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ABSTRACT

Liming positively impacts soil quality, such as increasing pH and nutrient availability. In the state of Roraima,
arable soils, for the most part, are under the domain of the savannah biome, with an acidic pH and low sum of
bases, conditioning agricultural use to investments in fertility correction. Thus, the study aimed to evaluate
different limestone recommendation methods and their effects on the chemical characteristics of three soil classes,
using corn as an indicator plant in pot cultivation. The lower doses were considered to neutralize exchangeable
acidity, and the higher doses aimed at neutralizing exchangeable acidity and increasing calcium and magnesium
levels. In the more clayey soil, the different doses of lime did not affect the initial production of dry matter;
therefore, a method that guarantees the supply of calcium and magnesium to the crop, in addition to neutralizing the
toxic forms of aluminum, is the most appropriate. In sandy soils with low buffering power, predominant in the
savannah, the highest doses of limestone reduced dry matter production. In these soils, the method based on the
neutralization of exchangeable aluminum was efficient in raising the pH and reducing the exchangeable AI**, but it
did not guarantee adequate levels of calcium and magnesium for the crop's needs. The results show the importance
of an individualized approach in lime requirement determination for liming in Roraima soils.

Keywords: Limestone, Soil fertility, Soil pH, Base saturation.

Necessidade de calagem em solos tropicais: um estudo na savana amazénica brasileira

RESUMO

A calagem apresenta impactos positivos na qualidade dos solos, como o aumento do pH e na disponibilidade de
nutrientes. No estado de Roraima, solos agricultiveis, em grande parte, estdo sob dominios do bioma savana e
apresentam pH &cido e distrofia, condicionando o uso agricola a investimentos na correcdo da fertilidade. Assim,
objetivou-se avaliar diferentes métodos de recomendacéo de calcério e seus efeitos nas caracteristicas quimicas de
trés tipos de solo, tendo o milho como planta indicadora em um cultivo em vasos. As menores doses consideraram
a neutralizagdo da acidez trocivel e as maiores a neutraliza¢do da acidez trocavel e o aumento dos niveis de célcio e
magnésio. No solo mais argiloso, as diferentes doses de calcario ndo afetaram a producdo inicial de biomassa seca;
dessa forma, um método que garanta o fornecimento de célcio e magnésio para a cultura, além de neutralizar as
formas tdxicas de aluminio, € o mais adequado. Nos solos mais arenosos e com baixo poder tampao, predominantes
na savana, as maiores doses de calcério reduziram a producdo de biomassa. Nesses solos, 0 método baseado na
neutralizacdo do aluminio trocavel foi eficiente em elevar o pH e reduzir o Al trocavel, mas ndo garantiu teores de
calcio e magnésio adequados para a necessidade da cultura. Os resultados obtidos evidenciam a importancia de
uma abordagem individualizada na determinacéo da necessidade de calagem para os solos de Roraima.

Palavras-chave: Calcério, Fertilidade do solo, pH do solo, Saturagéo por bases.
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1. Introduction

Liming acidic soils has far reaching positive impacts
on soil and plant processes and functions in terms of
chemistry, physics, nutrition, and biota quality (Holland
et al., 2018). The main methods for lime requirement
determination for liming tropical soils in Brazil aim to
increase pH and Ca (calcitic limestone) or Ca and Mg
(dolomitic limestone) content, indirectly reducing Al
and Mn activity to non-toxic levels, increasing P
availability, effective CEC and cation adsorption (Sousa
et al., 2007; SBCS-CQFS-RS/SC, 2004; Raij, 2011).

The main lime requirement determination methods
are based on the neutralization of exchangeable acidity
(AI*"), the neutralization of AI** combined with calcium
and magnesium contents, the decrease in pH in the SMP
buffer solution, and the base saturation of the cation-
exchange capacity of the soil (Sousa et al., 2007; Sousa
and Lobato, 2004; Raij, 2011). Other methods,
complementary to those considered traditional, have
been proposed to avoid under or overestimation of
liming, such as the methodologies proposed by
Guargoni and Sobreira (2017) and Teixeira et al. (2020),
which use algorithms to decide on a recommendation
that meets the supply of calcium and magnesium, with a
recommendation limited to the neutralization of
potential soil acidity loads.

Excessive application of lime can alter the
solubility/availability of micronutrients such as iron,
manganese, zinc, copper, and boron (Fageria and
Baligar, 2008) and affect the soil base balance (Silva
Carneiro et al., 2018). Excessive liming can also affect
soil structure, increasing the number of small aggregates
due to the breakdown of larger aggregates stabilized by
Fe and Al sesquioxides, resulting in reduced
permeability and a lack of adequate drainage and,
consequently, a change in the ecosystem (Harter, 2007).
On the other hand, recommendation methods, such as
those based on exchangeable acidity, use a conversion
factor to compensate for part of the limestone spent on
neutralizing the H* that dissociates from the functional
groups of organic matter, clay, minerals, and oxides
(Kaminski et al., 2007) to avoid underdosing and meet
liming objectives.

In the savannah domains of the state of Roraima, the
arable soils are found on the flattened surfaces of the
central and northeastern regions, where deep,
weathered, and not very fertile soils predominate,
represented by Latossolos and Argissolos (Vale Janior
and Schaefer, 2010). Due to their mineralogical
composition and sedimentary origin, the soils have low
pH values, low sum of bases and base saturation, and
low activity of the clay fraction (Benedetti et al., 2011).
The agricultural use of these soils depends on
investments in correcting their natural fertility, adequate

fertilization of crops, and an understanding of their
physical properties (Melo et al., 2003).

The lime requirement (LR) definition for the state of
Roraima still follows consolidated methods for other
regions. The aim was, therefore, to evaluate the methods
used to determine the LR in three classes of low CEC soils
in the Amazon savannah, with corn as the indicator crop.

2. Material and Methods

The experiment was conducted in the experimental
area of the Center for Agricultural Sciences (CCA) of
the Federal University of Roraima - UFRR, in Boa Vista
- RR. The climate of the region is Aw-type, according to
the Koppen classification, belonging to the Tropical
Rainy climate domain, hot and humid, with a clear dry
period (Barni et al., 2020).

For the study, samples were collected from three soil
classes, already described and present on the Cauamé
campus of the Federal University of Roraima, in the O-
0.20 m layer. The three soil profiles selected are
classified as Latossolo Amarelo Distrocoeso Tipico
(LA), Latossolo Vermelho Distréfico (LV), and
Argissolo  Vermelho-Amarelo  Distréfico  (PVA)
(Benedetti et al., 2011).

After field collection, the soils were air dried,
pulverized, and sieved (4 mm mesh), the field capacity
was determined using the drainage method, and the soil
moisture was determined using the oven drying method
at 105 °C. Part of the sample from each soil class was
sent to the laboratory for physical and chemical
analysis. A randomized block design was adopted for
the experiment in a 3x5 factorial scheme, with four
replications, where each soil class received five lime
doses.

Table 1 shows the soil classes and their chemical
and physical attributes. The pH in water and KCI (1 mol
L' KCI solution) were measured using soil:solution
ratios of 1:2.5 (weight/volume) (Embrapa, 1997). The
exchangeable Ca, Mg, and Al levels were extracted
using a 1 mol L™ KCI solution. APF* was measured
using a standardized NaOH base. Ca®* and Mg®* were
determined by atomic absorption spectrophotometry
(Embrapa, 1997). K and P were extracted using the
Mehlich-1 extractant (HCI 0.05 mol L and H,SO,
0.0125 mol L™). Flame photometry was used to
determine K, and calorimetry to determine P. Potential
acidity (H + Al) was extracted in a 1.0 mol L™ calcium
acetate solution at pH 7.0 and quantified using
standardized NaOH (Embrapa, 1997). The sum of bases
(SB), cation exchange capacity at pH 7 (CEC), and base
saturation (BS) were estimated from the results of the
sorption complex. Particle size distribution was
determined using the pipette method (Embrapa, 1997).
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P-rem was determined in solution after 5 cm?® of soil
had been shaken for 1 h with 50 mL of CaCl, 0.01 mol
L (Alvarez et al., 2000). The organic matter content of
the soil was determined by oxidizing potassium
dichromate 0.2 mol L™ (Embrapa, 2009).

Based on the data in Table 1, the liming
requirements were calculated using the method of
neutralizing exchangeable acidity (Catani and Alonso,
1969) to define the minimum dose. To establish the
highest dose, the neutralization of exchangeable acidity
and elevation of Ca and Mg were used (Alvarez and
Ribeiro, 1999). The values obtained were converted into
doses per hectare and calculated for the volume of the
pots (Table 2), which had a capacity of 11 liters.

The intermediate doses were defined at equal
intervals and transformed into values equivalent to the
recommendation using the base saturation method (Raij,
1981) (Table 2). A mixture of CaCOs (p.a.) and MgCOs
(p-a.) in a 4:1 ratio was used as the corrective agent with
an ECCE of 100%. The experimental unit was a black
polyethylene pot with a volume of 11 dm?, filled with
soil and a corn plant. Before planting the corn, liming
was conducted by manually incorporating lime into the
entire soil volume in each pot. Water was added to
maintain humidity at nearly 80% of field capacity. The

Table 1. Physical and chemical attributes of the soils studied.

pots were kept in a protected environment, and the soil
from each class that had received the lowest lime dose
was sampled weekly to determine the pH. At 21 days
after the start of incubation, it was found that the pH of
the sampled soils had reached a value equal to or greater
than 5.5, and incubation ended. A soil sample was also
taken from all the units to determine the pH on this date.
This sampling was repeated three more times, according
to the corn growth stages (V4, V10, and V16-R1), for
the chemical analysis of macronutrients and soil fertility
assessment during the crop cycle (Table 3).

Before sowing the corn, 220 kg ha™ of triple
superphosphate was applied, with the application
concentrated in the center line of the pot at a depth of
approximately 5 cm. Also, 50 kg ha™ of urea and 40 kg
ha™ of potassium chloride were diluted in water and
applied over the entire surface of pots, and 50 kg ha™ of
FTE Br was homogenized over the entire soil volume.
The corn hybrid 30F35VYHR® was sown using three
seeds per pot, and after ten days, the seedlings were
thinned out, leaving the most vigorous. Throughout the
crop cycle, three topdressings were conducted at V3
(300 kg ha® of ammonium sulfate, 70 kg ha® of
potassium chloride), V7, and V9 (100 kg ha™ of urea,
30 kg ha™ of potassium chloride)

Soil pH P K ca® Mg® Al H+Al CECpn7 BS
H,0 KClI —mg kg — ——cmol, dm®*—— (%)

LA 4.83 3.95 0.9 12 0.24 0.08 0.68 2.30 2.65 13.2

LV 5.10 4.17 0.7 - 0.16 0.16 0.29 1.60 1.92 16.7

PVA 4.89 4.02 0.7 2 0.15 0.08 0.29 1.10 1.34 17.9

Clay (%) Silt (%) Sand (%) P-rem (mg L) SOM (dag kg%

LA 274 7.9 64.7 353 0.53

LV 19.9 8.6 715 422 0.66

PVA 12.7 4.8 825 478 0.26

LA: Latossolo Amarelo Distrocoeso Tipico. LV: Latossolo Vermelho Distréfico. PVA: Argissolo Vermelho-Amarelo Distréfico.

Table 2. Equivalent doses of calcium carbonate (CaCOs3) applied per pot for soil correction and expected base saturation values in
the soils for each liming recommendation.

Dose (kg ha™) and Base saturation expected (BS%)

Soil )

T1 T2 T3 T4 TS
LA! 910 (487 1220 (59) 1531 (71) 1842 (83) 2153 (94)
LV 434 (39) 773 (57) 1113 (75) 1452 (92) 1792 (110)
PVA 434 (50) 786 (77) 1138 (103) 1490 (129) 1842 (155)

ULA: Latossolo Amarelo Distrocoeso Tipico. LV: Latossolo Vermelho Distréfico. PVA: Argissolo Vermelho-Amarelo Distréfico.
2T1: Exchangeable acidity neutralization method (LR = 0.08+1.22*AI**) Catani & Alonso (1969). T2: T1 + 25% of the difference
between T1 and T5. T3: T1 + 50% of the difference between T1 and T5. T4: T1 + 75 % of the difference between T1 and T5. T5:
method for neutralizing exchangeable acidity and raising Ca and Mg (LR = {Y [AI*" - (mt x t/100)]} + [x -(Ca®*" + Mg?")]) Alvarez &
Ribeiro (1999), where Y is determined by the equation Y = 4.002 - 0.125901 P-rem + 0.001205 P-rem2 - 0.00000362 P-rem3, t is the
effective cation exchange capacity, X is equal to 2 cmol, dm™ and mt is equal to 15 for the corn crop. */Expected base saturation for
the dose applied within each soil.
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Table 3. Summary of the main operations and evaluations conducted.

Date DAEY Operation/Evaluation Growth stage
06/04/22 _ Liming _
06/25/22 _ Soil sampling/Sowing/Fertilization _
06/29/22 _ Emergence Ve
07/06/22 7 Topdressing V3
07/13/22 14 Soil sampling V4
07/20/22 21 Topdressing V7
08/03/22 35 Topdressing V9
08/06/22 38 Soil sampling V10
08/24/22 56 Soil sampling V16-R1

UDays after emergence.

Fertilization recommendations were based on and
adapted from Sousa and Lobato (2004). Evaluations
were made 56 days after the crop emerged when the
plants were at the R1 stage. The shoot was separated
from the roots to assess the plant dry matter. The shoots
were washed, separated into leaves and stalks, and taken
to an air-forced circulation oven to be dried at 65 °C
until they reached a constant weight, and then the dry
matter was quantified.

The same procedure was conducted on the roots
after manually separating them from the soil, washing
them in tap water under pressure, and sieving them
through a 2 mm mesh sieve. The results were subjected
to analysis of variance, and the means were compared
using the Tukey test at 5% probability or regression
analysis.

3. Results and Discussion

Considering the average contents in the period
from 21 days after incubation to the final sampling, the
treatments with liming recommendations higher than
T3 neutralized the exchangeable AI** in the LA and
LV, while in the PVA, all the doses applied were
effective in neutralizing AI®* (Figure 1A). It was
expected that the lowest lime dose (T1) would
neutralize the exchangeable AI* in the soils, as
proposed by Catani and Alonso (1969), to raise the pH
(H,0) of the soil to 5.7.

However, the mixture of corrective agents was
underdosed in the more clayey soil. Likely, the method
proposed by Sousa and Lobato (2004) for neutralizing
aluminum in Cerrado soils is more effective, as it
increases the liming recommendation using the equation
LR = 2 x AI**, which is ideal for soils with AI**. The
Catani and Alonso (1969) method provides for the
correction of soils without AI**, intending to desorb
non-exchangeable H, increasing the effective CEC and
the Ca and Mg contents. However, it underestimates the
dose in soils with AI*".

The average pH for all liming recommendations and
soil classes was close to the range suitable for the
growth of most crops, between 5.5 and 6.5. However,
treatments with a lime dose equal to or higher than T4
achieved pH values close to (LA) or above 7 (LV and
PVA) (Figure 1B). The results observed align with
Alvarez and Ribeiro (1999), who predicted this behavior
in low CEC soils, leading to over-calcification and its
negative effects. The Ca and Mg contents increased
with the increase in the doses of correctives in the soils,
but with average contents lower than those considered
critical sufficiency of 1.5 cmol, dm™ for Ca and 0.5
cmol, dm™ for Mg (Figure 2A and 2B) recommended by
Alvarez and Ribeiro (1999).

Considering the low CEC of the soils, only the LV
(Table 1) would have charges to maintain 2 cmol, dm of
Ca and 0.6 cmol, dm3 of Mg, to the detriment of the
other bases. In LA and LV soils, with T5, the Ca+Mg
content reached 2 cmol. dm™ 21 days after liming. Still, it
was ineffective in maintaining this average soil level
during the period evaluated (Figure 2C) due to
competition with other bases (K and NH4") from
fertilization and leaching. The dystrophic condition of the
soils was not altered by the lower doses of lime (T1 and
T2), with base saturation values between 25 and 50%. In
treatments equal to or greater than T3, base saturation
reached 50 to 80% (Figure 2D). These values were lower
than expected, especially for PVA, where base saturation
was expected to be close to 100% (Table 2).

The average available K content was below 0.08 cmol,
dm’3, with most of the values being below 0.05 cmol, dm’3,
falling within the medium and low interpretation ranges
according to Vilela et al. (2004) for Cerrado soils with a
CEC less than 4 cmol, dm? (Figure 3A). The P contents
were dispersed, indicating no influence from liming,
probably due to the localized application in a row, while
sampling was conducted at random points in the pots
(Figure 3B). It should be considered that P in acidic soils
remains strongly retained by iron and aluminum
hydroxides, while in alkaline soils, it is held in less soluble
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magnesium and calcium mineral compounds, making it
poorly mobile in the soil and unavailable to plants when
the pH of the soil solution is below or above 6 and 6.5,
respectively (Ibrahim et al., 2022).

In LV and PVA soils, the average Ca/Mg ratio
values ranged from 4 to 6/1 at lime doses equal to or
greater than T2. In LA, the Ca/Mg ratio ranged from 5
to 6/1 (Figure 4A). These results may be due to the
greater outflow of Mg from the system, either through
leaching or plant absorption. The use of the Ca/Mg ratio
is still debated and is not unequivocally defined
(Chaganti and Culman, 2017; Culman et al., 2021;
Kopittke and Menzies, 2007), but better results have
been found when Ca predominates over Mg (Silva,
1980; Lange et al., 2021; Veloso et al., 2001) up to a
ratio of 10:1 while maintaining a minimum content of
0.5 cmol, dm™ for Mg (Sousa and Lobato, 2004).

As expected, the average concentration of Ca and
Mg in the CEC throughout the experiment increased as
the recommended doses increased (Figure 5A and 5B).
For K, the average values in the CEC (31 to 81 days
after lime application) were below 3% (Figure 5C).
According to Culman et al. (2021), the most desirable
ranges of the CEC saturation ratio with basic cations
are 60-75% for Ca, 10-20% for Mg, and 3-5% for K,
values close to those obtained by liming at dose T5 for
all soils.

The average ratio between the sum of the
exchangeable Ca and Mg contents and K
(Ca**+Mg*)/K* from 31 to 81 days after the lime
application was higher than 30 for the correction of the
three soils with doses equal to or higher than T3. Values
of this ratio above 30 are considered high, according to
Sousa and Lobato (2004).
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Figure 1. Distribution of aluminum content (A) and soil pH (B) according to the liming based on different lime requirements

determination methods and soil classes.
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saturation of CEC (D) according to the liming based on different lime requirements determination methods and soil classes.
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At doses equal to or lower than T2, this ratio was
between 15 and 25, 20 and 30, and 18 and 30 in the LA,
LV, and PVA soils, respectively (Figure 5D), close to 20
to 30 considered adequate by Sousa and Lobato (2004).
The biological response to the treatments, assessed by the
total dry matter of the corn plant, ranged among soils.
There was a significant interaction among the three soil
classes and liming recommendation methods for the total
dry matter production variable.

The treatments with different recommended lime
doses did not cause significant changes in the total dry
matter production of corn in LA soil; however, in LV and
PVA soils, there was a significant decrease as the
recommended lime dose for each soil increased (Table 4).
A significant decrease in corn grain yield with increased
lime doses was also observed by Liebhardt (1979) in
sandy soils with low CEC (4 cmol. kg?) in the coastal
plain of the state of Delaware (USA) with the application
of calcitic limestone (31% Ca, 1% Mg), dolomitic
limestone (21% Ca, 12% Mg) and a mixture of both (29%
Ca, 6% Mpg); it increased the soil pH from 5.7 to 6.4.

In later studies, Liebhardt (1981) suggested
adopting a liming program for these weakly buffered
soils to keep the soil pH between 5.5 and 6.0, values
similar to those obtained in this study using the LR

determination method based on neutralizing
exchangeable acidity. According to the authors, in the
conditions of sandy soil and low CEC
Potassium content
LA | (A% PVA
o0 Mean levels =
5 \ E
*g”" = ] Suitable range 2
s’r:‘,:’v‘ l‘IéLE] J 1 F'] E:
B ’ He BT

Low levels
TIT2T3T4T5 TIT2T3T4T5 TI1T2T3T4T5
Treatments

studied by Liebhardt (1981), the cause of the reduction
in productivity was probably due to the lower
absorption of manganese by the plants in the higher pH
conditions. Considering that the (Ca®*+Mg?")/K" ratio
was within the appropriate range, being close to the
values of 20 to 30 considered adequate by Sousa and
Lobato (2004), there are other hypotheses for the low
results of dry matter of corn.

In Brazilian Cerrado soils, the most common
micronutrient deficiencies are B, Cu, and Zn, with Zn
deficiency evident in conditions of base saturation greater
than 60%, even in perennial crops (Sousa and Lobato,
2004). As Zn availability is highly reduced in sandy
textured soils (lower CEC) and with a pH above 6
(Suganya et al., 2020), its deficiency may be one of the
factors involved in the reduction of dry matter
accumulation in the treatments with higher lime doses,
corroborated by the substantial positive correlation
(correlation coefficient (r) equal to 0.76 with statistical
significance validated at a significance level of a equal to
0.05) obtained between total dry matter production and
CECy; of the soils in our study.

This occurs too in the results obtained by Agyin-
Birikorang et al. (2022), where a balanced nutrient
treatment, but without Zn, associated with the lime
application resulted in a 30% decrease in corn grain yield
compared to complete balanced fertilization, in acid soils
in northern Ghana.
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Figure 5. Calcium (A), magnesium (B), and potassium saturation in the total soil CEC (C) and the ratio (Ca®*+Mg*")/K* (D)
according to the liming based on different lime requirements determination methods and soil classes between 31 and 81 days after

liming.

The increase or non-decrease in the productive
response of crops under different lime doses in soils
was expected for all soils, not just LA, considering the
contribution of Ca and Mg made by liming and the low
levels of these nutrients in the soil. This response was
obtained in more clayey soils than LA in research
carried out in the north of the Brazilian Amazon,
which showed that increasing the dose of lime resulted
in a linear increase in dry matter production in pepper
(Cardoso et al., 2014) and sugar cane (Silva et al.,
2014), and also indicated the possibility of a response
for applications higher than 2,000 and 6,000 kg ha™ of
lime, respectively.

From the point of view of base balance, for the LV
and PVA soils, the highest dry matter production
occurred in the treatments with the lowest dose applied
(T1 and T2), whose average ratio (Ca**+Mg*)/K* was
between 18 and 30. This result is similar to that of
Veloso et al. (2001), who obtained the highest dry
matter production of corn harvested 45 days after
planting, with a ratio of 19.8 for the crop grown in pots
under greenhouse conditions.

The relationships between basic cations during the
period when the effect of liming was evaluated (from
31 to 81 days after lime application) showed a
negative correlation for the LV and PVA soils
(correlation coefficient (r) equal to -0.59 with
statistical significance validated at a significance level
of a equal to 0.05) with total dry matter production.
However, this value is lower (correlation coefficient
(r) equal to -0.45 with statistical significance validated
with a significance level of a equal to 0.05) if the

correlation includes the LA results since this soil
showed productive stability under different ratio
values among these cations.

A predictive multiple regression model, which
considers the cation exchange capacity (CEC,u;) and
the ratio between cations (Ca**+Mg*")/K"), provided
the best explanation for the behavior of plant dry
matter production for the three soils evaluated,
considering the period from 31 to 81 days after lime
application (Figure 6). This relationship is probably
established because when there is an increase in the
lime dose (Ca and Mg) compared to potassium (K) or
other cationic nutrients (Zn, Cu, Co, Ni, Fe, and Mn)
supplied at constant doses, saturation of the exchange
sites can occur, which prevents adequate absorption of
these other cations. This saturation of the exchange
sites will be greater as the lower cation exchange
capacity (CEC) of soil.

Considering the conditions under which this study
was conducted, it was not possible to determine an
unequivocal lime requirement determination method
for liming the soils of Roraima. However, the results
indicate the need to consider texture and CEC when
defining lime doses. In the case of the more clayey soil
with a higher CEC, as the different liming
recommendations did not reduce the initial dry matter
production of the corn crop, the methodology for lime
requirement calculation can be more flexible, allowing
the use of limestone as a source of Ca and Mg and
raising base saturation to levels of around 60%, as
recommended by Fageria (2001) for corn growing in
Brazilian Cerrado soils.
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Table 4. Total dry matter of corn plants according to the liming based on different lime requirements determination methods and soil
classes.

Total dry matter (g per plant)

Soil/Treatments T1 T2 T3 T4 T5
LA 100.2 aA 89.4 aA 104.6 aA 99.5aA 104.6 aA
LV 109.9 aA 81.5aA 47.2bB 47.0bB 23.6 bC
PVA 60.3 bA 41.7 bAB 34.2bB 28.7 bBC 15.1bC

Means followed by the same lowercase letter in the columns and uppercase letter in the lines do not differ by the Tukey test (p <
0.05). CV:13.76. LA: Latossolo Amarelo Distrocoeso Tipico. LV: Latossolo Vermelho Distrofico. PVA: Argissolo Vermelho-
Amarelo Distréfico. 2T1: Exchangeable acidity neutralization method (LR = 0.08+1.22*AI**") Catani & Alonso (1969). T2: T1 +
25% of the difference between T1 and T5. T3: T1 + 50% of the difference between T1 and T5. T4: T1 + 75 % of the difference
between T1 and T5. T5: method for neutralizing exchangeable acidity and raising Ca and Mg (LR = {Y [AI*" - (mt x t/100)]} + [x -
(Ca?* + Mg?")]) Alvarez & Ribeiro (1999), where Y is determined by the equation Y = 4.002 - 0.125901 P-rem + 0.001205 P-rem2 -
0.00000362 P-rem3, t is the effective cation exchange capacity, X is equal to 2 cmol. dm™ and mt is equal to 15 for the corn crop.
3/Expected base saturation for the dose applied within each soil.

Total dry mass= 105.42 CEC ,;,;***-0.80(Ca + Mg/K) ** -155.14**
p-value ** < 0.01 *** <0.001
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Figure 6. Total dry matter production of corn according to the (Ca®*+Mg?*)/K*ratio and CEC,y of the soil between 31 and 81 days

after lime application.

Lower lime doses in more sandy soils with low CEC
led to higher dry matter production, indicating the need
to pay attention to the chemical changes caused by
liming in this soil type. As the improvement in the soil
chemical attributes (base saturation, pH, and
neutralization of exchangeable Al) was not related to the
increase in total dry matter production of corn during
the period evaluated, other factors, probably related to
over-liming, may have affected dry matter production.
Therefore, the initial aim of liming these soils should be
to raise the pH and neutralize aluminum, followed by
the supply of Ca and Mg, considering the effects of
raising the pH on the availability of other nutrients.

Fageria and Baligar (2008) pointed out that over-
liming in tropical soils can lead to deficiencies in
micronutrients such as Fe, Mn, Zn, Cu, and B,
especially in sandy soils. This condition requires that, in
parallel with liming, micronutrient correction is
conducted in the soil or complementary fertilization
during the cultivation of crops, possibly by foliar
application.

4. Conclusions

For soils with more than 20% clay, methods of
recommending lime that guarantee the supply of
calcium and magnesium to the crop and neutralize toxic
forms of aluminum are suitable since they improve soil
fertility and, as a result, the response of the corn crop. In
soils with less than 20% clay (more sandy), the method
based on neutralizing exchangeable aluminum
effectively raises pH and reduces exchangeable Al.
However, it does not guarantee adequate levels of
calcium and magnesium in the soil to develop the
complete corn cycle. It may be necessary to use soluble
sources of Ca and Mg without raising the pH.
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