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POLICYFORUM

           L
atin America (LA) has many social 

indicators similar to those of highly 

developed economies but most fre-

quently falls midway between least devel-

oped countries and industrialized regions. To 

move forward, LA must address uncontrolled 

urbanization, agricultural production, social 

inequity, and destruction of natural resources. 

We discuss these interrelated challenges in 

terms of human impact on the nitrogen (N) 

cycle. Human activity has caused unprece-

dented changes to the global N cycle; in the 

past century; total global fi xation of reactive N 

(Nr) has at least doubled ( 1). Excess Nr leaked 

into the environment negatively affects soils, 

atmosphere, and water resources in temperate 

zones ( 1). In addition to N excess from human 

impact, mining of natural soil N creates N def-

icits in some regions ( 2,  3).

Agriculture resurged in LA with marked 

growth in soybean cultivation in the 1990s 

( 3) and recent expansion of the biofuel mar-

ket ( 4). Soybean cultivation in LA is 40% 

of global production, larger than any other 

world region ( 3). Because of the natural fer-

tility of soil in Argentina’s Pampa region, 

N fi xation is not strongly stimulated; thus, 

N exported in soybeans is mostly from soil 

N, rather than fi xation, causing a net loss of 

N ( 3,  5). In Brazil converting pristine eco-

systems with high natural N fi xation rates 

to fi elds can lead to negative N balance ( 6). 

In contrast, soybean crops that replace other 

cropping or grazing ecosystems, N in areas 

of low soil N and heavy application of phos-

phorus (P) fertilizer ( 7).

Biomass burning to clear land for agricul-

ture has been estimated at >150,000 km2 annu-

ally in LA ( 8). This transfers a large amount of 

Nr from the land to the atmosphere, which is 

then redistributed regionally ( 9). In addition to 

direct health effects of biomass burning ( 10), 

part of the Nr returns from the atmosphere to 

aquatic and terrestrial ecosystems via wet and 

dry deposition. Total N deposition in major 

agricultural areas and urban zones in LA is on 

par with developed countries. By 2050, four 

of the eight LA biodiversity hotspots are pro-

jected to have potentially harmful levels of N 

deposition ( 11).

Because of lack of basic infrastructure, 

especially in low-income areas of mega-

cities, most domestic sewage is released 

into water bodies without treatment, caus-

ing N and P enrichment ( 12), affecting tro-

phic interactions ( 13), and increasing public 

health risks ( 14). Exacerbating the problem 

is rural-urban migration, a result of margin-

alization and extreme poverty faced by many 

small farmers.

Ecosystem and human health in LA 

depends on managing human impact on the 

N cycle. Antiquated political institutions 

inherited from European colonization con-

centrate political and economic power in a 

small fraction of the population. These must 

be replaced by inclusive political, economic, 

and academic institutions that enforce prop-

erty rights, maintain a strong and indepen-

dent judicial system, combat corruption, and 

encourage new technologies and skills ( 15).

Destruction of some of the world’s larg-

est intact areas of highly diverse tropical eco-

systems must halt ( 16). It has been argued 

that suffi cient land has been cleared for sus-

tainable production of goods and services, 

but that most of the land is inefficiently 

used, especially in the livestock sector ( 17). 

Although deforestation in the Amazon basin 

has declined ( 16), recent environmental leg-

islation may allow a resurgence of land-clear-

ing ( 18). Increased effi ciency of land already 

under cultivation should be a priority, without 

increasing inputs of N fertilization ( 19). Com-

mitments from local governments and agri-

culture sectors, especially beef and soybean, 

are critical, acting in concert across LA. Inter-

national mechanisms like REDD (Reduc-

ing Emissions from Deforestation and For-

est Degradation) and fi nancial support from 

developed nations would increase the likeli-

hood of success ( 16).

Public agriculture policies must include 

small farmers and less-favored groups ( 20). 

Secure land rights are crucial ( 21), with poten-

tial to decrease land violence that constrains 

rural development ( 22). Agricultural practices 

must increase functional diversity, mimicking 

natural ecosystems. Techniques include no-

till agriculture, cover crops, crop rotation, and 

enhancement of natural N fi xation ( 23). Inten-

sifi cation must only be encouraged under sus-

tainable practices, where agroecosystems and 

neighboring landscapes provide key ecosys-

tem services ( 24).

Basic science must address LA’s ecologi-

cal and social systems and their interactions. 

For example, long-term consequences of 

widespread practices of no-till agriculture and 

intense cultivation of a single species are not 

well understood ( 3,  5). We must improve our 

understanding of the terrestrial-aquatic inter-

face, particularly in tropical zones, because 

models estimate that N discharge from 

untreated sewage will at least double in devel-

oping countries between 2000 and 2050 ( 25).

International policies related to N manage-

ment and pollution across LA, similar to those 

in parts of Europe (e.g., the Nitrates Directive) 

and North America, could increase regional 

political consensus, a necessity considering 

the transboundary effects of N atmospheric 

deposition and water pollution.
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