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ABSTRACT — Water erosion is the main factor of degradation and reduction of the productive capacity of the
soil, requiring management operations that minimize water and soil losses and at the same time maximize crop
productivity. The research aimed to quantify losses by water erosion and, in the runoff water, determine the
levels and total losses of P and K during the development of Eucalyptus (Eucalyptus benthamii). Eucalyptus
was planted in three types of soil preparation: minimum preparation in the direction of the slope, minimum
preparation in the contour of the slope, and semi-mechanized preparation, in an experiment in southern Brazil
on a Haplic Dystrudept soil. We observed that the mechanical preparation of the soil carried out in the direction
of the slope is less effective in controlling soil losses than the mechanical carried out perpendicularly to the
slope and also less effective than the manual in pits, in which the soil losses are equivalent to 10% of those
that occur in the direction of the slope. As for the control of water losses, manual preparation in pits is more
effective than the two mechanized preparations. The greatest losses of soil occur in the fall, with losses 27 times
greater in relation to the other seasons of the year, and the greatest losses of water occurred in the mechanized
preparation perpendicular to the slope and in the manual preparation. Water losses vary less than soil losses,
regardless of the type of soil preparation and the season. The losses of phosphorus and potassium by the Runoff
water vary with the contents in the soil, with the type of soil preparation and with the moment of evaluation.

Keywords: Soil management, Water and soil losses, Silviculture.

EROSAO HIDRICA EM FLORESTA DE EUCALIPTO NO MUNICIPIO DE
OTACILIO COSTA (SC)

RESUMO —A erosdo hidrica é o principal fator de degradacao e reducdo da capacidade produtiva do solo,
exigindo operagoes de manejo que minimizem as perdas de dgua e solo e ao mesmo tempo maximizem a
produtividade da cultura. Com a pesquisa objetivou-se quantificar as perdas por erosdo hidrica e, na dgua de
enxurrada, determinar os teores e as perdas totais de P e K durante o desenvolvimento de eucalipto (Eucalyptus
benthamii). O eucalipto foi plantado em trés tipos de preparo do solo: mecanizado em sulcos na direg¢do do
declive (PMD),; mecanizado em sulcos perpendiculares ao declive (PMC); e cova individual para cada planta
(PSC), em um experimento no sul do Brasil sobre um Cambissolo Haplico. Observamos que o preparo mecdnico
do solo realizado na dire¢do do declive é menos eficaz no controle das perdas de solo do que o mecdnico
realizado perpendicularmente ao declive e do que o manual em covas, nos quais as perdas de solo equivalem a
10% daquelas que ocorrem na dire¢do do declive. Quanto ao controle das perdas de dgua, o preparo manual
em covas é mais eficaz do que os dois preparos mecanizados. As maiores perdas de solo ocorrem no outono,
com perdas 27 vezes maiores em relagdo as outras estagées do ano, e as maiores perdas de dgua ocorreram no
preparo mecanizado perpendicularmente ao declive e no preparo manual. As perdas de dgua variam menos do
que as perdas de solo, independentemente do tipo de preparo de solo e da estagdo do ano. As perdas de fosforo e
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potassio pela dgua de enxurrada variam com os teores no solo, com o tipo de preparo do solo e com o momento

de avaliacao.

Palavras-Chave: Manejo do solo, Perdas de dgua e solo, Silvicultura.

1. INTRODUCTION

Rainwater erosion in the soil is influenced by the
type of rain, soil, relief, cover and soil management and
use of conservation practices (Wischmeier and Smith,
1978). The phenomenon of soil erosion occurs in three
distinct phases, disaggregation, transport and deposition
of particles, concomitantly and progressively (Ellison,
1944). Rainwater erosion is caused by the effect of the
impact of raindrops combined with the surface runoff
of water (Foster, 1982). Induced erosion impoverishes
the soil in its place of origin and contaminates the
environment, especially the water, outside the place of
origin of the erosion (Sharpley et al., 1982).

Vegetation cover and soil management are the main
factors that affect rainwater erosion, so that in crops with
forests (Magro et al., 2011), pastures (Inacio et al., 2007)
and agricultural species (Schick et al., 2017; Bandeira et
al., 2019) erosion is influenced by the type of plant, type
and amount of plant residue on the surface and type,
manner and intensity of mechanical soil preparation. In
a planted forest, the variables that influence erosion are
the type, density, and age of the plants and the manner
of soil preparation during planting, under conditions of
equal rainfall, soil, and relief (Magro et al., 2011).

The forest cover modifies the movement and the
amount of water in several processes of the hydrological
cycle, one of the main modifications occurring in the
interception by the canopy of the plants, in the infiltration
of water in the soil and the surface runoff (Arcova et
al., 2003; Oliveira et al., 2014). Soil preparation carried
out in contour (in relation to the slope) decreases soil
losses by approximately 50% compared to the downhill
preparation, while water losses are less reduced than soil
losses, regardless of the type of cultivation (Wischmeier
and Smith, 1978; Luciano et al., 2009) and, therefore,
contour cultivation presents itself as an important
conservation practice.

Losses of plant nutrients due to water erosion
impoverish the soil, decrease the productive capacity
of the soil and reflect on production costs (Bertol et
al., 2017). According to these authors, these losses
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depend on the contents of nutrients present in the soil,
the amounts of fertilizer added and the total losses of
water and soil by erosion. Normally, there is a positive
relationship between nutrient losses due to erosion and
the contents on the soil surface (Barbosa et al., 2009).

With the present work, we aim to quantify the losses
of water and soil and phosphorus and potassium in the
water from runoff by erosion, in eucalyptus forestation
during the third and fourth year, after planting in three
different forms of soil management.

2. MATERIAL AND METHODS

The work was carried out in the Planalto Serrano
Catarinense region, in a Haplic Dystrudept, classified
according to criteria Soil Survey Staff (2014), with local
coordinates of W50°05 ’and S27°33°, at an average
altitude of 841 m. The region's climate is Cfb, according
to the Koppen classification, with an annual rainfall of
1,533 mm (Schick et al., 2014). In the 0-20 cm layer,
the soil had 3.9 and 31 mg dm™ of phosphorus (P) and
potassium (K), 1.1 and 0.8 cmolc dm™ of calcium (Ca)
and magnesium (Mg), 4.7% organic matter (OM) and
340, 189, 234 and 237 g kg of clay, coarse sand, fine
sand, and silt, respectively; in the 20-40 cm layer, the
levels were 1.2 and 21 mg dm?, 1.0 and 0.7 cmolc dm?,
3,7%, and 345, 246, 184, and 225 g kg'. The slope of
the ground in the area of the experimental units is 14.8%
in the average of the plots, having been cultivated pine
(Pinus taeda) between 1962 and 2009 and, in 2009, the
harvest was done, keeping part of the cultural remains
in the soil.

The research started in 2009 after an initial soil
preparation, in which 1 t ha' of dolomitic limestone
was applied to the soil to increase its levels of calcium
and magnesium. The limestone was incorporated with
one plow and two harrows. Following the application
of lime, soil preparation was carried out in three forms,
distributed with three repetitions, totaling nine plots,
where: treatment 1: mechanized subsoiling carried out
parallel to the slope, with the aid of subsoiler, with
furrows 2.5 m apart from each other, totaling five furrows
per plot, here called “minimum preparation in the
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direction of the slope” (MPD); treatment 2: mechanized
subsoiling carried out across the slope, with aid of a
subsoiler, with furrows 2.5 m apart from each other,
totaling nine furrows per parcel, here called “minimum
preparation in the contour of the slope” (MPC); treatment
3: manually opened pits with the aid of a hoe, 2.5 m x
2.5 m apart from each other, called “semi-mechanized
preparation” (SMP). Following the preparation of the
soil, still in 2010, eucalyptus (Eucaliptus benthamii)
was planted, in which the trees were 2.5 m apart from
each other, totaling 45 trees per plot.

At the time of planting of eucalyptus, the following
basic fertilization was applied to the soil: 0.15 kg of NPK
fertilizer (06-30-06) in each plant, divided and applied
in two side pits with 0.075 kg each. The side pits were
opened 10 cm away from the seedling, on opposite sides,
with the fertilizer in a column with a depth between 3
cm and 11 cm below the soil surface. The first cover
fertilization was carried out in April 2010, with 0.2 kg of
NPK fertilizer (10-05-20) in each plant, distributed on
the soil surface within the canopy projection and without
incorporation. The second cover fertilization was carried
out in October of the same year, identical to the first in
quantity, formulation and application form. So, in this
cultivation phase, a total of, 78 kg ha' of N, 104 kg ha"!
of PO, and 142 kg ha' of K,O were added.

Immediately after correcting and fertilizing the soil
and planting the eucalyptus, experimental units (plots)
were installed, arranged side by side, with dimensions
of 12 m x 24 m each (288 m?), with the largest length
in the direction of the slope (Magro et al, 2011). For the
delimitation of the contour, galvanized sheets 40 cm
high were used, driven 20 cm in the ground. In the lower
base of the plots, 60 cm high plates were used, driven 40
cm into the soil, arranged in a “V” shape to collect and
conduct the flow to the runoff storage tanks, positioned
in the lowest part of the slope. For the collection of the
flow two collection tanks with a capacity of 400 and 500
liters were used. The first (400L) was connected to the
second tank (500L) through a window contained in a
“Geibb” type divider, with 13 outlets. The runoff water
and sediments with a larger diameter and/or denser were
stored in the first tank, with the second tank storing
water and sediments of a smaller diameter and/or less
dense. Then, the soil was fertilized with the commercial
fertilizer formula NPK (10-5-20), in the amount of 0.2
kg plant’, or, 9 kg plot' (312.5 kg ha'), applied on the
soil surface, manually by haul, in the same amount in all
treatments.

SilF

The height of rain was measured by a PVC rain
gauge with a catchment area of 314 cm? and the reading
was made weekly, after each rain event or accumulated
rain during the week, at the same time as the runoff
collection. A rain gauge was placed on a forest road
beside the experiment to measure the effective rain and,
in the treatments, a rain gauge was installed in each plot
to measure the internal rain.

Runoff quantification was done after an individual
or accumulated events occurred during the week, based
on Wischmeier and Smith (1978). The height of the
runoff blade, stored in each tank, was measured with the
aid of a graduated ruler, whose value multiplied by the
tank area resulted in the runoff volume. In the case of
the second tank, the total runoff volume was obtained
by multiplying the volume measured by 13, due to the
existence of the “Geibb” divider with 13 windows that
allowed the passage of 1/13 of the runoff from the first
to the second tank. The monthly and annual water losses
by runoff were obtained by adding the weekly runoff
measured in the collection boxes of each treatment.

Surface runoff samples (water plus sediment)
to determine soil and water losses, and trunk runoff,
were collected in 17 opportunities during the research,
on the following dates: in 2012: 06/17; 06/18; 06/27,
09/13; 09/25; 10/08; 10/30; 12/17; and 12/24; and in
2013: 02/08; 03/07; 03/25; 04/29; 06/04; 06/20; 07/05;
and 07/13. For the collection of runoff samples, the
procedure described in (Bertol et al., 2017) was used,
which consists of the homogenization of water and
sediments contained in the tanks with the simultaneous
removal of three samples of 300 mL each. Two samples
per tank were collected to quantify the runoft and, thus,
calculate the losses of water and soil, and one per tank to
determine the content of nutrients, using bottles of 300
mL.

With the runoff samples, we determined the water
and soil losses following the procedure described
in Bandeira et al. (2019). Due to the slope variation
between the plots, the observed soil loss data were
adjusted for the average slope of the area of the plots,
using the terrain slope factor (factor S) of the Universal
Soil Loss Equation (USLE), according to the procedure
recommended by Wischmeier and Smith (1978).

Soil samples were collected for chemical analysis
in the superficial layer (0-20 cm), in three moments:
after the beginning of the research, shortly after
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fertilization and shortly after the end of the research.
They were collected in three positions in each plot:
two meters below the upper end, in the intermediate
position and two meters above the lower end. In each
position, a sample was collected inside the line and
under the plant, and another, in the interval between the
lines. For each plot, these samples were mixed, making
a single composite sample. The levels of available
phosphorus (P), exchangeable potassium (K) and
organic matter (OM) were determined. The evaluation
of P and K losses in the runoff water was done in two
periods, before and after fertilization. In each period,
the samples were stored in a refrigerator, at 2°C, until
the completion of collections and, in the end, a single
sample was composed in which the levels of phosphorus
and potassium in soluble form were determined, as well
as the content of OM, in accordance with Tedesco et al.
(1995). The total losses of P and K were calculated by
multiplying the water content by the volume of water
loss by erosion.

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 that the
treatments were distributed entirely at random, using the
software Assistat 7.7 Beta (Silva and Azevedo, 2016).

3. RESULTS

The height of indoor rain in the forest (R, ) was
explained in 99% of the cases by the effective rain height
(R, with excellent adjustment (Figure 1), despite
the wide variation between these two types of rain
commonly occurring in forest areas. The annual height
of R, in general, varied little from one plot to another
in the research, within each season of the year, meaning
little influence on surface runoff.

The total annual water losses (WL) per runoff (Table 1)
were low in relation to the height of rain, and less than
those that occurred in previous periods of time in the
same experiment. At those times, values of up to 3%
and 14% of the rainfall volume were verified in the first
and second years of the research, respectively. In plot 7
(MPC), for example, there was a numerically higher R,
than in other plots, with the exception of winter, totaling
a difference of 125 mm in the year compared to plot 9
(SMP), where the lowest height occurred. Clearly, the R,
was greater in autumn and spring than in other seasons,
whose greatest heights occurred in October of the first
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Figure 1 — Relationship between height of indoor rain in the forest
(R,) and effective rain height (Ref) in the experimental
area (average of repetitions).
Figura 1 — Relagdo entre altura de chuva interna (C,) e de

chuva efetiva (C,) na drea experimental (média das
repetigoes).

year and March of the second year. The total annual
soil losses (SL) by water erosion were low compared to
those found in the second year of cultivation and, even
more so, in the first year.

The height of R, and the WL and SL varied between
seasons, in each treatment, with the highest values having
occurred in general in autumn (Table 2). For R, , the
lowest values occurred in winter, while for WL and SL the
lowest values ranged between winter, spring, and summer.

The contents of P in the soil were not influenced
by the treatments in any of the evaluation periods, while
those of K and OM were influenced before the application
of the fertilizer in the soil (Table 3). P is influenced by
the residual tillage effect, as it is an element little mobile
in the soil. Before fertilizer application, the K content in
the soil was 22% higher in the MPC treatment than in the
others, while the OM was 22% higher in the SMP than
in the others. K and OM are dynamic elements, which
can easily vary according to the type of mechanical
mobilization and with the water erosion that moves
sediments on the soil surface.
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Table 1 — Total effective rain (T, ) and internal rain in each replicate (1 ... 9), by season (Sea), and total effective rain and total water and
soil losses, per year, in the three treatments in Haplic Dystrudept soil.

Tabela 1 — Chuva efetiva (C,) total e chuva interna em cada repeticdo (1...9), por estagdo do ano (Est), e chuva efetiva total e perdas totais
de dgua e solo, por ano, nos trés tratamentos em um Cambissolo Haplico Alitico.

Internal rain

Sea T. e MPD - e MPC - e SMP -----
1 4 8 2 6 7 3 5 9 Aver
mm
Aut 285 288 317 303 293 318 359 295 312 294 309
Win 132 133 132 134 136 138 130 135 134 132 134
Spr 201 212 214 228 214 224 232 230 223 194 219
Sum 147 146 153 151 148 157 166 159 158 142 153
Tot765 779 816 816 791 837 887 819 827 762 815
Treatment Rain Water loss Soil loss
Volume Relative
—————————— m? ha'l---- % of rain kg ha!
MPD 8100 16.01a 0.198 160.89a
MPC 8100 13.35b 0.165 16.90b
SMP 8100 4.66¢ 0.058 15.30b
Average 8100 11.34 0.140 64.36
CV(%) - 3.96 - 6.31

MPD: minimum preparation in the direction of the slope; MPC: minimum preparation in the contour of the slope; SMP: semi-mechanized preparation. Aver: average.
CV: coefficient of variation. Aut.: Autumn; Win.: Winter; Spr.: Spring; Sum.: Summer; Tot.: total.
PMD: preparo mecanizado na dire¢do do declive; PMC: preparo mecanizado em contorno no declive; PSM: preparo semi-mecanizado. Med: média. CV: coeficiente
de variagdo. Out: outono; Inv: inverno; Pri: primavera; Ver: verdo, Tot: total.

The contents of P in the runoff water were equivalent the addition of these elements to the soil in the form of
to only 3.5% of those existing in the soil, in the average fertilizer.

of the treatments, the times of collection of the samples

and the positions in the plots, while the levels of K were a4 normally oceur in agricultural cultivation areas on
equivalent to 17% (Table 4). In the case of P, this is due plot-scale, varying between 1.12 and 3.07 g ha' (Table
to the low solubility in water, while in the case of K, to 4). Even so, they cannot be disregarded, particularly
the high solubility in water. The levels of P and K tended because of the eutrophic effect that this element has if
to increase in the runoff water, comparing before and it is stored in an aquatic environment. In the case of K,
after fertilization was done in most treatments, due to total losses can be considered high, whose values varied

The total losses of P were low compared to those

Table 2 — Internal rain and soil and water losses, for each season (Sea) of the year, in three treatment (Treat) in a Haplic Dystrudept soil.
Tabela 2 — Chuva interna e perdas de dgua e solo, por estagdo do ano, nos trés tratamentos em um Cambissolo Haplico Alitico.

Treat MPD MPC SMP
Sea Rain WL SL Rain WL SL Rain WL SL
mm % kg ha! mm % kg ha! mm % kg ha'!
Autumn 303a 1.26a 150.9a 323a 0.84ab 11.8a 300a 0.39a 11.1a
Winter 133d 0.86b 1.0c 135d 0.95a 1.5b 134d 0.09¢ 0.1c
Spring 218b 0.70c 1.9¢ 223b 0.59¢ 2.0b 216b 0.25b 2.3b
Summer 150c 0.73¢ 7.1b 157¢ 0.72bc 1.6b 153¢ 0.42a 1.8b
CV(%) 1,7 5.07 3.1 2.5 6.70 10.0 2.4 9.04 5.9
Sea Sutumn Winter Spring Summer
Trat Rain WL SL Rain WL SL Rain WL SL Rain WL SL
mm % kg ha! mm % kg ha' mm % kg ha mm % kg ha'
MPD 303b 1.26a 150.9a 133 0.86a 1.0b 218 0.70a 1.9 150 0.73a 7.1a
MPC 323a 0.84b 11.8b 135 0.95a 1.5a 223 0.59b 2.0 157 0.72a 1.6b
SMP 300b 0.39¢ 11.1b 134 0.09b 0.1c 216 0.25¢ 2.3 153 0.42b 1.8b
CV(%) 1.1 4.70 2.6 4.3 6.90 13.4 2.3 7.20 10.8 2.3 7.90 6.2

MPD: minimum preparation in the direction of the slope; MPC: minimum preparation in the contour of the slope; SMP: semi-mechanized preparation. Treat: treat-
ment.Aver: average. CV: coefficient of variation.

PMD: preparo mecanizado na dire¢ao do declive; PMC: preparo mecanizado em contorno no declive; PSM: preparo semi-mecanizado. Trat: tratamento. Med:
média. CV: coeficiente de variagdo.
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Table 3 — Phosphorus (P), potassium (K) and organic matter (OM) contents determined in the 0-20 cm layer of soil before applying the
fertilizer, after applying the fertilizer and at the end of the research, in the three treatment (Treat) in a Haplic Dystrudept soil.

Tabela 3 — Teores de fosforo (P), potassio (K) e matéria organica (MO) determinados na camada de 0-20 cm do solo antes de aplicar o
adubo, logo apos a aplicar o adubo e ao final da pesquisa, nos trés tratamentos em um Cambissolo Haplico.

Date Before applying the fertilizer After applying the fertilizer End of the research
Treat P K OM P K OM P K OM
mg dm™ % mg dm % mg dm™ %
MPD 6.01 76b 7.5b 8.22 93 5.6 5.90 119 6.7
MPC 6.67 89* 7.4b 7.80 92 5.8 4.38 121 6.2
SMP 6.94 70b 9.1a 8.18 83 7.8 4.08 109 7.0
Average 6.54 78 8.0 8.01 89 6.4 4.79 116 6.6
CV(%) 6.06 5.8 43 5.09 4.8 9.3 1.70 5.8 4.7
Treat MPD MPC SMP
Date P K OM P K OM P K OM
mg dm % mg dm™ %o mg dm™ %
Before 6.01b 76¢ 7.5a 6.67a 89b 7.4a 6.94b 70b 9.1a
After 8.22% 93b 5.6¢ 7.80a 92b 5.8b 8.18a 83b 7.8b
End 5.90b 119* 6.7b 4.38b 121a 6.2ab 4.08¢ 109a 7.0b
Average 6.71 96 6.6 6.28 101 6.5 6.40 87 8.0
CV(%) 2.73 5.0 3.4 8.21 5.8 7.8 2.81 6.0 6.4

MPD: minimum preparation in the direction of the slope; MPC: minimum preparation in the contour of the slope; SMP: semi-mechanized preparation. Treat: treat-
ment. Aver: average. CV: coefficient of variation.

PMD: preparo mecanizado na dire¢do do declive; PMC: preparo mecanizado em contorno no declive; PSM: preparo semi-mecanizado. Trat: tratamento. Med:
média. CV: coeficiente de variagao.

between 51 and 320 g ha'l, characterizing, thus, strong
tendency of soil impoverishment caused by the export of
this element via water erosion.

4. DISCUSSION

The spatial variability of R, height in tropical
forests is considered normal due to the punctuality of the
collections, as verified by Amaral et al. (2013). These
authors also observed that R, was, at times, greater
than Ref, due to the funneling effect of the vegetation,
due to the diameter of the treetops, the opening of the
foliage within the canopy and the space between trees.
In the present study, differences in crown diameter and
leaf opening within the crowns were observed (data
not quantified). The higher R, values in the autumn are
explained by the general climatic condition of the region,
which favors high-intensity and high-volume rainfall in
this season, while the lower values are explained in part
by the general climate of the region (Schick et al., 2014)
and, in part, by the particular climatic conditions that
determined drought during the research period.

The low WL in relation to the precipitated rain is due
to the effect of the canopy of the plants, which promotes
the interception of rainwater by the crown. The vegetal
mass on the soil (plant litter) promoted the superficial
retention and facilitated the infiltration of water in the soil
due to the galleries (observed, but not quantified) opened
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by the roots. The roots of the trees open galleries in the
soil that constitute porosity and favor the infiltration of
water in the soil (Oliveira et al., 2014).

The decrease in WL due to the surface runoff
compared to what was verified by Magro et al (2011)

Table 4 — Total phosphorus and potassium contents and losses
determined in runoff water samples before fertilization
and after fertilization, in the three treatments in an
Haplic Dystrudept soil.

Tabela 4 — Teores e perdas totais de fosforo e potdssio
determinados em amostras de dgua da enxurrada antes
da adubagdo e apos a adubagdo, nos trés tratamentos
em um Cambissolo Haplico Alitico.

Treatment Phosphorus Potassium Phosphorus Potassium
-—--mg L - --- o ha!---
Before fertilization
MPD 0.13b 12ab 2.08b 192a
MPC 0.23a 15a 3.07a 200a
SMP 0.24a 11b 1.12¢ 51b
Average 0.20 13 2.09 148
CV(%) 14.14 10.2 5.74 3.4
After fertilization
MPD 0.14b 20a 2.24a 320a
MPC 0.19b 20a 2.54a 267b
SMP 0.30a 15b 1.40b 70c
Average 0.21 18 2.06 219
CV (%) 13.19 5.5 7.74 4.3

MPD: minimum preparation in the direction of the slope; MPC: minimum
preparation in the contour of the slope; SMP: semi-mechanized preparation.
CV: coefficient of variation.

PMD: preparo mecanizado na dire¢do do declive; PMC: preparo mecanizado
em contorno no declive; PSM: preparo semi-mecanizado. CV: coeficiente de
variagdo.
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and Padilha et al. (2017) is due to the growth of the
forest that occurred during the research, increasing the
litter biomass on the soil, the canopy of the treetops
and the roots of the plants. The behavior of decreasing
surface runoff over time in forest areas is also confirmed
when comparing the values of this research with those
obtained by Pires et al. (2006); Baptista and Levien
(2010); Padilha et al. (2017) and Sun et al. (2018).

The total annual WL varied with the type of
mechanized soil tillage that had been carried out
three years before this study (Table 1), in agreement
with Babtista and Levien (2010). In the mechanized
preparation carried out in furrows along the slope (MPD),
the WL were 20% higher than in the preparation carried
out in contour to the slope (MPC) and, in the average
of these two, 3.2 times greater than in the treatment in
which soil preparation was done manually by individual
pit (SMP). These results agree with Pires et al. (2006),
who obtained higher values of water loss in eucalyptus
planted along the slope with the burning of cultural
remains. The lower WL in the SMP is explained by
the smaller area of soil turned in this treatment, when
compared with mechanized management (MPD and
MPC). Magro et al. (2011) obtained WL values varying
from 4 to 14% of the rainfall volume, while Padilha et al.
(2017) obtained values varying from 2 to 3%, in the same
treatments. Although WL may seem low, still they cannot
be disregarded, considering the importance of water in
the soil for the life cycle of soil plants and organisms.
This justifies the adoption of supportive conservation
practices to hold these losses, storing runoff water within
the cultivation area. In percentage terms, the total annual
WLs showed very low values compared to the height of
the rains, varying between 0.020% and 0.058%, therefore,
substantially lower than the WLs verified by Magro et al.
(2011) and Padilha et al. (2017).

Magro et al. (2011) and Padilha et al. (2017)
found SL values of up to 19,700 kg ha' and 520 kg
ha'!, respectively. The low SL values verified in this
research are due to the same factors that contributed to
the low WL, that is, the canopy of the plants, the vegetal
mass in the form of litter and the galleries in the soil
opened by the roots. These factors, taken as a whole,
dissipate the kinetic energy of raindrops and, almost
totally, the energy of the surface runoff, in addition to
determining the increase of water infiltration in the soil
and the reduction of the volume and speed of the runoff,
as verified by (Pires et al., 2006; Baptista and Levien,
2010; Padilha et al., 2017).

SilF

The total annual SL were influenced by the way
mechanized tillage was carried out three years before
this survey (Table 1), in agreement with Babtista and
Levien (2010). In the MPD treatment, the losses were
9.5 times greater than in the MPC, whose difference was
determined by the direction of the soil tillage operation
in relation to the slope, corroborating with data obtained
by Pires et al. (2006). Thus, the preparation carried out
in contour showed 90% effectiveness in reducing the
SL compared to the preparation carried out along the
slope, surpassing the effectiveness of the cultivation in
contour carried out in areas of agricultural cultivation
(Wischmeier and Smith, 1978; Luciano et al., 2009).
The SMP treatment showed SL equal to that of MPC,
differently from what happened with WL. Magro et al.
(2011) obtained SL values varying numerically from
900 to 19,700 kg ha! year!, while Padilha et al. (2017)
obtained values varying from 70 to 520 kg ha'! year! in
the same treatments. Thus, it is possible to consider that
the MPC and SMP are more soil conservationists than
the MPD, although the losses seen in the latter have also
been very low compared to those seen in previous years.

The higher height of R, in autumn partially
explains the higher WL and SL values in this season
compared to the other seasons. The lower WL and SL
occurred in the other seasons of the year are explained
by the smaller consecutive R, , mainly in winter, and by
the variation of water content in the soil that controlled
the infiltration, especially in the spring and summer.
These arguments were used by Oliveira et al. (2014) to
justify the differences that occurred in these variables in
their work carried out in pine reforestation.

Among the treatments, R, varied in the fall, WL
varied in the four seasons and SL varied in autumn,
winter and summer (Table 2). The variation in R,
between treatments only in the autumn indicates that
in this season of the year, probably the wind factor
(not registered) influenced this spatial variation of rain
more than in other seasons. It is also possible that the
lower height of R, in other seasons contributed to the
lack of spatial variation between treatments. This lack
of spatial variation in R, did not influence WL which
varied between treatments in all seasons of the year, due
to the fact that WL are influenced by the infiltration of
water into the soil, that depends on the initial conditions
(Luciano et al., 2009; Oliveira et al., 2014). The variation
in SL between treatments, which occurred in three of
the four seasons, is explained by the same reasons that

Revista Arvore 2020;44:e4419



determined the variation in WL, according to Magro et
al. (2011) and Schick et al. (2014).

The contents of P and K in the soil tended to
increase after the application of fertilizer in relation to
the existing content in the initial phase of the experiment,
while those of OM tended to decrease (Table 3). The
increase in P and K occurred due to the direct effect of
fertilization and, in the case of K, also due to recycling
by plants, which facilitated deposition on the surface
due to the decomposition of plant biomass. The decrease
in the levels of OM probably occurred due to effect of
erosion, which carried it easily across the soil surface.

Comparing the levels of P in the runoff water
between treatments, before fertilization, in the SMP
content was 85% higher than in the MPD, while the K
content was 8% lower (Table 4). After fertilization, the
P content was 2.1 times higher in the SMP, while the K
content was 25% lower. Thus, in the treatment that lost
more water through runoff (MPD, also in MPC) there
was a greater dilution effect for the case of P compared
to the one that lost less water (SMP), in both collection
periods, before and after the fertilizing. Regarding K,
this dilution effect probably did not occur due to the high
water solubility of this element compared to P.

Regarding the total losses of P and K, erosion
control is recommended to avoid, in the case of P, the
eutrophic effect of water sources and soil depletion at the
place of erosion origin and, in the case of K, the effect
soil depletion. Although the total losses were not as high
as those seen in agricultural areas, they are nevertheless
worrying from the point of view of the financial cost of
replacing nutrients.

5. CONCLUSION

The quantification of water erosion in eucalyptus
cultivation, implanted in three types of soil preparation,
allowed to conclude that the preparation carried out in
the direction of the slope is less effective in controlling
soil losses than the preparation perpendicular to the slope
and manual in pits, in which soil losses are equivalent to
10% of those that occur in the direction of the slope. As
to the control of water losses, manual preparation in pits
is more effective, reducing them by 68% in relation to
the two mechanized preparations.

The greatest losses of soil occur in the fall, with
losses 27 times greater in relation to the other seasons of
the year, for the mechanized tillage of the soil as well as
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for the manual one, being that in the autumn the greatest
losses of water occur in the preparation perpendicular
to the slope and in manual preparation. Water losses
vary less than soil losses, regardless of the type of soil
preparation and the season. The losses of the phosphorus
and potassium nutrients by the runoff water vary with
the contents existing in the soil and with the type of
preparation, as well as with the moment if the evaluation
is carried out before or after fertilization.
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