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Abstract 

The objective of this study was to evaluate changes in the chemical attributes of the soil 

caused by the use of limestone associated or not to with gypsum in no-tillage system. The 

experiment was conducted on a dystrophic Yellow Latosol in Pará state, Brazil. The 

experimental design was in randomized blocks in split plots with three replications. The 

treatments consisted of five doses of limestone (0, 1, 2, 3 and 4 t ha-1), with and without 

gypsum (0, 0.5 and 1 t ha-1). Soil samples were collected at depths of 0-20 and 20-40 cm. 

There was a significant effect on the analyzed variables at both depths. The doses of 3.64 and 

2.19 t ha-1 of limestone associated with 0.5 t ha-1 of gypsum, were responsible for the largest 

increase in soil calcium content in the 0-20 and 20-40 cm layers, respectively. The highest 

increase in Ca + Mg content was found at 3.63 t ha-1 limestone combined with 0.5 t ha-1 

gypsum. It was observed that 3.13 t ha-1 of limestone combined with 0.5 t of gypsum 

increased soil CEC. The 2.89 t ha-1 dose of limestone combined with 0.5 t of gypsum 

contributed to the increase in base saturation (V%). The use of limestone and gypsum 
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promotes soil chemical conditions, as reflected by increased corn yield when compared with 

control (no treatment) plots.  

Keywords: chemical attributes, no-tillage system, corn yield 

1. Introduction  

The intensive use of the conventional tillage system increases soil compaction and surface 

erosion and reduces water infiltration input of plant residues, all of which are caused by 

repeated plowing and harrowing practices (Fontana et al., 2016).  

The use of conservationist systems such as no-tillage system (NTS) has been adopted in 

agriculture as an alternative means of reducing impacts caused by conventional systems on 

soil quality. The NTS has made it possible to increase or reduce the amount of organic matter, 

depending on the production and continuous permanence of vegetable residues besides 

promoting improvements in nutrient cycling (Valadão et al., 2015), erosion control, moisture 

conservation, amount of organic matter (OM), increased biological activity and improved 

aggregate stability (Carvalho et al., 2010). 

Despite the benefits, NTS faces some obstacles related to the management of soil chemical 

attributes, especially the process of soil acidity correction, since limestone application is 

superficial and without incorporation (Rheinheimer et al., 2018). The non-revolving soil 

causes the liming benefits combined with the superficial application of limestone, to be 

restricted to the first centimeters of the soil profile (Crusciol et al., 2016), with the formation 

of an alkalizing gradient, which decreases with the depth. 

Given the limitation of limestone and in an attempt to broaden the improvements in the 

chemical attributes in the soil layers under NTS, means have been sought to act as a 

complement to the chemical changes provided by liming. As the solubility of gypsum 

(Ca(SO4)2H2O) is greater than of CaCO3, it is responsible for the transport of exchangeable 

bases to the subsurface layers, therefore reducing aluminum activity and contributing to root 

growth over the profile (Zambrosi; Alleoni; Caires, 2007). 

Rainfall may directly contribute to the limestone dissociation process, favoring more rapidly 

to the increase of soil pH, thus allowing the percolation of anions from the dissociation of 

(gypsum ??) plaster bound to basic cations towards subsurface. According to Myiazawa et al., 

(2002) the water regime has great influence on the speed of action of these conditioners. Thus, 

regions with high levels of rainfall, such as the Amazon, can strongly affect the interaction of 

limestone and plaster, influencing the dynamics of solubilization products of these inputs in 

the soil and may affect crop yield under no-tillage system, especially in soils with low clay 

content, which have higher leaching rates, when compared to soils with greater water 

retention capacity. This condition can favor the movement of exchangeable bases to deeper 

layers, out of reach of the roots. Considering the lack of studies in Amazonic biome soils 

under no-tillage system that received application of limestone and gypsum, the present study 

complements the information existing in other tropical regions.". 

The objective of this study was to evaluate the effects of the combined application of 
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limestone and agricultural gypsum on the chemical attributes of a medium-textured 

dystrophic Yellow Latosol and its influence on the production of corn under no-tillage system 

in the Amazon. 

2. Materials and Methods 

The study was conducted over three agricultural cycles (2010/2011, 2011/2012 and 

2012/2013) in the Experimental Station of Embrapa Eastern Amazon, located in Terra Alta, 

Pará state, Brazil, under the coordinates 01º02'28"S and 47º54'27"W. The experiment was set 

in a dystrophic Yellow Latosol soil with physical and chemical attributes shown in Table 1, at 

0-20 cm and 20-40 cm depths. 

A randomized complete block design was used in a split-plot scheme with three replications. 

The plots consisted of limestone doses (0, 1, 2, 3 and 4 t ha-1) and the subplots were gypsum 

doses (0, 0.5 and 1 t ha-1). A dolomitic limestone (32% CaO, 15% MgO and 92% relative 

power of total neutralization) and commercial agricultural gypsum (25% CaO and 14% S) 

were used. Limestone and gypsum was surface-applied and incorporated by plowing and 

harrowing only at the beginning of the first agricultural cycle and none thereafter, according 

to the combination of treatments.  

In all agricultural cycles, corn (Zea mays L.) was used and sowed in experimental units 

composed of eight rows of eight meters in length, 0,70 m between rows and five plants per 

linear meter. Only in the second and third agricultural cycles, corn was cultivated under 

no-tillage system, on the straw of the previous cycle. 

Table 1. Physical and chemical characteristics of Yellow Latosol soil before the onset of the 

experiment, in a dystrophic Yellow Latosol 

Depth 
Coarse 

Sand 

Thin 

Sand 
Silt Clay C pH P K Ca Mg Al H+Al CEC 

(cm) ------------- g kg-1 ------------- g kg-1  (H2O) mg kg-1 ------------cmolc kg-1--------------- 

0-20 373 376 101 150 7.95 4.3 2 63 1.0 0.50 0.6 2.8 4.5 

20-40 254 464 102 180 5.07 4.6 2 19 0.7 0.15 0.6 2.4 3.4 

C, Total organic carbon; CEC, Cation exchange capacity of soil. 

In all experimental units, during the agricultural cycles, N, P and K were applied using the 

recommendations established by Cravo et al. (2010). The fertilizers was applied at the rates 

of 120, 90 and 90 kg ha-1 of N, P2O5 and K2O, respectively, using urea, triple superphosphate, 

and potassium chloride.  

Following the application of basic nutrients (NPK) in each agricultural cycle, soil samples 

were collected at 0-20 and 20-40 cm depths. The collected samples were air dried, for 

subsequent determination of the following chemical attributes: P and K was extracted by 

Mehlich-1 solution (HCl 0.05 mol L-1 + H2SO4 0.0125 mol L-1); Soil pH was determined by 

electrode method at a 1:2.5 soil to water ratio. Exchangeable Al, Ca, and Mg were extracted 

with neutral 1 mol L-1 KCl in a 1:10 soil/solution ratio. Aluminum (KCl-exchangeable acidity) 
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was determined by titration with 0.025 mol L-1 NaOH solution, and Ca and Mg by titration 

with 0.025 mol L-1 EDTA. Estimation of cation exchange capacity of soil (CEC) was 

calculated by adding the exchangeable cations (Ca2+, Mg2+, K+) and exchangeable acidity 

(H++ Al3+). Percent base saturation (V%) was calculated by the sum of bases ratio and CEC. 

All chemical attributes of the soil were analyzed according to the standard procedures 

described by Embrapa (2017). 

In all agricultural cycles, corn was harvested at 120 days after sowing in a useful area 

corresponding to the four central lines of the experimental units. After harvesting, the ears 

were separated from the grains to determine the yield in kg ha-1. Drying was performed in air 

until reaching a humidity of 13% (Embrapa, 2000). 

The results of the response variables were submitted to analysis of variance (F test) and, 

when there was a significant effect of the treatments, the averages for the gypsum levels were 

compared using the Scott Knott test (p≤0,05) and for limestone levels, regression analysis 

was used. 

3. Results and Discussion  

First agricultural cycle 

In the first cultivation cycle, soil pH and exchangeable Al were influenced only by the 

limestone vs. depth interaction, with significant effect only at the 0-20 cm depth. The pH 

(water) showed increasing linear behavior and the exchangeable Al contents decreased as the 

lime doses increased, indicating the effective neutralizing action of the concealer in the 

topsoil and the low mobility of the input in the soil profile (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1. pH value e exchangeable Al content, as a function of the application of limestone at 

0-20 cm depth 

The increase in pH shows that limestone promoted improvements in this soil attribute only in 

the topsoil, which may have been caused by the dissociation of calcium carbonate, with 

hydroxyl release and Fe and Al precipitation in the form of Fe and Al hydroxide. Limestone 
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dissociation in acidic environments is responsible for the release of anions (OH- and HCO3
-), 

which react with acidic cations of the soil solution (H+, Al3+, Fe2+ and Mn2+), such correction 

results in the movement of basic cations over the soil profile. Another factor that contributed 

to the movement of bases was proper soil structure, adequate rainfall which favors the 

movement over the soil profile. In addition, biopores formed by the root system and 

organisms may also favor the movement in areas under NTS. The increase in soil pH through 

liming increases basic cation retention due to the increase in negative variable electric 

charges, which are generated on the surface of colloids by the dissociation of H+ from the 

hydroxyl groups. Exchangeable Ca2+ and Mg2+ levels increased with the liming. 

The action of limestone on soil pH-related improvements is already known due to the 

increase in OH- in soil solution caused by the reaction of calcium carbonate with water, 

which contributes to the reduction in exchangeable Al activity and increases in Ca2+ and Mg2+ 

contents, promoting the development of the root system and, consequently, improvement in 

the absorption of the supplied nutrients, which is the most effective action in the most 

superficial soil layers. Bortolanza; Klein (2016) and Crusciol et al. (2016) found an increase 

in topsoil pH after calcium carbonate application, which is related to the efficiency of the 

action in the topsoil due to its low mobility rate in the soil. Shamshuddin & Fauziah (2010) 

found results similar results to those found in this work. Those authors found a decrease in 

Al3+ toxicity after limestone application.   

Values of Ca2+, Ca+Mg, CEC and V% in the soil were significantly influenced by limestone 

vs. gypsum interaction. The application of limestone combined with gypsum promoted the 

increase in exchangeable Ca2+ (Figure 2a, 2b) and Ca+Mg (2c, 2d) contents in the soil, and 

the largest increments were found in the topsoil. These results indicate that the increases in 

the contents of these nutrients in the depth were due to the application of gypsum, which 

promoted the movement of these bases through the soil profile when compared to the 

treatment without gypsum (Figure 2a and Figure 2c). The response surfaces of Ca2 + and Ca + 

Mg contents in the soil as a function of lime and gypsum doses, in the 20-40 cm depth 

(Figures 2b and 2d), show that there was a reduction of Ca2 + and Ca + Mg contents with the 

application of the highest amounts of limestone, indicating that these bases may have moved 

to layers below 40-cm depth.   

Considering the response surface models adopted for the Ca2+ and Ca + Mg contents, as a 

function of the combined doses of limestone and gypsum, the maximum contents of these 

bases were obtained with the application of 3.99 (Ca2+) and 2.21(Ca+Mg) t ha-1 of limestone, 

together with 0.5 t ha-1 of gypsum, respectively, at the 0-20 and 20-40 cm depths. With these 

regression models, the application of these amount of limestone and plaster raised the levels 

of Ca2+ and Ca + Mg in the soil from 1.03 and 1.50 cmolc dm-3 (without application of inputs) 

to 1.90 and 3.17 cmolc dm-3 at the same depths. 

The supply of Ca by means of gypsum application improved both the topsoil and subsurface 

layers, promoting significant enhancements through cation transport. The increase in basic 

cations in subsurface soil layers is directly linked to gypsum related functions. Due to its high 

solubility and the release of sulfate ions in the soil solution, this conditioner is responsible for 
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the transport of bases in the profile, promoting improvements in these layers. Ca2+ contents 

found in the 20-40 cm layer presented values in all applied doses above 1 cmolc dm-3, thus 

demonstrating that the application of lime-based agricultural gypsum is promoting the 

movement of this nutrient to the soil subsurface layers, which may indicate an improvement 

in the deeper soil layers. Rodrighero et al., (2015), when evaluating the superficial 

application under no-tillage system, where an improvement of Mg contents were observed in 

the soil profile, due to the formation of MgSO4
0 complex, which has high mobility in the soil. 

Similar results were also found by Briedis et al., (2012), when evaluating areas under 

no-tillage systems observed improvements in this attribute in the topsoil, with reduction as 

depth was increased.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Ca2+ and Ca+Mg contents, as a function of the application of limestone and gypsum 

at 0-20 cm (a and c) and 20-40 cm depths (b and d) 

Regardless of the gypsum dose, the application of limestone promoted a slight increase in the 

CEC in the topsoil (0-20 cm); however at the 20-40 cm depth, no significant effect of the 

application of these inputs (Figures 3a, 3b) was observed.  

(a) 
(b) 

(d) 
(c) 
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The base saturation (V%) presented similar behavior to the Ca+Mg content, in response to 

the combined application of limestone and gypsum, with an increase in the values as the 

applied quantities of the inputs increased (Figure 4a and 4b). In the topsoil, V% linearly 

increased due to the application of limestone, but no significant difference was observed 

between the amount of gypsum and the control treatment (without gypsum). At the 20-40 cm 

depth, the application of gypsum (0.5 and 1 t) promoted the reduction in V% indices in the 

larger amounts of limestone, indicating a possible movement of bases in the soil profile 

towards deeper layers. Considering the need to improve the V% index of the subsurface soil 

through the application of gypsum and following the response surface models, the amounts of 

limestone and gypsum needed to achieve the highest Ca+Mg contents in the soil allow V% to 

rise to 68%. 

Based on the values obtained for V%, it is evident that the contribution of limestone and 

gypsum for the improvement of the chemical characteristics of the soil. The highest Ca and 

Mg contents previously found positively influenced the V% of the soil, also demonstrating 

the effect of vertical movement of the bases over the soil profile. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. CEC values as a function of lime and gypsum application at 0-20 cm (a) and 20-40 

cm (b) 
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Figure 4. V% as a function the application of limestone and gypsum at 0-20 cm (a) and 20-40 

cm depths (b) 

In the first agricultural cycle of the experiment, corn yield was influenced only by limestone, 

showing an increasing linear behavior of grain yield, as the applied doses increased (Figure 

5). The increase in corn grain production was associated with the reduction of acidity found 

in the topsoil, with an increase in pH and reduction in exchangeable Al, as well as the 

increase in Ca2+ and Ca + Mg contents caused by limestone application. Although the 

application of gypsum promoted an increase in the levels of these chemical bases in the 

subsurface layer of the soil, it did not reflect on the corn grain yield, indicating that the 

improvement in the topsoil fertility promoted by limestone was sufficient to guarantee 

increases in the soil crop yield. 

The increase in essential macronutrient contents in the soil solution as a function of the 

supply of basic cations, increased their absorption as a consequence of the adequate 

nutritional status. We obtained positive reflexes on the corn grain yield, with an increase in 

limestone doses. When evaluating an experiment with sequential cultivation of crop 

(2000-2001), soybean (2001-2003) and wheat (2003), Caires et al. (2008) found no 

improvement in corn and soybean grain yield after surface liming, while the application of 

soil amendment treatment also provided improvements in wheat grain yield, which is related 

to this improvement due to the supply of bases and possibly the best environment for root 

growth with the possibility of greater nutrient absorption due to the larger coverage area. 

Caires et al. (2004) evaluating maize responses as a function of limestone and gypsum 

application found that the combined use of conditioners was responsible for a 17% increase 

in maize production. These results demonstrate that the combined use of plaster and 

dolomitic limestone may promote significant increases in corn production. 

 

 

(a) (b) 
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Figure 5. Corn yield as a function the application of limestone 

Considering that the maximum Ca + Mg contents were obtained with the application of 4 t 

ha-1 of limestone, it can be inferred that the optimum corn grain yield obtained with this 

amount of concealer was equivalent to 3516 kg ha-1. 

Second agricultural cycle  

The second year of corn cultivation was conducted under no-tillage system, without 

application of limestone and gypsum. In this condition, it is possible to observe the 

occurrence of residual effect of limestone and gypsum on the chemical attributes linked to 

soil acidity. Liming provided significant increases in pH (Figure 6), exchangeable Ca+Mg 

and base saturation, as well as significantly reducing the contents of exchangeable Al (Figure 

7), in the two depths evaluated. High liming action was noticed in the increase of 

exchangeable pH, Ca2+ (Figure 8a), Ca+Mg (Figure 8b), CEC (Figure 9) and base saturation 

(Figure 10) and in the reduction of potential acidity, up to 20 cm deep, in the sampling carried 

out 12 months after application These results indicate that liming dissociation was 

responsible for increasing nutrient content as well as complexing Al3+. 

The limestone action at a depth of 20-40 cm did not have the same effect when compared to a 

depth of 0-20. The action of this conditioning in neutralizing the acidity of the subsoil is 

prevented by the increase in the retention of cations due to the formation of negative variable 

charges with the increase of the pH of the soil. With this, anions resulting from this 

dissolution, responsible for the correction of acidity, are consumed in reactions with other 

acid cations (Al3+, Mn2+ and Fe2+) in the deposition layer of the limestone. However, the 

increase in pH at the soil surface can accelerate the speed with which HCO3
-, accompanied by 

Ca and Mg, percolates underground to react with exchangeable Al in deep layers. The 

movement of exchangeable Ca+Mg in the soil and the reduction of exchangeable Al in the 

subsoil can also be related to the leaching mechanism proposed by Tiritan et al., (2016), 

through the formation of water-soluble organic complexes present in the remains of plants. 

The increase in pH, as well as an increase in the levels of Ca2+, Ca+Mg, CEC and V% in the 
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second agricultural cycle following the use of correctives is caused by the increment in the in 

hydroxyl concentration and the reduction in H+ concentration in the soil solution (Oliveira; 

Pavan, 1996). Thus, it is evident in this study from the results found, it is clear that the 

gypsum does not participate in the correction of soil acidity, which has been found in several 

studies in the literature (Ramos et al., 2013). 

 

Figure 6. pH values, as a function of the application of limestone at 0-20 cm depth and 20-40 

cm 

 

 

Figure 7. Exchangeable Al contents, as a function of limestone application at 0-20 cm and 

20-40 cm depths 

The Ca2+ contents in soil as a function of limestone doses in the 0-20 cm depth showed 

higher contents when compared to the 20-40 cm depth, indicating that there was a reduction 

as a function of depth as the product was more restricted to the surface layer (0-20 cm) 
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(Figure 8a). With the regression models, the application of this amount of limestone allowed 

the levels of Ca2+ and Ca + Mg in the soil to increase from 1.52 and 1.77 cmolc dm-3 (without 

application of the input) to 2.16 and 3.15 cmolc dm-3 at the same depth (Figure 8b). 

Regression models followed for Ca2+ and Ca + Mg contents as a function of limestone doses, 

the maximum levels of these bases were reached with the application of 4 t ha-1 limestone at 

both depths. The increase in basic cations in subsurface soil layers is directly linked to 

gypsum related functions. Due to its high solubility and the release of sulfate ions in the soil 

solution, this conditioner is responsible for the transport of bases in the profile, promoting 

improvements in these layers. 

Some studies report that the increase in exchangeable Ca2+ content in the soil with lime and 

gypsum supply occurs as both are sources of Ca2+, therefore, it is possible to observe the 

increase in Ca contents in the soil profile from the applied treatments (Caires; Joris; Churka, 

2011). However, Ca2+ contents found in the 20-40 cm layer presented values in all applied 

doses above 1 cmolc dm-3, thus demonstrating that the application of lime-based agricultural 

gypsum is promoting the movement of this nutrient to the soil subsurface layers, which may 

indicate an improvement in the deeper soil layers. Similar results were found by Nora et al. 

(2017) in experiments under no-tillage system, in which the authors observed higher Ca2+ 

content in the topsoil after application of limestone and agricultural gypsum, which was 

attributed to the low mobility of this nutrient in the soil. 

 

 

 

 

 

 

 

 

 

Figure 8. Ca2+ (a) and Ca+Mg (b) contents, as a function of the application of limestone at 

0-20 cm and 20-40 cm depths 

Soil CEC was influenced by the factors considered Limestone in both depths. Based on the 

followed models as a function of limestone and gypsum doses, the increase in CEC was 

achieved with the application of 2.70 and 2.12 t ha-1 of limestone, combined with 0.5 t ha-1 of 

gypsum for the 0-20 cm and 20-40 cm depths, respectively (Figure 9). 
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Figure 9. CEC values as a function of lime application at 0-20 cm (a) and 20-40 cm 

V% increased due to the isolated doses of lime and gypsum doses, where an increase was 

observed in the levels as the applied quantities of the inputs increased (Figure 10). In the 0-20 

cm layer, the isolated application of 4 t of limestone and 1 t of gypsum promoted a significant 

increase of V%, indicating that the higher dose applied, as well as the longer duration of the 

conditioners, contributed to the increase of this index. 

Regarding V%, similar results were found by Joris et al. (2013), when evaluating the 

application of gypsum and limestone. Those authors found that the improvement in V% was 

concentrated in the first 20-cm depth, which may be related, in part, to the high extraction of 

nutrients by plants or to the short period for promotion of improvements in chemical 

attributes after the application of soil amendments. Based on the values obtained for V%, it is 

evident that the contribution of limestone and gypsum for the improvement of the chemical 

characteristics of the soil. The highest Ca and Mg contents previously found positively 

influenced the V% of the soil, also demonstrating the effect of vertical movement of the bases 

over the soil profile. 

 

 

 

 

 

 

 

 

Figure 10. V% as a function of application of gypsum at the 0-20 cm and 20-40 cm depths (a) 

and application of limestone at 0-20 cm and 20 -40 cm depths (b) 
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Corn yield in the second agricultural cycle of the experiment was influenced by limestone vs. 

gypsum, showing increasing linear grain yield as the applied doses increased (Figure 11). The 

increase in grain yield is a reflection of the increase promoted by the conditioners, such as pH, 

reduction of exchangeable Al3+, as well as increase of Ca2+ and Ca+Mg levels, due to the 

application of limestone and gypsum. The action of the gypsum in the layers below 20 cm 

was observed due to the increase of the contents of these bases in these layers. 

From the response surface (Figure 11) it was possible to find the maximum levels of Ca2+ 

(2.16 cmolc dm-3) and Ca+Mg (3.15 cmolc dm-3) were obtained through the application of 

3.24 t ha-1 of limestone, which promoted maximum production of corn grains. Based on the 

basic cation contents observed as a function of limestone application, the equivalent of 5331 

kg ha-1 of corn grains was obtained. Soratto et al. (2010), when evaluating the productivity of 

higher lands beans and rice as a function of surface application of limestone and gypsum, also 

found an increase in grain yield as a function of applied doses, unlike the results found by 

Neis et al. (2009), when evaluating soybean yield in no-tillage system with and without soil 

plowing, obtained higher yield in the no-tillage system. Nevertheless, there was no influence 

by gypsum doses. In addition, this improvement was related to the adequate nutrient content 

found in the soil.  

 

Figure 11. Corn grain yield due to limestone and gypsum application in the second 

agricultural cycle. 
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Third agricultural cycle 

The third year of corn cultivation was also conducted under no-tillage system, with no soil 

tillage, without application of limestone and gypsum. In this condition, it was observed the 

residual effect of limestone and gypsum on chemical attributes linked to soil acidity. Soil pH 

(water) was influenced by the interaction between limestone vs. depth, with significant effect 

on the 0-20 cm and 20-40 cm depths (Figure 12). The soil collection carried out 24 months 

after the application of lime was found that the pH of the two depths evaluated were similar. 

However, there is a front of acidity correction and base migration in depth (20-40 cm), even 

without the incorporation of limestone, which was more pronounced with time after 

application. Similar results were obtained by Caires et al. (2001), in a dystrophic Red Latosol 

medium texture, with increased pH and decreased exchangeable acidity up to 20 cm, after 12 

months of liming, reaching up to 60 cm after 68 months. 

In the no-tillage system, the permanence of organic residues in the soil cover reduces 

variations in temperature and humidity, this can contribute to the fauna responsible for 

opening continuous channels, through which there may be movement of the superficially 

applied limestone (Oliveira & Pavan, 1996), as well as it can also continuously activate 

water-soluble organic substances that move along the soil profile and can act as Ca2+ and 

Mg2+ carriers, acting as ligands or ionic pairs, facilitating their distribution in the profile. 

These openings left by dead roots and the natural cracking of the soil contribute to the 

displacement of fine particles, along with the downward movement of water.   

 

Figure 12. pH values, as a function of the application of limestone at 0-20 cm depth and 

20-40 cm 

The levels of exchangeable Al3+ decreased (y(Al)= 0.7399 + 0.4565- 0.0758x2 R2= 0.97) due 

to the increase in doses of limestone, so, it can be inferred that the effective action of the 

applied product occurs in the topsoil as a function of the slow input mobility in the soil 

profile. There was also an effect of the interaction plaster vs. depth, which was responsible 
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for the transport of bases over the profile which also favored the aluminum complexation, 

thus reducing its activity in this layer. 

The attributes Ca2+, Ca + Mg, CEC and V% of the soil were significantly influenced by the 

lime vs. depth interaction. The application of limestone promoted an increase of 

exchangeable Ca2+ and Ca + Mg contents in the soil; however the largest increments were 

verified in the topsoil (0-20 cm) (Figure 13a, 13b). Such results indicate that the action of the 

limestone is limited in this soil range. Based on those regression models, the application 

limestone allowed the Ca2+ and Ca+Mg contents in the soil to rise from 1.25 and 1.08 cmolc 

dm-3 to 2.78 and 4.12 cmolc dm-3 respectively at a 0-20 cm depth. Soil CEC was influenced 

only by the limestone doses, however, the 0-20 cm layer was the one with the highest 

increase when compared to the layer below (Figure 14). 

 

 

 

 

 

Figure 13: Ca 2+ (a) and Ca + Mg (b) contents as a function of limestone application 

 

 

 

 

 

Figure 13: Ca 2+ (a) and Ca + Mg (b) contents as a function of limestone application 
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Figure 14. CEC contents as a function of lime application at 0-20 cm and 20-40 cm dephts. 

An increase was observed for V% in the two depths evaluated in the study in response to the 

isolated application of limestone and gypsum (Figure 15). It showed a more significant 

increase in the topsoil, presenting expressive difference between the quantities of limestone 

and the control treatment in the 0-20 cm depth. In the 20-40 cm depth, the application of 

limestone also promoted increment, but in a smaller scale, due to the restriction of action of 

the applied input. Gypsum applied alone presented greater increase also in the topsoil, 

however, the increment of the bases in these layers may be more associated with the 

influence of limestone. However, it was noticed that the 20-40 cm layer had lower base 

saturation, and it can be inferred from these results that the application of gypsum was 

responsible for this transport to the layers below 40 cm.  

 

 

 

 

 

 

 

 

 

 

Figure 15. V% content as a function of limestone application. 
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Corn yield in the third crop cycle was influenced by lime and gypsum doses. The application 

of limestone promoted an increase in grain yield due to the correction promoted by this soil 

conditioner (Figure 16), by increasing the pH and reducing the exchangeable Al3+, and 

incrementing base content (Ca2+ equal to 2.78 cmolc dm-3 and Ca+Mg equal to 4.12 cmolc 

dm-3) in the soil. As in the previous year, the transport of bases from the gypsum application 

promoted base movement over the profile; however, this increase in the bases below the 

20-cm depth did not reflect an increase in grain production and it may be inferred that the 

increase promoted by limestone directly contributed to the increase in crop production. The 

presence of gypsum and limestone in the production of corn had a greater response in the 

no-tillage system. This may be related to the less toxic effect of aluminum over the 36 months 

after application, contributing to the formation of soluble organic compounds present in 

cultural remains. With a corrective action by the two conditioners, the levels of calcium and 

magnesium were available in the soil profile for their absorption. 

The maximum levels found for Ca2+ and Ca+Mg as a function of the application of limestone 

(3.73 t ha-1) and gypsum (0.75 t ha-1) were reflected in corn production, with average yield of 

5572 kg ha-1 (Figure 16). Zandoná et al. (2015) in soybean and corn after the application of 

gypsum with and without lime in a no-tillage system, which is related to the increase in 

productivity due to the increase in Ca2+, Mg2+, phosphorus and reduction in aluminum 

saturation 

 

Figure 16. Corn grain yield due to limestone and gypsum application in the third agricultural 

cycle 



Journal of Agricultural Studies 

ISSN 2166-0379 

2020, Vol. 8, No. 3 

http://jas.macrothink.org 380 

5. Conclusion 

This work showed that the application of limestone and gypsum in soil cultivated under 

no-tillage system promotes improvements in soil chemical attributes related to acidity (pH, 

Ca2+, Ca + Mg and Al3+). Limestone acts only in the topsoil, neutralizing soil acidity 

(increment in pH and reduction in exchangeable Al) at the implantation of this system and its 

residual effect is found until the third year of cultivation. The use of agricultural gypsum in 

the production system promotes an increase in the in-depth exchangeable Ca2+ and Mg2+ 

contents, contributing to the increase in V% indices in the subsurface layer. In the 

implementation of the no-tillage system, only the application of limestone promotes an 

increase in corn yield, but in the second and third years, there is a response of the crop, due to 

the combined action with the gypsum. 
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