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INTRODUCTION

Onion is an important crop in Brazil, 
and the state of Santa Catarina is one of the 
leading production regions (EPAGRI, 2013). In 

this region, onions are grown under conventional 
management system, which involves plowing and 
harrowing at planting, causing physical, chemical 
and biological degradation (MARINARI et al., 
2006; LOSS et al., 2015). Also, this cultivation 
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ABSTRACT: Microbial biomass is a driving force in the dynamics of soil organic matter, and microbial activity is an indicator of soil qual-
ity in agroecosystems, reflecting changes in management practices and environmental conditions. We evaluated the effect of monoculture and 
intercropped winter cover crops on soil chemical attributes, microbial biomass carbon (MBC), basal respiration (BR), metabolic quotient 
(qCO

2
), urease, β-glucosidase, and fluorescein diacetate (FDA) hydrolysis activity, as well as onion yield in a no-tillage system. Soil is a Typic 

Humudept, and treatments were control with spontaneous vegetation, barley, rye, oilseed radish (OR), OR + rye, and OR + barley. The soil 
was sampled (0-10 cm) five times between June and December. There were no differences among treatments for MBC and BR, and the highest 
values for those attributes occurred in June, when cover plants were in their initial stage. Although, qCO

2 was not affected by any treatment, 
it varied among sampling periods, ranging from 0.62 to 10 µg C-CO

2
 mg-1 MBC h-1, indicating a low- or no stress environment. Cover crops 

had little influence on enzyme activity, but FDA was lowered in areas with single crops of barley and rye. Average onion yield in cover crops 
treatments was 13.01 (Mg ha-1), 30-40% higher than in the control treatment.
Key words: biological activity, cover crops, green manure, Allium cepa L.

RESUMO: A biomassa microbiana é determinante na dinâmica da matéria orgânica do solo e sua atividade é um indicador de qualidade 
do solo em agroecossistemas, refletindo mudanças em práticas de manejo e em condições ambientais. Avaliou-se o efeito de culturas de 
cobertura de inverno, solteiras ou consorciadas, sobre atributos químicos do solo, carbono da biomassa microbiana (CBM), respiração basal 
(RB), quociente metabólico (qCO

2
) e atividade das enzimas urease, β-glucosidase e FDA, bem como o rendimento da cebola em um sistema 

de plantio direto. O solo é um Cambissolo Húmico alumínico, os tratamentos foram testemunha com vegetação espontânea, cevada, centeio, 
nabo forrageiro (NF), NF + centeio e NF + cevada. Realizaram-se cinco coletas de amostras de solo (0-10 cm) entre junho a dezembro. Não 
houve diferenças entre os tratamentos para CBM e RB, e os maiores valores para esses atributos ocorreram em junho, quando as plantas de 
cobertura estavam em seu estágio inicial. Embora o qCO

2
 não tenha sido afetado por nenhum tratamento, ele variou entre os períodos de 

amostragem, com valores entre 0,62 e 10 µg de C-CO
2
 mg-1 MBC h-1, indicando um ambiente de baixo ou nenhum estresse. As culturas de 

cobertura tiveram pouca influência na atividade enzimática, mas o FDA foi reduzido em áreas com cultivos solteiros de cevada ou centeio. O 
rendimento médio de cebola nos tratamentos com culturas de cobertura foi de 13,01 (Mg ha-1), mais alto que no tratamento controle.
Palavras-chave: atividade microbiana, plantas de cobertura, adubação verde, Allium cepa.
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system has enhanced water and nutrient losses due 
to erosion and indiscriminate use of fertilizers and 
herbicides to control weeds (PANACHUKI et al., 
2011). Alternatively, onion and other vegetables have 
been grown in an agroecological no-tillage system 
without the use of pesticides and soluble mineral 
fertilizers (SPDH, for Sistema de Plantio Direto de 
Hortaliças). The system follows ecological principles 
of management, such as soil mobilization restricted 
to planting lines, different cover crops species, and 
split fertilizer applications (WEZEL et al., 2014; 
Migliorini & Wezel, 2017). We seek to reduce, 
even eliminate, the use of chemical control, replacing 
it with the physical barrier created by plant residues 
on the soil surface. A high amount of plant biomass, 
as well as cover crop diversity, will also improve soil 
chemical and biological attributes.

Cover crops residues increase soil organic 
matter; and consequently, cation exchange capacity 
(CEC), enhancing adsorption of elements such as 
calcium (Ca) and magnesium (Mg), and complexation 
of potentially harmful elements, such as aluminum 
(Al) (OLIVEIRA et al., 2016). In addition, those 
plants can uptake nutrients from deeper soil layers, 
such as phosphorus (P) and potassium (K). Upon 
mineralization, those nutrients accumulated in plant 
tissues are released in topsoil layers (BASSEGIO et 
al., 2015; HUBBARD et al., 2013; OLIVEIRA at al., 
2016). Cover crops are also a source of C, increasing 
soil organic matter, stimulate soil microbial populations, 
improve soil aggregation, and create habitats for diverse 
soil organisms (RAMOS et al., 2010). Soil organic 
matter also stores N in organic forms and mineralize 
it and make it available to plants (LOSS et al., 2015). 
The main driving force of soil organic matter is 
its microbiota; and consequently, soil biological 
properties may be indicators of soil quality. A strong 
reason to evaluate soil quality is to assess the effects 
of soil management practices in the long term and to 
predict soil degradation processes, in order to prevent 
or remediate degradation. Therefore, soil quality 
indicators should be sensible to changes in the short or 
medium term (MARTINEZ-SALGADO et al., 2010). 
Microbial biomass and its activity are important 
indicators of soil quality in agroecosystems, as they 
respond to differences in management practices 
(MARINARI et al., 2006; Benintende et al., 
2008) and to environmental stress (Benintende 
et al., 2008).  Soil basal microbial respiration is used 
to monitor residue decomposition because it varies 
due to changes in soil substrate availability, moisture, 
and temperature (Moreira & Siqueira, 2006). 
The metabolic quotient  qCO2, the ratio between 

soil microbial respiration and biomass, is another 
indicator of environmental stress on soil microbial 
population (Mercante et al., 2008; Anderson 
& Domsch, 2010). The activities of different soil 
enzymes are indicators of microbial activity, since they 
are sensitive to short-term changes in the soil, and point 
to specific metabolic activities, related to nutrients or 
substrates present in the soil (RAMOS et al., 2010).  

Understanding the dynamics of nutrient 
release and biological activity in agroecological 
systems using soil cover crops, as is the case of the 
no-tillage vegetable production system, will allow 
the development and adoption of soil management 
strategies. It will also help to evaluate how different 
cover crop species contribute to soil microbial activity 
and; consequently, to sustainable onion production, as 
relatively few studies have evaluated soil microbial 
activity in systems without the use of pesticides 
and soluble mineral fertilizers.  This research aimed 
to evaluate the influence of winter cover crops on 
chemical and biological soil attributes in an area with 
onion grown in a no-tillage system.

MATERIALS   AND   METHODS

The experiment was carried out in 
Ituporanga, Southern Brazil (27º 22’ S and 49° 35’ 
W, 475 m altitude), an area with a humid subtropical 
climate (Köppen’s Cfa, 17.6 °C mean annual 
temperature and 1430 mm annual rainfall) (KÖPPEN 
& GEIGER, 1936). Mean temperature and rainfall 
during the experiment are presented in figure 1. The 
soil is a Humic Dystrudept (Soil Survey Staff, 
2010)), with the attributes described in table 1.

The experiment was implemented in an 
area with a previous 20-year history of onion crops in 
conventional tillage system (plowing, disc harrowing, 
and rototilling). Between 1996 and 2007, a minimum 
cultivation system was used for onion production in 
rotation with cover crops: black oat (Avena strigosa 
Schreb), velvet bean (Mucuna aterima Piper & 
Tracy), millet (Pennisetum glaucum L.), sunn hemp 
(Crotalaria juncea L.), and vetch (Vicia sativa L. The 
area had sweet potatoes (Ipomoea batatas (L.) Lam.) 
until 2009, when the no-tillage system experiment 
was implemented. At the beginning of the experiment 
(April 2009), the area was desiccated with glyphosate, 
and lime was applied and incorporated to increase pH 
in water to 6.0. After that, no synthetic agrochemicals 
or mineral fertilizers were used.

The six treatments were: (i) control 
(fallow); (ii) black oats (Avena strigosa  L.) (120kg 
seeds ha-1); (iii) rye (Secale cereale L.) (120kg seeds 
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ha-1); (iv) oilseed radish (Raphanus sativus  L.) (20 
kg seeds ha-1); (v) oilseed radish + rye (10 + 60 kg 
seeds ha-1), and (vi) oilseed radish + black oats (10 + 
60kg seeds ha-1). Treatments were arranged in blocks, 
with eight replicates per treatment. Each plot had 25 
m². In April 2010, cover crops were sown again, and 
barley (Hordeum vulgare L.) replaced black oats. All 
seeds were broadcast on the soil surface, and a seed 
drill was passed twice on each plot to ensure that most 
seeds would move from the litter to the soil surface. 
Seed doses were 1.5 times the values recommended 
for the region (MONEGAT, 1991). In July 2009 and 
July 2010, all plots were knife-rolled and received 
96 kg P ha-1 (Gafsa rock phosphate), plus poultry 
litter (5.0 m3) with 175 kg d P ha-1, 125kg K ha-1, and 
100kg N ha-1. Half of the poultry litter was applied 
at transplanting the onion seedlings and a half after 
30 days. A no-tillage seed drill opened furrows for 
onion plantlets (cv. ‘Empasc 352’ - Bola Precoce). In 
both years, onion plants were placed manually, 0.10 
m apart in each line, with 0.40 m between lines, with 
10 onion lines per plot. Manual weeding was done in 
2009 e 2010 at 40 and 90 days after transplanted of 
onion seedlings to reduce the number of weeds.

In June 2010, ten 0-0.10 m deep soil 
subsamples were collected in each plot. Soil samples 
were air-dried, sieved (2-mm mesh), and analyzed. 

Organic matter (OM) was estimated by the Walkley–
Black method (EMBRAPA, 1997); soil pH was 
measured in a 1:1 (v/v) soil: water suspension. 
After extraction with Mehlich 1 solution (0.05 mol 
L-1 HCl + 0.0125 mol L-1 H2SO4), available P and 
exchangeable K were measured by spectrophotometry 
and flame photometry, respectively (TEDESCO et 
al., 1995). After extraction (1-mol L-1 KCl solution), 
exchangeable Ca and Mg were determined by 
Atomic Absorption Spectrometry. Exchangeable 
Al was determined by titration with NaOH 0.0125 mol 
L-1 (TEDESCO et al., 1995). Cation exchange capacity 
at pH 7.0 (CECpH7.0) was calculated as the sum of 
exchangeable bases (Ca + Mg + K) plus the estimated 
H+Al (CQFSRS/SC, 2004).

Ten soil subsamples (0-10 cm) were 
collected in June, July, August, November, and 
December 2010 for microbiological analyses. 
Samples were sieved (2 mm mesh), plant residues 
were removed manually, soil moisture was adjusted 
to 60% of field capacity, and the samples were stored 
at 4 ˚C for 10 days. Samples collected in June and 
December were used to assess enzyme activity. 
FDA was measured by spectrophotometry (DICK 
et al., 1996), and urease activity was estimated 
by quantification of ammonia released after soil 
incubation with a urea solution (Tabatabai & 

Figure 1 - Monthly-accumulated rainfall (bars) and mean temperature (dots) in an area with 
onion grown over residues of winter cover crops in no-tillage system in 2010, in 
Santa Catarina, Southern Brazil. Source: Epagri/Ciram.
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Bremner, 1972). The β-glucosidase activity was 
quantified as ρ-nitrophenol released in soil incubated 
with ρ-nitrophenyl-β-D-glucoside buffer (DICK et 
al., 1996). Samples collected in June, July, August, 
November and December were used to measure 
soil microbial biomass (MBC) by the fumigation-
extraction method (VANCE et al., 1987), and basal 
respiration (BR) was evaluated by the incubation 
method (Jenkinson & Powlson, 1976). 
Metabolic quotient (qCO2) was calculated as the ratio 
between basal respiration and soil microbial biomass. 
All microbiological measures were done in triplicate, 
and all results are expressed on a dry soil basis.

All data were submitted to normality 
(Shapiro - Wilk) and homogeneity (Cochran) tests. 
The qCO2 data were transformed using square 
root.  Results were subjected to analysis of variance 
using the SISVAR program and when effects were 
significant, means were compared using the Scott-
Knott test (P<0.05). Significance levels for correlation 
coefficients between chemical and biological 
attributes and yield of onion, and between organic 
matter and chemical attributes were obtained according 
to Pearson. Principal Component Analysis (PCA) was 
used for soil chemical attributes OM, pH (water), 
CECpH7.0, P, K, Mg, Ca, as well as the microbiological 
variables MBC, qCO2, FDA, urease activity, and 
ß-glucosidase activity. Microbiological data were 
transformed into a single mean value of collected 
samples. Aiming to minimize data discrepancy, 
quantitative values were normalized between -1 and 
1 using the following equation (HAN et al., 2011):

where v´ is the normalized value, v is original 
quantitative value, min(v) is the minimum value and 
max(v) is the maximum value.

RESULTS   AND   DISCUSSION

Soil OM, P, Mg, Ca, pHH2O and CECpH7.0 did 
not differ among treatments with single or intercropped 
cover crops or fallow (Table 1). Exchangeable Al 
values were null, as expected since soil pH is above 
5.5 in all treatments. Deposition of crop residues on 
the soil surface over the years helped to maintain OM 
levels in all treatments (Manfogoya et al., 1997), 
thus eliminating differences in most soil attributes. 
Besides, application, in all plots, of poultry manure 
after the cover crop cycle, absence of soil tillage, 
and low export by onion production contributed to 
increase OM and CEC (LOURENZI et al., 2016). 
Soil pH was affected by the initial liming performed 
before implementation of the experiment, in 
addition to the decomposition of crop residues 
and organic fertilization. Organic materials release 
organic acids in the soil, which increases adsorption 
of H+ and Al3+, which may result in increase of pH 
values and decrease of exchangeable Al3+ contents 
(LOURENZI et al., 2016).

The highest soil K content was obtained 
in the combined oilseed radish (OR) and barley 
treatment, followed by the rye and oilseed radish 
treatments. (Table 1). This can probably be explained 
by the higher shoot dry mass produced by these 
species when intercropped (SOUZA et al., 2019), 
as compared to the other single-crop treatments. An 
abundance of plant tissue stimulates K accumulation 

 

Table 1 - Soil chemical attributes (0-10 cm layer) and onion bulb yield in area with residues of winter cover crops single or intercropped 
in no-tillage system, 2010, Santa Catarina, Southern Brazil. 

 

Cover crop Organic matter pHH2O P K CECpH7.0 Mg Ca S V Onion yield 

 g Kg-1  -----mg dm-3------ -------------cmolc dm-3------------- % Mg ha-1 
Control 36.4a* 5.7a 60.6a 437c 14.5a 3.0a 5.6a 9.7a 66.3b 9.6 b 
Barley 36.6a 5.6a 64.0a 395d 14.2a 2.9a 5.4a 9.3b 65.4b 12.8 a 
Rye 36.8a 5.7a 62.7a 461b 14.7a 3.0a 5.8a 9.9a 67.2b 12.5 a 
Oilseed  36.9a 5.8a 66.1a 468b 14.6a 3.0a 5.8a 9.9a 68.5a 13.5 a 
----------------------------------------------------------------------Radish (OR)------------------------------------------------------------------------- 
OR + Barley 37.4a 5.8a 64.7a 508a 14.7a 3.1a 5.7a 10.1a 68.6a 13.4 a 
OR + Rye 38.4a 5.7a 74.2a 442c 14.9a 3.0a 5.8a 9.97a 66.9b 13.3 a 

 
*Means followed by the same letter in each column do not differ by the Scott-Knott test P≤0.05). CEC = Cation exchange capacity; S = 
Sum of bases; V = base saturation. 
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in the soil (BASSEGIO et al., 2015). Oilseed radish 
also stands out as a nutrient-cycling crop, with rapid 
return to soils (LIMA et al., 2007). After the deposition 
of plant residues on the soil surface, K is quickly 
released, maintaining or even increasing its content 
in the soil (BASSEGIO et al., 2015; OLIVEIRA et 
al., 2016).

There were differences in microbial 
biomass (MBC) only among sampling times (Figure 
2a). The highest values of MBC were observed in 
June, followed by the samplings from November 
and December (Figure 2a). In June, cover crops 
were collected 60 days after sowing (60 DAS) and 
were in different phenological stages. According to 
Czelusniak et al. (2012), metabolite production 
in plants varies according to their development, 
including leaf development, emergence of new organs, 
biochemical, physiological, and ecological and 
evolutionary processes. OR plants were in the early 
stage of vegetative development, as they bloom 70-
80 days after emergence, while barley and rye, which 
have shorter cycles, were in the stem elongation stage 
(SOUZA et al., 2019). Therefore, the species were 
probably producing high rates of root exudate during 
this period, a carbon source for microorganisms 
(GARCIA et al., 2005). In the December sampling, the 
soil was still covered with some winter crop residues 
at different stages of decomposition. That, coupled 
with high temperatures and humidity, may have 
stimulated microbial biomass. Intermediate values 
of MBC occurred in July and November (Figure 2a).  
The MBC had low values in July (90 DAS) because 
at this stage cover plants are closer to the end of their 
cycle, having reduced metabolic activity in the root 
system. At this time, there was probably a reduction 
in root exudates, coupled with low temperatures and 
high rainfall (Figure 1), characteristic of mid-winter. 
Conversely, the values from November must be 
linked to the increased temperatures in late spring, 
as well as the influence of the remaining residues of 
winter cover plants. The lowest values of MBC were 
observed in August (Figure 2a). That sampling was 
done at the beginning of the onion cycle, in soil form 
recently transplanted seedlings, after the rolling of 
the cover crops. At such time onion growth was slow, 
which resulted in low amounts of organic matter as 
carbon source for soil microorganisms. The general 
mean of all treatments (286 µg C g-1 dry soil) is in 
accordance with results reported in no-tillage systems 
(Kaschuk et al., 2010; SILVA et al., 2007). 

Basal respiration also had significant 
differences only among sampling times (Figure 2b), 
with no interaction between treatments and sampling 

times. The value for June was higher than those of 
all other sampling times. One possible reason is 
rhizodeposition by the cover crops and spontaneous 
plants. Rhizodeposition is a source of available C for 
soil microbes, and that may increase soil microbial 
metabolic activity, thus enhancing decomposition 
of organic residues and mineralization of nutrients 
(Bertin et al., 2003). For other sampling times, 
basal respiration rates were lower, as compared to 
the June sampling, possibly because the level of 
organic C in the soil was not sufficient to meet the 
demand by microorganisms (Garcia et al., 2005). 
Therefore, most of the microbes were in inactive 

Figure 2 - Microbial biomass carbon (a) and basal respiration 
(b) in the 0-10 cm layer of a soil with onion grown 
over residues of winter cover crops in no-tillage 
system, in Santa Catarina, Southern Brazil, in June, 
July, August, November and December 2010.
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or latent forms, with little or no metabolic activity 
(Moreira & Siqueira, 2006). There was no 
significant differences among treatments, with a 
general mean of 0.76 µg C-CO2 g

-1soil h-1, which can 
be considered high, if compared to values reported in 
no-tillage systems in other regions of Brazil (Silva 
et al., 2007; Mercante et al., 2008).

Significant differences in qCO2 occurred 
between sampling times (Table 2), with no interaction 
between treatments and sampling times, and no 
differences between treatments. The highest values 
in this ratio were observed in June, due to the rise 
in MBC and basal respiration, which were influenced 
by the presence of the cover crops, as previously 
discussed. Intermediate values occurred in the July 
and August samples, with a mean value of 5.74 µg 
C-CO2 mg-1 MBC h-1. As production of exudates 
varies with plants age (Bertin et al., 2003), cover 
crops did not produce the same amounts of exudates 
in July, because they were at the end of their cycles. 
Furthermore, for this sampling time there were lower 
values of MBC and lower respiration rates, as well as 
a decrease in qCO2. The intermediate results observed 
for the August sample were due to the recent rolling 
of the cover crops, with the resulting availability of 
C and nutrients from fresh plant residues. The lowest 
values are from in the November and December 
samples, with a mean value of 1.45 µg C-CO2 mg-1 
MBC h-1. In these cases, there was an increase in 
MBC, but respiration was still low; therefore, causing 
a decrease in qCO2. The lower values reflect higher 
efficiency of the microbial biomass in the use of 
organic C, meaning that less C is lost as CO2 through 
respiration and more C is incorporated into microbial 
cells (Anderson & Domsch, 2010). No-tillage 
systems may provide more favorable conditions to 
microorganisms (Mercante et al., 2008), and 

lower values of qCO2 indicated environments that are 
under low or no stress (Anderson & Domsch, 
2010). Franchini et al. (2007) demonstrated that 
Southern Brazil soils under conventional tillage had 
qCO2 values of 2.0 µg C-CO2 mg-1 MBC h-1, whilst 
in a no tillage system the values were 1.10 µg C-CO2 
mg-1 MBC h-1.

 Enzyme activity assays showed 
differences in behavior of the different metabolic 
pathways assessed. In June, the activity of FDA 
enzyme in the control treatment was 7.9 and 2.1 
times higher than in the treatments with barley and 
rye, respectively (Table 3). The OR + barley mix 
provided a 664% increase in FDA enzyme activity 
in comparison to barley alone. In December, FDA 
enzyme activity showed no statistical difference 
among the different treatments. We reported 23 more 
species of spontaneous plant in the control treatments 
than in the cover crop treatments, in the beginning, 
middle, and end of the onion cycle. This suggests 
that residues of these diverse spontaneous plants 
stimulate activity of this enzyme. Oilseed radish, 
either in monoculture or intercropped, had large dry 
matter production, which, coupled to its fast biomass 
degradation (LIMA et al., 2007), may explain the 
increase in FDA in treatments with that species. 
Sánchez-Monedero et al. (2008) observed 
that FDA activity is related to plant diversity, organic 
matter content, and state of decomposition, but it 
is little affected by environmental changes, such as 
temperature and humidity. 

Urease activity varied between sampling times, 
with the highest values occurring in June (Table 3). 
The highest activity of this enzyme in June was due 
to the presence of cover plants with high metabolic 
activity (NEVINS et al., 2020). Rhizodeposition 
consists of organic acids, amino acids, sugars, and 

Table 2 - Metabolic quocient qCO2 in five sampling times in the 0-10 cm layer of a soil with onion grown over residues of winter cover 
crops in no-tillage system in 2010, Santa Catarina, Southern Brazil. 

 

Sampling time (qCO2) 

 µg C-CO2 mg-1 BMS h-1 
June (Late Fall) 11.0a* 
July (Early Winter) 6.0 b 
August (Winter) 5.5 b 
November (Late Spring) 1.6 c 
December (Summer) 1.3c 

 
*Means followed by the same letter in each column do not differ by the Scott-Knott test (P≤0.05). 
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vitamins, among others. Amino acids may decompose 
into organic molecules and urea (Paul & Clark, 
2007), which stimulates the production of the enzyme 
urease, which is affected by exudates (GARCIA et 
al., 2005; LANNA et al., 2010). In December, only 
residual cover crop residues remained on the soil, a 
factor leading to lower activity of the enzyme. Rye 
and barley, plants with high C/N ratio, provide the 
soil a larger amount of C than of N for heterotrophic 
microorganisms; and consequently, they take longer 
to decompose amino acids in order to obtain nitrogen 
(Paul & Clark, 2007).Conversely, in a study 
on the behavior of production of urease in the soil, 
MCCarty et al. (1992) showed that the products 
derived from the assimilation of NH4

+ e NO3
- by 

microorganisms in the soil inhibit the production 
of the enzyme, which would explain the decrease 
of urease activity in the December sample. No 
differences were reported for urease activity among 
treatments, with average values of 3.8 μg N-NH4 g

-1 
dry soil h-1, which is considered low. One possible 
explanation is that the activity of this enzyme was 
influenced by climate factors, such as temperature, or 
soil factors like pH, aeration, texture and amount of 
organic C (Lanna et al., 2010).

There were differences among sampling 
times for β-glucosidase activity (Table 3). The 
highest values, in December, was 1.4 times higher 
than activity in June (Table 3). The high activity of 
this enzyme in December is related to the greater 
amount of organic residues incorporated to the soil, 
since higher levels of carbon in the soil lead to 

increased β-glucosidase activity (Moscatelli 
et al., 2012). This enzyme acts in the final step of 
cellulose decomposition (Matsuoka et al., 2003), 
which may explain its increase in December, when 
the winter cover crop residues were in different stages 
of decomposition. The lowest values in June are due 
to the low amount of crop residues, which have been 
related to β-glucosidase activity (Garcia et al., 
2005). No significant differences in the activity of 
β-glucosidase were reported among treatments, with 
mean values of 103 μg PNP g-1 dry soil h-1, results 
within the range of variation (52 to 783 μg PNP g-1 
dry soil h-1) of other studies carried out in no-tillage 
systems (NT) in Brazil (Kaschuk et al., 2010). 

The Pearson correlation indexes showed 
complex interactions among the variables (Table 4). 
Basal respiration and urease had negative correlations 
with organic matter (-0.980 and -0.895); P (-0.725 and 
-0.752); K (-0.811 e -0.694); Mg (-0.854 and -0.778)  
CEC (-0.779 and -0.771). Conversely, those two 
variables had positive (0.630 and 0.718) correlations 
with pH. Respiration reflects the metabolic activity of 
microorganisms in the soil, which was enhanced by 
the degradation of winter cover crop residues. That 
process of mineralization is related to soil fertility, 
since nutrients may be used by microorganisms and 
ultimately made available to plants. The negative 
correlations have a relative value, since there were 
only significant differences between treatments in 
pH and exchangeable K, but all the values are within 
levels which are considered satisfactory to growth 
of most plants (CQFSRS/SC, 2004). Activity of 

 

Table 3 - Enzyme activity in the 0-10 cm layer of a soil with onion grown over residues of winter cover crops in no-tillage system in 
2010, Santa Catarina, Southern Brazil. 

 

Cover crop June (late Fall) December (Summer) 

----------------------------------------------------------Fluorescein Diacetate (mg g-1 dry soil h-1)---------------------------------------------------------- 
Control (Fallow) 104.0a* 71.5a 
Barley 13.2b 50.9a 
Rye 49.5b 58.9a 
Oilseed Radish (OR) 64.4a 67.6a 
OR + Rye 73.8a 77.8a 
OR + Barley 101.8a 61.7a 
----------------------------------------------------------Urease (µg N-NH4 g-1 dry soil h-1)-------------------------------------------------------------------- 
Mean of all treatments 4.37A 3.27B 
--------------------------------------------------------ß-glucosidase (µg PNP g dry soil -1 h-1)---------------------------------------------------------------- 
Mean of all treatments 87.2B 118.2A 

 
*Means followed by the same lower case letter in each column and the same capital letter in each line do not differ by the Scott-Knott 
test (P≤0.05). 
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β-glucosidase presented high positive correlations 
(r >0.66) with organic matter (0.790); P (0.663); K 
(0.848); Mg (0.795) and CEC (0.683). Those changes 
in the biological variables may be early indicators of 
changes in soil fertility, since this enzyme activity is 
related to the decomposition of organic matter and 
soil fertility (Roldán et al., 2003). 

Microbial biomass and FDA enzyme activity 
showed no significant correlation with the chemical 
attributes, demonstrating that this enzyme activity was 
not, in the short period of this study, sensitive enough 
to reflect changes in soil conditions. However,FDA 
activity was affected by cover crops (Table 3), with low 
values associated with use of grasses alone.

Onion yield was not affected by the 
treatments in this harvest, except for the control 
treatment, which presented a significantly lower 
value (9.6 Mg ha-1), as compared to all other 
treatments (general mean of 13.1 Mg ha-1) (Table 
1), considering only commercially acceptable bulbs 
with diameter between 50 mm and 70 mm (class 
3). That demonstrates the positive effect of growing 
and deposition of residues of soil cover crops in 
agroecological management without using pesticides 
and soluble mineral fertilizers on plant yield in the 
short term. However, the main benefits of no-tillage 
associated with cover crops are expected in the long 
term, especially in terms of soil and environmental 
quality. Those benefits will result from organic matter 
accumulation, greater microbial biomass and activity, 
which positively influence soil biological, chemical 
and physical attributes (Garcia et al., 2005; 
Mercante et al., 2008). 

Principal component analysis (PCA) for 
organic matter (OM), microbial biomass carbon 
(MBC), basal respiration (BR), metabolic quotient 

(qCO2), urease, β-glucosidase, and diacetate (FDA) 
hydrolysis activities demonstrated some trends in the 
complex relationship among the variables that were 
quantified (Figure 3). The relationship between the 
main component 1 (factor 1) and the main component 
2 (factor 2) separated treatments into three groups. 
Factor 1 and Factor 2, together, explained 63.56% 
of the data variance. Factor 1 explained 37.68% of 
the variance and separated the control, rye, barley, 
oilseed radish, OR + rye and OR + barley treatments 
collected in June from the data from all other 
evaluation seasons. The microbiological attributes 
that most contributed to this separation were MBC, 
qCO2, and BR. In June, higher levels of these 
biological attributes were observed, as compared to 
the other sampling times. That result reflected the 
influence of cover crops and weed diversity on soil 
chemical and biological quality. In agroecological no-
tillage systems, weed management uses mechanical 
methods and pest and disease management uses 
natural or botanical products. That demonstrates the 
importance of including cover crops in agricultural 
systems, not only to promote nutrient cycling, but 
also to add C to the soil, which favors microbial 
activity (Hubbard et al., 2013; Rueda-Ayala 
et al., 2015). Furthermore, the presence of different 
weeds in the experimental area indicated their ability 
to cycle nutrients, as do the cover crops (Oliveira 
et al., 2016).

Cluster analysis (represented by circles in 
Figure 3), carried out in conjunction with the PCA, also 
discriminated the collections performed in July and 
August and November and December. According to 
that analysis, Fluorescein diacetate (FDA) hydrolysis 
activity was the variable that most contributed to 
the separation of the treatments collected in July 

 

Table 4 - Pearson correlation indexes between chemical and biological variables in a soil under onion grown in no-tillage system in 
2010, Santa Catarina, Brazil (mean of two sampling times). 

 

  ---------------------------------------Chemical attributes---------------------------------------- 

Variable 
Organic pH pH    CEC 
Matter (H2O) (SMP) P K Mg (pH 7.0) 

Microbial Biomass -0.535ns 0.187ns 0.180ns -0.273ns -0.466ns -0.54ns -0.387ns 
Soil respiration -0.980* 0.630* 0.474ns -0.725* -0.811* -0.854* -0.779* 
Urease activity -0.895* 0.718* 0.609* -0.752* -0.694* -0.778* -0.771* 
ß-glucosidase activity 0.790* -0.209ns -0.086ns 0.663* 0.848* 0.795* 0.683* 
FDA activity -0.019ns 0.330ns 0.282ns 0.0571ns 0.287ns 0.185ns 0.227ns 

 
ns = not significant; * = significant (P≤0.05). 
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and August. In November and December, organic 
matter (OM) and ß-glucosidase activity had the most 
noticeable effect. The OM is a source of energy for 
microbial populations (MOSCATELLI et al., 2012), 
and the high activity of this enzyme in December 
is directly related to higher soil carbon levels found 
after the onion harvest in November and December, 
as compared to the levels found before onion seedling 
transplantation, in July and August. That is due to the 
gradual degradation of plant material along the onion 
cycle (OLIVEIRA et al., 2016). In this sense, mixes 
of cover crops favor soil quality. They provided soil 
cover, nutrient cycling, and slow nutrient release 
throughout the crop cycle, an important factor in 
conservation systems, as well as in agroecological 
transition, without the use of pesticides and soluble 
mineral fertilizers.

CONCLUSION

The use of winter cover crops and 
deposition of residues of barley, rye, and oilseed 
radish, single or intercropped, contribute to 
maintain and improve soil chemical attributes. FDA 
hydrolysis, which was lowered in single crops of 
barley and rye, was the only biological indicator 
affected by the cover crops. Soil microbial biomass, 
basal respiration, and urease and β-glucosidase 
activities did not vary among cover crops. Microbial 
activity varied throughout the onion cycle, and 60 
days after sowing, all cover crop treatments had 
higher values of microbiological attributes than 
the control; microbial biomass, basal respiration; 
metabolic quotient (qCO2) contributed the most for 
those results.

Figure 3 - Factorial distribution of principal components 1 (factor 1) and 2 (factor 2) of organic matter (OM), 
microbial biomass carbon (MBC), basal respiration (BR), metabolic quotient (qCO2), urease, 
β-glucosidase, and fluorescein diacetate (FAD) hydrolysis activity, in the 0-10 cm layer of a soil with 
onion grown over residues of winter cover crops in no-tillage system, in June (red), July (blue), August 
(green), November (magenta) and December (grey) 2010, Santa Catarina, Southern Brazil.
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