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A Comparative Review of Soil Carbon Sequestration 
Methods in Brazil’s Agriculture

Skylar Cheng

ABSTRACT: Brazil is under unique pressure to adopt sustainable agricultural practices due to its intricate biodiversity and globally 
dominant agricultural sector. Increasing soil degradation, agricultural land expansion, and rising levels of atmospheric carbon are 
nationwide concerns that require multifaceted solutions. Integrated agricultural systems, which rehabilitate soils through crop, 
forage, and livestock rotation as well as biochar—a carbon-rich soil amendment—can address such concerns. These sustainable 
farming practices improve carbon sequestration and soil fertility; however, uptake remains minimal due to environmental, 
economic, and policy barriers. Accordingly, this paper proposes a comprehensive model of integrated systems and biochar, in 
which the benefits of one system can counteract the impediments of the other: biochar can reduce the volatility of integrated 
systems while integrated systems can reduce the costliness of biochar. This paper will first discuss the environmental impacts 
of integrated systems and biochar before noting how such impacts are affected in the comprehensive model. The next section 
will similarly discuss economic impacts in the same manner, and the last section will outline integrated systems policy and the 
demand for creating biochar policy. This paper offers a holistic review of integrated systems and biochar and encourages further 
improvements through the combination of both methods.

Introduction

In the past few decades, Brazil has prioritized agricultural 
profit over environmental preservation. The country became 
one of the largest food producers in the world, standing as the 
biggest producer of cattle (Zia, 2019) and the second-largest 
producer of soybeans (Figueiredo, 2016). Brazil’s agricultural 
sector now makes up 43% of its economy (Carauta et al., 
2018). However, this economic success was achieved at the 
expense of the environment. Booming agribusiness has 
caused extensive soil degradation, estimated to be 140 million 
hectares in total and 36 million hectares of pasture land (Klink 
and Machado, 2005). Degraded soil lowers the efficiency 
of terrestrial carbon pools, leading to minimal carbon 
sequestration and excessive greenhouse gas emissions (GHG) 
(Maia et al., 2008). Such degradation dims the future in the 
fight against climate change, as it may prevent Brazil from 
achieving its UNFCCC pledge to reduce 37% of total GHGs 
by 2025, which was declared at COP26 (Federative Republic 
of Brazil, 2022). In addition to environmental damage, soil 
degradation leads to economic loss; households must expand 
their plots to compensate for reduced soil efficiency. Some 
livestock ranches operate at stocking rates as low as 0.5 
animals per hectare (Gil et al., 2016), which is drastically lower 
than the global average of 2.6 animals per hectare (Sandhage-
Hofmann, 2023). In turn, agricultural land expansion reduces 
Brazil’s rich native vegetation, which houses over 12% of the 
world’s species (Piao et al., 2021). Current practices of the 
agricultural sector are unsustainable because degraded soil 

will uproot a series of processes key to the environment 
and economy, such as soil carbon sequestration, agricultural 
efficiency, and the maintenance of native vegetation. It is 
necessary to implement farming methods that simultaneously 
protect soils and build agri-economic growth. This paper 
reviews the environmental, economic, and policy impacts of 
three sustainable farming methods: Integrated crop-livestock 
systems (ICL), integrated crop-livestock-forestry systems 
(ICLF), and biochar, as summarized in Table 1. 

Environmental Benefits

Integrated systems rehabilitate degraded soil by maintaining 
crop residue, while biochar acts as a soil amendment through 
the effects of recalcitrant carbon. Integrated systems are 
implemented in the form of ICL, which consolidates a cropping 
and livestock system into a single, multipurpose operation, as 
well as ICLF, which incorporates forestry alongside cropping 
and livestock components. While farmers utilize countless 
variations of ICL and ICLF, what chiefly defines integrated 
systems is the novel interaction of cropping, livestock, forestry 
components, and their collective impact on soil (Pezzopane 
et al, 2017). Factors of carbon sequestration and soil health 
will first be discussed concerning integrated systems, before 
shifting these factors concerning biochar. The improvements 
made by biochar will serve to demonstrate the plausibility of 
a comprehensive model of integrated systems and biochar, in 
which the benefits of biochar can improve the limitations of 
integrated systems. 

DOI: https://doi.org/10.28953/2997-2582.1026
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ICL 
Increased crop residue and the practice of no-tillage are 
factors of ICL that increase the soil carbon sink. ICL increases 
crop residue by diversifying crops, and their accordingly 
diverse spatial and temporal characteristics. The cropping 
component consists of grain, cereals, and legumes, while the 
livestock component uses perennial forage crops, and cattle or 
sheep for livestock (Carvalho et al., 2010). These two systems 
can be rotated every two to four years, every summer and 
winter, or intercropped (Brewer and Gaudin, 2020; Alves et al., 
2019). While the range in rotation length, crop composition, 
and layout of intercropping encompasses countless variations 
of ICL, the practice of no-tillage is a common denominator. 
No-tillage, a method in which soil is not tilled before planting, 
improves soil by lowering rates of erosion, leaving crop residue 
to decompose slowly (Duyck and Petit, 2016), and extending 
the period in which carbon remains in the soil. No-tillage 
and crop diversity lead to effective sequestration largely by 
increasing soil organic matter (SOM), particularly soil organic 

carbon, which is 58% of SOM (Lal, 2004; Post and Kwon, 
2000). Carbon then remains within the soil for longer when 
compared to conventional systems. Greater carbon pools in 
ICL are highlighted by Carvalho et al. (2010) conducted from 
1999 to 2007, in which a rate of 1.16 megagrams per hectare 
per year of carbon stocks was reported. The increase was 
recorded as total organic carbon (TOC) instead of as a carbon 
particulate fraction, making the reported rate unusually high, 
especially for a period lasting less than 10 years (Carvalho 
et al., 2010). Salton et al. (2013) support this finding in their 
comparison of ICL and conventional tillage (CT) among other 
systems; TOC was measured at approximately 22.49 g/kg for 
ICL, and approximately 15.89 g/kg for CT over the course of 
17 years. ICL expands soil carbon sink capacity in a relatively 
short period, helping to capture atmospheric carbon and 
reduce GHG emissions. 

Additionally, ICL improves soil health by increasing SOM, 
CEC (cation exchange capacity), microbial activity, and 

ICL: integrated crop-
livestock system

ICLF: integrated crop-
livestock-forestry 
system

Biochar

Definition Intercropping of forage 
plants, crops, and livestock.

Intercropping of forage 
plants, crops, livestock, and 
forestry.

Soil amendment made by 
burning agricultural waste in
a low-oxygen environment.

Environmental impacts Improves soil health and 
carbon sequestration, but 
can be difficult to manage.

Similar to ICL, but includes 
heightened potential for both 
carbon sequestration and 
mismanagement.

Improves soil health and long-
term carbon sequestration.

Economic impacts Increases crop yield, 
improves livestock quality, 
and inherently provides crop 
insurance.

Similar to ICL, but further 
increases animal stocking 
rates

High financial and labor costs.

Policy impacts Incorporated into the ABC 
Plan, which supported the 
adoption of ICL through 
credit lines, but was limited 
by a lack of technical 
knowledge for application.

Likewise to ICL. Lacks governmental support for 
mainstream adoption.

Table 1. Definition and Summary of Each Method and their Respective Impacts 
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organic phosphorus. SOM, a collection of organic content 
such as C, K, Ca, N, and Mg (Alves et al., 2019), improved in 
the aforementioned study by Salton et al. (2013), which 
compared ICL and CT. Calculated through SOM lability, or 
the fraction of soil in which carbon levels are most volatile 
(Benbi et al., 2015), SOM was approximately 12.12% in ICL, 
as compared to 9.22% in CT (Salton et al., 2013). In terms of 
CEC, which retains cations for plant absorption and stabilizes 
soil pH (Alves et al., 2019), ICL continued to show greater 
benefits. Salton et al. (2013) highlight increased CEC in ICL 
at approximately 14.72 centimole positive charge per dm3, as 
compared to 12.820.18 gulcentimole positive charge per dm3 

in CT. Microbial activity follows suit, as basal respiration was 
24.2 carbon converted to carbon dioxide per gram (C-CO2/g) 
of soil per day for ICL and 14.1 C-CO2/g of soil per day for CT. 
No tillage within ICL is largely responsible for this increased 
microbial activity because it reduces soil disturbances. Lastly, 
organic phosphorus, which is fundamental for root growth 
via plant cell division (Gul and Whalen, 2016), was reported 
to be higher in ICL. Organic P in ICL was 31.32.05 mg/kg as 
compared to 26.45.03 mg/kg in CT (Salton et al., 2013), and 
this is likely a result of the presence of livestock (Alves et 
al., 2019). Through greater crop residue and no-tillage, ICL 
improves both sequestration potential and soil fertility.

ICLF

While ICL demonstrates remarkable soil improvements, ICLF 
can sequester more carbon than ICL because it holds a closer 
resemblance to forests, which retain more soil carbon than 
pasture land. Crops lack the deep rooting capacity of trees, 
which helps stimulate greater levels of microbial activity and 
provide recalcitrant carbon that slows carbon decomposition 
(Abril, 2013). Eucalyptus is most commonly used for the 
forestry component, as it matures quickly and accumulates 
a substantial amount of carbon (Behera et al., 2020). Results 
of increased carbon were highlighted in a study by Conceição 
et al. (2017), which compared ICLF, ICL, and a eucalyptus 
plantation. Though both ICL and ICLF were reported to have 
more soil carbon relative to the eucalyptus plantation, the 
increase in ICLF was far more drastic. Soil carbon increased 
by 7.8% in ICLF after three years. On the other hand, ICL 
increased only by 0.6% (Conceição et al., 2017). Furthermore, 
Barsotti et al. (2020) found greater carbon storage in ICLF, 
having measured carbon fixation across a conventional 
pasture and two ICLF systems. Carbon fixation is similar to 
carbon sequestration as it measures organic carbon, though 
only in relation to inorganic carbon and not atmospheric 
carbon. One ICLF plot was set at a high density of 357 trees 
per hectare, and the other at a low density of 227 trees per 
hectare. Carbon fixation of high-density ICLF was 20.09 tons 
of carbon per hectare, while the low-density ICLF was 11.07 

tons of carbon per hectare (Barsotti et al., 2020). 

However, such improvements in soil carbon pool capacity 
must be taken with caution as research involving SOM can 
be contradicting. Bieluczyk et al. (2020) found that ICLF led 
to no additional SOM improvement when compared to ICL. 
The presence of eucalyptus trees likely caused competition 
for nutrients, evident in the reduction of grass biomass and 
root volume when compared to the same plot two years prior. 
Although there is substantial research noting the positive 
impacts of ICLF, it is necessary to definitively conclude the 
greater carbon sequestration of ICLF. 

Biochar 

Biochar was inspired by Amazonian Dark Earth (DE), a soil 
created by pre-Hispanic indigenous civilizations containing 
high levels of organic matter, which often came from charred, 
woody biomass (Leach et al., 2020). Biochar reaches similarly 
high levels of organic matter from burning organic waste, 
such as forage, crop, and agroforestry residue, in a low-
oxygen environment known as anaerobic pyrolysis (Qambrani 
et al., 2017). Typically added to soils as an amendment, biochar 
effectively improves carbon sequestration and the health of 
particularly poor soil. 

As charred organic matter, biochar takes much longer 
to decompose when compared to uncharred organic 
matter (Cheng et al., 2008). 97% of the carbon in biochar is 
recalcitrant, a form of carbon that is up to five times more 
stable than labile soil carbon (Gross et al., 2021). Recalcitrant 
carbon, or black carbon, has a strong affinity for aromatic 
compounds, which are particularly resistant to microbial 
decomposition (Qambrani et al., 2017). Biochar then 
establishes efficient sequestration, evident in a study by 
Lefebvre et al. (2020) that compared increments of biochar 
application (100%, 50%, 25%) across sugarcane plots; the 
biochar was created from bagasse, a type of organic waste 
from sugarcane production. The plot applied with 100% of 
the available biochar sequestered the most carbon, as its 
sequestration rate was 13.5 Mt of C per hectare per year1, 
while the sequestration rate for the plot with 25% biochar was 
only 6.75 Mt of C per hectare per year. Biochar unmistakably 
increases carbon sequestration potential; this is further 
supported by a number of studies (Pandit et al., 2017; Rittl et 
al., 2015; Major et al., 2005).

Similarly to integrated systems, biochar provides 
improvements in organic phosphorus, pH, aluminum 
saturation, and SOM. Major et al. (2005) report higher P and 
pH levels as well as lower Al saturation in a study comparing 
DE with oxisols and ultisols. Results from this study are 
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comparable to biochar because DE demonstrates similar 
effects on soil, and Latossolos exemplify a typical farm soil 
that is nutrient-poor and has an acidic pH. Biochar’s affinity 
for phosphate groups at the molecular level increases organic 
P (Zhao et al., 2022), while pH levels improve due to a negative 
charge that exists on biochar’s surface, which prevents 
acidic soil from developing (International Biochar Initiative, 
n.d.). Additionally, biochar lowers Al saturation by attracting 
non-polar compounds, which absorb chemicals detrimental 
to soil fertility, such as Al (Qambrani et al., 2017). In terms 
of SOM, Bruun and El-Zehery (2012) found slower rates of 
SOM mineralization with biochar; decreased mineralization 
rates translate to slower decomposition and an extended 
retainment of organic matter. They compared two plots of soil 
covered in straw residue: one with biochar and one without. 
Biochar applied at 15.5 g/kg reduced SOM mineralization to 
5.7% of 20 g of soil, whereas it was 6.6% in the plot without 
biochar (Bruun and El-Zehery, 2012). Biochar’s inherent 
chemical properties positively impact soil characteristics in 
a similar manner to integrated systems, creating yet another 
viable option for rehabilitating soil health. 

Biochar and integrated systems 

The addition of biochar in integrated systems can provide 
extended sequestration rates and strengthen soil resilience. 
When compared to soil organic carbon in integrated systems, 
biochar carbon has an exponentially longer residence time, 
or the period in which carbon is present in soil. The average 
residence time of recalcitrant biochar carbon pools is 556 
years (Latawiec et al., 2019), and through radiocarbon dating, 
has even been shown to remain in soil for up to 10,000 years 
(Leach et al., 2010). On the other hand, integrated systems 
often have TOC residence rates of 10 to 20 years (Assmann et 
al., 2014; Brewer et al., 2023; Latawiec et al., 2019). Furthermore, 
a substantial proportion of soil carbon in integrated systems 
is stored in the labile fraction, in which the average residence 
time is 108 days (Salton et al., 2013). Additionally, ambiguity 
regarding sequestration length in integrated systems arises 
due to gaps in research (de Moraes et al., 2013; Carvalho et 
al., 2010; Vinholis et al., 2020); such ambiguity creates an 
opportunity for biochar to mend these types of setbacks. 
Biochar’s extensive sequestration is a core strength that can 
compensate for integrated systems’ sequestration rates, 
which are significantly shorter than biochar when mentioned 
by studies, but largely remain inconclusive. The combination 
of biochar and integrated systems creates an even more 
appealing framework for policymakers to adopt and ultimately 
can secure long-term carbon targets through biochar’s 
extensive sequestration rates. 

Biochar can also stabilize soil bulk density within integrated 

systems. Similarly to other soil characteristics in integrated 
systems, bulk density is inherently volatile because of the 
contrasting components of livestock, crop, and forestry (de 
Moraes et al., 2014). Mismanagement of integrated systems, 
particularly overgrazing, easily increases soil bulk density 
due to extended pressures on soil from livestock weight. 
However, low soil bulk density is critical for healthy soil as 
it promotes water retention, porosity, and SOM retainment 
(Blanco-Canqui, 2017). Biochar can provide low soil bulk 
density and counteract the risk of increased soil compaction 
from overgrazing. Biochar naturally has a lower bulk density 
than soil; biochar’s average bulk density is 0.6 g/cm3, while 
clayey and sandy soils are about 1.1 g/cm3 and 1.5 g/cm3 

respectively, both of which are characteristics of typical 
farm, nutrient-poor soil (Fontana et al., 2023). The effect of 
biochar on bulk density is evident in a study by Carvalho et 
al. (2020), in which biochar was applied to Latossolos at 
increasing rates of 0 megagrams per hectare, 6.25 megagrams 
per hectare, 12.5 megagrams per hectare, and 25 megagrams 
per hectare. Results highlighted that biochar applied at 25 
megagrams per hectare successfully decreased bulk density 
by 63% when compared to the control group of 0 megagrams 
per hectare (Carvalho et al., 2020). Biochar can stabilize the 
sensitivity of soil by maintaining low bulk density, as it can 
be difficult to achieve optimal stocking rates for healthy soil 
in integrated systems. The inherent properties of biochar 
fittingly compensate for the inherent volatility of integrated 
systems; the combination of both methods is arguably more 
desirable than its parts. 

Environmental Setbacks
Despite the large steps taken in integrated systems and 
biochar research, limitations that cannot be resolved with 
a comprehensive model continue to persist. Setbacks in 
integrated systems are rooted in the unique requirements 
of the cropping, livestock, and forestry components, which 
make integrated systems highly sensitive to agricultural 
mismanagement. Meanwhile, biochar has potential harmful 
effects when applied to neutral or alkaline soil, which, 
therefore, limits its application to acidic soil. 

Integrated systems 

While biochar can reduce the likelihood of poor soil bulk 
density observed in integrated systems, decreased crop 
residue still persists as a symptom of poor grazing control. 
Ribeiro et al. (2020) highlight this finding in a study comparing 
light, moderate, and heavy grazing intensities, set at pasture 
heights of 10 cm, 20 cm, and 30 cm. Moderate grazing had 
the highest carbon sequestration rate at an average of 4.92 
megagrams CO2 equivalents per hectare per year after 3.5 
years, while light and heavy grazing intensities had average 



Article

16 DISCUSSIONS

rates of 1.84 Mg CO2 eq. per hectare per year. As reduced 
crop residue is a result of both light and intense grazing, 
it is incredibly difficult for integrated systems to find the 
optimal level of moderate grazing. Without this information, 
suboptimal results lead households to falsely believe that 
integrated systems are ineffective (de Moraes et al., 2014). 

Pertaining to ICLF, cramped tree spacing decreases crop 
yield through excessive shading, which reduces sunlight. 
Pezzopane et al. (2017) measured PAR (photosynthetically 
active radiation) across an ICL plot and four ICLF plots, which 
had an incremental forestry-crop spacing of 1.5 m, 3.75 m, 7.5 
m, and 11.25 m. ICL served as a baseline of 100%. For the crop 
component, ICLF-1.5 m demonstrated only 39.7% as much 
sunlight as ICL, while ICLF-3.75 m demonstrated 89.5%. For 
the pasture component, ICLF-1.5 m had 35.1% sunlight, in 
comparison to  ICLF-11.25 m, which had 79.4%. Lower PAR 
becomes significant in crop output; the dry matter yield of 
Piatã grass, a type of pasture grass, was 2226.2 kg per hectare 

for ICLF-1.5 m, while dry matter yield for ICLF-7.5 m was 3707.1 
kg per hectare (Pezzopane et al., 2017). Most of the dry matter 
is distributed among the three plots of 3.75 m, 7.5 m, and 11.25 
m, while ICLF-1.5 m consistently has a lower dry matter yield. 
Similarly, tree spacing exemplifies another delicate factor 
that can reduce crop yield. ICLF can have trouble succeeding 
due to its highly specific requirements, requiring attentive 
planning and knowledge that may lead to reluctance in the 
adoption of integrated systems. 

Research into integrated systems tends to lack in-depth 
information needed for practical application at the household 
level. Current research tends to repeat crop type and region, 
limiting conclusions to be applicable for highly specific 
circumstances. ICLF research overemphasizes eucalyptus as 
the forestry component, leaving the impact of other trees 
unknown. While trees native to a region could be especially 
attractive for increasing biodiversity, their characteristics are 
yet to be studied. Similarly, research in ICL focuses on the 
few plant species of oats, perennial ryegrass, and Brachiaria 
brizantha, overlooking the effects of other potential crops 
(de Moraes et al., 2014). Additionally, much research occurs 
in regions that are not primarily used for livestock and 
crops common to integrated systems. Figure 1 indicates the 
primary land usage of each biome region. As highlighted by 
the Farming and Agriculture mosaic land covers in Figure 1, 
most agricultural activity occurs in the lower half of Brazil; 
however, the majority of experiments are conducted in the 
Amazon and Cerrado regions (de Moraes et al., 2013). 

The diverse climate and geography of Brazil make research in 
these regions much less applicable for households operating 

elsewhere. Soil weathering, flooding patterns, and clay 
content are a few of the factors that vary regionally, yet 
highly affect agriculture (Fontana et al., 2023; Padmanabhan 
et al., 2023; Holzman and Rivas, 2016). Lastly, there is likely 
overlooked research potential into the individual components 
of integrated systems as opposed to the interaction 
between such components (de Moraes et al., 2014). Much 
attention is channeled into the singular factor of cropping, 
rarely discussing livestock. Detailed research entailing 
proper planning of integrated systems is needed to avoid 
ineffective circumstances, such as cramped tree spacing and 
overgrazing, as well as the provision of accessible, location-
specific knowledge for household application. 

Biochar 
The positive effects of biochar are limited when applied to 
non-acidic soil. The aforementioned Lefebvre et al. (2020), 
in which biochar application was conducted using either 
100%, 50%, or 25% of all onsite biochar, the study highlights 
this effect in sugarcane plots. These proportions were 
replicated three times to also vary priming levels of 0%, 
21%, and 91% (Zimmerman and Ouyang, 2019). Priming is the 
process of applying fresh organic matter to stimulate carbon 
decomposition and establishes an average pH of 6.5–7, when 
soil is less acidic and nutrient-poor (Liu et al., 2020; Wang et 
al., 2016). Figure 2 highlights that at all percentages of biochar 
application, biochar’s sequestration ability decreased for the 
priming level of 91%, and was 13.9–25.3% lower than the plot 
with 0% priming.

Figure 1. Map portraying primary land usage in Brazil’s biomes 
(Alencar et al., 2022) 
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When soil is already within a desired pH range, such as 
through priming, biochar becomes less effective; it is only 
helpful for acidic soil since it tends to increase the soil pH 
(Zhang et al., 2019). Soil pH greatly impacts the resulting 
carbon sequestration and overall GHG reduction, making 
it critical to fully comprehend the characteristics of the soil 
prior to biochar application. 

Economic Impact 

Integrated systems are profitable compared to both 
conventional farming systems and isolated biochar 
applications. These economic provisions would therefore be 
useful in a comprehensive model of biochar and integrated 
systems by compensating for the minimal profit of isolated 
biochar application.

Integrated systems 

ICL increases livestock quantity, widens profit margins, and 
provides market insurance. Increased livestock quality is a 
result of healthy forage crops, which come from enhanced 
soil fertility. Carvalho et al. (2007) demonstrated this by 
comparing carcass weight gain in ICL against a continuous 
grazing system. Livestock in ICL showed an average weight 
gain of 540 kg per hectare, while continuous grazing showed 
an average weight gain of 439 kg per hectare. ICL then offers 
households additional income via increased carcass weight. 
ICL also widens profit margins by increasing revenue and 
decreasing cost. Higher crop yield secures more revenue, as 
exemplified by Salton et al. (2013), which recorded soybean 

yields under optimal and poor rainfall in two systems, ICL 
and a conventional system (CS). ICL produced an average of 
3544 kg per hectare and 2882 kg per hectare in optimal and 
poor rainfall, respectively. CS produced an average of 2984 
kg per hectare and 1642 kg per hectare, respectively (Salton 
et al., 2013). ICL not only produces more but is more resilient 
as it still outproduces CS under poor rainfall. Greater crop 
yield is further supported by Figure 3, which graphs twenty-
three different studies to contrast grain yield between ICL 
and conventional systems. The 23 ICL experiments are 
represented by the various shapes, though maize is depicted 
in a graph separate from soybean, bean, and wheat. The 
dotted line strictly represents crop systems in which soil is 
ungrazed. In addition to increasing revenue, ICL lowers costs 
by using less external fertilizer, as soils already have nutrients 
from crop residue. Lastly, ICL’s crop diversification creates 
a financial cushion against market price fluctuations, a risk 
insurance that monocropping systems do not have. This is 
particularly useful against frequent summer crop failures and 
low winter prices, especially pertaining to grain (Carvalho et 
al., 2010).

ICLF has arguably greater profit margins than ICL due to its 
forestry component, which prompts more efficient stocking 
rates. Barsotti et al. (2014) compared rates in conventional 
pasture, low-forestry ICLF, and high-forestry ICLF. The 
average stocking rate for conventional pasture was 0.9 Animal 
Units per hectare, while the average stocking rate for ICLF at 
low density was 1.7 Animal Units per hectare, and 1.8 Animal 
Units per hectare at high density (Barsotti et al., 2014). ICLF 
maximizes stocking rates efficiency and profit margins 
accordingly without sacrificing soil health. Environmental 
benefits of integrated systems are economically rewarding by 
creating sustainable returns on profit. 

Biochar 

Like integrated systems, biochar increases crop yield by 
improving soil fertility. However, it does not often lead to 
similar profitability, as revealed by research on biochar’s 
financial and labor costs. In a study by Latawiec et al. (2019) 
concerning Brachiaria and Panicum forage grasses, the 
recorded cost of biochar application was $6,410 USD, while 
the cost of standard fertilizer application was $893. Priced at 
more than six times the amount of fertilizer, it is financially 
illogical for households to use biochar. Additionally, 15 
megagrams per hectare of biochar was applied in contrast 
to 0.6825 megagrams per hectare of fertilizer, showing that 
exponentially more biochar is needed to be effective. Intense 
demands of biochar increase demands in labor and therefore 
labor costs. Latawiec et al. (2019) determined that 150 to 583 
stoves and 75 to 210 stove operators are required to produce 

Figure 2. This graph highlights the decreases in sequestration at 
increasing levels of priming (Lefebvre et al., 2020) 
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the minimum effective quantity of 15 megagrams per hectare.
The manual labor behind biochar production is immense, 
making it highly unappealing for small-scale farmers. On the 
other hand, Pandit et al. (2017) discuss kilns as a replacement 
for stoves. Being underground conical pits, flame curtain 
kilns require low cost, labor, and maintenance and also 
provide a quality of biochar similar to that of stoves. Kilns 
make biochar more accessible by offering an opportunity for 
implementation at the small-scale, household level. However, 
little research has been written on flame curtain kilns, and 
more research on production costs is needed before biochar 
can be efficiently used on a large scale.

Biochar and integrated systems 

As biochar is a novel method with uncertain production 
costs, it lacks economic benefits as an independent system. 
When incorporated with integrated systems, the profits 
from integrated systems may be able to counterbalance the 
economic setbacks of biochar. As mentioned by Latawiec et al. 
(2019), biochar pyrolysis is an expensive process but only when 
produced for direct sale or direct fertilizer application. Profits 
would only cover 8–22% of costs unless farmers produced 

biochar for charcoal instead of fertilizer purposes. Through 
this method, they could make an additional $30–$85USD per 
month. This will likely dissuade farmers from using biochar 
as an amendment, and only as a means for profit through 
charcoal. However, the application of biochar in integrated 
systems would allow farmers to make profits sufficient to 
continue sustainable soil practices. Carauta et al. (2018) 
measured economic resilience in ICL through a bioeconomic 
simulation for 10 years. They found that an annual average 
income of approximately $1300 is associated with the optimal 
stocking rate of 5.8 Animal Units per hectare(Carauta et al., 
2018). At $108 per month, integrated systems can provide 
greater profits than biochar production for charcoal. Profits 
from the adoption of integrated systems would only grow 
from biochar application, considering costs would remain 
low from biochar’s long-term retention of carbon, and would 
therefore result in SOM and overall soil health improvement. 
The combination of these two systems creates strong 
financial incentives that are sustained through environmental 
benefit, though such conclusions are theoretical and would 
require practical trials.

Policy Impacts

Integrated systems were nationally adopted through the policy 
of the ABC Plan. Though it encountered several limitations, its 
success was substantial enough to set up a framework for the 
creation of biochar policy, which is currently lacking at the 
national level. 

Integrated systems benefits 

The ABC Plan, known as “Agricultura de Baixo Carbono” in 
Portuguese or Low-Carbon Agricultural Plan, is committed to 
providing financial, technological, and informational support 
for nationwide integrated systems adoption from 2010 to 
2020 (Carauta et al., 2018). It prioritized GHG mitigation, 
land rehabilitation, and technician training, among the other 
goals of waste management and tree planting (Vinholis et 
al., 2020). The ABC Plan successfully increased the adoption 
of integrated systems with rural credit and institutional 
oversight, even exceeding some of its target numbers. Uptake 
was especially true for ICLF (Carauta et al., 2018), which was 
lesser-known than ICL before the ABC Plan. However, the 
success of the ABC Plan was not absolute. The distribution 
of rural credit and institutional support was severely 
mismanaged due to a lack of local input, heavily hindering 
adoption for rural areas. Rural credit encouraged the adoption 
of integrated systems by removing financial barriers. Rural 
credit had especially advantageous grace periods and loan 
terms as well as exceptionally low interest rates, which were 

Figure 3. Graph plotting various studies to depict differences in grain 
yield of ICL and conventional systems (de Moraes et al., 2013)
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annually set to seven percent lower than the national interest 
rate from the Central Bank of Brazil (Vinholis et al., 2020; 
Carauta et al., 2018). Offering cushioned loans recognized and 
reduced the inherent risk of adopting any new system. Farm 
Purchase Bonds (CPR) were also implemented, and allowed for 
crops to be purchased before they were grown, which gave 
farmers the finances to purchase the necessary equipment 
(Spolador and Ponchio, 2005). Rural credit proved effective 
in the agricultural year of 2012–13 when 2800 contracts were 
signed (Piao et al., 2021), nearly doubling the area of integrated 
systems in 2013. 

Formal networks, consisting of bank and governmental 
institutions, conducted these credit contracts, acting as a 
decentralized form of financial subsidization and technical 
support. Bank of Brazil and BNDES (Brazilian Development 
Bank) managed contracts through local bank managers, who 
determined households’ eligibility for credit (Carauta et al., 
2018). The MAPA (Ministry of Agriculture, Livestock and Food 
Supply) organized technician programs in which EMBRAPA 
was responsible for managing technician–farmer relations 
(Piao et al., 2021). Technical support was dispersed through 
smaller chains known as rural extension services, while credit 
lines were accessed through technological reference units 
(Vinholis et al., 2020). Technical and financial support from 
formal networks proved to be successful; 6 million hectares of 
integrated systems were implemented, which was two million 
hectares more than the targeted four million hectares (Piao et 
al., 2021; Bragança et al., 2022). 

Integrated systems setbacks 

Dispersal of such resources among formal networks was 
unevenly distributed. Access to credit contracts and technical 
support were largely available only in southern regions. The 
north and northeast regions made up 4% and 4.5% of total 
credit contracts respectively, while the south and southeast 
regions had 46% and 30% each in the agricultural year of 
2012–13 (Gurgel et al., 2013). Northern regions are notably 
more deficient in infrastructure and technology (Piao et al., 
2021), and therefore should have received a concentrated 
investment of resources. This was likely overlooked by the 
standardized, top-down management. Future policies can 
learn to recognize the varying needs of each region to provide 
fair opportunities for credit. Unequal distribution of formal 
networks was likely due to the lack of attention given to 
heterogeneous knowledge between and within regions. Each 
region specializes in different types of farming and requires 
different types of technicians, bank managers, and overall 
assistance. For example, southern Brazil has a long history in 
crop farming, whereas the central-west is more familiar with 
cattle ranching (Jepson, 2006). When knowledge varies from 

region to region, formal networks are only partially effective 
because they cannot address gaps between a region’s 
specific area of expertise and the government’s standardized 
treatment. This plants a hesitancy and unwillingness for 
an integrated adoption of systems (Hardaker et al., 2015; 
Gil et al., 2016). However, informal networks can be used to 
complement formal networks by covering knowledge gaps 
between the federal and regional levels. Informal networks 
are built on social capital, which prioritizes mutual trust 
among households to regulate future relationships (Lyon, 
2000), and are often rooted in interactions specific to a 
community’s environment (Bragança et al., 2022). Since formal 
networks alone cannot adapt to local knowledge, informal 
networks are necessary for the success of future policies. In 
regards to research, available data for the ABC Plan remains 
vague, making improvements for future agricultural policy 
difficult. While the majority of research speaks highly of 
credit contracts, its application at the household level is 
rarely mentioned. Little is known about household responses 
to credit contracts, despite heterogeneous knowledge 
and its accordingly varied responses to credit efficiency 
(Carauta et al., 2018). Even contracts themselves are vague, 
as qualifications for contracts are limited by the inherently 
broad, nonspecific definition of integrated systems itself. 
Such vagueness can cause skepticism about the accuracy of 
nationwide statistics, as the lack of definitiveness forces highly 
approximated data of credit uptake (Carauta et al., 2018). 
Additionally, remarks regarding technical programs were 
drawn only at the national level, in which articles shared the 
same disappointed sentiment of short-staffed and unequally 
distributed technicians (Hochstetler, 2021; de Magalhães 
and Lima, 2014; Vinholis et al., 2020), but did not address any 
regional and household perspectives. While household-level 
data may simply not be available yet, considering the ABC Plan 
recently ended in 2020, the delay in available data undeniably 
hinders the success of future policies. Without understanding 
household-level responses to policy, it will be difficult to 
establish equitably distributed success. 

Biochar 

Policy is needed to regulate the growing interest in biochar 
among corporations, as it is an increasingly attractive asset 
for biofuel production, particularly as carbon emissions 
policies grow more restrictive. Corporations may seek to 
manage a growing number of field sites for industrial biomass 
production; however, this can put households, particularly 
small-scale farms, at risk of losing their land, potentially 
leaving farmers displaced and in poverty — a phenomenon 
also known as green grabs (Piao et al., 2021). As Brazil’s 
agricultural sector makes up almost half the economy (Leach 
et al., 2010), its entire economy will likely be negatively 
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affected if enough farms are repurposed into biochar sites for 
overseas purposes. The mass economic potential for biochar 
within Brazil reflects great urgency to protect its farmers from 
land grabs through policies detailing proper subsidization, 

production, and distribution of biochar. 
Policy delays are likely due to the inability to transition 
action from scientific institutions to government institutions. 
Within the realm of science, biochar has already been 
credited by UNCCD (United Nations Convention to Combat 
Desertification) as an effective solution for land degradation, 
carbon sequestration, and improving soil (Carauta et al., 
2018). There are several notable initiatives, such as the IBI 
(International Biochar Initiative) and Biochar Fund, that offer 
comprehensive lists of various types of biochar applications. 
EMBRAPA, one of Brazil’s largest government-funded 
institutions, is also responsible for the growing number of 
biochar resources, particularly regarding ADE (Amazonian 
Dark Earth), soil fertility, and climate change mitigation. 
While state-owned, EMBRAPA has had no involvement in 
national policy. However, such knowledge remains embedded 
in science, as the Brazilian government appears more 
focused on decreasing deforestation than on sequestering 
soil carbon stocks (Rittl et al., 2015). The government’s lack 
of interest is stark when compared to EMBRAPA, which 
participated in 15.3% of biochar activity from 2006-2010, 
while the government participated in 4.2% and only reduced 
engagement from 2011-2013 (Leach et al., 2010). Such 
resistance may cause Brazil to fall behind other countries 
such as Eswatini, Zambia, and Australia, where biochar has 
already been implemented in agriculture, fuel, and the fight 
against global warming (Rittl et al., 2015). 

The relative success of the ABC Plan can be used as a 
framework for initiating biochar policy. Through the ABC 
Plan, integrated systems successfully transitioned from the 
research and development sector to mainstream adoption 
largely because of financial aid policies such as rural credit. 
Carauta et al. (2018) explain that adoption of integrated 
systems would have only been found among 11% of farmers 
without the ABC Plan, versus the realized 27%. Additionally, 
the ABC Plan pushed forth integrated systems even when 
researchers knew little about certain components, such 

as crop type and crop-livestock interactions. This logic 
can apply to biochar: Although doubts exist in the research 
and development sector regarding biochar performance, 
demonstrated benefits in soil are arguably sufficient for 
policy actions to be taken. Prospective biochar policy can 
also learn from the shortcomings of the ABC Plan. As local, 
heterogeneous knowledge was not acknowledged, diverse 
backgrounds can be incorporated into future policy by 
subsidizing multiple farming methods of both integrated 
systems and biochar. 

Conclusion 

Integrated systems and biochar are sustainable alternatives 
that can replace conventional agricultural practices. 
Integrated systems manage crop schedules to simultaneously 
rehabilitate degraded soil and maximize profit, offering 
environmental protections without having to sacrifice 
economic gains. Biochar improves soil fertility and 
reduces agricultural waste, but requires policy initiatives 
to perpetuate economic gains and protect Brazil’s soil at 
a national level. The comprehensive hypothesis of both 
systems is worth exploring in future research, as the benefits 
of one method can compensate for the setbacks of another. 
Biochar can strengthen integrated systems through long-
term sequestration and greater crop yield, while integrated 
systems can help make the cost of biochar more accessible. It 
is in the interest of Brazil to continually push forth the agenda 
of biochar and integrated systems, as the consequences 
of conventional agricultural methods demand immediate 
solutions.

Acknowledgments

I would like to thank Dr. Julie Major, the senior faculty lecturer 
of agriculture at McGill University. This paper would not have 
been possible without her scientific guidance, her insight of 
Brazil, and her trust in my abilities.

Author Biography

Skylar Cheng is a recent graduate of McGill University, 
where she received a BA in Environment and International 
Development and a BMus in piano performance. Her interests 
lie in working with local agricultural initiatives, engaging 
with youth groups in environmental advocacy, and helping 
to bridge scientific research with public policy. She looks 
forward to working with the Anchorage Park Foundation this 
summer before seeking a master’s degree in natural resource 
management.

“Booming agribusiness has 
caused extensive soil degradation, 
estimated to be 140 million 
hectares in total and 36 million 
hectares of pasture land.”



VOLUME XX – ISSUE I 21

Cheng

References
Abril, A. (2013). Labile and recalcitrant carbon in crop residue and 
soil under no-till practices in central region of Argentina. The Open 
Agriculture Journal, 7(1), 32–39. https://doi.org/10.2174/187433150130
7010032 

Alencar, A. A., Arruda, V. L. S., da Silva, W. V. , Conciani, D. E., Pereira 
Costa, D., Crusco, N., Galano Duverger, S., Ferreira, N. C., Franca-
Rocha, W., Hasenack, H., Morais Martenexen, L. F., Piontekowski, V. J., 
Ribeiro, N. V., Reis Rosa, E., Reis Rosa, M., do Santos, S. M. B., Shimbo, 
J. Z., & Vélez-Martin, E. (2022). Long-term landsat-based monthly 
burned area dataset for the Brazilian biomes using Deep Learning. 
Remote Sensing, 14(11), 2510. https://doi.org/10.3390/rs14112510 

Alves, L. A., Denardin, L. G. D. O., Martins, A. P., Anghinoni, I., Carvalho, 
P. C. D. F., and Tiecher, T. (2019). Soil acidification and P, K, Ca and Mg 
budget as affected by sheep grazing and crop rotation in a long-term 
integrated crop-livestock system in southern Brazil. Geoderma, 351, 
197–208. https://doi.org/10.1016/j.geoderma.2019.04.036 

Assmann, J. M., Anghinoni, I., Posselt Martins, A., Valadão Gigante de 
Andrade Costa, S. E., Cecagno, D., Carlos, F. S., and de Facio Carvalho, 
P. C.. (2014). Soil carbon and nitrogen stocks and fractions in a long-
term integrated crop–livestock system under no-tillage in southern 
Brazil. Agriculture, Ecosystems & Environment, 190, 52–59. https://doi.
org/10.1016/j.agee.2013.12.003 

Behera, L., Ray, L.I.P., Nayak, M.R., and Mehta, A. (2020). Carbon 
sequestration potential of Eucalyptus spp.: A review. E-Planet, 18, 79–
84. https://e-planet.co.in/images/Publication/vol-18-1/carbon.pdf 

Bieluczyk, W., de Cássia Piccolo, M., Pereira, M. G., Tuzzin de Moraes, 
M., Soltangheisi, A., de Campos Bernardi, A. C., Mazzedo Pezzopane, 
J.R., Perondi Anchão Oliveira, P., Moreira, M.Z., Barbosa de Camargo, 
P., dos Santos Dias, C.T., Batista, I., and Cherubin, M. R. (2020). 
Integrated farming systems influence soil organic matter dynamics in 
southeastern Brazil. Geoderma, 371, 114368. https://doi.org/10.1016/j.
geoderma.2020.114368 

Blanco-Canqui, H. (2017). Biochar and soil physical properties. 
Soil Science Society of America Journal, 81(4), 687–711. https://doi.
org/10.2136/sssaj2017.01.0017 

Bragança, A., Newton, P., Cohn, A., Assunção, J., Camboim, C., de 
Faveri, D., Farinelli, B., Perego, V. M. E., Tavares, M., Resende, J., 
de Medeiros , S., dence from Brazil’s low carbon agriculture plan. 
Proceedings of the National Academy of Sciences, 119(12). https://doi.
org/10.1073/pnas.2114913119

Brewer, K. M., and Gaudin, A. C. M. (2020). Potential of crop-livestock 
integration to enhance carbon sequestration and agroecosystem 
functioning in semi-arid croplands. Soil Biology and Biochemistry, 149, 
107936. https://doi.org/10.1016/j.soilbio.2020.107936 

Brewer, K. M., Muñoz-Araya, M., Martinez, I., Marshall, K. N., and 
Gaudin, A. C. (2023). Long-term integrated crop-livestock grazing 
stimulates soil ecosystem carbon flux, increasing subsoil carbon 
storage in California perennial agroecosystems. Geoderma, 438, 
116598. https://doi.org/10.1016/j.geoderma.2023.116598 

Bruun, S., and El-Zehery, T. (2012). Biochar effect on the mineralization 
of soil organic matter. Pesquisa Agropecuária Brasileira, 47(5), 665–671. 
https://doi.org/10.1590/S0100-204X2012000500005 

Carauta, M., Latynskiy, E., Mössinger, J., Gil, J., Libera, A., Hampf, A., 
Monteiro, L., Siebold, M., and Berger, T. (2018). Can preferential credit 
programs speed up the adoption of low-carbon agricultural systems 
in Mato Grosso, Brazil? Results from bioeconomic microsimulation. 
Regional Environmental Change, 18(1), 117–128. https://doi.

org/10.1007/s10113-017-1104-x 

Carvalho, M. L., Tuzzin de Moraes, M., Cerri, C. E. P., and Cherubin, 
M. R. (2020). Biochar amendment enhances water retention in a 
tropical sandy soil. Agriculture, 10(3), 62. https://doi.org/10.3390/
agriculture10030062 

Carvalho, P. C. F., Anghinoni, I., Moraes, A. D., Souza, E. D. D., Sulc, 
R. M., Lang, C. R., Flores, J. P. C., Terra Lopes, M. L., Silva, J. L. S. D., 
Conte, O., Lima Wesp, C. D., Levien, R., Fontaneli, R. S., and Bayer, 
C. (2010). Managing grazing animals to achieve nutrient cycling and 
soil improvement in no-till integrated systems. Nutrient Cycling in 
Agroecosystems, 88(2), 259–273. https://doi.org/10.1007/s10705-010-
9360-x 

de Faccio Carvalho, P.C., Anghioni, I., de Moraes, A., Damacena 
de Souza, E., Sulc, R. M., Reisdorfer Lang, C., Cassol Flores, J. C., 
Lazzarotto Terra Lopez, M., Silva da Silva, J. L., Conte, O., de Lima 
Wesp, C., Levien, R., Fontaneli, R. S., and Bayer, C. (2007). Manejo 
de animais em pastejo em sistemas de integração lavoura pecuária. 
Proceedings of the international symposium on integrated crop-
livestock systems. https://www.ufrgs.br/agronomia/materiais/
m a n e j o % 2 0 d e % 2 0 a n i m a i s % 2 0 e m % 2 0 p a s t e j o % 2 0 e m % 2 0
sistemas%20de%20integracao%20lavoura-pecuaria.pdf 

Cheng, C.H., Lehmann, J., Thies, J. E., and Burton, S. D. (2008). 
Stability of black carbon in soils across a climatic gradient. Journal 
of Geophysical Research: Biogeosciences, 113(G2). https://doi.
org/10.1029/2007JG000642 

da Conceição, M. C. G., Matos, E. S., Bidone, E. D., de A. R. Rodrigues, 
R., and Cordeiro, R. C. (2017). Changes in soil carbon stocks under 
integrated crop-livestock-forest system in the Brazilian Amazon 
region. Agricultural Sciences, 8(09), 904–913. https://doi.org/10.4236/
as.2017.89066 

de Magalhães, M. M., and Lima, D. (2014). Low-Carbon Agriculture 
in Brazil: The Environmental and Trade Impact of Current Farm 
Policies. International Centre for Trade and Sustainable Development, 
54. https://seors.unfccc.int/applications/seors/attachments/get_
attachment?code=YNX7N72X A7YZ2P27JFC6R64JLKQO0Y9B 

de Moraes, A., de Faccio Carvalho, P. C., Campos Lustosa, S., Lang, C., 
and Deiss, L. (2014.) Research on Integrated Crop-Livestock Systems 
in Brazil, Centro de Ciências Agrárias, 45(5), 1024–1031. https://doi.
org/10.1590/S1806-66902014000500018 

de Moraes, A., de Faccio Carvalho, P. C., Anghinoni, I., Campos Lustosa, 
S. B., Valadão Gigante de Andrade Costa, S. E., and Kunrath, T. R. 
(2013). Integrated crop–livestock systems in the Brazilian subtropics. 
European Journal of Agronomy, 57, 4–9. https://doi.org/10.1016/j.
eja.2013.10.004 

Duyck, G., and Petit, D. (2016) Seeing is believing: Soil health practices 
and no-till farming transform landscapes and produce nutritious 
food. USDA. https://www.usda.gov/media/blog/2016/12/19/seeing-
believing-soil-health-practices-and no-till-farming-transform 

FAQs. (n.d.). International Biochar Initiative. https://
biocharinternational.org/about-biochar/faqs/ 

Federative Republic of Brazil. (2022) Paris Agreement: Nationally 
Determined Contribution (NDC). UNFCCC. https://unfccc.int/sites/
default/files/NDC/2022-06/Updated%20-%20First%20NDC%20- 
%20%20FINAL%20-%20PDF.pdf 

Figueiredo, P. N. (2016). New challenges for public research 
organisations in agricultural innovation in developing economies: 
Evidence from Embrapa in Brazil’s soybean industry. The Quarterly 
Review of Economics and Finance, 62, 21–32. https://doi.org/10.1016/j.



Article

22 DISCUSSIONS

qref.2016.07.011 

Fontana, A., Schaefer, C. E. G. R., Cunha Dos Anjos, L. H. , Ker, J. C., 
Pereira, M. G., O. Senra, E., & Marques Coelho, R.  (2023). Soils from 
the Atlantic forest. In C. E. G. R. Schaefer (Ed.), The Soils of Brazil, 195–
220. Springer International Publishing. https://doi.org/10.1007/978-
3-031-19949-3_7 

Gil, J. D. B., Garrett, R., and Berger, T. (2016). Determinants of crop-
livestock integration in Brazil: Evidence from the household and 
regional levels. Land Use Policy, 59, 557–568. https://doi.org/10.1016/j.
landusepol.2016.09.022

Gross, A., Bromm, T., and Glaser, B. (2021). Soil organic carbon 
sequestration after biochar application: A global meta-analysis. 
Agronomy, 11(12), 2474. https://doi.org/10.3390/agronomy11122474 

Gul, S., & Whalen, J. K. (2016). Biochemical cycling of nitrogen and 
phosphorus in biochar-amended soils. Soil Biology and Biochemistry, 
103, 1–15. https://doi.org/10.1016/j.soilbio.2016.08.001

Gurgel, Â. C., Costa, C. F., and Serigati, F. C. (2013). Agricultura de 
baixa emissão de carbono: A evolução de um novo paradigma. 
Centro de Agronegócio da Escola de Economia de São Paulo. http://
bibliotecadigital.fgv.br:80/dspace/handle/10438/15353 

Hardaker, J. B., Lien, G., Anderson, J. R., and Huirne, R. B. (2015). 
Coping with risk in agriculture: Applied decision analysis. Cabi Digital 
Library. https://doi.org/10.1079/9780851998312.0000 

Hochstetler, K. (2021). Climate institutions in Brazil: Three decades 
of building and dismantling climate capacity, Environmental Politics, 
30(1), 49–70. https://doi.org/10.1080/09644016.2021.1957614 

Holzman, M., and Rivas, R. (2016). Optical/thermal-based techniques 
for subsurface soil moisture estimation. Satellite Soil Moisture 
Retrieval, 73–89. https://doi.org/10.1016/b978-0-12-803388-
3.00004-8 

Jepson, W. (2006). Private agricultural colonization on a Brazilian 
frontier 1970–1980. J. Hist. Geogr., 32(4), 839–863. 

Klink, C. A., and Machado, R. B. (2005). Conservation of the Brazilian 
cerrado. Conservation Biology, 19(3), 707–713. https://doi.org/10.1111/
j.1523-1739.2005.00702.x 

Lal, R. (2004). Soil carbon sequestration to mitigate climate 
change. Geoderma, 123(1–2), 1–22. https://doi.org/10.1016/j.
geoderma.2004.01.032 

Latawiec, A. E., Strassburg, B. B., Junqueira, A. B., Araujo, E., de 
Moraes, L. F. D., Pinto, H., … and Hale, S. E. (2019). Biochar amendment 
improves degraded pasturelands in Brazil: Environmental and cost-
benefit analysis. Scientific Reports, 9(1). https://doi.org/10.1038/
s41598-019-47647-x 

Leach, M., Scoones, I., and Stirling, A. (2010). Governing epidemics 
in an age of complexity: Narratives, politics and pathways to 
sustainability. Global Environmental Change, 20(3), 369–377. https://
doi.org/10.1016/j.gloenvcha.2009.11.008 

Lefebvre, D., Williams, A., Meersmans, J., Kirk, G. J., Sohi, S., Goglio, 
P., and Smith, P. (2020). Modeling the potential for soil carbon 
sequestration using biochar from sugarcane residues in Brazil. 
Scientific Reports, 10(1). https://doi.org/10.1038/s41598-020-76470-y

Liu, X. J. A., Finley, B. K., Mau, R. L., Schwartz, E., Dijkstra, P., Bowker, 
M. A., and Hungate, B. A. (2020). The soil priming effect: Consistent 
across ecosystems, elusive mechanisms. Soil Biology and Biochemistry, 
140, 107617. https://doi.org/10.1016/j.soilbio.2019.107617 

Lyon, F. (2000). Trust, networks and norms: The creation of social 
capital in agricultural economies in Ghana. World Development, 28(4), 
663–681. https://doi.org/10.1016/S0305-750X(99)00146-1 

Maia, S. M. F., Ogle, S. M., Cerri, C. E. P., and Cerri, C. C. (2009). Effect 
of grassland management on soil carbon sequestration in Rondônia 
and Mato Grosso states, Brazil. Geoderma, 149(1–2), 84–91. https://doi.
org/10.1016/j.geoderma.2008.11.023

Major, J., DiTommaso, A., Lehmann, J., and Falcão, N. P. S. (2005). 
Weed dynamics on Amazonian Dark Earth and adjacent soils of Brazil. 
Agriculture, Ecosystems and Environment, 111(1–4), 1–12. https://doi.
org/10.1016/j.agee.2005.04.019

Padmanabhan, E., and Reich, P. F. (2022). World soil map based on soil 
taxonomy. Earth Systems and Environmental Sciences. https://doi.
org/10.1016/b978-0-12-822974-3.00118-x 

Pandit, N. R., Mulder, J., Hale, S. E., Schmidt, H. P., and Cornelissen, G. 
(2017). Biochar from “Kon tiki” Flame curtain and other kilns: Effects 
of nutrient enrichment and kiln type on crop yield and soil chemistry. 
PLOS ONE, 12(4). https://doi.org/10.1371/journal.pone.0176378 

Macedo Pezzopane, J. R., Campos Bernardi, A. C., Bosi, C., Anchão 
Oliveira, P. P., Marconato, M. H., De Faria Pedroso, A., and Esteves, 
S. N. (2019). Forage productivity and nutritive value during pasture 
renovation in integrated systems. Agroforestry Systems, 93(1), 39–49. 
https://doi.org/10.1007/s10457-017-0149-7 

Souza Piao, R., Silva, V. L., Navarro Del Aguila, I., and De Burgos Jiménez, 
J. (2021). Green growth and agriculture in brazil. Sustainability, 13(3), 
1162. https://doi.org/10.3390/su13031162 

Pereira Barsotti, M., Bungenstab, D., de Almeida, R. G., and Juergen 
Schwartz, H. (2014, September 17-19). An agro-silvo-pastoral 
production system in Brazil. Tropentag 2019, Prague, Czech Republic. 
https://doi.org/10.13140/2.1.4501.8883 

Post, W. M., and Kwon, K. C. (2000). Soil carbon sequestration and 
land‐use change: Processes and potential. Global Change Biology, 6(3), 
317–327. https://doi.org/10.1046/j.1365-2486.2000.00308.x 

Qambrani, N. A., Rahman, Md. M., Won, S., Shim, S., and Ra, C. (2017). 
Biochar properties and eco-friendly applications for climate change 
mitigation, waste management, and wastewater treatment: A review. 
Renewable and Sustainable Energy Reviews, 79, 255–273. https://doi.
org/10.1016/j.rser.2017.05.057

Ribeiro, R.H., Besen, M.R., Piva, J.T., Ibarr, M., and Bayer, C. (2020). 
Managing grazing intensity to reduce the global warming potential in 
integrated crop–livestock systems under no‐till agriculture. European 
Journal of Soil Science, 71(6). https://doi.org/10.1111/ejss.12904 

Rittl, T. F., Arts, B., and Kuyper, T. W. (2015). Biochar: An emerging 
policy arrangement in Brazil? Environmental Science & Policy, 51, 45–
55. https://doi.org/10.1016/j.envsci.2015.03.010 

Salton, J. C., Mercante, F. M., Tomazi, M., Zanatta, J. A., Concenço, G., 
Silva, W. M., and Retore, M. (2013). Integrated crop-livestock system in 
tropical Brazil: Toward a sustainable production system. Agriculture, 
Ecosystems & Environment, 190, 70–79. https://doi.org/10.1016/j.
agee.2013.09.023

Sandhage-Hofmann, A. (2023). Rangeland management. In 
Encyclopedia of Soils in the Environment (pp. 88–101). Elsevier. https://
doi.org/10.1016/B978-0-12-822974-3.00117-8 

Spolador, H. and Ponchio, L. (2005). What is CPR and Its Importance 
to the Brazilian Agriculture Finance, International Farm Management 
Association. ResearchGate. https://www.researchgate.net/



VOLUME XX – ISSUE I 23

Cheng
publication/23512521_What_is_CPR_and_Its_Importance_to_
the_Brazilian_Agriculture_Finance 

Vinholis, M.M.B., Macchione Saes, M. S., Carrer, M. J., and de Souza 
Filho, H. M. (2020). The effect of Meso-institutions on adoption of 
Sustainable Agricultural Technology: A case study of the Brazilian low 
carbon agriculture plan. Journal of Cleaner Production, 280. https://
doi.org/10.1016/j.jclepro.2020.124334 

Wang, J., Zhengqin, X., and Yakov, K. (2016). Biochar stability in soil: Meta‐
analysis of decomposition and priming effects. GCB Bioenergy, 8(3), 512–23. 
https://doi.org/10.1111/gcbb.12266 

Zhao, D., Qiu, S., Li, M., Luo, Y., Zhang, L., Feng, M., Yuan, M., Zhang, K., 
and Wang, F. (2022). Modified biochar improves the storage capacity 
and adsorption affinity of organic phosphorus in soil. Environmental 
Research, 205, 112455. https://doi.org/10.1016/j.envres.2021.112455 

Zia, M., Hansen, J., Hjort, K., and Haldes, C. (2019, July 1). Brazil Once 
Again Becomes the World’s Largest Beef Exporter. Economic Research 
Service; USDA. https://www.ers.usda.gov/amber-waves/2019/july/
brazil-once-again-becomes-the-world-s-largest-beef-exporter/ 

Zimmerman, A. R., and Ouyang, L. (2019). Priming of pyrogenic C 
(Biochar) mineralization by dissolved organic matter and vice versa. 
Soil Biology and Biochemistry, 130, 105–112. https://doi.org/10.1016/j.
soilbio.2018.12.011


	A Comparative Review of Soil Carbon Sequestration Methods in Brazil’s Agriculture
	Recommended Citation

	A Comparative Review of Soil Carbon Sequestration Methods in Brazilâ•Žs Agriculture

