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ABSTRACT: In Cerrado soils under grazing, changes occur in physical attributes, such as
increased density, decreasing on the size of water stable aggregates, and macroporosity reduction.
Thus, the aim of this study was to study the effect of compaction on the establishment of two
forages. It was adopted a completely randomized design with three replications, in 2 x 4 factorial
design, and two forages (Xaraés grass and Marandu grass), and four levels of compaction (soil
densities of 1.0, 1.2, 1.4, and 1.6 Mg m™). The following variables were evaluated 48 days after
sowing: tiller population, plant height, dry matter production of shoots and components, leaf and
stem, as well as the root dry mass. The stem dry mass decreased with soil density in a similar
manner for both forages. It was observed that the leaf dry mass and shoots dry mass of Xaraés grass
remained constant in the levels of soil compaction, not adjusting to any regression model. The
establishment of Xaraés grass has not been negatively affected by compaction, which may be
suitable for situations where there may be layers that restrict the growth of different forages.
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ESTABELECIMENTO DOS CAPINS-XARAES E MARANDU SOB NIVEIS DE
COMPACTACAO DO SOLO

RESUMO: Em solos de Cerrado manejados sob pastejo, ocorrem alteracbes em suas propriedades
fisicas, como aumento na densidade, diminuicdo do tamanho dos agregados estaveis em agua e
reducdo da macroporosidade. Entdo, teve-se o objetivo de estudar o efeito da compactacdo sobre o
estabelecimento de duas gramineas forrageiras. Foi adotado o delineamento inteiramente
casualizado, com trés repetices, arranjado em esquema fatorial 2 x 4, sendo duas gramineas
forrageiras (capim-xaraés e capim-Marandu) e quatro niveis de compactacdo (densidades de solo
1,0; 1,2; 1,4 e 1,6 Mg m™). Foram avaliadas aos 48 dias ap6s a semeadura as seguintes variaveis:
numero de perfilhos, altura das plantas, producdo de massa seca da parte aérea e dos componentes,
lamina foliar e colmo, bem como a producdo de massa seca das raizes. A massa seca de colmo
reduziu-se com a densidade do solo de maneira similar para as duas forrageiras. Foi observado que
a massa seca foliar e a massa seca da parte aérea do capim-xaraés permaneceu praticamente
constante nos niveis de compactagdo do solo, ndo se ajustando a qualquer modelo de regressdo. O
estabelecimento do capim-xaraés ndo foi afetado negativamente pela compactacdo, podendo ser
indicado para situacbes em que possam ocorrer camadas que restrinjam o crescimento de outras
espécies forrageiras.

PALAVRAS-CHAVE: Brachiaria brizantha, densidade do solo, forrageira, perfilhamento.
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INTRODUCTION

Compaction commonly occurs in soils of grazing areas, which occupy a large amount of land
in the Brazilian state of Mato Grosso. In these areas, the main cause of changes in soil physical
properties is related to animal trampling. AZEVEDO & SVERZUT (2007) found that in grazing
from Mato Grosso, the trampling of cattle favors the compaction of the soil surface layer, as
evidenced by an increase in soil density and soil resistance to penetration, and reduction of the
macroporosity, the total porosity and hydraulic conductivity.

The literature has revealed that in grazing may occurs an increase in the resistance from soil
to penetration of up to 2.6 times greater than the tolerated for the development of roots, which
intensifies the degradation process (SILVA FILHO et al., 2010; FERREIRA et al., 2010). SILVA et
al. (2008) have found physical changes in soil to a depth of 0.15 m, but with greater severity in the
layer from 0.05 to 0.10 m, both in conventional grazing, and in area of natural Cerrado, under
grazing. SARMENTO et al. (2008) have measured that the largest cattle trampling due to the
increase in forage production, increases the percentage of micropores and reduces the marcroporos,
in 0 to 0.05 m. Moreover, SPERA et al. (2006) have found that soils under crop-livestock
integration, present evidences of disintegration, however, they have not reached levels considered
critical for the production of both components of the system.

The plant response to soil compaction presents variation between crops and cultivars. The
millet ADR 500 shows a good capacity of breaking compacted layers, maintaining good production
of shoots, as well as adequate root length density (GONCALVES et al., 2006). In Argisol, the
Tifton 85 grass has been shown to be a forage able to promote decompaction of the soil
(SEVERIANO et al., 2010). However, it has been found that plant roots grown in soil with
compaction show morphological changes. Thus, a decrease in cell division in the meristem and
increase in root diameter, due to the increase in the thickness of cortex, reduces the area of explored
soil by the roots, and thus, the absorption of water and nutrients (BENGOUGH et al., 1997).
According to the former authors, in adverse conditions of growth, the roots send signals to the shoot
indicating that the conditions for development of the plant are being restricted and it is necessary to
reduce the growth rate, resulting in lower production.

SILVA et al. (2006) published that Brachiaria brizantha has proved to be the species more
tolerant to the compaction, also a study involving maize, soybeans and cotton, and that the density
that provided the best development of this grass is close to 1.2 Mg m™.

Studies involving the effect of compaction on the productive and morphological
characteristics of grasses are scarce in the literature. Thus, this study aimed to investigate the effect
of soil compaction in two forage grasses: Brachiaria brizantha cv. Xaraés, and Brachiaria
brizantha cv. Marandu.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse at the Faculdade de Agronomia e Medicina
Veterinaria of the Federal University of Mato Grosso, Cuiaba, State of Mato Grosso, Brazil. It was
used a completely randomized experimental design, with eight treatments, arranged in a factorial
design, and three replications; a total of 24 experimental units. Treatments consisted of two forage
grasses (B. brizantha cv. Xaraés, and B. brizantha cv. Marandu) and four levels of compaction,
represented by the soil densities of 1.0, 1.2, 1.4 and 1.6 Mg m™.

The soil was an Argiluvic Plinthosol (EMBRAPA, 2006), having the following physical and
chemical characteristics: 5.2 of pH(CaCl,); 20.4 mg dm™ of P; 94 mg dm™ of K; 2.1 cmol, dm™ of
Ca; 1.0 cmol. dm™ of Mg; 3.2 cmol. dm™ of H; 0.0 cmol, dm™ of Al; 1.2 mg dm™ of Zn; 1.1 mg
dm™ of Cu; 257 mg dm™ of Fe; 78.6 mg dm™ of Mn; 0.21 mg dm™ of B; 6.2 mg dm™ of S; 27.8 mg
dm™ of MO; 696 g kg™ of sand; 66 g kg™ of Silte and 238 g kg™ of clay.
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The experimental unit (pot) was manufactured using a cylinder of rigid PVC, with internal
diameter of 195 mm, made by overlapping the two rings. The upper ring, with a height of 60 mm
and male plug of 5 mm at both ends; and the bottom ring, with a height of 145 mm, female plug of
5 mm at the top and has had its bottom closed with anti-aphids knit of 1 mm, fixed with rubber ring
and tape.

The lower ring was filled with portions of soil sample with specified mass, for submitting
density of 1.0 Mg m™. In the upper ring, samples with respective masses of density levels of 1.0,
1.2, 1.4 and 1.6 Mg m™ have been accommodated. For ensuring the desired densities, the pots were
weighed after the assembly and checked to verify if the soil mass has occupied the volume of the
ring. Those which did not fit were discarded. The moisture content for compaction was defined
using the Proctor test, in which was determined the humidity of 22% for compaction as optimum
moisture. An hydraulic press, Charlott brand (PH5T model) - adapted with a plunger made of steel
with 0.19 m of diameter, was used for compacting the soil in the intermediate ring.

In each pot were planted 15 seeds in the depth of 0.05 m. Seven days after sowing, the rough
grinding was done, leaving only five plants per pot. For the water supply has been adopted the
methodology used by SILVA et al. (2006).

After 48 days of sowing, the number of tillers was quantified, and the plant height was
measured, based on the ground level up to the ligula of the last fully expanded leaf. The age of the
cutting was chosen according to SBRISSIA & SILVA (2008) whom recommended that grasses of
Brachiaria genre should be handled with average plant height between 0.30 and 0.40 m. Following,
collection was carried out from the shoots, cutting them at 0.05 m from the ground and, separating
the components: stem and leaf. Subsequently, the material was dried in an oven (65 °C for 72h),
quantifying the dry matter (DM) of the shoot and its components (leaf and stem). It was also
determined the leaf/stem relation, dividing the dry mass of the leaves by the dry mass of the stem.
The roots were removed by washing in sieves, taken for drying (65 °C for 72h) for determination of
root DM production per pot.

The characterization of production and the morphology was given by the variables:
production of dry mass of the shoot and roots; mass of stem, leaf mass, tiller population, plant
height, leaf/stem relation, and shoot/root relation.

The results were tested for normality and homogeneity of variance. After acceptance of these
assumptions, analysis of variance was performed using the F test, and when significant, regression
analysis was applied to compare the level of compaction, and Scott-Knott test for comparison
between the forages. For these procedures, the software MINITAB (version 15) was used.

RESULTS AND DISCUSSION

Variance analysis of production and morphological traits has revealed no significant effects
for the forages (Table 1), indicating that the response of Xaraés and Marandu grasses were similar
in function of soil compaction. The levels of soil compaction had a significant effect on leaf dry
mass (LDM), stem dry mass (SDM), shoot dry mass (SDM) and root dry mass (RDM). The
interaction between forage and level of compaction was significant only for LDM and SDM.

Tiller population was not influenced by levels of compaction, in which the overall mean was
14.62 tillers per pot. The same result was repeated for Piatd and mombaca grasses, according to
BONELLLI et al. (2011), in which the number of tillers was changed by the compaction only in the
regrowth. Therefore, this response may have occurred by the fact that the forages were measured in
the establishment, a result which probably would not be repeated in the regrowth.
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TABLE 1. Analysis of variance of morphological and productive traits of Xaraés and Marandu
grasses at different levels of soil compaction.

Variation Source

Variable - - Coefficient of Variation (%)
Forage Density  Interaction
Tiller Population 0.1599™ 0.3665™  0.1470™ 16.10
Plants height (mm) 0.2827" 0.7787™ 0.0539™ 11.99
LDM! (g pot™) 0.1137™ 0.0357 0.0101 9.40
SDMz2 (g pot™) 0.9075"™ 0.0287 0.2368" 9.43
LDM/SDM relation 0.1921™ 0.6161™  0.0617™ 15.50
SDMs (g pot™) 0.1452™ 0.0026”  0.0100° 6.45
RDM* (g pot™) 0.0953" 0.0432 0.9648" 20.32
SDM/RDM relation 0.6636"™ 0.1151™ 0.1958™ 13.02

1LDM: leaf dry mass; 2SDM: stem dry mass; 3SDM: shoot dry mass; “RDM: root dry mass; ™ Not significant by F test at 0.05 of
probability. *** Significant at 0.01 and 0.05 of probability by F test, respectively.

Plant height was not affected by compaction, with an average of 0.398 m. The response is
considered normal for forage plants, once the time (48 days after sowing) was not enough for the
forage to manifest their genetic potential or suffer the effect of compaction. SILVA et al. (2006)
have studied the Brachiaria brizantha under levels of compaction, and collected the material
exactly 96 days after germination, finding a reduction in the plant height due to the
compaction, being defined the second-degree polynomial model as the best to represent the
phenomenon under study.

Relations LDM/SDM and SDM/RDM were not affected by soil densities, indicating that the
proportions have remained constant for all levels of compaction. The observed results for
SDM/RDM, with an average of 6.65, were similar to those obtained by BONELLI et al. (2011),
who realized that the relation SDM/RDM of Piatd and Mombaca grasses were not affected by levels
of compaction. GUIMARAES & MOREIRA (2001), working with rice in the highlands under
different levels of compaction, have not found changes for this variable in layer from 0 to 0.20 m.
In layer from 0.20 to 0.40 m, the relation was affected in an exponential manner because of a
reduction in RDM occasioned by increasing the soil compaction.

The relationship LDM/SDM may be used as an index of nutritive value of the forage, because
as well as the height of grazing and dry mass availability, determines the ease of apprehension of
forage by the animal and thus their ingestive behavior on grazing (ALDEN & WHITAKER, 1970).
The lack of effect was found for this relation was different from that observed in the literature,
because it is common to observe an increase in mass of stems with the increase in compaction.
BORGHI et al. (2007) found a similar response to this relation whilst studying Brachiaria brizantha
in intercropping cultivation with maize under no-tillage system in different sampling dates, and
attributed this fact to the shutdown of the growth of the forage, after cutting. In the present
experiment it has not happened, which may be explained by a greater reallocation of
photoassimilates to the emission of new tillers in detriment of growth of already existing tillers.

The SDM was affected by soil density in a similar manner for both forage and the result
represented by the second degree polynomial model, significant by F-test at 0.05 of probability for
all parameters (Figure 1). The maximum production of SDM (4.86 g pot™) was observed in soil
density of 1.23 Mg m™,
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FIGURE 1. Production of Stem Dry Mass (SDM) of Xaraés and Marandu grass grasses under
compaction levels.

Those variables where the interaction was significant (LDM, SDM and RDM), this occurred
by the fact that, in greater compaction represented by the density of 1.6 Mg m~, the Xaraés grass
have produced more than Marandu grass, statistically different (Table 2). This behavior may reveal
a greater tolerance of Xaraés grass to soil compaction, like rape and lupine under temperate
conditions (TRUKMANN et al., 2008).

TABLE 2. Breakdown of production data of Leaf Dry Mass (LDM) and Shoot Dry Mass (SDM) of
the forages in the levels of soil compaction.

Soil Density (Mg m™)

Forage 1.00 1.20 1.40 1.60
LDM (g pot™)
Xaraés grass 11.12a 9.79a 11.28a 10.72a
Marandu grass 11.32a 11.21a 9.68a 8.03b
SDM (g pot™)
Xaraés grass 15.46a 14.67a 16.03a 14.89a
Marandu grass 16.27a 15.63a 14.65a 12.08b

* Means followed by the same letter in column do not differ by Scott-Knott test at 0.05 of error probability.

Regarding the compaction, the found results for LDM and SDM were similar indicating that
the major contribution to the SDM came from LDM. It was observed that the LDM and SDM of the
Xaraés grass remained fairly constant in the levels of soil compaction, not adjusting to any
regression model. The mass of leaf and shoot of the Xaraés grass was 10.73 and 15.25 g pot™.
Results similar to those observed by Santos et al. (2008 b), which do not verify difference between
the SDM of Brachiaria brizantha in densities from 1.0 to 1.6 mg m™. In the case of Marandu grass
the compaction has affected negatively in a linear way these components being possible the
adjustment of first-degree polynomial model, with parameters significant at the 0.05 of probability
by F test (Figure 2a and b).

The results observed for Marandu grass were similar to those observed by GUIMARAES &
MOREIRA (2001), 40 days after emergence, working with rice in the highlands under tracks of
compaction, and by ROSOLEM et al. (1994) for soybean cultivation.
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FIGURE 2. Production of Leaf Dry Mass (LDM) (a) and Shoot Dry Mass (SDM) (b) of Marandu
grass in levels of soil compaction.

ATWELL (1990) has assigned the lowest growth of wheat plants under conditions of soil
compaction to the lowest absorption of the more leachable nutrients, as N and K, since the root
system present in the soil surface layer has supplied properly the plant with P. Then, this may
indicate a greater capacity of the Xaraés grass to absorb nutrients regardless of soil density in the
experimental conditions of this study.

Root growth of Xaraés and Marandu grasses has been similarly affected by soil compaction.
The response of root mass was contrary to the variables which had an influence of compaction, in
other words, it was observed an increase of the RDM with the increase of density (Figure 3). This
fact may be attributed to the pursuit of forage on minimizing the effects of compaction with the
emission of roots, in order to supply their needs for water and nutrients, or even by increasing the
diameter of the existing roots according to FREDDI et al. (2007). Thus, the evaluation of the spatial
distribution of roots in addition to the determination of dry mass of them may bring greater
information and help to clarify the response of the root system under soil compaction tracks.

Similar to what occurs in grasses under grazing, the plant always prioritizes the limiting
resource, that in this situation has been the production of leaves. Thus, the plant shall reallocate the
photo-assimilated compounds of the roots to form the new shoot, a fact that has been evident in this
study, where the grass under conditions of adequate moisture and fertilizer had as impediment to its
development just the barrier imposed by the layer of compacted soil under the root system.
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FIGURE 3. Root Dry Mass (RDM) of Xaraés and Marandu grasses under compaction levels.
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RODRIGUES et al. (2008) affirm that there is variation in the source/drain relation, in which
the plant directs the energy of production of the shoot for the formation of its root system. FREDDI
et al. (2007), studying soil compaction on root growth and productivity of maize crop, also reported
an increase in density and root surface in the layer from 0 to 10 cm with the increase of compaction.
GONGCALVES et al. (2006) observed that the grasses “pé-de-galinha” (Eleusine coracana) and
kenaf (Hybiscus cannabinus) were not sensitive to the increase in soil compaction, although with
less accumulation of RDM in all layers. Conversely, GUIMARAES & MOREIRA (2001) have
observed a reduction in root growth of rice in densities above 1.2 Mg m™. Similar results were
observed by ROSOLEM et al. (1994).

CONCLUSIONS

The establishment of Xaraés grass has not been adversely affected by soil compaction up to
the density of 1.6 Mg m™, because there are no changes in the variables adopted for the assessment
of production. On the other hand, the dry mass of stem has reduced with the increasing in
compaction, which suggests that this grass may be indicated for situations where there may be
layers which restrict the growth of different forage species.

The development of Marandu grass is limited by an increment in soil compaction, with a
reduction in production of dry mass of shoots and leaves as there is an increase in the density of the
soil.
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