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SUMMARY

The use of cover crops has been suggested as an effective method to maintain
and/or increase the organic matter content, while maintaining and/or enhancing
the soil physical, chemical and biological properties. The fertility of Cerrado soils
is low and, consequently, phosphorus levels as well. Phosphorus is required at
every metabolic stage of the plant, as it plays a role in the processes of protein and
energy synthesis and influences the photosynthetic process. This study evaluated
the influence of cover crops and phosphorus rates on soil chemical and biological
properties after two consecutive years of common bean. The study analyzed an
Oxisol in Selviria (Mato Grosso do Sul, Brazil), in a randomized block, split plot
design, in a total of 24 treatments with three replications. The plot treatments
consisted of cover crops (millet, pigeon pea, crotalaria, velvet bean, millet + pigeon
pea, millet + crotalaria, and millet + velvet bean) and one plot was left fallow. The
subplots were represented by phosphorus rates applied as monoammonium
phosphate (0, 60 and 90 kg ha! P,O;). In August 2011, the soil chemical properties
were evaluated (pH, organic matter, phosphorus, potential acidity, cation exchange
capacity, and base saturation) as well as biological variables (carbon of released
CO,, microbial carbon, metabolic quotient and microbial quotient). After two years
of cover crops in rotation with common bean, the cover crop biomass had not
altered the soil chemical properties and barely influenced the microbial activity.
The biomass production of millet and crotalaria (monoculture or intercropped)
was highest. The biological variables were sensitive and responded to increasing
phosphorus rates with increases in microbial carbon and reduction of the metabolic
quotient.

Index terms: microbial biomass carbon, microbial activity, organic matter, cover
plants, Cerrado.
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RESUMO: ATRIBUTOS QUIMICOS E BIOLOGICOS DO SOLO COM
COBERTURA DE LEGUMINOSAS, GRAMINEA E DOSES DE
FOSFORO, EM REGIAO DE CERRADO, BRASIL

A utilizagdo de plantas de cobertura é sugerida como método fundamental para manter
e, ou, elevar o teor de matéria organica no solo, mantendo e, ou, melhorando as condi¢ées
fisicas, quimicas e bioldgicas dele. Os solos do Cerrado apresentam baixa fertilidade,
consequentemente baixos teores de fosforo (P), que se relacionam a todas as etapas metabdélicas
da planta, por essas fazerem parte dos processos de sintese proteica e energética, além de
interferir no processo fotossintético. Este trabalho objetivou avaliar a influéncia de plantas de
coberturas e doses de P sobre os atributos quimicos e biologicos do solo. O trabalho foi conduzido
em Selviria, MS, em Latossolo Vermelho distréfico, com delineamento de blocos casualizados
em esquema de parcelas subdivididas, com plantas de cobertura (milheto, guandu, crotaldria,
mucuna-preta, milheto + guandu, milheto + crotaldria e milheto + mucuna-preta) e pousio nas
parcelas e doses de P (0, 60 e 90 kg ha'! de P5O;, na forma de monoaménio fosfato), nas
subparcelas, totalizando 24 tratamentos, com trés repeti¢oes. Em agosto de 2011, foram
avaliados os atributos quimicos (pH, matéria organica, fésforo, acidez potencial, capacidade
de troca catiénica e saturagdo por bases) e biolégicos do solo (carbono do COs liberado, carbono
microbiano, quociente metabdlico e quociente microbiano do solo). Apés dois anos de cultivo
das plantas de cobertura em rotagdo com o feijoeiro, verificou-se que a biomassa das plantas
de cobertura ndo alterou as caracteristicas quimicas do solo e pouco influenciou sobre a atividade
microbiana. As maiores respostas foram verificadas para milheto e crotaldria, isoladas ou em
consorcio. As variduveis biologicas foram sensiveis e responderam as doses crescentes de adubagdo
fosfatada, sendo os aumentos do carbono microbiano e a redugdo do quociente metabélico
obtidos com as maiores doses de P.

Termos de indexagdo: carbono microbiano, atividade microbiana, matéria organica, adubagdo
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verde, cerrado.

INTRODUCTION

The Cerrado represents the predominant vegetation
in Central Brazil, where the topography and landscape
conditions are well-suited, which has led to the
conversion of this biome into the main grain-producing
region of the country. The replacement of native
vegetation and use for pasture or grain production
induces changes in the chemical and biological
properties of the soil (Costa et al., 2006; Carneiro et
al., 2009). Typical characteristics of these soils are
low fertility, acidity and Al toxicity, and low nutrient
availability, including phosphorus (P). Phosphorus is
required at every metabolic stage, as it plays a role in
the protein and energy synthesis processes and in the
translocation and formation of fatty acids, as well as
influencing the photosynthetic process directly
(Marschner, 1995). In tropical soils, plant-available
Pisfound in small quantities due to the adsorption to
Al and Fe oxides.

The no-tillage management can reduce negative
impacts caused by conventional systems, and
maintain and/or improve soil fertility, inducing higher
crop yields (Pelé et al., 2010). This system reduces
soil losses by erosion, improving the soil chemical,
physical and biological conditions and directly affecting
fertility (Carvalho et al., 2004).

However, the success of no-tillage systems is closely
associated with the maintenance of a soil cover in a
crop rotation (Carvalho et al., 2007). The choice of

cover crops with high biomass yield that protect the
soil against erosion and nutrient loss is an important
factor in the maximization of the benefits of no-tillage
(Suzuki & Alves, 2006), for improving the nutrient
availability for subsequent crops and, in certain
situations, contributing to soil nitrogen input by
legumes (Perin et al., 2004).

The soil quality has been mainly associated with
soil productivity (Hornik, 1992). Doran & Parkin
(1994) however defined an expanded concept of soil
quality based on the capacity of a soil to sustain the
biological productivity, maintain environmental
quality, and promote plant and animal health within
the boundaries of an ecosystem. Soil quality indicators
have proved useful and fundamental to assess not only
the capacity of self-sustainability of the soil, but also
of the whole ecological system (Doran & Zeiss, 2000).

Soil organisms are dynamic, but vulnerable to
physical and chemical changes as well as to the effects
of management practices and crop systems (Venzke
Filho et al., 2008). The soil microbial biomass is
correlated with organic matter (Gongalves et al., 2007)
and is essential to evaluate the processes occurring
in the soil; studies of this biological property and
activity can provide critical information for soil use
and management planning (D’Andréa et al., 2002).

The methods to assess the magnitude of the
microbial biomass are based on the amount of soil
carbon released as CO4y (C-CO4 release), the
determination of the metabolic quotient (¢CO) and
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the ratio amount of C-COj released per unit of microbial
biomass carbon (MBC) over time (Anderson &
Domsch, 1993). However, the microbial quotient
(¢Cmic), i.e. the ratio of MBC in relation to the soil
organic carbon allows a more immediate monitoring
of variations in the total organic matter. Therefore,
the objective of this study was to evaluate the influence
of cover crops and phosphorus fertilization on the soil
chemical and biological properties.

MATERIAL AND METHODS

The experiment was conducted in an experimental
area of the Fazenda de Ensino, Pesquisa e Extensao
of the Universidade Estadual Paulista (UNESP),
Faculdade de Engenharia, Campus Ilha Solteira
(Selviria, Mato Grosso do Sul, Brazil) (20° 22’ S,
51°22’W; 335 m asl). The regional climate is tropical
and humid with rainy summers and dry winters. The
average annual rainfall is 1,232 mm and temperature
24 °C. The vegetation of the area is Cerrado sensu
stricto. The relief is moderately flat, and the soil a
dystrophic Red Latossol (Oxisol) (Embrapa, 2006).

Prior to these experiments, the studied area had
been cultivated with corn (Zea mays L.) under no-
tillage for 10 years. The soil was chemically analyzed
before the area was prepared for the experiment. One
composite sample, composed of 20 single samples, was
collected in the experimental area from the 0-0.20 m
layer and analyzed according to the methods proposed
by Raijj et al. (2001), with the following results: pH =
4.9; organic matter (OM)=13 gdm™, P=12 mg dm3;
K, Ca and Mg = 1.1, 18 and 15 mmol, dm2,
respectively; potential acidity (H+Al) = 15 mmol.dm3,
and a base saturation of (BS) 70 %.

The experiment was arranged in a randomized
block, split-plot design. The plot treatments consisted
of cover crops (in monoculture or intercropped): millet
(Pennisetum glaucum L.), crotalaria (Crotalaria
juncea L.), velvet bean (Mucuna aterrima Piper &
Tracy), pigeon pea (Cajanas cajan L.), and the
intercrops millet + pigeon pea, millet + crotalaria and
millet + velvet bean, plus one plot left fallow, with
weed growth, mostly goosegrass (Eleusine indica L.).
The subplots were represented by P fertilization (0,
60 and 90 kg ha'! P,0;) in the form of
monoammonium phosphate (MAP), containing 9 %
N and 48 % P,05, applied at a depth of 0.05 m in
furrows destined for common bean sowing, after the
cover crops. The 24 treatments were replicated three
times on a total area of 20 m2, and each subplot
consisted of seven 5-m long rows, spaced 0.45 m apart.

The cover crops were planted without fertilizer in
February 2010 and again in February 2011, repeating
the process of the previous year, i.e., the plots and
subplots were installed at the same location. The cover
crops were planted after no-tillage corn, in crop
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succession cycles of: corn, cover crop and common bean
in both study years, i.e., initiating the rotation/
succession with maize and ending with common bean.

The following cover crops were sown in rows spaced
0.45 m apart: a) millet, totaling 20 kg seeds per ha, b)
velvet bean, at a density of 10 seeds per meter c)
crotalaria, with 35 seeds per meter and d) pigeon
pea with 15 seeds per meter. For the intercrops
(millet + pigeon pea, millet + crotalaria and millet +
velvet bean), sown in interspersed rows, the sowing
density was the same as for monoculture. The cover
crops and common bean were irrigated with a
conventional fixed sprinkler system, at a flow rate of
3.3 mm h'l,

Seventy days after cover crop sowing, the plants
were desiccated with glyphosate (N-(phosphonomethyl)
glycine), at the prescribed dose of 1 L hal. A mechanical
chopper was used to chaff the harvested plants. To
evaluate the shoot dry matter production of the cover
crops, samples of plant shoots left on the soil surface
were collected by the quadrat method (0.50 x 0.50 m
frame), at two different points per plot. The collected
material was washed to avoid soil contamination and
dried in a forced air circulation oven at 65 °C to
constant moisture, to determine shoot dry matter
production (in kg ha'l).

The winter bean crop was sown in May 2011.
According to the soil chemical analysis, uniform N
and K fertilization was applied at sowing in all
treatments, according to the recommendations of
Ambrosano et al. (1997), consisting of 175 kg ha'! of
the N-P-K fertilizer 20-0-20. Since the applied P source
(MAP) contains 9 % N, the correction was completed
using urea (45 %), so that all treatments received the
same amount of N.

The common bean cultivar Pérola, with semi-
prostrate growth (type III), was sown mechanically
in the no-till system, in rows spaced 0.45 m apart, for
a final density of 12 plants per meter. In August 2011,
when the plants were at stage R8 (pod filling), one
composite sample consisting of five single samples was
collected per subplot (depth 0-0.10 m). One part of the
soil samples was used for chemical analysis, as
described above, and the other for biological and
microbiological evaluations.

To quantify the C-CO, release we used 100 g of
soil and titration of the remaining NaOH with HCI,
in the presence of the indicator phenolphthalein,
following the method proposed by Anderson & Domsch
(1989). The incubation time was determined using a
calibration curve. The carbon (MBC) released from
the microbial biomass was quantified by fumigation
using chloroform, and determined by chemical
extraction followed by digestion, according to the
method proposed by Vance et al. (1987). The qCO,
was determined by the ratio C-CO, release: MBC
(Anderson & Domsch, 1993), while ¢Cmic was
calculated by the expression (MBC/Corg)/10 (Sparling,
1992).
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The data were subjected to analysis of variance
and the means compared by Tukey’s test at 5 %,
followed by the Pearson correlation between variables.

RESULTS AND DISCUSSION

Shoot dry matter production of the cover
plants

In terms of shoot dry matter production of the cover
crops preceding common bean, the yields of the
intercropped millet + crotalaria intercrop as well as
monoculture crotalaria were highest (Table 1). The
cover crops induce increases in density and diversity
of soil microorganisms (Carneiro et al., 2004),
improvement in soil structure (Andrade et al., 2009),
nutrient cycling and, consequently, increase crop
yields (Teixeira et al., 2006).

The observed dry matter production for crotalaria
and pigeon pea, in this study, was higher than that
reported by Torres et al. (2008). Studying the dry
matter production of different cover crops, they
reported yields of 3,900 and 2,700 kg ha! for crotalaria
and pigeon pea, respectively. However, a production
of 10,000 kg ha! was reported for millet, which was
higher than the value found in this study (Table 1).

Among the legumes, the dry matter production of
pigeon pea was lowest, while yields of velvet bean were
high, but did not differ from crotalaria or crotalaria +
millet. However, when intercropped with millet, velvet
bean produced less dry matter (6,488 kg ha'!) than
the other treatments (Table 1).

Chemical properties

The majority of the studied soil chemical properties
(layer 0-0.10 m) showed no significant differences under

Table 1. Dry matter of the shoot cover crops grown
in an Oxisol, in the 2010/2011 growing season,
preceding common bean

Cover crop Shoot dry matter

kg ha'!
Millet 7.800 be
Crotalaria 8.922 ab
Pigeon pea 7.722 bed
Velvet bean 8.300 abc
Fallow 7.166 cd
Millet + Pigeon pea 7.244 cd
Millet + Crotalaria 9.544 a
Millet + Velvet bean 6.488 d
LSD 1.276
F values 12.217
CV (%) 10.80

Means followed by the same letter in the column do not differ
by Tukey’s test at 5 %. "+ significant at 1 %. LSD: least significant
difference; CV: coefficient of variation.
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the different cover crop treatments, in contrast to the
soil P levels (Table 2). The P,O5 rates applied at bean
sowing induced statistical differences for the properties
pH, P content and H+Al. Also, a negative significant
correlation was detected between P and pH (-0.288")
and a positive significant correlation between P and
H+A1(0.359").

There were no statistical differences for OM, but
there were differences in dry matter production
between the different cover crops (Table 2). There was
also a significant positive correlation of OM with soil
cation exchange capacity (0.611") and BS (0.281%) in
the areas studied. According to Loss et al. (2009), the
use of mulch improves the crop development, which
in turn results in higher inputs of plant waste into
the soil surface layer. Once decomposed, the residues
raise the soil OM content.

Our results confirmed those of Steiner et al. (2011),
who reported no significant differences for OM between
the management systems using cover crops (e.g. no-
tillage velvet bean and crotalaria) over three study
years. Cunha et al. (2011a), studying the influence of
different cover crops on soil chemical properties (e.g.
crotalaria and pigeon pea), reported no significant
differences either, in the soil OM contents (layers O-
0.10 and 0-0.20 m) in two study years.

The low OM contents can be attributed to the short-
term use of cover crops (two years), i.e., the period
from installation to evaluation of the experiment. The
decomposition rate that alters the soil OM contents is
very low, thus several years of no-tillage cover crops
are required to induce significant changes in this
property (Xavier et al., 2006).

No influence of the cover crops on soil pH was
observed. However, changes in this property were
detected after MAP application at common bean
sowing, with differences between the control and the
highest MAP rate (0 and 90 kg ha'! P,O;,
respectively). In other words, pH responded negatively
to P fertilization (Table 2).

It was not possible to evaluate the effect of cover
plants on Al?* (data not shown), since the pH values
in CaCl, were above 5.0 in all treatments. Under these
conditions, Al3* is usually precipitated as aluminum
hydroxide. However, H+Al showed an opposite trend
for pH, with significant but negative correlations
between these two properties (-0.823™). The same
pattern was observed between H+Al and soil BS (-
0.712%%),

There were significant differences for H+Al and P
content in the soil treated with P,O5 rates (Table 2).
However, unlike the trend for pH, both chemical
variables showed positive responses to P applications,
with differences in P soil contents among treatments.
Soil CEC and BS were not affected by the cover crops.
There was a significant positive correlation between
both properties (0.679"), and between BS and soil pH
(0.859™).
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Table 2. Chemical properties evaluated in the 0-0.10 m layer, under different cover crops and rates of P,Oj
applied at bean sowing (2010/2011 growing season)

Treatment pH (CaCl,) oM P H+Al CEC v

g dm™ mg dm™ ————— mmol, dm3— %
Cover crops (P)
Millet 5.3 25.0 24.33 a 27.33 70.56 61
Crotalaria 5.4 24.1 20.11 ab 24.88 67.39 63
Pigeon pea 5.4 25.4 15.44 b 25.88 70.53 63
Velvet bean 5.2 24.2 23.44 a 28.00 69.72 60
Fallow 5.4 23.7 17.33 ab 26.22 71.93 64
Millet + pigeon pea 5.5 23.5 20.22 ab 24.33 72.90 66
Millet + crotalaria 5.3 23.0 17.00 ab 25.33 66.21 61
Millet + velvet bean 5.3 24.7 21.11 ab 26.22 71.12 63
LSD 0.3 4.1 7.75 4.34 10.62 9
Test F-P 1.88™ 0.80"° 3.30" 1.60™ 0.90" 0.90™
CV (%) 3.54 11.20 26.07 11.08 10.13 9.73
Rates P,0O; (kg ha) (D)
0 5.45 a 24.25 15.30 ¢ 24.79 b 70.52 64
60 5.35 ab 23.96 19.96 b 26.12 ab 70.18 62
90 5.29 b 24.41 24.37 a 2717 a 69.43 61
LSD 0.13 1.89 3.62 2.08 4.96 4
Test F 4.23" 0.18™ 18.45™ 4.10" 0.15™ 2.14™
CV (%) 3.54 11.20 26.07 11.08 10.13 9.73
F - D Test 8.42" - 35.78" 8.05™ - -
F-PxD Test 0.56" 0.80™ 4.62" 1.00" 0.50™ 0.50"

Means followed by the same letter in the column, for different treatments, do not differ by Tukey’s test at 5 %. *~ and ": significant

ns.

at 1 and 5 %, respectively.

The P levels were raised minimally by the cover
crops. They were different under millet and velvet
bean from pigeon pea but were similar to the results
under fallow. This shows that the results were more
related to P fertilization applied at common bean
sowing in the first year of the experiment, than to the
preceding cover crops. These results for soil P agree with
those of Moreti et al. (2007) who reported no influence of
the cover crops millet and crotalaria on the P contents
of an Oxisol, when compared with fallow plots.

The behavior of pigeon pea differed from that
described by Carvalho & Amabile (2006), who stated
that the plant roots exude organic acids that solubilize
P, making it available in the soil (Table 1).

The interaction between cover crops and P rates
for soil available P indicated a low contribution of the
cover crops to increase P availability in the soil of the
phosphate fertilization treatments (Table 3). Highest
P levels were found in the velvet bean treatment,
followed by millet, by the application of 90 kg ha'!
P50s.

There were no differences in soil available P between
cover crops and fallow when fertilized with 0 (control)
and 60 kg ha'! (Table 3). However, soil P concentrations
were highest under velvet bean, followed by millet, but
both results were different from the fallow treatment.
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: not significant. LSD: least significant difference; CV: coefficient of variation.

A different behavior for crotalaria was observed in
this interaction, with a positive response to the
application of 60 kg ha'! P,0j;, differing from fallow.
Little or no increase in the soil P levels was detected
between the treatments 0 and 60 kg hal. However,
there was an exponential increase in the P levels by
the application of 90 kg ha'! P4O5 (Table 3). This may
be related to the fact that the areas with velvet bean
were assoclated with an increase in P levels, due to
the amount of applied P. This provided the condition
for the development and maintenance of the microbial
biomass.

During the decomposition of plant residues, the
low content of some nutrients in the soil increases
the competition between microorganisms and plants
for essential nutrients. These are incorporated into
the plant biomass, but returned to the soil after
microbial biomass decomposition. Thus, the increase
in the soil P content can promote increases in nutrient
assimilation and incorporation by the microorganisms.
This represents an important energy source for the
metabolic activities that can accelerate the
decomposition of organic materials in the soil.

In the fallow treatment, P levels increased at
higher fertilization rates, differing from the control
(Table 3). This may be related to the floristic
composition of the treatment, consisting of different
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Table 3. Soil phosphorus content under different
cover crops and rates of P,O5 applied at bean
sowing

Rates of P,0,

Cover crop

0kgha'! 60kgha! 90 kg ha
P (mg dm™)

Millet 14.33 aB 22.66 abB 36.00 abA
Crotalaria 13.00 aB 25.00 abA 22.33 cAB
Pigeon pea 12.66 aA 19.00 abA 14.66 cA
Velvet bean 15.66 aB 16.00 abB 38.66 aA
Fallow 12.33 aB 17.33 abAB  22.33 bcA
Millet + pigeon pea  20.66 aA 18.00 abA 22.00 bcA
Millet + crotalaria 21.33 aA 13.33 bA 16.33 bcA
Millet + velvet bean 12.33 aB 28.33 aA 22.66 bA

Means followed by the same letter in the column do not differ
by Tukey’s test at 5 %.

plant species, mostly grasses, which may have favored
a greater and more rapid decomposition of the crop
residues.

Of all cover crop treatments, only millet + velvet
bean showed differences in the evaluated property,
responding to P fertilization; this intercrop contained
the highest average soil P level at both P rates and
differed from the control (Table 3).

The fact that the soil P levels did not differ in the
other cover crop treatments may be related to greater
P absorption and assimilation by the common bean
plants, since the soil sampling time coincided with
the pod filling stage. This may have contributed to a
greater root-shoot translocation of P, and from this
region to the sites responsible for grain filling.

Biological properties

There were significant differences between the
cover crop treatments in terms of biological properties
(Table 4). Phosphorus application promoted changes
in microbial activity, with the exception of CO,-C
release, which led to increases in the values of MBC
and ¢Cmic and reduction in ¢gCO,. For the interactions
cover crop - P rates, differences were found for gCO,
and gCmic.

Only CO,-C release responded to the cover crops,
especially to millet, crotalaria and millet + crotalaria,
at a 15 % higher rate than in the fallow treatment
(Table 4). These results may have been influenced by
the fallow flora, composed mostly of grasses, e.g.,
goosegrass. A significant and positive correlation was
observed between CO,-C release and gCO,, (0.233%),
OM (0.338%*) and P (0.340**), which demonstrates
the importance and influence of OM and P contents
in the soil microbial activity.

Santos et al. (2004) studied the effect of different
management systems, including the use of cover crops
in no-tillage systems and native vegetation, on the

1497

microbial activity and found no effect of cover crops
on CO,-C release (layer 0.05-0.01 m). However, they
reported a trend of increased release in soils with
natural vegetation, due to the constant residue
incorporation. Increases in the amount of organic
residues have been reported favoring the OM
accumulation, promoting microbial activity, and
increasing COy-C release. This was not observed in
the present study, where dry matter production after
millet and in the fallow treatment were similar,
whereas microbial activity differed.

The cover crops influenced MBC, with lowest
and the highest values ranging from 228.61 to
435.17ug C g’ dry soil for millet + crotalaria and crotalaria
treatments, respectively (Table 4). These results differ
from those reported by Fonseca et al. (2007) who
investigated cover crops in a corn and bean rotation
and observed no effects of the cover plants on MBC.

In a study with irrigated common bean, Silva et
al. (2007) compared different cover crops under no-
tillage and conventional tillage, and found no influence
of cover crops on MBC. These authors also verified
differences between the two soil tillage systems. This
difference was higher for MBC than for total organic
carbon, indicating that MBC is a more sensitive
indicator to compare soil tillage. However, low values
for MBC, as in the millet + crotalaria intercrop indicate
a disturbance in the area or may be related to lower
mineralization and slower nutrient release due to the
characteristics of the material to be decomposed.

In experiments with common bean after cover
crops, Cunha et al. (2011b) reported significant
differences for MBC (sampling layer 0-0.10 m). It was
observed that pigeon pea and velvet bean plants had
a greater influence on MBC than fallow and crotalaria.
These results differ from those in the present study
(Table 4).

There was no correlation between MBC and OM,
possibly because there was no change in OM levels in
the cover crop treatments. Similar results were
obtained by Silva et al. (2009), who stated that the
values were influenced by the soil OM content,
behaving as an independent variable. However, these
results disagree with Stenberg (1999), who found a
close relationship between the amount of MBC and
the presence of OM in the soil, i.e., high OM levels
indicate high values of MBC, due to the capacity to
maintain high decomposition rates.

Changes in MBC values, with a significant
increase at the 90 kg P,O5 rate, showed the positive
response to P fertilization (Table 4). However, there
was no difference between the P,O5 rates 90, 60 or
0 kgha'l, which may be due to the characteristic effect
of the clay soil. This type of soil favors a greater P
fixation, and a weaker treatment response.

For qCO,, there were significant differences
between millet + crotalaria and the other treatments,
except for millet + velvet bean, with ¢gCO, values
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Table 4. Microbial activity (released CO,-C), microbial biomass carbon (MBC), metabolic quotient (¢gCO,),
microbial quotient (9Cmic), evaluated in the 0-0.10 m layer, according to cover crops and rates of P,Oj
applied at bean sowing (2010/2011 growing season)

Treatment C-CO,

MBC qCO, qCmic

mg CO, gl dry soil day™!

Cover crops (P)

Millet 11.44 a
Crotalaria 1142 a
Pigeon pea 10.14 ab
Velvet bean 10.71 ab
Fallow 9.73b
Millet + pigeon pea 10.97 ab
Millet + crotalaria 11.40 a
Millet + velvet bean 11.13 ab
LSD 1.516
Test F—P 3.57"
CV (%) 9.32
Rates P,0; (kg ha'!) (D)

0 0.68
60 10.79
90 11.14
LSD 0.708
F Test 1.34™¢
CV (%) 9.32
F - D Test 4418
F-PxD Test 1.73™

mg CO, mg?! C day!

414.00 a 0.029 b 2.985 a
435.17 a 0.029 b 3.083 a
411.11 a 0.028 b 2.786 ab
373.39 ab 0.033 b 2.654 ab
387.00 a 0.026 b 2.863 a
385.89 ab 0.030 b 2.861 a
228.61 b 0.056 a 1.760 b
330.44 ab 0.040 ab 2.372 ab
157.898 0.017 1.048
3.46™ 6.35™ 3.34"
28.46 34.02 26.22
325.73 b 0.040 a 2.34Db
338.06 b 0.036 a 2.45b
44831 a 0.027 b 3.22 a
73.78 0.008 0.489
9.83" 8.00" 11.26™
28.46 34.02 26.22
12.97™ 2.58™ 15.12"
1.51" 2.40" 2.04"

Means followed by the same letter in the column do not differ by Tukey’s test at 5 %. ™2

ns.

ranging from 0.026 to 0.056 mg COy mg! C day’?
(Table 4). The cover crops had little influence on gCO,,
with the exception of millet + crotalaria, which differed
from fallow. The highest ¢qCO4 in the millet +
crotalaria area may indicate stress or disturbance.
Together with the large dry matter production and
higher C/N ratio of the intercrop, this resulted in high
microbial activity with a consequent increase in carbon
release (CO,-C per unit of microbial biomass). There
was a significant and negative correlation between
qCO5and MBC (-0.862™).

These results are rather different from those
reported by Silva et al. (2007), who studied cover crops
in no-tillage and conventional systems and found
significant changes in gCOy in soil under cover crops
in rotation with common bean. Similarly, Cunha et
al. (2011Db) reported that pigeon pea, velvet bean and
crotalaria, as cover crops for bean cultivation in no-
tillage and conventional systems, had an effect on
qCOs. Pigeon pea induced the highest gCO, values.
However, the highest P rate (90 kg ha'! P,05),
resulted in lower gCO, values. The variable gCO,
responded negatively to phosphate fertilization
(Table 4). These results differed from those reported
by Lourente et al. (2011), who evaluated the biological
soil properties under no-tillage and conventional
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nd*: gignificant at 1 and 5 %, respectively.

: not significant. LSD: least significant difference; CV: coefficient of variation.

systems in the Cerrado region. These authors found
a significant and positive correlation between gCOq
and P levels in the soil, indicating that high P levels
result in high gCO4 values. Therefore, according to
these authors, when P fertilization induces very high
P levels in soils, this could cause stress and/or
disturbance in agricultural areas.

Lower qCO4 values indicate a more efficient
microbial biomass (Gama-Rodrigues, 1999), with less
carbon loss (e.g. CO,) through respiration, and
significant carbon incorporation into the microbial
biomass, resulting in ¢CO, decrease (Cunha et al.,
2011b). Thus, low qCO4 values indicate stable agro-
ecosystems and a better quality of their soil chemical,
physical and biological properties.

The interactions of cover plants and P rates were
significant for gCO, confirming a negative effect of P
fertilization in areas with velvet bean, millet + velvet
bean and millet + crotalaria. The performance of millet
+ crotalaria intercrop was the worst of the cover crops
and the response to P application was significant. For
the application of 0 and 60 kg ha'! P,O;, the qCO,
values were lowest in the pigeon pea and fallow
treatments. Highest ¢gCO, values were found in the
millet + crotalaria intercrop, characterizing a possible



CHEMICAL AND BIOLOGICAL PROPERTIES OF PHOSPHORUS-FERTILIZED SOIL UNDER...

microbial selection in the intercropped areas at 0 and
60 kg ha'! P,O5 (Table 5).

The qCO, values in areas with velvet bean, millet
+ crotalaria and millet + velvet bean differed and
responded negatively to the P soil applications
(Table 5). This characterizes an ideal and desirable
condition with lower ¢qCO, values, showing a stable
system with a more efficient microbial biomass. For
millet + crotalaria, the most significant increases
were observed at the highest fertilization rate, with
a considerable drop in ¢gCO, by the application of
90 kg ha'! PyO5. In contrast, the treatments velvet
bean and millet + velvet bean showed responses to
phosphate fertilization at 60 kg haland higher rates.

For ¢Cmic, there were significant differences
between cover crops, P rates and the interaction of
cover plants and P rates (Table 4). A significant and
positive correlation was observed between ¢Cmic and
MBC (0.939**). The variable gCmic, under normal
conditions, ranges from 1 to 4 %. Values below 1 %
indicate that some factor is limiting the microbial
biomass activity (Jakelaitis et al., 2008). In all
treatments of this study, ¢gCmic values were higher
than 1 % and lower than 4 % (Table 4), indicating a
possible influence of cover crops on this property. This
could however not be confirmed because the cover
crops, except for the intercropped millet + crotalaria,
did not differ from the fallow treatment.

The lowest gCmic between treatments was found
in the area with millet + crotalaria, characterizing a
reduction in levels of microbial carbon, confirmed by
the high qCOy rate in this intercrop (Table 4). The
¢Cmic values in this study differ from those reported
by Carneiro et al. (2008), who observed low gCmic in
millet and fallow areas, in a study on the effect of
cover crops on soil microbial activity under no-tillage.

Phosphate fertilization resulted in increased gCmic
rates, and differences were observed at the rate of
90 kg ha'! P4O5 (Table 4). The results showed the
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importance of P fertilizer for soil microbial activity,
since P can be incorporated in large amounts by the
microbial biomass, increasing its activity and
efficiency to obtain resources from the system, thus
improving soil quality.

For the interactions between cover plants and P
rates, qCmic was significant, responding to P
application, especially pigeon pea, velvet bean and
millet + velvet bean (Table 5). However, the cover
crops differed only in the treatment without P
application, where fallow differed from intercropped
millet + velvet bean. The lower gCmic observed in
the millet + velvet bean area may be related to the
higher C losses than from the other treatments. This
demonstrates the influence, as well as the importance
of choosing the right cover crop to improve the soil
quality.

The cover crops differed between treatments with
or without P application. For pigeon pea, the ¢Cmic
differed between the treatments with P application,
but not from the control without P. These results did
not confirm the tendency observed in the other
treatments, where the ¢Cmic rates increased due to
phosphate fertilization. These results may be related
to the low P levels observed in the areas with pigeon
pea (Table 2).

Unlike observed for pigeon pea, in the analysis of
velvet bean and millet + velvet bean, gCmic tended to
increase in response to P applications (Table 5). Velvet
bean showed differences between P fertilized and non-
fertilized treatments, with a ¢Cmic increase of
approximately 50 % with the application of 60 kg ha'!
Py0O;5. In the intercropped millet + velvet bean, the
increase in ¢gCmic was only possible by the soil
application of 90 kg ha'! P4Oy5.

According to Sampaio et al. (2008), gCmic is an
indicator of OM availability to microorganisms, since
an increase in this microbial quotient indicates its
greater dynamics in the soil. Velvet bean and the

Table 5. Comparison of means for the metabolic quotient (qCO,) and microbial quotient (9Cmic) according
to the cover crops and rates of P,O; applied at bean sowing

Rates of P,0; (kg ha)

Treatment
0 60 90 0 60 90
qCO, (mg CO,, mg?! C day™?) qCmic (mg kg! of C)

Millet 0.025 cA 0.033 abA 0.030 aA 2.989 abA 2.738 aA 3.229 aA
Crotalaria 0.031 bcA 0.035 abA 0.021 aA 2.985 abA 2.443 aA 3.822 aA
Pigeon pea 0.023 cA 0.043 abA 0.020 aA 2.810 abAB 1.751 aB 3.796 aA
Velvet bean 0.051 abcA 0.026 bB 0.024 aB 1.613 abB 3.056 aA 3.293 aA
Fallow 0.023 cA 0.025 bA 0.031 aA 3.109 aA 2.917 aA 2.563 aA
Millet + pigeon pea 0.034 bA 0.033 abA 0.024 aA 2.668 abA 2.377 aA 3.536 aA
Millet + crotalaria 0.067 aA 0.061 aAB 0.040 aB 1.357 abA 1.765 aA 2.159 aA
Millet + velvet bean 0.063 abA 0.033 abB 0.023 aB 1.233 bB 2.511 aAB 3.371 aA

Means followed by the same letter in the column do not differ by Tukey’s test at 5 %.
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intercropped millet + velvet bean were the plant covers
with highest OM input. The influence of P application
on ¢Cmic was more evident in the millet + velvet bean
area. This crop had the lowest dry matter production,
demonstrating that an increase in the amount of soil
organic matter only does not necessarily translate into
direct gains in soil quality in that area.

CONCLUSIONS

1. After two years, the biomass of cover crops
preceding common bean did not affect the soil chemical
properties and had little influence on microbial activity.
The effects of millet and velvet bean, in monoculture
or intercropped, were greatest.

2. The biological variables were sensitive and
responded to increasing rates of P fertilizer; higher
levels of P induced increases in microbial biomass
carbon and reductions in gCO,.
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