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Abstract

Soil fertility has become an interconnected aspect of modern agriculture, incorporating factors such as nutrient availability from
soil, and its revision has become necessary for ensuring sustainability. Therefore, to understand the solubility of nutrients from
organomineral fertilizers pelleted with biosolids and sugarcane filter cake, and to evaluate the resulting chemical changes in soil
from its use, an experiment was performed in a completely randomized design. The experiment was done with four replicates in a 3
x 5 +1 factorial scheme, using three fertilizer sources (mineral fertilizer, organomineral fertilizer pelletized with biosolids, and
organomineral fertilizer pelletized with the filter cake); five doses (60%, 80%, 100%, 120%, and 140% of the recommended dose of
fertilization for corn); and an additional control treatment (absence of fertilization). The formulation of the organomineral fertilizers
was 5-17-10 with 10% total organic carbon. All fertilizer sources were packed in a microfiber cloth positioned 1 cm below the
surface of the soil and incubated for 60 days. Subsequent evaluation of chemical attributes: pH H,0 (1:2.5); pH SMP (Shoemaker-
McLean-Pratt); and the content of exchangeable aluminum, phosphorus, potassium, calcium, magnesium, silica, and organic matter
within the soil was done. Organomineral fertilizers pelleted with biosolids or filter cake do not acidify the soil, but they were found
to reduce aluminum saturation and promote a slow release of nutrients, which allowed a more balanced base in the soil. This then
ensured a better balance of nutrients, with greater cation exchange capacity, base sums, and base saturation. The use of these
fertilizers can contribute to stabilizing the pH of the soil with fewer applications of acidity correctives.
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Introduction

The management of soil fertility in agriculture is based on biofertilizers, which could then be used as a promising
the availability of soil nutrients to crops. Modern soil science alternative to commercial fertilizers. In this way, beneficial
postulates a connection between soil fertility and other use as a source of soil nutrients is garnered for the allocation
factors such as system sustainability, soil enrichment from of the growing volume of material generated in sewage
organic matter, the solubility and dynamics of nutrient treatment plants (Quintana et al., 2011; Mota et al., 2018).
sources, and the residual effect of fertilizers (Lehmann and There remain difficulties in the reuse of this material, which
Kleber, 2015). The generation of industrial and has a high pollutant potential, in Brazil; however, its use in
anthropogenic waste negatively affects springs, landfills, and agriculture is indeed possible with appropriate sterilization
surrounding regions. Many of these residues do not have an and stabilization techniques (Alves Filho et al., 2016).
appropriate destination, and agriculture is one of the most The recent development of the pelletized organomineral
significant sectors contributing to this phenomenon (Pires fertilizer industry has absorbed these by-products, adding
and Mattiazzo 2008; Rossol et al., 2012). wealth to environmental liabilities. However, agricultural
Residues such as sugarcane filter cake have consolidated research still has a long way to go regarding organic fertilizer
reuse processes, contributing to an increase in the sources, such as biosolids of varying composition.
sustainability of the production chain. This has contributed a Provenance demonstrates the need for improved knowledge
proven reduction in the amount of mineral fertilizers that of their properties such as solubility, the chemical and
need to be added to crops, and consequent reduction of physical changes that they bring about in the soil, and how
production costs (Nogueira and Garcia, 2013; Ramos et al., they relate to agricultural crops (Oliveira et al., 2017).

2015). Furthermore, the recent use of biosolids from sewage The use of pelletized biofertilizers made from sugarcane
sludge has also gained interest as a component of filter cake and sewage sludge has provided good agronomic
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results in sugarcane crops (Teixeira et al., 2014), Brachiaria
(Resende Junior et al., 2016), sorghum (Oliveira et al., 2017),
and soy (Mota et al., 2018). However, little is known about
the effects of these fertilizers on the chemical properties of
the soil. Thus, the objective of this study was to evaluate the
solubilization of nutrients, and assess the changes in the
chemical properties of the soil due to the contribution of
different doses of organomineral fertilizers pelleted from
biosolids and sugarcane filter cake.

Results and Discussion
Effects on soil acidity

The use of biosolid fertilizer led to increased pH, while the
pH observed when using the filter cake and mineral
fertilizers did not differ from that of the control (Table 1). For
organomineral sources, higher pH stability was observed,
which was attributed to soil buffering promoted by organic
matter. The organic matter presents high quantities of
carboxylic and phenolic radicals, which increase the CTC and
the buffering power of the soil, thereby reducing the acidity
of the solution. This effect can be attributed to the presence
of calcium oxides in the filter cake from the addition of the
material in the broth clarification process (Prado et al., 2013)
and in the biosolid from the need to eliminate pathogens
present in the waste (Alves Filho et al., 2016).

There was a difference in the potential acidity of the
different fertilizers, with better results observed from using
the organomineral sources, especially that containing
biosolids (Table 1). A more acidic pH favored increased
aluminum saturation, because the soil was not corrected.
Thus, the effect of fertilization is highly relevant and
treatment formulated with biosolid presented better results
than the control. These results were also superior to those
from the filter cake (Table 1).

Effects on nutrient content and aluminum saturation

Nutrient release by the organomineral fertilizer improved
the balance of the soil, allowing gradual reductions in
aluminum saturation due to the mineralization of the organic
sources. A 1% reduction in aluminum saturation was
observed for each 8.20% increase in fertilizer dose (Figure 1).
The addition of filter cake to soil improves soil quality by
increasing macro- and micro-nutrient content, and by
reducing aluminum content (Almeida Janior et al., 2011).
Organomineral fertilizers made from filter cake and biosolids
allow the controlled release of nutrients, thereby favoring
improved soil conditions for the development of plants
(Oliveira et al., 2017).

The acidity results indicate a positive effect of the
organomineral sources in relation to aluminum saturation,
emphasizing the effect of organomineral sources in reducing
exchangeable acidity. In general, the studied sources did not
change the pH or the forms of acidity considerably; however,
it was noted that the mineral fertilizer promoted greater soil
acidification.

After 60 days of soil incubation, uniformity was observed
between sources with the exception of the phosphorus
content in the mineral source, which remained higher (Table
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2). This suggested greater phosphorus solubility in mineral
fertilizer and indicated the gradual release of organomineral
fertilizers in the initial phase of incubation. Contrary to this,
Magela (2017) observed higher levels of phosphorus in the
organic sources compared to 100% of the recommended
phosphorus dose in the mineral fertilizer treatment, 30 days
after incubation.

Organomineral fertilizers provide phosphorus in a controlled
manner, with gradual solubilization throughout the crop.
This is owing to the presence of humic substances in the
organic matter, which increase the amount of negative
charges near the site of phosphate release in these fertilizers
(Teixeira et al., 2014). The results indicate the need for trials
of longer duration in order to verify the residual effect of
phosphorus in organomineral sources.

The application of organic fertilizers was effective at raising
soil phosphorus levels. The application of organic residues
also restores soil organic acids, which contribute to the
reduced adsorption of soil phosphorus (Novais and Smyth,
1999). Thus, the use of organic sources favors the availability
of phosphorus in the soil.

When the potassium levels were evaluated, a positive effect
of fertilization was observed with all results superior to the
control (Table 2). Significant interactions were observed for
the higher fertilizer doses (100%, 120%, and 140%), and the
results of phosphorus and potassium were most superior in
the mineral source. A residual effect of organomineral
fertilizers is important for the maintenance of soil fertility
over time. Because potassium is monovalent, its retention in
soil loads is lower because it is more easily replaced by other
elements at the retention sites. Thus, the addition of organic
matter allows for the generation of more loads, in order to
contain the leaching of this nutrient within the soil (Meurer,
2006). Notably, in sugarcane crops, the addition of filter cake
fertilizers may be partially or completely substituted for
potassium and phosphate mineral fertilization (Prado et al.,
2013; Teixeira et al., 2014).

Calcium and magnesium are important for plant metabolism
and ionic soil balance. The organic base sources presented a
small portion of calcium from the mineral, ulexite, used in its
composition. The results show that the nutrient content
remained low in all treatments, which is natural, owing to
the low soil content studied and the low supply of fertilizer
added to the soil. Thus, it is necessary to evaluate these
nutrients in situ to understand how fertilization, with the
analyzed sources, interferes in the dynamics of soil ions,
their relations, and their availability.

Superior results for the mineral source were observed for
calcium (Table 2). However, magnesium content in biosolid
treatments was significantly higher than that for other
sources at all doses, with significant interaction between
source and dose. This indicates the possible presence of
magnesium in the composition of the biosolid, favoring the
supply of this nutrient to the soil.

Silicon was evaluated to determine the dynamics of this
element when fertilizer was applied in the absence of an
enriching component. The results revealed that the
organomineral source from biosolids presented higher
quantities in the soil than the other treatments (Table 2).
Furthermore, results similar to those found in the potassium
evaluation were observed when the basal sum was



Table 1. Relationship of factors affecting soil acidity. This table presents the pH in water, aluminum content, pH-dependent acidity, and potential
acidity (mmolc-dm3), as well as the aluminum saturation, and aluminum and hydrogen ratios, with total CEC (%) of soil subjected to different doses
of organomineral fertilizer composed of biosolids or filter cake, and mineral fertilizer.

Relative d pH H20 Aluminum content pH-dependent acidity Potential acidity
(;)a Ve dose  gig FC. Min _ Bio FC. Min Bio FC. Min _ Bio FC. Min

S — PH ---=---= e MMOlc dmM™3 —---mmememomeeeeee
0 4.19 4.40 22.8 27.2
60 4.85% 4.18° 4.20 3.25a 6.00b 6.50b 23.8b 20.0a 25.5b 27.0 26.0 32.0
80 4.30 4.23 4.18 6.25a 5.25a 6.50a 19.3a 21.0a 21.3a 255 26.3 27.8
100 4.53 4.25 4.25 5.00a 6.25a 5.25a 18.5a 21.8b 22.3b 235 28.0 27.5
120 4.15 4.15 4.30 5.25a 4.75a 6.00a 20.0a 23.5a 21.0a 25.3 28.3 27.0
140 4.25 4.25 4.20 4.25a 5.00a 6.25a 23.5a 23.0a 22.3a 27.8 28.0 28.5
Mean 4.42a 4.21b 4.23ab  0.48 5.45 6.10 21.0 219 22.5 25.8a 27.3ab  28.6b
Relative d Aluminum saturationt Al/T H/T
(;)a Ve dose  gig FC. Min Bio F.C. Min Bio FC. Min

° %
0 56.9 14.4 74.7
60 34.0% 59.5 53.9 9.7a* 19.9b 17.1b 71.2a2 66.5a* 68.3a
80 47.8* 51.5% 54.6 19.3a 16.8a 19.5a 59.9a* 67.1b 64.2b*
100 38.6* 47.7* 45.2* 15.9a 18.3a 15.4a 58.9a* 61.9b* 65.4b*
120 41.5*% 46.3* 45.3* 16.1a 14.1a 17.5a 61.4a* 69.7b 60.6a*
140 29.0* 41.1* 46.3* 11.2a 14.5b 17.5b 61.4a* 65.5a* 62.2a*
Mean 38.2a 49.2b 49.0b 14.4 16.7 17.4 62.6 66.2 64.2

The asterisk (*) indicates values different from the control according to Dunnett’s test at 0.05. Averages followed by distinct letters in the line, differ from each other according to Tukey’s test at 0.05.
The superscript t () indicates data transformed by the log function (x + 1) to the model assumptions. Bio: organomineral fertilizer pelletized with biosolids; F.C.: organomineral fertilizer pelleted with
filter cake; Min: mineral fertilizer.
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Fig 1. Regression model for aluminum saturation (%) at different doses.

Table 2. Levels of phosphorus and potassium (mg-dm-3), calcium and magnesium (mmolc.-dm3), silicon (mg-kg?), sum of bases and total cation
exchange (mmolc.:dm3), basis saturation (%), and organic matter (g-kg?) of soil subjected to different doses of organomineral fertilizer composed of
biosolids or filter cake, and mineral fertilizer.

) Phosphorus Meh Potassium Meh* Calcium Magnesium Silicon

Relative dose — - - - - - - - - -

(%) Bio F.C. Min Bio F.C. Min Bio F.C. Min Bio F.C. Min Bio F.C. Min
————————————————————— mg-dm mmolc-dm3 - ------- mg-kg! -------

0 0.73 12.9 2.06 0.79 3.05

60 1.18 1.05 3.23 37.0a* 41.2a* 38.0a* 3.56 2.20 3.57 2.08a* 1.18ab 0.89b 4.52* 4.35*% 4.01*

80 198 1.53 3.48 43.5b* 48.5ab* 62.0a* 2.68 2.25 2.72 2.78a* 1.45b 0.95b 4.09* 4.04* 4.14*

100 290 3.13 9.38*% 56.5b* 66.2b* 90.2a* 3.46 3.06 3.39 3.51a* 1.70b 1.09b 4.09* 4.02* 3.84*

120 3.18 4.88 6.53* 62.5b* 67.5b* 96.2a* 2,59 2.39 3.40 3.19a* 1.58b 1.97b* 3.81* 3.57* 3.51*

140 12.0* 7.8*% 10.5* 68.2b* 86.5ab* 96.7a* 4.83 2.77 3.39 4.37a* 181b 1.33b 3.58* 336 3.23

Mean 43b 3.7b 6.622 535 62.0 76.6 3.422 2.5b 3.3ab 3.18 1.54 1.25 4.02a 3.87b 3.7b

Relative doseSum of bases Cation exchange capacity Basis saturation® Organic matter

(%) Bio F.C. Min Bio F.C. Min Bio F.C. Min Bio F.C. Min
----------------------- mmolc-dm™3 ---- B -emeeeee- g kgt e

0 3.30 30.5 10.9 11.3

60 6.45* 4.05 5.45 33.5ab  30.1b 37.5a* 19.1%* 135 14.6 16.7 14.8 8.0

80 6.63* 5.00 5.33 32.1a 31.3a 33.1a 20.8* 16.0 16.2 12.3 10.0 12.5

100 7.95% 6.93* 6.55* 31.5a 34.9a 34.1a 25.2%* 19.8* 19.1 16.0 8.3 18.5

120 7.38* 5.45 7.75%* 32.6a 33.7a 34.8a 22.5% 16.2 21.9* 26.0 29.0 16.3

140 10.50* 6.98* 7.25* 38.3a* 35.0a 35.8a 27.4%* 20.0* 20.2* 16.5 20.3 8.7

Mean 7.782 5.68b  6.47b 33.6 33.0 35.0 23.0a 17.1b 18.4b 17.50 16.5 12.8

The asterisk (*) indicates values different from the control according to Dunnett’s test at 0.05. Averages followed by distinct letters in the line, differ from each other according to Tukey’s test at 0.05.
The superscript t (*) indicates data transformed by the log function (x + 1) to the model assumptions. Bio: organomineral fertilizer pelletized with biosolids, F.C.: organomineral fertilizer pelleted with
filter cake, Min: mineral fertilizer.
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Table 3. Chemical properties of the sewage sludge biosolid and the sugarcane filter cake.

Sources pHu20? CcoT? N2 P,05? K,0? C/Na
%

Sewage sludge 12.65 19.8 1.0 2.8 0.30 28/1

Filter cake 6.81 24.0 1.0 1.1 0.27 14/1

aEvaluations proposed by Teixeira et al. (2017)

Table 4. Relationship between bases and base relationships with CEC. Total percentage of soil submitted to different doses of
organomineral fertilizer composed of biosolids or filter cake, and mineral fertilizer.

zzit'(‘f;) Ca/Mg Ca/K Mg/K Ca+Mg/K

Bio  FC. _ Min  Bo  FC. _ Min  Bio  FC. _ Min  Bio  FC. _ Min
0 262 6.26 2.40 8.66
60 171  1.86 3.87  3.69%* 2.09* 3.92* 219 1.13* 0095* 588% 322*% 487
80 098% 155 286  2.39* 1.80* 1.81* 247  1.15%* 0.63* 4.85*% 295% 2.44*
100 098* 179 297  2.38* 1.80* 148* 242  101* 048* 4.80* 281* 1.96*
120 081* 152 227 161* 141* 158% 198  094* 1.03* 359* 235% 2.60*
140 110 161 2.83  2.81* 1.27% 1.38* 252  0.85* 055*% 533* 212* 193*
Mean 112c  167b 296a 257a 1.67b 2.03ab 2.32a 1.02b 0.73b 4.89a 269 2.76b
:lefl(\:;) Ca/T Mg/T K/T Ca+Mg/T

Bo FC. Min Bio FC. Min Bo FC. M  Bio FC. Min

%

0 7.11 273 1.08 9.85
60 1228 7.58 1231 7.17* 407 3.07 2852 350a* 2532 1944 1166 15.38
80 922 776 937 957 498 328 3.48a* 403a* 4.85a* 1879 12.74  12.66
100 11.93 1054 11.70 12.10* 586 3.76 4.63b* 4.85b* 6.75a* 24.03 1641 15.46
120 894 824 1172 10.99* 546  6.78* 4.98b* 5.05b* 7.28a* 19.93 13.70  18.50
140 16.66* 9.55 11.67 15.05* 6.2 458 4.58b* 6.40a* 6.98a* 3171 1578 16.25
Mean 11.81a 8.73b 11.35ab 10.98a 532b 4290 4.10 477 568  22.782 14.05b 15.65b

The asterisk (*) indicates values different from the control according to Dunnett’s test at 0.05. Averages followed by distinct letters in the line, differ according to Tukey’s test at 0.05. Bio:
organomineral fertilizer pelletized with biosolids, F.C.: organomineral fertilizer pelleted with filter cake, Min: mineral fertilizer, T: CEC at pH 7.

Table 5. Chemical and textural characterization of the red Oxisol

pH P meh K+ Ca®* Mg  AB+  H+Al BS t T Vv m OM  OC
-mgrdm3 - e (oL e L —— - % -- dag-kg?
4.9 0.7 0.03 0.2 0.1 0.2 2.50 0.33 0.58 2.83 12 43 1.0 06
Coarse sand Fine sand Silt Clay
g.kg-l

431 387 31

151

The pH in H,0; P, K: Mehlich™ extractor; Ca, Mg, Al: KCl 1 mol L! extractor; H + Al: SMP at pH 7.5; BS: base sum; t: effective CEC; T: CEC at pH 7; V: base saturation; m: aluminum saturation; OM:
organic matter; OC: organic carbon. Methodologies based on Teixeira et al. (2017). Textural analysis was performed using the pipette method (Sheldrick and Wang, 1993).

evaluated (Table 2), and the result was attributed to the high
potassium levels provided by the mineral fertilizers.

Effects on cation exchange capacity

The cation exchange capacity (CEC) is one of the most
relevant soil components, representing the soil condition for
the movement of cations, such as calcium, magnesium, and
potassium. Analysis of the results for each dose, as well as
the regression curve of the sources, indicate that the mineral
source released the greatest amount of these nutrients.
Moreover, there was a significant interaction among factors
(Table 2), and only two treatments differed from the control.
There was a significant effect of fertilization on soil
saturation. However, it is important to note that while the
fertilizers surpassed the control, they did not increase the
CEC to levels adequate for agricultural crops. Nevertheless,
the values were generally higher for the biosolid source
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(Table 2).

No differences were observed in organic matter content
among treatments (Table 2). It is important to note that
while the experiment evaluated the solubility of the
fertilizers, the cloth containing the fertilizer did not permit
substantial contact between the organic materials of the
organomineral sources and the soil. Variations in this
variable were not expected.

It is important to emphasize that the quality of the
compound used in the formulation of the organomineral
fertilizer has a great influence on nitrogen availability in the
soil, whereby a very high C/N ratio can lead to nitrogen
immobilization (Jahnel et al., 1999). For this, it is necessary
to promote the complete maturation of the compound,
ensuring the necessary degradation and stabilization of its
characteristics. In this study, the organic sources had
significantly different C/N ratios; 28 for the biosolid and 13
for the filter cake (Table 3).



Differences were also observed in the Ca/Mg ratio, with the
highest values observed in treatments with mineral fertilizer
(Table 4). This result was attributed to the increased
magnesium (Mg) content caused by the addition of organic
fertilizers. However, fertilization did not cause great changes
to the Ca/Mg ratio, noting that this relation is usually
achieved by the addition of correctives to the soil.

The relationships between bases and K were weak, as there
was no supply of calcium (Ca) and magnesium (Mg) in the
treatments (Table 4). Thus, potassium (K) being the
denominator caused almost all the treatments to present
results that were lower than the control results. However,
the Mg/K ratio of biosolid pelletized organomineral fertilizer
treatments did not differ from the control (Table 4),
demonstrating that the nutrient supply was well balanced.
The relationships between CEC and nutrients followed a
similar pattern, explaining the effective contribution of K to
the soil, whereas the results obtained for most treatments
differed from those for the control (Table 4). It should be
noted that the Mg/K ratio with organomineral biosolids was
higher than that of the control and the other sources. The
base relations with the CEC confirmed the observed results.
Moreover, the Mg/(CEC at pH 7[T]) ratio was higher than
that of the control in all doses of biosolid pelleted
organomineral fertilizer (Table 4). Generally, fertilization with
organomineral fertilizers promotes a good balance between
soil nutrients and CEC, which is desirable with the
application of this type of fertilizer.

Materials and Methods

Formulation of the organomineral fertilizers and the
experimental design

The experiment was conducted between 19/09 and 19/11 of
2016, in a greenhouse located at the Umuarama Campus of
the Federal University of Uberlandia (18°91'86"S,
48°27'72"W; 800 m above sea level). The experiment was
conducted in a completely randomized design, with four
replicates in the factorial scheme, 3 x 5 + 1. Three fertilizers
were tested: organomineral fertilizers pelleted with biosolid
or sugarcane filter cake (Table 3) (hereby referred to as
biosolid or filter cake), and mineral fertilizer. Five doses of
the three fertilizer sources (namely 60%, 80%, 100%, 120%,
and 140% of the recommended dose of fertilizer for corn
crops) were used, as well as a control, which undertook no
fertilization. For the mineral fertilizer, urea, triple
superphosphate, and potassium chloride were used as
sources of nitrogen, phosphorus, and potassium,
respectively. Fertilizer doses were defined based on the
recommended P,0s content to be applied to soil (Soil
Fertility Commission of the State of Minas Gerais [CFSEMG],
1999).

The organomineral fertilizers were formulated at
concentrations of 5-17-10 (10% of total organic carbon
[TOC]). The sewage sludge used in the composition of the
organomineral fertilizer came from the sewage treatment
plant of the Municipal Department of Water and Sewage
(DMAE), located in the city of Uberlandia-MG. The material
was sanitized with hydrated lime to eliminate pathogens,
reduce moisture, and for biological stabilization (Alves Filho
et al., 2016). Additionally, the filter cake was obtained from
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the Vale do Tijuco Sugar Mill (Table 3). Pelletized
organomineral fertilizer was produced by the balanced
addition of mineral components to the organic base until the
NPK ratio was 5-17-10. Processing resulted in pellets 5 mm
long and 0.8 mm in diameter, with hardness equal to 5
kgf-cm3 and 10% moisture.

The incubation test using red sandy loam of loose texture
(Table 5) was conducted using the method, "Solubility of
Fertilizers Containing Silicon - Incubation Method," version
15.2010, with modifications (Korndérfer, 2004). Each
experimental plot consisted of a plastic container containing
1 kg of fine dirt that was air dried (FDAD), plus fertilizer at
the respective dose.

The fertilizers were packed in microfiber cloths positioned in
1 cm depths within the soil. This differed from the original
method, where the fertilizer was incorporated into the soil
by agitating them both in a plastic bag. The set was
maintained with moisture close to 80% of the vessel’s
retention capacity, and the amount of water added was
determined by the difference in weight. The pots were
incubated for 60 days and samples were always taken from
below the fertilizer-filled cloths. After collection, the samples
were dried, sieved, and analyzed to determine their chemical
attributes.

Evaluation of soil chemical characteristics

The values of H,0 (1:2.5), pH, SMP, and the content of
exchangeable aluminum, phosphorus, potassium, calcium,
magnesium, silica, and organic matter in the soil were
evaluated (Teixeira et al., 2017) using methodology proposed
by Korndorfer (2004).

Statistical analyses

Data were tested for normality of residues (Kolmogorov-
Smirnov) and homogeneity of variances (Levene). The data
were also submitted to an F test. All data were assessed at a
significance level of 0.01. Fertilizer sources were analyzed
using Tukey’s test, and fertilizer doses were analyzed by
regression to obtain the ideal statistical model. When the
regression models did not adjust (R?2 > 70%) they were
omitted, and inferences were made on the differences
between the doses and the additional treatment (absence of
fertilization) by Dunnett’s test at a significance level of 0.05.

Conclusions

Pelletized organomineral fertilizers made from biosolids and
filter cake from sugarcane do not lead to acidification of the
soil, thereby reducing the quantity of soil correctives that
would usually be required. The contribution of these
products stabilizes soil pH, reduces aluminum saturation,
and promotes a better balance between soil bases.
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