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ABSTRACT — Soil tillage influences the development of forests planted in the initial phase, which affects
some hydrological processes and water erosion. The objective of this study was to quantify the water losses
(WL) and soil losses (SL) by water erosion, between the second and third years of eucalyptus (Eucalyptus
benthamii) crop, in an experiment located in southern Brazil, on a Humic Dystrudept. Was study three soil
tillage treatments: i) subsoiling in downslope direction (SD); ii) subsoiling in contour on the slope (SC); iii)
manual holes (MH). The plots had a dimension of 12 x 24 m, being the slope-wise length the greatest, monitored
by tanks placed at the lower end for runoff collection. Runoff volume measurement and sampling for subsequent
calculation of WL and SL was carried out weekly, corresponding to the rains accumulated during the week.
The crop of eucalyptus in SD treatment, weakened the soil as to the water erosion in relation to the crop
made in SC and in MH; the difference was 25% for the WL and 53% for the SL. Eucalyptus reforestation
played an important role in the control of water erosion, regardless of the type of soil tillage. The SL due
to water erosion were more influenced than the WL, regardless of the type of soil crop used. WL and SL
are related to each other and to rainfall height in positive linear relationship, regardless of the type of soil
preparation used for eucalyptus planting.

Keywords: Reforestation, Water loss; Soil conservation.

EROSAO HIDRICA EM TRES METODOS DE PREPARO DO SOLO NUM
CULTIVO DE EUCALYPTUS BENTHAMII

RESUMO — O preparo mecadnico do solo é uma das operagbes mais importantes de manejo na fase inicial
de desenvolvimento das florestas plantadas, pois afeta alguns processos do ciclo hidrolégico e a erosdo
hidrica, sendo, por isso, importante o conhecimento dessas variaveis. Com o presente trabalho objetivou-
se quantificar as perdas de dgua e solo por erosdo hidrica pluvial, entre o segundo e o terceiro ano de
cultivo do Eucalyptus benthamii, em um experimento situado no Sul do Brasil, sobre um Cambissolo Humico
aluminico léptico, em trés tratamentos de preparo do solo: i) preparo com subsolagem a favor do declive;
ii) preparo com subsolagem em contorno ao declive; iii) preparo em covas com coveador manual. As parcelas
tinham dimensdo de 12 x 24 m, com o maior comprimento no sentido do declive, monitoradas por tanques
colocados ao seu final para coleta da enxurrada. A medi¢do do volume e a coleta de amostras da enxurrada
para posterior cdalculo de perdas de dagua e solo foi realizada semanalmente, correspondendo as chuvas
acumuladas na semana. O preparo do solo a favor do declive apresentou perdas de dgua e solo maiores
do que em contorno e em covas, cuja diferenca foi 25 % para as perdas de dgua e 53 % para as perdas
de solo. O crescimento das plantas ocasionou sensivel diminui¢do do escoamento superficial, evidenciando
que o reflorestamento, nas condi¢ées experimentais, pode controlar a erosdo hidrica. As perdas de solo por
erosdo hidrica foram influenciadas em magnitude maior do que as perdas de dgua, independentemente do
sistema de preparo do solo e da forma de plantio de Eucaliptus benthamii.

Palavras-Chave: reflorestamento; perdas de dgua; conservagdo do solo.
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1.INTRODUCTION

Soil rainfall erosion occurs in three phases,
disintegration, transport and deposition, and it is cause
by the impact of the droplets and by the surface runoff,
influenced by climate, soil, topography, soil cover and
management and complementary conservation practices
(Wischmeier and Smith, 1978). Soil cover and
management are the most important factors in erosion
control, and when they are due to vegetal residues
they are more efficient than by the plants since the
residues intercept raindrops and dissipate their kinetic
energy at ground level (Hudson, 1995).

The cover by residues increases the infiltration
of water in the soil and reduces the surface runoff,
reducing sediment transport (Chirino et al., 2006;
Panachuki et al., 2011). The cover by plants dissipates
the energy of the rain through the canopy and induces
the arrival of water on the soil in the zone of the roots,
through the trunk (Oliveira et al, 2013). The roots increase
the stability of the soil, open channels and, with this,
the water infiltrates with ease.

The preparation of the soil in the phase of
implantation of the forest makes possible the development
of the plants in their initial phase; more intense
preparations lead to greater erosion in this phase (Pires
etal. 2006; Magro, 2012). The mechanical tillage alters
the physical characteristics, compacting the soil and
increasing water erosion (Amaral et al., 2008; Pires
etal., 2006; Magro, 2012), unlike the non-mechanized
preparation (Pires et al., 2006; Oliveira, 2012). The
operations of the soil tillage associated with the previous
removal of vegetal residues from the soil surface increase
soil degradation and water erosion (Bertol et al., 2010).

The type of soil preparation and the way of planting
forests vary in Brazil, predominating the planting with
preparation in a sloping direction. Soil cultivation with
tillage on-contour, alone, can reduce soil losses by
up to 50% and water losses by up to 40% relative to
the cultivation down the slope (Wischmeier and Smith,
1978; Luciano et al., 2009). The minimum cultivation,
being a soil conservationist practice, has been used
in forest areas in recent years (Gongalves and Stape,
2002; Martins et al., 2003; Brito et al., 2005; Pires et
al., 2006; Oliveira et al., 2013). However, in the bias
of the advantages of this tillage system, planting is
routinely done in lines within subsoil grooves opened
by subsoiler, parallel to the slope or, at best, transversely
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to the slope out of contour, which has contributed
to increasing water erosion in these areas.

The most used types of equipment in the preparation
of the ground for the minimum cultivation of forests
are the subsoiler, the scarifier, and the digger (Wichert,
2005; Baptista and Levien, 2010). These types of
equipment present variable effects in the soil; they
affect water erosion due to the way they are used
(Gongalves and Stape, 2002). In Brazil, little information
exists on the effects of soil preparation carried out
with these types of equipment on water erosion in
quantitative terms (Pires et al., 2006; Magro 2012), which
justifies the present research.

The objective of this study was to quantify water
and soil losses due to water erosion in the period from
the second to the third year after the soil preparation
and planting of a forest of eucalyptus.

2.MATERIALAND METHODS

The experimental area is located in the mountainous
region of Santa Catarina (W50°05 ‘and S27°33”), at an
altitude of 841 m. The climate of the region is of the
type Cfb, according to Képpen, with the annual
precipitation of 1,533 mm (SCHICK et al., 2014). The
soil is a Humic Dystrudept (Soil Survey Staff, 2014),
with 340, 184, 234 and 237 g kg of clay, coarse sand,
fine sand, and silt respectively 3.2 and 31 mg dm™ of
phosphorus (P) and potassium (K), respectively, 4.7%
of organic matter (OM) and 1.1 and 0.8 cmol_dm™ of
calcium (Ca) and magnesium (Mg) respectively, described
in Magro (2012).

The study was carried out between March 2011
and February 2012, in an experiment in progress, where
there was Pinus (Pinus taeda) cultivated for two cycles.
The first cycle was started in 1962 year and finished
in 1987 year with mechanized harvesting and the second
was started in 1987 and finished in 2009 also with
mechanized harvesting. The harvest was done by use
of Feller Buncher with belt model Tigercat L879C, and
the trees were dragged by wheel skidder (traction 6
x 6) model Tigercat 636C. After delimbing, the treetops
were cut off by harvester model 909L with a Waratah
622B head and the residues were chopped and removed
from the area, almost completely, remaining the soil
partially covered at the time of the eucalyptus plantation
(Eucalyptus benthamii) (Magro, 2012), in January, 2010.
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The treatments consisted of three forms of soil
preparation, two with mechanical subsoiling and one
manual, in three replications distributed in three blocks:
1) subsoiling in downslope direction (SD); ii) subsoiling
in contour on the slope (SC); iii) manual holes (MH).
In SD and in SC the grooves were spaced 2.5 m apart
and the eucalyptus seedlings 2.5 m apart from each
other in the line (45 plants per plot). In the SD five
grooves were formed per plot and in the SC nine grooves.
In the MH, the pit holes were spaced 2.5 m apart (45
pit holes also with 45 plants per plot). The subsoiling
was performed with a 70HP track-type tractor, where
the stems operated at a depth of 0.45 m, breaking 0.3
m of soil to each side of the stem. The pit holes in
the PCM had dimensions 0of 0.3 x 0.3 x 0.3 m.

The plot was installed with dimensions of 12 x 24
m (288 m?), being the slope-wise length the greatest, which
was delimited in the contour by means of galvanized sheets
of 0.4 m of height, buried 0.2 m into the ground. At the
lower base, 0.6 m high sheets buried 0.4 m into the ground
directed the runoff from the plot to the two collecting tanks
located at the lower end of the slope. The two tanks had
a capacity of 400 and 500L, respectively in the first and
inthe second. The first one had 13 “Geibb” partition windows
on the top edge of the tank and thus directed 1/13 of the
runoff to the second tank. In the first tank, was stored the
runoff containing larger diameter and/or denser sediments
and, in the second, the runoff containing the smaller diameter
and/or less dense sediments.

The quantification of the runoff was done by means
of weekly collection of the volume present in the collecting
tanks, whenever erosive rains occurred, each with 10 mm
or more, as conceptualized by Wischmeier and Smith (1978).
The height of the runoff blade, stored in each tank, was
measured with the aid of a graduated ruler and, from that
height, the runoff volume was obtained. In the case of the
second tank, the runoff volume measured was multiplied
by 13, due to the existence of the “Geibb” divider with
13 windows. The monthly and annual losses by runoff were
obtained by the sum of the weekly runoff.

The runoff samples (water plus sediments) were
collected whenever rainfall occurred, accumulated
monthly, or in different time periods depending on the
occurrence of rains, from March 2011 to February 2012,
totaling 39 collections during the year. Two samples
were collected per tank for quantification of water and
soil losses in glass bottles with a capacity of 300 cm?.
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During collection, the runoff was stirred in the tank
to homogenize the water and the sediments to collect
representative samples of the suspension. In the
laboratory, the samples were weighed, sediment
settling was awaited after addition of hydrochloric
acid (50 g L") and the supernatant water was removed.
Right after that, they were taken to the greenhouse
where they were dried at 50° C. Afterwards, they were
weighed and, with this, the water and soil losses were
calculated following the methodology described in Cogo
(1978). The rainfall height was quantified considering
the average value recorded in three rain gauges
(Pluviometers) distributed within the experimental area.

Due to the slope variation between the plots, the
soil loss data observed were adjusted to the mean slope
by the procedure recommended by Wischmeier and
Smith (1978). The effect of the treatments was analyzed
using the residual variance, with the application of
the Tukey test (p<0.05) for the comparison of means
whenever there was a difference between them,
considering three blocks in which the treatments were
distributed completely randomly in each block, through
the ASSISTAT software.

3.RESULTS

The annual rainfall height observed during the
research period (1,736 mm) was 8.5% higher than the
average historical height of the region that, according
to Magro (2012), is 1,600 mm, and the difference was
most prominent in the months of March, July and August
2011 (Table 1). During the other months of 2011, the
rainfall height of the historic series was higher than
observed, highlighting October to December 2011 and
February 2012 as the most significant, while in the other
months, the historical and the observed values were
similar.

Water losses (WL) did not differ statistically
between treatments, while soil losses (SL) varied (p
<0.05); temporally, only numerical variation occurred
in some months (Table 2 ). Water losses and SL increased
with increasing rainfall height, whose data fit a linear
model significantly (Figure 1). Water losses were
explained in 77% by rainfall height (Figure 1a), while
SL were explained in 74% (Figure 1b).

Considering the relationship between SL and WL,
the coefficient values were 0.93 and 0.88 respectively
for the monthly losses (Figure 2a) and for the data
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of'each collection in the sum of the three treatments (Figure 2b).
In Figure 2a, SL were explained by WL, with significant
adjustment in both cases (p<0.01), proving that the points
dispersion was low, characterizing a relatively strong relation
between the variables. This occurred even considering the
fact that the soil cover by vegetal residue had dissipated
the rain energy. In cases like this, SL can be explained only
by the surface runoff.

4.DISCUSSION

Water and soil losses were temporally influenced by
the monthly variation of height of the observed rains (Table 1).
It should be noted that rainfall height is more important
than its mean intensity on soil erosion in forest condition
where the soil is permanently covered by crop residues,
in the case of natural rainfall (Bertol et al., 2010). In this
case, the impact of the raindrops has less influence than
the surface runoff on the erosion, unlike what happens in
uncovered soil where the impact of droplets is more important
(Wischmeier and Smith, 1978; Zhou et al., 2002). The monthly
values of rainfall (Table 1) ranged from month to month,
sometimes being higher, sometimes lower, according to the
normal climatic variation of the region. With this, water
and soil losses varied monthly, influenced by the excess
of rainwater that became a runoff, among other factors.

The WL by runoff did not vary spatially (p <0.05)
between treatments, showing only a numerical
distinction between them (Table 1). This is normal because

(@) . (o)
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WL =0032RH
:picy 77

Monthly water loss, WL, mm

Monthly Soil loss, 81, kg ha .

-

Monthly rain height, RH. mm

Monthly min height, RH. mm

Figurel— Relationship (a) of water losses with rain height,
and (b) soil loss with rain height, considering the
monthly values from 2011 to 2012 (average of
repetitions of the three treatments), in a Humic
Dystrudept.

Figura 1— Relacao (a) das perdas de agua com a altura
da chuva, e (b) perda de solo com a altura da
chuva, considerando os valores mensais de 2011
a 2012 (média das repetigées dos trés tratamentos),
em um Cambissolo Haplico.
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the soil has a water infiltration limit (Volk and Cogo,
2014) that controls the surface runoff. In addition, the
coefficient of variation (CV) values were high, explained
by the differences observed between the repetitions,
with the lowest coefficient of variation values between
May and August, and the highest CV values, in November
and December. Thus, the residual effect resulting from
the soil tillage variation carried out during the pine
planting three years previously was not enough to
cause these treatments to express differences in WL
in the form of runoff in the present study. The spatial
numerical distinction of WL was due in large part to
the influence of the type of soil preparation and, in
part, to the normal variability of the surface characteristics
of the soil, covering and roughness, partially controlled
experimentally.

Coverage and roughness are the main soil surface
characteristics that influence start time, rate of increase
and total volume of surface runoff (Schwab et al.,
1993; Volk and Cogo, 2014). The largest spatial numerical
differences in WL between treatment repetitions and
between treatments were observed in November,
December, and February, while in May, July and
September the lowest differences occurred (Table 2).
It is possible to infer that the probable lower water
content in the soil in the months of higher temperature
resulted in higher runoff variability at this time of
year due to the higher evaporative demand (Wrege
etal., 2011). In the lower temperature months there

(a) (b)

SL =6.000WL
Ri=003"

SL = 6.376WL
R*=0.488"

18 by collection, SL, kg ha !

Monthly soil losses, SL, kg har'!

T S T - B TR T o leoom 200 000 OO 4000

Monthly water losses, WL, mm

Figure 2 — Relationship between (a) the average monthly
values of soil losses and water loss and (b) the sum
of the total values of the three treatments per
collection, for the period 2011-2012, in a Humic
Dystrudept.

Figura 2 — Relagdo entre (a) os valores médios mensais de
perdas de solo e perda de dgua e (b) a soma dos
valores totais dos trés tratamentos por coleta, para
o periodo 2011-2012, em um Cambissolo Haplico.
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Table 1 — Monthly and total annual rainfall values observed in the period of the survey, historical average rainfall of the
research site and water losses by runoff, in the repetitions and average of treatments, in the period from 2011
to 2012, in a Humic Dystrudept.

Tabela 1 — Valores pluviométricos mensal e total anual observados no periodo da pesquisa, precipitacdo pluviométrica
média do local da pesquisa e perdas de adgua por escoamento superficial, nas repeti¢oes e na média dos tratamentos,
no periodo de 2011 a 2012, em um Cambissolo Haplico.

Month Rain Historical Water loss, by replicate and in average for each treatment cv
Average SD SD SD Ave SC SC SC Ave MH MH MH Ave

mm %
Mar 162 112 20.4 19.5 3.3 144 29 45 3.5 3.6 2.1 4.2 2.5 2.9 80
Apr 76 117 0.9 0.4 0.4 0.6 0.5 1.0 1.6 1.0 0.3 0.5 0.9 0.6 56
Mai 157 129 2.4 1.7 2.2 2.1 1.9 2.7 29 2.5 1.5 2.3 2.7 2.2 23
Jun 104 107 1.9 0.8 1.0 1.2 1.1 1.8 2.1 1.7 0.6 0.8 1.2 0.9 38
Jul 207 117 4.1 2.4 2.6 3.0 2.5 3.7 37 33 1.6 3.3 3.5 2.8 30
Aug 365 80 23.3 165 14.6 18.1 11.7 16.6 11.5 13.3 6.5 29.5 14.0 16.7 47
Sep 175 167 13.3 183 69 12.8 49 20.0 5.2 10.0 2.9 14.3 2.6 6.6 72
Oct 120 181 4.4 3.5 2.5 3.5 1.9 3.8 29 29 07 3.6 1.6 2.0 42
Nov 85 127 0.2 0.1 0.0 0.1 0.0 0.1 0.3 0.1 0.0 0.1 0.0 0.0 124
Dec 55 154 0.1 0.2 0.1 0.1 0.0 0.1 0.3 0.1 0.0 0.0 0.0 0.0 106
Jan 161 167 1.0 2.9 0.2 1.4 0.7 1.4 1.8 1.3 0.1 2.1 0.2 0.8 94
Feb 69 142 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 141
Totall.736 1.600 72.0 66.4 33.8 57.3 28.1 558 35.9 39.9 16.3 60.7 29.2 35.5 36

SD: subsoiling in downslope direction; SC: subsoiling in contour on the slope; MH: manual holes (MH). Ave: average. CV = coefficient
of variation.

was lower variability of runoff values, due to the higher in November, December, January, and February. This

water content in the soil due to the lower evaporative
demand.

The temporal numerical variation of the surface
runoff generally followed the observed rainfall variation
(Table 1), so that the highest runoff values occurred
in March, July, August, and September, and the lowest

temporal numerical variation of the WL was normal,
due in great part to the variation of water content in
the soil between the months, due to the variation of
the rain height influenced by the climatic variation
of the region. The water content of the soil predating
rainfall and the rainfall height are hydrological variables
that strongly influence WL through surface runoff

Table 2 — Monthly and annual values of rainfall and total soil loss by water erosion, in replicates and treatments average,
in 2011 and 2012, in a Humic Dystrudept.

Tabela 2 — Valores mensal e total anual de chuva e de perdas de solo por erosdo hidrica, nos tratamentos, por repetigdo,
no periodo de 2011 a 2012, em um Cambissolo Haplico.

Month  Rain Soil loss, by replicate and in average for each treatment cv
SD SD SD Ave SC SC SC Ave MH MH MH Ave

Kg ha! %
Mar 162 160.0 1529 20.6 111.2 61.9 76.7 265 55.0 4.0 23.8 3.6 10.5 65
Apr 76 15.5 12.7 5.6 11.3 4.4 11.6 5.7 7.2 0.5 3.7 1.1 1.8 51
Mai 157 38.8 21.9 20.0 26.9a 2.0 10.5 6.6 6.4ab 1.3 8.2 1.2 3.6b 63
Jun 104 2.0 8.0 7.9 6.0 0.6 8.7 1.5 3.6 0.3 2.2 0.5 1.0 67
Jul 207 22.0 35.5 19.7 25.7a 6.9 14.8 6.0 9.2b 2.0 8.8 3.8 4.9b 21
Aug 365 160.0 241.4 119.9 173.8a 86.9 171.5 48.1 102.2b 14.0 65.1 21.5 33.5¢c 22
Sep 175 76.0 130.1 26.1 77.4a 258 66.6 12.5 35.0ab 9.9 18.0 2.3 10.1b 55
Oct 120 12.5 20.6 12.5 15.2a 1.9 15.3 1.8 6.3ab 0.3 2.9 1.0 1.4 42
Nov 85 0.3 0.2 0.2 0.2a 0.1 0.2 0.2 0.2a 0.0 0.1 0.0 0.0b 46
Dec 55 0.2 1.5 0.3 0.7 0.0 0.4 0.4 0.3 0.0 0.3 0.0 0.1 102
Jan 161 2.1 20.0 1.2 7.8 1.5 8.8 2.5 4.3 0.1 2.5 0.3 1.0 111
Feb 69 0.0 0.7 0.0 0.2 0.0 0.7 0.1 0.3 0.0 0.1 0.0 0.0 109
Total 1.736  489.4 645.5 234.0 456.4a 192.0 385.8 111.9 230.0ab 32.4 135.7 35.3  67.9b 34

SD: subsoiling in down slope direction; SC: subsoiling in contour on the slope; MH: manual holes (MH). Ave: average. CV = coefficient

of variation.
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Table 3 — Rain height, water loss and soil losses for the
season in the 2011-2012 period, the three treatments
in a Humic Dystrudept.

Tabela 3 — Altura da chuva, perdas de dgua e perdas de
solo por estagdo, no periodo 2011-2012, nos trés
tratamentos em um Cambissolo Haplico.

Weather Rain WL SL
Station
mm m? ha'! kg ha'!
SD
Autumn 395 123 b 131 b
Winter 676 225 a 213 a
Spring 381 165 b 98 b
Summer 284 15 ¢ 14 ¢
Total 1.736 528 456
CV(%) - 25 29
SC
Autumn 395 72 b 64 b
Winter 676 182 a 115 a
Spring 381 130 a 44 b
Summer 284 15 ¢ 7 c
Total 1.736 399 230
CV (%) - 36 32
MH
Autumn 395 57 b 10 b
Winter 676 203 a 25 a
Spring 381 86 b 32 a
Summer 284 8¢ 1c
Total 1.736 354 68
CV(%) - 39 42

SD: subsoiling in down slope direction; SC: subsoiling in contour
on the slope; MH: manual holes (MH). WL: water loss; SL: soil
loss. Ave: average. CV = coefficient of variation.

(Wischmeier and Smith, 1978). It is noteworthy that
WL were low in this research, regardless of the treatment,
varying between 2.0% and 3.3% of the yearly total
precipitation. It is differ from what happened in the
research carried out in the first year of this experiment,
which was conducted by Magro (2012). A more significant
difference in WL verified by Magro (2012) occurred
in the SD treatment in which the values were equivalent
to 14% of the rain, while in this research they were
only 3.3% of the rainfall. The open grooves allowed
the free flow of water down the slope in the first research,
while in this research the grooves were practically closed
by the litter. Plant residues exert a physical barrier against
runoff, according to Amaral et al. (2008) and the growth
of tree roots increase the internal galleries in the soil.
On the whole, this should have contributed to the low
WL in the present research, as these are factors that
increase water infiltration in the soil, according to Chirino
etal. (2006) and Oliveira (2012).

Revista Arvore. 2017;41(6):e410606
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The WL by runoffin this research (Table 1) were
lower than WL verified by Magro (2012) in the first
year of cultivation. The low amount of water lost in
this research was due to the increase in the canopy
of plants from the second year of eucalyptus
development, which may have promoted greater
interception of rainwater through the canopy. The
increased litter and the tree growth in forest areas increase
the interception of rainwater in the canopy and the
water retention at soil level, increasing the infiltration
of water into the soil (Lima, 1988; Wichert, 2005; Oliveira,
2012). The residual effect of land use and soil management
usually occurs over a period of time that is not very
long due mainly to the effect of rainfall and surface
runoff on the soil, in the case of natural rainfall (Amaral
etal., 2008) as well as in simulated rains (Luciano et
al., 2009; Panachukietal., 2011).

The numerical variation of SL from one month to the
other (Table 2) generally followed the rain height variation.
This variation was normal, mainly due to the variation of
water content in the soil between the moments of rainfall
and, in part, to the variation in of the rain height from one
month to the other. The soil water content before rainfall
and the rainfall height are variables that strongly influence
the surface runoff (Wischmeier and SMITH, 1978) which,
in this case, was the main agent causing erosion, since the
soil was practically covered by the litter. In areas where
the soil is covered by the vegetal residues, water erosion
is mainly explained by surface runoff water (Panachuki et
al.,2011; Schick etal., 2017).

The variation of SL between treatments occurred in
May, July, August, September, October, and November
(Table 2), and was due to the residual effect of the type
of'soil tillage that had been carried out at the time of experiment
installation. In addition, it can be inferred that the lower
water content in the soil in the months of higher temperature
caused greater variability in erosion and, in the months of
lower temperature when the water content in the soil was
higher, there was less variability in the SL data. Coverage
and roughness are the main surface characteristics that influence
soil water infiltration and, therefore, surface runoff and
soil erosion, as reported by Schwab et al. (1993) and Ramos
et al. (2014).

Soil losses due to water erosion were higher in the
SD treatment compared to the others, in May, July, August,
September, and October, and in November, the losses
in this treatment exceeded only the ones of the SC
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(Table 2). These results are in agreement with those
of Wichert (2005) and Baptista and Levien (2010),
according to which subsoiling in the declivity direction
increases erosion compared to the manual opening
of grooves on the ground. The losses verified annually,
although high from the point of view of the environmental
preservation outside the place of origin of erosion,
were low as to the maintenance of the studied soil
productive capacity, compared to the tolerance of this
type of soil, which is around 9 Mg ha! year! (Bertol
and Almeida, 2000).

Soil loss values determined in this study were low
compared to those observed by Magro (2012), which were
of the order of 19.7 Mg ha! year™! in the SD treatment
and 2.2 and 0.9 Mg ha! year!, respectively in the treatments
SC and MH. At that time, the soil was uncovered, newly
made for planting in the slope direction, still open. The
highest values of SL in the treatment in which the subsoiling
operation was carried out in the slope direction (SD), especially
inthe months in which the statistical analysis showed difference
between the treatments (p<0.05), mean that this form of
soil management is not recommended for the planting of
forest species. The SL in the treatment in which the planting
was done down the slope were twice as high as when the
subsoiling was carried out on-contour and were 6.7 times
higher than in the case of individual grooves manually opened,
considering the yearly total. These results disagree with
those obtained by Brito et al. (2005), who, evaluating the
SL in Red Oxisol in eucalyptus cultivation, realized that
planting orientation did not influence water erosion.

The increasing linear relationship between the
values of soil and water loss and the rainfall height
values (Figure 1) means that the rate of soil and water
loss increased progressively with increasing rainfall
height. Relations similar to this were observed by
observed by Baptista and Levien (2010), in a study
of water erosion in a Eucalyptus saligna forestin a
Haplic Cambisol.

The linear increase of WL and SL with increasing
rainfall height, as seen in figure 1 was expected, therefore
can be considered as normal, since the slope of the
terrain within the plots was uniform, corroborating the
results obtained by Gobbi etal. (2011). The similarity
between these relationships and those found in the
aforementioned literature was not expected, in part
because they were obtained in forest condition, while
those of other authors were found under agricultural
conditions. As to the case of the relationship between
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SL and rain height (Figure 1b), the increasing linearity
was also not expected, since SL increase linearly with
increasing rainfall energy (Wischmeier and Smith, 1978;
Schick etal., 2017). This type of relationship was also
not expected here either, since this study was carried
out in forest condition and the studies by Wischmeier
and Smith (1978) and Schick et al. (2017) were done
under uncovered soil condition and with agricultural
cultivation.

The value of R? slightly lower in the relation of
SL (Figure 1b) than in that of WL (Figure 1a), both
with rainfall height, is explain by the fact that some
SL values were relatively high at relatively low rainfall
values and vice versa. This is expected from data
obtained in erosion experiments of this nature, in which
the variability of the factors influencing water erosion
is high, especially the water content in the soil preceding
the rains, which is absolutely not controllable
experimentally (Brito et al., 2005; Amaral et al., 2008;
Baptista and Levien, 2010).

The highest values of water and soil losses occurred
in winter, which was also the climatic season with the
greatest rainfall height, regardless of the treatment
(Table 3). As for the case of SL, it was possibly due
to the erosivity of these rains related to their volume
during that period. Although erosivity had not been
calculated by the standard method recommended by
Wischmeier and Smith (1978), it is possible to estimate
that it was higher in that season due to the greater
volume of rainfall at that time of year. This statement
is based on the work carried out by Schick et al. (2014)
considering the rains of Lages city in Santa Catarina
State. The higher WL in this season can be attributed
to the higher water content in the soil due to the lower
evaporative demand (lower temperature) and the higher
precipitation volume, which accelerated the onset of
surface runoff, increasing the runoff volume. Both water
and soil losses tended to be higher in the season with
the greatest volume of rain, being higher in winter and
lower in summer, regardless of the treatment.

5.CONCLUSIONS

The planting of Eucalyptus benthamii on grooves
opened by subsoiler in the slope direction weakens
the soil as to the water erosion in comparison to the
plantations made in grooves on-contour of the slope
and in pit holes; the difference is 25% for water losses
and 53% for soil losses.
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The plants of Eucalyptus benthamii provide a
significant increase in soil resistance to runoff, evidencing
that reforestation play an important role in the control
of water erosion, regardless of the type of soil preparation
adopted at the planting.

Soil losses due to water erosion are influenced
in greater magnitude than water losses, regardless of
the type of soil preparation used for the planting of
FEucalyptus benthamii.

The water and soil losses are related to each other
and to the rainfall height in positive linear relationship,
regardless of the type of soil preparation used for planting
Eucalyptus benthamii.
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