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APRESENTAÇÃO 

A “Engenharia Agronômica: Ambientes Agrícolas e seus Campos de Atuação” é 
uma obra que apresenta dentro de seu contexto amplas visões que reflete em ambientes 
agrícolas e seus campos de atuação trazendo inovações tecnológicas e sustentáveis que 
proporciona em melhorias sociais, ambientais e econômicas para toda comunidade agrária.

A coleção é baseada na discussão científica através de diversos trabalhos que 
constitui seus capítulos. Os volumes abordam de modo agrupado e multidisciplinar 
pesquisas, trabalhos, revisões e relatos de que trilham nos vários caminhos da Engenharia 
Agronômica. 

O objetivo principal foi apresentar de modo agrupado e conciso a diversidade e 
amplitude de estudos desenvolvidos em inúmeras instituições de ensino e pesquisa do 
país. Inicialmente são apresentados trabalhos relacionados a sustentabilidade, envolvendo 
questões agroecológicas, produção orgânica e natural, e suas relações sociais. Em 
seguida são contemplados estudos acerca de inovações tecnológicas do meio rural, que 
abrange qualidade de sementes, nutrição mineral, mecanização, genética, dentre outros. 
Na sequência são expostos trabalhos voltados à irrigação e manejo do solo, envolvendo 
processos hídricos, sistemas agroflorestais e adubação.

A obra apresenta-se como atual, com pesquisas modernas e de grande relevância 
para o país. Apresenta distintos temas interessantes, discutidos aqui com a proposta de 
basear o conhecimento de acadêmicos, mestres, doutores e todos que de algum modo se 
dedicam pela Engenharia Agronômica. Abrange todas regiões do país, valorizando seus 
diferentes climas e hábitos. 

Inicialmente são apresentados trabalhos relacionados a sustentabilidade, 
envolvendo questões agroecológicas, produção orgânica e natural, e suas relações sociais. 
Em seguida são contemplados estudos acerca de inovações tecnológicas do meio rural, que 
abrange qualidade de sementes, nutrição mineral, mecanização, genética, dentre outros. 
Na sequência são expostos trabalhos voltados à irrigação e manejo do solo, envolvendo 
processos hídricos, sistemas agroflorestais e adubação.

Assim a obra Engenharia Agronômica: Ambientes Agrícolas e seus Campos de 
Atuação expõe um conceito bem fundamentado nos resultados práticos atingidos pelos 
diversos educadores e acadêmicos que desenvolveram arduamente seus trabalhos aqui 
apresentados de modo claro e didático. Sabe-se da importância da divulgação científica, 
portanto ressalta-se também a organização da Atena Editora habilitada a oferecer uma 
plataforma segura e transparente para os pesquisadores exibirem e disseminarem seus 
resultados. 

Tamara Rocha dos Santos 
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ABSTRACT: The objective of this study was 
to evaluate the effects of gypsum doses on 
physical-hydric attributes, root growth and 
soybean productivity. The experiment was 
conducted at the Agronomic Institute of Paraná 
(IAPAR) in Santa Tereza do Oeste-PR. The soil 
was classified as Typic Haplortox. Five doses of 
agricultural gypsum were evaluated: 0; 3; 6; 9 
and 12 t ha-1, in outline randomized block design 
with six repetitions. Soil density, total porosity, 
macroporosity, microporosity and saturated 
hydraulic conductivity were evaluated at layers 
of 0.0 - 0.1; 0.1 - 0.2 and 0.2 - 0.3 m. Soybean 
productivity and root growth were also evaluated. 
Data were submitted to regression analysis. The 
physical attributes soil density, macroporosity 
and saturated hydraulic conductivity did not differ 
significantly with the application of the gypsum 
doses in the 0.0-0.1 and 0.2-0.3 m layers. 
However, in the 0.1-0.2 m layer, due to pressures 
imposed by the machines and agricultural 
implements deforming the soil, the were 
significant differences in the physical attributes 
of the density, macroporosity and saturated 
hydraulic conductivity. There was no significant 

difference in grain productivity and root growth of 
soybean.
KEYWORDS: Aluminum. Glycine max. Soil 
structure. 

IMPLICAÇÕES DE DOSES DE GESSO 
AGRÍCOLA EM ATRIBUTOS FÍSICO-

HÍDRICOS DE UM LATOSSOLO 
ARGILOSO E NO CRESCIMENTO 

RADICULAR E PRODUTIVIDADE DA 
SOJA

RESUMO: O objetivo deste estudo foi avaliar 
o efeito de doses de gesso nos atributos 
físico-hídricos do solo, crescimento radicular 
e produtividade da soja. O experimento foi 
realizado no Instituto Agronômico do Paraná 
(IAPAR) município de Santa Tereza do Oeste-
PR. O solo foi classificado como Latossolo 
Vermelho distroférrico típico. Foram avaliadas 
cinco doses de gesso agrícola: 0; 3; 6; 9 e 12 
t ha-1, em delineamento de blocos ao acaso 
com seis repetições. Avaliou-se a densidade 
do solo, porosidade total, macroporosidade, 
microporosidade e condutividade hidráulica 
saturada nas profundidades de 0,0 - 0,1; 0,1 
- 0,2 e 0,2 - 0,3 m. Também foram avaliados 
a produtividade e crescimento radicular da 
soja. Os dados foram submetidos à análise de 
regressão. Os atributos físicos densidade do 
solo, macroporosidade e condutividade hidráulica 
saturada não diferiram de forma significativa com 
a aplicação das doses de gesso nas camadas 
0,0 -0,1 e 0,2 - 0,3 m. No entanto, na camada 
de 0,1 - 0,2 m, devido à pressão imposta pelas 
máquinas e implementos agrícolas deformando 
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o solo, houve diferenças significativas nos atributos físicos da densidade, macroporosidade 
e condutividade do solo saturado. Não ocorreu diferença significativa para a produtividade e 
crescimento radicular da soja.
PALAVRAS-CHAVE: Alumínio. Glycine max. Estrutura do solo.

INTRODUCTION
Agricultural gypsum is composed basically of calcium and sulfur and acts as a soil 

conditioner. High solubility, when applied to the soil, reduces aluminum saturation in depth, 
and translocate nutrients from the superficial layers to the subsurface, mainly calcium, thus 
allowing greater efficiency and area explored by the roots (LEITE et al., 2007; ZAMBROSI 
et al., 2007b; BROCH et al., 2008; RAIJ, 2008; SORATTO, CRUSCIOL, 2008b; NEIS et 
al., 2010; BROCH et al. (2011); ZANDONÁ et al., 2015). Gypsum could be applied to acid 
soils to complement limestone to favor the root system growth and development in depth, 
because of its soil conditioning effects (MEURER et al., 2004).

According to Soratto, Crusciol (2008a), it is large the amount of information on the 
agricultural gypsum effect to improve the radicle environment of plants, due to the calcium 
movement to subsurface layers of the soil or decrease in the toxic effects of high aluminum 
contents. Still for Soratto, Crusciol (2008b), subsurface layers with low calcium levels and/
or high exchangeable aluminum contents may cause decrease of harvests, especially in 
regions prone to low rainfall (dry spell), as they lead to less root system deepening, resulting 
in less soil volume explored by the roots, and in turn, less nutrients and water available to 
the plant.

Within this optics to Raij (2008), the activity of free Al3+ in the solution is a more 
consistent indicator of aluminum toxicity in soil solutions. Thus, the Ca displacement in the 
soil profile is much greater when gypsum is the source (CaSO4.2H2O). SO4

2- anion that is 
part of the agricultural gypsum formula is important in reducing Al3+ activity, which helps 
root development (Zambrosi et al., 2007a; Nora et al., 2014). However, the incorrect use of 
plaster can cause chemical imbalance to the soil, causing long-term damage (PAULETTI 
et al., 2014). According to Costa et al. (2007), the reduction of soil density (Sd) can be 
attributed to the fact that the gypsum aggregation action is due to the supply of cations that 
possibly neutralize part of the negative charges occurring in the medium.

For Sanchez et al. (2014), the maintaining soil with good fertility, physical, chemical, 
biological and water properties can provide good crop productivity. 

In western Paraná, soybean stands out in the economy, with much of the region’s 
income coming from the culture (CONAB, 2017). The technology of the use of agricultural 
gypsum has been an important handling strategy to aid in grain production, mainly as soil 
conditioner for the soybean crop. 

Therefore, this study aimed to evaluate the effect of agricultural gypsum doses on 
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soil physical attributes, root growth and soybean productivity in a no-till system in west 
Paraná.

MATERIAL AND METHODS
The experimental area is in the municipality of Santa Tereza do Oeste-PR, located 

on the third Paraná plateau at latitude 25°08’ (South) and longitude 53º58’ (West), with an 
average elevation of 750 m. The experiment occurred in a Typic Haplortox, clayey texture, 
basalt substrate, smooth-wavy relief (EMBRAPA, 2013), cultivated under no-tillage system 
(NTS) for more than eighteen years. The soil is clayey textural class, with 29% sand, 11% silt 
and 60% clay. Table 1 shows the soil chemical determinations, collected in 2013, prior to the 
experiment, that is, before the application of the agricultural gypsum. Fifteen subsamples 
were collected in the experiment area.

According to Köppen’s classification, the climatic characteristic of the region is 
mesothermal humid subtropical, Cfa, with average in the hottest month above 22ºC and 
in the coldest month below 18ºC, with no defined dry season, hot summer and frost 
less frequently. Rainfall is abundant and well distributed throughout the year; the annual 
averages are between 1,800 and 2,000 mm (IAPAR, 2000). During the whole cycle, the 
rainfall volume was around 1,118 mm and the average temperature was 22.61°C. Figure 1 
shows the rainfall data, temperature and evapotranspiration evaluated every 15 days during 
soybean cycle.

Initially, the area was cultivated with no-tillage system with winter and spring coverage; 
later, gypsum was applied to the soil surface (December 2013), to the following late growing 
season of corn (February 2014), beans in sequence (October 2014), late growing season 
of maize (February 2015), and finally soybean (October 2015) when the experiment started. 

The in outline was randomized block design with six repetitions. The plots (5 x 6 m) 
received the treatments that consisted of five doses of agricultural gypsum (0, 3, 6, 9, 12 
t ha-1) in a randomized block design with six replicates. Agricultural gypsum dose was 3 t 
ha-1 (60% clay, 50 kg = 3.0 t ha-1). From the 3.0 t ha-1 value, the other gypsum doses were 
defined: zero, once, twice, three and four times the recommended dose, applied manually 
depending on the soil clay content Embrapa’s recommendation EMBRAPA (2005).

The cultivar BMX Apollo was utilized for the experiment and treated with insecticide 
TS Cruieser 350 FS 200 mL 100 kg seeds-1, and fungicides Vitavax-Thiram 300 mL100 kg 
of seeds-1. Soybean sowing occurred on October 5, 2015, with 0.45 m spaced, 16 seeds 
per meter. The control of weeds, pests and diseases occurred according to the crop need. 
During August 2015, the area remained in fallow to collect the soil physical samples. To 
analyze soil density, soil microporosity, soil macroporosity, total porosity and saturated 
hydraulic conductivity, trenches were opened in each experimental unit and samples were 
taken from undisturbed samples on stainless-steel volumetric rings with a 98 cm³ volume 
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(5 cm diameter and 5 cm height), in three soil layers (0.0 - 0.1; 0.1 - 0.2 and 0.2 - 0.3 m), 
with the aid of pedological hammer and soil extractor and there was no interaction between 
the factors.

Soil volume in the samples was adjusted properly and saturated in water for 24 
hours in a tray with a water level at 2/3 of their height. Saturated samples were weighed 
and placed in a 0.6 m.c.a sand column and remained there for two days, draining the water 
in the macropores. After that we determined the saturated hydraulic conductivity (KθS) in a 
constant-load permeameter. The samples were again saturated for 24 hours. Afterwards, this 
sample was allocated to the constant-load permeameter so that it could read the collected 
volume as a function of time, after which the soil hydraulic conductivity was calculated, 
according to the methodology recommended by EMBRAPA (2011).

After the KθS determination, the samples were placed in an oven at 105ºC for 48 
hours to determine the dry soil mass. To calculate the soil density, the dry samples mass 
was divided by the volume of volumetric ring at 105ºC, according to the equation: Sd = Mss/
Tv, in which Sd is soil density and Mss, mass of the sample of dry soil at 105°C, and Tv is 
total volume of the ring, EMBRAPA (2011).

Calculating total soil porosity occurred with the relationship between soil density and 
particle density, as equation: Tp = (1 - Sd)/Pd *100 in which Tp is total porosity, measured 
in (m3 m-3) and Sd is soil density, measured in (Mg m-3) and Pd is particle density measured 
in (Mg m-3), EMBRAPA (2011).

Microporosity was determined using water content retained in the samples in 
equilibrium with the tension of 0.6 m.c.a; this tension is enough to remove the water in the 
macropores, and the remaining water represents the volume of micropores obtained by 
equation: Micro = (Msu-Mss)/Mss *100, Micro = Soil microporosity (m³ m-³); Msu or Pa 0.6 
m.c.a = soil mass after 0.6 m.c.a tension (Mg); Mss = mass of dry soil (Mg). 

Thus, with total porosity and microporosity, calculating the macroporosity was 
possible (Camargo et al., 2009) according to equation: Macro = Pt-Micro [Macro = soil 
macroporosity (m³ m-³); Tp = total porosity (m³ m-³); Micro = soil microporosity (m³ m-³)], 
EMBRAPA (2011).

To analyze soybean root growth, a 0,50 x 0,50 m, wooden grid was made with 
several nylon lines forming small 5 cm square strips on each side, which was used to 
estimate the root size and area. For the analysis, 1.0 x 0.6 m depth trenches were opened 
for each treatment, where soybean roots were exposed in parallel rows by trench. Thus, the 
roots were exposed for evaluation, and, with the squared grid placed in front of the root, the 
measurements of the soybean roots were carried out, profile method (Böhm, 1979). 

The soybean harvest occurred on February 10, 2016 using a combine harvester 
(Winter steiger Classic®) with three 0.45 m rows. Productivity was determined by the useful 
area, 30 m2, transformed in kg ha-1 and corrected to 13% moisture. 

Data were submitted to analysis of variance and the effect of the agricultural gypsum 
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doses evaluated by regression analysis. The model based on the coefficient significance 
of the adjusted regression equation as well as on the coefficient of determination (R2) 
associated with each model, using the Assistat software version 7.7 beta (SILVA, 2016). 

RESULTS AND DISCUSSION
The significant results with the application of the gypsum doses on the physical 

properties of the soil occurred only in the layers of 0.1 to 0.2 m for all attributes worked. 
These results are usually expected in this layer, due to the pressures of the machines, 
agricultural implements and the influence of the chemical reactions of the soil in the 
presence of the gypsum.

The area with the system of direct manipulation with the gypsum has contributed to 
the results of the processes of comparison with the root systems of the soybean crop, with 
the use of gypsum improved physical soil properties.  When applying 3 t ha-1 gypsum, the 
best result of productivity corresponds to the recommendation of Embrapa (2015), which 
had a better effect. Thus, as a result, we can see Figures 2, 3 and 4 attributes. 

Soil density is the property representing the soil compaction state of the soil where, 
generally, in areas handled with NTS and agricultural gypsum, the highest values occur 
in the 0.1 - 0.2 m layer. In addition, the pressure imposed by agricultural machines and 
implements on the surface soils may negatively impact the root growth of soybeans.

Soil density in the 0.0 - 0.1 m and 0.2 - 0.3 m layers did not differ significantly, 
whereas for the 0.1 to 0.2 m layer a significant difference occurred (Figure 2A, B e C). Soil 
density had an average value of 1.02 Mg m-3. Treatments on the 0.0 - 0.1 m and 0.2 - 0.3 m 
layers showed results close to the general average. For the 0.0 - 0.1 m layer, due to higher 
organic matter, root and biopor content, and because of greater soil rotation by seeder 
furrows, compacted layer is not formed. For the 0.1 m - 0.2 m layer, there was a significant 
increase in relation to the other layers, because agricultural gypsum improved the roots 
of the previous crops (Figure 2B). Pressures exerted by the machines and agricultural 
implements that promote deformation, compaction and root debris from previous crops 
promote increased soil density by occupying and pressing the soil porous spaces. The 0.2 - 
0.3 m layer has not changed, because the tire pressure of the agricultural machinery would 
not reach this layer. 

According to Reichert et al. (2003) the restrictive value of density for Haplortox with 
clay contents greater than 70% is close to 1.40 Mg m-3. For Reichert et al. (2003) soil density 
values clayey soils of 1.35 Mg m-3 and for sandy soils of 1.55 Mg m-3 indicate compaction, 
which may hinder the root system development. 

In the present study soil density values were below those reported as limiting or 
potentially causing root growth difficulties. These values are similar to those reported by 
Araújo et al. (2007) found value 0.84 in between 1, 3 Mg m-3. 
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	 For soil macroporosity in the 0.0 - 0.1 m and 0.2 - 0.3 m layers there was no 
significant difference (Figure 3A and 3C) depending on the gypsum doses. For the 0.1 to 0.2 
m layer, significant difference occurred (Figure 3B).

	 In this study, the average macroporosity values were 16.46% for the 0.0 - 0.1 m 
layer and 15.19% for the 0.2 - 0.3 m layer. These values were higher than those considered 
critical to the crop development according to Jong Van Lier (2010). In the 0.1 - 0.2 m layer, 
the value was 17.79 %, which is above the critical value. Therefore, root growth of the 
previous cultures improved, which were benefited with the agricultural gypsum allowing an 
increase of macropores in this layer.  Critical are 10% Reichert et al (2009).

According to Jong Van Lier (2010), the critical value for the agricultural cultivation 
development is around 10% for soil macroporosity. Thus, all treatments present adequate 
amount of macropores (Figures 2, 3, 4).

The saturated hydraulic conductivity in the 0.0 - 0.1 m and 0.2 - 0.3 m layers did not 
differ significantly. For the 0.1 to 0.2 m layer, the difference was significant (Figure 4B). As 
soil macroporosity was favored with the organic matter of the previous crops roots in this 
layer, the saturated hydraulic conductivity also had a significant effect. This higher KθS value 
associates with the higher volume of macropores in this layer (Figure 4C).

There is a possible tendency for saturated hydraulic conductivity (KθS) to increase in 
depth (Figure 4B). The results did not show significant differences between the 0.0 - 0.1 m 
and 0.2 - 0.3 m layers, whereas for the 0.1 - 0.2 m layer a significant difference occurred.

Regarding the root growth, a root evaluation was performed at stage R8 (full 
maturation) for gypsum dose responses, in which there was no positive response to vertical 
and lateral root growth in the application of agricultural gypsum doses in the soybean crop 
(Figure 5). 

Caires et al. (2008) explains that the absence of soybean response to gypsum 
application may occur because of the growth of its soybean root system, in the absence 
of water deficit (Figure 2), not being influenced by the reduction of Al saturation in the soil 
subsurface. However, according to Raij (2008), applying agricultural gypsum allows better 
adequate conditions to the subsoil, and thus it can reduce the soil compaction, which is 
usually favorable to the roots.

In the periods between 2015 and 2016, climatic conditions allied to management 
practices in the no-tillage system with surface layer rich with organic matter and a year with 
a good rain distribution during the entire vegetative cycle, without mechanical restriction, 
good soil structure in satisfactory physical conditions, for having a larger number of porous 
space allowed the root system to explore the studied soil layers. Good crop development is 
possible with no effect on the application of the agricultural gypsum. 

No significant differences between treatments for grain productivity were observed 
(Figure 6).

 There were probably no significant differences between the gypsum doses for the 
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grain productivity of soybean because of climatic conditions favorable to crop development, 
such as good fertility and structural conditions of the soil, good rainfall distribution, and 
presence of organic matter under the no-tillage system. 

Other authors also found no effect on grain productivity compared to gypsum doses, 
as in the works of Neis et al. (2010); Souza et al. (2010); Caires et al. (2011a); Caires et al. 
(2011b). There were probably no significant differences between the gypsum doses for the 
grain yield of soybean because of climatic conditions favorable to crop development, such 
as good fertility and structural conditions of the soil, good rainfall distribution (Figure 2), and 
presence of organic matter under the no-tillage system, as demonstrated by Rampim et al. 
(2011).

In an application experiment of gypsum in the soybean crop, conducted in a 
dystrophic Red Latosol, Cardoso et al. (2014) observed the absence of soybean response 
to gypsum application, pointing to the non-occurrence of water deficit as a limiting factor to 
the gypsum action for this culture.

Likewise, Caires et al. (2011a) did not obtain increase of grain productivity in the 
soybean crop when applying 9 t ha-1 gypsum in a dystrophic Red Latosol with clay texture, 
both in no-tillage system and in conventional tillage.

CONCLUSIONS
Were often evaluated to respond to the application of gypsum in this layer only the 

0.1 - 0.2 m layer presented a statistical difference for all the soil physical attributes.
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Layers Al3+ Ca2+ Mg2+ K+ V m

cm ------------------ cmolc dm-3 ----------------- ---------- % ---------

0-10 0.68 4.20 1.03 0.25 36.09 11.21

10-20 1.20 3.09 0.92 0.22 28.31 23.36

20-40 1.33 2.14 0.91 0.19 23.28 30.62

40-60 1.03 1.97 0.99 0.18 25.48 25.53

60-80 0.36 1.82 1.30 0.19 33.83 9.37

Table 1. Content of Al, Ca, Mg, K, base saturation (V) and aluminum (m) at different soil layers

Figure 1. Rainfall, temperature and evapotranspiration (ETc) of the crop in the soybean 
vegetative cycle from October 2015 to February 2016 in the western region - PR.
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Figure 2. Density of the soil in the layers 0.0 - 0.1 (A), 0.1 - 0.2 (B) and 0.2 - 0.3 m (C) as a 
function of agricultural gypsum doses.
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Figure 3. Macroporosity of the soil in the layers 0.0 - 0.1 (A), 0.1 - 0.2 (B) and 0.2 - 0.3 m (C) as 
a function of agricultural gypsum doses.
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Figure 4. Soil hydraulic conductivity (Ksat) in the layers 0.0 - 0.1 (A), 0.1 - 0.2 (B) and 0.2 - 0.3 
m (C) as a function of agricultural gypsum doses.
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Figure 5. Lateral and vertical growth of soybean roots as a function of agricultural gypsum 
doses.

Figure 6. Grain productivity in relation to agricultural gypsum dosages applied in the soybean 
crop.
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