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SUMMARY

The action of rain and surface runoff together are the active agents of water
erosion, and further influences are the soil type, terrain, soil cover, soil management,
and conservation practices. Soil water erosion is low in the no-tillage management
system, being influenced by the amount and form of lime and fertilizer application
to the soil, among other factors. The aim was to evaluate the effect of the form of
liming, the quantity and management of fertilizer application on the soil and water
losses by erosion under natural rainfall. The study was carried out between 2003
and 2013 on a Humic Dystrupept soil, with the following treatments: T1 - cultivation
with liming and corrective fertilizer incorporated into the soil in the first year, and
with 100 % annual maintenance fertilization of P and K; T2 - surface liming and
corrective fertilization distributed over five years, and with 75 % annual
maintenance fertilization of P and K; T3 - surface liming and corrective fertilization
distributed over three years, and with 50 % annual maintenance fertilization of P
and K; T4 - surface liming and corrective fertilization distributed over two years,
and with 25 % annual maintenance fertilization of P and K; T5 - fallow soil, without
liming or fertilization. In the rotation the crops black oat (Avena strigosa), soybean
(Glycine max), common vetch (Vicia sativa), maize (Zea mays), fodder radish
(Raphanus sativus), and black beans (Phaseolus vulgaris). The split application
of lime and mineral fertilizer to the soil surface in a no-tillage system over three
and five years, results in better control of soil losses than when split in two years.
The increase in the amount of fertilizer applied to the soil surface under no-tillage
cultivation increases phytomass production and reduces soil loss by water erosion.
Water losses in treatments under no-tillage cultivation were low in all crop cycles,
with a similar behavior as soil losses.

Index terms: crop mass, water loss, soil loss, natural rainfall.
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SOIL WATER EROSION UNDER DIFFERENT CULTIVATION SYSTEMS AND DIFFERENT...

RESUMO: EROSAO HIDRICA EM SOLO SUBMETIDO A DIFERENTES
SISTEMAS DE CULTIVO, DOSES E FORMAS DE ADUBACAO,
DURANTE 10 ANOS

A chuva e o escoamento superficial, associados, sdo os agentes ativos na erosdo hidrica, a
qual ¢ influenciada ainda pelo tipo de solo, relevo, cobertura e manejo do solo e prdticas
conservacionistas. A semeadura direta é um sistema de manejo que apresenta baixa erosdo
hidrica, sendo influenciada pela quantidade e forma de aplicagdo de corretivos e adubos no
solo, entre outros fatores. O objetivo deste trabalho foi avaliar o efeito da forma de aplicagdo de
calcario, da quantidade e do manejo de aplicag¢do de adubos sobre as perdas de solo e dgua por
erosdo hidrica, sob chuva natural. Este trabalho foi conduzido entre 2003 e 2013 em um
Cambissolo Humico, com os seguintes tratamentos: T1 - cultivo com calagem e adubag¢do
corretiva incorporada ao solo no 1°ano e com 100 % de adubagdo de reposi¢do anual de Pe K;
T2 - cultivo com calagem e adubagdo corretiva parcelada em cinco anos em superficie e com
75 % da adubagdo de reposi¢do anual de P e K em superficie; T3 - cultivo com calagem e
adubagdo corretiva parcelada em trés anos em superficie e com 50 % da reposi¢do anual de P
e Kem superficie; T4 - cultivo com calagem e adubagdo corretiva em dois anos em superficie e
com 25 % da reposi¢do anual de P e K em superficie; e T5 - solo sem cultivo, sem corregdo e
adubagdo. Na rotagdo, cultivaram-se aveia-preta (Avena strigosa), soja (Glycine max),
ervilhaca comum (Vicia sativa), milho (Zea mays), nabo forrageiro (Raphanus sativus) e
feijdo-preto (Phaseolus vulgaris). A aplicagdo parcelada de corretivos e adubo mineral na
superficie do solo em condi¢do de semeadura direta, ao longo de trés e cinco anos, resultou em
melhor condi¢do para o controle das perdas de solo do que parcelada em dois anos. O aumento
da quantidade de adubo aplicado na superficie do solo sob semeadura direta elevou a produg¢do
de fitomassa e diminuiu as perdas de solo por erosdo hidrica sob condi¢do de cultivo. As perdas
de dgua nos tratamentos com cultivo do solo sob semeadura direta foram baixas em todos os
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ciclos culturais, seguindo o mesmo comportamento das perdas de solo.

Termos de indexagdo: fitomassa cultural, perda de dgua, perda de solo, chuva natural.

INTRODUCTION

Soil erosion by water is complex and occurs in
varying intensity, depending on the relative
importance of climate, soil, relief, soil cover and
additional conservation practices. Among these, soil
cover and management are the most important
individual factors (Wischmeier & Smith, 1978). Lime
and fertilizers, in their various quantities and
application forms, are part of the soil management
and therefore play an important role in the erosion of
the soil by water because of the influence they have
on plant biomass production. In the no-tillage system,
the type and amount of biomass produced by the crops
(Bezerra et al, 2006; Costa et al, 2008) influences the
surface characteristics such as cover (Bertol et al.,
1997) and roughness (Corréa et al., 2012), and the
sub-surface characteristics, such as density and
porosity (Andrade et al., 2010), among other aspects.
Thus, larger amounts of fertilizers applied to the soil
provide greater production of crop mass and, thus,
lower water erosion (Seixas, 2012).

Systems of soil conservation management are
characterized by little or no mechanical disturbance,
high surface cover resulting by the crop mass and,
with the exception of no-tillage, high roughness.
Moreover, in most cases, fertilizers and correctives
are applied to the surface or lightly incorporated into
the soil. These positive aspects diminish water erosion

in the no-tillage system compared to the conditions in
which the soil was plowed and harrowed by a tractor,
without liming or fertilization, and is left fallow (Bertol
et al., 1997; Leite et al., 2004; Bertol et al., 2008).
The no-tillage system increases the critical shear
stress of the soil and, consequently, its resistance to
water erosion (Foster, 1982), and, as a result, soil
losses are generally very low while water losses are
not, compared to intensive tillage, in cultivated as
well as in fallow areas (Schick, 2014).

No-tillage can be installed and conducted in
several ways on farms: along or transverse to the
slope, using different amounts of lime and fertilizers
semi-incorporated into the soil or surface-applied,
maintained for varying periods of time with various
crops, on agricultural terracing or not, in addition to
other variations in soil and crop management. This
diversity of situations results in different degrees of
resistance to water erosion in this management
system, as reported in the literature (Panachuki et
al., 2011; Barbosa et al., 2012; Miras Avalos et al.,
2012).

Studying the effect of different rates of inorganic
fertilizer applied to citronella grass (Cymbopogon
nardu), Seixas (2012) found a positive response to
higher fertilizer rates in plant height, number of
leaves and biomass production of the aerial part of
the crop. Bezerra et al. (2006) evaluated the effect of
different rates of organic and inorganic fertilizer on
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the dry weight of the aerial part of chambd (Justicia
pectoralis), and noted a positive response. A similar
study was conducted by Costa et al. (2008), evaluating
the response to inorganic and organic fertilizer on
lemongrass biomass production, showed that the
production of dry biomass of the aerial part of the
crop responded better to poultry manure than to other
fertilizer types. In a study with soybean, Santos et al.
(2009) observed a positive response in the biomass
production of aerial parts and roots of the plants to
applications of liquid swine manure.

Bertol et al. (2007) found higher water erosion in
soil fertilized with liquid swine manure than with
mineral fertilizer under simulated rainfall. In
another work, Bagatini et al. (2011) found that the
application of organic and inorganic fertilizer
increased biomass production of aerial parts and roots
of sorghum and thus reduced soil loss compared to
the absence of fertilizers, with no influence on water
losses. Gilles et al. (2009), working under simulated
rainfall, found improved soil properties with the
application of inorganic and organic fertilizer, due
to the increase in biomass of maize roots and aerial
parts, which reduced water and soil losses by water
erosion.

This study aimed to quantify water erosion under
natural rainfall for 10 years in a soil without
cultivation and under no-tillage with various forms
of implantation and conduction in terms of rate and
mode of application of lime and inorganic fertilizer.

MATERIAL AND METHODS

Evaluations were carried out between March 2003
and April 2013, over 20 crop cycles in Lages, Santa
Catarina, on plots (27° 49' south latitude and 50° 20'
west longitude, at an average altitude of 937 m a.s.l.)
with a Cfb climate, according to Képpen (Alvares et
al., 2013), and an average annual rainfall of 1,533 mm
(Schick et al., 2014a). The soil at the experimental
site is a Leptic Aluminium Humic Dystrupept clay
soil, classified according to the criteria described by
Embrapa (2013), with the following characteristics
in the 0-0.2 m layer: 110; 70; 420; and 400 g kg1 of
fine sand, coarse sand, silt and clay, respectively;
40 g kg'! of total organic carbon; and 2.54 kg dm™3
particle density, according to Guadagnin (2003). At
the beginning of the study, the soil had a density of
0.91;1.29; 1.29; and 1.26 kg dm™3 in the 0-5; 5-10; 10-15;
and 15-20 cm layers, without variation between the
sites where the treatments would be installed and, in
the same layers, the macropore volume was,
respectively, 0.15; 0.07; 0.07; and 0.07 m?® m™3, while
the micropore volume was, respectively, 0.47; 0.42;
0.42; and 0.42 m3 m-3.

Prior to evaluations, the soil was used as native
pasture, and had been partially corrected 20 years
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before with surface applications of 4 Mg ha! of lime.
In addition, at that time, exotic species of grasses and
legumes were introduced, also in coverage, and the
soil surface was slightly chiseled. Under this
condition, the terrain was uniformized, by plowing in
November 2002, three diskings with a spring tooth
harrow in February 2003, and another plowing. In
March 2003 the soil was disked twice, once to break
the soil clods and a second time for soil leveling,
followed by chiseling, plowing and leveling disking in
early May 2003.

On May 10, 2003, the treatments were installed
with variations in soil cultivation, liming and
corrective fertilization (CQFSRS/SC, 2004) with P and
P and K replenishment, in terms of rates and
application forms (Table 1), which consisted of: T1 -
cultivated soil with lime and P fertilizer incorporated
into the soil in the first year and with 100 % annual
replacement of P and K, incorporated in the first year
and on the surface in the following years; T2 -
cultivated soil with lime and corrective phosphorus
fertilizer distributed over five years, with a fifth of
the rate per year, applied to the surface, and with
75 % of the annual fertilizer replacement of P and K
applied on the surface; T3 - cultivated soil with lime
and corrective phosphate fertilization distributed over
three years, with one third of the rate per year, applied
to the surface and 50 % of the annual fertilizer
replacement of P and K applied to the surface; T4 -
cultivated soil with lime and corrective phosphate
fertilizer distributed over two years, with half the
rate per year, applied to the surface and 25 % of the
annual fertilizer replacement of P and K applied to
the surface; and T5 - bare soil, without correction or
fertilization.

Lime and corrective fertilizer in T'1 were distributed
at two times of the same day, being incorporated into
the soil, half before plowing and the other half before
disking (T'1). Lime was used to correct acidity, triple
superphosphate as P source and potassium chloride
as K source. The cultivations in T1, T2, T3 and T4
began with oats (Avena strigosa) using broadcast
sowing (120 kg ha'), whose seeds were incorporated
by light disking. This crop and the following were
managed under no-tillage, with the rotation sequence:
oats followed by soybean (Glycine max), common
vetch (Vicia sativa), maize (Zea mays), forage radish
(Raphanus sativus), and black beans (Phaseolus
vulgaris). The crops in spring-summer (soybeans,
corn and black beans) received replacement
fertilization of P and K, while in autumn-winter (oats,
vetch and forage radish), were cultivated without this
replacement, but with topdressing fertilization with
urea as N source. Soybean, corn and beans were
sown manually with a “saraqua” or “seed rattle” in
lines parallel to the slope, spaced 0.45; 0.7; and 0.45
m apart, respectively, and the pits spaced 0.2 m apart
in the rows of the three crops. Oat, vetch and forage
radish seeds were broadcast by hand on the soil
surface.
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Table 1. Description of treatment (T) regarding the cultivation, liming, corrective fertilization and
replacement fertilization, in the treatments with soil cultivation (WSC) and without cultivation and

uncovered (WCU), between 2003 and 2013

T Cultivation Correction
uitivatio with lime and P

Splitting of the correction
with lime and P

Dosage and method of application of
fertilizer replacement with PK

T1 WSC Whole Single rate, incorporated in the 1% year

T2 WSC Whole Split in five applications: 1/5 rate per
year on surface

T3 WSC Whole Split in three applications: 1/3 rate
per year, on surface

T4 WSC Whole Split in two applications: 1/2 rate per
year on surface

T5 WCU  Without application Without application

100 % of the rate, incorporated in 1% year
and on the surface in the other years

75 % of the rate applied on surface annually
50 % of the rate applied on surface annually

25 % of the rate applied on surface annually

Without application

The experimental units (22.1 X 3.5 m) were
delimited by galvanized sheets driven 0.1 m deep into
the soil. At the lower end of the plots there was a
runoff collector system, with a gutter to channel the
eroded material, connected by a PVC pipe to a first
sediment tank located 6 m below the plot. This in
turn, was connected to a second storage tank, by a
Geib-type flow divisor with nine openings.

The crop mass was determined in samples collected
in 0.36 m2 at two points per plot by weighing after
oven-drying at 50 °C. The soil cover by the remaining
crop mass was determined after the sowing of each
crop by the method of the marked rope, or a
modification of the “meterstick” method proposed by
Hartwig & Laflen (1978).

Runoff samples for soil and water loss
quantification were collected and processed by the
method proposed by Cogo (1978). The soil losses
observed in the field were adjusted to a standard slope
of 0.09 m m, using the equation proposed by
Wischmeier & Smith (1978):

S =0.065+ 4.56 senb + 65.41 (send)2, 1)

where S = slope factor of USLE; and 6 = angle of slope
of the land.

To calculate erosivity (Elg), we used erosive rains.
After the rains were determined in segments of
uniform intensity, their kinetic energy was calculated
with a specific computer spreadsheet, by a procedure
recommended by Wischmeier & Smith (1958) using
the following equation:

E=0.119+0.0873 log;, I, @

where E =kinetic energy per mm of rain, MJ mm ha-' h1;
and I =rainfall intensity, mm h-1l.

With the same computer spreadsheet, the El5, of
the rain was calculated by multiplying E by the rain
intensity in 30 min (I5), as proposed by Wischmeier
& Smith (1978).

The soil loss ratio was calculated by dividing
the soil loss from each crop treatment (T'1, T2, T3
and T4) by the soil loss in the fallow treatment
(T5), for each crop cycle. For each cycle, the rate
of water loss was also calculated by dividing the
depth of the runoff lost per treatment by the rainfall
depth.

The data of crop dry mass, residue soil cover,
soil loss and water loss were subjected to analysis
of variance in a completely randomized designin a
factorial arrangement. For analysis, the years/
cycles of each plant species were considered as
replications. Thus, the treatments consisted in
combinations of methods of soil correction and
fertilization with different cultivated plant species.
When necessary, Duncan’s test was applied to
compare the means of the two mentioned factors.
For purposes of standardization and stabilization
of variances, the individual values of soil loss were
logarithmized, as indicated by the method of Box-
Cox transformation. However, the averages were
presented in the original scale after application of
the inverse transformation. Analyses were
performed using SAS® software (SAS, 2003) at a
minimum significance level of 5 %. For the data of
rainfall depth, EI;,, ratio of soil and water loss, only
the mean and standard deviation for cultivation
were calculated. Simple regression was applied
between values of soil and water loss; soil loss and
erosivity; water loss and rainfall depth; and between
the values of rainfall depth and erosivity. In all
cases, the linear model y = a + b x was adjusted.
Regression consisted of adjusting the potential model
y = a xP to the values of dry phytomass and the
total amount of P and K applied to the soil, and the
exponential model y = a eP* to the data of total soil
losses and dry phytomass. Graphics and regressions
were prepared using the graphic software
SigmaPlot®.
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RESULTS AND DISCUSSION

There was no interaction between treatments and
crop cycles for the data of phytomass, soil cover, soil
loss and water loss and therefore, only the comparisons
for each variable are shown (Tables 2 and 3).

The dry mass of the aerial parts of the crops (DP)
increased 35 % from treatment T4 to T'1 during the
experimental period (Table 2), due to the larger
amount of replacement fertilizer applied to the soil in
T4. The variation between treatments in the periods
of corrective fertilization from the beginning of the
experiment contributed to this. This in turn,
influenced the soil cover and water erosion, by
affecting the soil physical characteristics, especially

Ildegardis Bertol et al.

the quality of the structure. The influence of
fertilization on DP production was also studied by
Santos et al. (2009), in whose work, without splitting
of fertilization, the authors observed an increased
amount of dry mass of soybean residue with increasing
fertilization applied to the soil.

The amount of DP varied widely between the crops
studied (2 to 15 Mg ha'!), while corn and oats produced
higher quantities than forage radish, black beans,
vetch, and soybeans (Table 2), as similarly reported
by Monegat (1991) and Calegari et al. (1993). These
data demonstrate that corn and oats are essential in
cultivation systems involving crop rotation, to increase
the crop mass and stabilize the soil cover. With this,
the no-tillage system that depends fundamentally on

Table 2. Dry crop mass and surface cover in each crop and crop cycle, in the treatments (T) with soil
cultivation on a Humic Dystrupept soil, between March 2003 and April 2013

T1® T2 T3 T4 T1 T2 T3 T4

Crop Cycle
Dry crop phytomass Soil cover
Mg ha! m? m?
Oats 15t 8.2 7.8 8.1 7.5 1.00 1.00 1.00 1.00
Soy grd 5.5 5.0 4.2 4.9 1.00 1.00 1.00 1.00
Vetch ard 5.2 4.9 4.8 4.6 0.98 0.95 0.95 0.93
Maize 4th 6.8 6.5 7.2 7.8 1.00 1.00 0.98 0.95
Radish 5th 5.0 4.7 4.6 4.4 1.00 1.00 1.00 1.00
Black beans 6th 5.9 6.1 4.9 4.8 0.95 0.95 0.92 0.93
Vetch 7th 5.5 5.4 5.0 4.8 1.00 1.00 0.97 0.98
Maize gth 9.5 9.2 8.8 7.8 1.00 1.00 1.00 0.95
Oats gth 8.5 8.3 8.0 7.0 1.00 1.00 1.00 0.92
Soy 10t 5.8 5.5 5.2 4.9 1.00 1.00 1.00 0.90
Radish 11th 6.5 6.3 6.0 5.5 0.98 0.95 0.94 0.88
Black beans 12t 6.5 6.4 5.9 5.8 1.00 0.98 0.97 0.85
Vetch 13t 5.8 5.6 4.7 4.0 0.99 0.96 0.93 0.82
Maize 14th 8.8 8.5 8.2 7.8 1.00 1.00 1.00 0.75
Oats 15t 7.5 7.0 6.5 6.0 0.95 0.93 0.90 0,88
Soy 16t 4.9 4.7 4.5 3.5 1.00 1.00 0.94 0.70
Radish 17th 7.0 6.5 5.5 2.0 1.00 1.00 1.00 0.60
Black beans 18th 4.8 4.7 4,5 2.5 1.00 1.00 1.00 0.60
Vetch 19t 5.9 5.8 5.3 3.6 0.93 0.90 0.88 0.55
Maize 20th 15.0 13.3 8.3 3.8 0.91 0.91 0.91 0.89
Total 138.6 132.2 120.2 103.0 - - -
Average 6.9 A 6.6 AB 6.0 BC 52 C 0.98 A 0.98 A 0.96 A 0.85 B
SD® 2.3 2.1 1.5 1.7 0.27 0.34 0.40 0.14
Average phytomass (Mg ha') Average cover (m? m?)

Maize 8.6 A Oats 0.97 A
Oats 7.5 A Soy 0.96 A
Forage radish 5.3 B Maize 0.95 A
Black beans 5.2 B Forage radish 0.95 A
Vetch 51B Black beans 0.93 A
Soy 49B Vetch 0.92 A
CV (%)® 22.2 CV (%) 8.8

@ T1; T2; T3; T4; T5: as described in Materials and Methods. @ SD: standard deviation. ® CV: coefficient of variation.
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Table 3. Soil and water loss in each cultivation and crop cycle, in the treatments (T) with and without soil
cultivation on a Humic Dystrupept soil between March, 2003 and April, 2013

T1® T2 T3 T4 T5 T1 T2 T3 T4 T5

Crop Cycle
Soil loss Water loss
kg ha'? % of the rain
Oats 15t 104 35 28 77 170 0.2 0.1 0.2 0.2 0.3
Soy gnd 157 74 65 85 24,450 0.5 0.2 0.4 0.4 7.3
Vetch grd 325 129 163 650 47,916 2.5 2.7 6.2 5.5 14.0
Maize 4 90 36 48 51 22,510 0.2 0.2 0.2 0.2 8.2
Radish 5t 232 70 195 404 72,319 1.4 2.0 4.7 6.5 16.1
Black beans 6t 17 9 14 59 36,055 0.6 0.4 0.4 0.4 19.9
Vetch 7th 105 55 91 128 10,663 0.8 1.3 3.6 2.5 9.6
Maize gth 163 40 66 116 27,996 1.6 0.8 1.4 1.3 18.7
Oats 9t 122 337 238 555 28,809 1.5 1.2 2.3 1.8 20.0
Soy 10t 790 550 387 293 61,431 0.7 0.5 0.6 0.5 15.5
Radish 11t 126 152 122 591 28,238 4.6 4.3 10.0 10.5 19.2
Black beans 12th 22 10 7 8 37,155 1.1 0.7 1.0 1.0 24.0
Vetch 13th 602 395 217 297 40,233 3.7 2.9 7.6 9.6 19.8
Maize 14t 80 13 31 1,706 49,476 1.3 1.1 2.8 3.0 28.2
Oats 15t 291 106 348 541 22,546 5.8 6.8 11.1 9.9 23.5
Soy 16 26 36 73 112 77,826 4.4 4.9 9.0 8.2 28.1
Radish 17t 226 97 506 1,237 50,114 12.5 9.6 14.3 21.4 28.1
Black beans 18t 36 30 33 82 15,189 1.6 1.8 4.1 4.2 9.6
Vetch 19t 9 9 36 31 19,916 3.4 2.6 5.2 5.2 7.7
Maize 20th 24 15 15 48 62,747 0.7 1.3 1.1 1.4 16.6
Total 3,547 2,198 2,683 7,071 735,759 2.5 2.3 4.3 4.7 16.7
Average 177 BC 110C 134 C 354 B 36.78 A 2.5 B 2.3 B 4.3 B 4.7B 16.7 A
SD@ - 201 147 141 443 20838 2.9 2.5 4.2 5.3 7.8
Average soil loss (kg ha™) Average water loss (% of the rain)

Forage Radish 1,424 A Forage Radish 11.0 A
Soy 868 AB Soy 5.8 B
Vetch 768 AB Vetch 5.7B
Oats 550 AB Oats 5.4 B
Maize 533 ABC Maize 4.7B
Black beans 346 C Black beans 4.5 B
CV (%)® 21.5 CV (%) 4.5

M 1, T2; T3; T4; T5: as described in Materials and Methods. ® SD: standard deviation. ® CV: coefficient of variation.

a high DP production and soil cover to be considered
a soil conservation system, becomes viable.

The soil cover by mass of aerial plant parts (SC)
varied less than the DP between the treatments
(Table 2), It decreased by 13 % from T1 to T4 in the
mean of the evaluation period, and varied from 0.55
t0 0.1 m2 m2between the crops. The smaller numeric
variation in SC than in DP can be explained by the
fact that the former depends more on the
management form and distribution of crop residues
on the soil surface, while the latter depends more on
the amount and type of phytomass, as shown by
Lopes et al. (1987), which justifies the statistical
equality of SC between crops. The SC is the main
factor of dissipation of the kinetic energy of raindrops
(Wischmeier & Smith, 1978) and of reduction of

water erosion in soill management systems. It should
therefore be increased, especially in the case of no-
tillage systems, where soil roughness is low and
the surface layer is generally thickened.

Soil losses (SL) were low in the treatments T1,
T2, T3 and T4 in all crops, with few exceptions (Table
3), compared to the soil loss tolerance estimated by
Bertol & Almeida (2000) for this soil, agreeing with
data obtained by other authors in studies of this
nature, in no-tillage systems (Bertol et al., 1997; Leite
et al., 2004; Amaral et al., 2008). The SL values
showed a wide variation between 7 and 1706 kg ha'?
in treatments with soil cultivation, determined by the
effect of treatment, crop type and rainfall erosivity
(Table 4). In T5, where the soil was left fallow
throughout the whole evaluation period, the values of
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SL were high from the second crop onwards compared
to the values estimated by Bertol & Almeida (2000),
i.e., ranging from 10,663 to 77,826 kg ha'! in this
period (Table 3). High values of losses from bare soil
were also reported by Schick et al. (2000), Amaral et
al. (2008) and Schick et al. (2014b), in experiments
with the same soil type. The high soil losses in T5 are
explained by the absence of a crop and soil cover, which
intensified the erosion process by the impact of the
raindrops and runoff, causing the detachment and
transport of soil particles.

The forms of application of lime and corrective
fertilizers and the amount of fertilizer replacement
applied to the soil caused high variation of SL between
treatments T1 and T4 in the average of the
experimental period (Table 3), reflecting, in part, the
effect of the variation in DP and SC. Thus, these two
treatments affected soil losses by water erosion, due
to their effect on the crop mass production, as well as
on the soil cover, as also reported by Bezerra et al.
(2006), Costa et al. (2008) and Seixas (2012). The
treatments T1, T2 and T3 were more effective in
controlling SL than T4, in the average of the trial
period. Thus, the application of lime and corrective
fertilizers incorporated into the soil (T'1) or on the
surface (T2 and T3) and distributed over five (T2) and
three (T3) years, resulted in a better control of soil

Table 4. Rainfall depth and erosivity for each crop
and crop cycle, on a Humic Dystrupept soil,
between March 2003 and April 2013

Crop Cycle Rainfall depth Erosivity (El;;)
mm MJ mm ha'h'!
Oats 1% 389 872
Soy ond 720 2,386
Vetch grd 845 2,538
Maize 4th 534 1,549
Forage radish 5% 1,234 3,724
Black beans 6th 462 1,787
Vetch 7th 464 654
Maize gth 768 2,716
Oats gth 825 1,603
Soy 10t 691 3,041
Forage radish 11% 812 1,556
Black beans 12t 415 1,486
Vetch 13t 1,049 2,815
Maize 14%h 819 3,146
Oats 15t 944 2,469
Soy 16th 833 5,190
Forage radish  17% 762 2,075
Black beans 18t 376 1,539
Vetch 19t 446 1,204
Corn 20t 589 2,058
Average - 699 2,220
SD - 236 1,030

SD: standart deviation.
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losses than surface application and distribution over
two years. This effect did not occur in regards to the
control of water loss, comparing these treatments,
mainly because there was no difference regarding SC.

In bare soil (T5), soil losses (Table 2) were 29.3 %
higher during the spring/summer, determined by
rainfall erosivity (Table 3) which, in this period of the
year, were 27.6 % higher than in autumn/winter, in
the mean of the crop cycles. The water losses (WL), on
the other hand, were 1.8 % higher in spring/summer,
while the rainfall depth was 20 % lower. Thus, the
difference in PS was due to rainfall erosivity while in
PA, this difference was probably due to the average
rainfall intensity, which is usually lowest in the fall/
winter in this region, as stated by Schick et al. (2014a).

Water losses (WL) were low in treatments T1, T2,
T3 and T4 in all crop cycles (Table 3), with some
exceptions, following the same trend of SL (Table 3),
in agreement with data obtained by other authors in
works of this nature under no-tillage system (Schick
et al., 2000; Amaral et al., 2008). Water losses varied
less than SL in the treatments with cultivation, in
between 0.1 and 21.4 % of the rains; this variation
was determined by the effect of crop type and rainfall
depthfall (Table 4). In T5, the PA values were highest
from the 274 crop on, ranging, in this period, between
7.3 and 28.2 % of the rains. High water losses from
bare soil were also observed by Schick et al. (2000),
Amaral et al. (2008) and Schick et al. (2014b). Smaller
variations in water than in soil losses were stated in
most studies of this nature, e.g., Lopes et al. (1987),
Carvalho et al. (1990), Amaral et al. (2008) and Barbosa
et al. (2012), in accordance with the principles
presented by Kohnke (1968).

The depth and erosivity (Elgy) of the rains had
normal variation in the evaluation period, with
averages of 699 mm for rain and 2,220 MJ mm ha1h'!
for erosivity, per crop cycle, with a standard deviation
of 236 and 1030, respectively (Table 4). The Elg is
influenced primarily by the rainfall intensity in the
various segments and its maximum intensity in 30
min and, secondarily, by the total rainfall depth
(Wischmeier & Smith, 1978), which justifies its
temporal variation. Considering two crop cycles per
growing season, doubling the average values per
cultivation of rainfall depth (699 mm) and of Elg,
(2,220 MdJ mm ha! h'!), annual values of 1,398 mm
of rain and of 4,440 MdJ mm ha! h-! for erosivity are
estimated for the experimental site. These values are,
respectively, 9 and 12 % lower than those obtained by
Schick et al. (2014a) for the period between 1989 and
2012 at the same location.

The ratio of soil (RSL) and water loss (RWL) is a
good indicator of the efficacy of a particular
management system, in terms of the ability to reduce
water erosion in relation to a condition of continuously
fallow and bare soil (Wischmeier & Smith, 1978). The
data in table 5 indicate high efficacy of the treatments
with soil cultivation to control water erosion. Among
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Table 5. Rate of soil and water loss in each crop and crop cycle in the treatments (T) with and without soil

cultivation, on a Humic Dystrupept soil, between March 2003 and April 2013

T1® T2 T3 T4 T5 T1 T2 T3 T4 T5
Crop Cycle
Rate of soil loss Rate of water loss

Oats 15t 0.612 0.206 0.165 0.453 1 0.002 0.001 0.002 0.002 0.003
Soybean gnd 0.006 0.003 0.003 0.003 1 0.005 0.002 0.004 0.004 0.073
Vetch grd 0.007 0.003 0.003 0.014 1 0.025 0.027 0.062 0.055 0.140
Maize 4th 0.004 0.002 0.002 0.002 1 0.002 0.002 0.002 0.002 0.082
Radish 5th 0.003 0.001 0.003 0.006 1 0.014 0.020 0.047 0.065 0.161
Black bean 6% 0.000 0.000 0.000 0.002 1 0.006 0.004 0.004 0.004 0.199
Vetch 7th 0.010 0.005 0.009 0.012 1 0.008 0.013 0.036 0.025 0.096
Maize 8th 0.006 0.001 0.002 0.004 1 0.016 0.008 0.014 0.013 0.187

Oats gth 0.004 0.012 0.008 0.019 1 0.015 0.012 0.023 0.018 0.200
Soybean 10t 0.013 0.009 0.006 0.005 1 0.007 0.005 0.006 0.005 0.155
Radish 11t 0.004 0.005 0.004 0.021 1 0.046 0.043 0.100 0.105 0.192
Black beans 12% 0.000 0.000 0.000 0.000 1 0.011 0.007 0.010 0.010 0.240
Vetch 13t 0.015 0.010 0.005 0.007 1 0.037 0.029 0.076 0,096 0.198
Maize 14 0.002 0.000 0.000 0.034 1 0.013 0.011 0.028 0.030 0.282
Oats 15t 0.012 0.005 0.015 0.024 1 0.058 0.068 0.111 0.099 0.235
Soybeans 16t 0.000 0.000 0.001 0.014 1 0.044 0.049 0.090 0.082 0.281
Radish 17th 0.005 0.002 0.010 0.025 1 0.125 0.096 0.143 0.214 0.281
Black bean 18% 0.002 0.002 0.002 0.005 1 0.016 0.018 0.041 0.042 0.096
Vetch 19t 0.000 0.000 0.002 0.002 1 0.034 0.026 0.052 0.052 0.077
Maize 20th 0.000 0.000 0.000 0.001 1 0.007 0.013 0.011 0.014 0.166
Average 0.035 0.013 0.012 0.033 1 0.025 0.023 0.043 0.047 0.167
SD® 0.136 0.045 0.036 0.099 0 0.029 0.025 0.042 0.053 0.078

M T1; T2; T3; T4; T5: as described in Materials and Methods. @ SD: standard deviation.

them the treatments T2 and T3 were particularly
efficient in controlling soil loss and T1 and T2 in
controlling water loss, being the most efficient on the
average of the experimental period. Therefore, the
application of lime and corrective fertilizers distributed
over five (T2) and three (T3) years since the
establishment of the experiment in soil surface
applications, was more advantageous than the other
ways of applying the correctives, in regards to the
creation of conditions for the control of soil losses in
no-tillage systems. The greater efficacy of T1 compared
to the other treatments for the control of water loss is
explained by the greater amount of phytomass
produced in that treatment (Table 2).

The soil losses by erosion were explained by the
water loss (Figure 1a) agreeing with Bertol et al. (2013)
and by the erosivity (Elzg) of rainfall (Figure 1b) in
the condition of uncovered and untilled soil, according
to Wischmeier & Smith (1978), by simple linear
regression for the bare soil. The difference of
significance between the two relations indicates that
the erosivity (El;5,) of the rain effectively has greater
influence on soil losses (R2 = 0.66"") than runoff alone
(R? = 0.36%), as reported in Wischmeier & Smith
(1978), in the case of bare soil. The inclination value
of the straight line in figure 1b (0.0160) indicates an
approximation of the erodibility index of the soil (K

factor of Universal Soil Loss Equation - USLE), whose
value approach the value determined by Schick et al.
(2014b) for the same soil, with data for the period
between 2002 and 2012.

Water losses were related weakly with rainfall
depth on bare soil without cultivation (Figure 1c). This
indicates that other variables of soil surface explain
the largest of the water losses, which demonstrates
the complexity involved in the study of erosion, given
the number of factors influencing this phenomenon,
according to Wischmeier & Smith (1978). The values
of rainfall depth explained the erosivity (Elsy), ata 5
% significance level (Figure 1d). The value of Elj,
calculated at 5,190 MJ mm ha! h'! due a rainfall of
833 mm (Table 4), measured in one of the soybean
crops, was the only point in figure 1 responsible for
the lowering of the significance from 1 to 5 % in this
relation. This type of dispersion that occurs when
relating data of El 5, index and rainfall depth is normal,
as already noted by other authors (Santos &
Montenegro, 2012; Oliveira et al., 2012; Schick et al.,
2014a) because of the large temporal variability in
the characteristics of the rain, which, sometimes, do
not correspond to the variability in the Elj5,.

The phytomass production was explained by the
amount of fertilizer added to the soil at 1 % significance
level (Figure 2a). This positive correlation is explained

R. Bras. Ci. Solo, 38:1918-1928, 2014
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Figure 1. Relation between the values of soil losses (SL) and water losses (WL) (a); SL and erosivity (EI3,) of
rainfall (b); WL and rainfall depth (RD), involving data from bare and uncovered soil (T5) (c); and EI;,
and RD (d), on a Humic Dystrupept soil, between March 2003 and April 2013. **: significant at 1 %
(p<0.01) and * significant at 5 % (0.01<p<0.05).
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by the demand for nutrients for plant growth. This
type of soil is characterized by high leaching of bases
and high levels of exchangeable Al (Almeida et al.,
1997), resulting in a condition of low fertility. Thus,
fertilizer application significantly increases the
phytomass production. The soil loss had an
exponentially decreasing relation with the phytomass
at the 5 % significance level (Figure 2b), indicating
that the higher the phytomass production, left on the
surface, the smaller the soil losses, according to
Wischmeier & Smith (1978). These relations
demonstrate the importance of the application and
management of fertilizers to reduce the phenomenon
of water erosion of the soil due to the positive influence
on crop growth and development.

CONCLUSIONS

1. The split application of lime and mineral
fertilizer on the soil surface in no-tillage systems, over
three and five years, results in better condition for
the control of soil losses than split in two years.

2. Increasing the amount of fertilizer applied to
the soil surface under no-tillage increases phytomass
production and reduces soil loss by water erosion in
cultivated systems.

3. Water losses in treatments with soil cultivation
under no-tillage are low in all crop cycles, following
the same behavior of soil losses.
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