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Drylands constitute more than 40% of global land and are particularly 
vulnerable to the impacts of climate change. In many of these drylands, 
livestock activities are a major form of land-use. In Brazil, the two major 
dryland biomes, Cerrado and Caatinga, play a key role in the country’s 
livestock activities. While important economically, these activities also 
contribute to the emission of high amounts of greenhouse gases. One 
suggested strategy for mitigating the impacts of climate change is the 
adoption of silvopastoral systems (SPS) which combine trees, pasture, and 
animals simultaneously on the same unit of land. Farmers in the drylands 
of Brazil have a long history of practicing SPS. The practice of silvopasture 
is relevant to both climate change and the economy, but not necessarily 
to the issues of biodiversity loss and economic inequality. The lack of 
interdisciplinarity in rural agricultural development projects in the past, 
such as those related to the “Green Revolution”, resulted in the aggravation 
of economic inequalities and biodiversity loss. The present work, focusing 
on the Brazilian Drylands, reviews these issues to justify the need for 
interdisciplinary projects considering multiple variables like soil quality, 
tree density, biodiversity richness, and farmers’ perception. 

Keywords:
Agroecology
Livestock
Agroforestry
Climate Change
Mitigation; Adaptation
Dessertification
Arid regions

1. Introduction

The present work intends to justify the need 
of developing and supporting biodiverse and 
socially-just silvopastoral systems. Focusing on 

the Brazilian drylands, scientific information was gathered 
in order to discuss the role of agriculture in climate 
change, biodiversity loss and poverty; as well on how an 
interdisciplinary/agroecological approach is capable of 

resulting in multiple benefits for a truly sustainable rural 
development.

2. Climate Change and Agriculture: The Bra-
zilian Role

Climate change is one of the greatest challenges of our 
time and its adverse impacts undermine the ability of all 
countries to achieve sustainable development [1]. Climate 
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change also exacerbates other challenges that humanity 
faces such as natural resource depletion, environmental 
degradation, desertification, drought, freshwater scarcity, 
and loss of biodiversity. Facing these challenges is 
relevant considering the expected increase of the world 
population to  9.1 billion by 2050, pushing up the demand 
for food production by about 70% [2]. 

Since the industrial revolution, the main gas associated 
with climate change is atmospheric carbon dioxide (CO2), 
the concentration of which increased by 46% from 1750 
to 2019, from 280 ppm to 410 ppm [3]. Agriculture is 
the economic sector that is most vulnerable to climate 
change, as well as a major cause of it. Agricultural 
activities directly account for about 14% of the global 
greenhouse gases (GHG) emissions, and as the main 
driver of deforestation and land-use change, are indirectly 
responsible for another 17% of global emissions [4]. The 
Intergovernmental Panel for Climate Change (IPCC)  
states that the economic sector of agriculture, forestry and 
other land-use (Figure 1) directly emits per year 24% of 
the total GHG emissions, or 11.76 GtCO2 equivalent (eq) 
(IPCC 2014). 

Figure 1. Agriculture, Forestry and Other Land-use 
(AFOLU) and other economic sectors contributions to 

total worldwide greenhouse gas emissions in 2010
Source: IPCC (2014).

A key sub-sector of agriculture that plays a significant 
role in GHG emissions worldwide is livestock supply 
chains. Beef and dairy cattle contribute 41% and 20%, 
respectively, of the sector’s GHG emissions. For 2005, the 
sub-sector was estimated to have emitted 7.1 of GtCO2 
equivalent, representing 14.5% of all human-induced 
emissions in the year [5]. In Brazil, agriculture accounts for 
about 37% of the jobs in the country, and 25% of its gross 
domestic product (GDP) [6]. Brazil has the second largest 

herd of livestock on the planet, more than 238 million 
head of cattle, and is the world’s leading beef exporter [7]. 
The agriculture sector, especially the livestock sub-sector, 
plays a significant role in GHG emissions. 

In Brazil, the total GHG emissions (direct and indirect) 
from the agriculture sector in 2016 were 1,696 MtCO2 
eq, about 70% of the country’s emissions. An increase of 
165% from 1970 to 2016. Currently, the country accounts 
for 8.4% of the global agriculture sector GHG emissions, 
the 3rd greatest emitter [8]. This large contribution of 
agriculture activities to Brazilian GHG emission, also 
made the country a top-10 world GHG emitter [8], 
even though a majority of Brazil’s energy comes from 
renewable sources.

The direct GHG emissions of the agricultural sector 
in Brazil in 2016 were 499 MtCO2 eq, 1.7 % higher than 
that of the previous year. Beef and dairy were directly 
responsible with 69%, and 10%, or 342 MtCO2 eq and 
50 MtCO2 eq, respectively. The agriculture sector’s 
indirect GHG emissions were 1,197 MtCO2 eq, and 
from this total, 1,167 MtCO2 eq were related to land-use 
change associated with agricultural expansion into native 
vegetation for crop or cattle ranching [9]. 

The high emissions in the agriculture sector and 
l ivestock sub-sector in Brazil  can,  however,  be 
potentially mitigated. A large area in the country 
has ruminant systems operating at low productivity, 
which have the potential to use management practices 
that can reduce their emissions while also providing 
economic benefits [5,9]. To support such practices, the 
Brazilian government passed a Decree in 2010, with the 
objectives of reducing the GHG emission of the country 
by 2020. The National Plan for Low Carbon Emission 
in Agriculture (ABC Plan), a part of the Decree, lays 
out some targets and plans, however not much was 
accomplished after its publication in 2010 [9]. 

In the ABC plan, the main targets of the mitigation 
of livestock activities were to recover 15 million ha of 
degraded pasture, by proper vegetation management and 
fertilization, potentially sequestering annually 8.3-10.4 
MtCO2 eq; and convert open pastures to silvopastoral and 
other agroforestry systems in 4 million hectares (Mha), 
potentially sequestering annually 1.8- 2.2 MtCO2 eq [6]. 
The sequestration rates per ha in the ABC program are in 
line with the literature on carbon sequestration from the 
restoration of degraded grassland sites [10].

3. Drylands Vulnerability 

Several definitions of drylands exist, the Millennium 
Ecosystem Assessment [11] describes drylands considering 
the aridity index classification, including hyper-arid, arid, 
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semiarid, and dry subhumid categories. These regions are 
home to 2 billion people and occupy more than 60 million 
km2, 41% of the earth’s land area. The UN Environment 
Programme -World Conservation Monitoring Centre [12] 
included additional areas as drylands for their relevance 
on biodiversity conservation, e.g. Cerrado biome and 
other dry subhumid forests (Figure 2).

Figure 2. Worldwide drylands delimitation

Source: UNEP-WCMC (2007).

The dryland area affected by desertification is in the 
range of 6-12 million km2, reducing their capacity to have 
enough primary productivity to sustain human livelihoods. 
The associated socio-environmental crises caused by 
desertification in these regions are often aggravated by 
the fact that the local populations are often excluded from 
policy processes, including lack of political dialogue, 
and denied appropriate investments from sustainable 
development projects [11]. In addition to the desertification 
processes in these regions, drylands are already being 
impacted by climate change [13] and there is a high 
probability that the extent of drought-affected areas will 
increase in coming years. The expected decrease in water 
resources might affect multiple sectors beyond agriculture, 
including water supply, energy production and health [4]. 

As  l ives tock act iv i t ies  help  to  susta in  many 
communities in drylands, this fact conveys the urgency 
of the adoption of livestock management practices that 
are capable of climate change mitigation and adaptation 
while also increasing productivity. The adoption of these 
practices becomes even more urgent when considering 
the expected demand for meat and milk in 2050 compared 
to 2010 are projected to increase by 73% and 58%, 
respectively [14]. Considering the drylands fragile nature 
and inherently low productive capacity, designing 
and adopting productive resilient land-use systems is 
a particularly challenge of land management in these 
regions.

4. Brazilian Drylands and Livestock Activities

The drylands regions in Brazil have a key role in the 
livestock activities of the country, as well as contributing 
significantly to GHG emissions. Brazil, the fifth largest 
country in the world, has approximately 35%, or circa 2.8 
million km2 of drylands [12,15]. These areas are represented 
mainly by the Cerrado (Brazilian savanna) and the Caatin-
ga (Brazilian semiarid) biomes (Figure 3). These regions 
are also placed among the most endangered eco-regions 
on Earth due to high rates of conversion and few protected 
areas [16].

Figure 3.  Brazilian biomes

Source: Simon et al. (2009).

4.1 Caatinga Biome

The semiarid Caatinga region is an unique biome of 
Brazil, located in the Northeast of the country (3° to 17° 
S, and 35° to 45° W) and occupies 845,000 km2, about 
10% of the country [15]. The annual average rainfall is 750-
800 mm, with a rainy season usually lasting 3-5 months . 
Every three to four decades severe drought periods occur, 
lasting 3-5 years, with rainfall remaining around 260 
mm for several years. High annual average temperatures 
are another striking feature of the Caatinga, with values 
between 25 to 29° C [15]. 

The Caatinga’s proximity to three wetter arboreal 
biomes, the Cerrado savannah, and the tropical forests, 
Amazon and the Atlantic Forest biomes, contributes 
to the biome’s rich diversity of plants and very unique 
flora of drought resilient tree species. The Caatinga 
has 4,320 species of angiosperms, 744 of which were 
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described as endemic [17]. In addition, 620 belong to the 
Fabaceae family (Leguminous), which contains many 
nitrogen fixing species, which have special relevance for 
agricultural systems. 

Currently, 45% of the Caatinga has been deforested, 
from 1985 to 2017 the Caatinga lost a 5 Mha of forest 
area. Although several experiences exist in the biome 
integrating animal activities with forest conservation, the 
predominance of livestock activities using, e.g., slash-
and-burn with a fallow period shorter than 50 years, 
overgrazing, and intense firewood gathering, are the main 
reasons for deforestation, and desertification processes in 
many regions in the biome [18,19]. 

Historically and currently, livestock-related activities 
were/are the primary occupation of the Caatinga 
inhabitants, in a drought year, the agricultural production 
in a major state of the biome declines 84%, while 
livestock activity drops 20% [20]; which reinforces the 
value of livestock farming for the local communities. The 
recognition of the negative impact of some management 
practices and the recommendations on tree growing in the 
Caatinga’s pastures for improving livestock productivity 
date back to the 1860s [21]. Today, a substantial body of 
knowledge on SPS, is available in the form of numerous 
reports and books describing these practices [20,22-24]. 

4.2 Cerrado Biome

The Cerrado biome is the largest woodland-savanna in 
South America and second largest vegetation formation 
after the Amazon [25]. Stretching over most of east-central 
Brazil, Cerrado is slightly bigger than Mexico, covering 
approximately 205 Mha, about 24% of Brazil’s land area 
[26]. The climate in the region is characterized by two 
well-defined seasons: dry winters and rainy summers, the 
precipitation ranges from 800 to 1,800 mm [27].  

Cerrado is one of the 34 worldwide Biodiversity 
Hotspots [28] due the its high level of species richness and 
endemism, and the rapid loss of habitat due the conversion 
of native vegetation to pasture and cropland. The Cerrado 
has the highest plant diversity among tropical savannas 
with ca. 11,384 species of flowering plants (Angiosperms), 
where 29,7% or 4,151 are endemic to the biome. In 
addition, 1,158 species in the biome are Fabaceae [17], 
suggesting great potential for exploiting native nitrogen 
fixing trees. 

The Cerrado region is the main cattle production area 
of Brazil, with an estimated herd of 75 million animals, or 
44% of the Brazil’s herd [29]. About 28% of the biome, 60 
Mha, is occupied by pastures[30]. Traditionally, beef cattle 
production is a major source of income for many farmers 
in the Cerrado region [31,32]. It is estimated that 39% of 

the Cerrado pastures have some level of degradation, 
representing about 18 million ha [33]. 

The land-use change of the Cerrado biome has been 
significant in past decades, with great areas of forest 
changing to farming. The biome lost 20.8 Mha of natural 
forest formation from 1985 to 2017 [34]. This high land-
use change of native arboreal vegetations to farmland, is 
considered a threat to the Cerrado biodiversity. According 
to the Brazilian Greenhouse Gases Inventory [35], the 
carbon emissions due to deforestation in the Cerrado 
increased from 0.05 petagrams (Pg) C yr-1 (1988 to 1994) 
to 0.06 Pg C yr-1 (2002 to 2008).

In addition to vulnerability to land degradation, the 
Cerrado economy and farmer livelihoods might be greatly 
impacted by climate change [27]. The estimated changes 
of temperature in the biome for the year 2100 is  4-6 °C 
in the most severe prediction, and 2-4 °C considering the 
least severe prediction (IPCC SRES A2 and B2 emissions 
scenarios)[36]. For precipitation, the most severe scenario 
predicts a decrease of 20-50% of current levels in the 
central and southern parts of the Cerrado, and reductions 
of about 70% in the northeastern part, which is near the 
Caatinga region; the projections with less severe changes 
indicate a reduction of 30% in the central and southern 
parts of the Cerrado, and a reduction of 50% in the 
northeastern area. These predictions show how great the 
reduction of water availability could be and call for urgent 
actions to adopt agricultural alternatives with proven 
mitigation and adaptation potential to climate change.

5. The Silvopasture Alternative 

Solutions are needed and some are already being applied 
in dryland regions. In Brazil, estimations show how it 
might be feasible for the country to achieve sustainability 
and productivity.  An increase in the grasslands 
productivity from ~32% to 50% would satisfy the demand 
for meat and milk until ~2040, without the need for native 
forest conversion/deforestation to cultivated grasslands [37]. 
Adding to the feasibility to achieve better productivity, the 
growth of trees could also help to achieve mitigation. Tree 
planting in agricultural lands is indicated as a relatively 
efficient and cost-effective method compared with other 
mitigation strategies and provides a range of co-benefits 
important for improved farm family livelihoods and 
climate change adaptation[38].

Agroforestry systems (AFS) involve the intentional 
integration of trees and shrubs into crop and animal 
farming systems to create environmental, economic, and 
social benefits and has been practiced around the world 
for centuries [39]. Trees and shrubs can enrich biodiversity 
in the landscape, increase ecosystem stability as well 
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as diminish the effects of extreme weather events, such 
as heavy rains, droughts and windstorms. Agroforestry 
systems can also contribute to preventing erosion, 
stabilizing soils, raising infiltration rates, and halting land 
degradation [38].

Considering the need for strategies to fight climate 
change, AFS has been recognized as having the greatest 
potential for carbon (C) sequestration of all the land-uses 
analyzed in the Land-Use, Land-Use Change and Forestry 
report of the IPCC [40]. Since the Kyoto Protocol, AFS has 
gained increased attention as a strategy to sequester C for 
its potential to do it by at least two ways: 1) increasing 
direct C sequestration through the addition of C into the 
tree and shrub components and stored as wood, and, 2) 
increasing C storage in the soil organic carbon (SOC), 
which has also the added advantage related to soil fertility 
improvement and moisture retention content [41]. 

Several factors contribute to the ability of AFS to 
sequester C more efficiently than monocultures, including 
the efficient C (and nutrient) cycling within the soil-
plant system, increased return of biomass (C) to soil, 
decreased biomass decomposition and sequestration of 
soil C in deeper layers of soil [42-47]. In addition, AFS 
provides a more shaded environment which contributes 
to the increase of animals’ comfort (and productivity) 
due to microclimate amelioration [48,49], which will be an 
important adaptation strategy in a climate change scenario 
of higher temperatures.

The available estimation of C stored annually in AFS 
in the aboveground biomass varies from 0.29 to 15.21 
Mg C ha year-1; the below ground C stock varies from 
1.25 to more than 300 Mg ha-1 up to 1 m depth [50]. As an 
example of the potential mitigation of AFS for livestock 
activities, in Southern Brazil a study estimated that the 
tree component (Pinus ellioti) could mitigate the GHG 
emitted by at least 3.58 cows ha-1 [51]. In addition, Resende 
et al. (2019) describe a 100 ha of SPS being capable of 
mitigating a herd of 150 cows. 

In drylands, SPS is one of main types of AFS, and it is 
characterized by the integration of trees (either for wood, 
oils, fruits, etc.) with animals being managed in the same 
area [53]. Silvopastoral systems are traditional land-use 
systems in many subhumid [54], semiarid and arid regions 
[55]. In the drylands, SPS plays an important role in the 
sustainability of many communities as a more resilient 
activity in comparison with crop production or tree-less 
pastures. 

Several management practices are related to SPS, 
which include the use of fodder banks, an assemblage 
of tree and shrub species that are predominantly fodder 
species. These trees may also provide several products 

(e.g. fruits) and services (e.g. soil fertility improvement). 
The fodder trees can be planted as live fences, wind 
breaks, woodlots, soil conservation barriers, etc. Usually, 
the fodder is cut and carried to stall-feed the animals, but 
in some systems the animals are allowed to graze on the 
fodder bank in a controlled manner for defined periods of 
time [23]. 

As deficiency of nitrogen (N) is common in dryland 
pastures and can significantly affect the growth of grass 
and trees, a general solution is the use of chemical 
fertilizers in pasture lands,  however the cost is high and 
the application would have to be repeated indefinitely. 
Another resilient alternative and low-cost solution is 
rhizobium inoculation with nitrogen fixing plants, mainly 
trees species, which would help fertilize soils over the 
years and, in addition, these plants could be used to 
feed livestock and produce timber, honey, etc. Dubeux 
et al. (2017) reviewed the importance of nitrogen fixing 
trees/tree legumes for the tropics and argued that tree 
legumes are an underexploited resource in warm-climate 
grasslands. 

The mitigation potential of SPS for drylands was 
described in a global meta-analysis study [56], in which 
SPS, compared to pastures, showed 89% higher SOC 
stock at the topsoil (0-20 cm) and 27% higher at the 0-100 
cm depth. In the semiarid region of Brazil, SPS has been 
shown as the most efficient land-management system in 
the Caatinga to minimize losses of carbon [24]. Also in the 
Caatinga, SPS management, when compared to many 
other practices commonly applied in the region, such as 
intensive cropping, slash and burn, firewood collection, 
and secondary forest in natural stands, was considered 
one of the systems with higher SOC stock [22]. In addition, 
studies in the Caatinga described higher SOC stock near 
trees (Zyziphus joazeiro, Spondias tuberosa and Prosopis 
juliflora) than away from trees [24,57]. 

Silvopastoral systems are also of great relevance for 
optimization of land-use systems, meeting productive and 
conservation goals. To meet the demand of 500 Brazilians 
for grains, meat, and energy, the Cerrado’s conventional 
systems (i.e. monocultures) would required 420 ha, while 
the SPS with Eucalyptus trees would only require 70 
ha [58]. In addition, compared to conventional systems, 
the SPS decreased the climate change potential by 55%, 
improved the quality of employment, and decreased the 
total production costs by 54% [58].

In Brazil, the most common tree species used in SPS 
are exotic Eucalyptus hybrids. This land-use system 
is practiced over about 2 million ha, an area that has 
increased due to governmental incentives [59]. On the 
other hand, many SPS experiences exist in the Caatinga 
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region using native trees feeding animals [55], although 
many of these examples have not been properly studied. 
In the Caatinga, new designs are also being developed. 
For example, some innovative small holder farmers are 
growing native trees in a cactus (i.e. Opuntia ficus-indica) 
plantation, increasing the plantation’s biodiversity and soil 
resilience; a system maintaining a high yield of > 250 Mg 
ha-1 year-1 of green/fresh biomass after 17 years of use [60].

6. Agriculture and Biodiversity loss, Inequali-
ty and Poverty

As described in the previous sections, SPS are an 
important strategy for climate change mitigation, but their 
proper development and adoption may also help to solve 
additional relevant issues. Currently, the whole planet 
is at a high-risk of biodiversity loss [61], and the decline 
of biodiversity (including biodiversity for food and 
agriculture) has been a feature of conventional agricultural 
intensification, leaving agricultural systems impoverished, 
vulnerable, and dependent on continuous use of external 
inputs [11]. If the role of biodiversity is considered in SPS 
intensification, it could improve the sustainability of land-
use systems as well supporting the biodiversity recovery.

The danger of agricultural intensification focusing 
on only one target, i.e. productivity, can be exemplified 
by the adoption of “Green Revolution” practices in 
Bolivian communities that replaced traditional SPS [54]. 
Silvopastoral systems that had developed and adapted 
over generations, underwent significant changes after 
external actors encouraged the use of chemical fertilizers 
and pesticides for expanding cash crops, resulting in soil 
erosion and decrease in the local well-being [54]. 

In addition, while production and productivity of the 
major food crops continue to increase due to agricultural 
intensification, the number of people who are food 
insecure and malnourished remains high at nearly 1 
billion and reached a record high in 2009 [38]. If social 
aspects are given more consideration when discussing/
developing SPS projects, it could support a reduction 
on  the rural  inequality,  as the 2030 Agenda for 
Sustainable Development [1] says that “This will only 
be possible if wealth is shared and income inequality 
is addressed” [1].  For example, 59% of the variation 
in the Cerrado pastures’ degradation are explained by 
poverty and low income. The more degraded a pasture 
is, the lower the social and economic indicators will be 
and the capacity of rural populations to invest on the the 
recovery of degraded pastures will also be lower [33].

The development of SPS that consider social aspects is 
of key importance to Brazil, a country ranking second in 

inequality and worst when measuring the share of national 
wealth held by the poorest 10% of the population, with 
most living in the countryside [62]. To discuss the rural 
inequality in the country it is important to notice that large 
rural establishments (>1,000 ha)  receive 43% of funds 
(subsidized low-interest credit) and contribute 24% of 
production value, while small farms (<50 ha) with 23% of 
funds, produce 41% of agricultural value (Figure 4). 

Figure 4. Brazilian agricultural indicators according to 
establishment size (ha), defined as a percentage of all 

declared and undeclared arable land [83]

Source: Paulino (2014).

Small-scale agriculture produces nearly double the 
amount generated by establishments with more than 1,000 
ha, even though these large establishments control more 
than three times the area [63]. In addition, small farmers 
are responsible for ~70% of Brazil’s food consumed by 
the Brazilian population [64], and have outstanding success 
with job creation, 74% of the countryside’s economically 
active population[63]. In this way, better financial support 
and enabling land policies targeting on these successful 
small farmers, if considering the adoption of SPS, and 
other AFS, have the potential to both reduce the rural 
inequality and increase the use of resilient biodiverse rich 
systems.

Based on the fact that not all small farmers are using 
sustainable management practices, it is relevant to develop 
extension projects and funds for the adoption of SPS and 
other AFS. In the Caatinga region, the lack of interest to 
adopt sustainable practices was associated with the poor 
education level of farmers [65], developing accessible 
learning resources for these is also of great relevance. In 
addition, in the same Caatinga region 90% of the farmers 
are male, and as poverty alleviation and rural business 
development programs were successful when women 
were involved in the programs [66], gender dynamics 
should be considered for any future projects.
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7. Considering the Interdisciplinary Agroeco-
logical Approach

Agroecology is described as both a science and a set 
of practices [67], which includes AFS. As a science, 
agroecology includes ecology, natural, environmental, 
social and agricultural sciences (e.g. Figure 5). Based on 
the beneficial biological interactions and synergies among 
the components of the agroecosystem, agroecological 
systems can allow the regeneration of soil fertility, 
enhancement of soil organic matter and soil biological 
activity, and maintaining food productivity [67,68]. 

Figure 5. The interdisciplinary science of agroecology
Source: Picasso (2018).

The integration of traditional knowledge and modern 
technologies has been widely recognized for the 
development of sustainable land-use systems [69]. The 
importance of giving value to the farmers’ knowledge, 

perceptions and management practices, is highlighted 
in agroecology, due to a highly knowledge-intensive 
system, based on techniques that are not delivered top-
down, but developed on the basis of farmers’ knowledge 
and experimentation [70]. In this way, it is described to be 
important for scientists to recognize farmers’ experiences 
and emphasizes the capability of local communities to 
experiment, evaluate, and scale-up innovations through 
farmer-to farmer research and grassroots extension 
approaches [67,70,71]. Even moreso considering that the 
most relevant relation between climate change and 
peasant agriculture is that many small farmers are already 
mitigating and adapting to climate change by using 
biodiversity rich systems [72]. This includes farmers that 
are adopting a variety of sustainable practices, including 
SPS. 

One example of the potential success of such approach 
in research projects is the recent documentation of an 
innovative SPS designed by a Caatinga small farmer, who 
planted cactus with Caatinga native fodder trees [60], both 
used to feed his animals. In relation to rural extension 
projects, Cuba probably has the greatest example of 
how participatory approaches can increase the adoption 
of sustainable practices by farmers, where, in 10 years 
of extension projects, the number of families adopting 
agroecology practices went from 200 to 110,000 families [71]. 

The Brazilian drylands due to their great plant 
biodiversity have great potential to explore and develop 
biodiverse rich systems for livestock activities, which can 

Table 1. Common Fodder trees and shrubs of the Caatinga region and their main characteristics. 

Common name
Species

Height and
Succession stage

Growth habits and
Coppicing ability

Fodder availability, Animals’ 
preference Other possible uses

Aroeira 
Myracrodruon 

urundeuva

Up to 25m;
End of secondary 

succession, near climax
Moderate growth; No coppicing Leaves consumed either green 

or dried
Wood for construction; 

Medicinal; Bees (nectar and pollen)

Catingueira
Poincianella 
pyramidalis

Up to 10m;
Secondary succession 

(intermedium)

Slow growth; 
No coppicing

Leaves highly preferred when 
dry (dry season - up to 35% of 

the animal’s diet)

Wood for construction; 
Bees (nectar and pollen)

Juazeiro 
Ziziphus 
joazeiro

Up to 10m;
End of secondary 

succession, near climax

Slow growth;
Inverted phenology, trees grow 
new leaves in the dry season;

No coppicing

Leaves consumed when green 
in the dry season; Fruits 
consumed in wet season

Strategic fodder bank for drought 
periods; Medicinal; Fruit tree 

(human and animal consumption); 
Bees (nectar and pollen)

Jurema-preta 
Mimosa tenuiflora

Up to 8m;
B e g i n n i n g  o f  t h e 
secondary succession

Fast growth; 
Leaves remain green during 
the dry season (even more 
i f  c o p p i c e d ) ;  C o p p i c i n g 
recommended

L e a v e s  h i g h l y  p re f e r re d 
when green (wet season); 
Fruits avidly consumed in the 
beginning of dry season

Strategic fodder bank for drought 
periods; 
Nitrogen fixing;
Firewood; Medicinal;
Bees (nectar and pollen)

Mororó
Bauhinia cheilantha

Up to 8m;
P i o n e e r  a n d  i n 
secondary succession 
(intermedium)

Slow growth; 
Coppicing recommended

Consumed when green (wet 
season)

Firewood; Bees (nectar and pollen); 
Nitrogen fixing

Sabiá Mimosa
 caesalpiniifolia

Up to 9m;
Secondary succession 
(intermedium)

Fast growth; 
Coppicing recommended

Highly preferred when green 
(wet season)

Firewood; Bees (nectar and pollen); 
Easy to spread, roots may grow out 
of branches; 
Nitrogen fixing

Source: Pinheiro and Nair (2018).
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put the region as a global SPS hot spot and showpiece of 
the future. The Caatinga biome already has a traditional 
use of the native vegetation for livestock activities, where 
many of the native tree species were described as fodder 
trees (Table 1) and belong to the nitrogen fixing plant 
group, the Fabaceae family. In addition, there exists a need 
to intensify the research efforts addressing domestication 
and utilization of native nitrogen fixing trees in warm-
climate grasslands, especially considering the biodiversity 
rich Brazilian drylands where there are already many 
native species that could be targets for development. 
Some studies in Brazil already showed the value of using 
native nitrogen fixing plants in SPS, which can increase 
the N accumulation in the system and its pathway cycling, 
estimated to sustain the forage productivity for several 
years  [49,73] 

8. Conclusions

An interdisciplinary approach seems to be necessary 
for the Brazilian livestock sector and feasible thought 
the use of biodiverse SPS by the innumerous small/
medium holder farmers in the country. In addition, the 
interdisciplinary approach aligns with several international 
country agreements. 

Brazil as a signatory of the Paris Agreement [74], agreed 
to reduce its greenhouse gases emissions and as an efforts 
to limit the temperature increase to 1.5 °C above pre-
industrial levels. In 2015, the country pledged to reduce 
43% of its 2005 emissions level by 2030 [75]. Since SPS 
can sequester carbon above and below ground, it has 
been considered as a main strategy. On the other hand, 
is important to note that this commitment  is currently 
threatned due to the recent actions (2019-2020) of the 
central goverment. The current Bolsonaro admistration 
is receiving the attention of the international academic 
community for attacking scientists who are reporting 
the increase in the deforestation rate, for cutting the 
budget related to science and education, scaling back 
enforcement of environmental laws, and pushing forward 
with proposals to shrink the size of protected areas [76-78]; 
actions that are completely against any intention to in fact 
reduce its emissions. 

When the development of SPS considers vulnerable 
small farmers, it also aligns with several Sustainable 
Development Goals of the 2030 Agenda[1] and the 
associated targets (integrated and indivisible). From the 
17 goals, it is mainly connected to these goals:

Goal 1: End poverty in all its forms everywhere. 
Especially connected to the Target 1.4: highlighting the 
importance of appropriate new technology for the poor 
and the vulnerable. 

Goal 2. End hunger achieve food security and 
improved nutrition and promote sustainable agriculture. 
Especially Target 2.3: expecting to double the agricultural 
productivity and incomes of small-scale food producers 
by 2030 through, for example, access to inputs and 
knowledge.

Goal 8. Promote sustained, inclusive and sustainable 
economic growth, full and productive employment and 
decent work for all.

Goal 13. Take urgent action to combat climate change 
and its impacts.

Goal 15. Protect, restore and promote sustainable use of 
terrestrial ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and 
halt biodiversity loss. 

The value of the development of SPS using local and 
native plant species is also reinforced by its connection 
with international and Brazilian national targets for 
biological conservation. As a signatory of the United 
Nations Convention on Biological Diversity [79] and 
having developed its National Biodiversity Strategies and 
Action Plan [80] to be accomplished by 2020 (expiring), 
from the 20 national targets, those related to the use and 
development of resilient and biodiverse productive land-
use systems (i.e. SPS) are:

National Target 1: Brazilian people are aware of the 
values of biodiversity and the steps they can take to 
conserve and use it sustainably.

National Target 2: Biodiversity values, geo-diversity 
values, and sociodiversity values have been integrated into 
national and local development and poverty reduction and 
inequality reduction strategies, and are being incorporated 
into national accounting, as appropriate, and into planning 
procedures and reporting systems.

National Target 7: The incorporation of sustainable 
management practices is disseminated and promoted in 
agriculture, livestock production, aquaculture, silviculture, 
extractive activities, and forest and fauna management, 
ensuring conservation of biodiversity.

National Target 15: Ecosystem resilience and the 
contribution of biodiversity to carbon stocks has been 
enhanced through conservation and restoration actions, 
including restoration of at least 15% of degraded 
ecosystems, prioritizing the most degraded biomes, 
hydrographic regions and ecoregions, thereby contributing 
to climate change mitigation and adaptation and to 
combatting desertification.

National Target 19: The science base and technologies 
necessary for enhancing knowledge on biodiversity, its 
values, functioning and trends, and the consequences of 
its loss, are improved and shared, and the sustainable use 
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of biodiversity, as well as the generation of biodiversity-
based technology and innovation are supported, duly 
transferred and applied. 

The development of biodiverse and socially just SPS 
should be considered as a key strategy for the rural 
development of the Brazilian drylands. Future agricultural 
projects considering such interdisciplinary approach 
might contribute to a transition to systems that bring 
at the same time environmental, economic, and social 
benefits, resulting in climate change mitigation/adaptation, 
recovery of biodiversity and sustainable development of 
neglected rural populations.
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[24] Menezes, R. S. C., Salcedo, I. H. Influence of Tree 
Species on the Herbaceous Understory and Soil 

DOI: https://doi.org/10.30564/jrb.v2i3.2102



38

Journal of Botanical Research | Volume 02 | Issue 03 | July 2020

Distributed under creative commons license 4.0

Chemical Characteristics in a Silvopastoral System 
in Semi-Arid Northeastern Brazil. Rev. Bras. Cienc. 
Solo, 1999, 23(4): 817-826.

[25] Pacheco, A. R., Chaves, R. de Q., Nicoli, C. M. L. 
Integration of Crops, Livestock, and Forestry: A Sys-
tem of Production for the Brazilian Cerrados. Eco-ef-
ficiency from Vis. to Real., 2013, 51-60.

[26] IBGE. Mapa de Biomas e de Vegetação Do Brasil. 
Rio de Janeiro, RJ, Brazil, 2004.

[27] Bustamante, M., Nardoto, G., Pinto, A., Resende, J., 
Takahashi, F., Vieira, L. Potential Impacts of Climate 
Change on Biogeochemical Functioning of Cerrado 
Ecosystems. Brazilian J. Biol., 2012, 72(3): 655-671.

[28] Mittermeier, R. A., Gil, P. R., Hoffmann, M., Pil-
grim, J., Brooks, T., Mittermeier, C. G., Lamoreux, J.. 
Fonseca, G. A. B. Da. Hotspots Revisited. CEMEX, 
México City, 2004.

[29] IBGE. Censo Agropecuário 2017, Rio de Janeiro, RJ, 
Brazil, 2018.

[30] Parente, L., Ferreira, L., Faria, A., Nogueira, S., 
Araújo, F., Teixeira, L., Hagen, S. Monitoring the 
Brazilian Pasturelands: A New Mapping Approach 
Based on the Landsat 8 Spectral and Temporal Do-
mains. Int. J. Appl. Earth Obs. Geoinf., 2017, 62: 
135-143.

[31] Klink, C., Moreira, A. Past and Current Human Oc-
cupation, and Land Use. The Cerrados of Brazil: 
Ecology and Natural History of a Neotropical Sa-
vanna., P. Oliveira, and R. Marquis, eds., Columbia 
University Press, New York, USA, 2002: 69-88.

[32] Diniz-Filho, J. A. F., Oliveira, G. de, Lobo, F., Fer-
reira, L. G., Bini, L. M., Rangel, T. F. L. V. B. Agri-
culture, Habitat Loss and Spatial Patterns of Human 
Occupation in a Biodiversity Hotspot. Sci. Agric., 
2009, 66(6): 764-771.

[33] Pereira, O., Ferreira, L., Pinto, F., Baumgarten, L. 
Assessing Pasture Degradation in the Brazilian 
Cerrado Based on the Analysis of MODIS NDVI 
Time-Series. Remote Sens., 2018, 10(11): 1761.

[34] Project MapBiomas. Collection [Version3.1] of 
Brazilian Land Cover & Use Map Series. [Online]. 
Available: 

 http://mapbiomas.org/ [Accessed: 03-Dec-2019].
[35] MMA. Segundo Inventário Brasileiro de Emissões 

e Remoções Antrópicas de Gases de Efeito Estufa - 
Emissões de CO2 Pelo Uso Da Terra, Mudança Do 
Uso Da Terra e Florestas. Brasília, DF, Brazil, 2010.

[36] Marengo, J. A., Jones, R., Alves, L. M., Valverde, 
M. C. Future Change of Temperature and Precipita-
tion Extremes in South America as Derived from the 
PRECIS Regional Climate Modeling System. Int. J. 
Climatol., 2009, 29(15): 2241-2255.

[37] Latawiec, A. E., Strassburg, B. B. N., Valentim, J. 
F., Ramos, F., Alves-Pinto, H. N. Intensification of 
Cattle Ranching Production Systems: Socioeconomic 
and Environmental Synergies and Risks in Brazil. 
Animal, 2014, 8(8): 1255-1263.

[38] FAO, PAR. Biodiversity for Food and Agriculture: 
Contributing to Food Security and Sustainability in a 
Changing World. Rome, Italy, 2011.

[39] Nair, P. K. R., Garrity, D. Agroforestry -The Future 
of Global Land Use Advances in Agroforestry. 2012.

[40] Watson, R. T., Noble, I. R., Bolin, B., Ravindranath, 
N. H., Verardo, D. J., Dokken, D. J.  IPCC Special 
Report on Land Use, Land-Use Change, and Forest-
ry. IPCC, Geneva, Switzerland, 2000.

[41] Nair, P. K. R., Kumar, B. M., Nair, V. D. Agroforest-
ry as a Strategy for Carbon Sequestration. J. Plant 
Nutr. Soil Sci., 2009, 172(1): 10-23.

[42] Apolinário, V. X. O., Dubeux, J. C. B., Lira, M. A., 
Ferreira, R. L. C., Mello, A. C. L., Coelho, D. L., 
Muir, J. P., Sampaio, E. V. S. B. Decomposition of 
Arboreal Legume Fractions in a Silvopastoral Sys-
tem. Crop Sci., 2016, 56(3): 1356-1363.

[43] Montagnini, F., Nair, P. K. R. Carbon Sequestration: 
An Underexploited Environmental Benefit of Agro-
forestry Systems. Agrofor. Syst., 2004, 61-62(1-3): 
281-295.

[44] Nair, P. K. R. Carbon Sequestration Studies in Agro-
forestry Systems: A Reality-Check. Agrofor. Syst., 
2012, 86(2): 243-253.

[45] Oelbermann, M., Voroney, R. P., Thevathasan, N. V., 
Gordon, A. M., Kass, D. C. L., Schlönvoigt, A. M. 
Soil Carbon Dynamics and Residue Stabilization in a 
Costa Rican and Southern Canadian Alley Cropping 
System. Agrofor. Syst., 2006, 68(1): 27-36.

[46] Saha, S. K., Nair, P. K. R., Nair, V. D., Kumar, B. M. 
Carbon Storage in Relation to Soil Size-Fractions 
under Tropical Tree-Based Land-Use Systems. Plant 
Soil, 2010, 328(1): 433-446.

[47] Tonucci, R. G., Nair, P. K. R., Nair, V. D., Garcia, R., 
Bernardino, F. S. Soil Carbon Storage in Silvopasture 
and Related Land-Use Systems in the Brazilian Cer-
rado. J. Environ. Qual., 2011, 40(3): 833.

[48] Paciullo, D. S. C., Pires, M. F. A., Aroeira, L. J. M., 
Morenz, M. J. F., Maurício, R. M., Gomide, C. A. 
M., Silveira, S. R. Sward Characteristics and Perfor-
mance of Dairy Cows in Organic Grass-Legume Pas-
tures Shaded by Tropical Trees. 2014, Animal, 8(8): 
1264-1271.

[49] Xavier, D. F., da Silva Lédo, F. J., de Campos Paci-
ullo, D. S., Urquiaga, S., Alves, B. J. R., Boddey, R. 
M. Nitrogen Cycling in a Brachiaria-Based Silvopas-
toral System in the Atlantic Forest Region of Minas 

DOI: https://doi.org/10.30564/jrb.v2i3.2102



39

Journal of Botanical Research | Volume 02 | Issue 03 | July 2020

Distributed under creative commons license 4.0

Gerais, Brazil. Nutr. Cycl. Agroecosystems, 2014, 
99(1): 45-62.

[50] Nair, P. K. R., Nair, V. D., Mohan Kumar, B., Show-
alter, J. M. Carbon Sequestration in Agroforestry 
Systems. Advances in Agronomy, Elsevier, 2010: 
237-307.

[51] Oliveira, E. B. De, Ribaski, J., Augusto, É., Ferreira, 
J., Junior, P. Produção , Carbono e Rentabilidade 
Econômica de Pinus Elliottii e Eucalyptus Grandis 
Em Sistemas Silvipastoris No Sul Do Brasil. Pesqui. 
Florest. Bras. Colombro-PR, 2008, 57(1): 45-56.

[52] Resende, L. O., Müller, M. D., Kohmann, M. M., 
Pinto, L. F. G., Cullen Junior, L., Zen, S., Rego, 
L. F. G. Silvopastoral Management of Beef Cattle 
Production for Neutralizing the Environmental Im-
pact of Enteric Methane Emission. Agrofor. Syst., 
0123456789, 2019.

[53] Nair, P. K. R.. Grand Challenges in Agroecology and 
Land Use Systems. Front. Environ. Sci., 2014, 2: 1-4.

[54] Paulson, S. Masculine and Feminine Conditions and 
Relations in the (Re)Production of Andean Silvopas-
ture Systems. Earthscan Reader on Gender and For-
ests, C.J.P. Colfer, E. Marlène, B. Sijapati, Basnett, 
and S.S. Hummel, eds., Routledge, 2017.

[55] Pinheiro, F. M., Nair, P. K. R. Silvopasture in the 
Caatinga Biome of Brazil: A Review of Its Ecology, 
Management, and Development Opportunities. For. 
Syst., 2018, 27(1): 1-16.

[56] Chatterjee, N., Nair, P. K. R., Chakraborty, S., Nair, 
V. D. Changes in Soil Carbon Stocks across the For-
est-Agroforest-Agriculture/Pasture Continuum in 
Various Agroecological Regions: A Meta-Analysis. 
Agric. Ecosyst. Environ., 2018, 266: 55-67.

[57] Correia, M. D., Menezes, R. S. C., Olinda, R. A. 
Modelagem Geoestatística Da Distribuição de Car-
bono Do Solo e Biomassa de Herbáceas Em Sistema 
Silvopastoril Na Região Nordeste Do Brasil. Rev. 
Bras. Biom., 2014, 31(2): 116-129.

[58] Costa, M. P., Schoeneboom, J. C., Oliveira, S. A., 
Viñas, R. S., de Medeiros, G. A. A Socio-Eco-Ef-
ficiency Analysis of Integrated and Non-Integrated 
Crop-Livestock-Forestry Systems in the Brazilian 
Cerrado Based on LCA. J. Clean. Prod., 2018, 171: 
1460-1471.

[59] Carlson, F. A. Brazilian Agriculture: Prospects and 
Challenges. Agron. J., 1925, 17(11): 725-730.

[60] Pinheiro, F. M., Nair, P. K. R., Paulson, S., Nair, V. 
D., DeVore, J., Tonucci, R. G. An Innovative, Farmer 
Initiative of Silvopastoral Restoration in a Degraded 
Semiarid Caatinga Region of Brazil. 4th World Con-
gress on Agroforesry. CIRAD, Montpellier, Fr, 2019, 
708.

[61] Steffen, W., Richardson, K., Rockstrom, J., Cornell, 
S. E., Fetzer, I., Bennett, E. M., Biggs, R., Carpenter, 
S. R., de Vries, W., de Wit, C. A., Folke, C., Gerten, 
D., Heinke, J., Mace, G. M., Persson, L. M., Ramana-
than, V., Reyers, B., Sorlin, S. Planetary Boundaries: 
Guiding Human Development on a Changing Planet. 
Science (80-). 2015, 347(6223: 1259855-1259855.

[62] Oxfam. Left behind by the G20. Oxford, UK, 2012.
[63] Paulino, E. T. The Agricultural, Environmental and 

Socio-Political Repercussions of Brazil’s Land Gov-
ernance System. Land use policy, 2014, 36: 134-144.

[64] MDA. Plano Safra Da Agricultura Familiar 
2012/2013. Brasília, DF, Brazil, 2012.

[65] Nunes, B., Bennett, D., Marques, S. Sustainable Ag-
ricultural Production: An Investigation in Brazilian 
Semi-Arid Livestock Farms. J. Clean. Prod., 2014, 
64: 414-425.

[66] OECD. Gender Equality: A Key for Poverty Allevia-
tion and Sustainable Development. SDC, 2003.

[67] Altieri, M. A., Toledo, V. M. The Agroecological 
Revolution in Latin America: Rescuing Nature, En-
suring Food Sovereignty and Empowering Peasants. 
J. Peasant Stud., 2011, 38(3): 587-612.

[68] Altieri, M. A. Agroecology: The Science of Natural 
Resource Management for Poor Farmers in Marginal 
Environments. Agric. Ecosyst. Environ., 2002, 93(1-
3): 1-24.

[69] IAASTD. Agriculture at a Crossroads. Island Press, 
Washington, DC, 2009.

[70] Holt-Giménez, E. Campesino a Campesino: Voices 
from Latin America’s Farmer to Farmer Movement 
for Sustainable Agriculture. Food First Books, Oak-
land, CA, 2006.

[71] Rosset, P. M., Sosa, B. M., Jaime, A. M. R., Lozano, 
D. R. Á. The Campesino-to-Campesino Agroecology 
Movement of ANAP in Cuba: Social Process Meth-
odology in the Construction of Sustainable Peasant 
Agriculture and Food Sovereignty. J. Peasant Stud., 
2011, 38(1): 161-191.

[72] Altieri, M. A., Koohafkan, P. Enduring Farms: Cli-
mate Change, Smallholders and Traditional Farming 
Communities. Third World Network (TWN) Penang, 
2008.

[73] Apolinário, V. X. O., Dubeux, J. C. B., Lira, M. A., 
Ferreira, R. L. C., Mello, A. C. L., Santos, M. V. 
F., Sampaio, E. V. S. B., Muir, J. P. Tree Legumes 
Provide Marketable Wood and Add Nitrogen in 
Warm-Climate Silvopasture Systems. Agron. J., 
2015, 107(5): 1915-1921.

[74] UNFCCC. Adoption of the Paris Agreement. 2016.
[75] Brazil. Intended Nationally Determined Contribu-

tion: Towards Achieving the Objective of the United 

DOI: https://doi.org/10.30564/jrb.v2i3.2102



40

Journal of Botanical Research | Volume 02 | Issue 03 | July 2020

Distributed under creative commons license 4.0

Nations Framework Convention on Climate Change. 
2015.

[76] Escobar, H. Brazilian President Attacks Deforestation 
Data. Science (80-), 2019, 365(6452): 419-419.

[77] Tollefson, J. Tropical Trump’sparks Unprecedented 
Crisis for Brazilian Science. Nature, 2019, 572: 161-
162.

[78] Abessa, D., Famá, A., Buruaem, L. The Systematic 
Dismantling of Brazilian Environmental Laws Risks 
Losses on All Fronts. Nat. Ecol. Evol., 2019, 3(4): 
510-511.

[79] United Nations. Convention on Biological Diversity, 
1992.

[80] MMA. National Biodiversity Strategy and Action 
Plan, Brasília, DF, Brazil, 2017.

[81] IPCC. Climate Change 2014: Synthesis Report. Ge-
neva, Switzerland, 2014.

[82] Simon, M. F., Grether, R., Queiroz, L. P., Skema, C., 
Pennington, R. T., Hughes, C. E. Recent Assembly of 
the Cerrado, a Neotropical Plant Diversity Hotspot, 
by in Situ Evolution of Adaptations to Fire. Proc. 
Natl. Acad. Sci., 2009, 106(48): 20359-20364.

[83] IBGE. Censo Agropecuário 2006. Rio de Janeiro, RJ, 
Brazil, 2009.

[84] Picasso, V. D. The ‘Biodiversity-Ecosystem Func-
tion Debate’: An Interdisciplinary Dialogue between 
Ecology, Agricultural Science, and Agroecology. 
Agroecol. Sustain. Food Syst., 2018, 42(3): 264-273.

DOI: https://doi.org/10.30564/jrb.v2i3.2102


