilizer was applied to
3-cm-deep furrows close to the sowing lines. Seeds were
scarified by immersion in hot water at 65 °C for five
minutes (Kobori; Mascarin; Cicero, 2013). Six to eight
seeds per meter were hand-seeded in lines spaced 50 cm
apart (Embrapa, 2000) at a 3-cm depth.

Bacterial multiplication and population evaluation
followed the same methodology used for the greenhouse
experiment. The seeds were moistened in sugar solution
(10%) after overcoming dormancy, and 6 ml kg! of seed
was added for an adhesive effect. Approximately 700,000
cells of each strain were inoculated separately per seed,
relative to 10 g peat inoculum with a population estimated
at 10° CFU g inoculant in 1 kg seed, with approximately
1400 seeds dried in the shade and sown immediately
(Campo et al., 2007).

After 45 days, the plants were harvested, preserving
the nodules. Four plants were randomly harvested within
the central 10 m? of each plot. The same variables were
determined as those for the greenhouse experiment. The
variables NDM and RDM were transformed by the cubic
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root and RE by the first-degree hyperbola. Statistical analysis
was performed as described in the greenhouse experiment.

RESULTS AND DISCUSSION

Greenhouse conditions

Velvet bean plants responded to increasing N
doses in accordance with a quadratic regression (r>=0.94)
(Figure 1), with a maximum SDM of 4.28 g plant™! with
160 kg N ha''.

The SNC and SNA concentration increased with
increasing urea dose, but phytotoxic effects were observed

5.0 - ¢ SDM

4.5

4.0 A it

3.5 - P
3.0 4
251 -

SDM (g plant!)

L5
1.0
0.5 -

at 240 kg N ha!, with SNA reduction (Figure 2) likely
due to ammonia formed by the urea hydrolysis (Bremner;
Krogmeier, 1988).

Calheiros et al. (2015), evaluating the efficiency of
rhizobial strains for calopo (Calopogonium mucunoides),
reported influence from increasing doses of N on SDM,
with increased concentration and accumulation of N in the
shoot. Considering the increases in SDM, SNC and SNA
and due to the high nitrogen supply to velvet bean, the
inoculation of strains with greater N, fixation capacity may
maximize phytomass production and the N accumulation
of the species, as shown in Figures 1 and 2 and Table 2.
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Figure 1: Shoot dry mass (SDM) production of velvet bean according to the N application in increasing doses

(n=5). Vertical bars indicate the standard deviation.
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Figure 2: Shoot N concentration (SNC) and shoot N accumulation (SNA) production of velvet bean according to
increasing doses of N application (n=5). Vertical bars represent the standard deviation.
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Non-inoculated and non-fertilized plants showed
significantly lower nodulation than did plants with both
inoculations with the other strains (average 38 mg NDM
plant!) and the mixture of the recommended strains
(SEMIA6156-6158), except strains T3.16 L (70 mg plant™)
and T3.16N (61 mg plant"'), which did not statistically
differ (Table 2). These soil conditions indicate that a
competing community established in the soil exists with
the ability to nodulate velvet bean in low numbers (390
cells of thizobia g soil”, as shown in Table 1).

There was no nodulation from any of the applied
nitrogen fertilization doses under greenhouse and field
conditions, which was also observed by Melo and Zilli
(2010) for five cowpea (Vigna unguiculata) plants.
Inoculation with all strains promoted a higher SNC than
did the native treatment, except for the plants inoculated
with T3.16N and C4.8A. In addition, the SNC of velvet
bean inoculated with the tested strains did not differ
from that of plants that received the different doses of N,
including the highest dose (240 kg N ha'!), and still did
not differ significantly from that of plants inoculated with
the reference strains.

There was a wide range of NDM values from strains
that ranged from 61 to 276 mg NDM plant™ (Table 2). The
results from inoculation with T1.17M (276 mg plant™),
T2.19A (275 mg plant™'), T1.17F (265 mg plant™!), T2.19X
(262 mg plant') and T2.19E (244 mg plant™) did not differ
from those with inoculation with the recommended strains
(295 mg plant') and were significantly higher than those
of SNC. However, increased nodulation was not always
associated with increased SDM production and SNC, as
reported by Rodrigues et al. (1994), who tested Rhizobium
strains in velvet bean and jack bean (Canavalia ensiformis).

We observed that 26 of the 39 strains showed similar
SDM values as did the 240 kg N ha! and recommended
strains mixture treatments. The five most efficient strains
were T2.19E, T1.17 M, T2.19A, T2.19X and T2.19T,
with SDM productions of 4.20, 4.06, 3.89, 3.73 and 3.48
g plant’, respectively (Table 2). The two most efficient
strains promoted 6.6% and 3.1% accumulation of SDM
in this mixture, even though there was no significant
difference for inoculation with the recommended strains.
Regarding the native treatment, the increases in SDM
promoted by these two strains were 123.4% and 115.9%,
which shows the importance of inoculation in velvet bean
with more efficient rhizobia.

The SDM in soils with low N content and in the
absence of nitrogen fertilizers represents a major indicator
of soybean nutritional conditions (Souza et al., 2008).
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Thus, the five strains that showed the highest values were
selected for the field agronomic efficiency tests.

The RDM showed both a significant difference
and higher values associated with treatments that also
presented higher SDM production, except for the T3.16G
strain. The same effect on RDM production was also
observed by Chagas Junior et al. (2014) in cowpea.

According to Gray and Smith (2005), the existence
of some rhizobia species that promote plant growth may
explain the significant production of RDM promoted by the
inoculation of some strains that produce growth regulators.
These species of rhizobia are also responsible for increased
root development in plants of other species of mucuna
(Mucuna pruriens (L.) DC. and Mucuna deeringiana
(Bort.) Merr.), according to Lima et al. (2012).

The SNC was the only variable in which the effect
of the treatments did not present a significant difference
according to the Scott-Knott test (Table 2), even with
significantly higher NDM for some strains. The values
were similar to those reported by Ambrosano et al. (2013).

The same strains that presented higher SNA were
also those that achieved the highest RE (%) (i.e., 100.0, 96.9,
91.7, 88.4, and 88.1) but did not differ statistically among
themselves. Only the strain T3.16L (27.5%) presented lower
RE values than did the native treatment (40.0%).

With respect to the N dose required to correspond
to the biologically fixed N, the strains that stood out
in providing the highest doses were the same ones that
presented the highest SDM production: T2.19E, T1.17M,
T2.19A, T2.19X and T2.19T, with doses estimated at
146.4,137.0, 125.6, 114.8 and 98.1 kg ha’!, respectively.
These same strains produced higher doses of fertilized
nitrogen (60 kg ha') (2.3,2.2, 1.9, 1.8 and 1.6 times more,
respectively) that were also higher than that of the native
treatment, which resulted in low SDM.

Pearson’s correlation was positive for most of the
variables except for the SNC variable in relation to the
RDM. The high correlation coefficients between the SNA
and the both SDM and ER variables are highlighted, at
81.7 and 96.7%, respectively. In addition, the correlation
coefficient of the SDM was 94.0%.

Field conditions

In relation to NDM, RDM, SDM and RE variables,
there was no significant difference in inoculation with each
of the five selected strains in the greenhouse (Table 3). The
non-inoculated and non-fertilized plants presented similar
nodulation as that of all treatments with an estimated
population of 670 rhizobia cells per gram of soil (Table 1)
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and an NDM of 1.62 g plant™! (Table 3). This result shows
that a population of symbionts native to velvet bean has
been established in low population numbers but has a high
symbiotic efficiency. The nitrogen fertilizer treatment had
an NDM of 1.52 g plant! (Table 3), which was not different
from the non-fertilized NDM, even with the application
of the 80 kg N ha! as urea.

The strain T2.19A presented the highest NDM (3.11
g plant!). This value was 2.0, 1.9 and 1.5 times higher
than that of the nitrogen control treatment (80 kg ha'), the
non-inoculated and non-fertilized (native) treatment and
the inoculation with the mixture of two reference strains
(SEMIA6156-6158) treatment, respectively.

The strains T2.19A and T1.17M presented
higher performance than did the others, with SDM
productions of 44.03 and 40.16 g plant’, respectively.
These results show the importance of inoculation
with more efficient strains in the biological nitrogen
fixation for velvet bean.

The non-inoculated and non-fertilized treatment
presented lower results than those reported by Favero
et al. (2000) and Teodoro et al. (2009). This finding is
due to the early plant harvesting at 45 days. However,
inoculation with the selected strains promoted a high
production of SDM and N accumulation, specifically for
strains T2.19A and T1.17M, which promoted both 5.6 and
5.1 tha! and accumulations of 135.1 and 113.8 kg N ha'!,
respectively, which were similar to the values reported

by Formentini (2008). In addition to the inoculation with
more efficient rhizobia, fertilization favored higher yields
in less cultivation time.

The strains T2.19A and T1.17M were promising
for inoculation in velvet bean because their performance
was superior to that of the native treatment and the mixture
of strains SEMIA 6156-6158. There was a significant
difference among the treatments for the SNC variable;
plants inoculated with the strains T2.19A and T1.17M
differed significantly from plants inoculated with the
other strains tested and from those with inoculated with
mixture of strains.

In relation to SNA, the strains T2.19A and T1.17M
had the highest performance, with accumulations of 1066.25
mg plant!' (135.1 kg ha') and 1025.85 (113.8 kg ha'),
respectively (Figure 3). There was a mean increase in
N promoted by the inoculation with strains T2.19A and
T1.17M in relation to the native treatment, highlighting
that the higher accumulation of N in the shoot is also
associated with a higher production of SDM.

According to Giller (2011), 70% of the N
accumulated in velvet bean comes from BNF. Thus, we
can estimate that the mean increases in N from BNF due
to the inoculation of the T2.19A strain were 50.0, 46.9 and
34.7 kg ha'! and for the T1.17M strain were 35.1, 32.0 and
19.7 kg ha' compared to those of the native treatment,
inoculation with the reference strain mixture treatment and
nitrogen fertilization treatment, respectively.

Table 3: Nodule dry mass (NDM), root dry mass (RDM), shoot dry mass (SDM), shoot N concentration (SNC), shoot
N accumulation (SNA) and relative efficiency (RE) of five rhizobial strains evaluated in the field and treatments
with nitrogen fertilization (80 kg N ha™), inoculation of reference strain mixtures SEMIA 6156 and 6158 (SEMIASs)

and non-inoculated and non-fertilized controls (native).

NDM RDM SDM

1
Treatment @ plant) (djgir\lkcgﬂ (mgSp’)\:g\ntJ) (55
T2.19A 3.11a+1.85 0.99a+0.08  44.03a+3.41  2.42a10.31 1066.25a+£140.03  164.70a+45.35
T1.17M 1.79a+0.09 1.17a+0.18  40.16a+9.54  2.29a+0.09 1025.84a+206.35 140.82a+49.74
T2.19E 1.91a+0.28 1.10a+0.23  37.65a+1.77 1.93b+0.24 729.38b+112.05  113.26a+28.72
T2.19X 1.77a+0.84 1.05a+0.14  37.95at7.10  1.88b+0.24 694.96b+55.12 114.49a+3.99
T2.19T 2.12a+1.01 1.04a+0.06  36.36a+8.95 1.62b+0.15 573.63b+94.27 83.31ax1.71
SEMIAs 2.06a+0.33 1.06a+0.14  34.63a+6.02  1.52b+0.21 537.26b+134.45 87.63a+18.52
80 kg 1.52a+1.34 0.85a£0.06  32.14a+5.49 2.12a+0.21 675.87b+104.86 100.00a+0.00
native 1.62a+0.44 1.01a+0.23  28.69a+2.65 1.78b+0.25 502.93b+31.98 83.49a+8.90
VC (%) 68.7 22.5 22.9 15.0 25.8 30.2

RE = SNA of each treatment/SNA of the nitrogen treatment (80 kg ha' dose). The mean values in the column followed by the
same letter do not statistically differ (p <0.05) by the Scott-Knott test.
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Figure 3: Shoot N accumulation (SNA) (kg ha) of velvet bean plants after 45 days of cultivation inoculated with a
mixture of two strains recommended by MAPA for the species (SEMIA 6156-6158), inoculated with five rhizobial strains
preselected in the greenhouse, and receiving mineral N application (80 kg ha') in the urea form as well as native
controls (non-inoculated and non-fertilized with mineral N). Values followed by the same letter do not significantly
differ by the Scott-Knott test at 5%. Vertical bars represent the standard deviation.

For RE, there was no significant difference among
treatments, although the same strains that presented
significantly higher MSPA production also had a higher
RE, 164.7% (T2.19A) and 140.8% (T1.17M), compared
to that of fertilization with 80 kg N ha'. However, the
strains T2.19A and T1.17M showed potential biological
nitrogen fixation both in the greenhouse and in the field,
promoting high SDM production and N accumulation in
less time of legume cultivation, showing the importance
of the species for use in green manuring.

Thus, we recommended inoculation of velvet bean
with efficient rhizobia, indicating the potential use of this
legume as green fertilizer and the benefit of its insertion in
crops with rotation and succession. However, more study
is needed considering different soil-climatic conditions and
longer cultivation times to better evaluate the symbiotic
potential of these strains.

CONCLUSION

Strains T2.19A and T1.17M were promising in
velvet bean, indicating their potential use as green manure.
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