academic|ournals

Vol. 12(8), pp. 597-605, 23 February, 2017
DOI: 10.5897/AJAR2016.12079

Arficle Number: A66F43762867

ISSN 1991-637X

Copyright ©2017

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Aluminum buffering in acid soil under mineral gypsum
application

Igor Tenério Marinho Rocha', Nathalia Sobral Bezerra?, Fernando José Freire®’, Edivan
Rodrigues de Souza', Maria Betania Galvdo dos Santos Freire!, Emidio Cantidio Almeida de
Oliveira® and Djalma Euzébio Simdes Neto?

'Agronomy Department, Federal Rural University of Pernambuco, Rua Dom Manoel de Medeiros, s/n, 52.171-900,
Recife, Pernambuco, Brazil.
2Experimental Station of Sugarcane, Federal Rural University of Pernambuco, Rua Angela Cristina de Luna, s/n,
55.810-700, Carpina, Pernambuco, Brazil.

Received 13 December, 2016; Accepted 1 February, 2017

Many researches have performed on gypsum application to correct high exchangeable aluminum
content in acidic soils, especially in subsurface. Although, they have found increases in the
exchangeable calcium and sulfur contents, exchangeable aluminum has not been decreased. The
exchangeable aluminum buffering by organic matter may contribute to non-significant reduction in
exchangeable acidity. The objective of this study was to evaluate the effect of mineral gypsum on the
aluminum compartments of Hardsetting Ultisol and monitor the capacity of gypsum to provide
exchangeable calcium and sulfur in subsurface. Increasing amounts of mineral gypsum (0, 2, 4, 6, and 8
Mg ha‘l) were applied with broadcast at the field. The experimental design consisted of randomized
block with four replicates. Aluminum compartments (Al-organic matter, Al-amorphous and Al-
crystalline) were evaluated at 0 and 15 days after gypsum application and the exchangeable calcium
and sulfur contents were evaluated at 0, 15, 64 and 90 days. The evaluations were performed in three
different layers. Gypsum application increased the exchangeable calcium and sulfur contents in
subsurface and did not reduce the exchangeable aluminum content. Al-organic matter in the surface
layers decreased along the incubation time and application gypsum. Al-amorphous in the subsurface
layers increased with the increased amounts of gypsum. Al-crystalline decreased as soil depth
increased. The exchangeable aluminum buffering in surface layers was performed by Al-organic matter
and, in subsurface, by Al-crystalline.

Key words: Aluminum compartments, aluminum fractionation, soil acidity, soil pH, exchangeable calcium.

INTRODUCTION

The soil exchangeable Al determination is not an
appropriate indicator for evaluation of the performance of
the gypsum on soil exchangeable acidity. Many
researches with gypsum application to correct high
exchangeable Al content in acidic soils have been
performed in Brazil, without the expected success
(Saldanha et al., 2007; Rocha et al., 2008; Santos et al.,
2013b).

There are reports stating that one of the main actions of
gypsum result in the formation of Al(SO,)" (Santos et al.,
2013b). Most of this complex is leached, but may be a
considerable fraction is removed by KCI extractor,
making exchangeable Al determination after the gypsum
important in the evaluation of soil acidity, because Al in
application to be overestimated.

The determination of Al-oxyhydroxides, Al-sulfate
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Figure 1. Experimental area localization at Pernambuco State, Brazil.

minerals of low crystallinity and Al-organic matter is very
these compartments can buffer the exchangeable Al
(Takahashi et al., 2006). Al of these compartments may
be converted in exchangeable Al and, depending on the
converted amount Al may be toxic to plants.

Gypsum application in the soil can promote
modifications in these different Al compartments
(Takahashi et al., 2006; Li et al., 2010; Alvarez et al.,
2012). This is important because plants have different
tolerance to the presence of exchangeable Al in the soil
(Reyes-Diaz et al.,, 2011). Decrease in soil Al contents
occurs due to the formation of Al-hydroxides and Al-
sulfate minerals of low crystallinity resulting from the
gypsum application (Takahashi et al., 2006). These
compounds leach to soil deeper layers, distant from the
zone of highest absorption by the roots. Childs et al.
(1983) claimed that the determination of amorphous Al-
oxyhydroxides with solution of ammonium acid oxalate
(AAO) satisfactorily estimated the amount of Al-
amorphous leached from the soil upper layers.

Thus, techniques that enable the quantification of the Al
in different Al-compartments (Al-crystalline, Al-organic

matter and Al-amorphous), allow investigating more
accurately, the influence of gypsum on Al and its
translocation along soil profile.

In this context, this study aimed to evaluate the effect of
mineral gypsum application on the Al-compartments of an
Hardsetting Ultisol in Pernambuco, Brazil, and monitor
the capacity of mineral gypsum to supply exchangeable
Ca and S-S0O,” in subsurface.

MATERIALS AND METHODS

The experiment was installed in the field in January 2012 at
Sugarcane Experimental Station of Carpina (EECAC/UFRPE), in
Pernambuco, Brazil (Figure 1). The soil was classified as dystro-
cohesive Red Yellow Argisol (Santos et al., 2013a), corresponding
to Hardsetting Ultisol (Soil Survey Staff, 1998). Soil tillage consisted
of harrowing, without limestone application. Five soil samples were
collected in the experimental plots, in order to form a composite
sample of the layers of 0.0-0.2, 0.2-0.4 and 0.4-0.6 m, for
chemical and physical characterization (Donagema et al. 2011)
(Table 1).

The treatments corresponded to the application of 0, 2, 4, 6 and8
Mg ha-1 of mineral gypsum (18% of Ca and 23% of S-S0O42-) and
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Figure 2. Schematic diagram of the experimental plot.

were distributed in a randomized block design with four replicates,
totaling 20 experimental plots. The plots had dimensions of 6.0 x
12.0 m, with 72.0 m* of total area. The evaluated area
corresponded to 32 m? (4.0 x 8.0 m), disregarding 1.0 m on each
side along the width of the evaluated area and 1.4 m along the
length of the plot (Figure 2). Gypsum application was performed by
broadcast on soil surface, without incorporation. After treatments
applying, the experimental area was subjected to irrigation for 90
days, in order to maintain the soil at field capacity and solubilize the
gypsum.

Irrigation depths of 25 mm were weekly applied and, combined
with the rainfalls, totaling 322.7 mm. This amount of water was
calculated to solubilize the highest dose of mineral gypsum (8
Mg ha), considering its solubility as approximately 2.5 g L*
(Ramos et al., 2006).

Effect of gypsum on the exchangeable Ca, exchangeable Al and
S-S0,% contents in the soil was evaluated at 0, 15, 64 and 90 days
after its application. Five individual samples were collected in the
tips and in the center of two diagonals drawn in the evaluated area
of the experiment, in the layers of 0.0-0.2, 0.2-0.4 and 0.4-0.6 m.
Soil pH in water and CaCl, also was evaluated.

Soil pH was determined in a proportion, 1:2.5 (solo : water). In
10 mL of soil were added 25 mL of water or 25 mL of CaCl, 0.01
mol L. The sample was shaken and then rested for one hour. Soil
pH was measured in potentiometer (Digimed® DM-22) (Donagema
et al., 2011).

Exchangeable Ca and Al were extracted with KCI 1 mol L™ from
10 mL soil sample after shaking for 15 min and overnight
decantation. Exchangeable Al was determined through titration of a
aliquot of 25 mL of the supernatant with NaOH 0.025 mol L™ and 3
drops of bromothymol blue as indicator, and exchangeable Ca was
dosed through atomic absorption spectrophotometry (PerkinElmer®
AAnalyst 200) using half of the total volume with SrCl, to control
readings interferences (Donagema et al., 2011).

Soil S-S0,* was extracted from 10 mL of soil sample using 25
mL of Ca(H,PO.), solution containing 500 mg L™ of P and CaCl;
0.01 mol L™ After extraction, S-SO,% was dosed by turbidimetry
(Biospectro® SP-22) based on the optical density of the solution
(420 nm) after addition of 500 mg of BaCl,.2H,O (Alvarez et al.,
2001). From O to 15 days after gypsum application, Al-
compartments were evaluated in the treatments under the
application of 0, 4 and 8 Mg ha® of gypsum. These Al-
compartments were determined using the selective dissolution of
Al.

Al-crystalline was extracted with dithionite-citrate-bicarbonate
solution (Mehra and Jackson, 1960). Al-amorphous compounds
were extracted with solution of ammonium acid oxalate

1m

(Schwertmann, 1964). Al-organic matter was extracted with
pyrophosphate solution (McKeague, 1967). After extraction, the Al
was dosed through atomic absorption spectrophotometry
(PerkinEImer® AAnalyst 200). Al-total was determined through
titration with ZnSO4 0.0156 mol L™ after sulfuric digestion (20 mL of
H,SO, diluted 1:1) for half hour in heater plate at 70°C (Donagema
et al., 2011). Analysis of variance was performed in order to
evaluate the effect of gypsum application, incubation time and the
interaction between these factors in each layer individually. When
significant qualitative effects were observed, the Scott-Knott test
(p<0.05) was applied.

For significant quantitative effects, regression analysis (p<0.05)
was used and the models were selected based on the significance
of the regression coefficients and on the magnitude of the
coefficient of determination.

RESULTS

Gypsum incubation for up to 90 days and the amount of
water used in the irrigation, combined with the rainfall that
occurred along the experiment, allowed the calcium and
sulfate from the mineral gypsum applied on surface to
move to soil deeper layers (Figure 3). The content of
exchangeable Ca increased linearly with gypsum
incubation time in all soil layers (Figure 3A) and S-S0,”
content also increased over time, but stabilized at
different levels according to the soil layer (Figure 3B).

In 90 days, the exchangeable Ca content was more
than double of the initial content in the layer 0.4 to 0.6 m
deep (Figure 3A). The curvilinear behavior S-SO,”
content as a function of incubation time revealed
migration of the anion, particularly in the layer 0 to 0.2 m
deep. From about 59 days after gypsum application, the
upper layer started to provide S-S0, to the deeper soil
layers (Figure 3B). Maintaining the curvilinear behavior
S-SO42' content as a function of incubation time of the
gypsum in the final layer showed that the S-SO,”
continue moving in the soil profile. The increasing
gypsum applications caused a high increment in the
exchangeable Ca and S-S0,% contents in the layer of 0.0
to 0.2 m deep and a short increment in the layer 0.2 to
0.4 m deep (Figure 4). In the layer of 0.4-0.6 m deep,
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Figure 3. Exchangeable calcium (A) and sulfate (B) contents in the layers
0.0-0.2, 0.2-0.4 and 0.4-0.6 m deep in Hardsetting Ultisol as a function of

the incubation time of mineral gypsum.

there was no effect of the applied amount of gypsum on
the exchangeable Ca content (Figure 4A). The increment
in the S-SO,” content by gypsum application stabilized
with 8.79 Mg ha™ in layer 0.2-0.4 m deep and 6.90
Mg ha™ in layer 0.4-0.6 m deep (Figure 4B). Thus, based
on the measurements of these two variables, it could be
observed that gypsum moved vertically in the soil (Figure
3), but the applied amounts did not cause differences in
this movement (Figure 4).

Increasing amounts of gypsum applied caused no
effect on soil pH (Figure 5A), but soil pH (water)
decreased with gypsum application time in all evaluated
layers (Figure 5B). The decrease was curvilinear reaching
a minimum value and then rise. The pH (water) decrease
was greater in soil deeper layers, but this decrease in all
layers only occurred until about 60 days after gypsum
application (Figure 5B).

The pH (water) data in short periods of time are
variable, especially when using gypsum or lime in the
soil. To avoid this and to ascertain whether gypsum
promotes or not change in soil pH, it was determined the
pH in CaCl, 0.01 mol L™ solution. Thus, it can be seen
that neither time nor increasing amounts of applied

gypsum changed soil pH (Figure 6). The amount of
applied gypsum little modified exchangeable Al, showing
effect only on layer 0.4 to 0.6 m deep (Figure 7A). The
reduction in exchangeable Al content was 0.006
cmol, dm™ for each Megagram of applied gypsum. The
contents of exchangeable Al as a function of gypsum
application time did not change in any soil layer, despite
the increase in contents of exchangeable Ca and S—SO42'
caused by application time of gypsum (Figure 7B).

In superficial layer, 15 days after gypsum application,
the content of exchangeable Ca increased by
approximately three times and the content of S-SO,” by
approximately seven times, in relation to initial contents
in the soil (Table 1 and Figure 3); however, the content of
exchangeable Al did not change (Figure 7). Specifically in
this soil layer, Al-organic matter was responsible for
buffering the Al, because there was a significant
decrease in the Al of this compartment (Table 2).

The reduction of Al-organic matter also occurred in the
layer, 0.2 to 0.4 m deep (Table 3), where C contents
remained high, as in the superficial layer (Table 1). Thus,
this compartment, also in this layer, continued buffering
the soil, because exchangeable Al content did not
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Figure 4. Exchangeable calcium (A) and sulfate (B) contents in
the layers 0.0-0.2, 0.2-0.4 and 0.4-0.6 m deep in Hardsetting
Ultisol as a function of the amount of mineral gypsum applied.

change with gypsum application (Figure 7).

In the subsequent layer, since C content decreased
(Table 1), there was no significant reduction in Al-organic
matter (Table 4). As soil depth increased, this
compartment stopped being responsible for buffering the
exchangeable Al. Gypsum application did not influence
the Al-organic matter content in the superficial layer,
although the use of 4 and 8 Mg ha™* gypsum has reduced
0.56 and 1.08 g kg* the Al-organic matter content,
respectively, as compared to treatment where gypsum
was not applied (Table 2). Gypsum incubation time this
layer was more effective in exchangeable Al buffering by
Al-organic matter than the amount gypsum applied. In 0.2
to 0.4 m layer, Al-organic matter compartment increased
with increment in the applied amounts of gypsum (Table
3). This compartment, besides buffering the soil can also
complex this same Al in reactive less forms of organic
matter.

Al-crystalline forms became responsible for the
buffering of exchangeable Al as depth increased (Tables
2, 3 and 4). Al extracted using dithionite citrate
bicarbonate (DCB) decreased significantly in the layer of
0.2-0.4 m deep as a function gypsum incubation time
(Table 3) and in the layer 0.4-0.6 m deep as a function
amount gypsum applied (Table 4). Al-crystalline forms in
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Figure 5. pH (water) in the layers 0.0-0.2, 0.2-0.4 and 0.4-0.6 m
deep in Hardsetting Ultisol as a function of the amount of
mineral gypsum applied (A) and as a function of the incubation
time of mineral gypsum (B).

deeper layers controlled the buffering of exchangeable
Al, not allowing gypsum to act on the reduction of this Al
form in the soil (Figure 7).

Gypsum incubation time increased Al-crystalline
content in the layer, 0.4-0.6 m deep (Table 4). However,
in higher gypsum application rate, Al-crystalline was
reduced. This Al compartment buffered soil exchangeable
Al in high gypsum applied rate, but over time others Al-
crystalline forms may have been reconstructed.

At the lowest gypsum applied dose, Al-crystalline and
Al-amorphous content increased, and at higher gypsum
doses they were reduced. The gypsum appropriate dose
to correct the exchangeable Al was about 4 Mg ha™. So,
all the exchangeable Al can have be neutralized and Al-
crystalline and Al-amorphous increased. Excess
exchangeable Ca provided by the high amount of
gypsum applied can have moved others form of Al such
as low crystallinity Al, for example. Buffering of this layer
appears to have been performed by Al-crystalline and Al-
amorphous, because the Al-organic matter in the deepest
soil layer does not act in buffering.

Interaction between applied gypsum and incubation
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time was not statistically significant at any Al-compartment
and soil layer. The main effects were independent. For
example, treatment without gypsum application showed
the same behavior as the treatments with application
gypsum. Therefore, there were no other factors that may
have interfered with the Al-compartments content in this
study.

DISCUSSION

The capacity of gypsum to modify soil chemical
characteristics can be evaluated through the increase in
the exchangeable Ca and S-S0,% contents in cationic
and anionic adsorption sites, respectively (Caires et al.,
2011; Santos et al., 2013b), as observed in the present
study (Figures 3 and 4), and also through its movement
and action in deeper soil layers, promoting alterations in
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Figure 7. Exchangeable Al content in the layers 0.0-0.2, 0.2-
0.4 and 0.4-0.6 m deep in Hardsetting Ultisol as a function of
the amount of mineral gypsum applied (A) and as a function of
the incubation time of mineral gypsum (B).

exchange complex in subsurface.

The slower displacement of S—SO42' and its later
saturation can be attributed to some reasons: S-SO42'
displaces, through mass action, the OH" ions adsorbed
onto the positively charged surface of oxides and clay
minerals, occupying their spaces; S-SO,” in solution
complexes exchangeable Al, forming insoluble Al>(SO,)s;
S-SO42' can also form ionic pairs with exchangeable Al,
such as AlISO,"; there is also a preferential adsorption of
S-SO,” by the exchangeable Al, in relation to the
exchangeable Ca (Farina et al., 2000).

Reduction in soil pH (water) is commonly observed in
study with gypsum application and incubation (Figure 5),
however, this effect is due the action of soluble salts and
increase of the electrolyte concentration that displace
exchangeable Al to the soil solution. Al is hydrolyzed
producing H™ and lowering pH (water); therefore gypsum
has no direct action on the soil pH (water) reduction
(Ernani et al., 2001). According to Carvalho and Raij
(1997), the pH measurement using solutions with defined
concentrations provide the same ionic force in the pH
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Table 1. Chemical and physical attributes in different layers of Hardsetting Ultisol in the

experimental area.

Attribute Layer (m)

0.0-0.2 0.2-0.4 0.4-0.6
pH (water) 5.39 5.30 5.17
pH (CaCly) 3.83 3.79 3.71
ca” (cmol. dm™) 0.36 0.26 0.17
Mg?* (cmolc dm™®) 0.30 0.27 0.22
K* (cmol. dm™) 0.06 0.03 0.01
Na* (cmolc dm™) 0.02 0.01 0.01
A" (cmol. dm™) 0.19 0.28 0.36
(H + Al) (cmol. dm™) 6.28 5.82 5.18
S04% (mg dm™) 5.46 6.6 6.99
P (mg dm™) 52.26 - -
TOoC (g kgh® 11.12 11.5 9.8
Total Al (g kg™)® 24.71 23.37 28.05
Effective CEC (cmol, dm™)® 0.93 0.85 0.77
Potential CEC (cmole dm3)® 7.02 6.39 5.59
V (%)® 10.54 8.92 7.33
m (%)®© 20.43 32.94 46.75
Macroporosity (cm’cm™) 0.17 0.11 0.10
Microporosity (cm*cm®) 0.29 0.20 0.23
BD (kg dm)? 1.61 1.80 1.79
TP (cm®cm®)® 0.46 0.32 0.32
Sand (g kg) 776.4 760.4 728.4
Silt (g kg™) 52.2 36.3 37.3
Clay (g kg™) 171.4 203.3 234.3

Textural Class

Sandy clay loam Sandy clay loam Sandy clay loam

WTotal organic carbon; @total aluminum; Peffective cation exchange capacity;
cation exchange capacity; ®base saturation; ®aluminum saturation; “soil bulk density; ®total

porosity.

)

potential

Table 2. Aluminum extracted content with acid ammonium oxalate (AAO), sodium pyrophosphate
(pyrophosphate) and dithionite citrate bicarbonate (DCB) as a function of incubation time and amount of
gypsum applied on the surface of a Hardsetting Ultisol in the 0.0-0.2 m layer, analysis of variance and
coefficient of variation of the data.

AAOY Pyrophosphate® pcB® "
Factor Time (days) Time (days) Time (days) ean

0 15 0 15 0 15
Gypsum applied (Mg ha™) g kg™
0 0.80 0.62 0.71 4.37 3.82 409 125 101 1.13
4 0.69 055 0.62 3.67 3.40 353 1.03 1.07 1.05
8 0.65 0.56 0.60 3.44 259 3.01 1.12 0.95 1.04
Mean 0.71 057 3.82A 3.27B 1.13 1.01

F test F test F test

Gypsum applied 1.30™ 0.98" 1.37™
Time 4.50™ 5.37* 3.37™
Gypsum applied x time 1.46™ 0.23"™ 1.05™
C.V. (%) 10.58 16.25 13.40

WAI- Amorphous; @Al-organic matter; @Al-crystalline. equal letters, uppercase in the row and lowercase in the
column, do not differ by Scott-Knott test (p<0.05).

603
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Table 3. Aluminum extracted content with acid ammonium oxalate (AAO), sodium pyrophosphate
(Pyrophosphate) and dithionite citrate bicarbonate (DCB) as a function of incubation time and amount of
gypsum applied on the surface of a Hardsetting Ultisol in the 0.2-0.4 m layer, analysis of variance and

coefficient of variation of the data.

AAOY Pyrophosphate® pcB®
——————— Mean - Mean —; Mean
Factor Time (days) Time (days) Time (days)
0 15 0 15 0 15
Gypsum applied (Mg ha™) gkg*
0 0.65 0.56 0.61° 4.25 4.22 424° 146 134 1.40
4 0.75 0.74 0.75° 6.37 552 595% 158 127 143
8 0.67 0.68 0.68° 5.07 4.76 492° 153 120 1.37
Mean 0.69 0.66 523A  4.83° 1.52% 1.27°
F test F test F test
Gypsum applied 5.66* 97.67* 0.20"
Time 0.84" 15.82* 10.54*
Gypsum applied x time 0.76" 5.78" 0.80"™
C.V. (%) 10.44 42.41 11.60

WAI- Amorphous; @Al-organic matter; ®Al-Crystalline. Equal letters, uppercase in the row and lowercase in the

column, do not differ by Scott-Knott test (p<0.05).

Table 4. Content of aluminum extracted with acid ammonium oxalate (AAO), sodium pyrophosphate
(pyrophosphate) and dithionite citrate bicarbonate (DCB) as a function of incubation time and amount of
gypsum applied on the surface of a Hardsetting Ultisol in the 0.4-0.6 m layer; analysis of variance and

coefficient of variation of the data.

AAOY Pyrophosphate® DCB® "
Factor Time (days) Time (days) Time (days) ean

0 15 0 15 0 15
Gypsum applied (Mg ha™) gkg*
0 0.71 082 0.77° 5.35 4.76 506 158 1.70 1.64°
4 0.99 1.02 1.01° 5.53 5.00 527 180 191 1.86°
8 0.87 0.85 0.86° 5.15 4.90 5.03 1.36 1.54 1.45°
Mean 0.86 0.90 5.34 4.89 1.58° 1.72%

F test F test F test

Gypsum applied 49.16* 0.28" 80.89*
Time 417" 2.61™ 27.19*
Gypsum applied x time 3.64™ 0.14" 0.58"
C.V. (%) 4.85 11.72 33.41

WAI- Amorphous; @Al-organic matter; ®Al- Crystalline. Equal letters, uppercase in the row and lowercase in the

column, do not differ by Scott-Knott test (p<0.05).

measurement solution, such as CaCl, 0.01 mol L*
(Figure 6).

Reduction in exchangeable Al contents in subsurface is
an expected effect when gypsum is applied (Li et al.,
2010). This decrease is attributed to S-SO,”, which,
after forming ionic pair with exchangeable Al, removes it
from the root zone, whether through in-solubilization
[Al(SO,)5] or leaching (AISO,") (Saldanha et al., 2007).

Evaluating the effectiveness of gypsum application in
soil focusing only on exchangeable Al determination may

compromise the evaluation of the gypsum action and
lead to misunderstandings in the interpretation of the
results (Figure 7). Al dynamics is complex and its
adsorption/desorption is related to the activity of different
soil Al compartments (Coelho et al., 2010).

The main Al compartments responsible for the buffering
of exchangeable Al are associated with the organic
matter, cation exchange capacity and soil amorphous
minerals (Coelho et al.,, 2010) and are susceptible to
modifications caused by chemical alterations in the sall,



such as gypsum application (Tables 2, 3 and 4).

These reactions probably occurred in this soil, both in
surface and subsurface. However, the Al-organic matter
and Al-crystalline prevented gypsum from reducing the
exchangeable Al content (Tables 2, 3 and 4; Figure 7).
According to Pedrotti et al. (2003), there are forms of
reactive Al weakly associated with organic matter,
reactive Al strongly associated with the organic fractions
and non-reactive Al strongly complexed with the organic
matter.

The increasing amounts of gypsum applied in this study
caused increase in Al-amorphous compartment in
subsurface (Tables 3 and 4). According to Takahashi et
al. (2006), gypsum application reduces the solubility of
exchangeable Al through the formation of Al-hydroxides
and Al-sulfate minerals of low crystallinity. Alvarez et al.
(2012) in experiment using limestone as soil conditioner,
and Takahashi et al. (2006) using phosphogypsum, also
observed increase in soil Al-amorphous contents.

Childs et al. (1983) reported that the increase in Al-
amorphous in subsurface can be indicative of Al
translocated from upper layers. Al leaching is one of the
forms through which gypsum acts to remove high
amounts of exchangeable Al from the plant root zone.

Conclusions

Gypsum application increased exchangeable calcium and
sulfur contents in subsurface and did not reduce the
exchangeable aluminum content. Soil pH (water)
decreased with gypsum application time in all evaluated
layers; however, there was no difference in soil pH
(CacCl,). Al-organic matter in the surface layer decreased
along incubation time and gypsum application. Al-
amorphous in subsurface layers increased with the
increased amounts of gypsum. Al-crystalline decreased
as soil depth increased. The buffering of exchangeable
aluminum in surface layers was performed by Al-organic
matter and, in subsurface, by Al-crystalline.
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