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ABSTRACT: Tillage and fertilization methods may affect soil fertility. With the aim of assessing 
changes in soil chemical properties over a period of ten years, soil samples of a Paleudult were 
collected over nine seasons at three layer depths (0-5, 5-10, 10-20 cm) and were chemically 
analyzed. Grain yield and nutrient export in two summer crops, soybean (Glycine max) and corn 
(Zea mays), in a field experiment set in Eldorado do Sul, in the state of Rio Grande do Sul, Brazil, 
were determined. Three soil tillage systems were evaluated, conventional (CT), reduced (RT) and 
no-tillage (NT), combined with mineral (lime and fertilizers) and organic (poultry litter) fertilization. 
The no-tillage system stood out as compared to the others, especially in the surface layer, in 
terms of values of organic matter, soil pH, available phosphorus, cation exchange capacity and 
base saturation. Phosphorus content was higher under organic than mineral fertilization due to 
the criteria used for the establishment of fertilizer doses. Under organic fertilization, soil pH val-
ues were similar to those obtained in limed soil samples because of the cumulative effect of the 
organic fertilizer. Soybean yield was lower under NT in comparison to the RT and CT systems. 
Consequently, soybean grain exported a lower content of nutrients than maize grain. Maize yield 
was not affected by either tillage or fertilization systems.
Keywords: soil fertility, conventional tillage, no-tillage, organic matter, cation exchange capacity

Introduction

The natural low fertility of soils in the south of 
Brazil, mainly in Oxisols and Ultisols (Sánchez and Sali-
nas, 1981), is one of the major constraints on crop pro-
ductivity in that region. However, chemical attributes of 
these soils can be altered by management practices that 
interfere in plant development and, as a consequence, in 
crop productivity.

Areas of natural vegetation in the south of Brazil 
are typically converted to agriculture by means of con-
ventional tillage (CT), in which crop residues, fertilizers 
and lime are incorporated and mixed within the plowing 
layer (Costa et al., 2010). On the other hand, there is 
less soil disturbance under conservation tillage manage-
ments, so that under no-tillage (NT) crop residues are 
not incorporated within the soil and fertilizers are sur-
face applied. The outcome of this is that there is an ac-
cumulation of organic matter and nutrients, leading to a 
gradient of the chemical attributes from the soil surface 
(Costa et al., 2010; Ferreira et al., 2013).

Fertilizers may influence the soil chemical attri-
butes depending on the nature of the fertilizers applied. 
For annual crops, mineral fertilizers are locally applied 
in the seedling row or surface broadcasted. 

Liming and fertilization practices are intended to 
be performed by rationally using inputs (Fertilization and 
Liming Committee, 2004). To accomplish this, it is neces-
sary to understand how management practices will affect 
soil chemical attributes over the years. Thus, the present 
research aimed to evaluate the alterations, over ten years, 
in soil chemical attributes and macronutrient export by 
grains, as affected by tillage and fertilization systems, in a 
long term field experiment in the south of Brazil.

Materials and Methods

In this study, the chemical attributes of a soil 
were evaluated over a period of ten years (2000-2010), 
and the productivity and nutrient export were evalu-
ated in two successive crop seasons, soybean (Glycine 
max), in 2007/2008, and maize (Zea mays), in 2008/2009, 
in a long-term field experiment established in Eldorado 
do Sul, in the state of Rio Grande do Sul (RGS), Bra-
zil (30°51′ S and 51°38′ W). The site is located in the 
region of the Depressão Central, which has a climate 
considered subtropical humid, with an annual average 
temperature of 19.4 °C and average rainfall of 1.490 mm 
per year (Bergamaschi and Guadagnin, 1990). The soil is 
a Paleudult, acidic, with natural low fertility, low organic 
matter content and sandy clay loam texture.

Before the experiment was installed, the area had 
been preserved with natural vegetation for more than 15 
years. Agricultural field operations were predominantly 
mechanized, with grain crops being sown directly over 
natural vegetation when the experiment started (Bizarro 
et al., 2011).

From the field experiment, three tillage systems 
were evaluated: conventional tillage (CT), reduced till-
age (RT) and no-tillage (NT). Mineral and organic fertil-
ization were also evaluated. Treatments were set up in a 
split-plot design, with fertilization systems in the main 
plots (30 × 30 m) and tillage systems in sub-plots (7.5 × 
30m for CT and RT and 15 × 30 m for NT), with three 
replicates and repeated measurements over time. 

All data were submitted to analysis of variance 
(ANOVA), at a significance level of 5 %, using the Mixed 
procedure from SAS (v. 9.0). Akaike's Information Cri-
terion (AIC) was used to evaluate the covariance matrix 
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that best fit the data (Akaike, 1974). The models includ-
ed the fixed effects of tillage, fertilization, soil layer and 
sampling time (repeated measurement over time) and 
their interactions, and the random effect of block. When 
significant differences were detected, means were com-
pared by the Tukey test (p < 0.05).

Mineral and organic fertilizations were performed 
according to standard soil management practices as rec-
ommended by the Fertilization and Liming Committee 
(1995; 2004) for RGS. In 2000, after the desiccation of 
the natural vegetation and before soil tillage, lime was 
broadcasted in the plots where mineral fertilization 
would be applied. That was the only time that liming 
was performed, since acidity indicators are still satis-
factory. Mineral basal fertilization was applied in seed-
ling rows, while topdressing fertilization was manually 
broadcasted, according to crop demands.

The organic fertilization plots were topdressed 
with poultry litter, in doses determined according to the 
chemical composition of the residue and the demand 
for nutrients of the crops (Table 1). Thus, organic fer-
tilization rates were based on the demand for P, when 
soybean was cropped, or N, when maize or winter cere-
als were cropped. In both cases, the aim was to reach a 
fertilization rate equivalent in P or N to those applied to 
the plots that received mineral fertilization.

 Poultry litter was always manually broadcasted 
prior to soil tillage operations. Until the winter of 2003, 
organic fertilization was performed preceding all crops, 

with the exception of soybean in the 2002/2003 season. 
After that, until the summer of 2006/2007, it was per-
formed only preceding the summer cropping and, since 
then, it was interrupted due to the detection of high lev-
els of P, K and other nutrients, as well as the correction 
of soil acidity, caused by the cumulative effect of the 
application of the residue.

Conventional tillage was performed with one 
plowing, to a depth of 20 cm, followed by one or two 
disking operations, depending on surface conditions. Re-
duced tillage consisted of one pass with a chisel plough 
(20 cm deep). Under no-tillage, a seed drill with capa-
bility for seed and fertilizer application in variable row 
spacing was used for direct seeding. Up to the third year, 
CT and RT were applied before both winter and summer 
crops. Thereafter, these tillage systems were adopted 
only for summer crops, as the winter crops received NT 
in all plots.

Soybean was the first crop established in the ex-
perimental area, in 2000/2001 season. Thenceforward, 
the field underwent an annual rotation between soybean 
and maize in the summer crop season. During the win-
ter crop season, the field was cropped alternately with a 
consortium of black oat (Avena strigosa) and vetch (Vicia 
sativa), as cover crops, and wheat (Triticum aestivum) or 
oat (A. sativa) as grain crops.

During the course of the experiment, soil samples 
were taken from each plot, with a sampling auger, at 
depths of 0-5, 5-10 and 10-20 cm. Soil sampling was 
performed in 09/2000, before the experiment set up; in 
10/2001, before maize sowing; in 06/2002, after maize 
harvest; in 11/2004, before maize sowing; in 10/2005, 
before soybean sowing; in 12/2006, before maize sow-
ing; in 05/2008, after soybean harvest; and 07/2010, dur-
ing the winter crop season. After sampling, soil samples 
were homogenized and dried at 40 °C and then ground 
in a mill and screened through a 2.0 mm sieve. The soil 
samples were analyzed for organic matter, pH (H2O), 
SMP index, extractable P (Mehlich-1), exchangeable 
K, Ca, Mg and Al, potential acidity (H+Al), cation ex-
change capacity (CEC) at pH 7.0 and base saturation us-
ing standard methods (Sparks et al., 1996).

The crop productivity and nutrient export by grains 
were measured during the 2007/2008 soybean season 
and the 2008/2009 maize season. In order to determine 
the grain yield and perform the analysis of their chemi-
cal composition, pods or ears were sampled from plants 
spaced 10 m apart, in the three center rows, resulting in 
an effectively harvested area of 13.5 m2. The pods or ears 
were dried to 13 % moisture and threshed and the seeds 
were cleaned before weighing. Subsamples of 200 g of 
seeds were sorted for chemical analysis. After being dried 
at 70 °C, seeds were powdered in a Willey Mill to 1.0 mm 
mesh size, and the macronutrient content was determined 
by standard analytical methods (Sparks et al, 1996).

The statistical analysis of the soil attributes, at 
each depth, crop productivity and the nutrient export 
data was performed using SISVAR (version 5.1) statisti-

Table 1 – Physical and chemical properties of organic fertilizers used 
in the field experiment. 

Properties Lot 11 Lot 22 Lot 33 Amount applied 
kg ha–1

Moisture (g kg-1) 225 220 240 -
C (g kg-1) 300 290 350 12,015
N (g kg-1) 18 26 24 815
P2O5 (g kg-1) 25.2 45.8 36.6 1,240
K2O (g kg-1) 22.8 38.4 26.4 1,028
Ca (g kg-1) 81 32 17 2,079
Mg (g kg-1) 5.6 10 7.9 272
S (g kg-1) 4 4 3.4 148
Fe (g kg-1) 1.1 5.3 9.5 163
Na (g kg-1) 7.6 6.4 3.3 238
Cu (mg kg–1) 61 524 281 8
Zn (mg kg–1) 454 508 287 16
Mn (mg kg–1) 448 816 457 20
B (mg kg–1) 17 22 32 1
Cd (mg kg–1) nd5 nd 0.3 0
Cr (mg kg–1) nd nd 11 0
Ni (mg kg–1) nd nd 13 1
Pb (mg kg–1) nd nd 4 0
NV (%) 10 8 6 3,3224

pH 8.8 8.7 8.9 -
1Used from summer 2000 to winter 2003; 2used from summer 2003/2004 
to summer 2005/2006; 3used from summer 2006/2007 until the end of the 
experiment; 4Equivalent to CaCO3; 

5 nd = not determined.
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cal software. The data was subjected to analysis of vari-
ance (ANOVA) and where ANOVA showed significant 
differences, Tukey's test with a probability of 5 % was 
used to separate the means. The results obtained about 
organic matter (OM), pH, evaluable P and K, cation 
exchange capacity and base saturation were plotted in 
graphics that show the changes in the soil chemical attri-
butes throughout the period under study. Significant dif-
ferences were shown when main effects or interactions 
between tillage and fertilization systems occurred. In 
some cases there were also horizontal lines representing 
critical or reference levels of nutrients, according to the 
Fertilization and Liming Committee (2004). Additionally, 
in a number of plots there was a gap in the line of NT, at 
the 10-20 cm depth, due to the impossibility of sampling 
the soil because of its low moisture content.

Results and Discussion

Soil chemical attributes

Organic matter
The level of organic matter in the soil was affected 

by tillage systems, depending on soil layer and sampling 
time (Figure 1). In all tillage systems, contents of OM 
were highest at the 0-5 cm layer and the lowest values 
were found at the 10-20 cm layer. However, under CT 
the differences were less and the OM content decreased 
more gradually in the soil profile. Additionally, within 
the 0-5 cm layer, OM content was the lowest under this 
tillage system, in comparison to RT and especially to NT, 
which showed the greatest value. The tillage systems did 
not differ within the 5-10 cm and 10-20 cm layers.

Although oscillations have been observed during 
the period of the experiment, the effect of tillage systems 
was clearly observed. Since the beginning of the experi-
ment, NT management resulted in a gradual increase in 
soil OM at the soil surface, being superior to other till-
age systems from the 40th month onward. In contrast, CT 
tended to decrease the OM content, resulting in values 
lower than those obtained under the other tillage systems 
and even lower than the original ones. In its turn, RT had 
an intermediate behavior between CT and NT, with a 
slight trend toward increasing organic matter content.

The dynamics of OM observed under NT can be 
attributed to the lack of soil disturbance and the mainte-
nance of crop residues on the soil surface, which results 
in a gradual increase in the OM content in the soil sur-
face layers. On the other hand, soil management prac-
tices that promote soil disturbance favor the loss of OM. 
Conceição et al. (2013) and Tan and Lal (2005) evidenced 
the improvement in OM content of the surface layers in 
NT. On the other hand, the rates of OM decomposition 
increase as the soil disturbance increases, leading to a 
decline in this soil attribute (Bayer et al., 2000; Panettieri 
et al., 2013), so that the OM content, over the years, is in-
versely proportional to the intensity of soil disturbance 
caused by the different tillage practices.

Soil pH
With regard to the pH values, there was a signifi-

cant interaction of tillage, soil layer and sampling time 
and a significant interaction of fertilization and sampling 
time (Figure 2). There was a marked initial increase in 
soil pH of plots under mineral fertilization, to which 
lime was applied, as compared to plots under organic 
fertilization with no lime added.

When comparing tillage systems, regardless of 
fertilization, the greatest differences were observed in 
the 0-5 cm layer, with NT being superior in almost all 
the sampling times. Under this kind of tillage, only a 
slight disturbance is expected to occur, with some incor-
poration of lime in the seed row. Thus, as verified for 
OM, NT had the greatest pH values, more notably in 
the surface layer, due to the lack of soil disturbance and 

Figure 1 – Organic matter content in a soil under different 
management systems, at three layer depth intervals, over ten 
years. Lowercase letters compare the depth layer intervals under 
each tillage system or tillage systems at each sampling time and 
capital letters compare tillage systems at each layer depth interval 
or sampling times under each tillage system. Means followed 
by the same letter are not different (Tukey, p < 0.05). CT = 
conventional tillage; RT = reduced tillage; NT = no-tillage.
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fect up to a depth of 10 cm and a slower effect at deeper 
depths. Likewise, Caires et al. (2006) noted that acidity 
neutralization with surface liming occurred linearly over 
five years, showing that the reaction of surface-applied 
lime is slow and gradual. Thus, there is an initial limited 
effect of surface liming, which is, however, compensated 
for by its long-term effect under NT, especially in the 
deeper layers.

The depth effect of liming under NT is caused by 
the translocation of thin particles of limestone through 
soil channels, by the formation of complexes among wa-
ter-soluble organic compounds and Ca and Mg at the 
soil surface and the subsequent exchange of these cat-
ions by Al at deeper layers, as well as the production of 
non-toxic stable complexes formed by the soil OM and 
the aluminum (Ernani et al., 2004; Gómez-Paccard et al., 
2013; Miyazawa et al., 2002; Oliveira and Pavan, 1996; 
Roth and Pavan, 1991). In the case of poultry litter, simi-
lar mechanisms of translocation of particles and reac-
tion products are expected to occur, since this residue is 
rich in calcium carbonates and phosphates, in addition 
to allowing for the formation of water-soluble organic 

because of the tendency of the lime and the products 
of its reaction to stay close to the soil surface because 
alkalinity must be transported from the surface by mass 
flow to lower layers (Wyngaard et al., 2012).

In deeper layers, pH increased more rapidly under 
CT and RT than under NT. Those two tillage systems 
also had less variation in pH values between the layer 
depths caused by the incorporation of lime, distributing 
it deeper in the soil profile and ameliorating a greater 
volume of soil. Nonetheless, by approximately the 80th 
month, the residual effect of lime and poultry litter was 
more pronounced under NT in deeper layers, especially 
at 5-10 cm.

In the deepest layer (10-20 cm), the values of pH 
under NT were inferior to the values observed in the 
other tillage systems, in most of the sampling times. But 
again after the 80th month, the differences were not sig-
nificant, so that the three tillage systems had very similar 
pH values, evidencing an decrease in acidity over time in 
the deeper soil layers. Similar results were reported by 
Caires et al. (2005), studying the effects of surface liming 
on NT. The authors verified the occurrence of a quick ef-

Figure 2 – Values of pH in a soil under different tillage and fertilization systems,at three layer depth intervals, over ten years. Lowercase letters 
compare tillage systems at each layer depth interval and each sampling time or compare fertilization systems. Capital letters compare 
sampling times. Means followed by the same letter are not different (Tukey, p < 0.05). CT = conventional tillage; RT = reduced tillage; NT = 
no-tillage.
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compounds that can complex Ca and Mg and transport 
them through the soil profile (Hue and Licudine, 1999).

With regard to the residual effect of both limestone 
as well as poultry litter in relation to soil acidity, under 
CT and RT the pH values were close to 6 or even higher, 
in the 0-5 and 5-10 cm layers, up to the 50th month, tend-
ing to decrease later on. However, under NT, pH values 
were always higher than 6.0 in the surface layer during 
the whole experiment period and, in general, after the 
50th month in the 5-10 cm layer. In the inferior layer, pH 
values higher than 6.0 were not reached.

Available phosphorus
The level of available phosphorus (Mehlich-1 P) in 

the soil was influenced by the tillage methods as well as 
by the fertilization systems, soil layer and sampling time 
(Figure 3). As a rule, during the experimental period, 
organic fertilization resulted in higher levels of P than 
mineral fertilization, as a result of the large input of this 
nutrient, due to the criteria used to establish the doses of 
organic fertilizer. When maize was cultivated, the dose 

of poultry litter was calculated based on the demand for 
N, resulting in a dose of P higher than that applied via 
mineral fertilization. 

In the last sampling times, there was a general 
trend of decreasing soil P levels, as compared to the pre-
vious sampling date. Considering the mineral fertiliza-
tion treatment, it can indicate that the P replacement 
rates were lower than plant uptake and soil adsorption. 
In addition to this, in the case of the organic fertilization, 
the decreasing soil P levels, although still over the criti-
cal value, can also be attributed to the interruption of 
the input of poultry litter from the 90th month onward, 
as previously reported.

In relation to soil tillage systems, in the surface 
layer, NT and RT with organic fertilization stood out 
from the other treatments. Phosphorus accumulation is 
favored by  minimal soil disturbance, because this condi-
tion diminishes the contact surface between adsorption 
sites and phosphate ions, thereby increasing P availabil-
ity in soil (Hedley et al., 1982; Selles et al., 1997). Other 
advantages of NT and RT over CT, in terms of P avail-

Figure 3 – Phosphorus values in a soil under different tillage and fertilization systems, at three layer depth intervals, over ten years. At each 
depth interval, lowercase letters compare tillage systems in each fertilization system and capital letters compare fertilization systems in each 
tillage system. Throughout the period, lowercase letters compare fertilization systems at each sampling time and capital letters sampling 
times under each fertilization system. Means followed by the same letter are not different (Tukey, p < 0.05). CT = conventional tillage; RT = 
reduced tillage; NT = no-tillage.
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ability, are related to the reduction of soil erosion, the 
accumulation of labile forms of P derived from the pres-
ence of organic residues in the soil (Selles et al., 1997) 
and to the effect of OM negative charges maintaining 
freely available phosphate (Sá et al., 2009). Therefore, 
the combination of conservation tillage and P fertiliza-
tion is expected to improve soil P supplying capacity (Shi 
et al., 2013).

In the deepest layer the levels of P were reduced 
under both NT and RT, with no difference under CT. In 
this 10-20 cm layer, under both fertilizer systems and 
every tillage system, available P was below the criti-
cal level. These results are in agreement with Lal et al. 
(1990), who found higher concentrations of P in NT up 
to  a depth of 10 cm in a 12-year long experiment. 

Available potassium
In general terms, soil K levels fluctuated during 

the experimental period, regardless of treatment or sam-
pling depth (Figure 4). However, the values found were 
always higher than the critical level for this soil (60 mg 
dm–3), being considered as high or very high levels (Fer-
tilization and Liming Committee, 2004). Since this soil 
is derived from granite, it is naturally rich in K. The ob-
served fluctuations can be credited to K recycling in the 
soil-plant system, with uptake in deeper layers, deposi-
tion in surface and removal by plants or leaching. 

The levels of K in soil were always superior (p < 
0.05) at the 0-5 cm layer, since the beginning of the ex-
periment. The hypothesis of accumulation of K in the 
surface due to the recycling by plants is supported by 
the increase of K content even without the application of 
nutrient at most of the times. As K occurs in free cationic 
form in plant tissues, it is easily lost by leaching in the 
late growth stages, when leaves and roots are senescing, 
as observed by Ning et al. (2013). Also Peng et al. (2012) 
found a K increase (p < 0.05) in the maize rhizosphere, 
which was consistent with net K loss from plants in the 
late reproductive growth stage.

When comparing tillage systems, CT exhibited 
greater values than NT, although differences were found 
(p < 0.05) only in some periods. Mina et al. (2008) de-
tected a higher concentration of K in the surface layer 
under NT. In a similar way, Sá et al. (2009) verified a 
higher concentration of K in NT, assigning it to the im-
pact of large amounts of K rich crop residues and to the 
increase in soil OM, which increased CEC and led to 
retention of K in the soil, contradicting our results. On 
the other hand Bertol et al. (2007) found greater losses of 
K in runoff water from NT than from CT, which could 
explain the results obtained in the present research.

The organic fertilization resulted in the greatest 
levels of K in the soil, from the third sampling, due to 
the larger inputs of nutrient in this treatment over time. 
Agbede and Ojeniyi (2009) also observed the increase 
in soil K levels with the application of poultry manure, 
irrespective of the tillage treatment. Based on the lev-
els of K, there would be no need for fertilization, un-

Figure 4 – Potassium values in a soil under different tillage and 
fertilization systems, at three layer depth intervals, over ten years. 
Lowercase letters compare tillage systems, fertilization systems 
or layer depth intervals at each sampling time and capital letters 
compare sampling times. Means followed by the same letter, at 
each layer depth interval and each sampling time, are not different 
(Tukey, p < 0.05). CT = conventional tillage; RT = reduced tillage; 
NT = no-tillage.

less it were for replacing the amount removed by plants. 
However, organic fertilization was established based on 
demand by N or P, so that K was applied as an accompa-
nying nutrient.
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Cation exchange capacity
CEC values were  high (>15.0 cmolcdm–3) on only 

one occasion, around the 80th month, in NT, at the 0-5 
cm layer, and were considered as medium (5.1 - 15.0 
cmolcdm–3) in all other cases (Figure 5), according to 
the criteria of the Fertilization and Liming Committee 
(2004).

Comparing the tillage systems, NT and RT had the 
greatest values of CEC, usually surpassing the values of 
CT. This was observed from the very beginning of the 
experiment at the 0-5 cm layer and from the 40th month 
at 5-10 cm. The values of CEC under NT and RT are 
related to the OM content in these tillage systems, since 
OM accounts for a major part of the variable negative 
charges, resulting in the increase of soil CEC. At the 10-
20 cm layer, in most of the experimental period, the till-
age systems were almost equal with regard to this soil 
attribute.

As time passed, CEC tended to increase up to 
about the 80th month, regardless of  treatment or layer 
depth. As well as the OM, the increase in CEC may 
also be imputed to the increase in soil pH (Sá et al., 
2009) during part of the experiment. The decline in 
soil pH during the last months of the experiment is 
related to the vanishing of the residual effect of liming 
and to the interruption of organic fertilization, which 
resulted in the decrease of soil pH, soil OM and, as a 
consequence, soil CEC. In the present research, a pos-
itive correlation was observed between OM and CEC 
(r = 0.6645; p < 0.01), which agrees with the results 
obtained by Vieira et al. (2007), who found positive 
correlations between CEC and the carbon manage-
ment index in another long-term experiment on the 
same kind of soil.

Base saturation 
Over the years, base saturation values showed a 

trend similar to pH values, so that there was positive 
correlation between the two variables (r = 0.8874; p < 
0.01).  Positive correlation between these two variables 
has been reported by several authors (Beery and Wild-
ing, 1971; Caires et al., 2006; Liechty et al., 2005). It is 
expected, with the increase in soil pH, that Al3+ precipi-
tates, CEC increases and exchange sites be occupied by 
Ca2

+ and Mg2+ released from lime or organic fertilizer 
(Martins et al., 2014; Matschonat and Falkengren-Gre-
rup, 2000). Conversely, pH will drop when base satura-
tion of the exchange complex is depleted (Roelofs et al., 
1996).

From the 50th month onward, NT had base satura-
tion values greater than RT and CT (Figure 6). Likewise, 
De Maria et al. (1999) also found higher values of base 
saturation under NT in comparison to CT. So, the great-
est values of base saturation in NT can be attributed to 
the accumulation of Ca and Mg close to the soil surface, 
derived from lime and poultry litter, besides the absence 
of exchangeable Al and the high levels of K verified 
throughout the experimental period.

Figure 5 – Cation exchange capacity (CEC) at pH 7.0 in a soil under 
different tillage systems, at three layer depth intervals, over ten 
years. Means followed by the same letter, at each layer depth 
interval and each sampling time, are not different (Tukey, p < 
0.05). CT = conventional tillage; RT = reduced tillage; NT = no-
tillage.

As regards soil depth, base saturation was always 
higher at the 0-5 cm layer regardless of tillage or fertil-
ization, and the highest values were found in the 13th 
month at the three soil layers. Thus, base saturation val-
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ues followed the same trend as K and pH. The decrease 
in soil pH must have allowed the downward movement 
of H+ and soluble Al (Hue and Licudine, 1999) which oc-
cupied the exchange sites, a process that, associated with 
the decrease in K levels, resulted in lower base satura-
tion in the subsurface.

Considering the whole experimental period, 
base saturation values were 60 % greater after the ap-
plication of organic or mineral fertilization in all soil 
layers and almost all the sampling times, with soil pH 
6.0 corresponding to an average value of about 70 % 
of base saturation. As values between 60 and 80 % 
are considered as medium (Fertilization and Liming 
Committee, 2004), it is possible to conclude that all 
tillage and fertilizer treatments were equally efficient 
at providing adequate chemical conditions for root de-
velopment up to the sampling depth throughout the 
experiment.

Crop productivity
The soybean yield was relatively low in all treat-

ments, particularly under NT, whose average yield 
was 1,412 kg ha–1, lower than RT and CT (p < 0.05), 
which did not differ between them, having yields of 
2,324.5 and 2,108.5 kg ha–1, respectively. The fertiliza-
tion systems did not affect the yield under any of the 
tillage treatments. In its turn, the maize yield was rel-
atively high, with no differences (p < 0.05) between 
the three tillage systems. Equally, there was no effect 
of fertilization, so that the average yield was 6,992.3 
kg ha–1.

Other authors also found no effect of tillage (Hus-
saina et al., 1999) on maize yield or lower soybean yield 
in NT (Freed et al., 1987). However, lower yields gener-
ally occur only during the stabilization phase of the NT. 
From the 5th year on, in view of the improvement in 
the chemical, physical and biological properties of the 
soil arising from the use of NT, higher crop yields would 
be expected under this tillage system (Franchini et al., 
2012), which is in opposition to what we found. 

If crop yields are not increased by NT, it implies 
that something is failing at a given stage or process 
within the agricultural system (Derpsch et al., 2014). 
Soil compression has often been suggested as a major 
cause of decline in the yield of rainfed crops, as a conse-
quence of the changes in root environment, resulting in 
low oxygen and water availability and increasing soil re-
sistance to root growth, notably under water deficiency 
(Chen and Weil, 2011). As the current experiment was 
installed directly over natural vegetation, a higher soil 
bulk density is likely to have occurred under NT (Al-
varez and Steinbach, 2009), affecting root development 
and crop yield. Subsurface acidity is another usual con-
straint under NT (Conyers et al., 2003) that may also 
have accounted for the poor performance of this system 
in terms of crop yield. 

Nutrient export
The export of nutrients (N, P, K, Ca and Mg) by 

soybean was lower under NT (p < 0.05), in compari-
son to RT and CT, for both fertilizer systems (Figure 
7). This result is linked to the lower soybean yield in 
NT, which directly affected the amount of nutrients in 
the grains. Fertilization systems did not affect nutrient 
export by soybean, indicating similar availability and 
uptake under both systems. The amount of nutrients 
exported as soybean grain yield followed the sequence 
N>>K>P>Ca>Mg.

Since the yield of maize is higher than that of soy-
bean, nutrient export by maize was also higher (Figure 
8). The only exception was Ca, because, in general, le-
gumes have higher Ca content than grasses (Hinsinger 
and Gilkes, 1997; Li et al., 2004; Volz and Jacobson, 
1977) and, soybean plants, in particular, are more effi-
cient than maize plants in terms of Ca uptake from soil 
solution (Caires et al., 2011). Maize nutrient export was 
not influenced (p < 0.05) by the tillage or the fertiliza-

Figure 6 – Base saturation values in a soil under different tillage 
systems, at three layer depth intervals, over ten years. At each 
sampling time, lowercase letters compare tillage systems or layer 
depth interval. Means followed by the same letter are not different 
(Tukey, p < 0.05). CT = conventional tillage; RT = reduced tillage; 
NT = no-tillage.
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tion treatments. In this crop, the sequence of nutrient 
export was N>>K>P>Mg>>Ca. The greatest differ-
ence between soybean and maize was the highest ac-
cumulation of Ca by the legume, even though the grain 
yield was much lower than that of maize.

Taking into account the rates of maintenance fer-
tilization with NPK for soybean and maize, according 
to the Fertilization and Liming Committee (2004), it is 
possible to conclude that they are compatible with the 
rates of nutrient export by plants verified in the present 
research for soybean under mineral fertilization and for 
maize under organic fertilization. In the other situations, 
for soybean under organic fertilization and for maize un-
der mineral fertilization, in order to supply the amount 

of nutrient export, according to reference yield values 
established by the Fertilization and Liming Committee 
(2004), fertilizer should be applied in higher rates, as 
compared to  maintenance fertilization for these crops.

As a conclusion, chemical attributes changed over 
the course of ten years of soil management. Tillage sys-
tems influenced the analyzed attributes more intensely 
than fertilization. NT improved soil OM, pH, P, CEC and 
base saturation, prevailing over the other tillages, espe-
cially in the surface layer. Despite this, crop yields did 
not increase under NT, indicating that some physical or 
even chemical constraint, probably in the subsurface, 
may have counterbalanced the positive effects of this 
system.

Figure 7 – Amount of nutrients exported by soybean (2007/2008) in a soil under different tillage and fertilization systems. Lowercase letters 
compare fertilization systems and capital letters compare tillage systems. Means followed by the same letter are not different (Tukey, p < 
0.05). CT = conventional tillage; RT = reduced tillage; NT = no-tillage.
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