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ABSTRACT: Soil liming is a common practice in agriculture. It aims to reduce soil acidity and to
supply calcium and magnesium. Lime, however, is not easily soluble in the soil, and its reaction products are
often concentrated in the application zone, which is mainly the topsoil layer. In order to increase the
concentration of nutrients in deeper layers, agricultural gypsum—a byproduct of phosphoric acid production
process, rich in calcium and sulfur—is used. In this context, the objective of this study was to evaluate the
chemical attributes of the oxysoil and the corn’s yield to the application of gypsum associated with
potassium (K) rates. The study was developed in Uberaba city, Minas Gerais state, Brazil. The factorial
scheme was used 5x5, with five rates of K (0, 100, 180, 240, 360 kg ha™ K,0) and five gypsum rates (0, 500,
1000, 2000, 4000 kg ha™) in a randomized complete block design with four replications. The soil chemical
attributes were evaluated at 0.0-0.20 m and 0.20-0.40 m depth and the biometric and productive attributes of
corn. The application of gypsum resulted in the increase of calcium (Ca) and sulfur (S) contents in all depths;
reduced the levels of pH, manganese, potential acidity (H + Al) in the 0.0-0.20 m depth, and increase the
levels of base of saturation and sum of bases on the 0.20-0.40 m depth. Corn yield and biometric attributes

no were influenced by the factors evaluated.
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INTRODUCTION

In the last decades, the application of
industrial waste in agriculture had been
characterized as a viable alternative for the nutrient
supply of plants and the correction of soil acidity
wich minimizing the environmental impacts
generated by industrial activities. Gypsum is a
derivate product of phosphoric acid production,
has shown high potential in the supply of the Ca
and S to various crops, as well as reducing the
concentration of exchangeable, toxic aluminum to
plants (BORKERT et al., 1987).

The potential acidity characterized by the
presence of hydrogen and aluminum ions in the
soil solution is a limiting factor in agricultural
productivity, because it reduces the availability of
nutrients to the plants, causing a reduction of the
root system, consequently, less absorption of water
and nutrients reducing production. The gypsum,
properly employed in agriculture, contributes to
soil conditioning, promoting the reduction of
aluminum saturation and, at the same time,

increasing nutrients to soil solution and absorption
of plants.

Several authors have demonstrated the
beneficial effects of gypsum application in
agriculture (AZEVEDO et al., 2004, CAIRES et
al., 2004, DEMATTE, 2011, CASTRO et al,,
2013, CRUSCIOL et al., 2014). The application of
gypsum to the soil causes the formation of ionic
pairs between SO, and some cations, which (K",
Ca®™’, Mg™") to depths in the soil. It due to high
solubility, it does not change the electric charges of
the soil and increase the sulfate anion (SO4)
concentration in the soil solution (ERNANI;
RIBEIRO; BAYER, 2001). However, considering
that gypsum acts as a source of Ca, its
indiscriminate use may lead to the reduction of K"
and Mg”" contents of the soil surface. As a
consequence, induce deficiency of these nutrients,
especially in soils with low retention capacity of
cations and organic matter.

Due to the possibility of significantly
reducing the availability of K to plants, the use of
gypsum hasn’t been recommended in soils with
CEC of less than 3,0 cmol, dm™ or organic matter
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content less than 15 g dm™ in the soil layer
superficial (MARTINEZ; CARVALHO; SOUZA,
1999). However, even in soils with low capacity to
exchange cations, it is common to the occurrence
of high levels of AI’" in depth. For high efficiency
of the gypsum, it is necessary to the balance of
fertilization and its relationship with the CEC at
pH 7.0 and should be maintained at 45%, 15% and
5% of Ca, Mg and K.

The K is the nutrient normally found in
lower levels in the soil. Thus, the association of a
direct source of K applied in planting fertilization
or coverage can minimize the effect displacement
of the K on the soil after the application of the
gypsum.

In this context, the objective of this study
was to evaluate the effects of the application of
gypsum and potassium rates on the chemical
attributes an oxysoil and the productivity of maize.

MATERIAL AND METHODS

The experiment was carried out from
02/23/2015 to 07/20/2015, in Uberaba city, Minas
Gerais state, Brazil, located at 19°71'50 "S of
latitude and 47°93'45" W of longitude, at 800
meters of altitude, in an Distrofic Red Latosol
(oxysoil), with medium texture (clay = 15 %). The
climate of the region is of type Aw (ALVARES et
al., 2013), that is, tropical with dry winter. The
mean temperature and precipitation during the
experimental period were 21.17 °C and 1053.36
mm, respectively.

The chemical characterization of the soil in
the depth from 0.0 to 0.20 m were: pH (H,0) =
5.9; Organic matter = 12 g kg''; P (Mehlich-1) =
13.9 mg dm™; H + Al = 1.9 cmol, dm™; Ca = 1.3
cmol, dm™; K = 0.16 c¢mol, dm>; Mg = 0.4 cmol,
dm™; SB = 1.9 cmol, dm™; CEC = 3.8 cmol, dm>;
Cations saturation = 49%; Relations: Ca/Mg =
3.25; Ca/K = 7.94; Mg/K = 2.44 and Ca + Mg / K
=10.63.

In the depth from 0.20 m to 0.40 m was:
pH (H,0) = 5.8; Organic matter = 10 g kg''; P
(Mehlich-1) = 1.8 mg dm™; H + Al = 1.7 cmol,
dm?; Ca= 1.1 cmol. dm™; K =0.14 cmol, dm?;
Mg = 0.3 cmol, dm?; SB=1.6 cmol dm™; CEC =
3.3 cmol, dm?; Cations saturation = 47%:
Relations: Ca/Mg = 3.67; Ca/K = 6.94; Mg/K =
1.89.

The experiment was carried out in a
randomized block design in a 5x5 factorial scheme,
with five gypsum (180 g kg of Ca and 150 g kg ™'
of S) rates (0, 500, 1000, 2000, 4000 kg ha™) and
five potassium rates (0, 100, 180, 240, 360 kg ha'!
K,0) with four replicates. The plots was with 7m
length and 8 rows of maize spaced 0.50 m. In this
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condition, it was considered as border, 0.50 m
from the ends and the two lines from the lateral
ends of each plot.

The soil was prepared with two heavy
harrows and grader harrows. All the gypsum and
potassium were applied in the total area of the
plots, pre-planting, being incorporated at
approximately 0.10 m depth by means of leveling
gradient (last preparation operation). In the
planting fertilization, it was used 100 kg ha’!, P,Os
(triple superphosphate) and 20 kg ha” N (urea)
were applied to the planting groove.

The planting of maize, cultivar AG-1051,
was carried out on February 23, 2015, using a
population of 60,000 plants per hectare. In the
coverage fertilization, it used 140 kg ha™ N (urea).
The coverage was divide in twice applications,
50% (70 kg ha' N) 15 days after planting and
50% (70 kg ha” N) 30 days after planting. The
other cultural treatments were those recommended
for the cultivation of maize in this region.

The maize dry mass with husk (MDH), the
maize dry mass without husk dry mass (MDWH),
cobs dry mass (CDM), grain mass per ears (MGE)
and grain yield (PG) were evaluated.

The harvest was realized on 07/20/2015,
147 days after planting. After the harvest, using
auger threaded hole, held soil sampling was
performed to evaluate soil chemical attributes. In
each plot, 15 simple samples were collected in the
depths from 0.0 to 0.20 m and 0.20 to 0.40 m. The
levels of Al, macro and micronutrients, potential
acidity (H + Al) and, relations between Mg/K,
Ca/Mg, Ca/K, according to the methodology
described by Raij et al. (2001).

The data were submitted to analysis of
variance by the F (a < 0.05) test, and according to
the need, multiple regression analysis was
performed to select the best model by the
backward stepwise selection method (James et al.,
2013). In addition, t-tests were performed for the
coefficients of the adjusted model in order to verify
if these were significant. All analyzes were
performed using the R (R Core Team, 2014)
software using the MASS, LEAPS, EXPDES
packages.

RESULTS AND DISCUSSION

Chemical attributes

In the depth 0.0-0.20 m there were
significant interactions between gypsum and
potassium doses for the variables K content and
Mg/K ratio. In the depth 0.20-0.40 m, significant
interactions were observed for variables: K and Ca
content, Ca/Mg and Ca/K ratios. For the other
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variables, when a significant effect was observed
the factors were evaluated separately.

Increasing levels of gypsum and K didn't
influence the organic matter contents, with average
values of 20.70 and 15.60 g dm® of OM,
respectively, in the depths 0.0-0.20 m (Table 1)
and 0.20-0.40 m (Table 2).

The fertilization with up to 360 kg ha
KO0 the soil, reduced linearly the pH values (CaCl,
mol L) after five months in the 0.0-0.20 m depth
(Table 1). The lowest value was 4.73 (Figure 1-A).
This reduction can be attributed to the binding of
K" to the negative charges of the soil, which can
cause the displacement and the higher
concentration of free H' ions in the solution,
resulting in a reduction in the values of this
attribute. In the 0.20-0.40 m depth (Table 2), the
application of gypsum and potassium didn’t
influence pH (CaCl, mol L) values, corroborating
with the results reported by Foloni et al. (2008),
Rocha et al. (2008) and Rampim et al. (2011)
regarding the application of gypsum. A mean value
of 4.74 for (CaCl, mol L") in the 0.20-0.40 m
depth (Table 2) was found.

The levels of P in the depth, 0.0-0.20 m
and 0.20-0.40 m, (Tables 1 and 2) weren’t not
influenced by the application of gypsum and K,
disagreeing with the results of Rampim, Lana and
Frandoloso (2013), when evaluating the doses of
gypsum of 1000, 2000, 3000, 4000 and 5000 kg ha’
"in an oxisol of higth clayey and verified the
increase in concentrations of P in the depth 0.0-
0.10 m, 0.10-0.20 m and 0.20-0.40 m. The authors
attributed this increase to the exchange of H,PO,
by SO,? at the adsorption sites, which increased
the availability of P. Average values of 62.48 and
46.80 mg dm” of P were in depth of 0.0-0.20 and
0.20-0.40 m, respectively, which are considered
adequate for Alvarez et al. (1999).

The application of up to 4000 kg ha™ of
gypsum and 360 kg ha™ of K,O resulted in linear
increases in the K contents in the 0.0-0.20 m depth
(Table 1), an effect related to higher availability of
K in this depth, after the percolation of calcium,
which, consequently, result the excellent
distribution of this nutrient. The maximum
potassium content in the 0.0-0.20 m depth was
0.37 cmol, dm™ (Figure 1-B).

Regarding the application of gypsum,
Caires et al. (2004) didn’t observe significant
effects of the application of this residue on
potassium contents in depth 0.0-0.20 m, probably
due to the fact that the authors studied only
gypsum rates, different this study, that in addition
to gypsum rates of K,O, aiming the non-
impoverishment of the superficial layer in
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potassium, considering that the soil
experimental area is of medium texture.

Thus, as in the 0.0-0.20 m depth, there was
a significant interaction between the causes of
variation for the K content in the depth 0.20-0.40
m (Table 2). However, there was a reduction in the
content of this nutrient with the application of up
to 2883.87 and 240.96 kg ha of gypsum and KO,
respectively, resulting in the minimum content of
0.21 cmol, dm™ of potassium (Figure 2-A).

The decreases of the K whit the application
of the gypsum in the layer of 0.20-0.40 m, are
related to the increased availability of Ca in
solution. The Ca of the solution exchange
potassium electrical loads from the soil, resulting
in the formation of ionic pairs between K' and
SO4* (RAIJ, 2008). The observed K contents are
classified as adequate in the depth 0.0-0.20 m,
Alvarez et al. (1999).

The content of Ca in the depath 0.0-0.20 m
increased linearly with application of up to 4000
kg ha™! of gypsum (Figure 1-C), corroborating with
the works of Caires et al. (2003, 2004) and Pauletti
et al. (2014). In the this study, the gypsum used has
180 g kg of Ca in its composition, which justifies
the increases of this nutrient in depth. The
maximum content of Ca (1.49 cmol, dm™)
observed in the 0.0-0.20 m depth (Figure 1-C) is
considered medium, according to Alvarez et al.
(1999), wich is 1.21 and 2.4 cmol, dm? of Ca in
the soil.

In the 0.20-0.40 m (Table 2), there was
significant interaction between the gypsum and K
rates for the Ca content (Figure 2-B). However, the
maximum Ca content (1.53 cmol, drn'3) observed
in this depth is close to that observed in the 0.0-
0.20 m depth (1.49 cmol, dm™), which can be
attributed to the high mobility of CaSO,’, ion pair
in the soil profile, which consequently increased
the availability of Ca in depth. Studies have
demonstrated the increase in Ca content in depth
due to the application of gypsum (CAIRES et al.,
1998; RAMOS et al., 2013).

In a dystrophic Red-Yellow oxysoil,
Pauletti et al. (2014) didn’t observed significant
effects of the application of gypsum in the 0.20-
0.40 m, with 0.40 cmol, dm” of calcium and
12000 kg ha' of gypsum rate. The authors
attributed this result to the low calcium mobility in
the soil profile, considering that calcium
accumulated in the 0-0.10 m (2.8 cmol, dm™ of
calcium). This effect were caused by the retention
of this nutrient in the negative charges of clay and
organic matter (VITTL, LIMA; CICARONE,
2006).

of the
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Table 1. Chemical characteristics of soil 0.0-20 m treated with the different K and gypsum rates at corn crop.

G OM  pH P K Ca Mg Al H+Al SB CEC V S B Cu Fe Mn Zn CaMg Ca/K MgK
(kg ha™) dr(r%) (CaCl,) Mg dm™ cmol, dm™ S —— mg dm”

0 2030 476 5990 027 147 036 041 271 211 482 4500 1.75 025 0.62 47.00 7.92 2.14 416 636 1.82
500 2070 480 63.80 029 127 026 041 248 1.82 431 39.64 834 025 0.61 50.15 7.99 2.61 482 4.03 1.28
1000 2185 476 7565 030 1.63 022 033 229 212 442 51.11 970 024 063 3580 7.64 224 803 757 1.10
2000 19.65 476 6130 033 1.62 0.17 036 211 210 422 4450 835 029 0.61 3795 6.83 232 10.17 632 1.08
4000 21.00 478 5175 026 125 030 038 239 181 421 4550 12.86 021 0.56 4140 7.47 2.02 424 815 1.83
K
(kg ha™)

0 2040 481 6450 022 138 027 036 230 1.83 414 42.00 1.75 025 0.62 4565 7.92 2.14 6.03 636 1.82
100 21.15 473 5725 030 144 027 041 243 200 443 4450 874 029 0.73 4560 880 242 603 6.15 1.68
180 19.65 487 6320 035 146 028 029 233 209 442 4625 924 023 056 3350 811 239 561 501 1.18
240 21.60 473 6995 029 1.51 023 043 242 203 445 4750 850 025 0.57 51.70 590 2.04 724 719 1.19
360 2070 471 5750 029 146 026 041 249 201 451 4550 1275 024 0.56 3585 7.11 237 651 7797 125
Average 2070 477 6248 029 145 026 038 239 199 439 4515 820 025 0.60 4246 7.57 227 628 649 142
Fg 1.13™  0.40™  2.03™ 630" 996" 26.80° 2.49™ 13.65° 2.44™ 491" 6.25™ 33.17° 64.76° 6.60™ 3.41° 298 6.10™ 40.39° 4.28™ 49.02™
Fx 0.94™ 1.79"  0.76™ 17.90™ 1.18" 2.01™ 7.59™ 1.69™ 0.89™ 1.60™ 1.16™ 3.69™ 4.18™ 5.11™ 537" 6.70™ 0.91™ 2.15™ 998" 8.69™
Foxk 0.99™ 1.14™  0.95™ 144" 338" 1.68™ 1.19™ 0.76™ 1.27" 0.78™ 1.92™ 9.87™ 2.48™ 3.64™ 1.01™ 3.20™ 3.20™ 1.77™ 2.55" 2.64"

G = gypsum rates; K = K,O rates; ns = not significant; “*” significant at 5% by F test; C.V. = coeficiente of variation.
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Table 2. Chemical characteristics of soil 0.20-0.40 m treated with the different K and gypsum rates at corn crop.

Mo a Mg Al H+Al SB CEC V S B Cu Fe Mn Zn Ca/Mg Ca/K MgK
(kg ha™) dr(ng-s) (CaCl,) mgdm™ cmol, dm™ % mg dm”

0 15.00 4.83 4425 028 087 032 039 206 147 345 4325 450 0.13 058 3000 6.03 140 261 325 1.23
500 17.50 4.58 4175 036 135 035 043 207 197 417 4675 525 028 083 4150 7.67 154 395 528 142
1000 17.84 4.60 5425 031 1.17 033 043 2.06 1.67 3.75 4488 950 034 0.66 43.00 658 2.08 375 558 149
2000 13.83 4.85 49.75 037 1.37 026 040 2.03 1.72 3.76 4725 1125 040 0.84 3425 539 149 708 8.13 1.16
4000  13.82 4.85 4400 034 1.10 041 035 196 202 403 4762 800 026 079 3950 514 190 6.02 785 130

K(kg ha™)

0 15.00 4.83 4425 027 087 032 037 202 147 345 4325 450 0.13 058 3000 6.03 211 261 325 1.23
100 1725 470 4275 038 122 035 044 2.08 190 412 4550 469 033 080 4528 758 1.60 3.77 504 139
180 1425 4.83 4925 036 1.02 032 033 200 175 3.72 46775 850 028 0.68 3825 6.86 153 419 585 1.27
240 1575 454 4936  0.28 1.22 027 045 2.01 147 3.62 40.75 12.54 033 093 4186 437 149 690 829 1.28
360 1575 4.83 4839  0.35 1.52 040 041 2.06 227 425 5350 825 031 074 3288 6.00 1.70 594 7.69 144

Average 15.60 474  46.80 0.33 1.17 033 040 2.04 1.77 383 4595 770 028 0.74 37.65 6.16 168 468 6.02 132

Fg 1.60™  1.64™ 037 20.71™ 10.59™ 53.87 244" 1.93™ 841™ 7.17™ 6.14™ 25.79" 20.00" 25.64™ 6.63™ 2.95™ 1.80™ 55.43™ 31.20™ 24.92

Fx 0.79" 3.55™  1.49™ 420" 4.89™ 226™ 4.80™ 1.16"™ 552" 4.98™ 3.55" 1.55™ 142" 3.40™ 645" 513" 1.30™ 2.08™ 3.78" 4.87"

Foc  1.37™ 237 2.06™ 256 3.55  1.92™ 1.19"™ 1.70™ 3.69™ 3.09° 2.92™ 4.14™ 598™ 220" 3.93™ 3.76™ 1.32™ 257 348 327™

CV.% 1256 276 2593 2036 14.67 18.12 24.19 6.79 1242 699 7.72 3831 17.65 15.65 17.04 1943 5799 2692 21.02 18.10

G = gypsum rates; K = K,O rates; ns = no significant; “*” significant at 5% by F test; C.V. = coeficiente of variation.
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The increase in calcium content due to the
application of gypsum depends on several factors,
including type and soil management. In relation to
the increase of this nutrient in response to the
application of potassium, it can be related to the
displacement of this nutrient from the negative
electrical loads of the soil solution after the
application of K (ERNANI; BARBER, 1993).

The Mg contents in the 0.0-0.20 (Figure 1-
D) and 0.20-0.40 m (Figure 2-C), reduced with the
increase of gypsum application, corroborating with
the effects reported Quaggio, Dechen and Raijj
(1982), Silva et al. (1997), Caires et al. (1998, 1999,
2003, 2004, 2006), Soratto and Crusciol (2008),
Rampim et al. (2011), Nava et al. (2012) and Ramos
et al. (2013) about the use of agricultural gypsum in
soil.

According to Zambrosi, Alleoni and Caires
(2007), the reduction in the Mg content in the soil in
response to the gypsum application may be related
to the increase of Ca ions in solution after
dissociation of the gypsum, which the displacement
of Mg ions from the exchange sites, forming ionic
pairs with the sulfate anion (MgSO4O), and leached
to depths.

At the depth of 0.0-0.20 m the Mg content
was reduced with the application of up to 3742.42
kg ha” of gypsum, with a minimum of 0.17 cmol,
dm” of Mg content (Figure 1-D). In the depth of
0.20-0.40 m, the application of the maximum rate of
gypsum resulted in obtaining the minimum Mg
content in this depth, that is, 0.16 cmol, dm™ (Figure
2-C). According to Alvarez et al. (1999), the levels
of Mg verified in the present study are classified as
low.

The factors evaluated didn’t influence the
Al content in the 0.0-0.20 m (Table 1), different the
results reported by Vilela et al. (2010) and Rampim
et al. (2011) regarding the use of agricultural
gypsum, with an medium content of 0.38 cmol, dm™
of Al in this depth. One of the main benefits of
applying this residue in agriculture is the reduction
of the exchangeable Al content in the soil, which is
toxic to plants. After dissolution of the gypsum in
the soil, ionic changes occur between Al’" and Ca**
ions, favoring the displacement of the aluminum to
the soil solution, which can bind to the sulfate anion
(SO, and form ionic or complex pairs (AISO,")
that will be leach after to depths in the soil
(PAVAN; BINGHAM; PRATT, 1984).

The application of gypsum linearly reduced
the Al content in the 0.20-0.40 m depth of the soil
(Table 2), with a minimum content of 0.36 cmol,
dm™ at 4000 kg ha" of gypsum rate (Figure 2-D).
Souza, Lobato and Rein (1996), Caires et al. (1998),
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Rampim, Lana and Frandoloso (2013) and Nora et
al. (2014) also observed a reduction in the Al
content in soil with gypsum application. This
reduction indicates the possible action of gypsum in
converting toxic aluminum to less toxic compounds
to plants (AISO,’, A1SO,").

Sousa, Miranda and Oliveira (2007) showed
the reduction in the levels of aluminum in the soil
by the action of gypsum, may still occur due to the
formation of the AIF*" ion pair from the presence of
fluoride in the agricultural gypsum. The
precipitation of aluminum minerals, such as alunite
and basaluminite, for example, in response to
increasing sulfate concentration in the solution and
by the increase of the ionic strength in the soil
solution, which causes a decrease in the chemical
activity of the aluminum. The aluminum contents
verified in the present study are classified as low
according to Alvarez et al. (1999), that is, aluminum
content in the soil between 0.21 and 0.50 cmol,
dm”.

The potential acidity (H + Al) in the 0.0-
0.20 m (Table 1), linearly reduced with the
application of gypsum, highlighting the positive
effect of the use of this residue five months after
application in the soil. In Figure 1-E, it was verified
minimum content (2.08 cmol, dm” of H + Al) and it
is considered low (1.01 to 2.50 cmol. dm®),
according to Alvarez et al. (1999). The potential
acidity in 0.20-0.40 m (Table 2), wasn’t influenced
by the evaluated factors, obtaining the medium
value of 2.04 cmol, dm” of H + Al, value
considered low for the soil.

The values of base sum (SB) in the 0.0-0.20
m weren’t influenced by the factors evaluated
(Table 1), with the average content of 1.99 cmol,
dm™. In the 0.20-0.40 m, the sum of bases (BSUM)
was influenced only by the application of K,O
(Table 2). In Figure 2-E, there were increases of
0.000588 cmol, dm™ in the value of this attribute for
each kilogram of K,O added to the soil, which
resulted in the maximum value of 1.88 cmol, dm™
for BSUM (in the depth 0.20-0.40 m, this value
verified with the application of 360 kg ha” K,O.

This increase in the sum of bases in
response to the potassium application is related to
the better availability of this cation in the 0.20-0.40
m, which can be attributed in part to the potassium
percolation (Figure 1-B) occurring in the depth 0.0-
0.20 m. Alvarez et al. (1999), the BSUM values
verified in the present study are classified as
medium.

The cation exchange capacity (CEC)
calculated at the 0.0-0.20 m, linearly reduced with
application of the maximum gypsum rate (Table 1),
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corroborating Souza et al. (2012). However, Foloni
et al. (2008) reported an increase in soil CEC in the
0.0-0.20 m as answer of the increasing rates of
gypsum in dystroferric Red Argisol. The reduction
of the calculated CEC observed in this study can be
attributed to the leaching of cations in 0.0-0.20 m
depth which after reacting with the sulfate anion
released in the dissociation of the gypsum, formed
stable compounds, which, in turn, are not absorbed
by the plants and are later carried to depths in the
soil profile. The maximum (4.49 cmol, dm™) and
minimum (4.12 cmol, dm™) CEC calculated from
the soil in the depth 0.0-0.20 m (Figure 1-F) was
verified with 0.0 and 4000 kg ha™ rates of gypsum,
respectively.

In the 0.20-0.40 m, there was a significant
interaction between the gypsum and potassium rates
for the CEC in the soil (Table 2), which responded
in adjustment quadratic to the application of the
treatments. In Figure 2-F, it was observed that there
was a reduction in the CEC of the soil with the
increase of the rates of gypsum, evidencing the
possible drag of cations to the deeper. With the
application of the 0.0 and 360 kg ha' rates of
gypsum and K,O, respectively, the highest CEC
value calculated at the depth of 0.20-0.40 m, 4.03
cmol, dm™ was verified.

The values of base saturation (V%) in the
0.0-0.20 m weren’t influenced as a answer of the
application of gypsum and K,O rates (Table 1), with
an medium value of 45.15%. Refer to V% 0.0-0.20
m, this value, classified as medium according
Alvarez et al. (1999). Similar to that observed for
the sum of bases in the 0-0.20 m depth (Table 1),
with application of gypsum and K,O, there should
be a higher concentration of calcium and potassium
in this depth, which would possibly influence the
V% values. However, only a significant response
was observed for this attribute in the 0.20-0.40 m
(Table 2) as a response of K,O application,
reinforcing the possible percolation of calcium and
potassium in depth.

The maximum value verified for V% in the
0.20-0.40 m was 47.56% (Figure 2-G), saturation
classified as medium (ALVAREZ et al., 1999). This
increase is justified by the direct addition of K to the
soil, which after being applied superficially and
incorporated by harrowing, moved to the deeper the
leaching process as a response from soil texture
medium, by the action of gypsum or for the
precipitations that occurred during the cultivation of
maize.

816
CHARLO, H.C. O. etal

The application of gypsum resulted in
increased S contents at depths of 0.0-0.20 and 0.20-
0.40 m from the soil (Tables 1 and 2). This result is
due to the presence of S in the agricultural gypsum
(150 g kg™).

At Figure 3-A shows a linear increase in the
S content in the 0.0-0.20 m depth with application
of up to 4000 kg ha™ of gypsum, which resulted in
the maximum S content, 17.26 mg dm > of S in the
0-0.20 m profile of the soil, which is considered
high for Raij et al. (1997). Pauletti et al. (2014)
observed an increase in S content in the 0.0-0.20 m
of a Red-Yellow oxysoil, in response to the
increasing application of agricultural gypsum (0;
1.5; 3.0; 6.0; and 12000 kg ha™).

At the depth of 0.20-0.40 m, the S contents
increased with the application of up to 3620.45 kg
ha™ of gypsum rate (Figure 4-A).

The application of gypsum influenced the
levels of B in the 0-0.20 and 0.20-0.40 m depths
(Tables 1 and 2). In the 0.0-0.20 m, there was a
quadratic adjustment of the application of this
residue to the B content, with a maximum content of
0.25 mg dm” of B, with application of 951.61 kg
ha™ of gypsum rate (Figure 3-B).

Thus, as verified in the depth of 0.0-0.20 m,
there was a quadratic adjustment of the rates of
gypsum for the B content in the depth of 0.20-0.40
m, which resulted in increases in the contents of this
nutrient with application of up to 2175 kg ha" of
gypsum rate, resulting in the maximum content of B
in this depth, that is, 0.31 mg dm™ (Figure 4-B).

The increase in B content in the 0.20-0.40
m (Figure 4-B) when compared to the content
observed in the 0.0-0.20 m (Figure 3-B), can be
attributed to the leaching of B of the surface depth
by the action of the gypsum, since the soil of the
experimental area presented low clay content, which
in a way, provides the percolation of nutrients to the
depths of the soil, which resulted in B levels
considered to be low according to Alvarez et al.
(1999), 0.16 to 0.35 mg dm™ of B.

The Cu levels in the 0.0-0.20 and 0.20-0.40
m soil profiles weren’t influenced by the factors
evaluated (Tables 1 and 2), with mean values of
0.60 and 0.74 mg dm™ in the depths of 0.0-0.20 and
0.20-0.40 m, respectively.

In relation to the Fe content in the 0.0-0.20
m (Table 1), it was reduce linearly with application
of up to 4000 kg ha" of gypsum, resulting in a
minimum content of 36.42 mg dm™ of this nutrient
in depth (Figure 3-C).
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The behavior observed for Fe in the
respective depth, due to the application of gypsum,
can be attributed to the formation of complexes
between the Fe* and SO,> (FeSO,") ions present in
the soil, which provided the drag of this nutrient to
depths of the soil. This soil had a medium texture,
unable to retain a considerable number of positive
charges. However, the minimum Fe in the present
study is classified as adequate, between 31 and 45
mg dm™ (ALVAREZ et al.1999).

The Fe content in the 0.20-0.40 m (Table 2),
there was no significant response as a response of
the application of gypsum or K in the contents of
this attribute, with a mean content of 37.65 mg dm™*
of Fe in depth, which is considered medium
according to Alvarez et al. (1999).

The manganese content in the 0.0-0.20 m
depth of the soil reduced linearly with the increase
of the applied gypsum (Table 1), which resulted in
the minimum content of 7.00 mg dm™ of Mn.

The effect of gypsum on manganese content
in the 0.0-0.20 m (Figure 3-D) may be related to the
percolation of this nutrient in the soil after the
formation of complexes between manganese (Mn>")
and sulfate (SO,*") which added to the medium soil
texture associated with rainfall during the crop
cycle, should have contributed to the displacement
of this nutrient in the soil profile.

At the depth of 0.20-0.40 m (Table 2), the
evaluated factors didn’t influence the manganese
contents, with a mean content of 6.16 mg dm™ for
this nutrient. According to Alvarez et al. (1999), the
levels of manganese available in the studied depths
are classified as medium, that is, manganese levels
in the soil between 6 and 8 mg dm”™.

No significant differences were observed in
the zinc content at depths of 0-0.20 and 0.20-0.40 m
(Tables 1 and 2), with mean values of 2.27 and
1.68 mg dm” respectively, levels considered
adequate according to Alvarez et al (1999).

The Ca/Mg ratio in the 0.0-0.20 m depth
increased linearly as a response of the applied
gypsum (Table 1), corroborating in parts with the
results reported by Caires et al. (1999), which also
observed an increase in the Ca/Mg ratio in the 0.0-
0.05 and 0.05-0.10 m depths after application of
gypsum. This increase in the Ca/Mg ratio is
attributed to the increase of calcium in the
respective depth (Figure 1-C) after the dissolution of
the gypsum, since the gypsum used in the present
study had 18% calcium in its composition. In Figure
3-E, the maximum Ca/Mg ratio (10.14) in the 0.0-
0.20 m depth was verified with the maximum
gypsum rate (4000 kg ha™).

820
CHARLO, H.C. O. etal

At the depth of 0.20-0.40 m there was a
significant interaction between the factors evaluated
for the Ca / Mg ratio (Table 2), which increased
linearly in response to the increase of gypsum and
K,O applied to the soil (Figure 4-C). Caires et al.
(1999), Saldanha et al. (2007) also observed an
increase in the Ca / Mg ratio in the 0.20-0.40 m
depth of the soil in studies with gypsum application.
This increase in the Ca / Mg ratio with the
application of gypsum is attributed to the direct
addition of calcium in the depth of 0.20-0.40 m
(Figure 2-B) of the soil after the solubilization of
this residue, which resulted in an increase in the
concentration of calcium ions in Magnesium,
allowing the increase in this ratio. The maximum
Ca/Mg ratio (9.11) in the 0.20-0.40 m depth was
verified with the maximum rates of gypsum and
potassium, respectively (Figure 4-C).
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0.20-0.40 m.

For the Ca/K ratio in the 0.0-0.20 m depth,
only the influence of the K,O application on its
values was verified (Table 1). Figure 3-F shows a
reduction in Ca/K ratio with application of up to
225.90 kg ha™' of K,0, when the lowest Ca/K ratio
(4.54) was observed, which can be attributed to the
higher concentration of K ions (Figure 1-B) in the
0.0-0.20 m depth of soil compared to calcium
(Figure 1-C).

In the 0.20-0.40 m, a significant interaction
between the gypsum and potassium rates was

observed for the Ca/K ratio (Table 2). In Figure 4-
D, there is an increase in this relation Ca/k with the
high rates of gypsum, it is attributed to the higher
concentration of calcium ions, carried from the 0.0-
0.20 m to the 0.20-0.40 m.

However, it is observed in Figure 3-H that
the application of increasing rates of potassium,
reduced the contents of this relation with application
of up to 206 kg ha" of K,0, increasing with rates
higher than 206 kg ha" K,O. As a response of the
application of 4000 and 206 kg ha™' of gypsum and
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K,0, respectively, the lowest Ca/K ratio was
observed in the depth of 0.20-0.40 m or 7.02.

The ratio Mg/K in the 0.0-0.20 m there was
a significant interaction between the factors
evaluated for the values of this relation (Table 1).
The Figure 3-G shows a reduction in the Mg/K ratio
with application of up to 3703.70 and 228.97 kg
ha™ of gypsum and KO rates, respectively.

The reduction in the Mg/K ratio in response
to the application of increasing rates of gypsum and
potassium is attributed to the higher availability of
potassium (Figure 1-B) and calcium (Figure 1-C)
compared to magnesium in the 0.0-0.20 m (Figure
1-D). The maximum and minimum values for the
Mg/K ratio in the 0.0-0.20 m depth were 1.69 and
0.37 at the 3703.70 and 228.97 kg ha' rates of
gypsum and K,O, respectively.

At the depth of 0.20-0.40 m, the Mg/K ratio
was influenced only by the application of gypsum
(Table 2), showing in Figure 4-E, linear reduction in
the contents of this relation with the increase of the
application of this residue, which is justified by the
increase of the concentration of calcium ions in this
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depth, resulting from the addition of gypsum,
resulting in the displacement of magnesium and
potassium in depth. The maximum and minimum
Mg/K ratio observed in the 0.20-0.40 m depth with
application of the 0 and 4000 kg ha’ rates of
gypsum were 1.30 and 0.91.

Grains productivity

Gypsum and K rates did not influence the
biometric and productive characteristics evaluated
for grain corn (Table 3). Mean values of 188.79 and
163.32 g, respectively, were verified for the corn
ears with and without husk dry mass. For the dry
mass of the cob and grain for ears, average values of
26.61 and 136.69 g, respectively, were observed
(Table 3). Valderrama et al. (2011) working with
different sources of N, P and K applied in the
cultivation in dystrophic Red Oxysoil, also didn’t
verify significant effects of the application of K
rates (0, 40, 80 and 120 kg ha' K,0) on the
productivity of grains yield, reporting a mean yield
of 9110 kg ha™.

Table 3. Biometric and productivity characteristics of corn as response at different K and gypsum rates.

G MDH MDWH CDM MGE PG
(kgha™) @ e e kgha' -

0 182.20 157.48 2548 131.89 7913.53
500 194.25 168.32 31.65 136.66 8199.80
1000 181.51 157.95 24.49 133.46 8007.52

2000 193.39 167.01 24.62 142.39 8543.32
4000 192.57 165.83 26.78 139.06 8343.32
K
(kg ha™)

0 180.74 154.26 24.06 130.10 7805.93
100 191.01 166.38 26.14 140.25 841491
180 188.87 163.24 28.04 135.20 8111.90
240 187.98 163.39 25.54 137.85 8270.71
360 195.32 169.31 29.25 140.07 8404.05

Average 188.79 163.32 26.61 136.69 8201.50
Fg 1.56™ 1.28™ 3.10™ 1.06™ 1.06™
Fx 1.09™ 1.51% 1.47% 1.05™ 1.06™

Foxx 1.05™ 1.15% 1.25" 0.98™ 0.98™
C.V.% 12.05 12.56 28.31 13.42 13.42

G = Gypsum rates; K = K,O rates; ns = not significant by F test; C.V. = coeficiente of variation, MDH= maize with husk; MDWH =
maize without husk; CDM = cob dry mass; MGE = grain mass per ear; PG = grains productivity.

According to Brunetto et al. (2005),
numerous crops have shown little response to
potassium fertilization, when K contents in the
cultived depth are greater than 0.15-0.20 mmol,
dm>. In the present study the initial K* content in
the soil before the installation of the experiment was

0.16 cmol, dm>, considered medium for the
development of the crop.

Pavinato et al. (2008) evaluated corn grain
yield as a response of different rates of N and K (0,
40, 80 and 120 kg ha' K,0) in Dystrophic Red
Oxysoil, that potassium fertilization didn’t influence
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the productivity of corn, attributing this response to
the high initial content of K in the depths 0.0 to 0.10
m, 0.51 and 0.43 cmolc dm™ of K, respectively,
corroborating with the present study.

CONCLUSIONS

The application of gypsum, even at the
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The agricultural gypsum reduced the
content of Al and K in the subsurface depth of the
soil.

The production and yield components of
corn weren’t influenced by the gypsum and
potassium rates.
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RESUMO: A calagem ¢ uma pratica comum na agricultura. Esta pratica visa reduzir a acidez do solo,
além de fornecer calcio e magnésio. Contudo, devido ao fato de o calcario apresentar baixa solubilidade no
solo, os produtos de sua reacdo ficam retidos na camada onde o produto foi aplicado, a qual geralmente ¢ na
camada superficial do solo. Para se aumentar a concentra¢do de nutrientes em camadas mais profundas, o gesso
agricola - um subproduto da produgdo de acido fosforico, rico em calcio e enxofre tem sido usado. Neste
contexto, o objetivo deste trabalho foi avaliar a influéncia da aplicagdo de diferentes doses de gesso em
associacdo a doses de potassio, nos atributos quimicos do solo e na produtividade de graos de milho. O estudo
foi conduzido no Instituto Federal de Educagado, Ciéncia ¢ Tecnologia do Triangulo Mineiro (IFTM), Campus
Uberaba, localizado no municipio de Uberaba-MG, Brasil. O experimento foi instalado em esquema fatorial
5x5, sendo cinco doses de gesso (0, 500, 1000, 2000 e 4000 kg ha'l) e cinco doses de K,O (0, 100, 180, 240 ¢
360 kg ha™) no delineamento em blocos completos casualizados, com quatro repeti¢des. Os atributos quimicos
do solo foram avaliados nas camadas de 0,0 a 0,20 m e de 0,20 a 0,40 m, além das caracteristicas biométricas e
produtivas da cultura do milho. A aplicacdo de gesso resultou no aumento de calcio e enxofre em ambas as
profundidades; reduziu os niveis de pH, manganés, acidez potencial (H + Al) na camada de 0,0-0,20m; e,
aumentou os niveis de satura¢do por bases e soma de bases na camada de 0,20-0,40 m. A producdo de milho
nao foi influenciada pelos fatores avaliados.

PALAVRAS-CHAVES: Gesso. Interacdo gesso e potassio. Zea mays.
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