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ABSTRACT

The present research was carried out to investtbateelationship between the soil and water
losses due to water erosion, the phytotechnicaaspn olive tree management systems, in
consortium or not with cover crops in the southegion of the state of Minas Gerais; and also
study different cover crops plants monitoring methaising multispectral and conventional
images from digital cameras boarded in unmannedlaarhicle (UAV). Soil and water loss
were evaluated using the standard erosion plotky@getation cover monitoring was evaluated
using the vegetation indexes calculated from thmelbaf images generated by the UAVS. The
results obtained show that the vegetation indieeeted from the images obtained by UAV
showed to be more practical and efficient, allowihg monitoring with more frequency and
area coverage during the crop cycle. In additibe, tbtal vegetation cover index presented
better performance in soil loss prediction anchmmdetermination of Factor C in the Universal
Soil Loss Equation (USLE). The management plantssedium with olive cultivation
reconciles the phytotechnical and environmentakeispof the crop in the tropical region
aiming to the reduction of soil and water losses uwater erosion, especially in shallow soils
with low hydraulic conductivity and slopes.

Keywords: Soil conservation. Sustainability. Soil degradati



RESUMO

O presente trabalho foi realizada com o objetivestadar as relacdes entre as perdas de solos
e agua por erosao hidrica, os aspectos fitotégreaocosistemas de manejo do cultivo da oliveira
em consorcio ou ndo com plantas de cobertura naor&ul do estado de Minas Gerais, e
também estudar diferentes metodologias de moniemtondas plantas de cobertura usando
imagens de cameras digitais multiespectral e canveal embarcadas em veiculo aéreo nao
tripulado (VANT). A avaliacdo das perdas de soémea foi feita usando as parcelas padréo da
erosdo, e o monitoramento da cobertura vegetateftn usando os indices de vegetacao
calculados a partir das bandas de imagens gerabtess\PANT. Os resultados obtidos mostram
que os indices de vegetacao gerados a partir demeabtidas por VANT mostraram ser mais
praticos e eficientes, permitindo o monitoramermtm enaior frequéncia e abrangéncia de area
durante o ciclo das culturas. Além de isso o indeeobertura vegetal total apresentou melhor
resultados na predi¢éo de perda de solo e na detgy@o de Fator C da Equacéo Universal de
Perda do Solo (USLE). O manejo de plantas de aatasrtconsorciadas com o cultivo da
oliveira concilia entre os aspectos fitotécnicasientais do cultivo na regido tropical visando
a reducao das perdas de solo e agua por eros@mahidtadamente em solos rasos, de baixa
condutividade hidraulica e declivosos.

Palavras chavesConservacao do solo. Sustentabilidade. Degraddg&olo.
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FIRST PART — GENERAL INTRODUCTION



1. INTRODUCTION

Brazil is currently the second largest importeolfe oil worldwide, classed just after
the United States of America. In 2017, Brazil intpdr59.5 thousand tons of olive oil. The
olive oil Brazilian importation reaches the threlshof 73.0 thousand tons in 2013, and it
marked an historical record, according to data fiten International Olive Council (I0C,
2017). This growth in the olive oil market showsgeeat agricultural potential for the
development of this culture. As a result, there easeat expansion of the olive cultivation in
the south of the state of Minas Gerais (Brazilytipalarly in the region of the Mantiqueira
Range (SILVA et al., 2012).

However, there is a great challenge regarding timtral of water erosion during the
crop cycle, with the aim to achieve a sustainabdelpction with a low cost. In Mediterranean
countries, water erosion is also a major probleoiiue groves, because the most olive orchards
are planted on steep slopes (GARCIA-RUIZ, 2010; GE2\t al., 2004; SASTRE et al., 2017).
Dotterweich (2013) reported that the earliest dpson of erosion phenomena was in olive

plantations in ancient Greece.

Water erosion is a natural process that begins thghdetachment of soil particles by
raindrop impact and/or overland flow. It occurshwat fast rate when it has compared to other
processes of soil formation (KOURGIALAS et al., Bpln addition, in agricultural soils with
different agricultural production systems, varieisdies have showed that the erosion rate is
higher than in soils with native vegetation (ANACHKEal., 2017; DOTTERWEICH, 2013;
MERTEN; MINELLA, 2013).

The continuous monitoring of the processes invgjwuarface water flow, sediment, and
solute flows is fundamental for understanding theienmental dynamics of water erosion.
However, obtaining this information is laboriougstly, consuming, and the results are
achieved in a long-term (GOVERS et al., 2017).

The introduction of olive plantation into new reggomay have negative impacts in the
environment (ZAMBON et al., 2018) . In additiontlaropic action changes the natural balance
between the soil and the vegetation cover, causmgrosion increase, sediment production
and water losses (GOVERS et al., 2017; OLIVEIRAIet2015) even in the areas where the

soils are considered to be resistant to water@nd&YER et al., 2015).
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In Mediterranean region, where the erosion is drteke@major causes of soil
degradation (PANAGOS et al., 2015), olive orchadsset on steep slopes with shallow

soils, where other crops would have low yields (NE2Z et al., 2014).

Studies conducted on olive plantations show thainthdequate management is among
the origins of erosion (FLESKENS; STROOSNIJDER, ZORAIRIS et al., 2013; LOPEZ-
VICENTE; ALVAREZ, 2018). According to Gémez et §2014) the soil losses ranges from
61 to 184 Mg ha-1 year-1 in the southern Spain,thede values tend to increase due to the
introduction of new management techniques, suchmashanization and weed control
(TAGUAS et al., 2015; VANWALLEGHEM et al., 2011)n Itropical regions the erosive
process may be more aggressive due to high raiafaflivity (AQUINO et al., 2012), that
makes soils more susceptible to erosion (CARVALHQ@Ig 2005).That can be particularly

problematic for shallow and highly erodible sofach as Cambisols.

The knowledge of the factors that control erosicocpsses become an important tool
for making decisions about the appropriate usesaidnanagement. Thus, it is necessary to
know the dynamics of the erosive processes andugmtdy their environmental impacts
(ANACHE et al., 2017; DOTTERWEICH, 2013).

The objectives of this study were to: 1) studyriblationships between soil and water
losses, and phytotechnical aspects of olive plamsin different management in the South of
the State of Minas Gerais (Brazil); 2) evaluatdeddnt methodologies for monitoring cover
plants using images from multispectral and conweati digital cameras boarded on unmanned

aerial vehicles (UAVS).
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2. THEORETICAL REFERENCE
2.1 Water erosion

Water erosion is one of the major factors of samhdation and reduction of
agricultural land worldwide (LAL, 2001), threategithe sustainability and productivity of
agroecosystems and human health (BREVIK et al.52GDVERS et al., 2017; NOVARA et
al., 2017).

Water erosion is a serious problem in Brazil, whids been reported by different
authors (AMARAL et al.,, 2008; ANACHE et al., 201 GUIMARAES et al., 2017;
WILLAARTS et al., 2016).

Particularly, in the south of the State of Minag&s where there is a dominance of
soil very susceptible to soil erosion (MENEZES le2814 ; PINTO et al., 2018). All of these
studies warn about the erosion problem, its cormstps on other environmental sectors,

showing the importance of adopting conservatioctmes.

Erosion processes are physically initiated by tisentegration of soil particles, under
the effect of kinetic energy of raindrops, caussugface runoff, transport and movement of
particles, and finally the deposition of partickleken kinetic energy decreased (BERTONI;
LOMBARDI NETO, 2014; KINNELL, 2016).

In erosive process, the superficial layer is pliyta completely eroded, depending on
the erosion intensity, causing reduction of theblerdayer, and therefore a reduction of soil
fertility and biodiversity (GARCIA-DIAZ et al., 200), as well as the impacts on biochemical
carbon cycles (QUINTON et al., 2010).

Sediments and nutrients are carried and depositéueilower areas of the landscape,
also the reducing in the infiltration rate and thereasing of water runoff, causing the
deterioration of water quality (BERTONI; LOMBARDIEIO, 2014).

Several erosion studies were developed in the sijitie State of Minas Gerais, some
of its are summarized in the table 1, which standtbe high susceptibility of Cambisols to
erosion, when it is comparing to the other soilssés. Cambisols are soils generally
characterized as shallow; occur in high slopes, festility, and with restrictions to water
infiltration (PEREIRA et al., 2010).
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The erosive processes are dynamics and complexéghair understanding requires
monitoring of soil and water losses over long tdomovercome the spatial and temporal
variability of the data (MICKELSON et al., 1983)s#essment of erosion is indispensable to
adopt the suitable management in agricultural systesince the soil is an irrecoverable
resource and its degradation will undermine thelpctvity of the system (ANACHE et al.,
2017).

The experimental study of erosive processes hazat gnportance to improve the
management of the agricultural production, in orttedook for a sustainable agriculture
(ANACHE et al., 2017; DOTTERWEICH, 2013).

In Brazil, Anache et g2017) noted that the number of erosion monitopigs has
been decreasing in the last 15 years. The samerau#iined that out of a total of 401 erosion

studies, about 50% of the experimental studies Baygars or less of monitoring data.

In Brazil, exponential expansion of agriculture ®m@es the primary environmental
aspect of sustainable management (OLIVEIRA et28l15). In this sense, there were several
studies in agricultural systems aiming at to evi@lwed soil and water losses combining different
management systems. Including, the evaluation wércorops performance in different soll
classes (CARDOSO et al., 2013; FREITAS et al., 2Q1®A et al., 2018). Such studies
showed that the best vegetation cover index waaged by the jack bean, promoting the best
soil protection compared to others (Millet; sunmipe corn) (CARDOSO et al., 2012; LIMA
et al., 2014). In the permanent plantation, (CARWL et al., 2007) observed good results of

cover crops in different coffee management systems.
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Table X Water erosion assessment studies conducted iesthplots in the southern state of Minas
Gerais (Brazil).

Study  Soilclass  Slope Erosivity Cover Soil loss Reference
period mnm?  MJmmhant 0P Mg Ha' period*
November Red- 0.12 8,768.04 BS 4.20 (LIMA et al.,
2011March Yellow M 1.86 2014)
2012  Argisol JB 1.38
JB-M 1.14
December Red- 0.12 3,388.00 SH 2.15 (CARDOSO
2007March  Yellow JB 0.24 et al., 2012)
2008  Argisol M 0.45
April 2003- Red 0.12 8,102.00 BS 67.24 (CARVALHO
March 2004 Latosol OCM 0.21 et al., 2007)
OCR 0.19
CCH 0.20
CCT 0.11
1998 -2002 Cambisol 0.15 4,865.00 BS 205.65 (SILVA et al.,
Latosol 0.12 BS 14.90 2005)
2013-2015 Argisol  0.27 6,469.00 BS 0.64 (BISP@ al.,
0.27 M 0.53 2017)
0.32 DP 0.06
0.32 WMP 0.06
0.31 RF 0.03

BS: bare soil; JB: jack bean; M: millet, JB-M: jabkan interleaved with millet; DP: Degraded pasture
WMP: Well-managed Pasture; RF: Reforestation; @dnshemp; OCM: organic coffee with manual
weeding; OCR: organic coffee with rotted weedingCHC coffee under conventional tillage using
herbicide; CCT: coffee under conventional tillagéwotted weeding.

2.2 The olive tree culture in Brazil

In recent years, the olive cultivation has reached regions, where are principally
situated in the tropics, in countries such as Alisir Peru, Colombia, some regions of Africa
and Brazil (ZAMBON et al., 2018). In Brazil, accard to Silva et al. (2012) olive plantation
areas is located in the Brazilian states of Rian@e and Minas Gerais. The latter last has been
considerable increase in olive planted areas, witipromised production, allowing the

increasing the planted areas and improving theymtozh techniques.
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The Mantiqueira Range Region presents the regidh the dominance of the olive
plantations in Minas Gerais, with the cultivar Agoéa (SILVA et al., 2012). The olive tree is
cultivated in shallow soils with low fertility inhe sloping landscape. Different factors may
interfere in the production of the olive tree, sashthe climatic conditions, because this crop
needs a cumulative of cold hours equivalent to moath with a low temperature at 10 ° C
(CARDOSO et al. , 2006).

2.3 The Mantiqueira Range Region

The Mantiqueira Range region is a region that hgeeat hydrological importance in
Brazil, where it localized large spring flow thatrins the great rivers of important state in
Brazil (S&o Paulo; Rio de Janeiro; and Minas Ggrais reported by Menezes et al. (2014),
the dominant pedologic class in the Mantiqueira earegion is Cambisol. These soils are
shallow soils, with low infiltration and very susatible to water erosion. According to Pinto et
al. (2018), the Cambisols in this region presehiga silt/clay ratio, and can develop crusting

when the vegetation cover is absent or removed.
2.4 Erosion in the olive orchard

In the early years of post-planting, the olive imaltion present a high risk of erosion
caused by the low vegetation cover, as well asitie spacing between olive plants, to allow
a good development of the plants. In additions tammonly cropped in poor soils with high
slopes (ESPEJO-PEREZ et al., 2013; IBANEZ et &l142.

The Mediterranean region that presents the regigimated from olive cultivation, but
also the region with the highest numbers of olree tultivation (SASTRE et al., 2017). In this
region, some authors consider that erosion comsrahe key for sustainable management
(AL-WADAEY:; ZIADAT, 2014; GOMEZ et al., 2014).

In other words, the crop management and the vegetaover index are the most
important factors causing erosion beyond rainfabeity and topography of the planting area
(GARCIA-RUIZ, 2010).

Several studies have examined the severity ofritte@an problem and the impact of the
type of management on the erosive process acdelergenerating a high rate of soil loss
(GOMEZ et al., 2004, 2006; GOMEZ et al., 2001; F¥S-ALCANTARA et al., 2016;
SASTRE et al., 2017).
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Studies conducted by Garcia-Orenes et al. (20@8%ider that the main cause of
erosion in olive plantations, besides natural fiesstes the inadequate management. Espejo-
Pérez et al. (2013) reported that the wrong presti@iming to remove the spontaneous
vegetation associated with olive plantations, iheoito reduce competition between olive and
spontaneous vegetation by light, water and nusjemm the other hand, these practices make
the soil more exposed to erosion.

2.5 Management types in the olive orchard

According to Garcia-Ruiz (2010), there are threegaries of management systems
used in olive orchard : conventional tillage witmtrol of spontaneous vegetation with plowing
for 3 or 4 times per year; the control of spontarseeegetation with herbicide; and the use of

the cover crops between the tree lines.

The cover crops play an important role in the réayigvater erosion in olive orchards,
and research investigations in olive orchards eroshow that the cover crops use is efficient
in reducing erosion. Studies in Spain olive plaotet show the importance of cover crops to
compensate the low cover rate of olive tree (GOMEZl., 2011; GOMEZ et al., 2009;
SASTRE et al., 2017).

The efficiency of erosion reduction by the covepps depends mainly on the
morphological characteristics of the plant (leaksshape; and angle of disposal relative to the
stem), speed of growth and soil aggregation cap&CASTRO et al., 2011). According to
Stocking (1994), there are many conservation prastibut the most efficient and adapted

practice with different management is the use thesccrops.
3. FINAL CONSIDERATIONS

The assessment of erosion processes has a greastange to improve the management
of agricultural crops, and to achieve sustainaftealture.

Olive cultivation presents low coverage, especiatlythe first years after planting,
making the soil exposed to water erosion, requiring adoption of management and
conservation practices.

The knowledge of the effect of cover crops on oplentations on water erosion in the
southern region of Minas Gerais is an immediatessity, considering that this fruit is in the

stage of expansion in this region.
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Article elaborated according to standards of thergific journal:Semina: Ciéncias
Agrarias

ARTICLE 1: Determination of vegetation cover index under diffeent soil management
systems of cover plants by using an unmanned aeriathicle with an onboard digital
photographic camera

Determinacédo do indice de cobertura vegetal em sishas de manejo do solo com plantas
de cobertura, utilizando veiculo aéreo nao tripulad com camera fotografica digital
embarcada

Abstract

The permanent monitoring of vegetation cover is artgnt to guarantee a sustainable
management of agricultural activities, with a reletvrole in the reduction of water erosion.
This monitoring can be carried out through difféi@dicators such as vegetation cover indices.
In this study, the vegetation cover index was oi#di using uncalibrated RGB images
generated from a digital photographic camera orummanned aerial vehicle (UAV). In
addition, a comparative study with 11 vegetatiatiagas was carried out. The vegetation indices
CIVE and EXG presented a better performance andirtdex WI presented the worst
performance in the vegetation classification duthregcycles of jack bean and millet, according
to the overall accuracgnd Kappa coefficient. Vegetation indices were @ife tools in
obtaining soil cover index when compared to theddad Stocking method, except for the
index WI. Architecture and cycle of millet and jao#an influenced the behavior of the studied
vegetation indices. Vegetation indices generatethfRGB images obtained by UAV were
more practical and efficient, allowing a more frequmonitoring and in a wider area during
the crop cycle.

Keywords: Vegetation cover index. RGB image. Vegetation xadénmanned Aerial Vehicle.

Resumo

O monitoramento permanente da cobertura vegetahpbriante para garantir o manejo
sustentavel das atividades agricolas, com releyaaypel na reducéo da erosao hidrica. Este
monitoramento pode ser realizado por meio de difeseindicadores, como os indices de
cobertura vegetal. Nesse artigo o indice de colzede vegetacao foi obtido usando imagens
RGB néao-calibradas, geradas a partir de camergrfdtoa digital embarcada em um veiculo
aéreo nao tripulado (VANT). Além disso, foi feitmmuestudo comparativo de 11 indices de
vegetacdo. Os indices de vegetacdo CIVE e EXGapsam melhor desempenho e o indice
WI apresentou o pior desempenho na classificac&eglketacado durante o ciclo das culturas de
feijdo-de-porco e milheto, conforme a acuracia alab o coeficiente Kappa. Os indices de
vegetacao se apresentaram como uma ferramenta pficabtencdo dos indices de cobertura
de solo, quando comparados ao método padrao d&irgjpexceto para o indice WI. A
arquitetura e o ciclo das culturas milheto e dteijle-porco influenciaram no comportamento
dos indices de vegetacéo estudados. Os indicesgeéagdo gerados a partir de imagens RGB
obtidas por VANT mostraram ser mais praticos deites, permitindo o monitoramento com
maior frequéncia e abrangéncia de area durantdmdas culturas.

Palavras-chave:indice de cobertura vegetal. Imagem RGB. indiceveigetacdo. Veiculo
Aéreo Nao Tripulado.
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Introduction

The permanent monitoring of vegetation cover isangnt to guarantee a sustainable
management of agricultural activities, with a reletvrole in the reduction of water erosion
(CARDOSO et al., 2012; FAUSTOLO et al., 2017; GUIRAES et al., 2017; SPERANDIO
et al., 2012). This monitoring can be carried qudifferent indicators (CARDOSO et al., 2012;
LIMA et al., 2014; MARRERO et al., 2009; PASSOSaét 2015) such as vegetation cover
indices, which represent the percentage of arearedvby vegetation in relation to the total
surface area of study (ZHONGMING et al., 2010).

In this context, different methods can be usecetemine vegetation cover index such
as the Stocking method (STOCKING, 1994) or unmanaedal vehicles (UAV) onboard
camera (CARUSO et al., 2017). By the Stocking metimeasurements are performed in situ,
providing relevant information, but with high detayn data acquisition and a low spatial cover
of the area. On the other hand, unmanned aeriatlesHUAVs) and onboard digital cameras
have low operating costs, allowing a fast data estiipn with a significant spatial cover, whose
images and by-products are obtained in a simple (BBNDIG et al., 2015). Another
advantage is a higher temporal resolution, whiavides important subsidies for decision-
making (YU et al., 2013).

When comparing images obtained by multi or hypeaspecameras with those by RGB
(Red Green Blue) on UAV, the latter carries limigggectral information. In contrast, its more
affordable price, high spatial resolution (centiens}, as well as the possibility of obtaining
different vegetation indices in the visible spegstrbhave increased its use, and studies are
needed to better define methodologies and indioeglifferent vegetation cover situations
(DANDOIS et al., 2015).

Vegetation indices are formed from combinationspctral values aiming at obtaining
a single value, which allows easily interpreting tjuantity or quality of the vegetation within
a pixel (CAMPBELL; WYNNE, 2013). Furthermore, thasdices have been used to estimate
the vegetation cover in pixel-based images, whidtude vegetated or non-vegetated areas.
According to Torres-Sanchez et al. (2014), onceiritteges have a high resolution, in which
each pixel covers only the vegetation or bare Hul proportion of pixels with this information

combined is reduced.
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Regarding the vegetation cover index, Cardoso.ef2él12) assessed jack bean and
millet as cover crops and observed different sisbés due to water erosion as a function of
different soil protection. Thus, changes in vedetatover directly affect the surface runoff
rate (SANTOS et al., 2000). Considering the impuréaof these cover plants and the lack of
information regarding their vegetation cover dynesnthis study aimed to calculate and assess
different vegetation indices of the visible spegtrand determine the vegetation cover index

from aerial images obtained by UAVs in managemsgsitesns of cover plants.
Material and methods
Study area

The experiment was conducted in the Federal Untyes§ Lavras (UFLA) in Lavras,
Minas Gerais, Brazil, located between the cooréma°120” S and 44°587" W and with
an average altitude of 925 m. The study area cus plots 4.0 m wide and 12.0 m long
(Figure 1). Treatments consisted of a bare som{vegetation class) and the crops jack bean
(Canavalia ensiformid..) and millet Pennisetum glaucurh.) (vegetation class), with three

replications each. Cover plants were manually sainthe beginning of November 2015.

Figure 1. Orthophoto of the experimental plots with the tmeents jack bean, millet, and bare
soil.

Millet

D Jack bean

0 37575 16Melers
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Image acquisition by UAV

Image acquisition was performed by using the unredreerial vehicle (UAV) DJI
Phantom 3 professional, serial number: p76ddcl18b@glster certificate non-recreational at
the National Civil Aviation Agency of Brazil (ANAGChumber PP-011111110, according to
the methodology proposed by Bendig et al. (201%5) wicamera resolution of 12 megapixel.
The photographic parameters were an aperture &, féhutter speed of 1/290 s, I1ISO of 100,
white balance of 4500 K, and focal length of 3.6 .nkitights were carried out during the crop
cycle at 5, 15, 30, 75, 105, and 135 days afteirsp@DAS) (Figure 1).

Six flights with a height of 15 m were carried dabr image georeferencing, 18 control
points were used. Between 150 and 200 photos weoeded per flight with 80% overlap. In
the next step, the program PhotoScan Prol.2.6 (B6TS 2017) was used for image

processing.
Vegetation indices

Nine indices and two combinations were used inghudy. RGB bands were normalized
to calculate the chromatic levels (ARROYO et al0l@ WOEBBECKE et al.,, 1995)
(Equation 1).

r=— R g=— % _ andb=— R )
R+G+B R+G+B

R+G+B
Where r, g, and b are the normalized values ofbdnads R (red), G (green), and B (blue),
respectively.
In order to find the best optical contrast betwpkamts and soil and discriminate them
automatically, the indices Excess Green (ExG) (Hgna2) and Woebbecke Index (WI)
(Equation 3) were used according to Woebbecke ¢€1995).

ExG=2g-r-b (2
_9-b
Wl ==——
P 3)

The index Excess Green Minus Excess Red (EXGRpgsed by Meyer and Neto
(2008) (Equation 4), was used to distinguish pleastopy from different soil or residue
backgrounds.

EXGR = EXG- 1.4r- ¢ (4)
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The index Color Index of Vegetation (CIVE) (KATAOKAEL al., 2003) was based on

the principal component analysis of the informaontained in the RGB bands (Equation 5).
CIVE =0.441r- 0.881g- 0.385h 18.787 (5)

For estimating the vegetation fraction, the Norzedi Green-Red Difference Index

(NGRDI) was used (GILABERT et al., 2002) (Equat®)n
NGRDI = 2R (6)
G+R

Based on the physical study of the image, MarchadtOnyango (2000) developed the
Vegetativen index (VEG) (Equation 7).
-9
VEG=— G5 (7)

where a is a constant with a reference value &10.6

Using different results obtained in studies ondfegementioned indices, Guijarro et al.
(2011) proposed the indices COMB1 and COMB2 (Equat8 and 9).

COMB1= 0.25ExG- 0.3EXGR 0.33CIVE 0.12VE (8)
COMB2= 0.36ExG- 0.47CIVE 0.17VE 9

In addition, the indices Ratio Green/Red (GR) (EiumalO) and SAVI green (SAVI)
modified by Li et al. (2010) (Equation 11) weretégs

G
GR=— 10
- (10)

15%(G-R)

SAVI =
(G+R+0.5)

(11)

In this study, the index hue (HUE) was also usedstituting one of the components of
HSV (Hue, Saturation, Value) color space. HSV modefines a color space in three
components: hue (HUE), which determines the typeadr and varies from 0 to 360°;
saturation (S), which shows the color vibration aades from 0 to 1; and value (V), which is
the color brightness and ranges from 0 to 1. HUE determined using the methodology

proposed by Purcell et al. (2011) (Equation 12).
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If max(R,G,B = R, HUE=60f( G — B( mdx R,G)B - nfin R,GIB
If max(R,G,B = G,HUE = 60{* 2r{( B —R)/[ ma{ R,G,B — mif R,G,E}} (12)

ifmax(R,G,B = B, HUE=60f 4{( R — B[/ m§x R,G)B - rfin R,G [}
Assessment of vegetation indices to generate uegetdasses

Initially, from the mosaic of six orthophotos, 1@8nhdom points were extracted with
values of vegetation indices for each of the niteasp These values were submitted to the
logistic regression in order to generate probahititervals from 0 to 1, as Equation 13 (HILBE,
2009):

_ 1 _
I:)_(1+e‘z)’ 2=hrhx )

where P is the probability of an event, which,histcase, is vegetation or non-vegetation, z is
the linear function of the exploratory variable b, is the intercept, and:lis the angular
coefficient. Thus, from the values of z for eaclyetation index, the value P = 0.5 served as a
limit to distinguish vegetation classes (vegetattomon-vegetation) (JAFARI GOLDARAG

et al., 2016). Since the data has a binary, thistiogegression is adequately applied to the
data.

For validating the vegetation classes, 50 randonmtpowvere extracted from the
orthophotos containing vegetation classes for @dat Classification accuracy was obtained
by calculating the Kappa coefficient (LANDIS; KOCH977) and overall accura¢iyOODY,
2010).

Cover index calculation

Two methods were used to calculate the vegetatwarandex. The first method used
the methodology proposed by Stocking (1994) dudrap cycle (jack bean and millet) in
relation to the days after sowing (DAS).

In addition, the vegetation cover index was deteedifor each vegetation index
(generated by logistic regression) (CI VI) (Equatict).

Pixelsclassifiedasvegetatio
Totalpixelsof theplot

ClVl=

(14)
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The comparison between the cover indices was pedoiby means of linear regression
(coefficient of determination,3Rand Pearson correlation, in addition to the datan of the
residual sum of squares (RSS) for each plot (FERREROOS).

Results and discussion
Assessment of vegetation indices in the visible

Figure 2 shows that the maps generated from thdéications of RGB bands allowed
recording the variability of responses of vegetatialices in relation to vegetation in each plot.
Table 1 shows the descriptive statistics of vegmtandices for different classes (vegetation or

non-vegetation).

The indices WI and HUE presented a higher variagiod high values of the standard
deviation when compared to the others. Moreovés gbssible to observe the contrast between
indices when analyzed for vegetation and non-veéigeteconsidering their average values and
respective standard deviation. Thus, most of tlkéces presented a difference between the
average values in each class (Table 1). This neiefothe potential of the indices in
discriminating different types of vegetation covEne indices GR, HUE, and WI, on the other

hand, did not present an adequate distinction letwiasses.

Torres-Sanchez et al. (2014) assessed the aconffaegetation indices and obtained
average values of vegetation index limits around1018.73, 6.12, 9.05, 0.16, 5.21, 1.17, and
—-0.79 for NGRDI, CIVE, COM1, COM2, EXG, WI, VEG, diEXGR, respectively. The index
WI found in our study stood out with a great diffiece between the results of the
aforementioned study, unlike the other indices,civlpresent little difference. Saberioon et al.
(2014) found average values of 0.002, 0.471, akdfor NGRDI, EXG, and EXGR,
respectively, in rice. These values are in linehvittose obtained in our study. On the other
hand, Hunt (2005) found an average NGRDI value .660n corn and 0.13 in soybean.
Motohka et al. (2010) analyzed time variation & thdex NGRDI for 4 years and found values
ranging from 0.371 to —0.112. In our study, theem@® GRDI presented an amplitude between
0.25 and -0.46.
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Figure 2. Maps of the visible vegetation indices CIVE @DPMB1 (b), COMB2 (c), ExG (d),
EXGR (e), GR (f), HUE (g), NGRDI (h), SAVI (i), VE@), and WI (k) calculated on February
2, 2016 from the RGB composition.

Meters




29

Table 1 Descriptive statistical analysis of vegetatiodices visible in both vegetation and
non-vegetation classes.

Mean SD Maximum Minimum

Parameteér

VC NVC VC NVC VC NVC VC NVC
CIVE 18.63 18.77 0.09 0.03 18.92 18.91 18.18 18.44
COMB1 6.23 6.04 0.15 0.04 7.46 6.74 5.80 5.82
COMB2 9.16 8.99 0.15 0.03 10.48 9.74 8.90 8.89
EXG 0.33 0.01 0.21 0.06 1.38 0.79 -0.31 -0.29
EXGR -0.66 -0.92 0.20 0.08 0.39 -0.35 -151 -1.43
GR 1.18 0.80 0.36 0.09 6.00 1.54 0.33 0.37
HUE 61.63 34.29 30.64 37.89 133.33 358.33 0.17 0.00
NGRDI 0.06 -0.12 0.13 0.06 0.71 0.21 -0.50 -0.46
SAVI 0.09 -0.17 0.20 0.09 1.06 0.32 -0.74 -0.69
VEG 1.67 0.98 0.68 0.14 8.47 4.66 0.69 0.65
Wi -1.80 1.43 12.46 4.27 171.00 55.00 -96.00 -69.00

1 SD: standard deviatioAVC: vegetation class, NVC: non-vegetation class.

Figure 3 shows the Violin Plot of each class (vatieh or non-vegetation) in relation
to vegetation indices, allowing a better preseatatf the variability of point distribution of
indices in each class. The indices WI, VEG, andg®&sented a similarity in the distribution
of both vegetation and non-vegetation classes, stéttistically equal median values in each of
them, demonstrating their low performance. The oimgices presented the same tendency of
point distribution, with a great amplitude in thegetation class and a low variability in the
non-vegetation class, showing a concentration oftpan the median. As a consequence, these

indices may present good classifiers.
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Figure 3. Violin plot of the vegetation indices CIVE (a)O®B1 (b), COMB2 (c), ExG (d),
EXGR (e), GR (f), HUE (g), NGRDI (h), SAVI (i), VE@), and WI (k) in relation to vegetation

(VC) and non-vegetation (NVC) classes.
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The curve shape of the logistic regression modelr (3 curves) is shown in Figure 4.

The type of relationship between the binomial @daand the vegetation index response

related to bvalue is shown in Table 2. When thevalue is positive (t»0), as in the indices
COMB1, COMB2, and EXG, the relationship is direeteeen both variables, but it is likely

to be classified as vegetation when the index visluaised. When the opposite occurs, i.e. the

b: value is negative (k0), as in the indices CIVE and WI, their relatwith vegetation class

is inverted (Figure 4).
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Figure 4. Logistic regression models of the vegetation iegi€IVE (a), COMB1 (b), COMB2
(c), ExG (d), EXGR (e), GR (f), HUE (g), NGRDI (I§AVI (i), VEG (j), and WI (k) in the
visible.

(<)

(a)
1.004

()
0.751 ]
0.50- ;
0.25- ]
) v @
60 65 70

0'00- T I. T T
182 184 186 188

75 90 95 100 105

(d) (e) ()

1.00 1 1

0.754 1 1

0.50 1 1 1

0.25 1 1l
1]
[
R OO0 iembmmmn o o e s isems
% 00 05 1.0 -5 -1.0 -05 0.0 2 4 6
s (2) (h) (i)
s
[}
(=]
)
>

0 100 200 300 - 05 00 05 1.0

5

1.004 & h

0.75 9 1

0.50 T 1

0.25 b 1

0.001 [ ) - [ E [
0.5 0.0 0.5

0.00 T .u 2 T 2 .-'I_I_|_|
2

4 6 8 -100 50 50 100
Value of vegetation indices

() _ )
0

Table 2. Parameters of the logistic regression modelsdoheegetation index in the visible.

Parametér bo b1 Limit values p value
NGRDI 0.612 18.856 -0.032 <0.001
EXG -2.304 18.357 0.126 <0.001
CIVE 788.240 -42.110 18.719 <0.001
EXGR 11.220 13.910 -0.807 <0.001
Wi -0.237 -0.069 -3.439 <0.001
VEG -12.10 10.35 1.169 <0.001
COMB1 -177.68 29.11 6.104 <0.001
COMB2 -365.30 40.40 9.042 <0.001
HUE -3.299 0.063 52.561 <0.001
GR -10.18 10.79 0.943 <0.001
SAVI 0.612 12.599 -0.049 <0.001

1y and h are parameters of the equatiprr b, + b X



32

Classification assessment of vegetation indicékarvisible spectrum

Regarding the accuracy of the classification pemtad through vegetation indices
(Figure 5), the indices CIVE and EXG stood out vilie highest values of Kappa coefficient
(0.806 and 0.805, respectively). Subsequentlyjritiees VEG, COMB2, and COMB1 were
grouped with values of 0.789, 0.788, and 0.77%eetvely. In a third group were the indices
HUE, NGRDI, SAVI, and GR, with values of 0.737, 267 0.726, and 0.719, respectively. The
index WI presented the lowest value (0.325). Tiselte of the overall accuracy confirmed the
same order of the values obtained by Kappa coefficivith the highest value for CIVE (0.906)
and the lowest value for WI (0.694). In Figurelt tesults of the index WI were not presented
due to their low magnitude.

Figure 5. Relationship between Kappa indices and overall@cy of the calculated vegetation
indices.
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According to Landis and Koch (1977) classificatiBlappa coefficient values between
0.81 and 1.0 showed an almost perfect agreememtett, values between 0.61 and 0.80
presented a substantial agreement, which meansréisence of a good relationship between
the classification methods. The indices that prieskthis level of agreement were CIVE, EXG,
VEG, COMB2, COMB1, EXGR, HUE, SAVI, NGRDI, and GRalues of Kappa coefficient
between 0.41-0.60 and 0.21-0.40 represent a medardtreasonable agreement, respectively.
The index WI, in addition to presenting a reasoaddlel of agreement, showed a low position
in the coefficient scale. Therefore, WI is not nexnended for classifying the vegetation for

conditions similar to those of this experiment.
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The overall accuracgnd Kappa coefficient obtained by the indices CidMiel EXG
showed a good performance to classify the vegetalibis may be explained by their ability
to mitigate the effects of lighting and variability soil reflectance. Although vegetation
depends on G-band reflectance (HUNT, 2005), matelscombine the three RGB bands are
more accurate due to the variability of soil refdee. These results are in accordance with
those obtained by Kazmi et al. (2015).

All indices calculated from the normalized bandssented an overall accuracy above
0.85 and Kappa coefficient above 0.70, except tier index WI. Woebbecke et al. (1995)
obtained a better performance of the index EXGlassfying mono- and dicotyledonous by
using different backgrounds in relation to the asdi WI and HUE.

According to Hague et al. (2006), the use of tlieeiVEG, generated from images of
cameras boarded in a tractor for weed classifinatlowed a good correlation between the
automatic method and manual classification. Howetese authors observed that the use of
the index VEG overestimated crop and weed densigytd the camera angle in relation to the

vertical projection.

Regarding the effect of development stages of an and millet cycles, the indices
presented a similar behavior over DAS, except fdr(gure 6). The curves of vegetative
dynamics, represented by vegetation indices, cagraped into the intervals 0-30 and 30—
135 DAS. In the first interval, an increase intaéues of overall accuraaynd kappa coefficient
were observed as DAS increased, which is due to@ease in leaf area and vegetation cover
index. In the second interval, there is a decremgegetation index accuracy, which, according
to Zheng et al. (2017), is related to a decreagalanft size, leaf area, cover index, and leaf
dryness. However, the index WI showed a great tranaver crop cycle, always presenting a

less accuracy when compared to the others.

According to Motohka et al. (2010), Hunt et al. @39 and Tucker (1979), the
applicability of vegetation indices to differenbpis may be limited to a certain stage of plant
development. Zheng et al. (2017) showed that tigetation indices EXG, CIVE, and EXGR
allowed a vegetation segmentation in corn, in wiie&hhighest accuracy values were obtained

at the first crop development stages.
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Figure 6. Overall accuracy (a) and Kappa coefficient (byejetation indices in relation to the
days after sowing (DAS) of cover plants.
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The linear regression between Stocking vegetatidicés and those calculated from
vegetation indices presented different behaviorselation to cover plants. For jack bean,
correlations presented a high predictive powerhwégressions with high coefficients of
determination and statistical significance, exdepthe index WI (Table 3). The indices that
presented a good performance are those that asermied a higher value of Kappa and overall
accuracy. The index EXG presented dof0.85 and a correlation coefficient of 0.92|duled
by the index CIVE, which showed art Bf 0.80 and a correlation coefficient of 0.92.
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Table 3. Description of the analyzed models related to cawdices calculated among
vegetation indices (x) and the Stocking methoddy}he cover plants jack bean and millet.

Cover Vegetation

Model . Linear regression R p-value RSS
plant index

1 CIVE y=0.75x+0.10 0.84 <0.001 0.1306
2 COMB1 y=0.79x+0.09 0.81 <0.001 0.0119
3 COMB2 y=0.80x+094 0.82 <0.001 0.0007
4 EXG y=0.75x+0.11 0.85 <0.001 0.0114
5 EXGR y=0.78x+0.86 0.83 <0.001 0.0043
6 Jack bean NGRDI y=0.79x+0.08 0.82 <0.001 0.0004
7 VEG y=0.78x+0.11 0.82 <0.001 0.0102
8 WiI y=0.92x+047 0.52 <0.001 1.8873
9 HUE y=0.85x+0.02 0.84 <0.001 2.1118
10 GR y=0.79x+0.08 0.82 <0.001 0.0109
11 SAVI y=0.80x+0.08 0.82 <0.001 0.0001
12 CIVE y=055x+0.29 0.46 0.002 0.3132
13 COMB1 y=054x+032 040 0.004 0.0277
14 COMB2 y=058x+0.27 0.47 0.002 0.0542
15 EXG y=056x+0.28 0.47 0.001 0.0061
16 EXGR y=040x+041 0.26 0.030 0.2298
17 Millet NGRDI y=036x+042 0.23 0.045 0.0036
18 VEG y=057x+0.29 046 0.001 0.3211
19 Wi y=321x+031 0.34 0.010 1.1613
20 HUE y=042x+0.37 0.37 0.007 1.068

21 GR y=0.38x+040 032 0.014 0.0056
22 SAVI y=0.39x+040 0.33 0.012 0.0006

! Residual sum of squares between the cover inderrdimed by the Stocking method and that
calculated from vegetation indices.

The coefficients of determination were low for reill with regressions without a
statistical significance. The indices CIVE, COMBd EXG presented the highest values of
R? and correlation coefficient, with values of 0.681@.47, respectively. These results are due
to the short millet cycle and/or to a higher jadab leaf area, allowing a more contrasting
vegetation cover. In addition, the indices EXG, EJWEG, and COMB2 presented a Pearson
correlation coefficient higher than 0.90 for jackalm and 0.68 for millet.

Regarding the adjustment of vegetation cover indgramics obtained by both
methods, high values of RSS were observed for HO& WI for jack bean and millet
(Table 3). The higher the RSS value is, the gretiterdiscrepancy between the assessed
methods. Subsequently, the indices CIVE, COMB1, EX&R, and VEG presented
intermediate RSS values for jack bean, ranging fb@i to 0.13. The lowest values were
obtained by EXGR, COMB2, NGRDI, and SAVI. Regardithg millet, the indices VEG,
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CIVE, EXGR, COMB2, and COMBL1 presented values betw@.0277 and 0.3211, being the
lowest value observed by EXG, GR, NGRDI, and SAMius, SAVI stood out as the index
that most approached the standard Stocking methbdth studied crops.

The relationship between vegetation cover indi&sedking and CI VI) over DAS is
shown in Figure 7 for jack bean and in Figure 8rfaltet. The index WI presented an over or
overestimation of Stocking vegetation index regagdtl VI for both covers. For the others, in
general, the temporal dynamics of cover indicesgmied a similar tendency between both
methods by both cover plants, with greater disarejgs (overestimation) occurring for millet
as DAS increased. Moreover, an overestimation @fvdgetation cover index calculated from
the vegetation index was observed in both cropsggbfor the index WI (Figure 7).

The difference between vegetation cover index edion methods tends to decrease as
the crop cycle advanced, which can be explaingaldnt size, change in cover index, and plant
senescence at the end of the cycle. According rKet al. (2015), the highest accuracy of
vegetation classification occurs at the early @tages, allowing a better estimation of the cover

index.

The differences observed between both methodslaifilating vegetation cover index
can be explained by the difference in the naturavibech the data are collected since the
Stocking method considers three diagonal linesamglot to calculate the average index value.
In contrast, vegetation cover indices calculatedthfvegetation index represent, in pixel-based

maps (information exhaustively discussed), thesplotheir totality.
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Figure 7. Comparison between vegetation cover indices catiedlby the Stocking method
(Stocking CI) and from the vegetation indices (Q ®IVE (a), COMB1 (b), COMB2 (c), ExG

(d), EXGR (e), GR (f), HUE (g), NGRDI (h), SAVI (iVEG (j), and WI (k) for jack bean as a
function of days after sowing (DAS).
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Figure 8. Comparison between vegetation cover indices catiedlby the Stocking method
(Stocking CI) and from the vegetation indices (Q ®IVE (a), COMB1 (b), COMB2 (c), ExG
(d), EXGR (e), GR (f), HUE (g), NGRDI (h), SAVI (iVEG (j), and WI (k) for millet as a
function of days after sowing (DAS).
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Conclusions

The vegetation indices CIVE and EXG presented tebgerformance and the index
WI presented the worst performance regarding tlyetagion classification during jack bean
and millet cycles, according to the overall accyratd Kappa coefficient. Vegetation indices
were an effective tool in obtaining soil cover ice when compared to the standard Stocking

method, except for the index WI.

Architecture and cycle of millet and jack beanuefhced the behavior of the studied

vegetation indices.

We recommend the use of UAVs with onboard digitaheras in the visible (RGB) to
obtain vegetation cover indices due to the follayfactors: a) vegetation indices could be
obtained quickly, with a higher spatial cover; legetation indices showed good correlations
with vegetation cover indices, especially for jddan; c) the high dynamism of UAVs allow a
higher temporal resolution; and d) relatively lovearists of onboard digital cameras in the
visible (RBG).
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Article elaborated according to standards of thergific journal: Land Degradation &
Development

ARTICLE 2: Assessment of soil erosion in olive orcard (Olea europaed..) under cover
crops management systems in the tropical region &razil

Avaliacao da erosédo do solo no pomar de oliveir®{ea europaed..) sob sistemas de
manejo de plantas de cobertura na regiéo tropical @ Brasil

ABSTRACT

Soil is a natural resource threatened by sevegrbdation factors. Under tropical conditions,
water erosion is the most important factor in tegrddation and deterioration of agricultural
soil sustainability. Olive cultivation has low coage, especially in the first years after its
implantation, due to the low density of olive tre€ke high spacing required between canopies
exposes the soil to water erosion. In this contietpresent study aimed at evaluating soil and
water losses due to water erosion under natunafialbin different management systems using
several cover crops. In addition, it aims to eveduthe vegetation cover index and the
phytotechnical attributes for olive tree cultivatid he results showed that the greatest soil and
water losses occurred in the bare soil system. Mewehis system presented the highest
phytotechnical performance. The vegetal cover mamagt system with jack beans and with
spontaneous vegetation presented a greater perfoema reducing soil and water losses by
erosion. Spontaneous vegetation presented grefitgerecy in this reduction and in the
phytotechnical aspects of the olive tree cultivati@over crop management combined with
olive tree cultivation, and reconciled with the fistgchnical aspects of cultivation in tropical
regions, is of great relevance for improving sunghility, especially regarding the reduction of
soil and water losses due to water erosion.

Keywords: Soil and water conservation. Soil loss. Land degfian. Inceptisol. Runoff.

RESUMO
O recurso natural solo esta ameacgado por diveetoses de degradacdo. Nas condigbes
tropicais, a erosao hidrica constitui o fator ni@igortante de degradacao e da deterioracdo da
sustentabilidade dos solos agricolas. O cultivolieira apresenta baixo indice de cobertura,
especialmente nos primeiros anos apos sua impémtdevido a baixa densidade de oliveiras
frente ao elevado espacamento requerido entre papasumentar a produtividade de oliveira
e, hesse caso, 0 solo permanece exposto a erdsi@a.Hileste contexto, o presente estudo teve
por objetivo avaliar as perdas de solo e agua pmsae hidrica, sob chuva natural, nos
diferentes sistemas de manejo das plantas de aobernsorciadas ao cultivo de oliveira no
sul de Minas Gerais, além da avaliacdo do indiceoBertura vegetal e atributos fitotécnicos,
para o cultivo da oliveira. As maiores perdas de scagua foram encontradas no sistema de
manejo da oliveira sem cobertura vegetal, entretantostrando o maior desempenho
fitotécnico. O manejo da cobertura vegetal comij@dede porco e a vegetacdo espontanea
apresentaram maior desempenho na reducgdo das fersal® e agua por erosdo no cultivo da
oliveira. O manejo da cobertura vegetal com vegetagpontanea apresentou maior eficiéncia
na reducao das perdas de solo e de 4gua e nosoasfietécnicos no cultivo da oliveira. O
manejo de plantas de coberturas consorciadas comitivo da oliveira conciliando com os
aspectos fitotécnicos do cultivo na regido tropigtsdndo a reducéo das perdas de solo e 4gua
por erosdo hidrica € de grande relevancia paratargabilidade desta fruteira, notadamente
em se tratando de solos rasos, de baixa condud®idi@raulica e declivosos.

Palavras-chaves:Conservacdo do solo e da agua. Perda de solo. d2&g@ do solo,
Cambissolo. Escoamento superficial.
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INTRODUCTION

Soil is a natural non-renewable resource that egimiie in the time under the effect of
several degradation factors, thus more than onergton is necessary for natural recovery of
soil, depending on the relationship between thee@asoil genesis and soil erosion (Lal, 2009).
The current condition of land degradation is a glawncern, considering the food security and
the decrease in the growth of world agriculturadurction in recent years (FAO, 2015; Colen
et al., 2016), the increase of land degradatiomdi@eRuiz et al., 2017; Taguas et al., 2017) and

the decline of soil functions (McBratney et al, 2D1

Land degradation has arisen concerns regardingotbeof the soil in the future of
human activity prosperity (Amundson et al., 201&gtas et al., 2017), with expanding world
demand for food products and a decrease of agrraliiand with potential for use (Anache et
al., 2017; FAO, 2015). Soil resources are threatdnevarious degradation factors, such as
erosion, compaction, leaching, among others. Utrdgical conditions, water erosion is one
of the major causes of decreasing in the sustdityati agricultural soils (FAO, 2015; Anache
et al., 2017).

The soil erosion is a dynamic process physicalltiated by the movement of soll
particles under the effect of the kinetic energytted raindrops (Lal, 2001). However, this
process can be accelerated by anthropic disturbahceugh inadequate management or by
removing the vegetation cover (Carvalho et al. 2@¥anzi et al., 2013; Lima et al., 2014).

Water erosion can affect soil quality and induck deterioration due to the loss of its
superficial layer, which is usually the most fertiayer, concentrating organic matter and
nutrients, necessary for species development (Moetral, 2016; Guimaraes et al., 2017).
Many studies report that the layer removed by erosan be 1.5 to 5 times richer in organic
matter and nutrients than the continuing layersrd@so et al., 2012; Faustolo et al., 2017;
Garcia-Ruizet al., 2017).

Olive cultivation presents low cover index, espdgiin the first years after its
implantation, due to the low density of olive tresasd the high spacing between canopies
required for the rational production (Repullo-Ruii®et al., 2018). Thus, the soil can be more
exposed to water erosion. Moreover, due a hightylaf olive cultivation to grow in stress

condition, it is a common crop in poor soils witlared declivity (Espejo-Pérez et al., 2013).
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Mediterranean region is considered the most expesireas of olive cultivation in the
world, representing 97% of the total area of olikees on the global surface (Fernandez-
Romero et al., 201®&epullo-Ruibérriz et al., 2018). In this region thater erosion decreasing
is one of the greatest challenges (Marques eDal;2G6mez et al., 2014; Quijano et al 2017).
In this scenario, several studies consider thergg\a the erosion problem and the impact of
the type of management over the acceleration oétbsive process, generating a high rate of
soil loss (Gomez et al., 2009; GOmez et al., 2M4fez et al., 2014; Parras-Alcantara et al.,
2016; Sastre et al., 2017).

Studies conducted by Garcia-Orenes et al. (20d23idered that the main cause of
erosion in olive plantations, apart from naturatdas, is inadequate management. Furthermore,
Gomez et al. (2014) highlighted the important i¢he well-management of cover crops for
soil protection. In tropical regions, the erosiveqess might be aggravated by high rainfall
erosivity (Aquino et al., 2012), leading soils, esjally Cambisols, to serious losses (Silva et
al., 2005). Studies conducted by Silva et al. (2@0% Silva et al. (2009) in Cambisol in the
southern region of the State of Minas Gerais, Brémind that, when kept uncovered, soil loss
corresponded to 175.0 Mg haear!. According to Schick et al. (2000), concerning Heim
Cambisol, in Lages, Santa Catarina state, Brahiénkept uncovered, soil loss was equivalent
to 111.8 Mg ha year!, which was related to the higher values of orgamédter.

In southern Minas Gerais (Brazil), water eros®ane of the most concerning problems
of agricultural activities (Pinto et al., 2018)yegn the incidence of high rainfall, high altitudes
and relief with high slope values. Several stutlia@d indicated the severity of the problem of

water erosion in this region (Oliveira et al., 20B&po et al., 2017; Batista et al., 2017).

The knowledge of the effect of cover crops on watesion in olive plantations from
southern Minas Gerais is an immediate necessitysidering the expansion stage of this
cultivation in this region. Thus, this work aimedstudy the relationship between soil and water
losses due to water erosion and phytotechnicalcéspethe olive tree management systems,

individually or in a consortium with cover cropssauthern Minas Gerais (Brazil).
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MATERIAL AND METHODS
Study area

The experiment was conducted at the Federal Usityeof Lavras (UFLA), Lavras,
Minas Gerais, Brazil (21°13'20" S and 44°58'17; t\iring two hydrological years, between
November 2015 and October 2017 (Figure 1).

The area presented an average altitude of 918 ra. climate classified as Cwa
according to the Képpen Climate Classification 8gstwith average annual rainfall of 1,530.0
mm and average temperature of 19.4 °C. The redjimate is humid subtropical climate, with
dry winter and rainy summer, with warmer month tenapure higher than 22 ° C (22.8 ° C in
February) (Dantas et al., 2007).

The study area soil is classified as typical Thrépiic Haplic Cambisol (Curi et al.,
2017), which corresponds to Inceptisol in US Sakxdnomy (Table 1).

Management systems adopted in olive cultivation

At the first period (2015/2016), the treatments sisted of four olive treesOlea
europaeal..) management practices and three replicatedarfdllowing combination: olive
cultivation on bare soil (OBS); olive cultivationtercropped with spontaneous vegetation
(OSV); olive cultivation intercropped with jack beaCanavalia ensiformig.) (OJB); Olive
cultivation intercropped with milletRennisetum glaucurh.) (OM) and bare soil (BS), the
latter used as control. In the second period (ZI167) the OM treatment was replaced by olive
cultivation intercropped with sunn hem@ro6talaria janceg (OSH), maintaining the other
treatments from the first period (BS; OBS; OJB; @%V).

The treatment with spontaneous vegetation (OS¥3qted dominant composition of
narrow leaf specie®rachiaria decumbenghe most dominant species, followedigitaria
sanguinalis, Melinis minutifloraand Eleusine indica A less dominant broadleaf species
included Ipomoea acuminate, Bidens pilosa, Oxalis corni@ld&milia fosbergii Nicolson,

Conyza bonariensis, Euphorbia HeterophyladAmaranthus viridis

The olive trees treatments were set up in MarctbZ0llowing the direction of the
slope. A total of 4 plants per plot were used witspacing of 4 m in the line and 5 m between

lines. The cultivar used was Arberquinaléa europaed..), the most cultivated in Minas
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Gerais. The cover plants were manually seededeabélginning of November, which is the

beginning of the rainy season of each hydrologieat.

Considering jack beans as cover crop, soil groowe® spaced at every 0.5 m in a
density of 8 seeds ™ Regarding millet and sunn hemp, the spacing usedof 0.25 m with
densities of 90 seeds’hand 40 seeds ™ respectively. Table 2 presents more details about

soil characterization.

(A)

Figure 1. Plots used in the study of erosion in hydrologiedrs (A) 2015/2016 (March 23,

2016) and (B) 2016/2017 (Februaryl5, 2017), unaefdllowing treatments: olive cultivation

on bare soil (OBS); olive cultivation intercroppetth spontaneous vegetation (OSV); olive
cultivation intercropped with jack beans (OJB);velicultivation intercropped with millet

(OM); olive cultivation intercropped with sunn herf@®SH) and bare soil (BS).
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Table 1.Soil Physical and chemical properties of the Ha@lmbisol of the experimental area.

Properties Depths (m)

0-0.05 0.05-0.10
pH H0 5.58+0.39 5.24+0.38
K (mg dn®) 153.39+67.2 80.47+44.58
P (mg dnv) 4.83+7.19 2.43+2.56
Ca (cmot dm) 2.26+1.29 1.96+0.85
Mg (cmok dn3) 0.56+0.2 0.47+0.16
Al (cmolc dn®) 0.12+0.06 0.17+0.12
H + Al (cmok dn) 1.83+0.32 2.54+1.01
SB (cmol dm?) 3.22+1.48 2.63+1.04
t (cmok dm) 3.34+1.44 2.8+0.96
T (cmok dni®) 5.05+1.43 5.17+1.46
V (%) 61.9949.08 50.79+11.51
m (%) 4.37+3.33 7.44+6.84
SOM (g kgb) 19.42+6.02 16.02+4.48
Clay (g kg% 369.13+2.99 384.77+2.8
AMG (g kg?) 72.73+2.39 76.68+2.14
AG (g kgh) 122.47+2.22 115.82+1.75
AM (g kg™ 116.71+2.73 108.86+1.5
AF (g kgY) 110.05+1.4 91.55+1.16
AMF (g kg?) 33.17+40.13 33.38+0.13
Silt (g kgh) 177.86%3.73 190.44+3.54

SB: sum of bases, t: effective cation exchangeaspd : cation exchange capacity at pH 7, V: base
saturation percentage, m: aluminum saturation pgage, SOM: soil organic matter, AMG: very coarse
sand, AG: coarse sand, AM: intermediate sand, #ie:dand, AMF: very fine sand.
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Table 2 Description of the management conducted in aiugvation intercropped with cover
plants during the experiment period from March 2@i®ctober 2017.

Action Details

Cover plant sowing (2015/2016) - millet and behlY2015)

Cover plant sowing (2016/2017) - sunn hemp and §&8/2016)

Bare soil maintenance (with or Herbicide application and monthly weeding (betwee

without olive trees) November and April)

Maintenance of the Spontaneous2015/2016 weeding: 3 times (11/15, 01/16, 04/16)

vegetation plot maintenance 155617 weeding: 4 times (11/16, 12/16, 0205716)

Cover plants and natural vegetation2015/2016 application of 500 kg hBPK 8:28:16

fertilization - 2016/2017 application of 250 kg hBIPK 8:28:16

Olive tree fertilization - Plant fertilization:

 Single superphosphate (500 g pf9nt
« Manure (20 L plant)
« Potassium Chloride (200 g plaiit
+ Limestone (100 g plary
- Annual fertilization 2015/2016:

«  Ammonium sulfate (50 g plartin November,
December and January
- Annual fertilization 2016/2017:

« October: 100 g plaftAmmonium sulfate, 50 g plaht
Potassium Chloride and 20 g pfaoric acid

» December: 100 g plahtAmmonium sulfate and 50 g
plant! de Potassium Chloride

« January: 100 g plantAmmonium sulfate

Pruning -July 2017
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Erosivity determination

Erosivity was determined by calculating the EI3@lex using the Fourier index
(equation 1) proposed by Renard & Freimund (1994 equation 2 developed by Aquino et
al. (2012) considering southern of the State ofddiGerais.

R =

C

(1)

ol

in which Rc is the coefficient of rainfall (mm),gthe monthly precipitation (mm) and P is the

annual precipitation (mm).

El,, =85.672*R°% )

Soil chemical and physical properties

Soil chemical properties were determined : siscbod pH in water, exchangeable?Ga
Mg?*; AI®*; available P and K extracted with Mehlich-1, weletermined according to the
methodology described by Mclean et al. (1958pil organic matter (SOM) was determined
according to Walkley and Black (1934). Soil textuwas determined by the pipette method
according to Day (1965).

Soil water infiltration was determined using thenDisk Infiltrometer, following the
methodology proposed by Decagon (2016) for detengirthe hydraulic conductivity of
unsaturated soil (Kns). Measurements were obtdimoet4 points in each plot, with the suction
rate of 2 cm. The infiltration was measured fortit@es in the field, each 30 seconds. The
infiltration calculation was determined by usingSireadsheet Macro available in the Decagon

website (Decagon, 2016).
Soil and water losses

Soil loss assessment was conducted according g¢onmtéthodology proposed by
Wischmeier and Smith (1978), with changes in tze sf the plots: 12.0 m in length and 4.0
m in width (Figure 1). Many studies have evaluatkdnges in the standard dimensions of the
plots, showing better results in plots between 2@ 20.0 m in length (Carvalho et al., 2005;
Rocha Junior et al., 2017; Anache et al., 2017 plbts were limited with galvanized plates
with a height of 40.0 cm, buried at a depth of 2th®installed in the direction of the area’s

slope. The mean slope of the plots was of 0.23'm m
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Runoff and sediment collection were performed atiog to Cogo et al. (2003) at each
erosive event, using collection tanks installethatbottom of each plot (Figure 1). The tanks
were comprised of two boxes with 250 L capacityrmmied through a Geib type splitter with
9 windows. These windows allow that only 1/9 of theoff was conducted into the second

tank, after filling the first.

After homogenizing the material retained in thek& three pots of 250 mL were
collected, weighed, placed in contact with thresgpdrof hydrochloric acid and left for 24 hours
at rest for sedimentation of the material. Aftas theriod, the water was drained and the pots
were oven dried at 60°C and weighed. To evaluageetifiect of each treatment over the
reduction of soil and water losses, the loss redndfficiency (LRE) was calculated using the

following equation, proposed by Amaral et al. (2p08

_ Loss of the cultivated treatmer @3)

LRE = -
Loss of the bare soil treatmen

Surface runoff coefficient (SRC) was also determiire relation to the total rainfall

during the study period for the different managensgstems (Equation 4).

Loss of the cultivated treatme
SRC= — 4)
Total precipitation

Cover vegetation index and phytotechnical parameter

The cover vegetation index was determined usirages from an RGB digital camera
with a 1/2.3 “CMOS” sensor and resolution of 12 eq@gels, carried in Unmanned Aerial
Vehicle (UAV), model professional DJI Phantom 3Jjaenumber p76ddc18b271, registered
with at the National Civil Aviation Agency (ANAC) FR011111110. The photographic
parameters were aperture f/ 2.8, shutter time8ads, ISO = 100, white balance = 4500 K and
focal length = 3.6 mm (DJI, 2018). The flights wargomatically managed by an iPad (model
A1489- ME279KH / A), every 15 days, with duratioh approximately 20 minutes, flight
height of 20 m, by georeferencing, using 36 corpmnts.

A total of 200 photos were recorded per flight,JREG format, with 60% overlap.
PhotoScan Pro 1.2.6 (Agisoft LLC, 2016) was used ifoage processing, alignment,
georeferencing and orthophoto and orthomotic ge¢ieeraThe images for calculating the
vegetation cover index (VCI) were classified by &pn 5, according to the methodology

proposed by Torres-Sanchez et al. (2014).
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_ Pixels classified as vegetatic
Total of pixels of the plot

VCl (5)

The phytotechnical attributes were measured udi@gplants in the field, using
conventional methods: pachymeter and ruler, useth&asuring trunk diameter, plant height,

and crown radius. The measurements were obtaingy2016 and 2017.

Experimental and statistical design

The experimental design was Complete RandomizedkBusing a standard plot for
monitoring water erosion (Figure 1). The data waremitted to analysis of variance and the

means were compared by the Tukey test at 5% prittigabi

Principal component analysis (PCA) was used tcetstdnd the relationship between
soil and water losses, precipitation, rain erogjvgoil water infiltration, phytotechnical

attributes and cover index.
RESULTS AND DISCUSSION
Rainfall Erosivity

The precipitation, number of erosive events amuafailh erosivity evaluated during the
study period are displayed in Table 3. From Novemtbélarch, there was a high occurrence
of rainfall, with 92.36% and 70.78% of annual evdyi for the periods of 2015/2016 and
2016/2017, respectively. In December and Januaogj\aty presented values of 54.98% and
29.91%, respectively, which is close to half théaltaannual erosivity for the period of
2015/2016. The period of 2015/2016 was marked ioyathin the months of March and April
(25.51% of annual erosivity).

These results are similar to those obtained byaSat al. (2009), who observed that
erosivity between November and March representadyn80.3% of the annual erosivity and
that December and January presented 51.3% of aenosivity for the studied area. These
results were also confirmed by Lima et al. (20Miho studied the effect of cover plants

intercropped with maize cultivation, using a staddalot.

The high rainfall erosivity between the months @ividmber and March awake attention to the
high risk of water erosion for the studied regiarhich can have drastic implications for
maintaining soil quality under the cultivation dive trees in shallow soils and without any

vegetation cover between lines. Such scenario ®ay to the loss of water, nutrients, and
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organic matter due to water erosion, which is agged in shallow soils (Silva et al., 2005;
Silva et al., 2009) and in periods of water defilsét occur in the region.

Table 3. Precipitation and erosivity values for the stddperiods.

Months Precipitation NEE Erosivity
2015/2016 2016/2017 2015/2016 2016/2017  2015/2016 2016/2017
----------- mm ---------- MJ mm hat h! period!
October 22.7 125.2 1 6 46.48 498.08
November 273.8 190.2 11 5 1,217.25 861.90
December 232.9 145 10 6 984.55 603.83
January 400.6 157.9 12 8 2,005.05 675.24
February 114.9 64.1 6 4 389.79 207.02
March 122.8 158.6 5 4 425.31 679.17
April 22.2 108.3 1 2 45.14 411.82
May 4.3 57.6 0 1 5.24 179.94
June 84.2 29 3 1 259.29 73.16
July 0 0 0 0 0.00 0.00
August 22.6 1.4 2 0 46.21 1.37
September 8.6 32.6 1 0 13.01 85.30
Total 1,309.6C 1,069.9C 52.00 37.00 5,437.33 4,276.82

NEE: number of erosive rainfall events.
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Soil water infiltration
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Figure 2. Unsaturated hydraulic conductivity (Kns) in olitvee plots in different management
systems in the periods of (a) 2015/2016 and (bpZmil7. Olive cultivation on bare soil
(OBS); olive cultivation intercropped with spontans vegetation (OSV); Olive cultivation
intercropped with jack beans (OJB); Olive cultieatiintercropped with millet (OM); Olive

cultivation intercropped with sunn hemp (OSH) aadebsoil (BS).

The results presented in Figure 2 showed the hagialvility between the unsaturated
hydraulic conductivity values of the solil for theudied treatments. In the first period, the
treatment of olive cultivation intercropped wittckabeans (OJB) presented the highest value
(14.11 mm 1), followed by olive cultivation intercropped withillet (OM) (14.02 mm H);
olive cultivation intercropped with spontaneous etagjon (OSV) (10.38 mm™); bare soil
(BS) (6.98 mm 1) and olive cultivation on bare soil (OBS) (6.06 rhn). In the second period,
the highest value occurred for the treatment afeotiultivation intercropped with spontaneous
vegetation (OSV) (16.63 mnmh The low infiltration in bare soil can be explathby the
crusting in Cambisol due to high silt/clay ratian@® et al., 2016), as it was observed in the
treatments (BS and OBS). Thus, the ground cowertplimproved soil physical attributes,
increasing infiltration. The study conducted by Dahet al. (2010) showed great variability of
the unsaturated hydraulic conductivity of the Casuls, which usually present low values
(Silva et al., 2005; Silva et al., 2009).

Vegetation cover index

In the first period (2015/2016), the OJB treatnmesented the highest vegetation cover
index mean, with a value of 0.811, followed by OMith a value of 0.698 (Table 4). Regarding
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the second period (2016/2017), the OJB treatmesgnted the highest vegetation cover index,
with a value of 0.592, followed by OSH, with a valof 0.456.

Table 4. Values of mean, standard deviation, and coefftaévariation (CV) of the vegetation
cover index for each period and in different soler management systems in olive cultivation.

Parameters Vegetation cover inde
2015/201
OBS oSV OJE oM
Mean: 0.023 +0.0. 0.581 +0.2' 0.811 +£00.2 0.698 0.2
CV (%) 43.48 49.91 25.89 30.09
2016/201
OBS OosVv OJE OSH
Means 0.061 +0.04 0.419 +0.29 0.592 +0.32 0.45880.
CV (%) 65.57 69.21 54.05 83.33

Olive cultivation on bare soil (OBS); Olive cultivan intercropped with spontaneous vegetation (QSV)
Olive cultivation intercropped with jack beans (QJBlive cultivation intercropped with millet (OM);
Olive cultivation intercropped with sunn hemp (Ot bare soil (BS).

Olive cultivation in the first two years presented coverage, with values of 0.023 and
0.061 in the first and second years, respectivEdple 4). This is an indication of the high risk
of erosion in the early years of cultivation, whialerts to the need for other conservation

practices, such as the adoption of ground covert@las used in this study.

The treatment with spontaneous vegetation predentegetation cover index of 0.581
in the first period and 0.419 in the second peri®umilar findings were observed in the
treatment using jack beans (OJB), with the vegatatover index in the first period presenting
higher values than the second. This differencebeaaxplained by the higher precipitation in
the period of 2015/2016 (Table 3), which favoreel ¢hop development.

Figure 3 shows the evolutionary dynamics of thgetation cover index in each
treatment in relation to the experimental perioy.tlBe visual observation, the OBS treatment
showed constant linear behavior in relation to tane to the slow growth of the olive plants
when compared to the other treatments. The vegatabver index of the OSV treatment
presented a "saw teeth" behavior, also observedstudy conducted by Sastre et al. (2017),
who evaluated soil loss in different managementtmres and their relationship with the

vegetation cover index

In the treatment with olive cultivation intercrompeith spontaneous vegetation (OSV),
the low values of the vegetation cover index cqoesled to the dates of vegetation weeding,

as detailed in Table 2. The curves of the covepgrgack bean, millet, and sunn hemp)
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intercropped with olive cultivation presented alitgbe curve, also observed by other authors
(Cardoso et al., 2012; Lima et al., 2014). In Aprdgetation cover index decreases due to low

rainfall and senescence of the cover crop leaverguse of the end of the crop cycle.
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Figure 3. Vegetation cover index for the periods: 2015/2(H)éand 2016/2017 (b) in different
soil cover management systems for olive cultivati®five cultivation on bare soil (OBS);
Olive cultivation intercropped with spontaneous etagjon (OSV); Olive cultivation
intercropped with jack beans (OJB); Olive cultieatintercropped with millet (OM); and Olive
cultivation intercropped with sunn hemp (OSH).

The spontaneous vegetation presented high growthbvgy in relation to time and
space, which caused differences between the vafubg cover indices between both studied
periods. The same behavior was observed by Tagahq2017) when studying the spatial and
temporal variability of the cover plants (grassasd their effect over erosion in olive

cultivation.

According to Lopes et al. (1987), plants that présa vegetation cover index mean
superior to 0.3 in the different crop phases maydmsidered as effective in reducing soil
erosion, and can, therefore, be considered cortsamsystems. However, regarding soil and
water losses, it is crucial to have a good soilecoin periods with greater erosivity.
Nevertheless, in periods with low rainfall, the g&gion cover greatly contributes to
temperature regulation and water availability i toil, which favors plant growth and
development (Souza et al., 2010). Espejo-Pérdz (@04.3) showed that the use of cover crops

associated with olive trees is more appropriatenwdwer rates remain between 0.30 and 0.87.
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Considering the behavior of each treatment intimlato the period of greatest
precipitation, from November to April (Figure 3),ewobserve that the olive cultivation
intercropped with jack beans (OJB) presented ardadex superior to 0.30, even in the month
of planting, demonstrating the rapid developmenhefcrop. Regarding sunn hemp, in addition
to demanding more time for growth, its morphologyesl not provide a high cover index
(CARDOSO et al., 2012).

Comparing the OSV treatment with the treatmentk waover crops, we verify that OSV
showed high initial growth rate during the critipariod, from December to January, providing
a cover index superior to 0.50. The good developneérthe spontaneous vegetation was
favored by the seed bank present in the experirharda, along with the history of the study
area and the adopted management (NICHOLS et 415)20

Comparing the cover plants with each other, wéywéhnat jack beans stood out with
the highest vegetation cover indexes, of 0.811 @B82, in the first and second periods,
respectively. Cardoso et al. (2012) also identifieggher vegetation cover index for jack beans
when compared to sunn hemp and millet. Similarlteseere found by Lima et al. (2014) when
studying corn intercropped with jack beans as aimplocover crop. The tropical climate
revealed the importance of maintaining a continnaegetation cover, especially during the

summer season, where rainfall erosivity was higasgnting a great risk of water erosion.
Soil Loss assessment

Table 5 shows the values of soil loss for bothqutsistudied. The first period showed
high solil loss, which can be explained by bothrineber of erosive events, 52 compared to
37 events of the second period, and the numbewrearite from November to January (33)
compared to 19 in the second period. Moreovery#hges of erosivity should be considered
(Table 3).

Treatments BS and OBS presented no significanterdiices, confirming the
predisposition of olive cultivation to water erasjespecially for soils that are susceptible to
water erosion (Table 5). The BS control treatmaesented higher values for both studied
periods, with losses of 311.55 Mghgear! and 296.28 Mg hayear! in the first and second
periods, respectively (Table 5).

The high values of soil loss in the BS and O B8& ba explained by the high
susceptibility to water erosion in Cambisols. Aaing to Silva et al. (2009), these soils are
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considered shallow, and reach saturation level@ moickly, thus, reducing the infiltration rate
and increasing the surface runoff, especially emahsence of ground vegetal cover. The study
developed by Schick et al. (2000) in Cambisolshwitslope of 0.10 m ¥ showed that the
mean annual loss was of 66.47 Mg*hear?, ranging between 6.17 and 146.97 Md lyaar

Lin bare soil plots.

The study conducted by Silva et al. (2005) withebswil in Cambisol, plots showed a
great variability in soil loss during 5 years, wihmean annual soil loss of 205.65 Mg'ha
year?!, with values ranging from 98.47 to 374.10 Mgthear'. Nevertheless, the high values
of loss that correspond to the first experimen&iqu are due to the impact of installing the
standard plots and planting the olive trees, progidreat soil management.

Table 5 Mean annual values of soil loss and efficacyhareduction of loss in relation to bare
soil in different vegetation cover management systen olive cultivation.

Treatment Soll los¢ LRE
---------- Mg hat period* ----------- e 7 R —
2015/201
BS 311.55+138.09 -
OBS 308.00+95.72a 98.86
osv 25.05+23.24 b 8.04
0oJB 80.10+26.52 b 25.71
oM 64.12+31.79b 20.84
2016/201
BS 296.28+87.08 -
OBS 292.96+167.92 a 98.88
osv 0.56+0.43 b 0.19
oJB 0.44+0.37b 0.15
OSH 9.98+14.39b 3.37

Efficiency in the reduction of loss in relationliare soil (LRE);Olive cultivation on bare soil (OB8live
cultivation intercropped with spontaneous vegetaffoSV); olive cultivation intercropped with jackdns
(GJB); olive cultivation intercropped with milleéd(M); olive cultivation intercropped with sunn he(@®SH)
and bare soil (BS). Means followed by the same foage letter in the lines do not statistically elifby the
Tukey Test at 5%.

Treatments BS and OBS presented significant diffees in relation to the other
treatments. The OSV treatment presented a lowlssd in the first period. However, all
treatments with intercropping cover crops (OSH, GiHgl OSV) presented no significant
differences between them (Table 5). This can béaegd by the similar value of the vegetation
cover index (Table 4) (Lopes et al, 1987; Sastiad.e2017) and by soil protection by organic
matter, resultant from periodic cutting operatiGn®PES et al., 1987).
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The pattern of soil loss followed the order: BSBS> OJB> OM> OSV in 2015/2016
and BS> OBS> OSH> OSV> 0JB in 2016/2017 (Table 5).

The high soil losses observed in the period 0622116 in the plots with cover crops
(millet and jack beans) were due to soil prepamatamd planting practices, which are
demonstrated by the lower soil loss in the plothwiive tree intercropped with spontaneous
vegetation. In this treatment, manual weeding ves®opmed, with a preparation of the planting
grooves in the direction of the slope. During tmeoye planting, preferential paths may be
formed, where water can concentrate its flow amdeiase its disintegrating and transporting

power.

Figure 4 shows the detail of soil loss duringghedied periods. The pattern of soil loss
follows the erosivity evaluated in the same pe(ibable 3), with higher soil loss values from
November to April, most notably in December anduday. We note that the OJB treatment
presented high soil loss in November (2015/201&)y awvalue of 49.80 Mg hayear?, which
can be explained by the high rainfall erosivityl§lea3) at the cycle crop beginning, when there

is a low soil cover index and along with greatakisstability resultant from sowing operations.

The vegetation coverage in olive trees were mdiiei@fit in reducing erosion in the
second period when compared to the first (Tabl@Bbé. highest losses of efficiency reduction,
compared to the bare soil plot, were observedi®QSV treatment in the first period, and for

OSH, OSV, and OJB in the second period (Table 5).
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Figure 4. Soll loss in different vegetation cover managensgatems in olive cultivation during
the studied periods of (a) 2015/2016 and (b) 200672 0Olive cultivation on bare soil (OBS);
olive cultivation intercropped with spontaneous etagion (OSV); olive cultivation
intercropped with jack beans (OJB); olive cultieatiintercropped with millet (OM); olive
cultivation intercropped with sunn hemp (OSH) aadebsoil (BS).
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Water loss assessment

Table 6 shows the mean annual values of watey édfssacy in the reduction of water
loss in relation to the bare soil (ERP-WATER), aadace runoff in relation to the total rainfall
in different olive tree cover management systenRQS When comparing water loss, no
significant difference was observed between treatsnBS and OBS for both studied periods
(Table 4). Studies developed by Silva et al. (2008) data from a 5-year study of soil and
water losses in a bare plot (Cambisol), showedtgraaability of water loss, with a mean

annual water loss of 369 mm y&acorroborating with the results found in the presstudy.

We also verified a significant difference betweha treatments, where the soil was
totally exposed (BS and OBS) and the other treatsn@ith ground cover crops (OJB, OCM,
and OSH) and spontaneous vegetation (OSV), for sinttied periods. The results show the
importance of cover crops over water loss in cated areas, due to the increase in water
infiltration rate, as observed by Almeida, et @018). High water loss in cultivated soils are
critical for crops of agricultural species, notabiyshallow and declining soils, and aggravated
during periods of higher water deficit, considerihgt, along with water, nutrients, and organic

matter, important components used by plants fowtr@nd development can be lost.

The first period presented the highest valueswater loss in relation to the same
treatments of the second period (Table 6), demainsty the effect of management and the
greater soil change in the first period in relattorthe second, and the distinct precipitation
between the studied periods (Table 3). In additiooyer crops presented a different

performance in reducing water loss.

The OSV treatment proved to be the most efficdieméducing water loss, with an ERP
of 8.04% and an SRC of 7.87% in 2015/2016. In 22067, treatments OSV, OJB, and OSH
presented similar values for the evaluation pararseif water loss. In a study conducted by
Gomez et al. (2004), comparing the SRC in differeahagement systems in olive cultivation
in the region of Cérdoba in Spain, an SRC valu@.66% was obtained for olive system

associated with spontaneous vegetation, with I@sde of soil and water.

Figure 5 shows the distribution of water lossesmduthe studied periods, highlighting
the variability caused by the irregular distribuatiof rain during both periods evaluated (Silva
et al., 2005). The rainfall distribution has an orant effect over soil saturation and runoff
coefficient, meaning a large number of erosive &véna short time can lead to soil saturation

and increase water loss through runoft.
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Table 6. Mean annual values of water loss, efficacy in caulyiloss in relation to bare soil and
surface runoff in relation to total precipitation different olive cultivation management
systems.

Treatment Water los LRE SRC
-------- mm yea! ------- e — Y
2015/2016
BS 594.83+285.03 - 45.4;
OBS 590.40+340.15 a 99.25 45.08
osv 103.114+52.14b 17.33 7.87
0oJB 269.53+117.60 b 45.31 20.58
oM 161.98+98.53b 27.23 12.37
2016/201
BS 374.77+187.68 - 35.0¢
OBS 342.35+137.57a 57.50 32.00
osv 41.49+8.77 b 6.97 3.88
0oJB 29.97+4.57 b 5.04 2.80
OSH 33.13+5.10 b 5.57 3.10

Means followed by the same lowercase letter ifitiess do not statistically differ by the Tukey Teast
5%. Loss reduction efficiency (LRE); surface runafefficient (SRC); Olive cultivation on bare soil
(OBS); olive cultivation intercropped with spontans vegetation (OSV); olive cultivation
intercropped with jack beans (OJB); olive cultieatintercropped with millet (OM); olive cultivation
intercropped with sunn hemp (OSH) and bare soi)(BS
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Figure 5. Average and monthly water loss in different olowdtivation management systems
during the studied periods of (a) 2015/2016 and2(1)6/2017. Olive cultivation on bare soil
(OBS); Olive cultivation intercropped with spontans vegetation (OSV); Olive cultivation
intercropped with jack beans (OJB); Olive cultieatiintercropped with millet (OM); Olive
cultivation intercropped with sunn hemp (OSH) aadesoil (BS).



63

Phytotechnical parameters of olive cultivation

The phytotechnical parameters of olive tree culibraare presented in Figure 6. We
verified that the associated treatments impacteddéwvelopment of olive plants. Thus, the
evaluation of height showed a significant differeriietween OM and OSH with the other
treatments. The highest values were obtained atntrents OBS and OSV in the period of
2015/2016, and OBS, OJB, and OSV in the periodda622017.

The OBS treatment presented the highest valuethéomedian crown radius (Figure
6b), with an average value of 62.92 cm in the fiesiod and 94.83 cm in the second. Regarding
the trunk diameter (Figure 6c¢), in 2015/2016, thees a significant difference between the
OM treatment and the other treatments. In the Z&7, the highest trunk diameter values
were obtained for the OBS, OSV and OJB treatments.

Regarding olive tree heights (Figure 6a), thetgitgperformance was obtained for olive
cultivation intercropped with millet (OM), presemgi mean height of 70.08 cm compared to
173.00 cm in the OBS treatment. We clearly verifig@rference of the associated treatment
over plant development, given that millet plantssgnted fast growth in the months of January
and February, shading the olive plants and interdan their development.

The results of the phytotechnical parameters efdlive trees show that the best plant
development occurred in bare soil (OBS) plots, whieere was less competition for light, water
and nutrients between the olive trees and thedrdpping ground cover plants.
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Figure 6. Phytotechnical parameters in the periods of 2@1H2(a) and 2016/2017 (b) in
different plant cover management systems: (a) phaight, (b) crown radius, (c) trunk
diameter. Olive cultivation on bare soil (OBS)velicultivation intercropped with spontaneous
vegetation (OSV); olive cultivation intercroppedtlvijack beans (OJB); olive cultivation
intercropped with millet (OM); olive cultivation iarcropped with sunn hemp (OSH) and bare
soil (BS). Means followed by the same lowercagetan the lines do not statistically differ by
the Tukey Test at 5%.
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Multivariate analysis between soil, plant, precipiation and water attributes

Figure 7 shows the results of the principal compoma@alysis (PCA) for the different
studied variables the periods of 2015/2016 (Figu#g and 2016/2017 (Figure 7.B). The angles
formed for each vector with the axis and the leagihthe vectors expressed the correlation
level of each variable with the corresponding congot.

In the first period ( Figure 7.A), The first twonadénsions of PCA express 90.7 % of the
total dataset inertia ; that means that 93.09%e#ariables cloud total variability is explained
by the plane. Besides, in the second period (Figusg, the first two components accounted
for 83.95% of the variability.

From the PCA results, we observed that the varsatidel the same behavior during the
two periods. The principal component analysis 1 (P@resented a positive correlation with
the five soil and water losses parameters soit legster loss, soil reduction efficiency, water
reduction efficiency, runoff coefficient, and phtgohnical parameters. Negative correlations
were obtained for vegetation cover index, hydraghoductivity of unsaturated soil. The
principal component analysis 2 (PC 2) showed a umedtorrelation with phytotechnical

variables, and low correlation with soil and wdtas variables.

The vegetation cover index and the unsaturatedaljidrconductivity of soil showed a
negative correlation with the soil and water losgasameters, confirming the role of cover
crops in reducing erosion. The interception of damps can cause reduction of their kinetic
energy, which reduces the erosive power of rairfglidecreasing the volume of water that
directly reaches the soil, also reducing surfaceffu Moreover, water infiltration increases
(Cardoso et al., 2012; Rodrigo-Comino et al., 2018)
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Figure 7. Principal component analysis of the main companére periods of 2015/2016 (A)
and 2016/2017 (B), for the variables : soil I¢S4), water loss (WL), surface runoff
coefficient (SRC), water loss reduction efficieftRE_Water), soil loss reduction efficiency
(LRE_Sail), erosivity, precipitation, vegetationves index (VCI), hydraulic conductivity of
unsaturated soil (Kns), plant height (plant_heigbtpwn radius (CR) and trunk diameter (TD),
Principal component analysis 1 (PC1) and principamnponent analysis 2 (PC2). Olive
cultivation on bare soil (OBS); olive cultivationtercropped with spontaneous vegetation
(OSV); olive cultivation intercropped with jack bea(OJB); olive cultivation intercropped
with millet (OM); olive cultivation intercropped Wi sunn hemp (OSH) and bare soil (BS).
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By comparing the treatments with each other, weepked that the olive cultivation on
bare soil (OBS) presented the highest soil andnM@ses and low vegetation cover index. The
other treatments presented similar behavior. Odwitivation intercropped with jack beans
(OJB) and with millet (OM) showed greater varialililue to the high soil and water losses in
the first period (Tables 5 and 6).

The vegetation cover index presented an inveréatioe of the phytotechnical
parameters. The plants with the highest performaccarred in the plots with low vegetation

cover rates and with higher soil and water losses.

These results might support farmers’ decisiongeimove vegetation cover using
chemical or manual methods, which is common pradticolive orchards in southern Minas
Gerais and in Mediterranean countries, as repditedeveral authors (Gomez et al., 2006;
Ibafiez et al., 2014; Taguas et al., 2015).

It is common for farmers to consider difficulties managing olive cultivation with
intercropped cover plants due to the additional agament operations and, consequently,
additional costs (Posthumus et al., 2015). As asomeaof erosion control, without competition
from the plants intercropped with olive trees, duld be prudent to design high vulnerability
terraces for the erosive process. However, theagfi of this practice was not tested in this
study.

The results of this study differ from those obtairby Sastre et al. (2016), who studied
the effect of cover plants over the production lofeotrees and its relation with the quality of
olive oil. The authors concluded that there is fiect of cover crops over fruit yield or olive
oil quality. Nevertheless, cover crops environmiytaenefit from the reduction of water

erosion, better water recharge and increasing oastuzk.

Many authors reported the negative effect of comm@actices, such as eliminating
spontaneous vegetation in dry seasons, to reduepatdion and the evapotranspiration caused
by spontaneous vegetation, in olive tree manageragsiems (Taguas et al. al., 2017).
However, the absence of conservation practices$abhe processes of water erosion and soill
exposure, contributing to the reduction of watéftnation rates. Adequate management should
reconcile both phytotechnical and environmentakatpof the crop, reducing soil and water
losses through water erosion, providing soil gyadihd contributing to its sustainable use,

especially for Cambisols.
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CONCLUSION

The greatest soil and water losses occurred isytbiem with the highest phytotechnical

performance: the system without vegetation cover.

Spontaneous vegetation is the most efficisrdtment in reducing soil and water losses

and phytotechnical aspects of olive tree cultivatio

Cover crops have a great relevance for the oligdyrction sustainability in the tropical

region, where shallow soils, with slopes and lowraylic conductivity are predominant.
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ARTICLE 3: Determination of the Cover-Management factor in cover crops
management systems of olive orchard

Determinacédo do fator Cobertura-Manejo em sistemade manejo de culturas de
cobertura na cultura de oliveira

ABSTRACT

In Brazil, olive orchard is in great expansion lvabow and sloping soils, with low vegetation
cover and high exposure to water erosion, requiaingarticular care in the management of
cover crops to reduce water erosion losses, edlydaighe tropical region. In this context, the
objective of this study was to verify the bestcomaps management in the olive orchard in the
post-planting period, using vegetation indices gateel from images obtained by passive
sensors onboard in an unmanned aerial vehicle (UA)der to evaluate soil erosion losses
under natural rainfall in different olive tree mgeaent systems, thus evaluating the
relationship between the cover indices and the CManagement factor (C-factor) for soill
erosion. The study was carried out in an experialarea of the Federal University of Lavras,
in a standard erosion plot with different vegetatemver management systems associated to
the olive cultivation. The images were classifigdifte Random Forest algorithm and the soil
losses were quantified by sediment collectionamgard erosion plots after each erosive event.
The results showed that the use of Random Fordis¢idlassification of the image obtained by
UAV and RED-NIR camera presented good results ef gfobal accuracy and Kappa
coefficient, allowing the calculation of differemdices. The total vegetation cover index
presented better performance in the predictioroibi@ss and in the C factor determination.

Keywords: Water erosion. UAV. C-Factor. NDVI. Random Forest
RESUMO

No Brasil o cultivo de oliveira esta em grande egd@® em solos rasos e declivosos, com baixo
indice de cobertura vegetal e alta exposicao @erbglrica, exigindo um cuidado particular
no manejo das plantas de cobertura para reduzrapsizos da erosao hidrica sobretudo na
regido tropical. Neste contexto, o objetivo do @stfoi verificar o melhor manejo das plantas
de cobertura na cultura de oliveira no periodogtastio, usando indices de vegetacéo gerados
a partir de imagens obtidas por sensores passimbareados em veiculo aéreo néo tripulado
(VANT), além de avaliar as perdas de solos poréardgdrica, sob chuva natural, em diferentes
sistemas de manejo do cultivo de oliveira, avallaadsim a relacdo entre os indices de
cobertura gerados e o Fator Cobertura do soldd@}tudo foi realizado em area experimental
da Universidade Federal de Lavras, em parcela patk&rosao com diferentes sistemas de
manejo da cobertura vegetal associada ao cultiv@ldeiras. As imagens obtidas foram
classificadas pelo algoritmo de Random Forestpgeesas de solo quantificadas por coleta de
sedimento em parcelas padrao de erosédo apds cauta evosivo. Os resultados mostram que
0 uso de Random Forest na classificacdo da imagicagelo VANT e camera RED-NIR
apresentou bons resultados da acuracia global fecieate Kappa, permitindo calcular os
diferentes indices. O indice de cobertura vegetal apresentou melhor desempenho na
predicéo de perda de solo e na determinacao do €ato

Palavras-chavesErosao hidrica. VANT. Fator C. NDVI. Random Fares
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INTRODUCTION

Vegetation plays an important role in protecting foil against water erosion, since it
constitutes a protective layer. Bertoni and Lombhieto (2014) considered that vegetation is
the natural defense of the soil in the erosion ggees, as it constitutes a barrier against the
impact of raindrops, it disperses the kinetic eparfjthe rain and contributes, through roots
and organic matter, for the improvement of soillir#tion rate and aggregation (Almeida et
al., 2018).

The contribution of vegetation to soil protectisnmore important in crops with low
coverage, for example, olive trees, which are comrooltured in shallow and declining soils.
One of the most assessed parameters in the ewaluwdtvegetation for soil conservation is the
vegetation cover index, which represents the ratipercentage, between the area covered by
the vegetation and the total area (Zhongming g2@l0), i.e., the contribution of vegetation to

soil protection.

Standard methods for determining the vegetatimeicmdex are performed in the field
using different methodologies, like as describedigchmeier and Smith (1978), which is
based on the use of a chord with points and cognitie number of vegetation points relative
to the total number of points. Stocking methodol@8tocking, 1994) consists of the use of a
ruler with holes, in which the vegetation coveolserved at each point. Besides that, there are
other methodologies to determine cover vegetandex, such as the use of a sampling frame
(Causton, 1988), or the determination by digitabtplgraphy with different acquisition and
processing methods, that can be manual (Macfadarad., 2014) or with the use of aerial
images obtained from conventional vehicles (Kadlgt2012), or from a digital camera, fixed
on an unmanned aerial vehicle (UAV) (Torres-Sandateal., 2014; Caruso et al., 2017). The
cover vegetation index was used in different stdge evaluate the efficiency of olive tree

management (Kairis et al., 2013; Sastre et al.62Bbdrigo-Comino et al., 2018).

The relationship between soil cover and solil ligssstablished in the Universal Soil
Loss Equation (USLE) (Wischmeier and Smith, 1978) & represented by the C-factor,
which, according to Renard et al. (1991), is thesiimportant for erosion, because it is the
most controllable in relation to the others. Initidd, it represents the combined effects of sall,

plant and biomass cover on soil erosion (Prasammaket al., 2012), reflecting on erosion
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reduction as effect of conservation practices aasmt with different crop management
systems (Panagos et al., 2015).

There are different methods for determining théa€er. For example, the using of
standard USLE plots for erosion quantification. e et al. (2010) and Silva et al. (2016)
determined this factor in eucalyptus plantatiomhétauthors have also studied it in annual
crops (Bertol et al, 2001; Bertol et al, , 2002nkiet al., 2014). However, this method presents
many difficulties, since it requires a wide seridgemporal data to validate the results, and
depends the different variables like as on the dasses, vegetation species and the adopted

management systems (Tiwari et al., 2000).

In this sense, the use of empirical models basgbecharacterization of the vegetation
is a feasible alternative for the determinatiothef C-factor. Among the methods, we highlight
the estimation of the C-factor from vegetation gadi, such as the normalized difference
vegetation index (NDVI) (Van Der Knijff and Montaredia, 2000), the leaf area index (Yang
et al., 2003), the vegetation cover index (Elwel &tocking, 1976) and the stratified cover
index (Feng et al., 2018).

The values of C-factor range from close to zemyy(\high degree of soil protection) to
one (soils with very high exposition to water eocogi For olive trees, studies developed in the
Mediterranean region reported different C-factduga, such as 0.296, obtained by Borselli, et
al. (2008), or values between 0.1 and 0.3, as finyyndanagos et al. (2015) and between 0.10
and 0.25, as observed by Bakker et al. (2008). ilestess, there is a lack of data for the

cultivation of the olive tree in tropical conditi®n

Therefore, the objective of this study was toreate the vegetation cover index using
different vegetation indices derived from remotysed data obtained by an UAV, in different
systems of vegetation cover management, aimingdess the relationship between vegetation

cover rates and calculated C factor.
MATERIAL AND METHODS
Study area

The experiment was conducted at the Federal Usityasf Lavras (UFLA) in Lavras,
Minas Gerais (21°13'20" S, 44°58'17"W) and awer@gtude of 925 m. The study area is
composed of 15 plots that are 4.0 m wide and 12l&nap (Figure 1).
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The climate, according to the Koppen classifiacasgstem, is Cwa, with average annual
rainfall of 1,530.0 mm and average temperaturedot 2C. The soil class of the area is typical
Eutrophic Haplic Cambisol (Curi et al. 2017).

(A)

Figure 1. Arrangement of the 15 plots installed in the ekpent area and used in the
evaluation of soil and water losses in the agniraltperiods (a) 2016/2017 (March,2017)
and (b) 2017/2018 (April 8 2018) under different treatments. BS: bare §S: Olive trees
cultivated in bare soil; OSV: olive trees cultivéteith spontaneous vegetation; OJB: olive
trees cultivated with jack beans; OSH: olive tredivated with sunn hemp; OSVR: olive trees
cultivated with mowed spontaneous vegetation; OSvlie trees cultivated with mowed
spontaneous vegetation and olive plants crow; OSMiMe trees cultivated with spontaneous
vegetation treated with herbicide.
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Acquisition of images by the Unmanned Aerial Vehid

The Unmanned Aerial Vehicle (UAV) used for imageuisition was the professional
DJI Phantom 3 model, serial number p76ddc18b271/Ma register CPP-011111110. It
carried Mapir Survey 2 NDVI RED + NIR (DJI, 2018he flights were programmed using the
Pix4D software (Pix4D, 2018) to plan and delimé gtudy zone and also to control the distance
of the UAV. For the estimation of the reflectanedues images, data from the USGS Spectral
Library were used in the Mapir Survey 2 (Kokalyagt 2017).

Ten flights of approximately 20 minutes (Tablewith 30-m altitude, were carried out
using 36 georeferenced control points. A total@ photos were recorded per flight in JPEG
format, with an overlap of 60%. PhotoScan Pro 1(2disoft LLC, 2016) was used for image
processing, alignment, georeferencing and the géngrof orthophotos. Vegetation indices
were calculated to characterize the images andapgdpeir classifications using the Random
Forest method (Yano et al., 2016).

The vegetation cover index (VCI) was calculatedgigquation 1:

Pixels classificated as vegetatit (1)
Total Pixels of splot

VCI =
The soil cover index (SCI) was obtained by equeafio

_ Pixels classificated non photosynthetegetatior )
Total Pixels of splot

SCI

The total coverage index (TCI) was calculated dpyation 3:

TCI =VCI +SCl 3)
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Table 1.Flight dates and plots treatments in the studg.are

Date Period Treatment

Marchl17, 2017 BS: bare soil

April 15, 2017 OBS: Olive trees cultivated in bare soil

May 25, 2017 2016/2017 OSV: Olive trees cultivated with spontaneous vegetatio
June 23, 2017 OJB: Olive trees cultivated with jack beans

July 19, 2017 OSH: Olive trees cultivated with sunn hemp

December 18, 2017 BS: bare soil

January 22, 2018 OBS: Olive trees cultivated in bare soil

February 21, 2018 \C/)esg\égti(())rilve trees cultivated with mowed spontaneous

2017/2018 gsyC: Olive trees cultivated with mowed spontaneous
vegetation and olive plants crow
OSVH: Olive trees cultivated with spontaneous vegetatio
treated with herbicide

March 20, 2018

May 20, 2018

Calculation of vegetation indices

In order to classify the images, two spectral lsamldR (near infrared reflectance) and
RED (visible red reflectance), were evaluated. Ftbese bands and five vegetation indices

were calculated:
Normalized Difference Vegetation Index (NDVI)

The NDVI is the most used index in vegetation stadiue to its great capacity of
discrimination between vegetation and non-vegatgft@ng et al., 2018). However, the
performance of this index is reduced in areas Wi biomass values (Rouse et al., 1973).
| = (NIR —RED)

NDVI =
(NIR +RED)

(4)

where NIR is the near infrared band reflectance BR&D is the visible infrared band

reflectance.
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Ratio Vegetation Index (RVI)

The RVI index presents in a simpler way the cattbetween red and near infrared of

green vegetation in good condition (Birth & McVég68).

RVI :ﬁ (5)
RED

where NIR is the near infrared band reflectance BR&D is the visible infrared band

reflectance.

Infrared Percentage Vegetation Index (IPVI)

The IPVI was developed in order to facilitate tdadculation of NDVI. The creator of
this index, Crippen (1990), justifies that it istmecessary to subtract the near infrared red in
the numerator for the calculation of the NDVI.

_NR
PV = (NIR +RED) ©)

where NIR is the near infrared band reflectance BiD is the visible infrared band

reflectance.
Transformed Vegetation Index (TVI)

The TVI index is a modification of the NDVI indexith addition of a constant (0.5)

and to all values applied to the square root ofésailt.

TV =JNDV 405 @

Optimized Soil Adjusted Vegetation Index (OSAVI)

The OSAVI index is a modified form of the NDVI iad, with L correction factor
equivalent to 0.16, which considers the settingi@af the sun to weigh the variable effects of
the ground (Huete, 1988; Baret and Guyot, 1991).

_ (1+L)*(NIR -RED)

OSAVI = (8)
(NIR +RED+ L)
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where NIR is the near infrared band reflectancd).16, and RED is the visible infrared band

reflectance.
Random Forest and Classification

Random Forest (RF) is among a variety of clasgiibaand regression trees methods
(CART) (Breiman,2001). CART methods are based @n‘hining’ of relationships among
target classes and the feature space spanned byndlge data. RF method showed good
performances for a wide range of image classificetind mapping applications that involved
vegetation studies (Breiman, 2001; Belgiu édx, 2016; Yano et al., 2016; Castro et al., 2018)

Initially, from the mosaic of the 10 generatedhopghotos, 100 random points were
generated in each portion of the study area, fiaguih a total of 1500 points, constituting a
database of 1500 rows and 7 features space vaié®ED; NIR; NDVI; OSAVI; RVI; TVI;
IPVI) extracted with values of vegetation indices €ach of the fifteen plots. This database

was analyzed with the Random Forest algorithm.

Each point (database row) was classified accortlirits presence in each orthophoto
in 4 classes: Vegetation (VEG); Bare soil (BS); &iva and non-photosynthetic vegetation
(NPV). From the generated points, the statistinalyzes of the indices values were performed
in relation to the treatments and classes. The &arfebrest algorithm was performed in the R
(RC Team, 2017) software using the Random Forestguee (Liaw and Wiener, 2018) with
the following parameters: number of trees in thelehgntrees = 1000), number of variables in
each node (nodesize = 10), and number of variabletomly sampled in each division (mtry
= 2) (Pelletier et al., 2016).

Accuracy assessment of the classification modetsewperformed through the
evaluation of the following parameters: class exrarser accuracy, producer accuracy and
overall accuracy. In addition, the Kappa coeffitiemas determined using the external
validation, which corresponds to samples that warteused in the validation of the models
(Congalton, 1991).

Assessment of soil loss

Soil loss evaluation was carried out following timeethodology proposed by
Wischmeier and Smith (1978), with a change in tineedision of the plots to 12 m length and
4 m width. The plots were limited with galvanizéteets measuring 40 cm in height and buried

to a depth of 20 cm.
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The plots were installed in the direction of thepe of the land. Runoff collection was
made in the lower part of the plots, with galvadingitters, the flood being collected in tanks.
The collecting tanks had a capacity of 250 L, vaitfirst settling tank (Tank A) and a second
holding tank (Tank B) of the same capacity. Thstfiank was connected to the second tank by
a Geib divider with 9 windows so that, after filinhe settling tank (Tank A) only 1/9 of the

runoff is conducted to the collecting tank (Tank B)

Soil loss quantification was performed by collegtisamples at each erosive event.
Then, three samples of runoff and sediment werleaed in 250 mL pots after each tank
collection event (COGO, 1978). The pots were waighred set for decanting with the addition
of three drops of hydrochloric acid to facilitaledculation. After 24 hours, the pots were
drained to leave only the pellet, in the next steppots were placed in an oven and dried at 60

°C for later weighing.

Rainfall erosivity R factor

The erosivity of each period was estimated bygI89 index, using a model proposed
by Aquino et al. (2012) for the city of Lavras (@fjon 9).

El,, =85.672*R°% )

The model considers the coefficient of rain preagabby Renard & Freimund (1994),

according to equation 10.
2
R.=1% (10)

where Rc is the rainfall coefficient (mm); p is tmean monthly precipitation (mm); and P is

the annual mean precipitation (mm).

Cover- Management Factor (C-factor)

The calculation of the Cover-Management factorfg@er) of the USLE was
determined on the calculation of the soil lossor¢8LR) for the eight months of the study
period (n=8), which is the sum of the soil losska plot cultivated with a cover plant divided
by the sum of the bare soil in the same time itefwischmeier and Smith, 1978), as shown

in equation 11:
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SLR=1= (11)

where i is the month of the study period, SLR & $bil loss ratio (Mg ha Mgha?), SLcc is

the plot soil loss with cover plants, SLBS is thé bss of the bare soil plot.

The C factor was calculated by equation 12 (Reetied., 1991; Panagos et al., 2015).

— (SLR1.EI% SLR2.EI2..+ SLRn.El
C= Eit (12)

Where SLRi is the soil loss ratio in the considarezhth and Eli is the rainfall erosivity of that

month and Elt is the total annual rainfall erogivit
Statistical analysis

The experiment followed a Complete Randomized Bldesign in a standard plot of
water erosion monitoring (Figure 1). The lossea daid the vegetation indices were submitted

to analysis of variance and the means were compmréae Tukey test at 5% probability.

The residuals of the soil loss prediction modeld the C factor were tested using the
Shapiro-Wilk test. The variables were submittetbgptransformation when necessary, as used
by Keesstra et al. (2018), using the statisticagpam R (RC Team, 2017).
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Assessment of plant cover
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Figure 2 shows the maps generated from the végetatdices dated March 17, 2018.

It shows the ability to use UAV images for vegeaiatmapping through the vegetation indices

chosen in this study.
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Figure 2. Vegetation indices maps of study area: NDVI (&)1 Bb); IPVI (c); TVI (d);

OSAVI (e) Calculated on March 17, 2017.

Figure 3 shows the result of vegetation mappinggushe Random Forest classifier

based on the use of vegetation indices. The evatuaf this mapping was done using the

results presented in Figures 4 and 5.
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Figure 3. Vegetation classification maps of study area ustagdom Forest on March 17,
2017, with the following classes: Bare soil (BSha8ow, vegetation (VEG) and non-
photosynthetic vegetation (NPV).

Figure 4 shows the graph of the importance ofaerage accuracy of the covariates
used in Random Forest, at different dates. NotethiegaNIR band and the OSAVI index were
the most important variables in the constitutiothef Random Forest classifier model. The NIR
band presented the highest rank of importance anttongariables, thus agreeing with the
results found by Fletcher (2015), when using déiférbands in the constitution of Random
Forest classifier for the detection of weeds insbgbean crop. According to Ahamed et al.
(2011), the reflectance variation of the vegetatiower occurs at the wavelengths in the near
infrared range during the growing season, and thstnmportant reflectance change occurs
during the biomass growth period. The importancthefNIR band rank can be explained by
the capacity of the absorption or the reflectarfidb@NIR in each class classified by the model
(Fletcher, 2015). On the other hand, Red bandateitee (RED) increases with leaf water stress
associated with a reduction in chlorophyll concatin (Adam et al., 2010), which may explain
the low importance of the variable RED for the sifisation of vegetation.
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Figure 4. Importance of covariates in the classificatiorvegetation by the Random Forest
classifier.

Figure 5 illustrates the variations of the Randéwmrest classifier parameters during the
study period. Regarding the overall accuracy, thkies range from 78% to 90%, with an
average value of 86%. Except for February 21, 28l &lates have an overall accuracy above
90%. The Kappa coefficient variation follows thengatrend of overall accuracy, with values
ranging from 0.69 to 0.85, with an average of OTA& low values of accuracy on February 21,
2018 can be explained by the low average vegetatomer rate for this day, which was

equivalent to 0.38, while the average value ofdtier days was 0.50.
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Figure 5. Overall accuracy (a) and Kappa coefficient (bhef Random Forest classifier during
the study period.

The other parameters of the Random Forest evatuatie presented in Table 3. The
values of the user accuracy range from 53% to 1@0&ahe highest accuracy was obtained in
the vegetation class on March 20, 2018. The vadtifse producer accuracy varied from 35%
to 99% with the highest value in the class of vatieh of 99%. Class errors presented a range
of values from 0.01 to 0.66 with the highest exalue in class NPV. The high error values in
the Shadow classes and non-photosynthetic vegetél®V) are associated with the low
overall accuracy and the Kappa coefficient, thdieceéng the variability of these two classes,
which are transitional. The non-photosynthetic vaggen (NPV) is composed of dry matter, so
that its reflectance varies in relation to humidiowever, one should also consider the
problem of unbalanced training samples, causedéyaw frequency of occurrence of some
classes (Lin and Chen, 2013; Pelletier et al., 2016

Figure 6 shows the comparison among treatmentsoibr periods of study. There was
no significant difference using the five vegetatiodices used in the study. The TCI showed a
significant difference between the olive tree tmeaits associated with cover crops or

spontaneous vegetation and the olive tree with saite
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The mean value of NDVI was 0.38 in the first peraodi 0.36 in the second period for
the treatment of olive with bare soil. The resalts within the range of values found by Garcia
Torres et al.(2008), ranging from 0.12 to 1 for gea obtained from UAV, while the study of
Brilli et al.(2013), which considered multisensatedlite images, presented an average value
of 0.80. According to Ouzemou et al. (2018), the\NIRalues of olive cultivation range from
0.35 to 0.7. The same authors showed that the s maintain values of NDVI with small
variations due to the high sustainability of thiggin terms of the variation of the chlorophyll

rate.

According to Barati et al. (2011), the NDVI indexthe most appropriate for vegetation
classification. However, the same authors repat NDVI does not show good accuracy in
dry vegetation, as in the case of the herbicidattnent. These authors also affirmed that the
NDVI; IPVI; RVI and OSAVI indices have the same belor and the TVI index shows poor
performance in vegetation classification, which wasfirmed by the results of these indices
in Figure 6.
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Table 3. Parameters of the different results of clasdificamodels using Random Forest

User Accuracy

Data
BM BS Shadow VEG

March 17, 2017 56 99 80 92
April 15, 2017 69 91 84 90
May 25, 2017 52 93 76 84
June 23, 2017 83 91 71 95
July 19, 2017 75 91 73 95
December 18, 2017 81 96 90 92
January 22, 2018 71 85 88 94
February 21, 2018 67 72 72 99
March 03, 2018 75 97 64 100
May 15, 2018 68 97 53 89

Average 69.7 91.2 75.1 93

Producer accuracy

March 17, 2017 44 92 88 95
April 15, 2017 59 84 89 97
May 25, 2017 40 95 74 89
June 23, 2017 84 95 71 89
July 19, 2017 82 86 61 95
December 18, 2017 86 84 88 96
January 22, 2018 75 82 91 90
February 21, 2018 76 59 80 96
March 03, 2018 82 96 56 99
May 15, 2018 74 95 35 90

Average 70.2 86.8 73.3 93.6

Class errors

March 17, 2017 0.6 0.09 0.17 0.07
April 15, 2017 0.54 0.14 0.13 0.05
May 25, 2017 0.66 0.04 0.19 0.12
June 23, 2017 0.13 0.07 0.16 0.08
July 19, 2017 0.21 0.13 0.43 0.07
December 18, 2017 0.18 0.12 0.11 0.05
January 22, 2018 0.26 0.19 0.05 0.08
February 21, 2018 0.27 0.4 0.24 0.04
March 03, 2018 0.19 0.06 0.39 0.01
May 15, 2018 0.24 0.04 0.83 0.11

Average 0.33 0.13 0.27 0.07
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Figure 6. Comparison of averages of coverage rates: vegetabver index (A),total cover
index (B), and vegetation indices: NDVI (C); RVIXDPVI (E); TVI (F) and OSAVI (G) in
different management systems olive trees in 2016728) and 2017/2018 (b). Means followed
by the same letters do not differ by the Tukey t#sb%. BS: bare soil, OBS: olive trees
cultivated in bare soil; OSV: olive trees cultivéiteith spontaneous vegetation; OJB: olive
trees cultivated with jack beans; OSH: olive tre@ivated with sunn hemp; OSVR: olive trees
cultivated with mowed spontaneous vegetation; OSWlive trees cultivated with mowed
spontaneous vegetation and olive plants crow; OSiliMe trees cultivated with spontaneous
vegetation treated with herbicide.

Erosivity assessment

Figure 7 shows the precipitation and erosivity ealtor the study period, from October
to May, in the two hydrological periods, 2016/2C4id 2017/2018. The total erosivity was
4,750.59 Mg hd period! in 2016/2017, and 4,577.76 MJ mm*talperid! in 2017/2018. The
period with the highest risk of erosion was fromvlimber to March, representing 75.71% in
2016/2017 and 86.38% in 2017/2018 of total erogiwitith a value higher than 500 MJ mm
ha® 't month?, which is considered critical according to Cardesal. (2012). These data
agree with those presented by Silva et al. (2088)ch reported the high rainfall erosion in
Lavras from November to March, totaling 82.75%ahfall erosivity, according to the study,
between 1998 and 2002.
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Figure 7. Precipitation and erosivity for the study peribdyras (MG).

Soil loss assessment

Table 4 shows the monthly soil loss data and okes for the period evaluated. The
trend of soil loss in time follows the distributiah rain erosivity over the same period, with
higher losses in the months of December to JantraB017/2018, there was a high soil loss in

the month of October caused by high erosivity dr@lldéw coverage rate in that month.
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Table 4. Soil losses in the study period in different cov@nagement systems of olive tree.

Soil los:
.Oct.  Nov. Dec Jan Feb Mar. Apr. May Total
Treatments 5016/201
--------------------------------------------- Mg ha! periodi---------m-mmemememeeeeeee
OBS 3.76 8.64 41.44 83.3 2297 75.73 59800 291.38+166.5&
osv 0.01 0.05 0.09 0.08 0.14 0.18 0.0100 0.56+0.44b
0oJB 0.04 0.04 0.25 0.02 0.010 0.07 0.0100 0.45+0.37b
OSH 0.01 0.6 0.36 882 0.02 0.15 0.0200 9.98+14.3D
BS 3.35 1391 51.31 80.089.19 49.13 57 0.6 294.54+85.88
2017/201:
OBS 35.7F 27 12.6¢ 6.4t 4.8¢ 0.8¢ 0.0C 0.0C 87.59+76.8za

OSVR 0.08 0.01 0.01 0.03 0.02 0.00 0.000 0.16+0.07b
OoSsVvC 0.04 0.04 0.03 0.02 0.02 0.00 0.000 0.16+0.03b
OSVH 0.23 0.01 0.03 0.02 0.01 0.00 0.0000 0.31+0.3%

BS 96.74 26.29 12.76 11.28.02 6.75 0.000.1 159.86+86.44
Means followed by the same lowercase letter iHitless do not statistically differ by the Tukey Test
5%. Months: Oct.: October; Nov.: November; Dec.c@mber; Jan.: January; Feb.: February; Mar.:
March; Apr.: April. Treatments: BS: bare soil, OBSive trees cultivated in bare soil; OSV: Oliveds
cultivated with spontaneous vegetation; OJB: Oliees cultivated with jack beans; OSH: Olive trees
cultivated with sunn hemp; OSVR: Olive trees caited with mowed spontaneous vegetation; OSVC:
Olive trees cultivated with mowed spontaneous \a&get and olive plants crow; OSVH: Olive trees
cultivated with spontaneous vegetation treated witbicide.

It is noteworthy that the treatments with spontarsegegetation presented greater
performance in the reduction of erosion. The treai;m OSVR and OSVC presented equal
accumulated losses with a different distributiom.the period from December to February
2017/2018 the losses, in Mg haeriod?, were in the following order: BS (30.00)> OBS
(23.98)> OSVC (0.07)> OSVH (0.06)> OSVR (0.05), wing that the OSVR treatment had
lower loss in the period with high erosivity. TleBows the effect of the management on the
losses, since the treatments with lower coveradexipresent greater soil loss in relation to the

others (Figure 3).

The highest total losses were recorded in thentresatt of bare soil (BS), with a value of
294.54 Mg ha period! in 2016/2017 and 159.86 Mg-haeriod! in 2017/2018. The olive tree
treatments associated with the cover plants intwae monitoring periods did not present

significant differences due to the great variapitif the losses.

Soil preparation and practices for the insertiboower crops during the year 2016/2017
contributed to the increase of soil losses whenpaoed to management systems based on

spontaneous crops of the year 2017/2018.
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The treatments with spontaneous vegetation sheifietent erosion control. The most
efficient treatment in the first period was theveliree intercropped with jack beans and in the
second period, the olive treatments intercroppeithi spontaneous vegetation and crowning
(OSVR and OSVC).

The efficiency of the erosion control of the treants can be explained by the vegetation
cover index, since greater soil cover results §s lerosion (Sastre et al., 2017). In the first
period, the plant cover indices were 0.89, 0.8830and 0.17 for the OJB, OSV, OSH, and
OBS treatments, respectively. In the second petlusl plant cover indices were 0.71, 0.64,
0.41, and 0.32 in OSVR, OSVC, OSVH, and OBS treatmeaespectively (Figure 3).

The higher efficiency of jack beans in the reduttof erosion is due to the foliar
architecture, high growth and the high coverage rathich was confirmed by several studies
in the southern Minas Gerais region (Freitas efll12; Lima et al., 2014).

Cover crops and spontaneous vegetation play aartang role in the reduction of soil
losses, and can act as a physical barrier intengepaindrops, as well as soil fixation by the
roots and the reduction of surface runoff due édtlcrease of infiltration and the kinetic energy
of the flow (Cardoso et al., 2012, Lima et al., 201

It was observed a temporal variation of SRL in eaedtment (Table 5), which may be
related to the cover plant intercropped with thgeotrees and the monthly variation of rain
erosivity. The SRL was high in the olive trees isalted in bare soil, with a maximum value in
the period 2017/2018 of 1,125 and 1.02 in 2017/2041& lowest SRL average of the study
period was in the OVE treatment in the first periadd in the OSVH treatment in the second
period. These results agree with Bertol et al. 208howing that grasses used as cover crops
(treatments with spontaneous vegetation) are nfbogeat in erosion reductions than legumes
(jack beans and sunn hemp). McGregor and Mutchl®83) showed that spontaneous
vegetation had an effect on SRL reduction in anoublires.
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Table 5. Soil loss ratio for olive orchard under differenanagement systems in a Haplic
Cambisol.

Soil losses ratio

Treatments 2016/2017
--------------------------------- Mg ha Mg ha! periodt-----------mmmmemmeeee e
Oct.  Nov. Dec. Jan.  Feb. Mar. Apr. MayAverage
OBS 1.12500.6214 0.8078 1.040©.5862 1.54120.9733 0.0511 0.8433
osv 0.00350.0035 0.0018 0.001@.0037 0.00360.0001 0.0027 0.0025
oJB 0.01110.0031 0.0049 0.000®.0003 0.00140.0001 0.0002 0.0027
OSH 0.00370.0432 0.0070 0.110®.0004 0.00300.0003 0.0000 0.0210
2017/2018
OBS 0.36931.0271 0.9909 0.5749.8118 0.12800.0000 0.1612 0.50785

OSVR 0.00090.0004 0.0006 0.0029.0035 0.00050.0000 0.0229 0.00391
OoSvC 0.00050.0016  0.0024 0.0018.0033 0.00070.0000 0.0032 0.00169
OSVH 0.0024 0.0005 0.0022 0.0020.0018 0.00040.0000 0.0000 0.00117

Months: Oct.: October; Nov.: November; Dec.: DecemBan.: January; Feb.: February; Mar.: March;
Apr.: April. Treatments: BS: bare soil, OBS: Olit@es cultivated in bare soil; OSV: Olive trees

cultivated with spontaneous vegetation; OJB: Oliees cultivated with jack beans; OSH: Olive trees
cultivated with sunn hemp; OSVR: Olive trees caited with mowed spontaneous vegetation; OSVC:
Olive trees cultivated with mowed spontaneous \a&get and olive plants crow; OSVH: Olive trees

cultivated with spontaneous vegetation treated witbicide..

The values of the C-factor of the USLE equatios stiown in Table 7. The highest
values were in the olive crop cultivated on bar88pfor both periods, with the tendency of
the treatments with greater cover to have low @efacalues. Arhonditsis et al. (2002) found
that the C factor depends on the percentage oftattge covering the crown of the olive
cultivation with spontaneous vegetation. For Dif&te et al. (2016), the seasonal variability
of the olive tree C-factor is caused by the vahbof erosivity, management system and the

cultivar.
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Table 7.Soil Cover Management factor (C factor) for oloegtivation in different management
systems of cover crops in a Haplic Cambisol.

Treatments Soil Cover Management factor (C factor)
2016/2017
Mg ha Mg* hat
OBS 0.8110
osv 0.0023
0JB 0.0025
OSH 0.0398
2017/201
OBS 0.672(
OSVR 0.0016
osvC 0.0018
OSVH 0.0016

BS: Bare soil, OBS: olive trees cultivated in bacdl; OSV: olive trees cultivated with spontaneous
vegetation; OJB: olive trees cultivated with jadahs; OSH: olive trees cultivated with sunn hemp;
OSVR: olive trees cultivated with mowed spontaneeeretation; OSVC: olive trees cultivated with

mowed spontaneous vegetation and olive plants oc@®¥H: olive trees cultivated with spontaneous
vegetation treated with herbicide.

The models of prediction of the C factor and sodls are presented in Tables 8 and 9.
According to different authors (Van Der Knijff aiMbntanarella, 2000; Feng et al., 2018), the
exponential models are the most appropriate fopthdiction the soil loss and C-Factor by the
use of vegetation and cover indices. Thus, baseth@walues of R?2 and mean square error
(RMSE), it was observed that the exponential modalse the best fit, corroborating with the
results obtained by Feng et al.(2018). The bestaisdtiat presented highef Bnd low mean
square error (RMSE) are plotted in Figures 6 afidhé total coverage index showed a better
prediction of soil loss, followed by other indic@&Cl, NDVI, RVI, IPVI, and OSAVI).

Table 9 shows the results of the C factor depriecianodels. The Rof the models
obtained using the vegetation cover index was &ri2il0.61 in the case of total coverage index.
The difference can be explained by the importalet @bcrop residues in the reduction of water
erosion, resulting in the reduction of the kineditergy of the raindrops and the increase of

water infiltration in the soil (Lopes et al., 1987)

The relationship of vegetation indices (NDVI, RW?VI, TVI, and OSAVI) and the C
factor showed that the vegetation cover is insigficto explain the C factor. Similar results
were found by Feng et al. (2018), relating the @dawith vegetation indices generated from

Landsat 8 OLI image, with low®Rvalues.
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In Figure 8, it is observed that with the increatthe total vegetation cover, there was
an exponential decrease in soil losses. This sameency of the curve of the index of
vegetation cover with the losses of soil was fobpélunes et al (2011). According to Keesstra
et al. (2016), practices in plantations where tbi€ is kept uncovered and thus exposed to

erosive agents are considered unsustainable.

In the present study, the results obtained shotlkatl the vegetation cover index
presented a better relation between the soil logedsthe C factor. On the other hand, the
vegetation indices were inadequate to estimatel@ssl on the plot scale. Feng et al. (2018)
found similar results in relation to vegetationiog$ and particularly the NDVI index. The
authors verified that the NDVI index showed greamsstivity regarding the vitality of the
vegetation (chlorophyll activity) and the effectstbe soil. In addition, the NDVI tends to

overestimate the vegetation cover in the first pilggical states (Asis and Omasa, 2007).

Table 8.Soll loss prediction models using the vegetatiaiek

Models R RMSE P value
SL=0.82*exp-2.33*VCI) 0.21 11.409: <0.01
SL=10.89%exp(-5.09*TClI) 0.68 9.9215 <0.001
SL=3.07*exp(-5.09*NDVI) 0.21 11.4396 <0.01
SL=2.72*exp(-0.96*RVI) 0.19 11.5024 <0.05
SL=1045.23*exp(-11.98*IPVI) 0.19 11.4995 <0.05
SL=104.17*exp(-6.63*TVI) 0.23 11.5252 <0.01
SL=2.94*exp(-6.56*0SAVI) 0.20 11.4984 <0.05

Root Mean Square Error; SL: Soil Loss; VCI: Vegetatover index; TCI: Total cover index.

Table 9. C-factor prediction models using vegetation iedic

Models R RMSE P value
C=0.92*exp-2.99*VCI) 0.42 0.203¢ <0.01
C=7.02*exp(-4.81*TCI) 0.73 0.1554 <0.001
C=18.26*exp(-11.37*NDVI) 0.19 0.2711 <0.01
C=13.23*exp(-1.66*RVI) 0.17 0.2738 <0.01
C=81,633.90*exp(-18.52*IPVI) 0.15 0.2826 <0.01
C=53.70*(10"18)*exp(- 0.63 0.1668 <0.05
C=9.78*exp(-10.25*OSAVI) 0.16 0.2805 <0.01

Root Mean Square Error; C: C-factor; VCI: Vegetattmver index; TCI: Total cover index
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Figure 8. Relationship between soil loss (SL) and totalezomdex (TCI). SL: Soil Loss; TCI:
Total cover index.

1.00 1

0.751

C-Factor

0.251

0.00 1

Treatments
OBS
OBS
0JB
OSH
osv
0osve
OSVH
OSVR

C=7.02%exp(-4.81*TCI)
R°=0.73
RMSE=0.1554

0.4 06 0.8 1.0
Total Cover Index

Figure 9. Relationship between the C factor (C) and totakcage index (TCI). C: C-Factor;
TCI: Total cover index.
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CONCLUSIONS

The use of Random Forest in the classificatiorhefitnages generated by the RED-
NIR camera fixed in an UAV showed results allowthg accurate classification of vegetation

cover.

The total vegetation cover index presented begeiormance in the prediction of soll

loss and in the determination of C-factor.

The vegetation indices of the present study ptesigooor relation with soil loss and the

C-factor.
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