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ABSTRACT

In Rio Grande do Sul State (RS), Southern Brazil, aluminum saturation in
many areas under no-till system is high and base saturation low in the 0.10-0.20 m
layer (subsurface), which may reduce the grain yield of annual crops. The objective
of this study was to evaluate if the occurrence of high aluminum saturation and
low base saturation in the subsurface, under a no-till system, represents a restrictive
environment for crop production, as well as to evaluate forms of lime incorporation
for soil acidity correction in the subsurface. For this purpose, an experiment was
carried out with soybean (2005/2006), corn (2006/2007), wheat (2007) and soybean
(2007/2008) crops, in a Rhodic Hapludox (USDA, 1999) with sandy loam texture,
under no-till for four years in the county of Tupancireta (RS). The six treatments
were: no-tillage with and without lime, plowing with and without lime, and chiseling
with and without lime. The values of pH-H,0, aluminum saturation and base
saturation were evaluated 24 months after treatment application in the layers
0-0.05; 0.05-0.10; 0.10-0.15; 0.15-0.20 and 0.20-0.30 m. The yields of soybean (2005/
2006), corn (2006/2007), wheat (2007) and soybean (2007/2008) were evaluated.
Soil acidity in the subsurface did not affect crop yield when the acidity in the layer
from 0-0.10 m was at levels for which lime application is not recommended,
according to CQFSRS/SC (2004). Lime incorporation through plowing was the
most efficient way of correcting acidity at deeper levels.

Index terms: lime, soil tillage systems, aluminum saturation, base saturation.
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RESUMO: CORRECAO DA ACIDEZ DO SOLO EM SUBSUPERFICIE DE UM
LATOSSOLO DE TEXTURA FRANCO-ARENOSA SOB PLANTIO
DIRETO

No Rio Grande do Sul (RS), muitas dreas sob plantio direto apresentam elevada saturacdo
por Al e baixa saturagdo por bases na camada de 0,10-0,20 m (subsuperficie), e isso pode
diminuir a produgdo de graos de culturas anuais. O objetivo do presente trabalho foi avaliar
se a ocorréncia de alta saturagdo por Al e baixa saturagdo por bases em subsuperficie
(0,10-0,20 m), no plantio direto, pode representar um ambiente restritivo para a produgdo de
culturas, bem como avaliar os modos de incorporagdo de calcdrio na corre¢do da acidez do solo
em subsuperficie. Para isso, fot realizado um experimento com os cultivos de soja (2005/
2006), milho (2006/2007), trigo (2007) e soja (2007/2008), em um Latossolo Vermelho
distréfico tipico (Embrapa, 2006) de textura franco arenosa, ha quatro anos sob plantio
direto, no municipio de Tupancireta (RS). Os seis tratamentos foram: sem revolvimento com
ou sem calcdrio; lavragdo com ou sem calcdrio; e escarificagdo com ou sem calcdrio. Aos 24
meses apds a aplica¢do dos tratamentos e nas camadas de 0-0,05, 0,05-0,10, 0,10-0,15,
0,15-0,20 e 0,20-0,30 m, foram avaliados os valores de pH-H 0, saturacdo por Al e por bases.
Avaliou-se a produtividade de soja (2005/2006), milho (2006/2007), trigo (2007) e soja
(2007/2008). A acidez do solo em subsuperficie ndo alterou a produtividade das culturas
quando as propriedades de acidez na camada de 0-0,10 m estavam em niveis em que ndo se
recomenda a aplica¢do de calcdrio, segundo a CQFSRS/SC (2004). A incorporagdo de
caledrio com aragdo foi o modo mais eficiente de corrigir a acidez em profundidade.

Termos de indexagdo: calcdrio, sistemas de preparo do solo, saturagdo por aluminto, saturacdo

por bases.

INTRODUCTION

In the southern region of Brazil, no-till systems
expanded mainly in the 90s, to such an extent that in
the agricultural harvest of 2005/2006, around 25.5
million hectares of annual crops in Brazil were
cultivated under this system (FEBRAPDP, 2007).
Nevertheless, it is believed that only in parts of this
area the recommendations for the system in terms of
the correction of soil acidity and nutrient contents in
the layer 0-0.20 m were observed.

Based on existing and accumulated knowledge,
especially in the 90s, the Chemical and Soil Fertility
Commission of the Southern Regional Nucleus of the
Brazilian Soil Science Society (CQFSRS/SC, 2004)
published a new edition of the Fertilization and Liming
Manual for the States of Rio Grande do Sul (RS) and
Santa Catarina (SC). For liming in a consolidated
no-till system the manual recommends surface lime
application when the water pH is less than 5.5 and
base saturation less than 65 % in the 0-0.10 m layer.
Nevertheless, Martinazzo (2006) reports that Al
saturation in no-till crops on the Plateau of Rio Grande
do Sul, an important grain-producing region, is
generally high and base saturation low, below the layer
of 0.10 m, i.e., a reduction in grain yield may be
expected. In these cases, lime surface application
might not be effective for soil correction at deeper
levels and may result in reduced grain yields, which
is the hypothesis of this study.
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In a conventional tillage system, plowing and
disking were the most common forms of lime
incorporation; however, with the implementation of
the no-till system, liming came to be performed at
the soil surface. Some studies in the beginning of the
90s show that surface liming in no-till areas has altered
the chemical attributes in the soil profile, improving
the environment for root growth (Cassol, 1995; Pottker
& Ben, 1998; Rheinheimer et al., 2000; Amaral &
Anghinoni, 2001; Moreira et al., 2001; Caires et al.,
2006). Nevertheless, it has been observed that in most
situations, the effect of liming is limited to the 0—
0.10 m soil layer, and is in some cases physically
restricted by soil compaction or pore sealing (Kaminski
et al., 2005).

From the observation that surface liming corrects
soil acidity only in the top centimeters of the soil
profile, some studies were developed to evaluate the
form of lime incorporation in no-till areas. According
to Wheirich Neto et al. (2000), the effect of lime, when
incorporated by one plowing and double disking, and
with chiseling and passing twice with a disk harrow,
is restricted to a depth of 0.10 m, three months after
liming. Conversely, Sa (1999), after four years of lime
incorporation, observed that the use of a disk plow
and moldboard plow improved the soil chemical
attributes in terms of soil acidity, down to a depth of
approximately 0.30 m. Alternative forms of lime
incorporation, such as chiseling, are used for the sake
of incorporating lime at lower costs and with less soil
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disaggregation and erosion risks and with greater
water infiltration in the soil profile. However, scientific
studies related to the forms of lime incorporation and
efficiency in soil acidity correction are lacking.
According to Sa (1999), lime incorporation through
chiseling modified the soil chemical attributes down
to a depth of 0.10 m, one year after application. The
same author reported that from the second year on,
no differences in the soil chemical attributes between
lime application at the soil surface and incorporation
with chiseling were observed, nor were there
differences in grain yields.

This study had the objective of evaluating if the
occurrence of high Al saturation and low base saturation
at the subsurface (0.10—0.20 m), in the no-till system,
may represent a restrictive environment for crop yields
and of evaluating forms of lime incorporation for soil
acidity correction in the subsurface.

MATERIAL AND METHODS

The study was conducted from June 2005 to May
2008 in no-till crops for four years in the county of
Tupancireta (RS), region of the Planalto Médio (mid
altitude plateau) (28°5843,3”S and 53°38°26,4"W.
Before implantation of the experiment (Table 1) ten
soil subsamples were collected from the 0-0.10 and
0.10-0.20 m layers, at the same sampling point, which
represented one sample per layer. Near these points,
soil subsamples were collected from the 0-0.20 m
layer, to form one sample. The soil was a Rhodic
Hapludox (USDA, 1999), with 200, 720 and 80 g kg'!
clay, sand and silt respectively in the 0—0.20 m layer.
Other chemical attributes are given in table 1.

Table 1. Chemical attributes in an Oxisol under the
no-till system before implantation of the
experiment

Soil layers (m
Attribute® yers (m)

0-0.10 0.10-0.20 0-0.20

Organic material, g kg-! 19 12 17

pH - H,0 5.5 5.1 5.4
SMP Index 6.4 5.9 6.1
Aluminum saturation, % 0 2.4 4.0
Base saturation, % 65 39 57

Effective CEC, cmol, dm-3 5.4 4.1 5.3
CEC pH 7, cmol, dm-3 8.4 8.0 9.0
Exchangeable Al, cmol, dm-3 0.0 1.0 0.2
Exchangeable Mg, cmol, dm-? 2.4 1.5 2.2
Exchangeable Ca, cmol, dm-? 2.8 1.5 2.8
Available P, mg dm-3 13.5 3.0 6.8
Available K, mg dm- 60 36 48

M Determined according to Tedesco et al. (1995) and/or
calculated in compliance with the CQFS-RS/SC (2004).
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The treatments were: no tillage with and without
lime; plowing with and without lime; chiseling with
and without lime. The lime rate was based on the
value of water pH and the SMP (Shoemaker, McLean,
Pratt) index, a method described by Shoemaker et al.
(1961), representing the lime rate needed to raise the
water pH up to 6.0 in the 0-0.20 m layer (CQFSRS/
SC, 2004). The experiment was arranged in a
randomized block design with split plots and four
replications. The main plots consisted of soil tillage
forms (no tillage, plowing and chiseling), and the
subplots of presence and absence of lime application.
In the 80 m2 plots (10 x 8 m), chiseling was performed
at a depth of approximately 0.32 m and plowing at a
depth of around 0.20 m. The following crops were
planted in succession: black oat (Avena strigosa
Schereb Schreb); soybean (Glycine max (L.) Merrill);
natural reseeding - oats + ryegrass (Lolium
multiflorum L.); corn (Zea mays L.); turnips
(Raphanus sativus L.), wheat (Triticum aestivum L.)
and soybean.

At wheat tillering, 24 months after the application
of the treatments, soil was collected from the layers
0-0.05; 0.05-0.10; 0.10-0.15; 0.15-0.20 and 0.20—
0.30 m. The soil was dried, sieved (2 mm mesh) and
prepared for analyses of water pH (1:1), SMP pH,
exchangeable Ca, Mg and Al, and available K and P,
according to the method described by Tedesco et al.
(1995). In the first year soybean was harvested in an
area of 8 m2, corn in 16.96 m2, wheat in 4.08 m2, and
soybean in 6.4 m2.

The data of soil chemical attributes and grain yields
were submitted to variance analysis and upon
significance of the effects indicated by variance
analysis, means were compared by the Tukey test
(p <0.05). For data of the soil attributes, the forms
of tillage were considered as plots, liming as subplots
and the layers sampled as subsubplots, with restriction
to the sampled layer factor.

RESULTS AND DISCUSSION

Results show that after 24 months of application
of surface lime in the no-till system, there was only a
significant increase in the water pH values in the
0-0.05 m layer (Figure 1a). Lime incorporation
through plowing increased the pH values to a depth
of 0.15 m (Figure 1b), while with chiseling the values
increased to a depth of 0.10 m (Figure 1c). It is worth
noting that lime incorporation through chiseling and
especially with soil plowing without lime application
resulted in a reduction of the water pH values in the
0-0.05 m layer (Figure 1d). This may be attributed
to the inversion of the deeper layers of the soil with
lower water pH values. Additionally, although to a
lesser extent, soil mobilization increases the soil
surface in contact with plant residues, which are more
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quickly decomposed by microorganisms, causing
release of organic acids and reduction of the water pH
values, as reported by Sidiras & Pavan (1985).

Aluminum saturation is an important aspect to
be taken into account for liming, so much so that the
Chemical and Soil Fertility Commission of the
Southern Regional Nucleus of the Brazilian Soil
Science Society (CQFSRS/SC, 2004) recommends that
when only one of the criteria for decision making is
met (pH < 5.5 or V % < 65 %), Al saturation should
be taken into consideration in the decision whether to
apply lime or not. In this case, when Al saturation is
less than 10 %, lime application is not recommended.
The data obtained therefore show that lime
incorporation with plowing only resulted in Al
saturation of less than 10 % down to the level of
0.10-0.15 m (Figure 2b). In contrast, the application

pH - HzO
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of surface lime (Figure 2a) with chiseling (Figure 2c)
resulted in Al saturation of less than 10 % down to
the layer of 0.05—0.10 m only. Once again, chiseling
was shown to be an intermediate form between surface
application and plowing incorporation with a view to
the reduction of Al saturation at greater soil depths
(Figure 2e). This was probably the case because, in
addition to lime incorporation through chiseling, soil
density is reduced and water infiltration in the profile
increased (Camara & Klein, 2005), which favors
conditions for the descent of fine lime particles and
dissolution products to greater depths. The effects of
subsurface liming can therefore be faster than lime
surface application and under conditions of soil
compaction.

The reference values of base saturation established
for the decision not to apply lime by the CQFS-RS/SC
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Figure 1. Water pH values in an Oxisol under the no-till system, submitted to the modes of tillage: no tillage
(a), plowing (b), chiseling (c) and liming: without lime (d) and with lime (e). MSD (minimum significant

difference).
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Figure 2. Values of aluminum saturation in an Oxisol under the no-till system, submitted to the modes of
tillage: no tillage (a), plowing (b), chiseling (c) and liming: without lime (d) and with lime (e). MSD

(minimum significant difference).

(2004) are above 65 % for the no-till system, in the
0-0.10 m layer. Similar values are observed in the
0.05-0.10 m layer, when lime is incorporated through
plowing and chiseling (Figure 3b,c). In contrast, by
surface lime application, base saturation values near
65 % were only found in the 0-0.05 m layer, similarly
to other studies (Cassol, 1995; Pottker & Ben, 1998;
Rheinheimer et al., 2000; Moreira et al., 2001; Amaral
& Anghinoni, 2001; Caires et al., 2006; Holzschuh,
2007). The alteration of soil chemical attributes in
the most superficial soil layer only when lime is surface
applied in the no-till system may be attributed to the
low lime solubility and the elevation of the water pH
values in the first centimeters of the soil surface, which
reduces lime solubility, as reported by Kaminski et
al. (2007).

Plowing was the form of incorporation that caused
greatest alterations in the soil chemical attributes in

relation to soil acidity, in agreement with the data
obtained by Sa (1999), four years after lime
incorporation. He observed that the use of the disk
plow and moldboard plow caused modifications in the
soil chemical attributes to a depth of nearly 0.30 m.
In addition, Weirich Neto et al. (2000) observed that
plowing and double disking significantly increased
base saturation to a depth of 0.15 m.

The forms of lime incorporation did not affect the
yields of soybean (2005/2006), corn, wheat and soybean
(2007/2008) (Table 2). This lack of crop response to
liming agrees with the data obtained by Rheinheimer
et al. (2000). However, it is appropriate to emphasize
that even by lime incorporation through plowing, it
was not possible to reach an Al saturation below 10 %
in the 0.15-0.20 m layer, nor base saturation close to
the desired value in the 0.10-0.15 m layer (65 %), as
established by the CQFSRS/SC (2004). Moreover, it

R. Bras. Ci. Solo, 33:659-667, 2009
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Figure 3. Values of base saturation in an Oxisol under the no-till system, submitted to the modes of tillage: no
tillage (a), plowing (b), chiseling (c¢) and liming: without lime (d) and with lime (e). MSD (minimum

significant difference).

must be mentioned that during the crop cycle of
soybean there was repeated water stress, mainly in
February 2006, and this affected yield, which was
2190 kg ha'l, near the mean of the treatments.
However, water stress could be a condition that may
favor crop response to the form of lime incorporation.

The reduction in the corn yield where the treatment
included plowing but no liming may indicate a greater
sensitivity of the crop to this condition in which plowing
brought the deeper soil layers with lower water pH
values, less base saturation and greater Al content
towards the surface, that is, where the greatest part
of the plant root mass is concentrated.

The climatic conditions for corn were less
restrictive than those for soybean the year before. For
corn, it was observed that lime application could be
technically recommended if the producer would

R. Bras. Ci. Solo, 33:659-667, 2009

mobilize the soil through plowing on his property,
which is justified by the tendency shown in figures 1d,
2d and 3d, of reduction in the pH values, increase in
Al saturation and reduction of base saturation in the
uppermost soil layer when plowing is performed
without liming. Actually, only in this case would lime
application be economically advantageous as well, as
reported by Rossato (2008) in the same study.

Greater wheat yields (2007) were obtained with
surface lime application in comparison with the
treatment without lime and in which the soil was not
mobilized (Table 2). However, there was no effect of
incorporation nor of liming. In contrast, for soybean
in the 07/08 harvest, the yield was greater in the
treatments where lime was applied and incorporated
with a chisel, in comparison with the treatment where
there was only chiseling. Likewise, there was no effect
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Table 2. Grain yield in the harvests of 2005/2006, 2006/2007, 2007 and 2007/2008 in an Oxisol under the no-till
system, submitted to different modes of tillage and liming

Soybeans Corn Wheat Soybeans

Mode of (harvest 05/06) (harvest 06/07) (harvest 2007) (harvest 07/08)

preparation  without  With Without  With Without  With Without ~ With

lime lime lime lime lime lime lime lime

kg ha-!
No-tillage 2084 2162 ns 5974 aA 6041 aA 1980 aB 2329 aA 2531 aA 2516 aA
Plowing 2028 2179 5252 bB 6087 aA 2156 aA 2227 aA 2359 aA 2588 aA
Chiseling 2255 2429 5837 aA 5670 aA 2108 aA 2252 aA 2049 aB 2630 aA
CV (%) 7.7 7.40 2.7@ 4.40 6.46@ 9.14® 8.75® 5.68®

@ Coefficient of variation. ® Main plot. ® Subplot. ™: not significant at 5 % probability of error, represents the interaction among
the modes of tillage, and liming the same lower case letters in the column refer to the form of tillage and equal capital letters in
the row refer to liming and do not differ from each other by the Tukey test (p < 0.05).

of incorporation or non- incorporation of the lime applied.
In both cases a beginning response of the crops to
liming can be observed. This may be related to the
increase in soil acidity in the treatments without liming.

The results of this study may also be considered
as positive in relation to the recommendations for
liming and fertilization for the States of RS and SC
(CQFSRS/SC, 2004), because the interpretation of soil
analysis before initiating the field work allowed the
non-recommendation of liming. Nevertheless, this
same recommendation system suggests that soil
analysis in the 0.10-0.20 m layer may be appropriate
in certain situations, due to the reasons underlying
the hypothesis of this study. It is noteworthy that
the assumption that the Al saturation and base
saturation levels may constitute a restrictive
environment for adequate root growth was inferred
from knowledge generated and divulged based on the
conventional system of soil tillage, i.e., plowing and
disking. In contrast, in the no-till system there may
be a layer with these characteristics below 0.10 m,
but negative effects must not necessarily be expected,
since the conditions in the 0-0.10 m layer are
adequate. In a study that contributed to this issue
Rheinheimer et al. (1994) observed that when the
initial growth of tobacco roots occurs in an
environment with low Al content, the plants may later
tolerate higher contents of this element.

Another important aspect to be emphasized, for
the treatments without liming and with chiseling or
a no-till system, is that the values of pH (Figure 1a,c)
and of base saturation (Figure 3a,c), in the 0-0.10 m
layer (average of the 0-0.05 and 0.05—-0.10 m layers)
were below the recommended by the CQFSRS/SC
(2004) but no reduction in corn yield was observed
(Table 2). This suggests that in some cases the acidity
properties to be considered for the decision of lime
application may be lower than those currently
recommended for no-till areas. This data agrees with

those of Holzschuh (2007) in the same soil type and
crop system as in this study, where base saturations
around 42 % in the 0—0.10 m layer and 30 % in the
0-0.20 m layer were not limiting for the oat and
soybean development. In addition, these results agree
with those of Caires et al. (1998) where there was no
response of soybean to lime application in an Oxisol
under a no-till system, with pH in CaCl; of 4.5, 32 %
base saturation and 18 % Al saturation in the 0—
0.20 m layer. Likewise, based on a series of
experimental results with soybean and corn, Sa (1999)
shows improvements in the soil chemical attributes
by lime incorporation with plowing and disking, but
that this was not reflected in higher crop yields when
compared with the surface application of lime.
Further details regarding the lack of crop response to
liming in the no-till system were also discussed by
Pottker & Ben (1998), Caires et al. (1999), Caires et
al. (2000), Rheinheimer et al. (2000), who attributed
this fact to sufficient levels of Ca, Mg, P and K for
plant growth, derived from residual material from
previous lime and fertilizer applications. Another
factor that helps to understand the results is the lower
toxic effect of Al due to the reduced concentration of
toxic elements (Al** and AIOH2*) and Al complexation
by organic ligands favored by the conditions created
in the no-till system, mainly in the surface layer
(Salet, 1999). In addition, in the no-till system, roots
grow preferentially in biopores, in which the
environment is more favorable, in other words, the
values of the soil acidity attributes when analyzed
as a whole might not represent the real environment of
root growth (Gassen & Kochhann, 1998).

CONCLUSIONS

1. No yield reduction was observed in the situation
where the pH in water and base saturation are low
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and Al saturation is high in the 0.10-0.20 m layer,
but yields were reduced when in the 0-0.10 m layer,
the pH was > 5.5 and the base saturation > 65%, as
indicated by the CQFS-RS/SC (2004).

2. Lime incorporation through plowing was the
most efficient form of correcting deep soil acidity.
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