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Phytomass production and nutrient accumulation
by green manure species1

Green manuring is recognized as a viable alternative to improve nutrient cycling in soils. The aim of this study
was to evaluate the phytomass production and nutrient accumulation in shoots of the summer green manures jack
bean [Canavalia ensiformis (L.) DC.], dwarf pigeon pea (Cajanus cajanvar var. Flavus DC.), dwarf mucuna [Mucuna
deeringiana (Bort) Merr] and sunn hemp (Crotalaria juncea L.), under nitrogen fertilization and/or inoculation
with N-fixing bacteria. A split plot design was arranged with the four Fabaceae species as main plots and nitrogen
fertilization (with and without) and inoculation with diazotrophic bacteria (with and without) as the subplots, in a 22

factorial. The experiment was arranged as a randomized complete block design with four replications. In the conditions
of this trial, the sunn hemp had the highest production   of shoot phytomass (12.4 Mg ha-1) and nutrient accumulation,
while the dwarf mucuna had the lowest production of shoot phytomass (3.9 Mg ha-1) and nutrient accumulation. The
results showed no effect of nitrogen fertilization or inoculation with N-fixing bacteria on the production of shoot
phytomass and nutrient accumulation, except for inoculation without nitrogen fertilization, resulting in greater P
accumulation (p <0.05)  in the sunn hemp and greater Zn and Mn accumulation in the dwarf mucuna. These findings
indicate that N fertilization or inoculation with N2-fixing bacteria for Fabaceae are low efficiency practices in the
edaphoclimatic conditions of this study.
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Produção de fitomassa e acúmulo de nutrientes por espécies utilizadas na adubação verde

A adubação verde é reconhecida como alternativa viável para melhorar a ciclagem de nutrientes em solos agríco-
las. O objetivo deste trabalho foi avaliar a produção de fitomassa e o acúmulo de nutrientes na parte aérea de adubos
verdes de verão: feijão-de-porco [Canavalia ensiformis (L.) DC.], guandu-anão (Cajanus cajanvar var. Flavus
DC.), mucuna-anã [Mucuna deeringiana (Bort) Merr] e crotalária (Crotalaria juncea L.), sob efeito da adubação
nitrogenada e, ou, da inoculação com bactérias fixadoras de N. Utilizou-se o arranjo de parcelas subdivididas, sendo
as parcelas constituídas pelas quatro fabáceas e, as subparcelas, por um fatorial 22, cujos fatores e níveis foram:
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INTRODUCTION

Green manuring is a practice that allows the input of
large amounts of biomass, increasing, over the years,
nutrient content and organic matter in the soil for
subsequent crops through nutrient cycling. However,
according to Cherr et al. (2006), although this practice
is economically feasible and reduces the environmental
impacts of agriculture, its use is limited by the lack of
information on its complexity and the interaction
between green manures, management and soils for
different edaphoclimatic conditions.

Within the steps of nutrient cycling, shoot biomass
and nutrient content are the main components of the
nutrient balance in the soil-plant system. Subsequent steps,
which are important for green manuring success, will
depend on the quality of residues produced, amount of
nutrients released during decomposition and temporal
synchronization between nutrients released by residue
decomposition and crop requirement (Matos et al., 2008).

Therefore, the Fabaceae to be used as green manure
is selected preferably among species that produce
greater volume of dry matter, are less susceptible to
pests, diseases and water and nutritional stresses and have
relatively uniform seeds that are suitable for seeders
(Miyasaka, 1984). Among the species with these
characteristics, sunn hemp (Crotalaria juncea L.), dwarf
pigeon pea (Cajanus cajanvar var. Flavus DC), jack bean
[Canavalia ensiformis (L.) DC] and dwarf mucuna
[Mucuna deeringiana (Bort) Merr.] are annual plants
that can achieve on average dry matter yields of 19.3,
7.0, 6.6, and 3.3 Mgha-1, respectively (Calegari et al.,
1993).

Plant species other than Fabaceae (also called legu-
mes) can be used for green manure, but they have been
preferred especially because of their symbiotic
association with diazotrophs, increasing atmospheric N

2

fixation through root nodule formation (Miyasaka, 1984).

Thus, there is a reduction in the demand for nitrogen
fertilizers, in addition to other nutrients cycled by these
plants. Among the bacteria associated with plants of the
Fabaceae family, the genera Rhizobium,
Bradyrhizobium, Sinorhizobium, Mesorhizobium and
Azorhizobium, which are collectively identified as
rhizobia (Vieira, 2007), stand out for being able to
convert atmospheric N

2
 into ammonia, which is

incorporated in different forms of organic N for use by
the host plants (Epstein & Bloom, 2006).

The occurrence of active nodules depends, besides
the optimization of nutritional and climatic factors, on
the presence of effective rhizobia in the Fabaceae
rhizosphere for an optimal interaction between the plant
and the bacteria (Long, 2001; Epstein & Bloom, 2006;
Taiz & Zeiger, 2009). The presence of ineffective
rhizobial strains can compromise the soil symbiotic N

2

fixation (Calegari et al. 1993). Accordingly, native
rhizobial strains have been promising, with greater
efficiency of inoculation and nitrogen fixation (Lima et
al., 2012).

The objective of this study was to evaluate the
phytomass production and nutrient accumulation in
shoots of four Fabaceae species inoculated and non-
inoculated with N-fixing bacteria in the presence and
absence of nitrogen fertilization.

MATERIALS AND METHODS

The experiment was conducted at the Fazenda Expe-
rimental de Bananal do Norte, Pacotuba district, in
Cachoeiro de Itapemirim, Southern Espírito Santo State,
belonging to the Instituto Capixaba de Pesquisa, Assis-
tência Técnica e Extensão Rural (Incaper), located at 20°
45' 11" S and 41° 17' 39" O and 102 m of altitude. The
climate is Cwa type, with rainy summers and dry winter,
according to the classification of Köeppen. The average
annual rainfall (1982 - 2007) is 1,209 mm, with an

adubação nitrogenada (com e sem) e inoculação com bactérias diazotróficas (com e sem). O delineamento experi-
mental adotado foi o de blocos casualizados, com quatro repetições. Nas condições edafoclimáticas deste ensaio,
a crotalária é o adubo verde que apresenta os maiores valores de produção de fitomassa aérea (12,4 Mg ha-1) e
acumulação de nutrientes, enquanto a mucuna-anã é a menos eficiente na produção de fitomassa aérea (3,9 Mg ha-1)
e acúmulo de nutrientes. Os resultados mostram que não há efeito de adubação nitrogenada, ou de inoculação com
bactérias fixadoras de N, na produção de fitomassa aérea ou acúmulo de nutrientes, com exceção da inoculação na
ausência de adubação nitrogenada, que resultou (p<0,05) em maior acumulação de P, na crotalária, e maior acumu-
lação de Zn e Mn, na mucuna-anã. Conclui-se que a adubação nitrogenada ou a inoculação com bactérias fixadoras
de N

2
, para o cultivo das fabáceas, são práticas de baixa eficiência nas condições edafoclimáticas estudadas.

Palavras-chave: fixação biológica de nitrogênio, adubação verde, fabáceas, leguminosas, acumulação de nutri-
entes.
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average of 110 days of rain per year. The region has high
climate seasonality, with well-defined low and high
rainfall seasons. The soil is a clay Red-Yellow Latosol,
wavy relief (20% slope), with the following chemical
characteristics (0-20 cm): pH in H

2
O (1: 2.5), 5.9 ; Al +3,

0.0 cmol
c
 dm-3; Ca+2, 2.8 cmol

c
 dm-3; Mg+2, 0.8 cmol

c
 dm-

3; K+, 129 mg dm-3; available P, 29.0 mg dm-3; Fe, 134 mg
dm-3; Mn, 53 mg dm-3; Zn, 7.2 mg dm-3; Cu, 1.2 mg dm-3;
B, 0.03 mg dm-3, Mo, <0.1 mg dm-3 and Co, 0.25 mg dm-
3 of soil. Regarding the particle size analysis, the results
were: coarse sand, 424 g kg-1; fine sand, 176 g kg-1; silt,
49 g kg-1; Clay 349g kg-1.

A split plot design was arranged with the Fabaceae
species jack bean [Canavalia ensiformis (L.) DC.],
dwarf pigeon pea (Cajanus cajanvar var. Flavus DC.),
dwarf mucuna [Mucuna deeringiana (Bort) Merr] and
sunn hemp (Crotalaria juncea L.) as main plots and
nitrogen fertilization (with and without) and inoculation
with diazotrophic bacteria (with and without) as the
subplots, in a 22 factorial. The experiment was arranged
as a randomized complete block design with four
replications.

Each experimental unit was 16 m² (4 m x 4 m), with
4 m² (2 m x 2 m) of harvest area and 1 m border on each
end of the harvest area. The experimental area of this
work was previously occupied with pasture, corn
cultivation and Mombaça grass (Panicum maximum cv.
Mombaça) experiment, without any of the Fabaceae
species cultivated in this experiment.

A total of 900 kg ha-1 dolomitic limestone (100%
CCE) was incorporated into the soil by disking.
Fertilization followed the same recommendation for
common-bean, without irrigation, according to Prezotti
et al. (2007). P and K were broadcast over the entire
area, immediately before planting and incorporated by
disking. The rates 450 kg ha-1 of P

2
O

5
 and 20 kg ha-1 K

2
O

were applied, respectively, in the form of single
superphosphate (18% P

2
O

5
) and potassium chloride

(60% K
2
O).

Mo and Co was applied to seeds and carried out prior
to the sowing day and immediately before the inoculation
of seeds with Rhizobia, using a commercial product for
soybean, containing 1% Co and 10% Mo. A rate of 200
ml was mixed with a sufficient amount of seeds for
sowing 1.0 ha. Half of the planted seeds of each species
were inoculated with bacteria of the genus
Bradyrhizobium, from the Diazotrophic Culture
Collection of Embrapa Agrobiology, which are
commercially recommended according to the method
proposed by Embrapa Agrobiology (2009). The following
strains were used: BR 2003 (=SEMIA 6156) with BR
2811 (=SEMIA 6158) in the mixture for jack bean; BR
2003 (=SEMIA 6156) and BR 2801 (=SEMIA 6157) in

the mixture for dwarf pigeon pea; BR 2811 (=SEMIA
6158) for dwarf mucuna; and BR 2001 (=SEMIA 4145)
with BR 2003 (=SEMIA 6156) for sunn hemp.

Sowing was carried out on November 13, 2009, in
furrows with the spacing of 0.25 m between lines for
sunn hemp and 0.50 m for the other Fabaceae. The seed
density was according to the recommendation of
Embrapa Agrobiologia (2009), with final plant stands for
jack bean, sunn hemp, dwarf mucuna and dwarf pigeon
pea of 8, 11, 12 and 18 plants per meter, respectively,
after thinning performed 16 days after sowing (DAS).
Weeding was undertaken at 20 DAS and nitrogen
fertilization at 31 DAS, applying 40 kg ha-1 of N as urea
(45% N) only to the rows of the subplots planned to
receive N. The legumes were cut when showing more
than 70% flowering, which were 74 DAS for jack bean,
88 DAS for dwarf pigeon pea, 104 DAS for dwarf mucuna
and 132 DAS for sunn hemp.

Immediately after the cutting of legumes, the total
green matter was weighed, as well as samples from aerial
parts of three plants from each subplot, to be used as a
reference in determining the total phytomass,   from the
weight of before and after drying in a forced circulation
oven at 65 °C to constant weight.

Chemical analyses were carried out with samples of
about 500 g of the aerial part of each plant that were
crushed and mixed in the pulper/chipping hammer mill,
dried in a forced circulation oven at 65 °C to constant
weight and ground in Willey mill.

Samples of each treatment were subjected to nitro-
perchloric digestion (ratio 4:1), according to EMBRAPA
(2009), for determining contents of K (flame
photometry), P (spectrophotometry with blue-
molybdenum) and Ca, Mg, Fe, Zn, Mn and Cu (atomic
absorption spectrophotometry). The contents of C and
N were determined in an elemental analyzer CHNS / O
Perkin Elmer 2400 Series II.

To compare the phytomass production and nutrient
accumulation of the four species (plots), as well as
between the treatments (subplots) with and without
inoculation and/or with and without nitrogen fertilization
(NI) within each species, contrasts originated from the
unfolding of the three degrees of freedom for the species
and the treatments were established as proposed by Alvarez
V. & Alvarez (2006). The contrasts between the species
were established as shown in Table 1. The contrast 1 (C1)
compared the sunn hemp, which is widely used as green
manure and reported as the Fabaceae of greatest phytomass
input (Amabile et al., 2000; Teodoro et al., 2011;
Monquero et al., 2013). The contrast 2 (C2) compared
the dwarf mucuna, which is considered as more rustic,
more resistant to water deficit, with lower fertility
requirement and lower sensitivity to acidity compared to
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other Fabaceae (Embrapa Agrobiologia, 2009). The contrast
3 (C3) compared the Fabaceae with a more herbaceous
aspect (jack bean and dwarf mucuna), with more fibrous
characteristics (sunn hemp and dwarf pigeon pea).

Among the treatments with and without inoculation
and/or with and without nitrogen fertilization (NI), three
different comparisons were established as contrasts to
study the effects of the subplots for each Fabaceae (Table
2). The significance of the contrasts was determined by
the F test (p≤0.01, 0.05 and 0.10) using the GENES
software (Cruz, 2006) to determine the mean squared
residues, and the SAEG 9.0 software (SAEG, 2005) to
calculate the mean squares for each contrast.

RESULTS AND DISCUSSION

Phytomass production and nutrient accumulation

The sunn hemp had significantly more phytomass and
accumulation of most nutrients than the other three
Fabaceae species as shown by contrast 1 (Tables 3 and 4).
In general, the lowest values   of phytomass and nutrient
accumulation were found for dwarf mucuna, in the
edaphoclimatic conditions of this study (Tables 3 and 4).

Higher phytomass production of sunn hemp, in
comparison to other Fabaceae, has been reported in the
literature (Amabile et al., 2000; Teodoro et al., 2011;
Monquero et al., 2013). Pereira et al. (2012) obtained
higher phytomass accumulation for sunn hemp (C.

juncea) than jack bean, dwarf pigeon pea and dwarf
mucuna among other green manures, corroborating the
results of Table 3. On the other hand, Cavalcante et al.
(2012) found no differences among the phytomass
productions of sunn hemp, dwarf pigeon pea and jack
bean. Leal et al. (2012), in the State of Rio de Janeiro,
worked with sunn hemp planted in mid-spring, cutting at
four months of age and average annual rainfall of 1200
mm, in similar conditions of this study, and found 213.5
kg ha-1 of N and 12,362 kg ha-1 of phytomass (dry matter)
accumulated in the aerial part.

It is worth noting that the difference in the sowing
time, which influences the photoperiod, can reduce, in
some situations, the phytomass production of sunn hemp
in relation to mucuna, which stands out under greater
water stress conditions (Santos & Campello Junior,
2003). The differences in phytomass production found
with the same green manure can be attributed to soil type,
environmental conditions (temperature, humidity, light),
crop management (plant density, single/mixed
intercropping systems), water and nutrient availability,
harvest date and other factors affecting the yield and
nutrient uptake of green manures (Cherr et al., 2006).
Teodoro et al. (2011) recommended the cutting and the
incorporation of Fabaceae in the flowering period, for
the highest input of N, P and K into agroecosystems.

The amount of C, N, P, K, Ca and Mg accumulated
in shoots of the herbaceous Fabaceae obtained in this
study were higher than those reported by Matos et al.
(2011) for black mucuna, peanut and calopo, also
herbaceous Fabaceae, in coffee plantations under
agroforestry systems. These results can be explained
by the milder climate.

The sunn hemp stood out for having the highest
accumulation of P and Mg. The dwarf mucuna had the
lowest phytomass production and, consequently, less
accumulation of N, P, K, C, Ca, Mg and Zn, which was
demonstrated by the significant negative values in   C2
(Table 4). This Fabaceae was superior to the other three
species only for Cu accumulation (p≤0.01), which is
associated with the higher content of this micronutrient
(9.14 mg kg-1) in the aerial part of the plants compared
to jack bean (4.36 mg kg-1), dwarf pigeon pea (4.52 mg
kg-1) and sunn hemp (2.38 mg kg-1). This result may be
related to the concentration effect for Cu in the dwarf
mucuna, which showed lower phytomass production, and
to the dilution effect in the sunn hemp, which was better
in terms of phytomass production (Table 3) (Jarrell &
Beverly, 1981). Also, some Mucuna genera have been
recognized in the literature as Cu phyto-extractors
(Nwaichi et al., 2009; Omosun et al., 2010; Vendruscolo,
2013), suggesting a similar behavior for Mucuna
deeringiana (Bort) Merr in this study.

Table 2. Contrasts created to compare the treatments with and
without N and/or with and without inoculant, for each of the four
Fabaceae studied

Contrasts

Tr eatments(1) 4/7/10/13(2) 5/8/11/14(2) 6/9/12/15(2)

Contrast coefficients

CNCI 1 +1/2 +1 0
CNSI2 +1/2 -1 0
SNCI3 -1/2 0 +1
SNSI4 -1/2 0 -1
(1)CNSI: With nitrogen and without inoculant; CNCI: With nitrogen and
with inoculant; SNCI: Without nitrogen and with inoculant, and SNSI:
Without nitrogen and without inoculation.
(2)Jack bean: C4, C5, C6; Dwarf pigeon pea: C7, C8, C9; Dwarf mucuna:
C10, C11, C12; and Sunn hemp: C13, C14, C15

Table 1. Contrasts created to compare means of phytomass
production, accumulations of macro and micronutrients and C/N
and C/P ratios of four Fabaceae species

C1 C2 C3

Contrast coefficients

Jack bean +1/3 -1/3 +1/2
Dwarf pigeon pea +1/3 -1/3 -1/2
Dwarf mucuna +1/3 +1 +1/2
Sunn hemp -1 -1/3 -1/2

Species
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Bueno et al. (2007), studying four species of mucuna
in Piracicaba - SP, obtained 8.4 Mg ha-1 of dry phytomass
for dwarf mucuna (average of two years of production)
and accumulations, in kg ha-1, of 218.48, 14.86, 138.72,
45.14 and 14.79, respectively, for N, P, K, Ca and Mg.
However, Silva (2006) obtained 1.7 Mg ha-1 and 1.46 Mg
ha-1 of dry phytomass of dwarf mucuna intercropped with
cabbage and corn, respectively, and average accumulation
of 66.3 kg ha-1 N of phytomass, showing variation in yield
as a function of different edaphoclimatic factors and
management.

Besides the role in accumulation, it is important to
study the rate of nutrient release in nutrient cycling by
green manures. The sunn hemp showed the highest C/N
ratio (31.70), suggesting a lower phytomass
decomposition rate and a slower nutrient release than
the other Fabaceae (Tables 3 and 4). For N, P, Ca, Cu and
C/P ratio, the sunn hemp was not significantly different
from the mean among jack bean, dwarf pigeon pea and
dwarf mucuna as shown by the contrast 1 (Table 4). In
this context, there is a greater potential for nutrient
release with lower values   for C/N and C/P ratios of
dwarf mucuna compared with the other three Fabaceae.

The comparison of the four Fabaceae species (jack
bean, dwarf pigeon pea, dwarf mucuna and sunn hemp)
regarding phytomass production and nutrient accumulation
by the contrasts C1, C2 and C3 (Table 4) showed that the
sunn hemp has the greatest potential for use as green
manure in relation to the other three Fabaceae, considering
the higher phytomass production and higher accumulation
of K, Mg, Fe, Zn and Mn (C1 - Table 4).

Comparing the two more herbaceous Fabaceae (jack
bean and dwarf mucuna) with the more fibrous ones (sunn
hemp and dwarf pigeon pea) by contrast 3 (Table 4), it was
found that the more fibrous ones had higher phytomass
yields and higher accumulations of C, Mn (p≤0.01) and

Fe (p≤0.10), whereas the most herbaceous Fabaceae had
higher accumulation of Ca (p≤0.01) (Table 4). It is
interesting that despite the significance of the contrast 3
for Ca accumulation, the Fabaceae sunn hemp (more
fibrous) and dwarf mucuna (more herbaceous) had close
means, while dwarf pigeon pea (more fibrous) had the
lowest mean (32.3 kg ha-1) and jack bean had the highest
mean (124.8 kg ha-1). The accumulations of N, K, Zn and
Cu (C3 - Table 4) showed no significant differences up to
10% probability by the F test. The herbaceous Fabaceae
(jack bean and dwarf mucuna) showed a greater potential
for decomposition and nutrient release, with the lowest
C/N and C/P ratios (C3 - Table 4).

Effect of nitrogen fertilization and inoculation

There was no significant difference between the
treatments with and without mineral nitrogen and/or with
and without inoculation with diazotrophic bacteria for
jack bean and dwarf pigeon pea in phytomass production
and accumulation of macro and micronutrients (C4 to
C9 - Table 5). Except for the dwarf pigeon pea, the
treatments with nitrogen fertilizer were less efficient
for Cu accumulation than those without mineral N (C7 -
Table 5). This result indicates the occurrence of
antagonistic effect between N and Cu similar to that
proposed by Marschner (1997), considering that the
lowest Cu content is associated with the application of
mineral N. The increased availability of N influences the
Cu availability and reduces the retranslocation rate of
this micronutrient from the oldest leaves to the growing
tissues (Marschner, 1997).

For the dwarf mucuna, the treatments with N
fertilization (with and without inoculation) were more
efficient in the accumulation of N, K (p≤0.10) and Fe (p
≤ 0.01) than those without the mineral fertilizer (C10 -
Table 5).

Table 3. Phytomass production (DM), nutrient accumulation and C/N and C/P ratios in shoots of four green manure Fabaceae

Variable Jack bean(1) Dwarf pigeon pea(1) Dwarf mucuna(1) Sunn hemp(1)

MS (kg ha-1) 6,194.73 6,927.82 3,905.59 12,487.95
N (kg ha-1) 213.07 188.40 163.10 201.65
P (kg ha-1) 16.74 14.95 11.49 26.27
K (kg ha-1) 192.21 94.85 86.43 167.32
C (kg ha-1) 2612.35 3177.05 1675.88 5425.76
Ca (kg ha-1) 124.84 32.33 61.25 69.32
Mg (kg ha-1) 14.33 8.62 19.66 55.12
Fe (g ha-1) 1,880 2,040 1,950 2,830
Mn (g ha-1) 230 230 180 310
Zn (g ha-1) 240 120 320 380
Cu (g ha-1) 30 30 40 30
Relação C/N 14.42 19.93 12 31.70
Relação C/P 405.28 557.76 380.62 539.24
(1)Mean of four treatments with and without nitrogen and/or inoculant.
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The tendency of greater N accumulation by the dwarf
mucuna is associated with the N input through mineral
fertilization and the higher K accumulation is associated
with the application of mineral N, demonstrating the
synergistic effect between the two macronutrients, that
is, the absorption of an element increases the demand
for the other (Cantarella, 2007). The supply of N and K
often increases the response to the two elements, both
in production and in nutrient accumulation (Cantarella,
2007). In this study, the K fertilization was performed
according to the soil analysis and uniformly distributed
throughout the experimental area. Worth of noting is the
negative contrast in relation to sunn hemp DM, indicating
a great potential for N accumulation in unfertilized
conditions, which makes the species interesting for the
sustainability of nutrient cycling in less fertile
environments.

The dwarf Mucuna treatments with mineral N (C11 -
Table 5), but without inoculation with diazotrophs, were
more efficient in the accumulation of Fe (p≤0.01), P
and Mn (p≤0.10) than those inoculated. Among the
treatments without N fertilization (C12 - Table 5), the
highest accumulations of Zn, Mn (p≤0.05) and Cu
(p≤0.10) were observed in shoots of plants derived from
non-inoculated seeds. According to Moreira & Siqueira
(2006), the availability of mineral N drastically reduces
nodulation in Fabaceae, as it occurs in response to plant
nutritional demand for N. Taiz & Zeiger (2009) stated
that the presence of mineral N inhibits the stimulus to
nodulation. Thus, the non-significant difference of the
accumulated N identified by C14 is due to the low
nodulation rate under nitrogen fertilization. However, it
does not explain the lower accumulation of dry matter
(DM), C, P, K and Zn.

The contrast between the treatments with and
without inoculants for sunn hemp plants that did not
receive mineral N fertilizer (C15) indicates that there
was greater accumulation of P, C, Zn and Mn in the
inoculated plants. This result shows a positive effect
of inoculation on the accumulation of these elements
in sunn hemp shoots, although the N accumulation
between the subplots shows no significant difference
(p < 0.10) for this contrast.

The non-significant effect of inoculants on the dry
phytomass was also observed by Gualter et al. (2007) in
cowpea [Vigna unguiculata (L.) Walp] inoculated with
Bradyrhizobium elkanii in the Northeast region
(Teresina, PI). The authors associated this result with
the presence of native rhizobia populations that competed
with the inoculum introduced. Araújo (1994) referred
to the great survival skill of rhizobia in the soil when
reporting the spontaneous and abundant nodulation in
common bean cvs. Diamante Negro (black commercialTa
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group) and Aporé (carioca group), without inoculation,
in a field that had been pasture for 40 years before the
introduction of beans, in the State of Goiás.

In general, the non-response to inoculation of the
Fabaceae is probably because the native population of
rhizobia is efficient to meet the N requirements of the
crop, since satisfactory levels of N accumulated by the
four tested species were achieved in the treatments
without inoculation or nitrogen fertilization (Table 6).

CONCLUSIONS

Among the Fabaceae studied, the sunn hemp
(Crotalaria juncea L.) was the most efficient in
phytomass production and nutrient accumulation, while
the dwarf mucuna [Mucuna deeringiana (Bort.) Merr.]
was the least efficient, in the experimental and
environmental conditions of this study.

Table 6. N accumulation in shoots of four green manure Fabaceae stratified between the treatments with N fertilization (with and
without inoculant) and without N fertilization (with and without inoculant)

Tr eatment (1) Jack bean Dwarf pigeon pea Dwarf mucuna Sunn hemp

                                       N accumulation (kg ha-1)

CNSI1 199.61 189.01 193.67 204.23
CNCI2 213.18 203.03 166.43 178.35
SNCI3 204.81 181.70 131.08 218.97
SNSI4 234.68 179.87 161.23 205.07
Mean 213.07 188.40 163.10 201.65
(1)CNSI: With nitrogen and without inoculant; CNCI: With nitrogen and with inoculant; SNCI: Without nitrogen and with inoculant, and SNSI: Without
nitrogen and without inoculation.

Table 5. Mean contrasts and their significances for phytomass production (DM) and accumulations of macro and micronutrients in
shoots relative to treatments with and without N fertilizer and/or with and without inoculation with N2-fixing bacteria of four green
manure Fabaceae

MS N P K C Ca Mg Fe Zn Mn Cu

(kg ha-1)

C4 165.44 -13.35 2.58 2.17 89.84 9.38 0.56 0.05 0.005 -0.010 -0.008
C5 -187.09 13.58 -1.39 11.26 -82.01 -11.75 -2.62 -0.08 0.020 0.010 0.002
C6 -387.91 -29.87 -1.95 -17.18 -147.13 1.32 -0.96 -0.21 -0.008 -0.054 -0.005
C7 340.10 15.24 1.93 -2.19 136.33 2.06 0.25 -0.08 -0.006 0.010 -0.010o

C8 -612.12 14.02 -2.98 -9.21 -195.59 -8.10 -2.27 -0.26 -0.004 0.001 -0.004
C9 113.67 1.83 -0.78 20.51 76.42 -1.02 -0.34 0.44 0.049 0.017 0.007
C10 993.73 33.89o 3.21 20.56o 427.59 -5.15 -1.49 0.86** 0.021 0.044 0.008
C11 -812.67 -27.24 -3.93o -9.81 -335.11 10.48 0.55 -1.29** -0.020 -0.085o -0.009
C12 -729.27 -30.15 -0.98 -13.91 -301.17 14.69 0.76 -0.50 -0.065* -0.105* -0.013o

C13 -110.70 -20.73 3.15 6.78 -82.48 -8.31 -0.68 -0.05 -0.005 0.005 -0.003
C14 -2771.34* -25.88 -6.54** -36.48* -1253.84** 8.37 -1.23 -0.26 -0.075* -0.060 -0.005
C15 1734.73 13.90 6.78** 16.78 768.70o -11.83 -1.57 0.36 0.054o 0.083o -0.003

CV (%) 20.4 18.1 16.9 16.6 20.4 20.6 19.4 27.0 18.6 26.0 33.9
(1)Contrasts: C4 = T1, T2 vs T3, T4 within JB; C5 = T2 vs T1 within JB; C6 = T3 vs T4 within JB; C7 = T1, T2 vs T3, T4 within DP; C8 = T2 vs T1 within
DP; C9 = T3 vs T4 within DP; C10 = T1, T2 vs T3, T4 within DM; C11 = T2 vs T1 within DM; C12 = T3 vs T4 within DM; C13 = T1, T2 vs T3, T4 within
SH; C14 = T2 vs T1 within SH; and C15 = T3 vs T4 within SH; JB = jack bean; DP = dwarf pigeon pea; DM = dwarf mucuna; SH = sunn hemp; vs =
versus; T1 = CNSI treatment (nitrogen, without inoculant); T2 = treatment CNCI (with nitrogen, with inoculant); T3 = SNCI (without nitrogen, with
inoculant); and T4 = SNSI (without nitrogen, without inoculant).
o, *, ** = significant at 10, 5 and 1% probability by the F test.

Contrasts(1)

There was no effect of the nitrogen fertilization
or inoculation with N-fixing bacteria on phytomass
production or nutrient accumulation, except for the
inoculation without nitrogen fertilization (p <0.05),
which resulted in greater P accumulation in the sunn
hemp and greater Zn and Mn accumulation in the
dwarf  mucuna. Thus, i t  is suggested that N
fertilization and inoculation with N-fixing bacteria
are low efficiency practices for cultivation of the
Fabaceae in the environmental conditions of this
study.
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