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ABSTRACT: Because the Caatinga is one of the most densely populated areas in the 

world and having agriculture and livestock farming as its main activities, it has been 

suffering a process of desertification over the years, reflecting on losses in biodiversity 

and animal productivity, especially as agricultural practices are based on deforestation 

and burning of native vegetation. Thus, it becomes necessary and fundamental, a 

searching for management practices that intensify the use of caatinga’s resources 

without degrading them. This review aims to highlight the use of manipulation 

techniques of the woody stratum of the Caatinga vegetation, as thinning and 

enrichment, which aim to increase the support capacity of the native and cultivated 

pasture, through the increase in herbaceous forage biomass and biodiversity. 
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MANIPULAÇÃO DA PASTAGEM NATURAL EM REGIÃO SEMIÁRIDO: UMA 
REVISÃO. 

 

RESUMO: Por se tratar de uma região como uma das mais densamente populosas 

do mundo, e tendo como atividades principais a agricultura e a pecuária, a Caatinga 

vem ao longo dos anos entrando em processo de desertificação, refletindo na perca 

da biodiversidade e da produtividade animal, muito em função das práticas 

agropecuárias serem pautadas apenas no desmatamento e na queima da vegetação 

nativa. Deste modo, torna-se necessária e fundamental, a busca por práticas de 

manejo que intensifiquem o seu uso sem degradá-las. Esta revisão teve como função 

destacar o uso de técnicas de manipulação do estrato lenhoso da vegetação da 
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Caatinga, caso do raleamento e do enriquecimento, que visam, aumentar a 

capacidade de suporte do pasto nativo e cultivado, através do incremento de 

biomassa de forragem herbácea e também da sua biodiversidade. 

Palavras-chave: Caatinga, raleamento, enriquecimento, composição botânica, 

sustentabilidade. 

 

INTRODUCTION 

Most of the semiarid regions of the earth are located between the tropics of 

Cancer and Capricorn and are characterized mainly by having an average precipitation 

of 800 mm year-1 with irregular distribution. It also has an average insolation of 

2.800 h year-1, with average annual temperatures between 23 to 27 °C and soils in 

most of them with sandy-clay characteristics, with low organic matter (Figure 1). These 

regions, however, comprise approximately 5.0 billion hectares, housing around 1.0 

billion people, who are responsible for generating approximately 22% of the earth's 

food production (FAO, 1998).  

  

(A) (B) 

 

Figure 1. Mean representation the variables temperature (A) and precipitation (B) on the globe 
Source: http://www.climatewizard.org/ 

In Brazil, semiarid occupies approximately 912,000km², and covers the states 

of Ceará and Rio Grande do Norte, part of Paraíba, Pernambuco and Piauí, west of 

Alagoas and Sergipe, center of Bahia, and a strip that extends through the state of 

Minas Gerais (Figure 2). The tropical dry forest, know as the Caatinga is within a 

semiarid region, being the largest semiarid ecoregion in the south america 

(ANDRADE et al., 2020).  
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Figure 2. Delimitation of the Brazilian semiarid region 
Source: Andrade et al. (2020) 
 

The Caatinga is one of the most important pasture biomes in Brazil, especially 

because it occupies 70% of the northeastern region and 11% of the Brazilian territory, 

with a total of approximately 844,453 km2 (ALVES et al., 2009). It is characterized as 

a region of high rainfall variability, with periodic drought periods. Because it is a biome 

located in one of the most densely inhabited semiarid areas of the world and 

responsible for generating countless jobs (LEAL et al., 2005).  

Most people have agriculture as their main activity for the support of their 

families, however, because these areas have very diverse soil-climatic characteristics, 

they usually become inappropriate for this activity. According to Conrado et al. (2019a) 

these areas have significant soil and climatic characteristics, which frequently makes 

them inappropriate and limiting for agriculture. The livestock farming has become the 

main activity to be exploited, due to its greater resilience to the oscillations of the 

climate and soil. 

The farm properties follow a mixed farming model, where 90% raise cattle, goats 

and sheep simultaneously, with a distribution in the national herd of cattle (14.7%), 

sheep (56.9%) and goats (90.6%).Sheep and goats are the most productive and 

adapted species in this region, besides the fact that they are animals that do not require 

much to serve as food base and a product of exchange between families, thus 

generating an extra income. Livestock farming is therefore fundamental for the 

development of the region, especially when it comes to the production of small 

ruminants (CONRADO et al., 2019a), besides having high relevance in the social and 

economic context (SILVA et al., 2020). 
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However, it has been observed in researches and reported by farmers, that in 

the last thirty years livestock has been identified as one of the main motivators to the 

Caatinga degradation, among the reasons are the low production of biomass and the 

overgrazing, which has increased deforestation (SILVA et al., 2018), especially in the 

dry period of the year (SALEM, 2010). 

The objective was to discuss the Caatinga biome, relating its characteristics to 

the productive, social and environmental aspects, so that it was possible to present 

manipulation mechanisms, aiming at its sustainability and that of the production 

system. 

 
DEGRADATION AND IMPORTANCE OF THE CAATINGA’S WOODY STRATUM TO 
THE PRODUCTION SYSTEM  
 

The caatinga is different from other pastoral landscape units, as it has some 

unique characteristics, such as the high density of shrubs and trees, being very 

populated by species of the Fabaceae family, which have a high nutritional value, 

therefore having a relevant role in the feeding of ruminants (ALVES et al., 2009). 

This biome also has great biodiversity, with more than 3,500 plant species 

cataloged, characterized in general by having smaller trees and shrubs that usually 

lose their leaves (deciduous species) in the dry season, as well as cacti and species 

ephemeral herbaceous, of which approximately 932 are vascular species, and also 

endemic. (ALVES et al., 2009). In addition, it has 275 species of ants, 386 of fish, 548 

of birds and 183 of mammals (Silva et al., 2018). 

In addition to its great diversity of botanical species, the Caatinga has 

considerable capacity for self-recovery, when it is subjected to some disorders, and 

this reconstitution is called resilience. However, the constant actions of people, without 

allowing a minimum recovery period for the area, have contributed to this resilience 

becoming less and less efficient (SILVA et al., 2014).  

The intensive use of agriculture in semiarid regions has been causing loss of 

local biodiversity and production of forage biomass over the years. According to 

Rodrigues et al (2013) the anthropogenic action of men, causes deterioration, 

reflecting on the productivity of the area. In addition, there is reduction in fertilization, 

caused by deforestation, fire and soil contamination by pesticides, as well as the 

inadequate use of irrigation, which leads to salinization. According to Freitas et al 

(2013) studying an area of manipulated Caatinga, they observed that the productivity 
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of the herbaceous biomass produced in a deforested and burned area reduced 

between 45 and 73.6% of its total. 

According to Sousa et al. (2010), deforestation is the main starting point for the 

desertification process in an area and cited that 20% of the Caatinga biome is already 

in the process of desertification. According Araújo Filho (2013) the deforestation in the 

Caatinga already reaches 46% of the entire biome, and this number has increased on 

average by 2.7% per year, reflecting in the botanical composition. Amorim et al. (2014), 

point out that in most cases the degradation process begins with agriculture, and when 

it is no longer satisfactory, the area is abandoned and others are deforested. 

What has been seen is a greater frequency of studies and research carried out 

for other biomes, while for the Caatinga these numbers are insufficient, making it the 

least protected biome in Brazil, with only 2% of the conservation units in the semiarid 

territory, generating thus having a great impact on the region's economy and on the 

income generation of rural families (Ribeiro Filho et al. (2015). In a study Rodrigues et 

al (2013) noted that the loss of biodiversity represents the greatest threat to the biome, 

and these are mainly associated with the emergence of invasive species, which was 

initiated due to low fertility and water infiltration in the soil, caused by deforestation.  

Some studies (COSTA et al., 2010; SCORIZA et al., 2012; OLIVEIRA et al., 

2007) demonstrate how important the minimal presence of trees is in the process of 

maintaining nutrient cycles in the soil, besides enabling the increase in biomass 

production, contributes to improve the microclimate, the animal welfare, soil and water 

conservation, regularization of the water cycle, biodiversity and carbon sequestration. 

The stability of this biome over time is based on the energy flow and nutrient cycling, 

as well as on the regulation of the population of animals and plants (AGUIAR et al, 

2014). In 2002, the "Center for Vegetable Information of the Northeast" (CNIP), 

concluded that 40% of the species found in the Caatinga were from the Fabaceae 

family, with the majority of these species having the capacity to fix N2 (Santos et al., 

2010), amongst them Freitas et al (2010) stressed that in environments natural 

regeneration, fixation can reach 130 kg N ha-1 year-1. 

 

MANIPULATION OF THE CAATINGA FOR PASTORAL AND CONSERVATION 

PURPOSES 

As an attempt to minimize future problems, Embrapa (Brazilian Agricultural 

Research Company) developed in Brazil, in the 1980s, a series of techniques to 

manipulate the Caatinga in order to increase the support capacity and to allow its use 
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for grazing, as well as to guarantee its conservation (SCHACHT; MALECHEK, 1989). 

Some authors still feel the need for research that promotes the best use of dry tropical 

forests (VEGA et al., 2017). 

There are in the literature some ways of manipulating forests in semiarid 

regions, for the Caatinga for example, the thinning is presented as a technique capable 

of maintaining the botanical composition and improve the biomass production, with 

increases greater than 76% (ARAÚJO FILHO et al 2002). According to Smith et al 

(2008) heterogeneous areas are more productive and resilient than areas with only 

one crop, this is due to improved efficiency in the use of natural resources, mainly 

nutrients and soil water.  

The purpose of the manipulation is to enhance the production of biomass, 

considering all the woody stratum, is around 6 tons per hectare, distributed in the 

following way: 2 tons of wood and 4 tons of leaves, flowers and fruits, but only 10% 

becomes available to animals (ARAÚJO FILHO, 2013).  

With this, the objective is to use the benefits that trees can promote to the 

herbaceous layer. According Oliveira et al. (2007) in semiarid environments 

contributes to improve the microclimate, the animal welfare, soil and water 

conservation, regularization of the water cycle, biodiversity, carbon sequestration and 

favor of the scenic beauty of rural landscapes. 

Reducing the effects on seasonality of forage production, therefore, in the rainy 

season this forage is abundant and presents good quality, however, it is inaccessible 

to the animals mainly due to the height of the canopy of the trees and shrubs, whereas 

in the dry season, the forage becomes available but presents low nutritive value. Thus, 

some managements through the manipulation of the woody stratum, has stood out and 

gained increasing importance in the scenario of sustainability and intensification of the 

use of Caatinga (SANTOS et al., 2010).  

Currently, there are three main ways to manipulate the Caatinga woody layer, 

they are: Demotion, thinning and enrichment. With more emphasis being placed on the 

thinning and enrichment. 

 

THINNING OF THE CAATINGA  

Thinning is a technique of manipulation of the arboreal stratum that aims to 

propose the substitution of non-forage biomass, by herbaceous forage biomass that 

can be grazed by ruminants, by the via reduction of the density of trees and shrubs of 

low potential for timber and forage, without causing biodiversity loss in the area 
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(SCHACHT; MALECHEK, 1989). Different thinning arrangements can be found: forest, 

savanna and strip thinning, and among the three, savanna thinning is the most used 

by the producers (ARAÚJO FILHO 2013). 

The thinning is done mainly to increase the production of herbaceous biomass 

in the understory, since the Caatinga can present different densities. Albuquerque et 

al (2008) found 3.38 plants / m² with height <0.5 m in the Caatinga under different 

stocking intensities. While Andrade et al (2009) found approximately 3,190 individuals 

/ m², the most recommended species for thinning are: marmeleiro (Croton suderianus), 

velame (Croton campestris) and mofumbo (Combretum leprosum), mainly because 

they present low acceptance by the animals. 

With this, this practice allows the incidence of light within the understory, 

contributing to the greater appearance of short-cycle herbaceous species, so abundant 

in the Caatinga (ASAYE; ZEWDIE, 2013).  

Solar radiation is a very important factor for the good development of plants, 

being directly related to the photosynthetic activities. Garcia-Ruiz et al. (2008) studying 

a microbasin in the semiarid region of Spain compared a thinned area and a non-

thinned area and observed that the presence of thinning promoted an increase in the 

moisture content of the soil, which was also a consequence of the increase in the 

presence of the herbaceous layer that reduced the runoff of the water and favored its 

infiltration. 

With this new distribution of shrub species, herbaceous plants appear more 

accessible to ruminants, especially in the rainy season. Araújo Filho (1992) identified 

the presence of herbaceous plants in up to 80% of the ruminant diet in the semiarid 

during the rainy season. In the dry season, forage consumption has a greater share of 

the woody layer. Aquino et al (2017) observed benefits from thinning in the rainy 

season via dry matter production, reaching approximately 3,000 kg ha-1, with no 

significant drop in the same period. In a research, Conrado et al (2019b), observed 

that the handling of Caatinga increased at least 100% of the herbaceous species 

considered of forage potential. 

The most common model for thinning is the savanna type, which consists of the 

selective cutting of isolated trees, so that the landscape resembles an African savanna, 

maintaining a coverage of 30 to 40% of the area (Araújo Filho, 2013). However, it has 

some disadvantages, such as the high maintenance cost and the high dependence of 

labor, because of the uniqueness of the architecture that should be maintained, the 

low survival of native shrubby tree species and the low adaptability of grasses used to 
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enrich the area (ASAYE; ZEWDIE, 2013). This type differs from the forest type, as it 

consists of leaving small groups of trees that occur naturally in the area. 

Thus, some other forms of selective thinning of trees and shrubs have emerged, 

always seeking to maintain biodiversity and reduce competition for water, light and 

nutrients, thus opening space for herbaceous species to develop 

(AQUINO et al., 2017). 

There is some resistance from adepts of the manipulation of the Caatinga 

because they believe that thinning in strips degrades biodiversity, since an entire strip 

area is cleared. However, this aspect can be circumvented by the proper sizing of the 

strip. Within the range, the remains of plants should be chopped into mounds not 

exceeding 1.5 m, perpendicular to the ground. 

Adequate coverages, triggered by the presence of the tree component in the 

semiarid region, do not harm herbaceous plants, but maintain or even increase 

production (kg ha-1) similar to cultivation with full sun exposure (PACIULLO et al., 

2008).  

Some recommendations can be found in other regions of Brazil for planting in 

bands with cultivated trees. CORDEIRO et al. (2018) observed that systems containing 

10 x 4 m spacing are adopted mainly in crops intercropped with rice. Others in double 

or triple strips (1.5 m between plants and 3.0 m between strips), with 10, 20 or 40 mb 

6 between the tree lines, which besides allowing the production of herbaceous biomass 

also presents a good wood production, generating an increased income for the 

producer. 

The thinning also allows the use of native or exotic species to be cultivated in 

consortium with the woody stratum. This technique is called enrichment. 

 

ENRICHMENT OF CAATINGA.  

The technique of implantation of exotic and or native species in thinned 

Caatinga areas is called enrichment (SILVA et al., 2001).  

Due to its low support capacity, from 10 to 12 ha / animal for cattle and 2 to 3 

ha / animal for sheep and goats, the Caatinga presents some limitations for the 

intensification of use of the area, However, with the enrichment in the area, it is 

possible to intensify its use even more, going to 1.1 cattle / ha and 10 sheep and goats 

/ ha, with biomass production of 8,000 kg ha-1, and availability reaching 6,400 kg ha- 1, 

reflection on the animal performance that becomes 172 kg ha-1 for bovine and 120 kg 
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ha-1 for sheep and goats (SILVA et al., 2001). According Carvalho et al. (2018) the 

increase in animal performance is often related to the availability of forage biomass. 

Over the years the most used grasses to enrich the herbaceous stratum of the 

Caatinga were the buffel grass (Pennisetum ciliare syn. Cenchrus ciliaris), corrente 

grass (Urochloa mosambicensis) and gramão grass (Cynodon dactylon), which are 

capable of increasing in up to 6,400 kg ha-1 the forage supply, thus reflecting on the 

increase of the support capacity of the area (ARAÚJO FILHO, 1992).  

The buffel grass (Pennisetum ciliare) is one of the most used exotic species to 

enrich semiarid regions. This forage species originated in Africa but spread to the Asian 

(Indonesia and India) and American continents (United States of America, Mexico and 

Argentina). Its resistance originates from its root system, that can reach 1.5 m depth, 

and may vary from cultivar and rhizomes. These characteristics favor the reduction of 

the process of dehydration of the plant, thus promoting the maintenance of its humidity 

for a longer period of time (MARSHALL et al., 2012). Conrado et al. (2019) working 

with buffel grass achieved a production of 5.0 ton ha-1 with a water blade of 373 mm 

over 88 days, demonstrating the efficiency in the use of water by this plant.  

Some other species belonging to the genus Panicum, such as Panicum 

maximum syn. Megathyrsus maximus, have been gaining space in livestock 

production, especially in semiarid and arid regions, due to the vast supply of species, 

and because they produce a large amount of biomass, besides the rapid germination, 

reaching 70% of the seeds and easy harvesting. Among these grasses the massai 

grass (Megathyrsus maximus (Jacq.) B.K. Simon & S.W.L. Jacobs cv. Massai) (JANK 

et al., 2011). Cavalcante et al. (2014) evaluating the massai grass in dry conditions for 

deferred use, observed a production of 2,000 kg of total forage biomass at 90 days, 

which presented only 10% of stem, being a good alternative for systems integrated 

with trees.  

In an area enriched with gramão grass, Araujo Filho et al. (2002) observed a 

strong increase in support capacity, which for cattle was 1.1 head / ha / year and 10 

head / ha / year for sheep. Evaluating animal performance, Silva (2001), observed a 

gain of 0.406 kg/animal/day, in the most intense level of manipulation, for the cattle. 

Santana et al. (2010), evaluating the performance of crossbred heifers Gir x Holsteins 

and Guzerá heifers, observed an average gain of 412 g / animal / day, in the rainy 

season in an area enriched with buffel grass and corrente grass. Voltolini et al. (2011) 

reported gains of 0.064 kg animal-1 in sheep, with lambs kept in exclusive areas with 

buffel grass. 
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FINAL CONSIDERATIONS 

The information contained in this review demonstrates the importance 

manipulation of the Caatinga. Thinning and enrichment in Caatinga areas are feasible 

and sustainable alternatives, aiming to contribute significantly to the performance of 

forage plants, reflecting the increase in the supply and quality of herbaceous forage 

biomass, whether native or cultivated, causing increase in ruminant production and 

plant biodiversity. 

 

REFERENCES  

 

AGUIAR, M.I.; FIALHO, J.S.; CAMPANHA, M.M.; OLIVEIRA, T.S. Carbon 

sequestration and nutrient reserves under different land use systems. Revista Árvore, 

v. 38, n. 1, p. 81-93, 2014. DOI: http://dx.doi.org/10.1590/S0100-67622014000100008 

 

AQUINO, D.N.; ANDRADE, E.M.; CASTANHO, A.D.A.; JÚNIOR, L.R.; PALÁCIO, 

H.A.Q. Belowground Carbon and Nitrogen on Thinned and Un-Thinned Seasonally Dry 

Tropical Forest. American Journal of Plant Sciences, v. 8, n. 9, p. 2083-2100, 2017. 

DOI: https://doi.org/10.4236/ajps.2017.89140 

 

ASAYE, Z.; ZEWDIE, S. Fine Root Dynamics and Soil Carbon Accretion under Thinned 

and Un-Thinned Cupressus lusitânica Stands in, Southern Ethiopia. Plant and Soil, v. 

366, n. 1, p. 261-271, 2013. DOI: https://doi.org/10.1007/s11104-012-1420-3 

 

AMORIM, L.B.; SALCEDO, I.H.; PAREYN, F.G.C.; ALVAREZ, I.A. Assessment of 

nutrient returns in a tropical dry forest after clear-cut without burning. Nutrient Cycling 

in Agroecosystems, v.100, n. 1, p.333-343, 2014. https://DOI 10.1007/s10705-014-

9646-5 

 

ANDRADE, M.V.M.; ANDRADE, A.P.; SILVA, D.S.; BRUNO, R.L.A.; GUEDES, D.S. 

Levantamento florístico e estrutura fitossociológica do estrato herbáceo e subarbustivo 

em áreas de caatinga no Cariri Paraibano. Revista Caatinga, v.22, n. 1, p. 229-237, 

2009. 

 

https://doi.org/10.4236/ajps.2017.89140


187 
 

Revista Científica Rural, Bagé-RS, volume22, nº2, ano 2020 
Submetido 07/03/2020.  Aceito 14/10/2020.  Doi: https://doi.org/10.30945/rcr-v22i2.3210 

ANDRADE, E.M.; GUERREIRO, M.J.S.; PALÁCIO, H.A.Q.; CAMPOS, D.A. 

Ecohydrology in Brazilian tropical dry forest: thinned vegetation impacto on hidrological 

functions and ecosystem servisse, v.27, p.100-649, 2020. DOI: 

https://doi.org/10.1016/j.ejrh.2019.100649 

 

ALBUQUERQUE, S.G.; SOARES, J.G.G.; & GUIMARÃES FILHO, C. Effect of grazing 

by steers and a long drought on a caatinga ligneous stratum in semi-arid northeast, 

Brazil. Revista Caatinga, v. 21, n.4, p. 17-28, 2008. 

  

ALVES, J.J.A.; ARAÚJO, M.A.; NASCIMENTO, S.S. Degradação da Caatinga: Uma 

investigação Ecogeográfica. Revista Caatinga, v. 22, n. 3, p.126-135, 2009. 

 

ARAÚJO FILHO, J.A. Manipulação da vegetação lenhosa da caatinga para fins 

pastoris. Sobral, CE: Empresa Brasileira de Pesquisa Agropecuária, 1992. 18 f. 

(EMBRAPA-CNPC. Circular Técnica, 11). 

 

ARAÚJO FILHO, J.A.; CARVALHO, F.C.; GARCIA, R.; SOUSA, R.A. Efeito da 

manipulação da vegetação lenhosa sobre a produção e compartimentalização da 

fitomassa pastável de uma caatinga sucessional. Revista Brasileira de Zootecnia, v. 

31, n. 1, p.11-19, 2002. DOI: http://dx.doi.org/10.1590/S1516-35982002000100002 

 

ARAÚJO FILHO, J.A. Manejo Pastoril Sustentável da Caatinga/ Recife, PE: Projeto 

Dom Helder Câmara, 2013. 200 p: il. 

 

CAVALCANTE, A.C.R.; ARAÚJO, J.F.; CARNEIRO, M.S.S.; SOUZA, H.A.; TONUCCI, 

R.G.; ROGERIO, M.C.P.; VASCONCELOS, E.C.G. Potential Use of Tropical Grass for 

Deferment in Semi-Arid Region. American Journal of Plant Sciences , v.5, n. 7, p. 907-

914, 2014. DOI: /http://dx.doi.org/10.4236/ajps.2014.57103 

 

CARVALHO, P.C.F.; BARRO, R.S.; NETO, A.B.; ....; BORIN, J.B. Integrating the 

pastoral componente in agricultural systems. Revista Brasileira de Zootecnia, v. 47, 

2018. DOI: http://dx.doi.org/10.1590/rbz4720170001  

 

https://doi.org/10.1016/j.ejrh.2019.100649
http://dx.doi.org/10.4236/ajps.2014.57103


188 
 

Revista Científica Rural, Bagé-RS, volume22, nº2, ano 2020 
Submetido 07/03/2020.  Aceito 14/10/2020.  Doi: https://doi.org/10.30945/rcr-v22i2.3210 

CONRADO, J.A.A.; CAVALCANTE, A.C.R.; TONUCCI, R.G.; CARNEIRO, M.S.S.; 

CÂNDIDO, M.J.D.  Forage production and preservation of species by 

enriching caatinga with grasses and thinning areas into strips, Revista Caatinga, v. 32, 

n.3, p.814-825, 2019a. DOI: http://dx.doi.org/10.1590/1983-21252019v32n326rc  

 

CONRADO, J.A.A.; CAVALCANTE, A.C.R.; TONUCCI, R.G.; SALDANHA, A.R.; 

CÂNDIDO, M.J.D. Management of natural pasture increases native and exotic 

herbaceous biomass and biodiversity in the Caatinga of Brazil. Revista SEMINA, v.40, 

n.2 ,p. 867-884, 2019b. DOI: http://dx.doi.org/ 10.5433/1679-0359.2019v40n2p867 

 

COSTA, C.C.A.; CAMACHO, R.G.V.; MACEDO, I.D.; SILVA, P.C.M. Análise 

comparativa da produção de serapilheira em fragmentos arbóreos e arbustivos em 

área de Caatinga na flora de Açu-RN. Revista árvore, v. 34, n.2, p. 259-265, 2010. 

DOI:  http://dx.doi.org/10.1590/S0100-67622010000200008  

 

CORDEIRO, S.A.; SILVA, M.L.; OLIVEIRA NETO, S.N.; OLIVEIRA, T.M. Simulação 

da variação do espaçamento na viabilidade econômica de um sistema agroflorestal. 

Revista Floresta e Ambiente, v. 25, n.1, p. 2179-8087, 2018. DOI: 

http://dx.doi.org/10.1590/2179-8087.034613. 

 

FAO (Food and Agriculture Organization of the United Nations) La conservación de 

las terras em América Latina. 1998. Disponível 

em:<www.fao.org/ag.esp/revistas/spot4.htm. Acesso em 15 de fev. de 2017. 

 

FREITAS, A.D.S.; SAMPAIO, E.V.S.B.; SANTOS, C.E.R.S.; FERNANDES, A.R. 

Biological nitrogen fixation in tree legumes of the Brazilian semiarid caatinga. Journal 

of Arid Environments, v. 74, n. 3, p. 344-349, 2010. DOI: 

https://doi.org/10.1016/j.jaridenv.2009.09.018 

 

FREITAS, M.A.S.R.; ANDRADE, E.W.; WEBER, O.B.; PALÁCIO, H.A.Q.; FERREIRA, 

T.O. Bedload sediment and nutriente losses in agro-ecosystems of the Brazilian 

semiarid region. Nutrient Cycling in Agrocosystems, v. 96, n. 2, p. 203-213, 2013. DOI: 

https://doi.org/10.1007/s10705-013-9586-5 

 

http://www.scielo.br/scielo.php?pid=S1983-21252019000300814&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S1983-21252019000300814&script=sci_arttext
https://doi.org/10.1016/j.jaridenv.2009.09.018


189 
 

Revista Científica Rural, Bagé-RS, volume22, nº2, ano 2020 
Submetido 07/03/2020.  Aceito 14/10/2020.  Doi: https://doi.org/10.30945/rcr-v22i2.3210 

GARCIA-RUIZ, J. M.; REGUÉS, D.; ALVERA, B.; LANA-RENAULT, N.; SERRANO-

MUELA, P.; NADL-ROMERO, E.; NAVAS, A., LATRON, J.; MARTÍ-BONO, C., 

ARNÁEZ, J. Flood generation and sediment transport in experimental catchments 

affected by land use changes in the central Pyrenees. Journal of Hydrology, v.356, 

n.1-2, p.245-260, 2008. DOI: https://doi.org/10.1016/j.jhydrol.2008.04.013 

 

JANK, L.; VALLE, C.B.; & RESENDE, R.M.S. Breeding tropical forages. Crop Breeding 

and Applied Biotechnology, v.11, n.SPE, p. 27-34, 2011. DOI: 

http://dx.doi.org/10.1590/S1984-70332011000500005  

 

LEAL, I.R.; SILVA, J.M.C.; TABARELLI, M.; THOMAS, E., LARCHER, JR. Changing 

the course of biodiversity conservation in the caatinga of Northeastern Brazil. 

Conservation Biology, v. 19, n. 3, p. 701-706, 2005. DOI: 

https://doi.org/10.1111/j.1523-1739.2005.00703.x 

  

MARSHALL, V.M.; LEWIS, M.M.; OSTENDORF, B. Buffel grass (Cenchrus ciliaris) as 

an invader and threat to biodiversity in arid environments: A review. Journal of Arid 

Environments, v.78, p.1-12, 2012. DOI: https://doi.org/10.1016/j.jaridenv.2011.11.005 

 

OLIVEIRA, T.K.; MACEDO, R.L.G.; SANTOS, I.P.A.; HIGASHIKAWA, E.M.; 

VENTURINI, N. Produtividade de Brachiaria brizantha (Hochst. ex A. Rich.) Stapf cv. 

Marandu sob diferentes arranjos estruturais de sistema agrossilvipastoril com 

eucalipto. Revista Ciência agrotecnologia, v. 31, n. 3, p. 748-757, 2007. DOI: 

http://dx.doi.org/10.1590/S1413-70542007000300022 

 

PACIULLO, D.S.C.; CAMPOS, N.R.; GOMIDE, C.A.M.; CASTRO, C.R.T.; TAVELA, 

R.C., ROSSIELO, R.O.P. Crescimento de capim-braquiária influenciado pelo grau de 

sombreamento e pela estação do ano. Pesquisa Agropecuária Brasileira, v.43, n. 7, 

p. 917-923, 2008. DOI: http://dx.doi.org/10.1590/S0100-204X2008000700017 

 

RIBEIRO FILHO, J.C.R.; PALÁCIO, H.A.Q.; ANDRADE, E.M.; Brasil, J.B.; ARAÚJO 

NETO, J.R. Produtividade de fitomassa herbácea em diferentes manejos no semiárido 

cearense. Revista Agro@mbiente, v. 9, n. 4, p. 386-396, 2015 

DOI: http://dx.doi.org/10.18227/1982-8470ragro.v9i4.3037 

 

https://doi.org/10.1016/j.jhydrol.2008.04.013
https://doi.org/10.1111/j.1523-1739.2005.00703.x
https://doi.org/10.1016/j.jaridenv.2011.11.005
http://dx.doi.org/10.1590/S1413-70542007000300022
http://dx.doi.org/10.18227/1982-8470ragro.v9i4.3037


190 
 

Revista Científica Rural, Bagé-RS, volume22, nº2, ano 2020 
Submetido 07/03/2020.  Aceito 14/10/2020.  Doi: https://doi.org/10.30945/rcr-v22i2.3210 

RODRIGUES, J.O.; ANDRADE, E.M.; MENDONÇA, L.A.R.; ARAÚJO, J.C.; PALÁCIO, 

H.A.Q. Respostas hidrológicas em pequenas bacias na região semiárida em função 

do uso do solo. Revista Brasileira de Engenharia Agrícola e Ambiental, v.17, n. 3, p. 

312-318, 2013. DOI: http://dx.doi.org/10.1590/S1415-43662013000300010 

 

SALEM, H.B. Nutritional management to improve sheep and goat performances in 

semiarid regions. Revista Brasileira de Zootecnia, v. 39, p.337-347, 2010. DOI: 

http://dx.doi.org/10.1590/S1516-35982010001300037 

 

SANTANA, D.F.Y.; LIRA, M.A.; SANTOS, M.V.F.; FERREIRA, M.A.; SANTOS D.C.; 

MELO, A.C.L.; DUBEUX JUNIOR, J.C.B.; ARAÚJO, G.G.L. Consumo e desempenho 

de novilhas das raças Girolando e Guzerá sob suplementação na caatinga, na época 

chuvosa, em Pernambuco, Brasil. Revista Brasileira de Zootecnia, v. 39, n.10, p. 2148-

2154, 2010. DOI: http://dx.doi.org/10.1590/S1516-35982010001000007 

 

SANTOS, M.V.F.; LIRA, M.A.; DUBEUX JUNIOR, J.C.B.; GUIM, A.; MELLO, A.C.L.; 

CUNHA, M.V. Potential of Caatinga forage plants in ruminant feeding. Revista 

Brasileira de Zootecnia. 39 (SE): 204-215, 2010. DOI: 

http://dx.doi.org/10.1590/S1516-35982010001300023 

 

SMITH, R.G.; GROS, K.L.; ROBERTSON G.P. Effects of crop diversity on 

agroecosystem fuction: crop yield response. Ecosystems, v. 11, n. 3, p. 355-366, 2008. 

DOI: https://doi.org/10.1007/s10021-008-9124-5 

 

SILVA, C.P.; MENDE FILHO, P.F.M.; GOMES, V.F.F.; MARTINS, C.M.; CUNHA, 

C.S.M.; LOBATO, M.G.R. Glomlin-Related Soil Protein Content in Areas of Degraded 

and Revegetaded Caatinga in the Municipality of Irauçuba. Journal of Agriculture 

Science, v.10, n. 1, p. 302-312, 2018. DOI: https://doi.org/10.5539/jas.v10n1p302 

 

SILVA, V.M.; ARAÚJO FILHO, J.A.; REGO, M.C.; FERNANDES, A.P.M. Desempenho 

de bovinos e da pastagem em dife entes níveis de manipulação da Caatinga. Pesquisa 

Agropecuária Pernambucana, v. 12 (especial), p.99-107, 2001. 

 



191 
 

Revista Científica Rural, Bagé-RS, volume22, nº2, ano 2020 
Submetido 07/03/2020.  Aceito 14/10/2020.  Doi: https://doi.org/10.30945/rcr-v22i2.3210 

SILVA, M.D.; GALVÍNCIO, J.D.; PIMENTEL, R.M.M.; SILVEIRA, J.A.R. Cobertura 

vegetal no estado de Pernambucano sob distintos regimes de precipitação pluvial. 

Revista Brasileira de Geografia Física, v. 07, n. 3, p. 583-595, 2014. 

 

SILVA, L.V.; CARVALHO, W.T.V.; PEREIRA, R.V.G.; MINIGHIN, D.C.; TAVARES, 

Q.G.; SILVA, A.C.G.; SILVA, L.A.S.V. Efeito da restrição alimentar sobre a 

digestibilidade de forrageiras em novilhas leiteiras. Revista Científica Rural, v.22, n.1, 

p.216-228, 2020. DOI: https://doi.org/10.30945/rcr-v22i1.3216 

 

SILVA, J.M.C.; LEAL, I.R.; TABARELLI, M. (Ed.). Caatinga: the largest tropical dry 

forest region in South America. Springer, 2018. 

 

SCHACHT, W.H.; & MALECHEK, J.C. Nutrition of goats as influenced by thinning and 

clearing of deciduous woodland in Northeastern Brazil. Journal of Animal Science, v. 

67, n. 10, p. 2487-2497, 1989. 

 

SOUSA, L.F.; MAURÍCIO, R.M.; MOREIRA, G.R.; GONÇÁLVES, L.C.; BORGES, I.; 

PEREIRA, L.G.R. Nutritional evaluation of ‘‘Braquiarão’’ grass in association with 

‘‘Aroeira’’ trees in a silvopastoral system. Agroforestry Systems, v. 79, n.2, p.189-199, 

2010. DOI: https://doi.org/10.1007/s10457-010-9297-8 

 

SCORIZA, R.N., PEREIRA, M.G., PEREIRA, G.H.A., MACHADO, D.L., SILVA, E.M.R. 

Métodos para coleta e análise de serapilheira aplicados a ciclagem de nutrientes. 

Floresta e Ambiente, v. 2, n.2, p. 1-18, 2012. 

 

VEGA, A.; VALIENTE, O.L.; OLMOS, G.; PÉREZ-CALVO, E. Use of barley crops, and 

combinations of lucerne and Wimmera grass, as pasture for grazing shepp in the 

semiárido zones of Spain. Revista Animal Production Science, v. 58, n. 3, p.452-458, 

2017. DOI: https:// doi.org/10.1071/AN16788 

 

VOLTOLINI, T.V.; MORAES, S.A.; ARAÚJO, G.G.L.; PEREIRA, L.G.R. Concentrate 

levels for lambs grazing on bufel grass. Revista Ciência Agronômica, v. 42, n. 1, p. 

216-222, 2011. DOI: http://dx.doi.org/10.1590/S1806-66902011000100027 

 


