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Abstract 27 

Brazil’s long-term agricultural development reflects a complex interplay between human-28 

driven land-use change and natural ecosystems (Fig. 1). Since the 1960s, agricultural 29 

production in Brazil has expanded rapidly, driven by global food demand and national 30 

economic growth, through two primary pathways: (1) agricultural expansion via conversion of 31 

natural vegetation, particularly forests, and (2) agricultural intensification through increased 32 

cropping frequency, adoption of agrochemicals, high-yielding crop varieties, and improved 33 

livestock breeding. While these processes have substantially increased food production, they 34 

have also generated significant environmental consequences, including deforestation, 35 

biodiversity loss, carbon emissions, soil degradation, and water pollution. In the context of a 36 

growing global population, rising global food demand, and climate change, reconciling 37 

agricultural productivity with environmental sustainability remains a critical challenge. This 38 

paper synthesizes the existing literature to examine the dynamics, drivers, and environmental 39 

implications of agricultural expansion and intensification in Brazil, providing insights to 40 

support the development of more sustainable agricultural systems. 41 
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 42 

Fig. 1 Agricultural expansion and intensification in Brazil as a coupled human and 43 

natural system. Agricultural expansion and intensification are driven by multiple factors that 44 

significantly increase food production while causing environmental damage.  45 
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1. Introduction 51 

The world’s population is projected to reach approximately 9.7 billion by 2050 (United 52 

Nations, 2022). It remains a worldwide challenge to achieve the United Nations Sustainable 53 

Development Goal 2 to end hunger, ensure food security and improved nutrition, and promote 54 

sustainable agriculture for such a rapidly increasing population, especially under the 55 

circumstances of global climate change. All these threats indicate that long-term agricultural 56 

sustainability is in urgent need. The average yields of major commodity crops (such as maize, 57 

rice, wheat, and soybean) have been increasing since the 1960s, at the global scale (Cassman 58 
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and Grassini 2020). However, the relative crop yield growth rates (calculated as the ratio of the 59 

linear rate of yield gain and trend-line yield in a given year) are noticeably decreasing or even 60 

reaching stagnations in some regions, such as wheat production in northern Europe and rice 61 

production in California (Cassman and Grassini 2020). Meanwhile, rising income demands 62 

more livestock consumption such as meat and dairy products, which increases additional 63 

burdens on agricultural production (Cassman and Grassini 2020). 64 

In response to the emerging threats to food security, such as crop yield growth stagnation 65 

and extreme climate events including droughts and floods, agricultural expansion has been seen 66 

as one of the main strategies to boost agricultural production. From 2003 to 2019, global 67 

cropland expansion accelerated with an approximately doubled annual rate, and the global 68 

cropland area increased by 9%, with a total annual net primary production (NPP) increased by 69 

25% (Potapov et al. 2021). Although crop yield and production gains are derived from this 70 

massive increase, they are usually involved in dramatic land use changes from natural 71 

vegetation of forests, grassland, shrubland, savannahs, and wetlands to agricultural fields. As 72 

a result, substantial environmental impacts emerged from the conversation of these natural 73 

ecosystems, such as reductions in biodiversity and carbon stocks, soil degradation, as well as 74 

water cycling decreases (Nunes et al. 2022; Spera et al. 2016). 75 

On the other hand, agricultural intensification is another way to support increased food 76 

production and use the limited cropland resources simultaneously and sustainably (Rasmussen 77 

et al. 2018). Unlike the expansion strategy, the goal of intensification is to gain per-unit yields 78 

for crop and livestock on existing agricultural land without further converting vegetation land 79 

(e.g., forest, shrub, grass) into farms (i.e., to meet increasing production demands by using 80 

current agricultural lands yet sparing land for nature). Agricultural intensification calls for a 81 

paradigm shift from direct spatial expansion to land use intensity increase – cropping frequency 82 

and patterns are adapted to have multiple harvesting seasons in a single year; more 83 
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agrochemicals such as fertilizers and pesticides are introduced to enrich soil fertility; high-84 

yielding crop varieties are developed to gain more yields; precise agricultural techniques are 85 

employed to conduct agricultural management timely and scientifically. Nevertheless, the 86 

potential negative effects of agricultural intensification on natural resources should not be 87 

ignored, such as soil degradation and water pollution. 88 

In the twenty-first century, the largest total and per-capita cropland area change was found 89 

in South America, in which the vast majority of expansion occurred in Brazil (Potapov et al. 90 

2021). As the main soybean-exporting country, Brazil has experienced a massive expansion in 91 

soybean cultivation since the 2000s (Song et al. 2021). Meanwhile, Brazil holds the second-92 

largest cattle herd in the world for beef production (~213 million head in 2018) 93 

(https://www.fao.org/faostat/en/#data/QCL Accessed on October 09, 2025), and the associated 94 

pasture land use is forecasted to grow continuously (Zu Ermgassen et al. 2018). Given that 95 

Brazil has 330 million ha (Mha) of rainforests and savannahs accounting for 60% of the 96 

Amazon basin, which is one of the largest areas of biodiversity in the world, the agricultural 97 

expansion and intensification in this country has drawn international attention due to the 98 

conflicts between the increasing food production and the consequential Amazon deforestation 99 

(Zu Ermgassen et al. 2018). The objectives in this paper are trying to investigate the historical 100 

dynamics of agricultural expansion and intensification, especially for soybean cultivation and 101 

cattle ranching production, within the Brazilian context, and explore the drivers and 102 

implications. 103 

2. Agricultural expansion and intensification dynamics in Brazil 104 

The crop types in Brazil diversified dramatically over the past half-century, according to 105 

the official statistics provided by FAO (see Fig. 2). During the 1960s, maize had the largest 106 

harvested area across the nation, followed by rice, coffee, and sugar cane, whereas sorghum, 107 

wheat, soybean, and cocoa beans only accounted for a small proportion. Although Brazil was 108 

https://www.fao.org/faostat/en/#data/QCL
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traditionally regarded as a country with tropical agricultural products such as coffee, sugar, and 109 

cocoa, it started cultivating diverse temperate-climate products, especially soybean since the 110 

1970s. During the 1970s and 1980s, the Brazilian agricultural structure changed significantly: 111 

the harvested areas for rice, sugar cane, and wheat increased slightly, and the cocoa beans and 112 

sorghum areas remained stably low. In contrast, the coffee area saw noticeable drops. The most 113 

dramatic change was observed in the soybean area with an increased harvested area of around 114 

10.5 Mha by 1989, which was 13 times greater than the harvested area for maize during the 115 

two decades, and reached approximately equal area for maize. From 2000 onwards, soybean 116 

cultivation even accelerated with the highest rates, jumping from 12 to 37 Mha, although a 117 

temporary downside was clearly shown between the period of 2005 and 2007. 118 

 119 

Fig. 2 Harvested area for major crops in Brazil from 1961 to 2020. The harvested area of 120 

maize and sugar cane increased steadily throughout this period. The Brazilian soybean 121 

harvested area has experienced dramatic increases since the 1970s. Source from FAO 122 

(https://www.fao.org/faostat/en/#data/QCL Accessed on November 18, 2025) 123 

The overall land use change in the Brazilian agriculture sector also shows significant 124 

https://www.fao.org/faostat/en/#data/QCL
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agricultural expansion since the 1960s (Fig. 3). The cropland area expanded and doubled from 125 

31 Mha in 1961 to 64 Mha in 2020. For livestock production, the area of meadows and pastures 126 

increased from 126 Mha in 1961 to 173 Mha in 2020. Regarding the overall agricultural land 127 

use, including crop cultivation and livestock production, the number boomed in the first three 128 

decades from 157 Mha in 1961 and peaked at 240 Mha in 1984. 129 

 130 

Fig. 3 Overall land use change in the agriculture sector in Brazil from 1961 to 2020. The 131 

agricultural land area increased consistently from 1961 to 1985. Although declines could be 132 

found in the 1990s, the areas of the cropland, meadows, and pastures showed slight increasing 133 

trends in the recent two decades. Source from FAO (https://www.fao.org/faostat/en/#data/QCL 134 

Accessed on November 18, 2025) 135 

The national-scale statistics provide general time-series trends of the agricultural 136 

expansion in Brazil, but fail to measure the spatially explicit frontiers and hotspots in which 137 

expansion occurs most intensively. These dynamics over space and through time could be 138 

compensated for by remote sensing techniques, with the increasing data availability of satellite 139 

imagery. For example, earlier research by Morton et al. (2006) combined field surveys and 140 

MODIS satellite imagery to investigate the land use conversion among forest, cattle pasture, 141 

https://www.fao.org/faostat/en/#data/QCL
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and cropland in Mato Grosso, the state with the highest soybean production since 2001. They 142 

reported 3.6 Mha growth of agricultural land in the Brazilian Amazon between 2001 and 2004. 143 

Zalles et al. (2019) studied the intensive row cropping (e.g., soybean, sugar cane, cotton, and 144 

corn) in Brazil by utilizing a historical archive of satellite data and revealed that the Brazilian 145 

cropland extent expanded from 26.0 Mha to 46.1 Mha between 2000 and 2014. In addition, the 146 

spatial dynamics of cropland extensification in Brazilian states and biomes were reported in 147 

detail (see Fig. 4): (1) the states of Maranhão, Tocantins, Piauí, Bahia (collectively 148 

MATOPIBA), Mato Grosso, Mato Grosso do Sul, and Pará all more than doubled in cropland 149 

extent; (2) the states of Goiás, Minas Gerais, and São Paulo individually experienced more than 150 

50% growth; (3) from the perspective of Brazilian biomes, the majority of cropland expansion 151 

occurred in Amazon and Cerrado forest. 152 

 153 

Fig. 4 Cropland expansion in Brazil from 2000 to 2014, adapted from Zalles et al. (2019). 154 

(a) Brazilian states, biomes. (b) Satellite-based cropland classification results, with cropland 155 

extent in 2000 as green and cropland expansion through 2014 as blue. The majority of cropland 156 

expansion in Brazil from 2000 to 2014 occurred in the Amazon and Cerrado forests. 157 

The MapBiomas Project, launched in 2015 in São Paulo, has carried out even more 158 

comprehensive investigations on the land use and land cover change (LULCC), including the 159 

Brazilian agricultural expansion from 1985 to 2021 (MapBiomas 2022). Annual maps at 30-m 160 
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resolution for the entire nation have been produced by using long-term Landsat imagery 161 

collections. During this period, the area dominated by crop cultivation and cattle ranching 162 

(pasture) increased from 21% to 31% of the entire territory, and accounted for one-third of land 163 

use in 2021 (see Fig. 5). A noticeable 228% growth was found in the agricultural land. In 164 

addition, the pasture area for livestock production increased to 151 Mha in 2021. Agricultural 165 

land for crop cultivation could be found in all biomes, with clustering in the southern Amazon, 166 

Pampa, southern Cerrado, and Atlantic forest. Although beef cattle production systems existed 167 

in all Brazilian states, the pasture land was mostly discovered in the biomes of Amazon and 168 

Cerrado forest, indicating tremendous land use and land cover changes from forest to pasture 169 

for cattle-raising (MapBiomas 2022). 170 

 171 

Fig. 5 Land use and land cover annual evolution in Brazil from 1985 to 2021 (MapBiomas 172 

2022). The land use and land cover types are mapped based on satellite images over all six 173 

biomes: Amazon, Caatinga, Cerrado, Atlantic Forest, Pampa, and Pantanal. The quantitative 174 

land use conversions are also shown among different land use categories of forest, farming, 175 

non-forest natural formation, non-vegetated area, and water. Throughout this period, the area 176 

of agriculture and pasture increases noticeably, along with a continuous decline in native 177 
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vegetation area, which reaches 84.7 Mha of net loss in 2021. 178 

For soybean cultivation specifically, Song et al. (2021) produced the time-series soybean 179 

extent and expansion maps at 30-m resolution in South America, including Brazil, by utilizing 180 

satellite-based observations and sample-based field survey, for two decades from 2000 to 2019. 181 

The map-derived soybean cultivation area in Brazil was estimated to grow at an average rate 182 

of 1.2 Mha per year and to a total increase by a factor of 2.6, which was greater than the 183 

doubling expansion of the whole continent from 26.4 Mha to 55.1 Mha (Song et al. 2021). The 184 

soybean expansion has been observed in multiple directions across the country (see Fig. 6): (1) 185 

in southern Brazil, the originally traditional soybean cultivation area has expanded to 186 

surrounding regions; (2) in central-west and northeastern states of agricultural frontiers, the 187 

soybean area has been spreading towards lower latitude regions (Fig. 5a, b). The details showed 188 

spatiotemporal dynamics of this specific crop expansion with precise geographical locations 189 

and unbiased change magnitude estimates. 190 
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 191 

Fig. 6 Soybean expansion in South America from 2001 to 2019, adapted from (Song et al. 192 

2021). A 3-year majority filter for the beginning and ending years is used to derive soybean 193 

layers ca. 2002 and 2018. The inset shows annual soybean areas over South America, Brazil, 194 

and Argentina, derived from the annual soybean maps. (a) Eastern side of the Xingu River 195 

Basin in Mato Grosso, Brazil. (b) Southern part of Maranhão and Piauí, Brazil. For (a) and (b), 196 

the left panel shows land cover and soybean distribution ca. 2002, and the right panel shows 197 

land cover and soybean distribution ca. 2018. The comparisons show the Brazilian soybean 198 

expansion associated with land use conversion from forest to agricultural land. 199 

Apart from the horizontal expansion, the rapid agricultural intensification in Brazil has 200 
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also been explored by researchers. For example, in the Brazilian Mato Grosso, the agriculture-201 

forest frontiers spanning both Amazon and Cerrado biomes, the crop and pasture intensification 202 

between 2001 and 2013 was quantified by using remote sensing and agricultural survey data 203 

(Garrett et al. 2018). The cropping pattern has been shifting from single cropping of soybean 204 

to double cropping of soybean-corn, which contributed to an increasing double crop proportion, 205 

accompanied by a significant growth in agricultural outputs. In many single-cropping soybean 206 

production regions, the cropping supply chains developed rapidly, which allowed decreased 207 

costs and investments in crop intensification to adapt single cropping to double cropping 208 

practices (Richards et al. 2015). Meanwhile, the pasture intensification of cattle-raising was 209 

also confirmed by the overall increasing stocking rates and facilities in the supply chain 210 

(Garrett et al. 2018). The public conservation policies and supply-chain initiatives to control 211 

deforestation in Brazil play an important role in such a diagram shift (Lambin et al. 2018; 212 

Nepstad et al. 2014). As the feedback in the agricultural systems to governmental interventions, 213 

at the regional scale, agricultural encroachment in native vegetative land has been constrained, 214 

while intensification on limited land has been incentivized.  215 

For soybean cultivation, in addition to the massive expansion at spatiotemporal scales, the 216 

annual yield also presented a continuous growth, demonstrating the evidence of agricultural 217 

intensification (see Fig. 7). In general, the annual soybean yield increased from 1,126 kg/ha in 218 

1961 to a record of 3,390 kg/ha in the year of 2018, with a total yield increase of 201%. These 219 

increases were mainly attributed to agricultural intensification, technological advances adopted 220 

in crop cultivation, including soybean varieties resistant to weeds and pests, planting and 221 

harvesting machinery, precision agriculture techniques, agroforestry practices, no-till system 222 

to reduce soil erosion, as well as double-cropping strategies of soybean-maize (Cattelan and 223 

Dall’Agnol 2018). 224 
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 225 

Fig. 7 Annual soybean yield and the increase rate in Brazil from 1961 to 2020. The annual 226 

yield increase is calculated between a specific year and the year of 1961. Source from FAO 227 

(https://www.fao.org/faostat/en/#data/QCL Accessed on November 18, 2025) 228 

Overall, in the past half-century, especially during the twenty-first century, Brazil 229 

experienced massive agricultural expansion and intensification, which has been revealed 230 

through information derived from agricultural statistics and remote sensing data. 231 

3. Drivers and implications of the Brazilian agricultural development 232 

3.1. Drivers 233 

The agricultural sector in Brazil experienced extraordinary growth in the last six decades, 234 

enabling the country to play a critical role in the global food supply chain. The crop and 235 

livestock products have been consumed to feed an increasing population around the world. 236 

Several factors have contributed to this dramatic expansion and intensification of agriculture 237 

in Brazil. 238 

Firstly, the growing domestic food demand originally stimulated the agricultural strategy 239 

of expanding agricultural and livestock production. In the 1950s and 1960s, as a result of 240 

population growth and the national process of Import Substitution Industrialization (ISI), 241 

https://www.fao.org/faostat/en/#data/QCL
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aiming to reduce dependence on foreign imports by advocating domestic production (Santana 242 

and Gasques 2019), the Brazilian agricultural sector was assigned an important role to carry 243 

out active land expansion for domestic agricultural products. Therefore, massive cropland 244 

expansion started in the 1960s. 245 

Secondly, governance and agricultural policies have been the most important factors since 246 

the 1960s, although the feedback in the agricultural sectors in response to these policies varied 247 

in different periods. Aligned with the orientation of meeting domestic food demands and 248 

contributing to the national industrialization process, various agricultural policies were 249 

introduced. In the 1960-1990 period, especially, the Brazilian agri-food sector witnessed strong 250 

national interventions (Santana and Gasques 2019). The rural credit was one of the most 251 

important governmental policies for the promotion of agricultural modernization, after the 252 

National Rural Credit System (NRCS) was established in 1965. Financial investments boosted 253 

owing to abundant and cheap official credits, and agriculture expanded with increasing 254 

production. During the 1970s and 1980s, Brazil even started to export temperate-climate 255 

products, and agricultural producers migrated from Rio Grande do Sul to Mato Grosso, Mato 256 

Grosso do Sul, Goiás, and the west of Bahia, representing the first important agricultural 257 

frontier expansion in Brazil (Soares and Nassar 2007). Another important governmental tool 258 

was the Guaranteed Minimum Price Policy to stabilize agricultural product prices and ensure 259 

income for producers. This guaranteed farmers' basic economic security. Since the 2000s, the 260 

focus of the agricultural policy has shifted from generating short-term outputs to pursuing long-261 

term development incorporating environmental sustainability and biodiversity conservation, 262 

aiming to achieve high-yielding production with limited horizontal expansion. This agricultural 263 

practice diagram shift was deeply impacted by forest conservation policies in both the public 264 

governance and private sectors. For example, the governmental Low-Carbon Agricultural Plan 265 

was enacted in 2010, aimed to reduce deforestation and increase sustainable agriculture by 266 
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providing subsidies to low-carbon agricultural farms such as integrated crop and livestock 267 

systems (MAPA, 2011). In the private sectors, retailers, nongovernmental organizations, and 268 

major soybean traders launched the Brazil’s Soy Moratorium, which voluntarily agreed not to 269 

purchase soy planted in the Brazilian Amazonian deforested lands after July 2006 (Gibbs et al. 270 

2015). The active conservation policies imposed higher costs for farmers to produce 271 

agricultural products from illegal deforestation. As a response to the resultant decreasing 272 

availability of agricultural land, increasing cropping frequencies on existing land was 273 

implemented to gain profits.  274 

Thirdly, agricultural research helped increase agricultural productivity deeply. Influenced 275 

by the “Green Revolution” with objectives to increase food crop yield and production, the 276 

Brazilian Agricultural Research Enterprise (EMBRAPA) was established in 1972, which 277 

turned out to be a milestone in the Brazilian agriculture development (Santana and Gasques 278 

2019). High-yielding or high-adaptive crop cultivars were developed, which directly drove the 279 

soybean expansion towards low latitudes to the northern territory of the country (see Fig. 6 280 

above) (Cattelan and Dall’Agnol 2018). Likewise, pasture intensification was implemented by 281 

high-quality grass, high-efficiency forage, and advanced animal-raising techniques (Latawiec 282 

et al. 2014). 283 

Lastly, the global food market and international commodity crops trade have direct impacts 284 

on the agriculture sector in Brazil. For example, in 2017, China and the European Union were 285 

the two largest destinations for Brazil’s agricultural products: more than $20 billion of 286 

Brazilian soybean production was exported to China, accounting for 88% of Brazilian 287 

agricultural exports to this country; 14% of Brazilian agricultural exports to the European 288 

Union was soybean (Gale et al. 2019). For Brazilian beef production, the export to the global 289 

food market boomed in the 2000s, with the majority proportion of the export to North Africa, 290 

Western Asia, and the European Union (FAO, https://www.fao.org/faostat/en/#data/QCL 291 

https://www.fao.org/faostat/en/#data/QCL
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Accessed on November 10, 2025). However, in the recent decade, the proportion of beef export 292 

to Russia has significantly increased partly owing to the rebound of Russian domestic beef 293 

consumption (Schierhorn et al. 2016). Considering the international agricultural trade 294 

dependence among these telecoupled countries, the global food market will serve as an 295 

important factor in Brazilian agricultural development consistently.      296 

3.2. Implications 297 

The agricultural expansion and intensification have transformed Brazil from a provider of 298 

domestic food demands and an exporter of tropical agricultural products (e.g., coffee, sugar) in 299 

the 1960s to a critical global food provider for soybean, corn, and meat during the twenty-first 300 

century. The agricultural exports have surged with an annual increasing rate of 12% since 2000, 301 

and accounted for 37% of the total exports in 2020 (Valdes et al. 2020). Nowadays, Brazil has 302 

become an important agricultural exporter to the global food market and a competitor of other 303 

suppliers in international trade, such as the European Union (EU) and the United States. 304 

However, boosting food production through expansion, at the cost of encroachment of 305 

natural vegetation land in all biomes across the country, has raised various environmental 306 

concerns. Between 1985 and 2021, the Brazilian cropland expanded 2.3 times, and pasture area 307 

increased 39%, accompanied by 84.7 Mha net loss of native vegetation (MapBiomas 2022). 308 

This remarkable land cover change indicates tremendous biodiversity loss, such as a decline in 309 

Amazon tree species richness (Gomes et al. 2019) and a reduction in the diversity of ants and 310 

birds (Nunes et al. 2022). Under the ongoing compound influence of agricultural expansion 311 

and intensification, Brazil is projected to be one of the regions having the highest risk of 312 

biodiversity loss in terms of terrestrial vertebrate species (Kehoe et al. 2017). The Brazilian 313 

Amazon experienced deforestation with the highest rates, which has been driven largely by the 314 

expansion of pasture for beef production and cropland for commodity crop production (Song 315 

et al. 2021; Zalles et al. 2019). The resultant deforestation further caused well-documented 316 
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environmental issues, including carbon emission increase (Aragao et al. 2018), rainfall 317 

reduction (Spracklen and Garcia-Carreras 2015), tree species extinction (Gomes et al. 2019), 318 

as well as public health concerns (MacDonald and Mordecai 2019). To reduce deforestation, 319 

especially driven by agriculture, governmental policies and supply-chain interventions have 320 

been introduced, which have enabled a remarkable reduction of deforestation rates since 2004 321 

(Nepstad et al. 2014). However, the rebound of deforestation rate in the recent decade 322 

demonstrates that it remains a big challenge to maintain high agricultural productivity with 323 

zero deforestation in this country (Silva Junior et al. 2021).  324 

Regarding agricultural intensification, the traditional single cropping system has been 325 

adopted to double cropping in some Brazilian states, such as Mato Grosso, and this shift was 326 

found to reduce local deforestation, in the short term (Garrett et al. 2018). Recent studies show 327 

that cattle ranching intensification could be a viable solution to spare land from deforestation 328 

and reduce global greenhouse gas emissions (GHG) (Cohn et al. 2014). In addition, the soybean 329 

intensification via yield improvement and land area expansion only from existing pasture could 330 

keep the continuation of the increasing trend in soybean production, yet help the Amazon forest 331 

protection simultaneously (Marin et al. 2022). However, the potential environmental impacts 332 

related to such intensification need to be explored further, such as soil degradation, water 333 

balance, and threats to primarily farmland species (Hunke et al. 2014; Spera et al. 2016; Zabel 334 

et al. 2019). 335 

From the social perspective, while the agricultural development (especially soybean 336 

production) depleted natural ecosystems and led to adverse environmental impacts, it brought 337 

national economic growth, raised living standards, and improved general social well-being in 338 

the country (Song et al. 2021). Some regions gained social benefits of increased income, better 339 

education and health resources, although income inequality and rural violence related to this 340 

boom in agricultural production also occurred (Stabile et al. 2020).  341 
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4. Conclusion 342 

Brazil’s agricultural sector has undergone a profound transformation over the past six 343 

decades, driven by domestic demand, governmental policy, technological innovation, and 344 

global market integration. Together, these factors led to both agricultural expansion into new 345 

frontiers and intensification on existing agricultural lands, making Brazil one of the most 346 

influential actors in the global food system. Yet these agricultural activities have caused far-347 

reaching environmental consequences. Large-scale conversion of native vegetation into 348 

cropland and pasture has created persistent threats to ecosystem services. Understanding the 349 

spatiotemporal trajectories of Brazil’s agricultural development, along with their underlying 350 

drivers and implications, remains essential for designing integrated strategies that reconcile 351 

agricultural productivity with conservation objectives. As global food demand continues to 352 

increase with an increasing global population, a synthesis on Brazil’s agricultural development 353 

over half a century provides critical insights on balancing agricultural production, 354 

environmental sustainability, and governance in other rapidly transforming agricultural regions 355 

worldwide. 356 

 357 

References 358 

Aragao, L., Anderson, L.O., Fonseca, M.G., Rosan, T.M., Vedovato, L.B., Wagner, F.H., Silva, 359 

C.V.J., Silva Junior, C.H.L., Arai, E., Aguiar, A.P., Barlow, J., Berenguer, E., Deeter, 360 

M.N., Domingues, L.G., Gatti, L., Gloor, M., Malhi, Y., Marengo, J.A., Miller, J.B., 361 

Phillips, O.L., & Saatchi, S., 2018. 21st Century drought-related fires counteract the 362 

decline of Amazon deforestation carbon emissions. Nature Communication. 9, 536. 363 

Cassman, K.G., & Grassini, P., 2020. A global perspective on sustainable intensification 364 

research. Nature Sustainability. 3, 262-268. 365 

Cattelan, A.J., & Dall’Agnol, A., 2018. The rapid soybean growth in Brazil. Oilseeds & fats 366 



19 

 

Crops and Lipids. 25 367 

Cohn, A.S., Mosnier, A., Havlik, P., Valin, H., Herrero, M., Schmid, E., O'Hare, M., & 368 

Obersteiner, M., 2014. Cattle ranching intensification in Brazil can reduce global 369 

greenhouse gas emissions by sparing land from deforestation. Proceedings of the National 370 

Academy of Sciences. 111, 7236-7241. 371 

Gale, F., Valdes, C., & Ash, M., 2019. Interdependence of China, United States, and Brazil in 372 

soybean trade. US Department of Agriculture’s Economic Research Service (ERS) New 373 

York, pp. 1-48. 374 

Garrett, R.D., Koh, I., Lambin, E.F., le Polain de Waroux, Y., Kastens, J.H., & Brown, J.C., 375 

2018. Intensification in agriculture-forest frontiers: Land use responses to development 376 

and conservation policies in Brazil. Global Environmental Change. 53, 233-243. 377 

Gibbs, H.K., Rausch, L., Munger, J., Schelly, I., Morton, D.C., Noojipady, P., Soares-Filho, 378 

B., Barreto, P., Micol, L. and Walker, N.F., 2015. Brazil's soy moratorium. Science, 379 

347(6220), pp.377-378. 380 

Gomes, V.H.F., Vieira, I.C.G., Salomão, R.P., & ter Steege, H., 2019. Amazonian tree species 381 

threatened by deforestation and climate change. Nature Climate Change. 9, 547-553. 382 

Hunke, P., Mueller, E.N., Schröder, B., & Zeilhofer, P., 2014. The Brazilian Cerrado: 383 

assessment of water and soil degradation in catchments under intensive agricultural use. 384 

Ecohydrology. 8, 1154-1180. 385 

Kehoe, L., Romero-Munoz, A., Polaina, E., Estes, L., Kreft, H., & Kuemmerle, T., 2017. 386 

Biodiversity at risk under future cropland expansion and intensification. Nature Ecology 387 

& Evolution. 1, 1129-1135. 388 

Lambin, E.F., Gibbs, H.K., Heilmayr, R., Carlson, K.M., Fleck, L.C., Garrett, R.D., le Polain 389 

de Waroux, Y., McDermott, C.L., McLaughlin, D., Newton, P. and Nolte, C., 2018. The 390 

role of supply-chain initiatives in reducing deforestation. Nature Climate Change, 8(2), 391 



20 

 

pp.109-116. 392 

Latawiec, A.E., Strassburg, B.B., Valentim, J.F., Ramos, F., & Alves-Pinto, H.N., 2014. 393 

Intensification of cattle ranching production systems: socioeconomic and environmental 394 

synergies and risks in Brazil. Animal. 8, 1255-1263. 395 

MAPA, 2011. Sectoral plan for climate mitigation and adaptation and the consolidation of a 396 

low carbon economy in agriculture. MAPA/ACS, Brasilia.MacDonald, A.J., & Mordecai, 397 

E.A., 2019. Amazon deforestation drives malaria transmission, and malaria burden reduces 398 

forest clearing. Proceedings of the National Academy of Sciences. 116, 22212-22218. 399 

MapBiomas, 2022. MapBiomas Projection. Collection 7.0. https://brasil.mapbiomas.org/ 400 

(Accessed on November 19, 2022) 401 

Marin, F.R., Zanon, A.J., Monzon, J.P., Andrade, J.F., Silva, E.H.F.M., Richter, G.L., Antolin, 402 

L.A.S., Ribeiro, B.S.M.R., Ribas, G.G., Battisti, R., Heinemann, A.B., & Grassini, P., 403 

2022. Protecting the Amazon forest and reducing global warming via agricultural 404 

intensification. Nature Sustainability, 1-9. 405 

Morton, D.C., DeFries, R.S., Shimabukuro, Y.E., Anderson, L.O., Arai, E., del Bon Espirito-406 

Santo, F., Freitas, R., & Morisette, J., 2006. Cropland expansion changes deforestation 407 

dynamics in the southern Brazilian Amazon. Proceedings of the National Academy of 408 

Sciences. 103, 14637-14641. 409 

Nepstad, D., McGrath, D., Stickler, C., Alencar, A., Azevedo, A., Swette, B., Bezerra, T., 410 

DiGiano, M., Shimada, J., Seroa da Motta, R., Armijo, E., Castello, L., Brando, P., Hansen, 411 

M.C., McGrath-Horn, M., Carvalho, O., & Hess, L., 2014. Slowing Amazon deforestation 412 

through public policy and interventions in beef and soy supply chains. Science. 344, 1118-413 

1123. 414 

Nunes, C.A., Berenguer, E., Franca, F., Ferreira, J., Lees, A.C., Louzada, J., Sayer, E.J., Solar, 415 

R., Smith, C.C., Aragao, L., Braga, D.L., de Camargo, P.B., Cerri, C.E.P., de Oliveira, 416 

https://brasil.mapbiomas.org/


21 

 

R.C., Jr., Durigan, M., Moura, N., Oliveira, V.H.F., Ribas, C., Vaz-de-Mello, F., Vieira, 417 

I., Zanetti, R., & Barlow, J., 2022. Linking land-use and land-cover transitions to their 418 

ecological impact in the Amazon. Proceedings of the National Academy of Sciences. 119, 419 

e2202310119. 420 

Potapov, P., Turubanova, S., Hansen, M.C., Tyukavina, A., Zalles, V., Khan, A., Song, X.-P., 421 

Pickens, A., Shen, Q., & Cortez, J., 2021. Global maps of cropland extent and change show 422 

accelerated cropland expansion in the twenty-first century. Nature Food. 3, 19-28. 423 

Rasmussen, L.V., Coolsaet, B., Martin, A., Mertz, O., Pascual, U., Corbera, E., Dawson, N., 424 

Fisher, J.A., Franks, P., & Ryan, C.M., 2018. Social-ecological outcomes of agricultural 425 

intensification. Nature Sustainability. 1, 275-282. 426 

Richards, P., Pellegrina, H., VanWey, L., Spera, S., 2015. Soybean development: the impact 427 

of a decade of agricultural change on urban and economic growth in Mato Grosso, Brazil. 428 

LoS One 10, e0122510. 429 

Santana, C.A.M., & Gasques, J.G., 2019. Agricultural development in Brazil: The role of 430 

agricultural policies. pp. 46-69. 431 

Schierhorn, F., Meyfroidt, P., Kastner, T., Kuemmerle, T., Prishchepov, A.V. and Müller, D., 432 

2016. The dynamics of beef trade between Brazil and Russia and their environmental 433 

implications. Global Food Security, 11, pp.84-92. 434 

Silva Junior, C.H.L., Pessoa, A.C.M., Carvalho, N.S., Reis, J.B.C., Anderson, L.O., & Aragao, 435 

L., 2021. The Brazilian Amazon deforestation rate in 2020 is the greatest of the decade. 436 

Nature Ecology & Evolution. 5, 144-145. 437 

Soares, D.F., & Nassar, A.M., 2007. Agricultural expansion and policies in Brazil. US 438 

agricultural policy and the 2007 farm bill, 75-96. 439 

Song, X.-P., Hansen, M.C., Potapov, P., Adusei, B., Pickering, J., Adami, M., Lima, A., Zalles, 440 

V., Stehman, S.V., Di Bella, C.M., Conde, M.C., Copati, E.J., Fernandes, L.B., Hernandez-441 



22 

 

Serna, A., Jantz, S.M., Pickens, A.H., Turubanova, S., & Tyukavina, A., 2021. Massive 442 

soybean expansion in South America since 2000 and implications for conservation. Nature 443 

Sustainability. 4, 784-792. 444 

Spera, S.A., Galford, G.L., Coe, M.T., Macedo, M.N., & Mustard, J.F., 2016. Land-use change 445 

affects water recycling in Brazil's last agricultural frontier. Global Change Biology. 22, 446 

3405-3413. 447 

Spracklen, D.V., & Garcia-Carreras, L., 2015. The impact of Amazonian deforestation on 448 

Amazon basin rainfall. Geophysical Research Letters. 42, 9546-9552. 449 

Stabile, M.C.C., Guimarães, A.L., Silva, D.S., Ribeiro, V., Macedo, M.N., Coe, M.T., Pinto, 450 

E., Moutinho, P., & Alencar, A., 2020. Solving Brazil's land use puzzle: Increasing 451 

production and slowing Amazon deforestation. Land Use Policy. 91, 104362. 452 

United Nations, 2022. World population prospects 2022: Summary of results. United Nations, 453 

Department of Economic and Social Affairs, Population Division, UN 454 

DESA/POP/2022/TR/NO. 3  455 

Valdes, C., Hjort, K., & Seeley, R., 2020. Brazil's agricultural competitiveness: Recent growth 456 

and future impacts under currency depreciation and changing macroeconomic conditions. 457 

United States Department of Agriculture, Economic Research Service,  458 

Zabel, F., Delzeit, R., Schneider, J.M., Seppelt, R., Mauser, W., & Vaclavik, T., 2019. Global 459 

impacts of future cropland expansion and intensification on agricultural markets and 460 

biodiversity. Nature Communication. 10, 2844. 461 

Zalles, V., Hansen, M.C., Potapov, P.V., Stehman, S.V., Tyukavina, A., Pickens, A., Song, 462 

X.P., Adusei, B., Okpa, C., Aguilar, R., John, N., & Chavez, S., 2019. Near doubling of 463 

Brazil's intensive row crop area since 2000. Proceedings of the National Academy of 464 

Sciences. 116, 428-435. 465 

Zu Ermgassen, E., Alcântara, M., Balmford, A., Barioni, L., Neto, F., Bettarello, M., Brito, G., 466 



23 

 

Carrero, G., Florence, E., Garcia, E., Gonçalves, E., da Luz, C., Mallman, G., Strassburg, 467 

B., Valentim, J., & Latawiec, A., 2018. Results from on-the-tround efforts to promote 468 

sustainable cattle ranching in the Brazilian Amazon. Sustainability. 10, 1301. 469 

 470 


