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ABSTRACT

Microbial activity can be used to monitor soil quality, since it provides evidence of soil biological
behavior according to the management practices used. The objective of this work was to evaluate the
effect of different cover crops in succession to maize on the biochemical indicators of a Dystrophic Red
Latosol in the Cerrado region of the state of Mato Grosso do Sul. Eight different cover crops were
evaluated: sorghum, millet, stylosanthes, Urochloa ruziziensis, forage turnip, Urochloa brizantha cv.
Marandu, crambe, and fallow, with three replications. Acid phosphatase, arylsulfatase, and B-glucosidase
varied, respectively, from 755 to 1111; 74 to 131; and 167 to 299 ug p-nitrophenol g soil™ ht. Soil basal
respiration ranged from 126 to 171 mg C-CO, 100 g dry soil. The different soil cover crops used in
succession to maize influenced soil quality biochemical indicators. U. ruziziensis cover crop provided
the best results for the attributes evaluated in the soil and climate conditions of the Cerrado region of the

state of Mato Grosso do Sul.
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ATIVIDADE MICROBIANA EM SOLO COM ROTACAO DE PLANTAS DE COBERTURAS
NO SISTEMA DE PLANTIO DIRETO

RESUMO

A atividade microbiana pode ser utilizada para monitorar a qualidade do solo, fornecendo evidéncias
do seu comportamento bioldgico de acordo com o manejo. Objetivou-se com este trabalho avaliar o efeito de
diferentes plantas de cobertura em sucessdo a cultura do milho, nos indicadores bioquimicos de um Latossolo
Vermelho distrofico no Cerrado sul-mato-grossense. Foram avaliadas oito diferentes coberturas vegetais:

sorgo, milheto, estilosantes, Urochloa ruziziensis, nabo forrageiro, Urochloa brizantha cv. Marandu,
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crambe e pousio, com trés repeticbes. A fosfatase &cida, arilsufatase e B -glucosidase variaram
respectivamente de 755 a 1111; 74 a 131 e 167 a 299 pg p-hitrofenol g solo hl. A respiragio basal do
solo variou de 126 a 171 mg C-CO2 100 g solo seco. As diferentes plantas de cobertura do solo utilizadas
em sucessdao a cultura do milho influenciaram os indicadores bioquimicos de qualidade do solo. A
cobertura vegetal U. ruziziensis proporcionou os melhores resultados nos atributos avaliados nas

condigdes edafoclimaticas do Cerrado sul-mato-grossense.
Palavras-chave: Indicadores microbioldgicos, sucessao de culturas, qualidade do solo

INTRODUCTION

The intensive use of the soil for agricultural production requires adequate management of the
crops, aiming at sufficient straw production for the maintenance of no-tillage system in the Cerrado
biome (GALBIATTI et al., 2011).

The use of crop succession, by interspersing crops with high potential for straw production and
low decomposition rate with crops that promote nutrient cycling and biological nitrogen fixation, are
recurrent practices in the no-tillage system (LEAL et al. 2005).

Several plant species have been used as cover crop to improve the environment for subsequent
crops, especially millet, which is one of the species responsible for the expansion of the no-tillage system
in the central region of Brazil, mainly due to the large amount of biomass produced and to the high
resistance to drought and good nutrient cycling (PACHECO et al., 2011). Other species have been
studied, such as sorghum, forage turnip, crotalaria, and crambe (CARVALHO et al., 2015, HEINZ et al.,
2011). These species have been introduced by crop rotation or succession, in which the management of
cultural remains interferes with the period necessary for mineralization, and may alter the soil microbial
community (REIS et al., 2011). Alves et al. (2011) stated that the introduction of crops into
agricultural systems establishes a new soil balance condition, and that microbial community monitoring
can serve as a criterion for detecting changes in soil quality.

Several biological indicators can be used for soil monitoring, and the enzymatic activity stands
out as a sensitive indicator of soil quality, providing important information on the changes in key soil
functions (ARAUJO & MONTEIRO, 2007).

The evaluation of catalytic enzymes, such as B-glucosidase, phosphatase and arylsulfatase, which
are involved in the biogeochemical transformations of carbon, phosphorus and sulfur, respectively

(LAMBAIS & CARMO, 2008; LAGOMARSINO et al., 2009), as well as the analysis of soil basal
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respiration, which quantifies the CO> released by the soil and indicates the metabolic activity of its
microbial population (ISLAM & WEIL, 2000), allow the estimation of the sustainability of soil
management in a given region. Thus, the evaluation and knowledge of the processes in which the
microbial community is involved are important steps in the choice of the most appropriate soil
management system, mainly aiming at soil conservation.

The objective of this work was to evaluate the effect of different cover crops in succession to
maize on biochemical indicators of a Dystrophic Red Latosol in the Cerrado region of the state of Mato

Grosso do Sul, in Brazil.

MATERIAL AND METHODS

The experiment was carried out in the 2015/2016 harvest, in the experimental area of the Federal
University of Mato Grosso do Sul, Campus of Chapadéo do Sul, in the municipality of Chapad&o do Sul,
in the state of Mato Grosso do Sul, Brazil. The climate is tropical humid (Cwa), according to the Képpen
classification, with annual temperature between 13 and 29 °C, annual rainfall of 1,850 mm, and with
rainy summer and dry winter (CUNHA et al., 2013). The soil is classified as Dystrophic Red Latosol,
with the following chemical and granulometric characteristics at the 0.0 - 0.20 m depth layer: pH (CaCly)
4.6; 0.M.: 23.1and O.C.: 13.4 g dm3; P: 10.9 mg dm; K, Ca, Mg, Al, Ca+Mg, and H+Al of 0.13; 1.40;
0.40; 0.18; 1.80; and 5.6 cmol. dm3, respectively, and V% 36.6, clay: 44%, sand: 49%, and silt: 7%.

The no-tillage system was installed in the experimental area in 2013, using cover crops in
succession to maize. Treatments were formed by eight different cover crops in the winter crop: sorghum
(Sorghum bicolor), millet [Pennisetum glaucum (L.) R. Br.], stylosanthes (Stylosanthes spp / CV. BRS),
Urochloa ruziziensis, forage turnip (Raphanus sativus L.), Urochloa brizantha cv. Marandu, crambe
(Crambe abyssinica Hochst), and fallow. Cover crops were sown in March and mowed in September,
2015, and maize was sown in November, 2015, in the summer crop under the brush.

The experiment consisted of randomized blocks design, with eight treatments and three
replications. The experimental plot in the summer crop with maize was made up of five 5 m row, spaced
0.50 m between rows. The three central rows of the plot were considered as useful area.

Samples were collected in January 2016, at the full flowering stage of the maize crop, at 0.0 to
0.20 m depth, with the aid of a Dutch auger. Five samples were collected at different points to form a

composite sample of each plot, and for each sample, five points perpendicular to the planting row were

200



MICROBIAL ACTIVITY IN A SOIL WITH COVER CROPS IN SUCCESSION WITH MAIZE IN A NO-
TILLAGE SYSTEM

removed. Samples were sieved in the field, using a 4 mm mesh sieve, and stored in a cold chamber at 4
° C, until its use.

The enzymes acid phosphatase, arylsulfatase and B-glucosidase were evaluated according to the
methods described by Tabatabai (1994). These methods consist of incubating the soil samples in the
presence of specific substrates, para-nitrophenyl phosphate, para-nitrophenyl sulfate and para-
nitrophenyl-p-D-glucopyranoside, both at 0.5 mL L™, at a temperature of 37 °C, for 1 h. Due to this short
incubation period, toluene was not included in the procedures. After filtration, the p-nitrophenol (PNF)
concentration present in the samples was determined based on the standard curve of each enzyme, with
spectrophotometer readings at 410 nm for phosphatase and arylsulfatase and at 420 nm for B-glucosidase,
expressed in ug PNF soil™ h™t. Analysis was performed in triplicate for each of the field replications.

Soil basal respiration was determined by incubating wet soil samples (100 g) with 20 mL of water
and 20 mL of 0.5 M NaOH in 2000 mL bottles, which were hermetically sealed and incubated for 7 days
at 30 °C in the darkness. The released CO> was determined by titrating the remaining NaOH solution
from the bottles with 1 M HCI, using phenolphthalein as indicator.

Analysis of variance and means comparison for the results of all biochemical evaluations were
performed using the Scott-Knott test at 5% probability in the SISVAR software (FERREIRA, 2011).

RESULTS AND DISCUSSION

Biochemical indicators of soil quality evaluated by the enzymes (acid phosphatase, arylsulfatase
and B-glucosidase) and by soil basal respiration were influenced by the different treatments of this study
(p <0.05), as described in Table 1 and Figure 1.

Soil with U. ruziziensis cover, in the winter crop prior to maize cultivation, showed the highest
activity of the acid phosphatase enzyme (p <0.05), when compared with the other treatments. Cover crops
promoted soil residual effects, affecting phosphatase activity in the following sequence: U. ruziziensis >
sorghum > U. brizantha cv. Marandu = millet = fallow > crambe = stylosanthes = forage turnip (Table
1). Greater activity of this enzyme was observed in soil under grass cover crops. According to Carneiro
et al. (2008), the highest concentration of acid phosphatase observed in soil with the presence of these
species may be associated with their fasciculated root system, which is concentrated at the first 10 cm
depth, resulting in greater input of carbon into the soil, via rhizosphere and necromass, acting in the
activation of the soil microbiota.
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Table 1. Enzymatic activity in soil cultivated with maize with different cover crops in the winter crop.
Chapadé&o do Sul, January /2016.

Acid Arilsufatase B-glucosidase
Cover crops Phosphatase
(ug PNF g soil* h'h)
Sorghum 972.30b 101.94 a 168.60 c
Millet 838.54 c 90.61 b 299.50 a
Stylosanthes 727.79d 91.22 b 162.78 ¢
U. ruziziensis 1111.63a 117.46 a 238.83b
Forage turnip 671.21d 74450 167.82 ¢
U. brizantha cv. Marandu 877.98 c 116.95a 24991 Db
Crambe 755.97 d 97.66 b 237.30b
Fallow 833.28 ¢ 131.03 a 212.85b

*Values followed by the same letter in the column did not differ from each other (p<0.05) by the Scott-Knott test at 5%
probability

Soil cultivated with U. brizantha cv. Marandu cover crop presented lower value of acid
phosphatase activity than that found in soil cultivated with U. ruziziensis cover crop, although they
belong to the same genus. Machado & Assis (2010), in a study on the production of straw in the soil
verified that U. brizantha cv. Marandu produced less straw when compared with U. ruziziensis, being
3,344 kg ha-1 and 4,576 kg ha-1, respectively. Thus, it can be inferred that the amount of residues
deposited in the soil altered the dynamics of the microbial community, increasing enzymatic activity.

Nahas (2002), in a study with different cultivation systems with U. ruziziensis, legumes and
fallow, reported greater presence of microorganisms with acid phosphatase activity in soil under grass
cover, which possibly occurred in this study. Rosolem et al. (2014), when evaluating phosphorus
dynamics in relation to U. ruziziensis and phosphate fertilizers, verified that acid phosphatase decreased
with the application of phosphorus, but increased in the presence of this species in relation to the
treatment without plants. According to these authors, the adoption of U. ruzizienses in crop rotation in
no-tillage systems can increase the efficiency in the use of phosphorus over time, including the absorption
of less labile fractions.

When comparing the acid phosphatase activity in the soil with U. ruziziensis cover crop in relation
to the fallow soil, a 25% increase in enzyme activity was observed. Cultivation with sorghum cover crop
also provided the soil with higher enzyme activity in relation to fallow, and the cover crops U. brizantha
and millet had similar values, even when compared with fallow (Table 1). These comparisons are
important, since fallow is widely used in agricultural properties in Cerrado soils. In this treatment, the
following species were found: Conyza bonariensis, Tridax procumbens, Chromolaena maximilianii,

Ageratum conyzoides, Commelina benghalensi, Ipomoea grandifolia, Cyperus rotundus, and Urochloa
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decumbens. This diversity of species and residues may have influenced the results of microbial activity
of this study. However, the use of fallow as management system is not recommended in agricultural soils
for several reasons, such as: the uneven promotion of the cover crop in the soil; the increase of the bank
of weeds seeds, resulting in the competition with the crop in the next harvest; and the high probability of
hosting agricultural pests, which increases production costs (CHRISTOFFOLETI & PASSINI, 1999).

The enzymes acid phosphatase, arylsulfatase and B-glucosidase, in general, showed lower values
of soil activity under forage turnip and crambe cover crops (Table 1). This may be related to the fact that
these species are non-myotrophic plants, which influences the development and growth of mycorrhizal
fungi of the subsequent crop (OERLEMANS et al., 2006), interfering indirectly with the microbial
population, and consequently with the enzymatic activity of the soil.

The values for the arylsulfatase enzyme activity in the soil presented the following decreasing
sequence, according to the cover crop: fallow = U. ruziziensis = U. brizantha = sorghum > crambe =
stylosanthes = forage turnip (Table 01).

Greater arylsulfatase enzyme activity was observed in the fallow soil and under grass cover crops,
corroborating with Lisboa et al. (2012), who worked with crop rotations and fallow in different soil
preparation systems and verified higher values of arylsulfatase enzyme activity in fallow soil. This result
may be related to the deposition of different plant fractions in the soil, due to the plants diversity of the
fallow area, which increases organic matter and soil microbial activity (HUNGRIA et al., 2009).

Among the soil microorganisms, only fungi have sulfate esters, which are substrates for
arylsulfatase activity (BANDICK & DICK, 1999). Its activity is related to the dense root system and
continuous renewal of these fungi species (SPERA et al., 2004), which may have contributed to
arylsulfatase enzyme activity.

Greater B-glucosidase enzyme activity in the soil was observed in the area planted with millet
cover crop (299.50 ug p-nitrophenol g soil h*') (Table 1), followed by U. brizatha, U. ruziziensis,
crambe, and fallow. Sorghum, forage turnip, and stylosanthes presented the lowest values. B-glucosidase
is related to the release of low molecular weight sugars from the decomposition of organic matter in the
soil, being important sources of metabolic energy for soil microbiota (BANDICK & DICK, 1999). Thus,
soil management with the addition of vegetable residues and the maintenance of this cover crop in the
soil, especially under no-tillage system, is a strategy to increase [3-glucosidase activity (LISBOA et al.,
2012).
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The highest soil basal respiration rates were observed in the treatments with millet, stylossanthes,
and crambe cover crops, with 171.79; 162.67 and 159.47 mg C-CO; 100 g dry soil ™, respectively, being
similar to each other (Figure 1). This evaluation refers to the degradation capacity of the organic matter
by the heterotrophic microbiota, making possible the action in the carbon cycle (ARAUJO &
MONTEIRO, 2007). Higher respiration rates may indicate some kind of disturbance in the system
(ALVES et al., 2011), which occurred in this study, since the treatments with stylosanthes and crambe
cover crops were also those that presented the lowest values of the enzymes acid phosphatase, -
glucosidase, and arylsulfatase in the soil (Table 1). Several factors influence soil respiration, such as the
presence of microbial growth inhibitory substances, the chemical composition of the substrate, and soil
nutrient factors (MERCANTE et al., 2008).
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Figure 1. Basal respiration of soil cultivated with maize in succession to different cover crops grown in
the winter crop. Chapadao do Sul, January/2016.

Conversely, the soil cultivated with millet cover crop, which presented respiration value similar
to those observed for stylosanthes and crambe cover crops, stood out for the B-glucosidase enzyme
activity. Thus, it can be inferred that basal respiration is related to the rapid decomposition of the straw,
since the activity of this enzyme is an indicative of the occurrence of this process in the soil, as previously

reported. Moreover, high soil basal respiration indicates high productivity level of the ecosystem
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(ISLAM & WEIL, 2000), being a desirable characteristic when considering that the decomposition of
organic residues will provide nutrients to the plant (ALVES et al., 2011).

Knowing the soil microbial activity in the different agricultural management systems is
fundamental, as it supports the choice of the best use of the soil, aiming at soil quality and at a sustainable
system. The cultivation of cover crops, as those used in this study, may change the quality of the residues
deposited in the soil, modifying the community and its dynamics over time, consequently changing the
Carbon and nutrients cycling (CORDEIRO et al., 2012).

CONCLUSIONS

The different cover crops used in succession to maize influenced soil quality biochemical
indicators.
U. ruziziensis cover crop provided the best results in the attributes evaluated in the soil and

climate conditions of the Cerrado region of the state of Mato Grosso do Sul.
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