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ABSTRACT

In rural areas inappropriate land use generates soil problems such as soil particles
dissociation, reduction of soil fertility and agriculture productivity. For the Serrano Region
of Brazil the mixture of natural and anthropogenic processes such as high precipitation
regimens, very steeped relief, deforestation, and agriculture in slopes are predominant
factors that enhance these soil problems. The objective of this research is to assess the
landscape vulnerability to water erosion of the agricultural micro-basin of Pito Aceso in
the Municipality of Bon Jardim in the State of Rio de Janeiro. The research is divided in
two parts: a) A desk research: which consists of a literature review, generation and
interpretation digital maps and; b) A field assessment: which consists of the identification
of different types of: a) Soil erosion; b) Support practices and; c¢) Crop and cover
management tendencies. Results indicates that Pito Aceso presents a rough relief with
moderate to severe erosion in areas dominated by clean pastures (CP), moderate erosion in
areas under annual (AC) and perennial cropping (PC) and light erosion in areas under
forest. Also it is found that in Pito Aceso the more vulnerable areas to erosion are areas in
Cambisols and Latosols under CP and AC in slope with very strong, strong and medium
gradient, followed by areas under PC with very strong and strong gradient. In general Pito
Aceso presents a rough relief which demands a careful land use planning and the adoption

of soil conservation practices.

Keywords: soil erosion, slope gradient, trampling effect, rill erosion.
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RESUMEN

En é&reas rurales el uso inapropiado del suelo acarrea problemas como la
disgregacion de particulas, reduccion de fertilidad y productividad. Para la Region Serrana
de Brasil la combinacién de procesos natural y antropogénicos como la alta precipitacion,
relieve accidentado, deforestacion, agricultura en laderas favorecen estos problemas en el
suelo. El objetivo de este trabajo es evaluar la vulnerabilidad del paisaje a erosion por
escorrentias en la micro-cuenca agricola de Pito Aceso en la Municipalidad de Bom
Jardim en el Estado de Rio de Janeiro. La investigacion estd dividida en dos partes: a)
Investigacion de escritorio, el cual se basa en una revision bibliogréafica y la generacion e
interpretacion de mapas digitales y b) Trabajo de campo, que consiste en la identificacion
de tipos de: a) Erosion; b) Practicas de conservacion y; c¢) Tendencias de ordenacion de
cultivos (cubierta vegetal). Los resultados indican que Pito Aceso presenta un relieve
accidentado con erosion moderada a severa en areas cubiertas por pastos limpios, erosion
moderada en &reas con cultivos anuales y perennes y erosion minima en areas cubiertas
por bosques. También indican que en Pito Aceso las areas mas vulnerables a erosion son
las &reas en Cambisolos y Latosolos en: a) Pasturas y Cultivos Anuales en pendientes con
declividades muy fuertes, fuertes y medias y b) Cultivos perennes en pendientes con
declividades muy fuertes y fuertes. En general Pito Aceso presenta un relieve accidentado
que requiere de un planeamiento de uso del suelo cuidadoso y la adopcién de medidas

conservacion de suelo.

Palabras claves: erosion de suelo, pendiente, efecto de pisoteo, erosion en surcos.

Vii



INDEX

1. BACKGROUND 1
1.1. THE ATLANTIC RAIN FOREST 1
1.2. INTRODUCTION 5
1.2.1. RESEARCH OBJECTIVES 7
1.2.1.1. General Objective 7
1.2.1.2. Specific Objectives 7
2. STATE OF THE ART 8
2.1.SoIL 8
2.1.1. SOIL TEXTURE 8
2.1.2. SOIL STRUCTURE 9
2.1.3. SOIL POROSITY 10
2.2. EROSION 10
2.2.1. RAINFALL AND RUNOFF OR FACTOR (R) 12
2.2.2. SUPPORT PRACTICE OR FACTOR (P) 13
2.2.3. SLOPE LENGTH (L) AND GRADIENT (S) 14
2.2.4. SOIL ERODIBILITY OR FACTOR (K) 14
2.2.5. COVER AND MANAGEMENT SYSTEM OF FACTOR (C). 15
3. STUDY AREA 17
3.1. LOCALIZATION 17
3.2. GEOMORPHOLOGY 18
3.3. CLIMATE 18
3.4.S0ILS 19
3.4.1. CAMBISOLS 19
3.4.2. LATOSOLS 20
3.4.3. ARGISOLS 20
3.4.4. NEOSOLS 20
3.5. VEGETATION 21
3.6. AGRICULTURE 21
4. MATERIAL AND METHODS 22
4.1. DESK RESEARCH 22
4.1.1. MAPS GENERATION AND INTERPRETATION 22
4.1.1.1. Land Use Map 22
4.1.1.2. Slope Gradient Map 29
4.1.1.3. Land Use according Slope Gradient 31
4.1.2. SOIL ERODIBILITY 31
4.2 FIELD ASSESSMENT 33
4.2.1. TYPES OF SOIL EROSION 33
4.2.2. SUPPORT PRACTICE 35
4.2.3. COVER AND MANAGEMENT SYSTEM 35

viii



RESULTS AND DISCUSSION 36
5.1. FIELD ASSESSMENT 36
5.1.1. SOIL EROSION ACCORDING DOMAINS 36
5.2.1.1. Domain A 36
5.1.1.2. Domain B 41
5.1.1.3. Domain C 44
5.2.2. SUPPORT PRACTICE 45
5.2.3. CROP AND COVER MANAGEMENT 47
5.2. DESK RESEARCH 51
5.1.1. LAND USE AND SLOPE GRADIENT (RASTER CALCULATION) 51
5.2.2. SOIL CLASSES AND SOIL ERODIBILITY (K VALUES) 59
6. CONCLUSIONS 62
7. RECOMMENDATIONS 64
8. REFERENCE 65




LIST OF TABLES

Table 1. Land Use and CP VAIUES. .........cooiiiieiiiiies et 13
Table 2. Percentage occupied by each land use and soil COVers.............ccocvvviiiiiiiinninns 23
Table 3. Slope gradient classification, takeN. ...........ccccoiiiiiiieiie e 29
Table 4. Recommended land use according slope gradient ...........ccccceveriiiiieiiiieiieninns 31
Table 5. Soil classes Erodibility..........cccooiiiiiiiii e 32
Table 6. Erosion ClasSifiCation. ............ccooiiiiieiiiiiir e e 34
Table 7. Domains ClassifiCatioN. ...........ccooiiiiiiiiiiii e 36
Table 8. Slope gradient diStriDULION. ..........c.ooiiiiiiiii e 51
Table 9. Slope gradient and Land USES. ..........coooeriieiieiiii i 52
Table 10. Slope gradient and associates soil classes and land USES. ............cccoevveriiinnnns 60
Table 11. Soil erodibility according BouyoucCos qUation. ............ccceeevervverireiieeiieeninens 60



LIST OF FIGURES

Figure 1. Remaining forest of the Rain Atlantic FOrest...........cccooiiiiiiiniiien e 5
Figure 2. Different structures types found in soils: a) Spheroidal, b) Platelike, c) Blocklike

A) PEMSIIKE. .ot ettt 9
Figure 3. Soil detachment and tranSPOt..........cc.ooiiiiiiieeie s 12
Figure 4. Study area 10Calization .............oooviiiiiiiiii e 17
Figure 5. Pito ACeso MiCrobasin OVEIVIBW ............ccveeiiiiiiiiie i 18
Figure 6. Land use map, Pito ACeSO MICIroDaSIN. .........cccccviiiiiieiii e 24
Figure 7. ADANdONEd PASTUIE .........cooviiiiiiii i 25
Figure 8. Initial secondary forest and clean pasture. ............ccoooeeeiiiin e iie e 25
Figure 9. Annual cropping and late secondary fOrest. ..........cccooeeiiniiiniieniiie e 26
Figure 10. Perennial Cropping-Coffee plantation ............cccoceioieiiiiii i 26
Figure 11. Perennial cropping-Banana plantation. .............c.ccooeeiiiiiiiiinnniicccce 27
Figure 12. Annual cropping-Cassava plantation ..............cccoceioreiiiniii e 27
Figure 13. Annual cropping-Bean plantation .............ccccoooiiiiiiiiie i 28
Figure 14. Horticulture production plot-Cauliflower..............ccccooiiiiiiin i 28
Figure 15. SIope gradi€nt MaP.........oovueiiiiiiiiieie et 30

Figure 16. Different soil erosion expressions used as indicators. Taken and modified from
Brady €t al., 2004 ..........ooe e et aeannes 34
Figure 17. Case 1: Rills in Latosols in convex slope with very strong gradient under
PASTUIES. ... ettt ettt e e e n et e et e et e an et e e R Rt et n e e 38
Figure 18.Case 2: Rills in Latosols in convex slope with very strong gradient under
PASTUIES. ...ttt sttt et n et e e et e s e e nn e e e aR e e n e e e e 38
Figure 19. Case 3: On-process Gully in Cambisols in concave slope with strong gradient
UNAEE PASTUIES. ...ttt ettt sttt et eb bbbt e bt eb e et e e e e e bt e b e ebe e eneeenes 39
Figure 20. Case 4: On-process Gully in Latosols in convex slope with very strong
Gradient UNAEr PASTUTES. .......ooiuiiiie ittt sttt ettt et nbe e e 39
Figure 21. Case 5: Rills in Latosols in convex slope with very strong gradient under

PASTUIES. ...tttk etttk et rm et e e et e et e e Rt e e aR R e e R e 40

Xi



Figure 22.
pastures....
Figure 23.
pastures....
Figure 24.
banana. ....
Figure 25.
pastures....
Figure 26.
cassava. ...
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.

Case 6: Rills in Latosols in convex slope with very strong gradient under

....................................................................................................................... 40
Case 7: Rills in Cambisol in convex slope with very strong gradient under
....................................................................................................................... 42
Case 8: Rills in Cambisol in concave slope with very strong gradient under
....................................................................................................................... 43
Case 9: Gully in Cambisol in straight slope with very strong gradient under
....................................................................................................................... 43
Case 10: Rills in Latosols in straight slope with very strong gradient under
....................................................................................................................... 44
Rose production in contour cropping in Cambisol ............cccccoviiiiniiienn. 46
Passion Fruit in contour cropping in Latosol...........ccccovviiiiiiiiiiinicniee 46
Beans in small terraces in LatoSOl..........cc.ooeiiiiiiiiiii e 47
Crop association of Cassava and Coffee in Argisol..........ccccoovivieiiiiininnenn 49
Coffee production with dense soil cover in Latosol............cccccevveeiiiiiniinnn 50
Crop residues in PUMPKIN plOt..........coveiiiiiiiiie e 50
Very light gradient and its predominant 1and USES............ccccerviiiiieiieiiieninens 54
Light gradient and its predominant 1and USES...........cccocevriveiieniinien i 55
Medium gradient and its predominant 1and USES. ..........ccccceovieriiniieniicnienn, 56
Strong gradient and its predominant 1and USES. ...........cccveiieriiiiiiiiiiiiie e 57
Very strong gradient and its predominant land USES. ............ccccvvvieiieniienninns 58

Xii



1. BACKGROUND

1.1. The Atlantic Rain Forest

During the conquering period of Brazil by the Portuguese in 1500 (Lino, 2003), the
Atlantic Rainforest was one of the largest rainforests of the Americas, initially covering
around 150 million ha in highly heterogeneous environmental conditions. It originally
extended from 3 °S to 31 °S, and from 35 °W to 60 "W mainly along the Brazilian coast (92
%) (Gianerirni et al, 2008) crossing 17 Brazilian states and reaching into Paraguay and
Argentina (Rodrigues et al., 2007).

The wide longitudinal range of the Atlantic Rainforest is also important in producing
differences in forest composition, because of the decreased rainfall away from the coasts
(Ribeiro et al., 2009). Coastal areas receive large amounts of rain year-round, reaching more
than 4000 mm, while inland forests receive around 1000 mm/year. These geographical
characteristics, combined with the large altitudinal range to up to 2700 meters a. s. I.
(Rodrigues et al, 2007) have favored high diversity and endemism. The biodiversity in the
Atlantic Rain Forest more than 20,000 species of plants, 261 species of mammals, 620
species of birds, 200 species of reptiles and 280 species of amphibians, from which 30%,
61%, 12%, 30%, and 90% respectively are endemic (Rodrigues et al., 2007), and many more
species that still require scientific description (Ribeiro et al., 2009).

Associated to the Atlantic Rainforest exist three main vegetation classes, that group
several physiognomically and floristically distinct forests: mangroves, *‘restinga” (lowland
forests on sandy soils near the coast) and forests (including coastal forests, Araucaria mixed
forests, and semi-deciduous forests) (Ribeiro et al., 2009). The punctual richness of this
biome is so representative that the two mayor world records of botanical diversity for woody

plants were registered here: 454 species in one hectare to the south of Bahia and 476 species



in an area of the same size in the Serrano Region of Espirito Santo (Galindo-Leal et al.,
2005). Therefore the Atlantic Rainforest presents the biggest biodiversity in tree species per
hectare of the planet (Correa, 1996).

According to Ribeiro (2009) the Atlantic Rainforest’s flora and fauna may include 1-
8% of the world’s total species. For this reason the Atlantic Rainforest is today considered
one the tropical forest more threaten in terms of extinction and one of the “hotspots” of world
biodiversity and area of priority for its conservation at a global level (Lino, 2003).

Since XVI century to the XX century the economic cycles related to commaodities
such as “pau brazil” (Caesalpinia echinata) or brazialian tree, sugar cane, cattle rising, and
coffee had big impact in the Brazilian economy, but also the development of all theses
commodities caused serious damages to the Atlantic Rainforest due to the implementation of
not sustainable practices that would have turned possible to overcome the economic and
social contradictions of the Colony (Galindo-Leal et al., 2005).

In the Atlantic Rainforest the first economic cycle began with the exploration of “pau
brazil” by the colony, the first product of commercial interest then abundant in the forest of
Rio de Janeiro to Ceara (Galindo-Leal et al., 2005; Rodrigues et al, 2007). According to SOS
Mata Atlantica (2005) trees of this specie were extracted with such intensity (around 2
millions trees in a 100 years) that in 1558 the viable reserves were more than 20 kilometers
inland. The timber was continuously used for all the purposes due to the lack of fuel sources.
Another important activity during the first centuries of colonization was the extensive cattle
rising, big amount of livestock opened space for posterior human settlements and wide areas
were burned and cleared for the creation of grasslands, altering seriously the environment
(Rodrigues et al, 2007).

In the XVIII century, sugar cane was widely distributed throughout the colony, it was



found all along the coastal fringe from the extreme of north of Para, to the south in the Santa
Catarina, situation which ended with vast extensions of forest (Ferreira, 2008; Rodrigues et
al, 2007). As introduced exotic specie, sugar cane did not affect a specific natural resource,
but rather placed pressure on the Atlantic Rainforest as an entire entity. The sugar cane
production carried with it severe forest clearing of fertile areas of the northeast littoral for the
production and culture of wood to be used as fuel in the sugar refinery (Galindo-Leal et al.,
2005).

In the XIX and XX centuries began the coffee production, and big areas were planted
in several Brazilian states. By then coffee was the principal source of income in Brazil that
also brought with it inappropriate land use practices that accelerate the loss of forested area in
the southeastern region of the country (Galindo-Leal et al., 2005).

The destruction of the Atlantic Rainforest speeded exponentially in XX century due to
intensive process of urbanization, agriculture expansion, massive industrialization and
economical development (Rodrigues et al., 2007; Lino, 2003; Taberelli et al., 2005).

Nowadays in its Brazilian fraction the Atlantic Rainforest covers not more than 8% of
its original extension and it is the dramatic result of an occupation with devastating effects.
There were 500 years of a soil use and occupation policy that converted this biome in one the
most threaten of the world (Correa, 1996).

Since the first stages of colonization of Brazil the Atlantic Rainforest has gone
through a series of outbreaks of forest conversion, with the final results of a landscape
strongly dominated by humans (SOS, 2005) where agriculture the most relevant (Lima et al.,
2008).

The accelerated fragmentation process of the Atlantic Rainforest turned it into one

area of priority in terms of biological conservation, since big number of the fragments suffer



certain degree of anthropogenic perturbation (Dario et al, 2002). Most of the remaining
fragments of the Atlantic Rainforest exists in small fragments (<100 ha) that are isolated
from each other and are composed by second-growth forests in early to medium stages of
succession. (Ribeiro et al., 2009). The protection of these fragments is a major guarantee for
the geological stability of the Atlantic Rainforest, therefore avoiding the big catastrophes that
happened where forest clearing took place, with social and economic extremely serious
impacts. (Galindo-Leal et al., 2005 ).

According to Lino (2009) the Atlantic Rainforest survived principally in the states of Espirito
Santo, Rio de Janeiro, Sdo Paulo, Parani and Santa Catarina, forming a big biological
corridor due to the rough relief and relative poor soils that characterized the south and
southeast of Brazil. This situation which in one hand favors the conservation of this region in
the other makes it more vulnerable to perturbations in terms of soil degradation via erosion

and nutrients lixiviation (Gianerini et al, 2008)
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Figure 1. Remaining forest of the Rain Atlantic Forest. Sources: Ribeiro et al, 2009.

1.2. INTRODUCTION

In rural and urban areas inappropriate land use generates soil problems such as: soil
loss by the detachment of particles (that decrease soil fertility and agriculture productivity),
silting of water bodies and contamination of water courses with agro-toxics and chemical
products that are washed together with the soil particles (Machado et al., 2007). Therefore it
is necessary the characterization of soils, topography, geomorphology, hydrology and
anthropogenic erosion in order to establish the right land use for a given area (Endres, 2006).
In terms of agriculture land use Paes et al., (2004) cited that the appropriate use of
agricultural land is of relevant important because it minimizes the existing problems and
keeps the potential of soils still untouched. In the tropics these types of assessments are of

high relevance since this region presents special hydrological and geomorphologic features



such as rough and steep relief and intense and long precipitation patterns, situation which
could enhance degradation processes such as soil erosion (Da Silva, et al 2006). Soil erosion
assessment, which is part of the diagnosis of environmental problems, is highly relevant since
inadequate land use can accelerate soil losses and depositions that occur naturally. Thus
leading to modifications related to soil conservation, water production and quality, and
environmental changes in certain locations of a drainage basin (Blanco, 2009).

The Brazilian territory is characterized by a big diversity of soil types, corresponding
directly to the intensity of manifestation of different forms and types of relief, climate, soil
parent material, vegetation and associated organism, which creates the different conditions
for soil losses and formations (Blanco, 2009). In the Serrano Region-South Easter Brazil
Forest the mixture of natural and anthropogenic processes such as: high precipitation
regimens, very steeped relief, deforestation, and agriculture in slopes are predominant factors
that enhance the probabilities of soil degradation specially soil erosion. Endres et al., (2006)
stated that among the negative effects of deforestation, the most known is erosion. Added to
this situation there exist the presence environmental unfriendly practices such as short fallow
period, limiting the recovery of original soil properties, reducing in consequence soil

infiltration rate, and increasing runoff and erosion (Miranda et al., 2009).



1.2.1. Research objectives
1.2.1.1. General Objective
The general objective of this research is to assess the landscape vulnerability to
erosion of the agricultural micro-basin of Pito Aceso in the Municipality of Bon
Jardim, Rio de Janeiro State.
1.2.1.2. Specific Objectives
In order to achieve the general objective of this research there are four consequent
objectives:
1.2.1.2.1. To do an integrated analysis among relief aspects, land use
systems and predominant soils classes in the region;
1.2.1.2.2. To describe the on-going soil erosion processes and assign their
possible causes.
1.2.1.2.3. To analyze the effects of current land use systems on soil
stability;

1.2.1.2.4.To generate a landscape vulnerability map of the study region.



2. STATE OF THE ART

2.1. Soil

Teixeira et al., (1996) defined soil as the result of the integrated action of climate and
organisms on parent material conditioned by relief in different period of time. Result that
presents characteristics that constitute an expression of the dominant processes and of the
mechanisms in its formation. Teixeira et al., (1996) mentioned five predominant factors in
soil formation:
a) Climate: the weathering of rocks is directly influenced by meteorological factors like
temperature, precipitation and humidity, thus producing the material that originates soils; b)
Organisms: their action in the decomposition and/or transformation of organic residues
supplies soils with mineral salts and elaborate Humic substances that help to built physical
and chemical properties; c) Parent material: the nature of the texture, mineralogy and
chemistry of the parent material influences the soil characteristics; d) Relief: it affects the
development of soils by the influence on water dynamics, erosion, microclimates; e) Time:
the age of soil is validated in function of the degree of the development of soil horizons and
presence or not of primary mineral with low resistant to weathering. (soil properties)

According to Neto and Lombardi (1999) the principal soil physical characteristics are:
a) texture; b) structure and; c) porosity.

2.1.1. Soil texture

Neto and Lombardi (1999) refered to soil texture as the quantitative distribution of the
different classes of particles that form soils; Brady et al., (2004) refered to these particles as
the fragments that are part of the fine earth fraction, which is formed by clay, silt and sand
particles. Related to earth fine fraction the International Society of Soil Science classifies it as

follow: a) clay: particles smaller than 0.002 mm; b) silt: particles between 0.002 mm and 0.02



mm and; c) sand: this class is divided into fine and core, both are bigger than 0.02 mm, but
smaller than 0.2 in the first case and 2 mm in the second case. Therefore soils can have core
or fine texture, either when sand or clay particles predominates, in which case soils are called
light or heavy respectively (Freire, 2006).
2.1.2. Soil structure

Freire (2006) defined structure as the arrangement of the different types of particles
that form soils (clay, silt and sand) in secondary particles or aggregates. FAO (2005) referred
to soil structure as the natural organization of soil particles into discrete soil units result from
pedogenic process. Thus soil structure is classified according the size, shape and degree of
development Neto and Lonbardi (1999) In terms of shape soils can have spheroidal, platy,
primslike or blocklike shape while in terms of size they can be fine, medium or coarse

structured and in terms of development they can be strongly,

Figure 2. Different structures types found in soils: a) Spheroidal, b) Platelike, c) Blocklike d) Primslike.
Taken and modified from Brady et al, 2004

moderately or weakly developed (Brady et al., 2004). Soil structure is important due to its
close relation with soil aeration, water filtration and plants’ root development processes,

subjects close related to soil porosity. (Neto and Lombardi, 1999).



2.1.3. Soil porosity

It refers to portion of soil occupied by air and water and it depends of the arrangement
of the soil solids particles (Freire, 2006). Related to pores size they can be classified in
macro-pores (bigger than 0.08 mm) and micro-pores (smaller than 0.08) that are related to
well structured or fine soild or granular structured soils respectively (Brady et al, 2004).
According to Neto e Lombardi (1999) the loss of porosity in the soil is associated to
reduction of organic matter, soil sealing and the effects of the impact of rain drops that
reduces the size of aggregates and therefore the size of the pores.

2.2. Erosion

Soil degradation can be considered as one of the most important environmental
problems nowadays, that result from the inadequate agriculture management (Panachuki et
al., 2006), highlighting water erosion as one process of soil degradation that affects at most
the productivity capacity of soils. Vitte et al., (2006) defined erosion as the process of
detachment and washout of soil particles caused by water and wind. This process is
sequenced by Panachuki et al., (2006) as follow: a) Detachment of soil particles from soil
aggregates that can remain close to the aggregate or be transported; b) Washout or transport

which is done by the surface runoff and; 3) Deposition of particles in body water.

Erosion is a process that occurs naturally in the environment slowly and gradually; it
is responsible for the sculpturing of terrestrial crust and landscape development, being
conditioned by factors such as climatic regimes, relief, soil type, geomorphology, phyto-
geography (forest, grassland, etc) (Endres, 2006; Vitte et al., 2006). According to Vitte et al,
(2006) this process is considered normal or natural when there is an equilibrium between the

process of soil formation and soil loss.

10



However with human intervention this trend might be altered through the occupation and
intensive use of soils with practices such as: deforestations, introduction of seasonal crops
leaving the soil unprotected, by intensification of agriculture, overgrazing, and improper
maintenance of plantations, leading to higher soil losses. This type of accelerated erosion is
known as anthropogenic erosion ( Pla, 1997; Vitte et al., 2006).

Water erosion processes have been accelerated in most of the tropical regions in
recent decades, due to population pressure and limited resources, which have also led to
increased the use of steeper lands for agriculture (Pla, 1997). According to Dias et al., (2001)
the human land occupation represents a determinant factor in relation to the acceleration of
erosive processes, which are commanded for the following natural factors:

a) Volume of water that exerts the soil: Volume of water and its distribution in time and
space determines the velocity of erosive process;

b) Vegetation cover: The type of cover determines how much protection soils have against
the impact of rain and removal of soil particles by water.

c) Type of soil and parent material: Determine the degree of susceptibility of soil to erosion
(erodibility), in function of its texture (clay, silt, sand), structure and soil depth.

Lobo et al., (2003) divided the factors that affect erosion processes in three categories:

a) Energy factors: including rainfall erosivity, runoff volume, wind strength, relief, slope
angle, slope length; b) Protection factors: including population density, plant cover, amenity
value (pressure for use) and land management and: c) Resistance factors: which includes soil
erodibility, infiltration capacity and soil management.

Among the most serious consequences of soil erosion it is possible to mention: a)

Changes in farm productivity, b) Damages from uncontrolled runoff: c) Siltation of water
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bodies and d) Environmental alteration in flow of sediments in oceans lakes (El-Swaify et al.,
1982).

Is like this that in 1978 Wischmeier and Smith set up the basis for evaluating and
measuring water soil erosion trough the development of the Universal Soil Loss Equation,
defined as follow:

A = RXKXLXSXCxP

Where: A = soil loss per unit area; R = rainfall and runoff factor; K = soil erodibility factor; L
= slope length factor; S = slope steepness factors; C = cover and management factor and; P =

support practice

2.2.1. Rainfall and Runoff or Factor (R)

Figure 3. Sediment detachment and transport. Taken from

beasly et al., 1981

The humid tropics are

. - 0 RANSPORT BY FLOW
characterized by large quantities ) T
d DETACHMENT BY
. RATNDROP IMPACT
of annual rainfall and frequent . DETACHMENT

S\ BY FLOW

and intensive rainstorms (El-

Swaify et al., 1982). Therefore

the susceptibility of soils in the
tropics to surface water erosion is higher than in other climatic regions of the World (Vitte et
al.,

2006; Pla, 1997). As an active force, precipitation exerts its erosive action trough the impact

of rain drops that reach ground with variable velocity and energy. This erosive action of

12



precipitation depends on: the rain drops diameter and outflow of runoff that has a velocity and
volume varying according to the slope inclination and length, soil drainage capacity and
passive forces (Vitte et al, 2006). The rain erosive force is attributed to its kinetic energy or
momentum, parameter related to intensity and quantity. Therefore the erosive force of rain is
divided into two parts: the direct impact of the drops and the runoff that precipitation
generates.

Relate to the impact of rain drops Wischmeier et al., (1975) stated that medium size
raindrops increases with rain intensity and terminal velocity of free falling water drops
increase with the increased drops size, therefore increasing the capacity of water drops to
detach soil particles.

2.2.2. Support Practice or Factor (P)

Support practice or factor P makes reference to the relation between the expected
amount of soil loss that would occur with the use of a given conservationist practice and the
loss that would with up and down slope agriculture (Vitte et al, 2006). Wischmeier and Smith
(1978) highlighted that agriculture in slope needs to be backed up with practices that reduce

surface runoff such as: contour tillage, strip-cropping and terrace systems.

Land Use CP Values

Forest 0.00004

Silviculture 0.0001
Citrus 0.02
Coffee 0.02
Sugar cane 0.02
Pasture 0.01
Annual culture 0.02

Table 1. Land Use and CP values. Taken from Vitte et al., 2006.
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Soil tillage plays a major role in changing physical and hydrological properties of
soils through the time, and in consequence dynamics of soil water infiltration and soil
erosion.

2.2.3. Slope length (L) and gradient (S)

Both length and the gradient of the slope substantially affect the soil erosion by water
(Wischmeier et al, 1978). Wischmeier et al., (1965) established the LS factor as the expected
ratio of soil loss per unit on a field slope to a corresponding loss from the basic 9% slope, and
72.6 feet long. Slope length is defined as the distance from the point of origin of overland
flow to either the point where the slope decreases to the extent where deposition begins or the
point where runoff enters a well-defined channel part of drainage arrangement. In terms of
slope gradient Wischmeier and Smith (1975) stated that runoff in usually increases with the
increased slope gradient (percentage), but this is influenced by factors such as type of crop,
surface roughness, and soil infiltration capacity. Adding to this Dias et al., (2001) stated that
steeper and longer slopes increase the velocity and time of runoff thus increasing erosive
capacity and amount of eroded soil respectively.

2.2.4. Soil erodibility or Factor (K)

The susceptibility to erosion of soil is defined as erodibility, it is represented as factor
K and is related to the relationship between soil loss and rain erosivity (Wischmeier and
Smith, 1965; Mannigel et al., 2002). In other words is the integrated effect of processes that
regulate water infiltration and the soil resistance to the degradation of particles for later
transport (Machado et al., 2007; Vitte et al, 2006). These processes are influenced by soil
properties such as particle size distribution, structure stability, organic matter content, origin
of clay mineral, chemical constituents, porosity aggregates stability and pH. This due to soil

characteristic’ dynamism, their susceptibility to alteration by different land uses, land tenure,
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agriculture systems, thus erodibility features also change along the time (Vitte et al, 2007;
Machado et al., 2007; Teixeira et al., 1996). Very close related to soil erodibility is the soil
loss tolerance, which is understood as the acceptable quantity of soil than can be lost due to
anthropogenic erosion that keeps the initial soil fertility levels and its equivalent productivity;
it is measured as tons per hectares per year (t/ha.year) Mannigel et al, (2002).

Include table of rain erosivity.

2.2.5. Cover and Management system of Factor (C).

Cropping and management factors or factor C according to Wischmeier and Smith
(1978) is defined as the proportion of soil loss from a giving crop under a given management
from a continuously tilled followed area Laflen et al., (2003). Teixeira et al., (1996) stated
that vegetation cover reduces erosion rates trough the possibilities of reducing the kinetic
energy of rain trough the interception by the canopy and humus formation, important for the
stability of soil aggregates. Soil vegetation cover also has importance in the drainage and
reduction of surface runoff; it reduces the velocity of superficial runoff by the formation of
mechanic barriers trough the reduction of sediments transport, thus reducing soil loss up to
90% and the velocity up to 62% (Endres et al., 2006). According Endres et al., (2006) forest
constitutes together with other types of vegetation such as natural grassland the best cover to

resistance against erosion.

Thus, the removal of vegetation cover for a further conversion to agriculture land
promotes the alteration of some elements from the local physical environment; principally
those related to soil (Machado et al., 2007), while cropping in different stages of development

offers different degrees of protection, which lead to differences in soil loss together with
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incidence of climatic factors, the resistance of the soil and the management of crop residues

(Paes et al., 2004). This protection depends on the type of vegetation, quality of growth and

the different months or seasons. Therefore the effectiveness in protection would depend in

general of combination of good soil cover during the period with the most erosive rain

(Wischmeier et al., 1978).

Lombardi Neto (1990) that classified this protection as follow:

D period (soil preparation): from soil preparation to sawing;

Period I (sawing): from sawing to the first month after sawing;

Period Il (establishment): from first month to the second month;
Period Il (grow and maturity): from the second month to harvest and;

Period IV (from harvest to soil preparation).

Related to soil cover protection Vitte (2006) cited Bertoni e
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3. STUDY AREA

3.1. Localization

The Pito Aceso micro basin is an area of about 500 hectares located in the 4™ district,
Barra Alegre, of the Municipality of the Bom Jardim, in the Serrano Region of Rio de

Janerio, Figure 4.

Pito Aceso Microbasin Localization
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Figure 4. Study area localization
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3.2. Geomorphology

The study area is located in the geomorphologic unit of slopes and costal range of
Serra dos Orgaos plateau. It is part of the Mountain Chain Serra do Mar, orientated SO-NE

(Mendez et al, 2006; CIDE, 1997)

Figure 5. Pito Aceso Microbasin overview

This sector of the Serrano Region is mountainous in relief, with steepness ranging from 45 to
60% and altitudes around the 900 meters a.s.l. (Mendez et al, 2006). It presents a
metamorphic lithology with rocks predominantly of granitic and gneissic origin (Mendez et
al, 2006) and tts origin dates from the Pre-Cambrian period, these are rocks rich in minerals
like quartz, feldspar and mica (Teixeira et al, 1996).

All these hills were once covered by humid tropical forest that nowadays are greatly
altered or cleared by human activity (Teixeira et al, 1996).

3.3. Climate

The climate predominantly is moderate mesothermic humid (subtropical humid

climatic group - Cfa). The annual average temperature ranges from 18 to 19°C, with an
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annual precipitation of 1, 400 mm falling during the summer or rainy season (October to
March) (Da Costa et al, 2007; Lima et al, 2008; Prado et al, 2009).

According to Nimer (1989) precipitation regimes in this region are the result of the
interaction of latitudinal and orographic factors. In one hand, the latitudinal location close to
the Equator and the incidence of solar rays enhances evaporation processes inland and in the
vast Atlantic littoral to the east and in the other hand the orographic formation of the region
enhance precipitation by increasing turbulence with the uplifting of Polar and Atlantic air
currents.

3.4. Soils

Soils of the Atlantic Forest are generally poor in primary minerals, these soils are
granitic and gneissic in origin and most of the nutrients are found in the live biomass above it
(Gianerini et al, 2008). The soil classes commonly founded in this region are mineral non-
hydromorphic, including: a) Cambisols; b) Argisols; c) Latosols; d) Neosols, with their
respective sub categories (Da Costa et al., 2007; Lima et al., 2008; Prado et al., 2009;
Campos de Abreu et al, 2008; Mendez et al, 2006; EMBRAPA Florestas, 2009).

3.4.1. Cambisols

The concept of this soil class makes reference to low development with incipient B
horizon, and medium to high in clay contents. The material below the A horizon in this soil
has not advanced edaphical development changes in color and/or structure. It has an incipient
B horizon, half of it coming or not from underlying parent material (Teixeira et al., 1996).
The sequence of horizons in this soil is A, Bi (B incipient), C or A, Bi, R (rock) and can have
variable depths. The minor differences in the clay content between the superficial and sub-
superficial horizons, the Cambisols are less prone to erosion than for example Argisols

(EMBRAPA Florestas, 2009).
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3.4.2. Latosols

Latosols are soils with horizons in the sequence A, Bw and C. Latosols have medium
to high in clay content and is characterized by the presence of a latosolic B horizon, which is
constituted principally by highly weathered mineral clay fraction with low activity. Due to
light changes in clay content along the different horizons, this class of soil has low
susceptibility to erosion. (Teixeira et al., 1996; EMBRAPA Florestas, 2009).

3.4.3. Argisols

Argisols are soils loamy or clayey in texture, founded in hilly landscapes, Are soils
highly developed, with sequence of horizons A, E (eluvial horizon), Bt (B clayey texture), C,
or simply A, Bt, C. The differences in clay contents usually founded among the superficial
horizon (A) and the sub-surface (Bt), determines the significant changes in the pore quantity,
but specially its size (increment in porosity). The alteration in the pores in the horizon Bt,
implies less permeability in the sub-surface and a consequent higher surface runoff. This
characteristic confers to this soil class a high susceptibility to erosion (EMBRAPA Florestas,
2009).

3.4.4. Neosols

Soils with low degree of development, of variable textures, with sequence of horizons
A, C, R, or A above R. The particular feature of this class is the presence of soil profile with
lithic contact (low or not altered rock) within the first 50 cm depth. This kind of contact
restricts the root penetration and gaseous exchange, and also determines important change in
water percolation in the vertical moisture fluxes. All these soil characteristics cause high

fragility to the environment (EMBRAPA Florestas, 2009).
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3.5. Vegetation

Most of the relics of Atlantic Forest in this region are small fragments, isolated from
each other and composed by second-growth forests in early to medium succession stages
(Ribeiro et al., 2009). This condition is due to the rough relief, which is not so appropriate for
agriculture practices (Rodrigues et al., 2007). The main biome prevailing in this region is the
Ombrophile Dense Forest (Mendez, 2006). Some of the plant species dominating in this
ecosystem are: Tibouchina sellowianna (quaresmeira da serra), Miconia cinnamomifolia
(jacatirdo-acu), Hieronyma alchorneoides (licurana), Euterpe edulis (palmito), Nectranda
rigida and Alchornea triplinervia (tapid). (References)

3.6. Agriculture

According to the Tribunal de Contas do Estado do Rio de Janeiro the municipality of
Bon Jardim evolved as one important agriculture center of the Serrano Region. This region
was one of the main coffee producers after its foundation, declared as City in 1929. The
economy of this municipality is based in agriculture, with the coffee as the most important
crop followed by corn, beans, tomato, sweet potato, cassava and rice (IBGE, 1959). In terms
of production system is identified (Da Costa et al., 2007; Lima et al., 2008; Prado et al., 2009;
Campos de Abreu et al., 2008; Mendez et al., 2006) the predominance of non mechanized

migratory agriculture of perennial and annual crops mixed with fallows of 3 to 7 years.
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4. MATERIAL AND METHODS

The research was divided in two parts: a desk research, which consisted on a literature
review, generation and interpretation of digital maps and a field assessment that consisted in
the identification of different types of: a) Soil erosion, b) support practices and c) crop and
cover management.

4.1. Desk research

4.1.1. Maps Generation and Interpretation
4.1.1.1. Land Use Map

For the evaluation of the different land uses in the study region was used a Land Use
Map of the year 2005, created out of two images from the satellite Ikonos I1 , (February 2002
and May 2004) (Prado et. al, 2009), provided by Embrapa Solos. This map classified the land
uses in: a) Late Secondary forest, b) Initial secondary forest, c) Bared soil, d) Annual
cropping, e) Perennial cropping, f) Clean pasture, g) Abandoned Pasture, h) Constructed area,
and i) Rocky outcrops.
Where:
a) Late secondary forest (LSF): makes references to forest in advance stage of succession;
b) Initial secondary forest (LSF): makes reference to forest in early stages of succession;
c) Bared soil (BS): refers to areas that were under tillage when the satellite pictures were
taken;
d) Annual cropping (AC): The predominant annual crops are corn, beans, taro, sweet potato,
cassava and in smaller scale some horticultural crops.
e) Perennial cropping (PC): In terms of perennial cropping the predominant crops are coffee
and banana and recently introduced Eucalyptus.

f) Clean pasture (CP): Are areas destined to ranching and cattle rising.
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g) Abandoned pasture (AP): It refers to pastures that were abandoned or areas that were once
covered by grass and now are in initial stages of succession.

h) Constructed area (CA): Makes reference to areas occupied by houses and other facilities.

i) Rocky outcrop (RO): due to the relative young age of the orographic formations and very
rough relief of the region there are several areas were process such as rock weathering,
intemperism and primary succession are still in process, therefore there is high presence of

areas with clifts of naked rock.

Table 2. Percentage occupied by each land use and soil covers. Taken from Prado et al., 2009.

Land use and soil cover Percentage
Late secondary forest 45.16
Initial secondary forest 18.06
Clean pasture 8.83
Annual cropping 8.36
Abandoned pasture 8.26
Perennial cropping 6.29
Rocky outcrop 3.66
Bared soil 0.75
Constructed area 0.55
Others 0.06
Clouds 0.02

In order to the assessment were excluded from the analysis the following categories: clouds,
constructed area and others and rocky outcrops. This was done in order to limit the research

to strict agricultural uses.
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Figure 6. Land use map, Pito Aceso Microbasin. Taken and modified from Prado et al., 2009
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Figure 7. Abandoned Pasture

Figure 8. Initial secondary forest and clean pasture.
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Figure 9. Annual cropping and late secondary forest.

Figure 10. Perennial Cropping-Coffee plantation
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Figure 11. Perennial cropping-Banana plantation.

Figure 12. Annual cropping-Cassava plantation
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Figure 14. Horticulture production plot-Cauliflower.
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4.1.1.2. Slope Gradient Map

For this section was first generated a Digital Elevation Model (DEM) from an
Countour line topographic layer and a layer containing the boundaries of the micro-basin Pito
Aceso, then out the DEM was derived the Slope Gradient Map. This was done using the
tools, Topo to Taster for the first case and Slope for the second case, from the 3D Analysis
package tool of the software ARCGIS 9.1 (ESRI, Inc., Redlands, CA); the coordinate
system used was Universal Transverse Mercator (UTM), datum SADG9, fuso 23. The slope
gradient was done based in the classification used for the Serrano region of the Parana by

Bigarella et al, 1978; which classified the gradient in 6 categories:

Declivities
Percentage (%) Degree (°) Category
6 1-3 Very weak
6-12 3-7 Weak
12-20 7-12 Medium
20-25 12-24 Strong
>45 >24 Very strong

Table 3. Slope gradient classification, taken from Teixeira et al, 1996.
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4.1.1.3. Land Use according Slope Gradient
To assess the different land uses according slope gradient was used as reference the
uses by gradient proposed by Bigarella et al., (1978) which assigns a land use according to

type of gradient as followed

Slope

Gradient Recommended use
Very light Intensive agriculture

Agriculture  with moderates conservation
Light

measures
Medium Fallow agriculture with tractor limitation
Strong Permanent cultures with rotation
Very strong Mandatory preservation

Table 4. Recommended land use according slope gradient. Taken from Teixeira et al., (1996).

For the generation of the land uses according slope gradient was first done a class
reclassification of the land use and slope gradient maps, using classes of 10 to 60 and 1 to 5
respectively, in order to integrate them and do a raster calculation. This was done using the
3D analysis tool “Reclassify” and “Raster calculator” respectively.

4.1.2. Soil erodibility

In the study region were found four main soils classes: Latosols, Cambisols, Argisols
and Neosols. To assess the erodibility of the different soil classes were done both a literature
review to search for possible already existing data and a calculation of erodibility or Factor K

through the equation of Bouyoucos (1965).

% sand + % silt
% clay
100

K:
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Where K: is the erodibility factor (t.ha.h/ ha.MJ.mm) and % of sand, silt and clay represent

the percentages for each of the fractions. Thus was calculated the erodibility factors for

horizon A and B.

Table 5. Sail classes Erodibility.

Erodibility factor

t.ha.h/ha.Mj.mm

Source
Soil Group A horizon B horizon
Argissolo Vermelho-Amarelho Distréfico )
) Mannigel et al.,
tipico 0.0466 0.0100
2002
Argissolo Vermelho Eutrofico tipico Mannigel et al.,
0.0228 0.0112
2002
Argissolo Vermelho Eutréfico abriptico
0 0 N/F
Cambiossolo Haplico Th Distréfico )
) Mannigel et al,
latossdlico 0.0374 0.0345
2002
Cambissolo Haplico Th Distrdfico tipico Mannigel et al,
0.0254 0.0186
2002
Cambissolo Haplico Th Distrdfico tipico Mannigel et al,
0.0254 0.0186
2002
Cambissolo Hamico Distrofico tipico
0 0 N/F
Latossolo Vermelho Distréfico
cambissolico 0.021/0.22/0.026 0.21/0.22/0.026 Naves et al., 2000
Latossolo Vermelho Distrofico tipico
0.021//0.22/0.026 0.21//0.22/0.026 Naves et al., 2000
Latossolo Amarelho Distréfico hlimico
0 0 N/F
Neossolo Lit6lico Hamico tipico 0 0 N/F
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4.2 Field assessment

For the field assessment was carried an identification of different types of: a) Soil
erosion; b) Soil measures against erosion and; c¢) Crop and Land cover management. This was
done with the help of a Power Shot Canon Digital Camera SX10 IS and a Trimble®
GeoXM™ 2008 GPS.

4.2.1. Types of soil erosion

Eroded areas were located then geo-referenced. The identification of eroded areas was

done based on erosion indicators such as: exposed rocks or plant roots, presence of rills,

inter-rils gullies and land slides (Vigiak et al., 2005).

Indicators definition:

Inter-rill or sheet erosion: Refers to the way that the energy of raindrops affects the whole of
the soil surface and consists of the detachment on thin layers of soil by sheet runoff. This is
the initial stage of soil degradation from erosion (Rodrigues, 2003; Roose, 1996);

Rill erosion: Channel over 10 centimeters deep that drains following the lines of mayor
gradient that can be eliminated through cropping techniques. Rills occur in places where
runoff concentrates (Rodrigues, 2003; Roose, 1996);

Gully erosion: Channels with steep lateral walls in general with flat bottom, of least 50
centimeters deep that drain water fluxes during rain events. This type of erosion expression

can not be eliminated through cropping techniques. (Rodrigues, 2003: Roose, 1996).
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Figure 16. Different soil erosion expressions used as indicators. Taken and modified from Brady et al.,
2004

These indicators of erosion were also used to classify them into erosion categories. To do this
were combined three different classifications: F.A.O., (2006), El-Swaify et al., (1982) and
Vigiak et al., (2005) from which were taken the classes, the descriptions and indicators

respectively. This was done in order to count with a more detailed classification.

Class Description/indicator
S Light No apparent or light erosion/shallow exposure of roots and stones
M Moderate ~ Moderate loss of topsoil generally and/ some dissection by runoff

channels/widespread inter-rills sings and sporadic rills

\% Severe Severe loss of topsoil generally and/or marked dissection by
runoff channels/widespread rills.

E Extreme Complete truncation of the soil profile and exposure of the subsoil
(B horizon) and/ deep and intricate dissection by runoff

channels/gullies.

Table 6. Erosion Classification. Taken and modified from F.A.O., (2006), Swaify et al., (1982)
and Vigiak et al., (2005)
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4.2.2. Support Practice

For the evaluation of this section were evaluated conservation practices that
according Li-Ling Li (1977) could reduce the erosive potential of runoff, trough their
influence in runoff velocity, volume and drainage patterns such as: contour tillage farming,

terracing systems and contour cropping (Smith and Wischmeier, 1978; Brady et al., 2004).

4.2.3. Cover and Management System
Related to cover and management systems were evaluated practices that could reduce
the impact of rain drops on soil or affect the soil aggregates stability, such as: crop residues
management, crop canopy management and tillage or plowing system (Smith and

Wischmeier, 1978).
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RESULTS AND DISCUSSION
5.1. Field assessment
In order to have a better understanding of erosion processes and its dynamics with soil
classes, land uses and slope gradients in Pito Aceso, the micro-basin was stratified based on
the presence of the erosion events found along different elevation. Thus the micro-basin was
divided in domain A, B and C, going from 600 to 750, 750 to 950 and 950 to 1650 m.a.s.l.
respectively, table 7

Table 7. Domains classification.

Domain Elevation (m.a.s.l.)
A 600-750
B 750-950
C 950-1650

5.1.1. Soil erosion according Domains
5.2.1.1. Domain A
It was observed that most of area of the domain A was under perennial cropping,
annual cropping and clean pastures. In terms of distribution, annual cropping is located
within areas of very light, light or medium gradient, while perennial cropping, basically
coffee and cassava, is located in areas of strong gradient while pastures are found in slopes
of strong and very strong gradient.
Related to soil classes’ distribution was identify the presence of Cambisols and Gleisols
in plane areas, Argisols and Cambisols in slope of light and medium gradient and Cambisols

and Latosols in slope of strong and very strong gradient; the relation of soil class and slope

36



type was identified as followed: Argisols and Latosols were related to convex slopes and
Cambisols to concave slope.

Within this domain were identity 6 point of erosion:

Case 1: Rills in Latosol in convex slope with very strong gradient under pastures.

Case 2: Rills in Latosol in convex slope with very strong gradient under pastures.

Case 3: On-process Gully in Cambisol in concave slope with strong gradient under pastures.
Case 4: On-process Gully in Latosol in convex slope with very strong gradient under
pastures.

Case 5: Rills in Latosol in convex slope with very strong gradient under pastures.

Case 6: Rills in Latosol in convex slope with very strong gradient under pastures.

Most of the eroded areas within this domain occurred in clean pasture in strong and
very strong gradient under Cambisols and Latosols, where were observed gullies and on-
process gullies in Cambisols and rills and on-process gullies in Latosols. This difference in
erosion expression is attributed to the higher erodibility of Cambisols against Latosols. In this
sense Endres et al., 2006 and Inécio et al., (2007) also reported higher rates of soil erosion in
pastures and soil degradation in gradient steeper than 25 % while Fereira et al., 2008 and
Bono et al., 1996 attributed the higher soil losses and gullies presence in Cambisols to the
high presence of sand and silt fraction (which makes Cambisols more susceptible to soil
crusting); cattle overgrazing and the effects of tramping; the nature and micro-porosity of
superficial and sub-superficial horizon which give this soils poor drainage and higher
susceptibility to gully formation due to the rough relief.

When classifying this domains in terms of erosion, domain A could be
categorized as an area of transition, from moderate to severe erosion, due to the
presence of moderate loss of topsoil, marked dissection by runoff channels and

widespread rills.
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Figure 17. Case 1: Rills in Latosols in convex slope with very strong gradient under

pastures.

Figure 18.Case 2: Rills in Latosols in convex slope with very strong gradient under

pastures.
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Figure 19. Case 3: On-process Gully in Cambisols in concave slope with strong

gradient under pastures.

P s
.

Figure 20. Case 4: On-process Gully in Latosols in convex slope with very strong

gradient under pastures.
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Figure 21. Case 5: Rills in Latosols in convex slope with very strong gradient under

pastures.

Figure 22. Case 6: Rills in Latosols in convex slope with very strong gradient under

pastures.

40



5.1.1.2. Domain B

The dominant land uses in B domain are late secondary forest and initial secondary
forest followed by perennial cropping, annual cropping and abandoned pastures. In terms of
soil classes in this domain was identity the presence of Cambisols and Latosols. The main
differences between this domain and domain A is that most of the areas with annual and
perennial crops occur in areas with medium, strong gradient while areas with strong of
very strong gradient are mostly covered by forest with the exception of some annual and
perennial cropping, clean and abandoned pastures Therefore is possible to see a reduction in
the amount of cultured area due to slope gradient.

In this domain were identified 4 points of erosion:

Case 7: Rills in Cambisol in convex slope with very strong gradient under pastures.
Case 8: Rills in Cambisol in concave slope with very strong gradient under banana.
Case 9: Gully in Cambisol in straight slope with very strong gradient under pastures.
Case 10: Rills in Latosol in straight slope with very strong gradient under cassava.

The largest eroded area found in the study area took place within this domain, (case 9)
Gully in small abandoned pasture in Cambisols with A horizon with high contends of sand in
a very strong gradient. This high content of sand gives this Cambisols a low capacity for
aggregates formation therefore low stability, making it very vulnerable to soil particles
dissociation and removal trough runoff.

In the other two cases of erosion in cropping areas under very strong gradient, was an
expected situation since cropping represents the most inadequate use for this area. In this
sense Gianerini et al, 2008 reported the existence of evidence of the negative effects of

banana and cassava on soil aggregates stability for the same region.
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Domain B would be categorized as an area of moderate erosion due to the
presence of moderate loss of topsoil and some dissection by runoff channels
accompanied by widespread inter-rills sings and sporadic rills, outstanding annual and
perennial cropping areas. This with the exception of case 9 which would be a case of
extreme erosion due to the complete truncation of the soil profile and deep intricate

dissection by runoff channels characterized by the presence of gully.

Figure 23. Case 7: Rills in Cambisol in convex slope with very strong gradient under

pastures.
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Figure 24. Case 8: Rills in Cambisol in concave slope with very strong gradient under

banana.

Figure 25. Case 9: Gully in Cambisol in straight slope with very strong gradient under

pastures.
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Figure 26. Case 10: Rills in Latosols in straight slope with very strong gradient under

cassava.

5.1.1.3. Domain C

The less dynamics in terms of land use and slope gradient is the C domain which is
mainly covered by forest due the very strong gradient of slopes which limits agriculture
activities. The dominant soil classes in this domains are Cambisols and Latosols with Humic
A horizon. No strong sings of erosion were found within this domain which means that
natural land cover represents the best option to protect rough relief against erosion.

Domain C would be categorized as an area of light erosion, due to the non

apparent presence of soil erosion sings within this area.
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5.2.2. Support practice

Out of the three support practices evaluated (soil tillage, terracing and contour
cropping) in Pito Aceso, it was not observed the presence of mechanical soil tillage, this due
to the very rough relief which difficults tractor operation. Situation that represents an
advantage in terms of soil erosion risk reduction trough the reduction of breakdown of soil
macro-aggregates thus keeping soil structure and its stability.

Relate to the other two practices, it was observed the presence of contour cropping for
roses production (Rosa berberifolia Pall) in Cambisols in slopes of medium to strong gradient
and for passion fruit (Passiflora edulis Sims) in slopes in Latosols of very strong gradient
while it was observed agriculture in mini terraces for beans (Phaseolus vulgaris Lineo)
production in Latosols with very strong gradient.

In case of contour cropping for roses production under cambisols in medium to strong
gradient represents an apparent good practice in comparison to the others uses found under
the same soil and relief conditions such as unmanaged pasture and annual cropping where
sings of erosion were observed. This due that as a perennial crop the soil under roses does not
require constant be tilled which maintain soil stability plus the protection offered by
contouring cropping against runoff.

Meanwhile in the case the passion fruit under Latosols the implementation of support
practice represents reinforcement in the reduction of the probabilities of soil loss occurrence
in soils with relative low erodibility. In relation to beans production in terracing, it is
significant to mention that even though it is a practice that reduce soil loss, it is not
implemented consciously as a conservation measure by farmers but implemented as a method

to facilitate agriculture such as condition of relief.
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It is important to highlight that the fact in Pito Aceso predominates a familiar farming
system practiced in small to medium plots, this facilitates the implementation of conservation
measures, thus preserving soil quality and existing the possibilities to use the land for a

longer period.

Figure 28. Passion Fruit in contour cropping in Latosol
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Figure 29. Beans in small terraces in Latosol

5.2.3. Crop and Cover Management

In relation to the three conservation practices (crop residues management, crop
canopy management and tillage or plowing system) evaluated in this section, it was not
observed the presence of mechanized tillage in none of the different land uses present in Pito
Aceso micro-basin. This is due to the very rough relief which limits tractors operation.

In the case of the other two practices it was frequently observed in the field relative
dense soil cover, presence of previous crops or weeding residues underneath the main crops
for both annual and perennial crops; which according to Bertol et al., 2001 favors the
continuous contribution of organic matter, which is fundamental for the maintenance of a
good soil structure. In the other hand was also observed the presence of mix cropping or crop
association especially for coffee, In this case depending of the stage of the coffee plants the
canopy compensates the scatter canopy of cassava plants reducing the velocity and impact of

raindrops, therefore reducing splash effects.
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Along the three domains was observed the presence of different land uses in mostly
tow types of soils, Cambisols and Latosols in strong and very strong gradient, which made
obvious the effects of different land uses on the different soil classes. The uses associated to
these soils classes were forest, clean pasture, annual crops such as cassava (Manihot
esculenta), bean (Phaseolus wvulgaris Lineu) and perennial crops such as passion fruit

(Passiflora edulis Sims) , coffee (Coffea arabica Leneu) , banana (Musa acuminata Colla).

In the case of Latosols in one hand were found areas covered with forest and areas
under cultures of passion fruit, bean, coffee and cassava, all of them cultivated under certain
type of conservation measure in which cases were not identified serious sings of erosion
processes. In the other hand were also found unmanaged pastures and some cassava plots
cultivated without any conservation measure, where in the case of pastures was observed
widespread inter-rill erosion, several rills and on-process gullies product of cattle trampling
and in the case of cassava was observed the presence of rills and exposed soil (situation
which enhance erosion process). Therefore it is possible to say that in the case of Latosols
under strong or very strong gradient would be necessary the implementation of
conventional conservation measures in order to keep soil within a threshold where soil

erosion does not take place under destructive means.

In reference to Cambisols it was observed in one hand the presence of clean pastures
under strong and very strong gradient, where in most of the cases was identified moderate to
severe erosion expressions due to convergence of factors such rough relief, effects of
trampling by cattle and high susceptibility to erosion. In the other hand were identified some

areas under abandoned pastures, perennial crops such as roses and other areas under mix
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cropping of coffee and pumpkin, in cases where erosion processes where reduced due the
higher protection offered to soil by this systems. However it was still observed the presence
of sheet erosion in the case of mix cropping due to the scattered canopy of young stage crops.

Therefore it is possible to say that in the case of Pito Aceso unmanaged pastures
represented the most inappropriate land use to practice in Cambisols and Latosol in
slope with strong and very strong gradient and that in terms of soil cover and canopy
management it presented a relative good management in both annual and perennial
cropping. This with the exception of some cassava plantations in slope with strong and
very strong declivities that in the cases of Latosols and Cambisols represent areas of
high susceptibility to soil erosion, due to the disruption of soil stability during harvest

period and the period of soil exposure after harvest and sawing of the new crop.

Figure 30. Crop association of Cassava and Coffee in Argisol
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Figure 31. Coffee production with dense soil cover in Latosol.

Figure 32. Crop residues in Pumpkin plot.
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5.2. Desk research
5.1.1. Land use and Slope gradient (Raster calculation)

As a result of the maps integration and raster calculation was observed that Pito Aceso
micro-basin’s landscape is mainly dominated by slopes of strong and very strong gradient,
85% of the total surface. This area is mainly covered by LSF and ISF, followed by CP and
AP and less present AC and PC. The second most predominant landscapes are slopes of
medium gradient with about 10%, covered by LSC, followed by ISF and AP, followed by
AC, PC and CP. The less predominate landscape are areas of light and very light gradient
that occupy the remaining 5%, which in case of light gradient were identified two main land
uses: LSF and AC, and in the case of very light gradient was identified the predominance of

AC in a relation of the 6:1 to PC. This is summarized in table 8.

Table 8. Slope gradient distribution.

Slope
Gradient (%)

Percentage (%) He(cht:)r es
Very light (1-6) 1.71 8.16
Light (6-12) 3.67 17.48
Medium (12-20) 10.26 48.87
Strong (20-45) 42.31 201.51
Very strong (>45) 42.04 200.19
Total 100 % 476.21*

*reaming 20.7 ha correspond to rocky outcrop, built area and clouds.
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Slope gradient

Land use : - .
Very light Light Medium Strong Very strong

Rocky outcrop 0.00 0.00 0.20 1.36 7.23
Constructed area 8.51 1.56 1.63 0.31 0.01
Annual 54.23 25.77 13.21 9.32 2.96
Perennial 9.71 6.98 7.83 9.39 2.03
LSF 8.32 28.78 30.69 39.11 60.13
ISF 6.10 16.70 20.80 17.80 14.53
Clean pastures 8.95 5.46 5.17 11.58 7.80
Abandoned pastures 2.93 12.34 19.66 10.15 4.62
Bared soil 1.23 2.40 0.81 0.98 0.60
Total 100% 100% 100% 100% 100%

Table 9. Slope gradient and Land uses.

Regarding to the recommended uses according slope gradient (Table 4), slopes within
the very light category mainly under AC would fall under appropriate use, due to fact that
planes areas are suitable for intensive agriculture due to the low risk to water erosion due the
reduced impact of water runoff, controlled by the slope gradient. Situation that also facilitates
the practice and increases the efficiency of soil amendments. In the case of Pito Aceso the
possibility of soil erosion in these areas are even lower due to the fact that these areas are
fragmented in small plots destined to horticultural production.

The same case would be for slopes within the category of light gradient where AC is the
second bigger land use. The difference in this case is that, for AC in light gradient slopes, it is
required the implementation of light soil conservation measures in order to fall in the
category of appropriated use, which is the case of the study area where several conservation
measures were identified (explained in section 5.2.2 and 5.2.3). In relation to the small
fraction of medium gradient slopes covered by CP, they take place within bigger pastures
mainly in slopes of strong gradient in this case it is evaluated as a whole unit within the

strong gradient category.
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For slopes of medium gradient there are areas which probably would be under
inappropriate use, such as areas under AC (13%) if conservation measures such as fallow
systems and conservation tillage are not implemented. As same as in the previous case the
small fraction of CP is analyzed within the context of CP in slope of strong gradient.

In the case of slopes within the category of strong gradient, in one hand the most
appropriate use beside forest would be PC ( 9% of the total area) as long as it is practiced
under strong conservation measures such as rotation. In the other hand CP and areas under
AC which occupied 11 and 9% respectively would represent areas of inappropriate use, due
to the impact of these uses and strong gradient on erosive processes especially on runoff.
Thus slopes with strong gradient under CP and AC could be potential focus of water
soil erosion if processes such as overgrazing and soil exposure in the case of annual
cropping take place.

Relate to the fifth category, slopes of very strong gradient due to their very rough
relief it is mandatory to declare them as conservation area. However it is still found
areas within this category areas under CP, AC and PC which as same as in the previous

case represent areas with high potential of occurrence of water soil erosion.

Therefore is it possible to say that in terms of relief Pito Aceso micro-basin presents a
very rough relief, which demands a careful land use planning, and the adoption of soil
conservation practices and that in terms of possible focus of soil erosion due inappropriate
land use the more vulnerable areas would be areas with slopes under CP and AC within
medium, strong and very strong gradient . In all the case this work aims to assess the
landscape of Pito Aceso as an entire entity, therefore it encourages the protection of areas

declared as areas of mandatory preservation
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Figure 33. Very light gradient and its predominant land uses.
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Figure 34. Light gradient and its predominant land uses
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Figure 35. Medium gradient and its predominant land uses.
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Figure 36. Strong gradient and its predominant land uses.
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Figure 37. Very strong gradient and its predominant land uses.
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5.2.2. Soil classes and Soil erodibility (K values)

Out the four soil classes found in the study area (Latosols, Argisols, Cambisols and
Neosols), was just found the association of Cambisols and Latosols to erosive process, this is

due to the distribution of soil class with the landscape of Pito Aceso Table 10.

According to the results from Bouyoucos equation the highest values for erodibility
corresponded to Argisols and Cambisols and the lowest K values were presented by Latosols,

Table 11.

In the case of Argisols were above the reported by Sa et al., 2004 who reported values of
0.032 t.ha.h/ha.MJ.mm for the State of Rio Grande do Sul, and bellow the values of 0.0438
and 0.0466 t.ha.h/ha.MJ.mm reported by Paes et al., 2004 and Manniguel et al., 2002
respectively, both for the estate of Sao Paulo. While in the case of Cambisols values obtained
were also above the reported by Manniguel et al., 2002 for Cambisols Haplicos Distroficos of
0.025 and 0.034 t.ha.h/ha.MJ.mm. In the case of Latosols results matched with values
presented by Paes et al., 2004 who reported K values for Latosols between 0.0134, 0.0173
t.ha.h/ha.MJ.mm for the State of Sao Paulo, but bellow the values reported by Neves et al.,
2002 of 0.026 t.ha.h/ha.MJ.mm for a Cwa climate region.

This difference in soil erodibility is attributed to the presence in high clayey texture of
Argisols and the difference in clay particles found among the superficial horizon A and the
sub-surface Bt (B textural), which provoke the sealing of sub-horizons (EMBRAPA Floresta,
2009). According to Ker, 1998, Da Silva, 2005 and Tadeu, et al., 2003 the low values of

erodibility in Latosols are attributed to higher degree of intemperism, low content of silt in
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relation to clay particles, uniform distribution of clay particle along the different horizons,

higher concentration of Fe, Al that contribute to granular structure therefore higher stability

of aggregates, higher flocculation, porosity and permeability. Case contrary of Cambisols

which presents lower chemistry activity therefore lower concentration of cations, blocky

structure, low soil depth, accentuated characteristic that make Cambisols unstable systems

(Da Silva, 2005).

Table 10. Slope gradient and associates soil classes and land uses.

Slope
Gradient Associated soil class Associated land use
Very Light Cambisols and Gleisols (AC>PC)>CP>LSF>ISF
Light Cambisols in concave slopes/Argisols in convex LSF>AC>ISF>AP
Medium Cambisols in concave and Latosols in Convex (LSP>ISF)>AP>AC>PC>CP
Strong (LSF>ISF)(>CP>AP)(>AC>PC)

Very Strong Latosols and cambisols with deep A Humic horizon

(LSF>ISF)(>CP>AP)(>AC>PC)

Table 11. Soil erodibility according Bouyoucos equation.

soil class Erodibility
A B

Latossolo Vermelho Distréfico tipico 0.022656 0.017288
Latossolo Vermelho Distréfico cambissélico 0.018902 0.013419
Latossolo Amarelho Distréfico himico 0.014390 0.008868
Argissolo Vermelho Eutréfico abraptico 0.039261 0.025088
Argissolo Vermelho-Amarelho Distréfico tipico 0.018986 0.012321
Argissolo Vermelho Eutréfico tipico 0.027736 0.015641
Cambissolo Haplico Tb Distrdfico tipico 0.034643 0.035045
Cambiossolo Haplico Tb Distréfico latossolico 0.034843 0.025211
Cambissolo Himico Distréfico tipico 0.020030 0.019851
Cambissolo Haplico Tb Distrdfico tipico 0.039261 0.039261
Neossolo Lit6lico Himico tipico 0.070000
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If erosion is assessed in terms of K factor and slope gradient it is possible to say that the
possibilities of erosion occurrence are higher in Cambisols in slope with medium, strong and
very strong gradient than in Latosols in the same landscape due to the higher K values of
Cambisols. The possibilities would be enhanced or reduced by the type of land use given to
the slopes; situation which was confirmed with the enhancing of erosion in areas under

unmanaged pastures and reduction in areas under managed perennial cropping and forest.

61



6. CONCLUSIONS

According to the number of presence of erosion expressions in relation to the elevations
Pito Aceso was divided in three domains or landscape units: domain A, B and C, going from
650 to 750, 750 to and 950 and 950 to 1650 m.a.s.l. respectively. Domain A presented six
erosion events mainly in slope under pastures with strong and very strong declivities, the
dominant erosion expressions were rills and on-process gullies. Therefore this domain was
categorized as an area with moderate to severe erosion. Meanwhile domain B presented four
erosion events mostly in slope very strong gradient under perennial and annual cropping, in
this case predominated sheet erosion and rills erosion. Thus it presented moderate erosion. In
the case of domain C were not identified strong sings of erosion processes, therefore

categorized as an area of light erosion.

This reduction in presence of erosion expressions along the three landscapes units was
related to increment of forest presence and reduction of agricultural activities in relation with
the increment of slope steepness. In the case of Pito Aceso, plane areas and areas with light
gradient were dominated by AC under Cambisols and Argisols. This tendency decreased in
steeper areas where the dominated land uses were CP and PC in Latosols and Cambisols.

Meanwhile the steepest areas are covered mainly by forest.

The Erosive process identified in Pito Aceso take place mostly in CP in Latosols and
Cambisols in slopes with strong and very strong gradient. In the case of Cambisols, were
observed mostly on-process gullies and some rills while in Latosols were observed rills and

some inter-rills erosion. This difference in soil erosion expressions was attributed to the poor
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soil development, better structure, higher micro-porosity and higher contents of sand and silt
particles, consequently higher susceptibility to aggregates disassociation and soil crusting of
Cambisols in comparisons to Latosols.

Relate to the cases of erosion in AC and PC areas, predominated rills and the causes of
these were more related to inappropriate use in function of slopes gradient than to
inappropriate management as is the case of CP

In reference to the impact of the different land uses on soil stability, CP presented the
highest impact on soil stability trough the disruption of superficial horizons with rills and on-
process gullies. In the second place areas under AC and PC, followed by areas covered with
forest. The implementation of conservation measures, in case of annual and perennial
cropping, helped to preserved soil stability trough the reduction of runoff, impact of raindrop
and addition of organic matter into the soil. this was confirmed with the absence of strong
sings of erosion in these areas. Some exceptions were observed in some cassava plantations
in slope with strong and very strong declivities, which in both cases Latosols and Cambisols
represented areas of high susceptibility to soil erosion due to the disruption of soil stability
during harvesting and the period of soil exposure after harvest and replanting of the new crop.

In Pito Aceso the more vulnerable areas to erosion are AC and CP in slope with very
strong, strong and medium gradient, followed by areas under PC in strong and very strong
gradient. All these especially in Cambisols and Latosols.

In general Pito Aceso presents a rough relief which demands a careful land use
planning and the adoption of soil conservation measures and that the presence of familiar
farming has reduced erosion processes by facilitating the implementation of conservation

measures, mostly in annual and perennial cropping areas.
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7. RECOMMENDATIONS

1. To carry out a survey in the study area to evaluated the perception of farmers
about erosion, in order to be able to generate solutions hand by hand with the
farmers. especially in areas under pastures affected by severe and moderate
erosion.

2. To promote the implementation the Silvo-pastoral systems, since the use of
perennial species appeared to be, after forest, the system that offer the best
protection to soils in the region.

3. To carry out an assessment about suitable areas for eucalyptus plantations within
Pito Aceso, since eucalyptus has been planted without any supervision. Therefore,
there exist the possibilities to alter even more the already disturbed landscape.

4. To do an up-date of the land use change map for the region, since it was observed
the conversion of forested areas into agricultural land, situation which could be
enhancing erosion processes.

5. To do a soils’ evolution analysis in relation to the land use change and determine
their different susceptibility to erosion, to propose possible sceneries and
alternative of adaptation to face global warming.

6. To analysis the impacts of roads in erosion processes in the region.

64



8. REFERENCE

BARDY, R.; CAMPOS,T. B.; GUANAIS, L. F.; DONAGEMMA, G. K.; DIAS, A. P.
“Utilizag&o de imagens de alta resolugéo para 0 mapeamento do uso e cobertura do solo
na microbacia do cdrrego Pito Aceso - Regido de Mata Atlantica - RJ”. XXXI|I
Congresso Brasileiro de Ciéncia do Solo. 2009.

BEASLY, D.; HUGGINS, L. Answers-User’s manual. U.S Environmental Protection
Agency, Region V. Chicago. December, 1981.

BERTOL, I.; BEUTLER, J. F.; LEITE, D.; BATISTELA, O. Propriedades fisicas de um
cambissolo humico afetados pelo tipo de manejo do solo. Scientia agricola, vol. 58 (3),
p. 555-569, jul./set. 2001.

BERTONI, J.; LOMBARDI NETO, F. Conservagédo do Solo. S&o Paulo, Ed. icone. 1985.

BLANCO, L. A. Soil erosion fragility assessment using an impact model and geographic
information system. Sci. Agric. (Piracicaba, Braz.), v.66 (5), p.658-666, sept/oct. 2009.

BONO, J. A. M.; CURI, N.; FERREIRA, M. M.; EVANGELISTA, A. R. E.; CARVALHO,
M. M.; SILVA, L. N. Cobertura vegetal e perdas de solo por erosao em diversos
sistemas de melhoramento de pastagens nativas. Pasturas tropical, vol. 18 (2), 1996.

BRADY, N. C.; WEIL, R. R. Elements of the Nature and Properties of Soils. Second edition.
Pearson Education, Inc. New Yersey, 2004.

CAMPOS DE ABREU, T. C.; PEREIRA DE CAMPOS, T. M.; MARIA, D.;
DONAGEMMA, G. K.; DA COSTA COUTINHO, H. L. Analise da Utilizacdo do
Pesticida Paraquat na Agricultura do Campo Experimental de Bom Jardim, RJ.
Congreso de Manejo e conservacéo do solo e da agua no contexto das mudangas
ambientais. Rio de Janeiro. 2008.

CAROLINO DE SA, M. A; DE LIMA J. M.;CURI, N.;AGUILAR, J.;GRANATE, J. J;
MARQUES, M. Estimativa da erodibilidade pela desagregacéo por ultra-som e atributos

65



de solos com horizonte B textural. Pesq. agropec. bras., Brasilia, vol. 39 (7), p.691-699,
jul. 2004.

CIDE. Estado do Rio de Janeiro-Territorio. p. 23. 1997.

COREA, F.A. Reserva da Biosfera Da Mata Atlantica. Roteiro para o entendimento de seus
bbjetivos e seu sistema de gestdo. Cuaderno No. 2. Cn-Rbna. 1996.

DA COSTA COUTINHO, H.L.; BARDY, R.; DONAGEMMA, G. K.; ORTEGA A.
Qualidade de solo e &gua como indicadores de recuperagdo de areas degradadas
submetidas a manejo agroflorestal. EMBRAPA, 2007.

DA SILVA, A.M.; NAVES, M. L.; CURI, N.; DE LIMA, J.M.; AVANZI, J.C.; FERREIRA,
M. M. Perdas de solo, 4gua, nutrientes e carbono organico em Cambissoloe Latossolo
sob chuva natural. Pesq. agropec. bras., Brasilia, v.40 (12), p.1223-1230, dez. 2005.

DA SILVA, D.; VAQUERO, R.; TEJADA, J. C. Propuesta metodoldgica para medir la
escorrentia en sistemas agropecuarios del Cantén de Guacimo, zona del caribe de Costa
Rica. Tierra Tropical vol. 2 (2), p. 187-196. 2006.

DIAS, J. E.; DE OLIVEIRA, O. V.; DE BARROS, M. H. Areas de riscos de erosao do solo:
uma aplicagéo por Geoprocessamento. Vol. 8 (1), p.01 - 10, jan./dez. 2001.

EL-SWAIFY, S. A.; DANGLER, E. W.; ARMSTRONG, C. L. Soil Erosion by Water in the
Tropics. Research Extrension Series 024, College of Tropical Agriculture and Human
Resources. University of Hawai. December, 1982.

ENDRES, P. F.; PISSARRAT. C.; BORGES, M. J.; POLITANO W. Quantificacdo das
classes de eroséo por tipo de uso do solo no Municipio de Franca — SP. Eng. Agric.,
Jaboticabal, vol. 26 (1), p.200-207, jan./abr. 2006.

FERREIRA, B. “Do Brasil Coldnia de Ontem ao Brasil Na¢do de Amanh&”. “Revolucédo da

Independéncia” e Histdria do Brasil em Caio Prado Jr. DADOS — Revista de Ciéncias
Sociais, Rio de Janeiro, vol. 51 (2), p. 489 a 509, 2008.

66



FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS. Guidelines
for Soil Description. Fourth edition. Rome, 2006.

GALINDO-LEAL, C.; DE GUSMAO, I. Mata Atlantica: Biodiversidade, Ameacas e
Perspectivas. Fundacéo SOS Mata Atlantica .Conservacao Internacional. Centro de
Ciéncias Aplicadas a Biodiversidade. Belo Horizonte. 2005.

GIANERINI, X. Y.; LIMA DE MIRANDA, J. P.; DONAGEMMA, G. K.; CARVALHO, F,
LIMA, R. L.;DA COSTA, H. L. Estabilidade de agregados Influenciada por diferentes
manejos em Cambissolos de Bom Jardim. Congreso de Manejo e conservagéo do solo e
da &gua no contexto das mudancas ambientais. Rio de Janeiro. 2008.

IBGE. Espirutu Santo-Rio de Janiero. Volumen XXII, p. 203-205, 1959.

INACIO, E.; CANTALICE, J. R.; NACIF, P. G.N; DE ARAUJO, Q.R.; BARRETO, A.
Quantificagdo da erosdo em pastagem com diferentes declives na microbacia do
Ribeirdo Salomeal. R. Bras. Eng. Agric. Ambiental, vol. 11 (4), p.355-360, 2007.

KER, J.C. Latossolos do Brasil: Uma reviséo. Geonomos, vol. 5, p. 17-40, 1998.

LAFLEN, J. M.; MOLDENHAUER, W. C. Pioneering Soil Erosion Prediction.. The USLE
Story. World Association of Soil & Water conservation-WASWC. Special Publication
No. 1, 2003.

LIMA DE MIRANDA, J. P.; DA SILVA, M. L.; LAUREANO, R.; DONAGEMMA, G. K;;
FREIRE ALLEMAO, A. V.; FERREIRA, N.; CORREA, F. M.; POLIDORO, J. C;
TATO, G. Influéncia do Pousio na Recuperacéo de Propriedades Fisicas de um
CAMBISSOLO em Ambiente Agricola Serrano — Bom Jardim (RJ). Congreso de
Manejo e conservacdo do solo e da 4gua no contexto das mudancas ambientais. Rio de
Janeiro. 2008.

LIMA, J. P. Propriedades fisico-hidricas de um solo submetido a cultivos perenes e a pousio
em ambiente agricola serrano — Bom Jardim (RJ). Dissertacdo de mestrado em
Geografia. Instituto De Geociéncias Programa De P6s Graduacdo Em Geografia.
Universidade Federal Do Rio De Janeiro. Orientadores: Nelson Ferreira F, Ana Valéria
F. A.Bertolino e Guilherme K. Donagemma . Rio de Janeiro, Fevereiro, 2008.

67



LINO, C. F. Texto Sintese — A Mata Atlantica. Reserva da Biosfera da Mata Atlantica.
Boletin electronico. November, 2003.

LOBO, D. Soil Physical Properties Affecting Soil Erosion in Tropical Soils Facultad de
Agronomia, Instituto de Edafologia, Universidad Central de Venezuela, Maracay,
Venezuela.Lecture given at the College on Soil Physics Trieste, 3-21 March, 2003.

LOMBARDI NETO, F.; CALVIN MOLDENHAUER, W. Erosividade da chuva: sua
distribuicao e relacao com as perdas de solo em Campinas (SP). Bragantia, Campinas,
51 (2), p. 189-196, 1992.

MACHADO A. M.; FERREIRA, S.; LOMBARDI NETO, F.Caracterizacao de indicadores
da erosdo do solo em bacias hidrograficas com o suporte de geotecnologias e modelo
predictivol. Estudos Geogréficos, Rio Claro, vol. 5(1), p 63-86, 2007.

MANNIGEL, A. R.; DE PASSOS E CARVALHO, M.; MORETI, D.; DA ROSA, L. Fator
erodibilidade e tolerancia de perda dos solos do Estado de S&o Paulo. Maring4, vol. 24
(5), p. 1335-1340, 2002.

MARTINS FERREIRA, R. R.; MARTINS FERREIRA, V.; TAVARES, J.; RALISCH, R.
Origem e evolucéo de vogorocas em cambissolos da bacia Alto Rio Grande, Minas
Gerais. XXXI Congreso Brasilero de Ciencia do Solo, Rio do Sul. 2007.

MENDES RIBEIRO C. A. Erosdo Superficial em Encosta Ingreme sob Cultivo Perene e
com Pousio no Municipio de Bom Jardim — RJ. Universidade Federal do Rio de
Janeiro-Engenharia Civi, COPPE/UFRJ. Orientador: Claudio Fernando Mahler. Janeiro,
2006.

NAVES, SILVA, M. L.; CURI, N.; DE LIMA, J. M.; MARTINS, M. Avaliacdo de métodos
indiretos de determinag&o da erodibilidade de latossolos brasileiros. Pesg. agropec. bras.,

Brasilia, vol. 35 (6) p.1207-1220, jun. 2000.

PAES BUENO, C. R.; PAGOTO STEIN, D. Potencial natural e antrépico de erosdo na regido
de Brotas, Estado de S&o Paulo. Maringa, vol. 26 (1), p. 1-5, 2004.

68



PANACHUKI, E.; ALVES, T.; VITORINO, A. C.; DE CARVALHO, D.; URCHEI, M. A.
Parametros fisicos do solo e erosdo hidrica sob chuva simulada, em area de integracéo
agricultura-pecuérial. Revista Brasileira de Engenharia Agricola e Ambiental vol. 10 (2),
p.261-268, 2006.

PLA, I. A soil water balance model for monitoring soil erosion processes and effects on
steep lands in the tropics. Soil Technology n.11, p. 17-30, 1997.

RIBEIRO, M. C.; METZGER, J. P.; CAMARGO, A.; PONZONI, F. J.; MAKIKO, M. The
Brazilian Atlantic Forest: How much is left, and how is the remaining forest distributed?.
Implications for conservation. Biological Conservation, vol. 142 (6), p. 1141-1153, June,
20009.

RODRIGUES LAGOS, A.; ALESSIO, B. Hot Spot Brasilero-Mata Atlantica. Saude &
Ambiente em revista, Duque de Caizas, vol.2 (2), p. 35-45, jul./dez. 2007.

RODRIGUES, E. Erosdo do solo: fatores condicionantes e modelagem matematica.
Universidade Federal da Paraiba laboratério e oficina de geografia da Paraiba
Dpartamento de Geociéncias Jodo Pessoa — PB. Ano 2 — no. 01 — 2003. Revista
Cadernos do Logepa — Série pesquisa . Ano 1, Nimero 1 - jan/jun. 2003.

TABARELLI, M.; PINTO, L. P.; SILVA, J. M.; HIROTA, M. M.; BEDE, J. C. Desafios e
oportunidades para a conservagéo da biodiversidade na Mata Atlantica brasileira.
MEGADIVERSIDADE, vol. 1 (1), Julho, 2005.

TADEU, A. C; FERREIRA, M. M.; CURI, N.; DE LIMA, J.M.; NAVES, M. L.; FERREIRA,
M. M. Mineralogia, quimica e estabilidade de agregados do tamanho de siltede solos da

Regido Sudeste do Brasil. Pesq. agropec. bras., Brasilia, v. 38 (1), p. 133-141, jan. 2003.

TEXEIRA, A.J.; BAPTISTA DA CUNHA, S. Geomorfologia e Meio Ambiente. Rio de
Janeiro: Bertrand Brasil, 1996.

The USLE Story. World Association of Soil & Water Conservation — WASWC. Special
Publication No. 1, 2003.

69



TRIBUNAL DE CONTAS DO ESTADO DO RIO DE JANEIRO. Estudos Socioecondmicos
dos Municipios do Rio de Janeiro. Secretaria Geral de Planejamento 1997-2001.

VIGIAK, O.; OKOBA, B.; STERK, G.; STROOSNIJDER, L. Water erosion assessment
using farmers’ indicators in the West Usambara Mountains, Tanzania Catena 64, p. 307—
320, 2005.

VITTE, A. C.; VILELA, L. A. Estimativa De Perdas De Solos Em Uma Bacia Hidrogréafica
Sob Cultivo De Frutiferas, No Municipio De Valinhos (Sp). Geousp - Espaco E Tempo,
S&o Paulo, N° 20, p. 45 - 64, 2006.

WISCHMEIER, W. H.; SMITH, D. D. Predicting rainfall erosion losses a guide to

conservation planning. Washington: Agriculture Handbook, n. 537, U.S. Departament
of Agriculture. 1978.

70



