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This paper reviews reports of nitrous oxide (N2O)
and nitric oxide (NO) emissions from soils of the
Amazon and Cerrado regions of Brazil. N2O is a
stable greenhouse gas in the troposphere and
participates in ozone-destroying reactions in the
stratosphere, whereas NO participates in tropo-
spheric photochemical reactions that produce
ozone. Tropical forests and savannas are impor-
tant sources of atmospheric N2O and NO, but rapid
land use change could be affecting these soil
emissions of N oxide gases. The five published
estimates for annual emissions of N2O from soils
of mature Amazonian forests are remarkably con-
sistent, ranging from 1.4 to 2.4 kg N ha–1 year–1,
with a mean of 2.0 kg N ha–1 year–1. Estimates of
annual emissions of NO from Amazonian forests
are also remarkably similar, ranging from 1.4 to
1.7 kg N ha–1 year–1, with a mean of 1.5 kg N ha–1

year–1. Although a doubling or tripling of N2O has
been observed in some young (<2 years) cattle
pastures relative to mature forests, most Amazo-
nian pastures have lower emissions than the for-
ests that they replace, indicating that forest-to-
pasture conversion has, on balance, probably re-
duced regional emissions slightly (<10%). Sec-
ondary forests also have lower soil emissions than
mature forests. The same patterns apply for NO
emissions in Amazonia. At the only site in Cerrado
where vegetation measurements have been made
N2O emissions were below detection limits and
NO emissions were modest (~0.4 kg N ha–1 year–1).
Emissions of NO doubled after fire and increased

by a factor of ten after wetting dry soil, but these
pulses lasted only a few hours to days. As in
Amazonian pastures, NO emissions appear to
decline with pasture age. Detectable emissions
of N2O have been measured in soybean and corn
fields in the Cerrado region, but they are modest
relative to fluxes measured in more humid tropi-
cal agricultural regions. No measurements of NO
from agricultural soils in the Cerrado region have
been made, but we speculate that they could be
more important than N2O emissions in this rela-
tively dry climate. While a consistent pattern is
emerging from these studies in the Amazon re-
gion, far too few data exist for the Cerrado region
to assess the impact of land use changes on N
oxide emissions.
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TABLE 1

Emissions of N2O and NO from Mature Forest Soils in the Brazilian Amazon

Region

N2O Emissions NO Emissions

Locations (kg N ha–1 year–1) (kg N ha–1 year–1) Reference

Manaus, Amazonas 1.4 55

1.9 8

1.4a 12, 13

Paragominas, Pará 2.4 1.5 10

Tapajos, Pará 2.3 b 1.7 b 27

Nova Vida, Rondônia 1.9 1.4 c 9, 54

a Annual extrapolation made by Davidson and Kingerlee[31] from data published in Bakwin

et al. [12] and Kaplan et al.[13].
b Annual extrapolation made here based on seasonal trends presented by Nepstad et al.[27].

The extrapolation follows the procedure of Verchot et al.[10], in which dry season and wet

season means were calculated from all sample dates within the respective season and

then each mean was extrapolated to half of a year.
c Annual extrapolation made here based on means of one set of dry season measurements

and two sets of wet season measurements reported by Garcia-Montiel et al.[54], and as-

suming 120 days of dry season and 245 days of wet season.
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TABLE 2

Ranges of Soil Emissions by Biome and Region

N2O NO

(kg N ha–1 year–1)  (kg N ha–1 year–1) Reference

Moist tropical forests globally 0.3 – 6.7 0.7 – 1.4 10, 31

Amazon Basin (this synthesis) 1.4 – 2.4 1.4 – 1.7

Savannas globally No review 0.1 – 10.0 31

Brazilian Cerrado Below detection 0.4 19
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TABLE 3

Effects of Tropical Forest-Pasture Conversion on Soil Emissions of Nitrous Oxide

(kg N2O-N ha–1 year–1)

Mature Secondary

Forest Young Pasture Old Pasture Forest Reference

Amazonas, Brazil 1.9 6 (3 years fertilized) No data No data 8

La Selva, Costa Rica 6 35 – 50 (2 – 10 years) 2 – 3 (18 – 25 years) 4 18, 24

Pará, Brazil 2.4 1.5 (0 – 13 years) 0.2 (25 years) 0.9 10

Rondônia, Brazil 2 3 – 5 (1 – 3 years) 1 – 2 (4 – 41 years) No data 9
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TABLE 4

Effects of Land Use Change in the Cerrado Region of Brazil

N2O NO

(ng N cm–2 h–1)  (ng N cm–2 h–1) Reference

Native cerrado Below detection 0.5 19

5-year pasture 0.3 – 0.9 48

10-year pasture 0.2 49

20-year pasture Below detection Below detection Verella et al.

(unpublished data)

Soybean 100 days postplanting 0.5 49

Corn after planting and fertilization 1.5 49

Corn 100 days after fertilization 0.2 49

Soybean in rotation with corn 0.8 – 2.5 48

TABLE 5

Effects of Tropical Forest-Pasture Conversion on Soil Emissions of Nitric Oxide

(kg NO-N ha–1 year–1)

Mature Young Secondary

Forest  Pasture Old Pasture  Forest Reference

La Selva, Costa Rica 1 5 – 10 (2 – 10 years) 0 – 1 (18 – 25 years) 0.4 18, 24

Pará, Brazil 1.5 1.0 (0 – 13 years) 0.6 (25 years) 0.3 10

Rondônia, Brazil 1.4 No data (1 – 3 years) 0.2 – 0.6 (9 – 47 years) No data 54
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