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ABSTRACT7
8

Soil is a vital component of the planet, fundamental to many aspects of the agrarian sciences, in the
last years this resource has been abruptly degraded, due to urban development and anthropogenic
actions, leading to significant yield losses on agricultural crops, representing a threat to food security
and limiting the production of renewable biological resources. Erosion is seen as one of the most
destructive soil processes, it is estimated that man has already degraded 53 billion hectares in the
world, by improper use of the soil, leading to the deterioration of its physical, chemical and biological
properties. In tropical and subtropical zones the annual soil loss varies between 0.28 and 113 t ha-1,
depending on annual precipitation, landscape and land use. Arid and semi-arid regions are
considered fragile environments, where plant cover is scarce and where soil erosion processes occur
rapidly and severely after rainfall events. However, even under these conditions, the importance of
native vegetation is very relevant in the regulation of surface hydrological processes.
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12
1. INTRODUCTION13

14
Soil is a vital component of the planet, fundamental to many aspects of the agrarian sciences [1], in15
the last few years this resource has been abruptly degraded, due to urban development and16
anthropogenic actions, leading to significant yield losses on agricultural crops [2,3,4], representing a17
threat to food security and limiting the production of renewable biological resources [3,4].18

19
The environmental problems are presenting great dimensions, causing, therefore, changes around20
the globe, the problems related to soil degradation are among the most worrying [5]. Soil erosion is a21
major environmental problem responsible for large soil losses, imbalances in the environment, as well22
as a decrease in productivity of cultivated lands [6].23

24
Erosion is seen as one of the most destructive soil processes, it is estimated that man has already25
degraded 53 billion hectares of the terrestrial globe, by inappropriate use of the soil, leading to26
deterioration of its physical, chemical and biological properties [7,8]. In tropical and subtropical zones27
the annual soil loss varies between 0.28 and 113 t ha-1, depending on the annual precipitation,28
landscape and land use [9].29

30
Arid and semi-arid regions are considered fragile environments, where vegetable cover is scarce and31
where soil erosion processes occur rapidly and severely after rainfall events. However, even under32
these conditions, the importance of native vegetation is very relevant in the regulation of surface33
hydrological processes. According to [10], vegetation removal is the main cause of soil degradation in34
semi-arid areas. Changes in soil properties induced by vegetation removal modify the runoff and35
response to soil erosion in a semi-arid area.36

37
In the last decades, soil erosion has been increasingly recognized as a serious environmental38
problem in semi-arid regions. Recent studies conducted in southern Italy (semi-arid Mediterranean)39
have soil erosion rates ranging from 10-85 t ha year-1, in areas covered by vegetation [11] and from40
100-150 t ha year-1, in cultivated lands [12]. These high erosion rates reflect the impact caused by41
human activity.42
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43
The rainfall regime in semi-arid areas is characterized by events of extremely short duration and with44
very high intensity, besides an irregular spatio-temporal distribution, followed by long periods of45
drought, making these areas environments particularly prone to erosion [13]. Human activities further46
increase the risk of erosion, between them, the creation of bare surfaces on cultivated land after47
plowing operations and subsequent abandonment of land [11].48

49
Soils in semi-arid regions are characterized by low levels of organic matter and high levels of50
expansive clay [14], properties that may decrease the stability of the soil structure [15]. Making them51
very susceptible to water erosion [16], mainly due to the scarce vegetation cover and the low52
resistance to erosion forces. The magnitude of water erosion also depends on its texture, water53
content, evaporation, percolation and leaching. The soil characteristics of these regions are not54
favorable for soil resistance to water erosion [17].55

56
When these soils are exposed to the impact of raindrops, a structural seal develops on the surface of57
the soil, called surface sealing [15,18], a thin layer (a few millimeters) characterized by having a58
higher density, and lower hydraulic conductivity than the underlying soil [19,20].59

60
According to [21], the formation of surface sealing is the result of two complementary mechanisms: (i)61
the physical disintegration of the aggregates at the soil surface caused mainly by the kinetic energy of62
the impact of the raindrops, and (ii) the dispersion of the clay particles, which clog the pores63
immediately below the surface of the soil, forming the surface sealing [18].64

65
The erosive process involves the processes of: (i) the disintegration of the soil particles from its66
surface, (ii) the transportation of the resulting sediments, mainly by the action of surface runoff, and67
(iii) sediment deposition [22]. Soil erosion reduces water availability on the field scale by affecting its68
quality and storage. The complete suppression of vegetation can also lead to irreversible soil69
degradation in semi-arid areas [10].70

71
According to [23] the loss of water and soil by surface runoff on eroded slopes is maximized by72
different mechanisms: reduction of roughness, the effective evacuation of water flows from the73
inclination by the networks of the grooves, which increase the connectivity of the runoff on the slopes74
and open efficient ways to conduct water out of the system, and the reduction of water infiltration by75
formation of surface crusts, which are thin layers of organic and mineral particles on the soil surface,76
affect soil disaggregation [24], altering, infiltration of water in the soil and surface runoff [25].77

78
There are a number of factors that control erosion, among them we can mention: the angle of land79
slope, the nature and type of vegetation cover, the erodibility and the type of soil management [26].80
The vegetation-soil system has mechanisms that regulate soil formation, vegetation development and81
erosion and sedimentation processes [27].82

83
In semiarid environments it is conventional to use agriculture of dry land, where the rural producer84
removes all the vegetation from the river banks for the planting of agricultural species [28]. To occur85
sustainable production farmers must have a selection of integrated management options [29], which86
will provide sufficient benefits with reasonable costs and, at the same time, reduce the degradation of87
drylands and maintain sustainable incomes, such as the application of conservation strategies88
[30,31].89

90
The implemented strategies should include agronomic measures of soil surface manipulation, such as91
coverage dead and changes to prevent and control land degradation and improve field-scale92
productivity. Despite government efforts to reverse soil erosion processes at the river basin scale, the93
pluviometric regime of semi-arid regions is very problematic, causing degradation and inefficiency in94
land use [32], and even in years of sufficient annual precipitation yields remain low [33].95

96
For [34], in a semi-arid environment, the preservation and / or restoration of vegetation can effectively97
reduce surface runoff and sediment transport. Native forests are more effective in soil erosion control98
[35]. Some researchers, but not all of them, state that a mixed pattern of trees and shrubs would be99
ideal for inhibiting soil erosion.100

101
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2. EROSION BETWEEN FURROWS102
103

Soil erosion comprises two main components, erosion in between furrows and the furrow erosion [36].104
Erosion in between furrows happens when there are no incisions in the surface of the ground realized105
by the surface runoff, the most important factor at that moment is the breakdown of the soil by the106
impact of raindrops on its surface, and the existence of a blade of runoff that seems to carry more107
than disaggregate the soil [37]. The surface runoff that occurs in erosion in between furrows is,108
frequently, called shallow laminar flow [38].109

110
Several are the negative effects on erosion between furrows, highlighting the reduction of soil fertility,111
off-site effects triggered by sediment transport, nutrients, and pollutants, causing great efforts to112
mitigate damages, with high costs [39,40], affecting nutrient cycling and the functioning of the113
ecosystem [41,42].114

115
Erosion between furrows can also lead to the emergence of poor, hard soils, with low water storage116
capacity [43]. In the Revised Universal Soil Loss Equation (RUSLE), which is used to predict soil loss117
rates, the proportion of erosion between furrows is a very important parameter [44], the same118
importance is equivalent to other models based on recent processes, for example, LISEM [45], WEPP119
[46], EUROSEM [26], and PSEM-2D. However, it is difficult to directly measure erosion rates in120
between furrows, because of the difficulty of observing the furrow erosion processes associated with121
costs and the intensive work in the field [47].122

123
The parameter of erodibility between furrows, which expresses soil resistance to erosion between124
furrows is used along with other parameters, including rainfall erosivity, slope characteristics,125
hydraulic factors, and the vegetation cover, which is one of the most important parameters for the126
study of erosion between furrows [48], in addition to soil type and land use [49].127

128
The vegetation cover has an important effect on soil erosion, the vegetable residues on the surface129
act by intercepting the raindrops and dissipating their energy, avoiding the disintegration of the130
particles and the formation of surface sealing. In addition, occurs the reduction of the velocity of the131
surface flow and, consequently, a reduction in their disaggregation capacity and transport of soil132
particles [50]. [51] found an exponential reduction of erosion between furrows with the increase in soil133
cover attributed to residues of maize and wheat.134

135
To [52] the erosion in between furrows, the reduction of the flow velocity caused by the presence of136
vegetables residues on the surface occurs, generally because of the increase in hydraulic roughness137
of surface flow, resulting in increased flow height [51,53]. The relationship between the rates of138
disaggregation and the presence of plant residues in erosion between furrows is expressed,139
according to [53], below:140

141
Di = Ki I 2 Sf Ci (1)142

143
where Di is the rate of soil disaggregation (kg m-2 s-1); I is the intensity of the rain (m s-1); Sf is the144
slope factor; Ci is the coefficient of soil cover. This coefficient Ci combines several subfactors,145
according to the expression:146

147
Ci = CiI CiII CiIII (2)148

149
where CiI is the factor that expresses the effect of cover of canopy; CiII is the factor that expresses150
the effect of the cover by residues in direct contact with the surface of the soil; CiIII is the factor that151
expresses the effect of the residue incorporated in the soil. The effect of residues in direct contact152
with the soil surface was evaluated by some authors, that proposed relations capable of quantifying153
the effect of this roughness said of form, which translates into resistance to run-off and, therefore,154
reduction of soil disaggregation rates. [53] proposed the following expression:155

156
CiII = ξ exp {-0.21 [(yc / yd) -1 ] 1.18 } (3)157

158
where CiII is the factor that expresses the effect of the cover by residues in direct contact with the soil159
surface; ξ is the fraction of surface exposed to the impact of rain; yc / yd is the ratio of blade height of160
flow with coverage (yc) and without coverage (d). [54] developed a simpler expression:161
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162
Ci II = e 2.5CS (4)163

164
where CiII is the factor that expresses the effect of the cover by residues in direct contact with the soil165
surface; e is the basis of the neperian logarithm; CS is the soil cover (m-2 m-2). [55] obtained an166
excellent adjustment for the simple model of power to follow:167

168
Ci II = abCS169

170
where a = 1.014; b = 0.08203 for a r2 of 0.992.171

172
3. FACTORS THAT INTERFERE IN THE DISAGGREGATION AND SOIL LOSSES173

174
The disaggregation of Soil in erosion between furrows is defined as the displacement of soil particles175
from a soil mass at a specific location on the surface, by the kinetic energy of the raindrops, being the176
surface runoff the main transport agent, which may lead to the formation of furrows and gullies177
[56,57,58,59,60]. The mechanisms of soil disaggregation by erosion between furrows and erosion in178
grooves are different and, therefore, they are considered separate processes [61].179

180
Effects of capacity of disaggregation of soil in erosion between furrows have been studied extensively181
under different environmental conditions, both in the laboratory and in field experiments, using182
hydraulic parameters such as: the flow regime, liquid discharge, slope, velocity, and sediment183
concentration [59,62,63,64]. Erosive processes are also controlled by soil erodibility [65].184

185
Soil erodibility is mainly related to soil properties and vegetation characteristics. Soil type, texture and186
physical-chemical properties of soil: porosity, density, cohesion, clay content, stability of aggregates,187
organic matter content, soil moisture and infiltration rate, demonstrating a close relationship with the188
soil disaggregation capacity [26,66,67,68,69].189

190
Soil disaggregation capacity could be stipulated through the mean diameter of the aggregates,191
content of clay, density of soil and resistance of soil. [70] showed that the soil disaggregation capacity192
decreased with the increase of soil organic matter, increased moisture content and increased soil193
density. Any changes in soil properties will surely alter the erodibility of this soil [71,72,73,74,75].194

195
4. IMPORTANCE OF VEGETATION196

197
Vegetation cover has been recognized as a key factor in protection against erosion, increasing the198
infiltration and surface roughness of the soil, besides reducing the impact of raindrops [76]. The199
vegetal cover protects the soil, mainly by intercepting the precipitations and reducing the flow velocity200
of water [77,78]. In addition, the root system increases the stability of soil aggregates and soil water201
infiltration rates [77,79,80].202

203
However, although the positive influence of the vegetation increasing the rates of infiltration and204
decreasing soil erosion, little attention has been paid to the ecological effects of soil erosion [81,82].205
In this way, several papers indicate a critical role of the knowledge of the erosion-vegetation206
interactions for the understanding of the processes of degradation in limited water environments,207
especially in the current context of land use and climate change [83,84,85].208

209
In theory, both the morphological characteristics of plants, such as the diameter of the root, and210
biomechanical characteristics, the resistance to root traction, have significant effects on soil erosion211
[48,80].212

213
Diversity of species is one of the main factors for the success of vegetation in controlling soil erosion,214
the functional diversity of tree communities plays a key role in improving ecosystem services, such as215
water filtration, climate regulation or erosion control [85,86,87]. As forests are generally considered to216
be beneficial for erosion control, reforestation is a common measure of soil protection [88,89].217

218
Different forms of soil-vegetation relationship can probably be explained by different types of219
vegetation that present specific characteristics above the soil (leaves and stems), below ground220
(roots) and spatial distributions [77,90,91,92,93]. Little is known about the effects of plant diversity on221
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soil protection [94]. It was lifted hypothesized that a plant cover with a high number of species of222
plants of different forms of growth, functional groups and root characteristics will be more effective in223
controlling the processes of erosion between furrows than a cover of vegetation with few species and224
a lower number of different forms of growth [95].225

226
A recent study conducted by [80] in the Swiss Alps showed a significant positive correlation between227
soil aggregates stability and plant species richness. These authors assume that with the increase of228
plant species, increased the richness of the number of root types, resulting in beneficial effects on the229
stability of soil aggregates.230

231
Positive effects of aerial biomass on erosion control are generally attributed to reductions in the232
kinetic energy of raindrops and reduced surface runoff velocities [27]. Besides that, plant cover233
changes intrinsic soil properties, such as erodibility [48], act in the creation of a microclimate and in234
the supply of organic matter, that affect the activity of microorganisms, and hence the availability of235
nutrients, resulting in positive feedback on plant productivity.236

237
Both organic matter, as well as microfauna and fungal secretions improved the formation of stable238
aggregates [27,96], affecting the hydraulic conductivity and, therefore, the capacity of water storage239
[27] being able increase the resistance from soil to shear [97,98].240

241
In an attempt to understand the erosive processes with different vegetation cover, [55], researching in242
Lavras, southeastern Brazil, evaluated the influence of vegetation cover on the control of water and243
soil losses. [99], studying the use of land in the center of the State of Rio Grande do Sul, show that,244
with a 16.2% increase in forest area, the gross erosion was reduced by 44%.245

246
Removal of vegetation causes increases of surface runoff, soil erosion, downstream flooding247
[100,101], and export of sediments, organic matter, nutrients and pollutants which may endanger248
aquatic habitats and downstream from the flood zone, in addition to associated human infrastructures249
[102,103].250

251
5. EFFECTS OF ROOTS ABOUT THE ERODIBILITY OF THE SOIL252

253
Erodibility is the result of various mechanical processes, adhesives and bonding forces acting within254
the soil matrix [65] and should be considered as a "sum of a highly complex response pattern,255
strongly influenced by the intrinsic and extrinsic characteristics of the soil" [104]. The erosion256
response may be influenced by any soil property, but will be dominated by shear force, stability of the257
aggregates and hydraulic function of the soil [104]. Roots can alter soil erodibility through its effect on258
these soil properties.259

260
Firstly, the roots have a high tensile strength [48,98] allowing up to 100% of the cohesive strength of a261
root permeating the soil [105], thus increasing the shear strength. The additional tensile force262
associated with roots is responsible for the transfer of shear stresses through elastic resistance, or263
friction interface within the soil-root matrix [98,106].264

265
Secondly, the roots prevent sediment transport, retaining disaggregated soil particles [79] and266
increasing the number of stable aggregates, due to their shear effect [107], the same also happens to267
fungal hyphae [107,108,109] which act through the release of various agents of binding organic and268
inorganic [110].269

270
Root exudates, such as mucilages are considered the main mechanism of plant roots that improve the271
stability of aggregates [109,111]. The mucilage exuded by the roots expand a wet floor covering soil272
particles, during subsequent drying the contraction of the mucilage occurs, pulling the soil particles273
tightly in set to form a rhizosheath, thus reorienting the particles to the parallel axis of the root274
[110,112,113,114].275

276
In addition, root exudates are associated with the release of polyvalent cations, which form strong277
bonds between organic molecules and clays [110,112,115]. Increasing the amount of ions in the soil278
solution, significantly increases the stability of aggregates [115]. The decomposition of roots and279
fungal hyphae also represent a source of organic matter [107,110,112], which contribute to greater280
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stability to soil aggregates. Thus, the stability of aggregates is enhanced by biological activity (both281
vegetable as fungal) within the soil.282

283
Root exudates represent 5 to 21% of the carbon (C) fixation of a plant [116] serving as a source of284
essential energy for microorganisms [107,110]. Fungi and soil bacteria produce polymeric substances285
that contribute to the cementation of aggregates and, thus, increase its resistance286
[104,107,111,112,113].287

288
However, the effect of roots on the stability of aggregates is specific of plant specie present in this soil289
[107,110] due to differences in root morphology [80], the growth rates [117], the chemical290
composition, the amount of root exudates and the influence of differences of root exudates on291
microbial activity [107,118]. [107] showed that barley roots (Hordeum vulgare) increased the stability292
of the aggregates, but there is conflicting evidence about the effects of corn roots (Zea mays).293

294
Corn root mucilage would have an increase in soil aggregation [111], but, the same, releases295
chelating agents, such as organic acids (which destroy iron and aluminum bonds with organic matter)296
decreasing the stability of the aggregates [112]. These contrasting results can be attributed to297
genotypic variation in the chemistry of root exudates.298

299
Roots can also provide an increase in infiltration rates, since they increase the roughness of the soil300
[79], while the absorption of water through roots [119] and the creation of continuous pore spaces301
increase the infiltration capacity, reducing the surface runoff [104,119,120]. [121] found a positive302
correlation between infiltration rates and root density to the needle grass (Stipa tenacissima) and, to a303
lesser degree, for downy banana (Plantago albicans), while obscure results were obtained for albaida304
(Cytisoides anthyllis) and white absinthe (Artemisia herba-alba).305

306
Several authors [122,123,124,125] suggest that live roots form flow pathways, and increase infiltration307
rates over time, as a result of channels created by the decomposition of these roots. [122] observed308
that infiltration rates in a sandy soil tripled within 3 years of alfalfa cultivation, [124] observed a309
significant increase in infiltration rates for the last half of the maize growing season, and after harvest.310

311
A frequently used parameter that sufficiently describes the effectiveness of a species to control312
erosion rates is the root length density (RLD). RLD is the total root length divided by the volume of soil313
sample permeated by the root [79], thus providing information on land use by the roots [79,126,127].314
Under cereal and grass plants in Belgium, erosion rates declined exponentially with a linear increase315
in RLD [128]. However, the ability of roots to strengthen a soil is determined not only by root316
characteristics such as RLD, but also by their distribution in the soil.317

318
In short, [127] reported that the ability of roots to reduce soil erosion was greater than that suggested319
in previous studies [129,130]. To simulate the effects of roots on soil disaggregation, different root320
parameters, that is, dry weight, mass density, density of length, diameter, surface area density, and321
an area of reason, should be taken into account [127]. The effects of erosion reduction as a function322
of the roots are also affected by the root architecture. In general, pivotal roots reduce erosion rates to323
a lesser extent, compared to fasciculate roots [127,129,130].324

325
6. CONCLUSION326

327
In view of the foregoing, is perceived that the vegetation cover has an important effect on soil erosion,328
the vegetable residues on the surface act by intercepting the raindrops and dissipating their energy,329
avoiding the disaggregation of the particles and the formation of surface sealing. In addition, it occurs330
to reduce the velocity of the surface runoff and, consequently, reduction in its capacity of331
disaggregation and transport of soil sediments.332

333
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