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South American Chaco, Argentina and Paraguay

Case study: Industrial cultivation takes over dryland forests

The Gran Chaco is located west of the Paraguay River and 
east of the Andes, and is mostly an alluvial sedimentary plain 
shared between Argentina, Bolivia and Paraguay. While the floral 
characteristics of the Gran Chaco are variable, owing to the 
large geographical span of the region, the dominant vegetative 
structure is xerophytic deciduous forests with multiple layers of 
trees, shrubs and herbs1. Less famous than the iconic rainforests 
of the Amazon some 1 000 km to the north, it has several 
endemic species and high levels of biodiversity, including 3 400 
plant species, 500 birds, 150 mammals and 220 reptiles and 
amphibians. Its position at the heart of the continent makes it an 
important refuge for migrating birds. Jaguars prowl its forests, 
hunting tapir, peccary, giant armadillo, capybara and giant 
anteaters. Much of the land in the sparsely populated Chaco is 
the ancestral territory of various indigenous groups. The Chaco is 
one of South America’s last agricultural frontiers. Very sparsely 
populated and lacking sufficient all-weather roads and basic 
infrastructure, it has long been too remote for crop planting.

Located in the south of the Americas, Argentina has a total 
area of 3 761 274 km2, including the Antarctic territory and 
islands in the southern Atlantic Ocean. The continental part of 
the country extends for 3 700 km from north to south, spanning 
between 22° and 55° S and covering a total area of 2 791 810 km2. 
This great expanse encompasses a wide climatic diversity, from 
subtropical in the north to cold climates in the extreme south 
and the mountainous areas, with a predominance of temperate 
climates in the majority of the country. The drylands comprise 
55 % of the country (see map below) and account for a great 
proportion of the agricultural and livestock production.

Agricultural expansion in the South American Chaco
The South American or Gran Chaco is the biggest continuous 

dry forest in the world and it is the second largest forest ecosystem 
in South America after the Amazon2. During the last decade, 
the Gran Chaco region in Argentina, Bolivia and Paraguay has 
emerged as a global deforestation hotspot3 due to agricultural 
expansion and intensification. Cattle ranching and soybean 
cultivation expand into forests, and soybean cultivation replaces 
grazing lands. Thus, between 1985 and 2013, more than 142 000 
km2 of the Gran Chaco forests, equalling 20 % of its total area, 
were replaced by croplands (38.9 %) or grazing lands (61.1 %)4. 
It appears that the Gran Chaco is one of the most threatened 
ecoregions worldwide because of its agricultural potential and 
the growing global demands for agricultural products. This is 
aggravated by the fact that the Gran Chaco harbours a high level 
of biodiversity, but only 9 % of the region is actually protected2, 5.

The forest loss in the region results from the synergistic 
convergence of climatic, technological and socioeconomic factors. 
Three issues in particular accelerated the agricultural expansion 
in the region: 
1. the introduction of Roundup Ready soybean cultivars in 

1997, which allowed the expansion of non-tillage systems6, 

2. an increase in mean annual precipitation7, 8; and 

3. economic factors, both at local (changes in currency exchange 
rates) and global (commodities price increases) scales9.

Clearing forest in the Dry Chaco: an example of the 
expansion of agriculture due to the advance of soybean 
monoculture in Argentina

In Argentina the Chaco region is the most forested area, 
and represents 70 % of the country’s forests (Red Agroforestal 
Chaco Argentina, 2012). The Argentine Dry Chaco is among the 
most dynamic deforestation frontiers in South America due to a 
booming soybean economy oriented toward the global market10.

Land clearing in the Argentine Dry Chaco is easily monitored 
by Landsat satellite imagery owing to the strong contrast between 
natural vegetation and the parcel structure in cleared areas11. The 
deforested area had reached more than 11 428 000 ha by 2015 
(see bar chart below). This region has experienced particularly 
high deforestation rates during the last two decades, especially 
in the north Argentine Dry Chaco (see map below). 

In 2007 the Argentine government passed the Law 
of Minimum Standards of Environmental Protection for 
Native Forests, which provides incentives for the sustainable 
management of forests and conservation. Although this Native 
Forest Law for controlling the clearing process has had a 
measurable effect upon the deforestation rate, it does not ensure 
the conservation and stability of the Chaco forests in Argentina 
(see map below). Initially, deforestation occurred in areas with 
the highest agriculture aptitudes in the region (high mean annual 
precipitation, low mean slopes and good soil conditions), located 
in the east and west of the Chaco area (see map on the left 
page). Since the 1990s, agriculture has expanded to the central 
(drier) area of the region, with substantial ecological and social 
consequences12.

Recent studies13 confirm that deforestation affects soil 
organic carbon (SOC) stocks in the Dry Chaco region in different 
ways: 
1. SOC stocks decreased due to cropping after deforestation;

2. SOC loss was positively associated with the proportion of 
soybean in the rotation;

3. forest-to-cropland conversion modified SOC vertical 
distributions; and 

4. SOC loss in deeper soil layers was high due to cropping after 
deforestation. 
The agricultural expansion and intensification in the 

Chaco also results in significant carbon emissions4, loss of 
biodiversity2, 14, 15 and changes in water dynamics16. 

Social conflicts go hand in hand with the process of 
landscape transformation and land ownership concentration in 
the Dry Chaco. The traditional land use, food security and access 
to resources of the Creole peasants and indigenous communities 
are increasingly placed under risk17. In the region, about 95 % of 
the land is subject to some kind of land tenure conflicts and 60 % 
of the indigenous communities lack secure land tenure of their 
ancestral lands18.

During the first decade of the 21st century, land change in 
Latin America and Caribbean included extensive deforestation, 
but there was also an increase in > 360 000 km2 of woody 
vegetation across the region; equivalent to approximately 
66 % of the deforestation. The majority of deforestation in LAC 
occurred in South America (92 %), particularly in Argentina, Brazil, 
Bolivia, and Paraguay, where extensive areas were converted to 
agricultural lands (e.g. soybeans) and cattle pastures, a response 
attributed to the increasing global demand for meat19.

Source: © Greenpeace Argentina / Martín Katz (c/o Almut Therburg).

Figure 3: Deforestation area over a certain period (red) and 
accumulated deforestation area (grey) in the Argentine Dry Chaco 
(in thousands of hectares). Elaborated with data from Monitoreo 
de Desmontes en el Chaco Seco.
Source: http://monitoreodesmonte.com.ar, 28 October 2017 (c/o Almut Therburg)

Source: © Greenpeace Argentina / Martín Katz (c/o Almut Therburg).

Source: © Greenpeace Argentina / Martín Katz (c/o Almut Therburg).

Source: © Greenpeace Argentina / Martín Katz (c/o Almut Therburg).

Aerial view of the National Park El Impenetrable, Chaco, Argentina. 
Source: Lucas8W8L. Wikimedia Commons.

Dry and humid lands of Argentina (2010) and location 
of the Argentine Dry Chaco. 
Source:  c/o Almut Therburg.

Figure 2: Deforestation areas in the Argentine Dry Chaco from 1976 until 2015. 
Elaborated with data from: Monitoreo de Desmontes en el Chaco Seco 
Source: http://monitoreodesmonte.com.ar, 28 October 2017 (c/o Almut Therburg).
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Case study: Industrial cultivation takes over dryland forests (cont’d)

South American Chaco, Argentina and Paraguay (cont’d)

Soybean boom in Argentina and soil degradation
The increasing global demand for soybean (Glycine max (L.) 

Merr.) as feedstuff for large-scale beef production has caused 
the expansion and dominance of this legume in Argentina during 
the past 50 years (Figure 4). Soybean production boomed after 
the implementation of the soybean ‘technological package’, with 
improved genetics, the use of purchased inputs and the adoption 
of non-tillage or direct seeding practices. These developments 
meant a complete change in the ecological, economic and political 
parameters of agricultural production20. It increased yields and 
economic gains, and transformed the production model into 
agribusiness20).

These changes also resulted in marginal land cultivation, 
physical soil degradation (through wind and water erosion and 
soil compaction), soil organic matter (SOM) depletion, nutrient 
losses and the presence of glyphosate and AMPA concentrations 
in different environmental matrices21, 22.

A study by Wingeyer et al. (2015) comparing soil-quality 
indicators for pristine and agricultural soils shows a general 
reduction in SOM content, aggregate stability and an increase in 
bulk density with agricultural use. Thus, soils with 10-20 years of 
continuous agriculture had 64 %, 48 % and 116 % of the pristine 
values, respectively.  

Alternative land use for the Dry Chaco forest
Studies conducted by researchers from the National 

University of Salta (Argentina) along with Creole cattle ranchers 
of Chaco have led to the generation of an appropriate, alternative 
technology to the dominant business model. This alternative land 
use allows the forage supply to be improved while protecting 
the many ecosystem services provided by the Chaco forest. The 
technology consists of pasture implantation on deschampado 
(cleared understory) patches and requires minimal intervention 
on the shrub layer of the forest. There is a light pruning of the 
low branches that hinder the circulation of the animals, the fallen 
branches are removed, the non-forage sub-shrubs and the sick 
trees are cleared, and afterwards shade species (sciophytes) are 
sown23.

The maintenance of the shade-growing pastures is key to 
prevent any unwanted bush encroachment, which constitutes the 
greatest threat after forest patches are cleared by the commercial 
livestock farming in the region, causing economic losses due to 
the need to periodically clear the overgrowth of thorny woody 
shrubs. In addition, controlling this invasion requires periodic 
practices with heavy machinery, which promotes soil compaction 
and subsequent productivity loss by the pastures and affects 
the sustainability of the forest component within the productive 
system, since each clearing hinders the regeneration of the 
desirable tree and shrub species. 

On the other hand, the pastures implanted on cleared 
understory patches were found to have no negative impact on 
the regeneration of the tree component; on the contrary, they 
promoted an increase in the diversity of the stratum23, which 
would ensure the permanence of the forest mass and, with it, the 
ecosystem services it provides.

Charcoal for Europe and the United States
The agricultural sector has always been of fundamental 

importance to the economy of Paraguay and its future growth. 
During the mid 1990s it produced more than one quarter of 
the country’s gross domestic product, employed almost half the 
work force and generated 90 % of registered exports. More than 
half of industry’s added value came from agro-industry, and 
almost half of Paraguay’s population lived in the rural areas24. 
In the past two decades Paraguay has also experienced a radical 
transformation of its landscape and economy. The country is 
increasingly dominated by the large-scale industrial production 
of soy and beef for export. With a population of just 6 million 
people it is now the sixth-largest exporter of soy beans and ranks 
eighth among the biggest exporters of beef. 

The highest average annual rainfall (1 320 mm) is in the 
east, and precipitation gradually decreases to about 750 mm in 
the far west. Although the rainfall normally would be adequate 
for agriculture, roughly a third to half of the total comes in the 
hot summer. Evaporation losses give the Chaco an arid nature. 
Great temperature contrasts exist, and the highest recorded 
temperatures for the South American continent occur in the 
Chaco (absolute maximums may reach 47 °C). But heat-resistant 
soy strains are under development, and cattle ranching has 
become an additional important economy and has replaced 
traditional uses of forest resources in the Chaco (e.g. collection of 
tannins from the Quebracho hardwood trees). As with soy, cattle 
ranching is dominated by large farms controlled by agribusiness 
companies. The expansion of large-scale agricultural holdings into the 

western Chaco of Paraguay has led to a tremendous increase in 
deforestation in the Chaco. According to data published by Global 
Forest Watch25, the conversion rates coincide with the rise of 
Paraguay’s beef exports. Deforestation in the three departments 
that comprise the Paraguayan Chaco tripled between 2006 and 
2007, and has remained dramatically high in the years since. By 
2013, due in large part to the situation in western Paraguay, the 
forests of the Chaco were disappearing at a rate faster than any 
other tropical forests in the world.

The analysis, by the University of Maryland, covered the 12 
years after 2000, a period in which the dominant story about 
South America’s forests was the remarkable success in reducing 
deforestation in the Brazilian Amazon. The rampant destruction 
of the Chaco, which stretched up to the borders of Brazil’s 
Amazon states, had gone under the radar. Yet by any measure the 
extent of forest loss in this lesser-known corner of South America 
merited global attention. Only four countries lost more tropical 
forest during the 12 years than Paraguay: Brazil, Indonesia, 
Congo and Malaysia. But these countries had a lot more left to 
lose. Of all the countries with significant tracts of tropical forests, 
only Malaysia had a higher rate of forest loss than Paraguay3.

Source: Cristina Camardelli (c/o Almut Therburg).

Figure 5: Tree cover loss (in red) until 2013, overlaid on forested areas in 2000 (green).
Screenshot - Source: http://www.globalforestwatch.org/map/7/-22.97/-57.46/ALL/grayscale/loss,forestgain,forest2000
?tab=analysis-tab&begin=2001-01-01&end=2017-01-01&threshold=30&dont_analyze=true
Source: http://www.globalforestwatch.org

Bricapar charcoal facility at Teniente Ochoa.
Source: Earthsight.

Source: © Greenpeace Argentina/Martín Katz (c/o Almut Therburg).

Figures 6, 7 and 8: Progressing deforestation (2000-2017) around ‘Teniente Ochoa’ 
(Boquerón Province, Paraguay), depicted by Landsat Earth-observation imagery.
Source: United States Geological Survey/Image Processing J. Hill, Environmental Remote Sensing,  
Trier University, Germany.

Figure 4: Fifty-year changes in planted area (expressed in 
thousands of hectares) and total production of wheat, maize and 
soybean in Argentina. Elaborated with data from Faostat (Food and 
Agriculture Organisation of the United Nations, 2017).
Source: c/o Almut Therburg.


