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ABSTRACT: Conservationist systems of crop management increases the amount of substrate, alters fertility 
and increases soil biological activity. The objective of this study was to evaluate the influence of soil management 
systems on the chemical attributes and microbial activity of soil under cassava crop. The experiment was set as 
completely randomized design in a factorial scheme of 2 x 3 x 2, being two systems of cultivation (minimum 
with only mown; minimum with mown and incorporation), three types of soil coverage (fallow; Crotalaria 
juncea L.; Canavalia ensiformis L.) and two soil depths (0-0.10 and 0.10-0.20 m), with four repetitions. The 
production of dry mass from cover crops, the soil chemical attributes and the soil microbial activity were 
evaluated. There were no differences between management systems, and the C. juncea cover crop presented 
superior dry mass production among the soil coverages. The concentrations of soil Ca and K were greater 
in the fallow coverage and C. juncea areas in the 0-0.10 m soil layer; however, these nutrients differ in the 
soil layer below (0.10-0.20 m). There were no differences for the basal respiration of soil microorganisms in 
both soil depths or among soil coverage, but the carbon from microbial biomass was superior in the most 
superficial soil layer where more substrate is available to soil microorganisms.

Key words: Crotalaria juncea, Canavalia ensiformis, Manihot esculenta, soil microbial biomass, plant residues

Atributos químicos e atividade microbiana do solo cultivado
com mandioca sob diferentes coberturas vegetais

RESUMO: O aporte de resíduos vegetais no solo proporcionado pelos sistemas conservacionistas de manejo 
aumenta a quantidade de substrato, altera a fertilidade e aumenta a atividade biológica do solo. O objetivo 
deste estudo foi avaliar a influencia dos sistemas de manejo nos atributos químicos e na atividade microbiana 
do solo sob cultivo de mandioca. Com delineamento inteiramente casualizado, em esquema fatorial 2 x 3 x 2, foram 
avaliados dois sistemas de cultivo mínimo (somente roçado; roçado e incorporado), três tipos de cobertura 
(pousio; Crotalaria juncea L.; Canavalia ensiformis L.) e duas profundidades (0-0,10 e 0,10-0,20 m), com quatro 
repetições. Foram avaliados a produção de massa seca das coberturas, os atributos químicos e a atividade 
microbiana do solo. Não houve diferenças entre sistemas de cultivo mínimo e a C. juncea apresentou a maior 
produção de massa seca. Os teores de potássio e cálcio foram superiores nas áreas com resíduos de pousio 
e C. juncea na camada de 0-0,10 m; no entanto, estes nutrientes diferem na camada do solo abaixo 0,10-0,20 m. 
Não houve diferenças entre a respiração basal de microorganismo do solo em ambas as profundidades e 
coberturas, mas o carbono da biomassa microbiana foi superior na camada mais superficial, onde há mais 
substrato disponível para os microorganismos do solo.

Palavras-chave: Crotalaria juncea, Canavalia ensiformis, Manihot esculenta, biomassa microbiana do solo, 
resíduos vegetais
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Introduction

Cassava (Manihot esculenta Crantz) has been cultivated 
in all Brazilian regions, especially where the Cerrado biome 
(Savannah-like biome) predominates, since cassava is resistant 
to drought and produces well on low fertility acid soils. This 
cultivation is mainly done in a conventional way (stem seedling 
planting in furrows), however, this practice has intensified 
soil degradation, mineralization of organic matter (OM), 
soil compaction and low crop productivity along the years of 
cultivation (Fasinmirim & Reichert, 2011).

To alleviate the losses caused by tillage, the no-tillage 
system (NTS) and the minimum tillage (MT) are proposed as 
alternatives of conservationist management systems (Pequeno 
et al., 2007); however, Devide et al. (2017) underlined that NTS 
in the cassava cultivation has been questioned, since there is 
soil moving during the harvest, indicating that MT is more 
appropriated for cassava production.

For Otsubo et al. (2012), the association of MT and the green 
manure from crop residues offers more favorable conditions for 
cassava root growth and crop development, and maintain or 
increase the content of soil organic matter (SOM) improving soil 
fertility (Teixeira et al., 2012; Pacheco et al., 2017). According 
to García-Orenes et al. (2010), the addition of OM alters the 
physical, chemical and biological attributes of the soil and has 
been used as an indicator of soil quality, since it is sensitive to 
changes caused by the management system adopted (Lima et 
al., 2013).

The contribution of plant residues to soil dynamics is largely 
related to the essential substrate role responsible to maintain the 
diversity and increment the soil biological activity (Araújo Neto 
et al., 2014). This soil microbiological dynamics can be measured 
through the release of CO2, which is the main indicator of the 
biological activity (Hungria et al., 2009).

After the implantation of a conservationist system soil 
management, a new condition of balance begins to be established 
due to changes in the chemical attributes and in the biological 
community (Alves et al., 2011), which need to be monitored, 
to establish a more reliable link between the soil uses and the 
sustainability of crop production. In this context, the objective 
of this study was to evaluate the influence of soil management 
systems on soil chemical and microbial activity after cover crop 
cultivation in a cassava plantation area.

Material and Methods

The experiment was conducted in Teresina, Piauí State, 
Brazil, at the geographical coordinates of 3° 5’ S and 41° 46’ W, 
with an altitude of 46.8 m, in the period between April 2014 and 
May 2015, in an experimental area of approximately 200 m2. The 
climate of the region is characterized as dry subhumid, classified 
as C1dA’a’, with annual mean temperature, precipitation and 
relative humidity of 27.9 ºC, 1,003.5 mm and 75.5%, respectively.

The soil is classified as Oxisol, medium texture (Santos et al., 
2013). The initial soil conditions of the experimental area in the 
topsoil (0-0.20 m) was: pHCaCl2 5.5; 76 mg dm-3 of P (resin); 2 
mmolc dm-3 of K+; 22 mmolc dm-3 of Ca2+; 10 mmolc dm-3 of Mg2+; 
17 mmolc dm-3 of H++Al3+ and 19 g dm-3 of soil organic matter.

The experimental design was set as completely randomized, 
arranged in a factorial scheme of 2 x 3 x 2, being two systems 
of cultivation - minimum with only mown and minimum with 
mown and incorporation; three types of soil coverage - fallow, 
Crotalaria juncea L. and Canavalia ensiformis L.; and two soil 
depths (0-0.10 and 0.10-0.20 m), with four repetitions, totaling 
24 experimental plots (n = 24) of 8 m2 each.

The cover crops studied were used as green manure, and 
no fertilization was done at planting or topdressing in their 
cultivation after cassava harvest. The spontaneous vegetation 
(fallow) developed in experimental area was mainly composed 
by Poaceae species, from the existing seed bank in the soil or 
from natural dissemination.

The cover crops were cultivated in the period from April 
to July 2014, and when more than 50% of these plants had 
reached the maximum flowering, samples were taken in the 
central 1 m2 of each plot, for evaluation of fresh mass. The 
dry mass was assessed after the samples dried in a forced air 
circulation oven at 65 ºC for 72 h.

Soil samples were collected at 0-0.10 and 0.10-0.20 m 
depths for chemical analysis. Samples were taken inside the 
area surrounded by a metal template with 0.25 x 0.25 m. In 
part of each sample, the chemical analyses were performed 
to determine the levels of Al3+, Ca2+ and Mg2+, the potential 
acidity (H++Al3+), available P and exchangeable K+, using 
the methodology proposed by Teixeira et al. (2017). The 
total organic carbon (TOC) was quantified by the oxidation 
of organic matter (Yeomans & Bremner, 1988), while the 
carbon of microbial biomass was determined by the method 
of irradiation/extraction in a microwave oven (Islam & Weil, 
1998), with K2SO4 0.5 mol L-1 as the extractant.

Soil microbial biomass, as described by Anderson & Ingram 
(1993), was determined in the other part of the samples. Soil 
basal respiration was estimated according to the methodology 
proposed by Jenkinson & Powlson (1976), following Eq. 1.

( )
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−  =

where: 
SBR 	- soil basal respiration (mg of CO2 kg-1 soil h-1); 
Vb 	 - volume of hydrochloric acid in the titration solution 

of the control (mL); 
Va 	 - volume spent in the titration solution of the sample 

(mL); 
M 	 - molarity of hydrochloric acid; 
MDS - mass of dry soil (g); and, 
T 	 - time of incubation of the sample.

The results were submitted to analysis of variance (F test), 
and the means of treatments were compared by the Tukey 
test at 0.05 probability using the software Statistical Analysis 
Systems (SAS) 9.0.

Results and Discussion

The shoot dry mass (DM) production of the soil coverages 
demonstrated that C. juncea presented the best performance 

(1)
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in both systems, mowing and incorporation (24.5 Mg ha-1) 
and only mowing activity (20.7 Mg ha-1), being superior to the 
C. ensiformis DM (8.5 and 14.7 Mg ha-1) and the fallow DM 
(8.7 and 8.5 Mg ha-1) (Figure 1), highlighting the adequate 
growing of C. juncea under the edaphoclimatic conditions of 
the Brazilian Cerrado biome.

Some studies show that among the Fabaceae species, 
C. juncea is one of the cover crop that produce great dry 
biomass in quantity and quality, because presents greater 
fixation, accumulation and cycling of nitrogen, among other 
nutrients that are available in the soil after being managed 
(Pacheco et al., 2017).

The production of DM by the soil coverages studied are 
above the averages observed in other studies also conducted 
in the Brazilian Cerrado biome, ranging from 7 to 12 Mg ha-1 
for C. juncea  (Torres et al., 2017), 3.8 to 7.2 Mg ha-1 
for C. ensiformis (Padovan et al., 2011; Torres et al., 2014) and 
from 2 to 7.2 Mg ha-1 for the fallow area (Crusciol & Soratto, 
2009). The great biomass production observed in this study is 
probably due to the adequate water availability and temperature 
that occurred in the region during the study period.

In conservationist management systems, such as the no-
tillage (NTS) and the minimum tillage (MT), the amount of 
plant residues deposited on soil surface over the years provides 
gradual increase in organic matter content in the 0 to 0.10 m 
soil layer, however, this increase is detectable only after six or 
seven years after the implantation of the system (Hickmann 
et al., 2012).

The soil chemical attributes were similar between 
management systems, differing among soil coverages in the 
0-0.10 m soil layer, for pH, Ca and K, while the same did not 
occur in the 0.10-0.20 m soil layer. Significant differences 
occurred between pH, K, Ca and H+Al when compared 
between soil depths and covers evaluated (Table 1).

The greater contents of Ca and K in the superficial soil layer 
(0-0.10 m) can be justified by higher concentrations of these 
elements in the plant residues deposited on this layer. Meurer 
(2006) highlighted that K is one of the most required nutrients 
by the crop, therefore one of the most abundant in their tissues.

According to Vitti et al. (2006) the soil Ca is an essential 
nutrient in the formation and integrity of membranes and cell 
wall, and very important in the development of the roots; also, 
the authors highlighted the low Ca mobility in plant and high 
mobility in soil. The Ca concentration in the soil of this study 
was higher in soil pHs ranging between 5.75 and 5.99.

The mobility of nutrients is increased when plant residues 
deposited on soil surface are fragmented or incorporated, 
accelerating the process of organic matter decomposition, 
mineralization and nutrient cycling (Teixeira et al., 2012); 
however, this was not observed in this study, since there 
were no significant differences between the mowing area 
and the mowing + incorporation area, perhaps because the 
incorporation of plant residue has been done manually and 
superficially.

The soil pH in both depths presented similar values, with 
the exception of the area covered with C. juncea, which was 
low in the 0.10 to 0.20 m soil depth, however, the pH values 
remained within the soil pH range considered ideal for most 
crop cultivation. Since there was no mineral fertilizer or lime 
application in this study, the low soil pH may occur due to the 
higher extraction of nutrients (soil bases) from soil under 
C. juncea, which also produced a superior quantity of dry 
mass (Figure 1).

Leite et al. (2010) observed in no-tillage systems superior 
values of soil pH, ranging from 5.54 to 6.09 in the 0-0.05 and 
0.05-0.10 m soil layers for different cover crops, respectively. 
The authors attributed these results to the greater accumulation 
of exchangeable bases on the soil surface due to liming and the 
application of fertilizers. Pedrotti et al. (2015) observed soil pH 
superior (6.73) in the 0 to 0.05 m soil layer in the conventional 
system (tillage system) when compared to the minimum tillage 
system (pH 6.23). The authors attributed these results to the 
high soil organic carbon concentration of the experimental 

Means followed by the same letter do not differ by Tukey’s test at p ≤ 0.05, lowercase letters in column compare soil coverages at the same soil depth and uppercase letters in column 
compare soil depth at the same soil coverage; CV - Coefficient of variation

Table 1. Soil chemical attributes in areas under different soil coverages and soil depths in cassava plantation area

Figure 1. Shoot dry mass of soil coverages (Fallow, Crotalaria 
juncea, Canavalia ensiformis) in management systems 
(mowing+incorporation, mowing)

Means followed by the same lowercase letter (among soil coverages in the same 
management system) and uppercase letters (between management systems in the same 
soil coverage) do not differ by Tukey’s test at p ≤ 0.05
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area, which contributed to increase the sources of potential 
acidity of the soil in the superficial soil layer, reducing the pH 
in the system of minimum tillage.

The higher values of Ca and K found in the fallow areas 
and where C. juncea was cultivated, in the superficial soil layer, 
are justified by the great concentration of these elements in the 
plant residues and by the great soil mobility of these nutrients, 
as highlighted by Meurer (2006) and Vitti et al. (2006).

The shoot dry mass production, decomposition, 
accumulation and cycling of nutrients in fallow areas and 
areas cultivated with C. juncea or C. ensiformis, demonstrated 
that the largest accumulation and nutrient cycling occurred as 
follow: K > N > Ca > Mg > P > S (Padovan et al., 2011; Torres 
et al., 2014; Pacheco et al., 2017), which differs with the results 
observed in this study for K and Ca in the superficial soil 
layer, even with only one crop cycle studied. In a similar study, 
Favarato et al. (2015) observed that the conventional system 
of cultivation provided lower sum of bases due to the low 
content of K, Ca and Mg in the soil layer, in comparison to the 
no-tillage system that favors the organic matter accumulation 
and nutrient cycling.

Regarding the soil organic matter, no differences were 
observed between the management systems (p ≤ 0.05), 
however,  the content of  OM in the area cult ivated 
with C. juncea was significantly higher (p ≤ 0.05) in 0-0.10 m 
soil layer when compared to the other soil coverages, which 
is justified by the great dry biomass production (Figure 1). 
However, in the 0.10 to 0.20 m soil layer the means of the soil 
coverages did not differ (Table 2).

The content of OM was greater in the 0.10-0.20 m soil layer 
than in the superficial layer (0-0.10 m), in all the soil coverages, 
demonstrating that plant residues accumulated on soil surface 
is still not influencing the contents of OM on the subsurface 
layer (0.10-0.20 m), and that the values found are from the 
OM that already existed plus the remnants of the root systems 
of the cultivated plants. These variations observed in the OM 
content prove that it is a sensitive indicator of changes, which 
can be used to evaluate different soil management systems 
(Rosa et al., 2011).

The evaluation of different soil management systems in 
an area of conventional cultivation of bean, pasture or in a 
forest (native) demonstrated that the area cultivated with 

bean resulted in low levels of OM (Pereira & Thomaz, 2015). 
This result was probably a consequence of the continuous soil 
revolving caused by conventional tillage, which contributes to 
the mineralization of the OM.

The biological attributes observed [soil basal respiration 
(SBR), carbon from microbial biomass not irradiated (CMBNI) 
and carbon from microbial biomass irradiated (CMBI)] were 
similar among the soil coverages at the same soil depth, 
however, when comparing between soil depths, the value of 
carbon from microbial biomass not irradiated was significantly 
superior in the most superficial soil layer (0-0.10 m) (Table 2).

The soil basal respiration (SBR) reflects the microbiological 
activity in soil, which is assessed through the quantification of 
CO2 released from microbial metabolism, without differences 
between soil coverages for this variable in this study, that can be 
justified by the recent introduction of cover crops in the area, 
indicating that the soil is still establishing to a new condition 
of equilibrium in its microbiological community; when the 
systems become more stable, the soil basal respiration tends to 
decrease (Alves et al., 2011). When certain microbial biomass 
(MB) becomes more efficient, less carbon is lost as CO2 by SBR, 
with a significant fraction of the carbon incorporated by the 
MB (Insam & Domsch, 1988).

The CMBNI increase observed in the superficial soil layer 
(0-0.10 m) in all the soil coverages is associated with the plant 
residue deposition on soil surface, however, even with the 
great production of the C. juncea cover crop there were no 
significant differences for SBR, CMBNI and CMBI among the 
soil coverages evaluated, indicating that the biomass produced 
by the soil coverages were sufficient to increase the biological 
activity in the same proportion.

According to Hungria et al. (2009), the inflow of OM in 
the soil, even in smaller quantities than those observed in this 
study are sufficient to provide a source of energy required for 
microbial growth. Araújo Neto et al. (2014) highlight that land 
covered with spontaneous vegetation (fallow) presented higher 
microbial biomass when compared to cultivated areas with 
a single plant species because great plant diversity provides 
great regularity of plant residues deposition, even in stressful 
conditions of temperature and humidity as those found in 
Cerrado.

According to García-Orenes et al. (2010), the soil basal 
respiration and carbon from microbial biomass in areas of 
conventional cultivation are lower than in areas under no-
tillage and minimum tillage; this condition was justified by the 
low intake of OM and the application of agrochemicals that 
negatively affects the soil microbial community.

Conclusions

1. No differences were observed between management 
systems (minimum with only mown, minimum with mown 
and incorporation for fallow management system), with the 
greatest shoot dry mass observed in the area cultivated with 
Crotalaria juncea.

2. The concentrations of Ca and K are superior in the fallow 
area and area cultivated with Crotalaria juncea, at the 0-0.10 m 
soil layer.

Means followed by the same letter do not differ by Tukey’s test (p ≤ 0.05), lowercase letters 
in column compare soil coverages at the same soil depth and uppercase letters in column 
compare soil depth for the same soil coverage. SBR - Soil basal respiration; CMBNI - 
Carbon from microbial biomass not irradiated; CMBI - Carbon from microbial biomass 
irradiated; OM - Soil organic matter; CV - Coefficient of variation

Table 2. Biological attributes in areas under soil coverages and 
soil depths in cassava plantation area
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3. The soil organic matter content was superior in the area 
cultivated with Crotalaria juncea, at 0-0.10 m. Between the soil 
layers, the soil organic matter concentration was greater in the 
0.10-0.20 m soil layer.

4. No differences were observed between soil basal 
respiration in both soil depths and all soil coverages. The 
carbon from microbial biomass not irradiated is high in the 
most superficial layer.

Acknowledgments

To the Conselho Nacional de Desenvolvimento Científico 
e Tecnológico (CNPq, Brazil) for financial support for the 
implementation of this study, and to the Embrapa Meio Norte 
for conceding the experimental area.

Literature Cited

Alves, T. dos S.; Campos, L. L.; Elias Neto, N.; Matsuoka, M.; Loureiro, 
M. F. Biomassa e atividade microbiana de solo sob vegetação 
nativa e diferentes sistemas de manejos. Acta Scientiarum. 
Agronomy, v.33, p.341-347, 2011. http://dx.doi.org/10.4025/
actasciagron.v33i2.4841

Anderson, J. M.; Ingram, J. S. I. A. Tropical soil biology and fertility: 
A handbook of methods. 2.ed. Wallingford: CAB International, 
1993. 221p.

Araújo Neto, S. E. de; Silva, A. N. da; Kusdra, J. F.; Kolln, F. T.; Andrade 
Neto, R. C. de. Atividade biológica de solo sob cultivo múltiplo 
de maracujá, abacaxi, milho, mandioca e plantas de cobertura. 
Revista Ciência Agronômica, v.45, p.650-658, 2014. https://doi.
org/10.1590/S1806-66902014000400003

Crusciol, C. A. C.; Soratto, R. P. Nitrogen supply for cover crops 
and effects on peanut grown in succession under a no-till 
system. Agronomy Journal, v.101, p.41-46, 2009. http://dx.doi.
org/10.2134/agronj2008.0054

Devide, A. C. P.; Castro, C. M. de; Valle, T. L.; Feltran, J. C.; Almeida, 
J. C. R. de. Cultivo de mandioca de mesa em plantio direto e 
convencional sobre diferentes culturas de cobertura. Revista 
Brasileira de Energias Renováveis, v.6, p.274-285, 2017. http://
dx.doi.org/10.5380/rber.v6i2.48219

Fasinmirin, J. T.; Reichert, J. M. Conservation tillage for cassava 
(Manihot esculenta Crantz) production in the tropics. Soil & 
Tillage Research, v.113, p.1-10, 2011. https://doi.org/10.1016/j.
still.2011.01.008

Favarato, L. F.; Souza, J. L. de; Galvão, J. C. C.; Souza, C. M. de; 
Guarçoni, R. C. Atributos químicos do solo com diferentes plantas 
de cobertura em sistema de plantio direto orgânico. Revista 
Brasileira de Agropecuária Sustentável, v.5, p.19-28, 2015. https://
doi.org/10.21206/Rbas.V5i2.312

García-Orenes, F.; Guerreiro, C.; Roldán, A.; Mataix-Solera, J.; 
Cerdà, A.; Campoy, M.; Zornoza, R.; Bárcenas, G.; Caravaca, F. 
Soil microbial biomass and activity under different agricultural 
management systems in a semiarid Mediterranean agroecosystem. 
Soil & Tillage Reearch, v.109, p.110-115, 2010. https://doi.
org/10.1016/j.still.2010.05.005.

Hickmann, C.; Costa, L. M. da; Schaefer, C. E. G. R.; Fernandes, R. B. 
A.; Andrade, C. L. T. Atributos físico-hídricos e carbono orgânico 
de um Argissolo após 23 anos de diferentes manejos. Revista 
Caatinga, v.25, p.128-136, 2012.

Hungria, M.; Franchini, J. C.; Brandão Junior, O.; Kaschuk, G.; Souza, 
R. A. Soil microbial activity and crop sustainability in a long-
term experiment with three soil-tillage and two crop-rotation 
systems. Applied Soil Ecology, v.42, p.288-296, 2009. https://doi.
org/10.1016/j.apsoil.2009.05.005

Insam, H.; Domsch, K. H. Relationship between soil organic carbon 
and microbial biomass on chronosequences of reclamation sites. 
Microbial Ecology, v.15, p.177-188, 1988. https://doi.org/10.1007/
BF02011711

Islam, K. R.; Weil, R. R. Microwave irradiation of soil for routine 
measurement of microbial biomass carbon. Biology and 
Fertility of Soils, v.27, p.408-416, 1998. https://doi.org/10.1007/
s003740050451

Jenkinson, D. S.; Powlson, D. S. The effects of biocidal treatments 
on metabolism in soil V: A method for measuring soil biomass. 
Soil Biology and Biochemistry, v.8, p.209-213, 1976. https://doi.
org/10.1016/0038-0717(76)90005-5

Leite, L. F. C.; Galvão, S. R. S.; Holanda Neto, M. R.; Araújo, F. S.; 
Iwata, B. F. Atributos químicos e estoques de carbono em Latossolo 
sob plantio direto no Cerrado do Piauí. Revista Brasileira de 
Engenharia Agrícola e Ambiental, v.14, p.1273-1280, 2010. http://
dx.doi.org/10.1590/S1415-43662010001200004

Lima, A. C. R.; Brussaard, L.; Totola, M. R.; Hoogmoed, W. B.; Goede, 
R. G. M. de. A functional evaluation of three indicator sets for 
assessing soil quality. Applied Soil Ecology, v.64, p.194-200, 2013. 
http://doi.org/10.1016/j.apsoil.2012.12.009

Meurer, E. J. Nutrição mineral de plantas. 1.ed. Viçosa: Sociedade 
Brasileira de Ciência do Solo, 2006. 432p. 

Otsubo, A. A.; Brito, O. R.; Passos, D. P.; Araújo, H. S. de; Mercante, 
F. M.; Otsubo, V. H. N. Formas de preparo de solo e controle 
de plantas daninhas nos fatores agronômicos e de produção da 
mandioca. Semina: Ciências Agrárias, v.33, p.2241-2246, 2012. 
http://dx.doi.org/10.5433/1679-0359.2012v33n6p2241

Pacheco, L. P.; Monteiro, M. M. de S.; Petter, F. A.; Nóbrega, J. C. A.; 
Santos, A. S. dos. Biomass and nutrient cycling by cover crops in 
Brazilian Cerrado in the state of Piauí. Revista Caatinga, v.30, p.13-
23, 2017. http://dx.doi.org/10.1590/1983-21252017v30n102rc

Padovan, M. P.; Motta, I. de S.; Carneiro, L. F.; Moitinho, M. R.; 
Fernandes, S. S. L. Acúmulo de fitomassa e nutrientes e estádio 
mais adequado de manejo do feijão-de-porco para fins de 
adubação verde. Revista Brasileira de Agroecologia, v.6, p.182-
190, 2011. 

Pedrotti, A.; Silva, T. O. da; Araújo, E. M.; Araújo Filho, R. N. de; 
Holanda, F. S. R. Atributos químicos do solo modificados por 
diferentes sistemas de cultivo associados a culturas antecessoras 
ao cultivo do milho, nos Tabuleiros Costeiros. Magistra, v.27, 
p.292-305, 2015. 

Pequeno, M. G.; Vidigal Filho, P. S.; Tormena, C.; Kvitschal, M. 
V.; Manzotti, M. Efeito do sistema de preparo do solo sobre 
características agronômicas da mandioca (Manihot esculenta 
Crantz). Revista Brasileira Engenharia Agrícola e Ambiental, 
v.11, p.476-481, 2007. http://dx.doi.org/10.1590/S1415-
43662007000500005

Pereira, A. A.; Thomaz, E. L. Atributos químicos do solo em áreas sob 
diferentes sistemas de uso e manejo no município de Reserva - 
PR. Caminhos de Geografia, v.16, p.186-194, 2015. https://doi.
org/10.11606/rdg.v30i0.98625



Chemical attributes and microbial activity of soil cultivated with cassava under different cover crops 619

R. Bras. Eng. Agríc. Ambiental, v.23, n.8, p.614-619, 2019.

Rosa, C. M. da; Castilhos, R. M. V.; Pauletto, E. A.; Pillon, C. N.; 
Leal, O. dos A. Conteúdo de carbono orgânico em Planossolo 
Háplico sob sistemas de manejo do arroz irrigado. Revista 
Brasileira de Ciência do Solo, v.35, p.1769-1776, 2011. http://
dx.doi.org/10.1590/S0100-06832011000500031

Santos, H. G. dos; Jacomine, P. K. T.; Anjos, L. H. C. dos; Oliveira, V. A. 
de; Lumbreras, J. F.; Coelho, M. R.; Almeida, J. A. de; Cunha, T. J. F.; 
Oliveira, J. B. de. Sistema brasileiro de classificação de solos. 3.ed. 
rev. ampl. Brasília: Embrapa Informação Tecnológica, 2013. 353p. 

Teixeira, B. M.; Loss, A.; Pereira, M. G.; Pimentel, C. Nutrient cycling 
and decomposition of crop residues of four cover crops for soil. 
Idesia, v.30, p.55-64, 2012. http://dx.doi.org/10.4067/S0718-
34292012000100007

Teixeira, P. C.; Donagemma, G. K.; Fontana, A.; Teixeira, W. G. Manual 
de métodos de análise de solos. 3.ed. rev. ampl. Rio de Janeiro: 
Embrapa Solos, 2017. 573p. 

Torres, J. L. R.; Cunha, M. de A.; Pereira, M. G.; Vieira, D. M. da S. 
Cultivo de feijão e milho em sucessão a plantas de cobertura. 
Revista Caatinga, v.27, p.117-125, 2014. 

Torres, J. L. R.; Gomes, F. R. da C.; Barreto, A. C.; Tamburús, A. 
Y.; Vieira, D. M. S.; Souza, Z. M. de; Mazetto, J. C. Application 
of different cover crops and mineral fertilizer doses for no-till 
cultivation of broccoli, cauliflower and cabbage. Australian 
Journal of Crop Science, v.11, p.1339-1345, 2017. http://dx.doi.
org/10.21475/ajcs.17.11.10.pne645

Vitti, G. C.; Lima, E.; Cicerone, F. Cálcio, magnésio e enxofre. In: 
Fernandes, M. S. (ed.). Nutrição mineral de plantas. 1.ed. Viçosa: 
Sociedade Brasileira de Ciência do Solo, 2006. Cap.12, p.299-325. 

Yeomans, J. C.; Bremner, J. M. A rapid and precise method for routine 
determination of organic carbon in soil. Communications in Soil 
Science and Plant Analysis, v.19, p.1467-1476, 1988. https://doi.
org/10.1080/00103628809368027


