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Crambe grain yield affected by compaction degrees of an Oxisol
Rendimento de gréos de crambe afetado por graus de compactacao de um Latossolo

Rendimiento de grano de Crambe afectado por grados de compactacion de un Oxisol
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Abstract

Crambe is a new crop that produces oil used for biodiesel production. Soil compaction in a no-tillage (NT) system is
one of the main challenges for sustainable grain production in soil clay. The objective of this study was to evaluate the
effect of compaction degree on crambe grain yield over two years. The levels of artificial compaction were generated
using a roller compactor (0, 1, 3, and 5 passes) under a NT system. The experimental design was a strip block, and
soil density and crambe grain yield were evaluated. The passes of the roller increased the density from 0.98 to 1.24
Mg m~2 in the 0-0.1 m layer, and 1.03 to 1.15 Mg m2 in the 0.1-0.2 m layer. As a result, the compaction degree
increased from 53% to 66% in the 0-0.1 m layer and 54% to 61% in the 0.1-0.2 m layer. Five passes of the roller
compactor reduced the crambe grain yield by 41% and 9% in the first and second years, respectively, compared to the
NT system without additional compaction. The crambe grain yield was reduced when the compaction degree reached
53%; therefore, crambe is not suitable for compacted soils.

Keywords: Soil density; Soil structure; Energy crops.

Resumo

O crambe é uma nova cultura que produz 6leo usado para produgdo de biodiesel. A compactacdo do solo em sistema
plantio direto (PD) é um dos principais desafios para a producdo sustentavel de grdos em solos argilosos. O objetivo
deste trabalho foi avaliar o efeito do grau de compactacéo na produtividade de graos de crambe ao longo de dois anos.
Os niveis de compactacdo artificial foram gerados usando um compactador de rolos (0, 1, 3 e 5 passes) em sistema de
plantio direto. O delineamento experimental foi em faixas e foram avaliados a densidade do solo e a produtividade de
grdos de crambe. Os passes do rolo aumentaram a densidade de 0,98 para 1,24 Mg m~2 na camada de 0-0,1 m, e 1,03
para 1,15 Mg m3 na camada de 0,1-0,2 m. Como resultado, o grau de compactacdo aumentou de 53% para 66% na
camada de 0-0,1 m e de 54% para 61% na camada de 0,1-0,2 m. Cinco passadas do rolo compactador reduziram a
produtividade de gréos de crambe em 41% e 9% no primeiro e segundo anos, respectivamente, em relagdo ao sistema
plantio direto sem compactacdo adicional. O rendimento de grdos de crambe foi reduzido quando o grau de
compactacao atingiu 53%; portanto, o crambe nédo é adequado para solos compactados.

Palavras-chave: Densidade do solo; Estrutura do solo; Culturas energéticas.

Resumen

Crambe es un nuevo cultivo que produce aceite usado para la produccion de biodiesel. La compactacion del suelo en
sistema de labranza cero (PD) es uno de los principales desafios para la produccion sostenible de granos en suelos
arcillosos. El objetivo de este trabajo fue evaluar el efecto del grado de compactacién sobre el rendimiento de granos
de crambe durante dos afios. Los niveles de compactacion artificial se generaron utilizando un compactador de
rodillos (0, 1, 3 y 5 pasadas) en un sistema de labranza cero. El disefio experimental fue en franjas y se evalud la
densidad del suelo y el rendimiento de grano crambe. Los pases de rodillos aumentaron la densidad de 0,98 a 1,24 Mg
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m=3 en la capa de 0-0,1 m, y de 1,03 a 1,15 Mg m™3 en la capa de 0,1-0,2 m. Como resultado, el grado de
compactacion aumenté del 53 % al 66 % en la capa de 0 a 0,1 my del 54 % al 61 % en la capa de 0,1 a 0,2 m. Cinco
pasadas de rodillos redujeron el rendimiento de grano crambe en un 41 % y un 9 % en el primer y segundo afio,
respectivamente, en comparacion con el sistema de labranza cero sin compactacién adicional. El rendimiento de grano
de Crambe se redujo cuando el grado de compactacion alcanzé el 53%; por lo tanto, crambe no es adecuado para
suelos compactados.

Palabras clave: Densidad del suelo; Estructura del suelo; Culturas energéticas.

1. Introduction

In Brazil, more than 32 million hectares of land is worked under a no-tillage (NT), and the main crops grown under
this system are soy and corn (Peixoto et al., 2019). Under such conditions (zero tillage), soil compaction problems are
common, resulting from external pressures of machines or animals, or the natural process of accommodation of soil particles
(Hamza et al., 2005). Changes in soil structure caused by traffic decrease the volume of pores, limit the infiltration of water in
the soil, reduce gas exchange and the availability of oxygen, and restrict the growth of the roots, reducing the development of
the shoot and the grain yield (Queiroz-Voltan et al., 2000; Reichert et al., 2009); therefore, the effects of traffic on crop yields
have been extensively studied (Suzuki et al., 2007; Secco et al., 2009; Mueller et al., 2010).

The compaction degree is used to characterize the relationship between compaction and crop growth (Collares et al.,
2008). The compaction degree and crop yield have an indirect relationship, since the former changes soil physical properties
directly linked to the growth of plants (Suzuki et al., 2007; Betioli Junior et al., 2012; Tokura et al., 2021; Castro et al., 2021).
Thus, the optimal compaction degree values for crops depend on the granulometric composition and soil structure (Suzuki et
al., 2007; Andognini et al., 2020), and the magnitude of these values may vary over time depending on the climatic conditions,
particularly the water availability and the crops involved (Hamza et al., 2005).

Despite the large amount of data on the yields of agricultural crops at different compaction levels, the effects of the
compaction degree have not been extensively studied with crambe. The few studies that focused on crambe related individual
properties to plant growth, particularly penetration resistance (Dias et al., 2015), but this is only one of the many affecting
factors. The effect of the compaction degree on crop yield has been studied more extensively for other agricultural crops, such
as soybean and corn (Santos et al., 2005; Suzuki et al., 2007; Bergamin et al., 2010). Suzuki et al. (2007) found that the
optimum compaction degree for the soybean crop was 86%, considering that a compaction degree lower than 80% may
influence crop yields. The effect of compaction is mainly related to soil moisture, but is also dependent on the type of soil and
plant involved (Silva et al., 2014).

The hypothesis of the present study was that the traffic of the roller affects the density of the soil and the related
compaction degree and reduces the crambe yield. Thus, the objective of this study was to evaluate the influence of compaction

degree on crambe grain yield.

2. Methodology

The experiment was conducted in the experimental area of Faculdade Assis Gurgacz, Cascavel, PR, Brazil (72°39' W,
24°62" S, and 760 m above sea level). According to the Koppen classification, the climate of the region is Cfa, humid
subtropical, with an average annual rainfall of 1620 mm. The soil in the area was classified as a typical dystrophic red latosol,
with a clayey to very clayey texture, basalt substrate, and smooth wavy relief (60% clay, 32% silt, and 8% sand), according to
Embrapa (2018). The chemical analysis indicated pH 5.6 in CaCl2 (0.01 mol L™); 49 g kg™ organic matter; 22 mg kg™ P
(Mehlich-1); 1.6 cmolc kg™ of K*; 6.8 cmolc kg of Ca?*; 2.9 cmolc kg of Mg?*; 10.3 cmolc kg of cation exchange
capacity (CEC); and 64% saturation basis. The physical characteristics of the soil before the experiment indicated a density of

1.1 Mg m~3, microporosity of 16.1%, and macroporosity of 40.8%. The experimental area was cultivated using a NT system
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with soybean, corn, and wheat crop rotations for 20 years.

The experimental design was a strip-block with four repetitions. In areas using the roller compactor (one pass, three
passes, and five passes), the dimensions of the strips were 7 x 100 m, and in the region with natural compaction using the NT
system (0 passes), the strips were 79 x 100 m. Soil compaction was performed with a Miller RTG2 roller compactor with a
mass of 5 Mg and a vibrating device, with a pressing wheel of 1.20 m wide and 1.35 m in diameter, and a guide wheel of 1.20
m long and 0.96 m in diameter. Three compaction states were established by one, three, and five passes of the roller over 100
m long and 7 m wide strips. The roller was not used in the remaining area. The treatments were configured as follows: no
passes (OP) (state of natural compaction of the NT system), one pass (1P), three passes (3P), and five passes (5P).

The gravimetric soil water content values at the moment the roller passed were determined using the drying oven
method (Embrapa, 1997) and are listed in Table 1. Forty random points were selected in the experimental area, and 10 sample
points for each compaction state were georeferenced using a Garmin GPS, model 60CSx. Before sowing and after the crambe
harvest, undisturbed soil samples were collected, using cylinders 0.05 m high and 0.05 m in diameter in the 0-0.1 and 0.1-0.2

m layers for density determination, following the volumetric ring method, described by Embrapa (1997).

Table 1. Soil water content (kg kg™) for compaction in the 0-01 and 0.1-0.2 m layers.

Roller passes Layer
0-0.1m 0.1-02m
OP 0.355 0.389
1P 0.350 0.370
3P 0.348 0.367
5P 0.326 0.357

Source: Authors.

The compaction degree (CD) was estimated using the equation: CD = (Ds/DsIHO) x 100, where Ds is the density of
the soil and DsIHO is the critical density established from the optimal water range (DsIHO = 0.00078 x % clay + 1.83803)
according to Reichert et al. (2009).

The first and second cultivations of the crambe crop occurred in 2018 and 2019, respectively. For seeding, a
continuous flow seeder-fertilizer was used (model PST3 TATU/Marchesan®). The seed used was from the cultivar FMS
Brilhante, which was seeded with 0.3 m between rows, a sowing depth of 0.03 m, and a density of 12 kg ha .

The crambe was harvested from an area of 4 m2 at each sampling point with 10 samples. The results of the crambe
grain yield were expressed in Mg ha?, with the moisture content corrected to 13%.

The data were tested for the assumptions of analysis of variance (normality). When these requirements were met, the
data were subjected to an analysis of variance (p < 0.05) using the statistical software Sisvar® (Statistical Analysis Software,

UFLa, Lavras, MG, Brazil). The means were compared using Tukey’s test, and statistical significance was set at p < 0.05.

3. Results and Discussion

Compacting the soil with a roller linearly increased (p <0.05) the density values compared to the natural state of the
NT system (OP) characterizing soil compaction. Roller utilization increased soil bulk density from 0.98 to 1.24 Mg m~3 in the
0-0.1 m layer and 1.03 to 1.15 Mg m™3 in the 0.1-0.2 m layer (Figures 1A and C). Compaction caused by agricultural

machines and implements intensified in the 0-0.1 and 0.1-0.2 m layers, since soil tillage occurs only in the sowing line in the
3
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NT system (Bonini et al., 2009). A high compaction degree reduces soil porosity and aeration, increasing soil density and
resistance to penetration. The greatest state of compaction in a NT system occurs at a depth of approximately 0.10 m, mainly
due to the confinement of pressures imposed by machine traffic (Genro Junior et al., 2004; Collares et al., 2006; Bonini et al.,
2011) as observed in the present study (Figure 1A). Despite the benefits of the NT method, compaction challenges are
common, especially in clayey soils (Nunes et al., 2015; Blanco-Canqui and Ruis, 2018).

Figure 1. Soil bulk density in the 0-0.1 m (A) and 0.1-0.2 m (C) layer and compaction degree in the 0-0.1 m (B) and 0.1-0.2 m
(D) layer affected by soil compaction with machine passes (P). ** Significant at 1%; Error bars indicate the standard deviation.
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The passes of the roller linearly increased the compaction degree (p <0.05) in the 0-0.1 and 0.1-0.2 m layers (Figures
1A and C) from 52% to 66% in the 0-0.1 m layer and from 54% to 61% in the 0.1-0.2 m layer from 0 to 5 passes (Figures 1B
and D). Soil compaction reduced the yield of crambe grains (p <0.05) by 41% and 9% in the first and second year,
respectively, compared to NT without additional compaction (Figure 2A and B).
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Figure 2. Crambe grain yield affected by soil compaction with machine passes (P). ** Significant at 1%;

Error bars indicate the standard deviation.
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The effects of soil compaction on crop growth depend on the farm machinery load, soil type, and crop system (Toliver
et al., 2011; Soane et al., 2012). Compaction effects on root and crop growth have been extensively reported (Rosolem et al.,
2002; Sarto et al., 2018; Bassegio et al., 2018). Water and nutrient availability are limited for crop roots in compacted soil
(Sadras et al., 2005; Ahmad et al., 2009), thereby restricting the elongation ability of roots, which completely ceases at a soil
pressure of 2 MPa (Bengough et al., 2006). The restricted root growth, in turn, could affect crop seeding (Jordan et al., 2003),
leaf expansion, stomatal conductance (Lipiec et al., 2003), product yield, and quality (Hassan et al., 2007; Chen and Weil,
2010). However, soil compaction has positive effects on crop growth. Moderate soil compaction can increase the root-soil
contact, allowing the root to extract adequate resources (Atkinson et al., 2009; Bouwman et al., 2020). The Essa advantage
effect suggests that there is an optimal degree of compaction for crop growth in different environments (Arvidsson et al.,
2014).
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Despite the effect of compaction, the crambe grain yield (1.4 to 2.5 Mg ha™) was within the expectations for southern
Brazil (Cattanéo et al., 2016; Marins et al., 2018). When the compaction degree was greater than or equal to 53%, we observed
a reduction in the grain yield of the crambe. Bonini et al. (2011) found that the reduction in the wheat grain yield with five
passes of a roller compactor was due to changes in the structural state of the soil, mainly increased density (1.39 Mg m2) and
reduced volume of macropores (0.02 dm-3) in the 0.1-0.2 m layer. Increased soil density is an important attribute that defines

resistance to penetration, water infiltration, and gas exchange in the soil (Secco et al., 2009; Bonini et al., 2011).

4. Conclusion

Compaction with a roller increased the density of the soil and the compaction degree and reduced the crambe grain
yield. When the compaction degree reached 53%, the crambe grain yield was reduced. Soil compaction decreased the yield of
crambe by 41% and 9% in the first and second years, respectively, compared to NT without additional compaction; therefore,

crambe is not suitable crop for compacted soils.
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