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ABSTRACT: The emission of gases that may
potentially intensify the greenhouse effect has
received special attention due to their ability to raise
global temperatures and possibly modify conditions
for life on earth. The objectives of this study were
the quantification of trace gas flux (N.O, CO;, and
CH.,) in soils of the lower Amazon basin that are
planted with rice and soybean, and the relation of
this flux to soil physical and chemical parameters
and to precipitation. This study was conducted in
agricultural fields planted with rice (Oryza Sativa)
and soybean (Glycine max), located near the cities
of Belterra and Santarém in western Para State,
Brazil, during the production years of 2005-2007.
Measurements were done using static chambers in
the field, and samples were analyzed by gas
chromatography in the laboratory. Statistical
analysis was conducted to determine variation in
gas flux in the two crops, and the results show that
CO: flux varied between 305 and 227 mg-C m2 ht
under rice, and 243 and 156 mg-C m? h? under
soybean. Flux of nitrous oxide (N2O) under rice
varied between 4.5 and 20.4 pg-N m=2ht, and under
soybean flux variation was between 4.0 and 9.4 ug-
N m=2 h'l. Variation in flux of methane (CH,) under
rice was between 5.1 and 14.0 pug-C m2 ht, and
under soybean it was 0.4 and 1.2 pg-C m2 htl,
These results demonstrate that, during our study
period, the rice crop had higher flux for all trace
gases than the soybean crop.

Index Terms: Gas trace, crops, amazon region.
INTRODUCAO

Land use change, the anthropogenic clearing of
forest for agriculture, and agricultural practices are
three of the main contributors to the increase in
atmospheric greenhouse gas (GHG) concentrations
(Fearnside, 2005, IPCC, 2007) and thus climate
change.

According to estimates of the Intergovernmental
Panel on Climate Change (IPCC), the average
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global temperature will increase by 1.8 °C by the end
of this century (IPCC, 2007).

After land use change, agricultural practices such as
soil tillage and application of mineral fertilizer affect
soil gas emissions. Soil tillage accelerates
decomposition of soil organic matter (SOM),
whereas application of nitrogen-based fertilizer to
the soil increases emissions of N.O and NO (Crill et
al., 2000; Steudler et al., 2002).

Due to recent agricultural expansion in the Amazon
evaluation of impacts by this land use on
greenhouse gas emissions has become a research
priority. Many studies have documented the
emissions from pastures (Cerri et al. 2006, Wick et
al. 2005), and forests (Melillo, et al. 2001, Keller et
al. 2005) but few studies have investigated
emissions from croplands in the Amazon region.

In light of this situation, this work had as its principal
objective the quantification of trace gas fluxes of
N20, CO, and CHs in soils of the lower Amazon
basin planted with soybean and rice, and the relation
of this flux with soil chemical and physical
parameters and also with precipitation.

MATERIAL E METODOS

This study was conducted in agricultural fields
planted rice (Oryza sativa) and soybean (Glycine
max), located near the cities of Belterra and
Santarém in western Para State, Brazil, during the
production years of 2005-2007.

The areas were initially planted with rice, then with
soybean, both crops wusing a conventional
management system, in the same area. During dry
season this area was in fallow. The region's climate
is type Am in the Ko&ppen classification system
(IBAMA, 2004), and the soils are predominately
clayey Oxisols on slightly undulating terrain,
classified by the Brazilian Soil Classification System
as Typic Hapludox, with an average clay content
above 850 g kg (Rodrigues et al., 2001).

We sampled in two 1 ha monoculture fields of
soybean and of rice. In each of the four fields 10
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static chambers were randomly distributed for each
sampling event. During the crop cycle (and
concurrent with our sampling), mineral fertilizer was
applied to both crops at a rate of 400 kg ha* (2 % N,
45 % P, and 60 % K), and nitrogen fertilizer was
applied at a rate of 60 kg ha of urea (60 % N) 60
days after plant emergence. Soybean productivity
was 3,180 kg ha?l (+- 400 kg) per year; rice
productivity was 3,000 kg ha.

Sampling was divided into three stages: Period 1:
from initial seedling planting (day zero) to day seven,
with daily sampling to verify the effects of fertilizer
application; Period 2: day eight up to harvest day,
with sampling conducted once a week; Period 3:
harvest day to day 5 after harvest, with sampling
done each day.

The static chamber method was used to sample N.O
and CHg4, following the protocol described in Keller et
al. (2005).

Water filled pore space (WFPS) was calculated
using Linn & Doran (1984) method.

Data analysis was done using the program Statistic
8.0 (Statsoft Inc.). Normality was tested, and when
necessary data were log transformed (COz=
log(CO2); N20= log(N20+60), ; CH4= log(CH4+650),
in mg m2 ht! (COz), ug m2 ht (N2O and CHy),
respectively. Differences were tested using one-way
analysis of variance (ANOVA) and the Tukey post-
hoc test. A probability level of a = 0.05 was used for
all tests. Linear regression was used to investigate
possible relationships between soil moisture content
and gas flux.

RESULTADOS E DISCUSSAO

The high frequency of sample collection during the
period of crop management was important to be
able to evaluate the effects of rice and soybean crop
systems on the emission of N,O, because the soil
preparation management in the soybean crop,
together with high temperatures and rainfall,
represent a unique situation to measure N2O
emission in the soil-atmosphere continuum.

With respect to N,O flux, there was a significant
difference in the soybean plantation in relation to
period (F=10.4; p<0.01) and also for year (F=21.8;
p<0.01), which could be explained by the greater
availability of N in period 1 compared to the other
periods. This greater availability of N is probably
associated with good conditions for nitrifying and
denitrifying bacterial activity (Firestone & Davidson,
1989) related to soil tilling under conventional
management prior to seedling emergence that
stimulates organic matter cycling, O,, temperature,
and moisture conditions (Dobbie & Smith, 2001) that
favor N availability, which is reflected in greater N.O
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emission (Table 3). These results are similar to
those for young pastures in the Amazon rich in
available N (Davidson et al. 2001). Greater
availability of N and conditions of WFPS >60 %
(Table 2) favor denitrifying bacterial activity in this
system which should result in greater emission of
N.O (Davidson et al. 2001). This is one of the
causes of the positive and significant relationship
between N.O e WFPS in the soybean crop.
Anaerobic  conditions associated with  high
concentrations of N, principally in the form of nitrate
(N-NOg3) represent ideal conditions for high
denitrifying bacterial activity, which could also
explain the elevated flux found in period 1 in
soybean in all the years studied.

In the present study, N>.O emissions from the sail
under conventional agriculture increased with
increasing WFPS, which is in agreement with other
studies that report a greater denitrification rate in
soils with higher water content (Bateman & Baggs,
2005; Liu et al., 2006). In the current study, when
WFPS exceeded 50 % in this system N.O emissions
dramatically increased. This is consistent with the
results from Keller et al. (2005) studying in primary
forest in the Brazilian Amazon, and Palm et al.
(2002) who found large increases in N2O flux with a
doubling or tripling of WFPS in soybean, rice, and
corn cropping systems in the Peruvian Amazon. The
transition point between the processes that operate
aerobically (nitrification) and anaerobically
(denitrification) is frequently cited as 60 % WFPS
(Webb et al., 2010).

High mineral N availability could have been
responsible for the high CO; flux in period 1 during N
fertilization activities, as compared to CO flux for all
years (Table 1), fluxes that were much greater than
those measured during other periods of cultivation. It
is probable that fertilization had stimulated the
absorption of N in the initial phase of soybean
cultivation, and as a consequence, increased root
and microbial respiratory activity. Carvalho (2005),
demonstrate that N availability explained 66 % of the
flux of CO; in savannah soils cultivated with corn
under different management systems.

In period 2, compared to all 3 years, there were high
fluxes of COy, just as in period 1. This pattern could
be due to the growth cycle of soybean, being
accelerated just after N fertilizer application, thus
stimulating the autotrophic component of the soil
and increasing soil CO; flux (Table 2). Additionally,
the highest flux determined after soil preparation
(Table 2) could be explained by the liberation of
CO; previously produced through microbial action
decomposing residual organic matter exposed by
the physical fracturing of the soil or by root
respiration (D’Andréa et al., 2006).
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In 2007, CO: flux in period 1 was inferior compared
to period 2, and although N fertilizer was applied in
period 1, this difference could be in response to the
limited addition of N associated with a smaller C:N of
soluble material and also to the capacity of microbes
to adapt to conditions of low availability of N. The
high CO- flux values in period 2, when compared to
the other periods could possibly be due to soail
preparation during seedling planting. Various studies
have attributed the increase in CO; flux during the
initial phase of cultivation to the destruction of sail
structure and the exposition of organic matter to
microbial action.

The two biggest peaks of CH4 flux during the rice
crop cycle could be related to the availability of C for
methanogenesis from residues from the previous
crop, from production of organic matter by the
growing crop itself, from soil organic matter, and
from root exudates. Additionally, morphogenic
changes in rice plants that occur in the final growth
phase wherein plants reach the maximum number of
tillers and panicles in the reproductive phase (Lindau
et al., 1991), phases in which these peaks occurred.
These results for methane production are similar to
those found by Palm et al. (2002) studying in the
Peruvian Amazon (range = 5.2 — 33 ug m2.h't who
attributed the positive flux of methane to high-input
agricultural practices in a rice/soybean/corn system.
Furthermore, these authors showed an inverse
relationship with  WFPS wherein the high-input
agriculture system continued to produce methane
even at just 45% WFPS. Interestingly, in the study
by Palm et al. (2002) all the other treatments (low-
input agriculture, shifiting cultivation, agroforestry,
peach palm plantations, and forest fallow) had CH4
consumption.

The pulse in the CH,4 flux in the rice crop in period 3
of 2005 (6.58 pg m3) is a significant result when
compared to annual values reported for forests in
the Amazon (-30 pg m=2, Palm et al. (2002); -12.5 ug
m-2, Keller et al. (2005)), and this result could be due
to the production of organic compounds from the
anaerobic decomposition of organic matter such as
leaves and dried panicules, and also to catabolism
of labile organic compounds by methanogenic
microbes, as well as to the increase in the exudation
of organic compounds by roots, a process that
increases as the plant develops. These exudates
serve as substrate for methanogenic bacteria
metabolism thus increasing the production of CH4
(Aulakh et al., 2001). The increase of tillers and
leaves, and consequently, the number of canals of
escape of CH, from the soil through the plant, also
could have contributed to the intensity of the first
peak of CH4 (0.44 pg m?) in period 2 of 2006
(Huang et al., 1997). This peak could also be related
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to the intense liberation of root exudates during the
phases of panicule differentiation, booting stage,
panicule emission, and finally, florescence in the
reproductive phase of rice (Aulakh et al., 2001). With
respect to the flux of N,O, the low values registered
in rice soils in period 3 of 2005, and compared with
the 3 periods of 2007, could be related to a low
availability of N and to aerobic conditions since
WFPS was <60 % (Table 1). In general, Oxisols are
characterized as being N-limited and present low
nitrification rates, and only rarely the production of
N-NOjs- exceeds the demand of microorganisms and
roots. Eichner (1990) found N>O emission rates in
agricultural soils cultivated with leguminous plants to
be between 0.34 and 4.6 kg N2O-N ha.year!. In the
present study fluxes varied between 0.53kg ha year?
and 0.90 kg N2O-N ha year?, values that are lower
than 2.3 and 1.27 kg N2O-N ha year! in high- and
low-input annual soybean/rice/corn agricultural
systems in the Peruvian Amazon (Palm et al., 2002).
. Furthermore, in the rice crop there was a significant
correlation between the flux of CO, and N,O with
WFPS (p<0.05), as reported by other authors (Keller
et al., 2005; Weitz et al., 2001).

CONCLUSOES

There was annual variation in the rice and
soybean crops for carbon dioxide and nitrous oxide,
but there was no variation for methane between
crops.

There was positive and significant correlation
between N2O nitrous oxide and WFPS in the
soybean crop.

During the period from initial seedling planting to
day seven (period 1) the rice crop emitted more
nitrous oxide than in the period from day eight up to
harvest day or in the period from harvest day to 5
days after harvest the other two periods; in the
soybean crop this happened more frequently in from
harvest day to 5 days after harvest, (period 3).

In general the gas fluxes (carbon dioxide, nitrous
oxide, and methane) were greater in the rice than
the soybean crop.
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Table 3. Average trace gas (N2O, CO, and CH,) flux values and the respective WFPS values (%) with standard
error of the mean (xSEM) for years 2005 to 2007 in an area of mechanized cultivation of soybean and

rice.
Crop Period CO, N,O CHa WFPS
(years) mg-C m2d? ug.m2 ug.m-2 %

2005 443.9+30.6 a 38.0¢9.2a -0.006+0.7 a 39.2¢1.6a

Rice 2006 197.5+23.2 b 7.0+0.9b -0.620.8 a 60.3+1.4 b
2007 310.8+24.4 ¢ 3.240,5b -3.0¢43 a 55.5+1.0 b

2005 305.1+#32.2 a 1.8+0.4a -0.5+0.2 a 62.320.6 a

Soybean 2006 166.8+15.0 b 75+1.3a -0.6£0.3 a 40.4+1.4 b
2007 254.1422.5 ab 6.6+11.5a 0.3+0.3a 29.0¢1.2 ¢

* Different letters in the same columns and crop represent statistically significant differences (Tukey, p<0,05).

Table 2. Average flux of N2O, COz and CH4 and the standard error of the mean (+SEM) for the years 2005-2007 in
mechanized soybean and rice fields. The periods (1, 2, and 3) represent cultivation phases.

N2O + SEM CO, + SEM CH, £ SEM WFPS
Year Treatment
ug-Nm=2h? mg-C m? ht ug-C m2h? %
Soybean

Period 1 1.9+£0.5 500+ 57 -0.2+0.3 60.6+0.9
2005 Period 2 1.6+£0.4 131+15 -0.8+0.4 64.0+1.0

Period 3 26+2.8 120+ 34 -0.2+0.7 62.8+1.3

Period 1 7.4+23 178 + 22 -0.1+0.4 47.1+1.9
2006 Period 2 79+1.0 155+24 -1.3+0.7 32.84£1.8

Period 3 6.2+1.6 143 +24 -0.5+0.1 28.3+5.6

Period 1 3.6+0.9 104 +13 05+29 22.6+2.0
2007 Period 2 26+0.7 407 £ 36 0.1+25 31.1+1.3

Period 3 21.5+3.3 122 +18 0.6 +5.6 34.243.7

Rice

Period 1 77.8+18.8 350 + 32 -1,0+ 0.4 35.0£2.1
2005 Period 2 5.3+2.0 607 + 54 -0.8+0.9 43.0+£2.7

Period 3 1.8+£0.8 205 + 17 6.6 +4.7 41.845.3

Period 1 8.2+1.6 135+ 12 -1.2+14 46.4+2.1
2006 Period 2 6.7+1.4 245 + 44 0.4+0.3 69.3+2.1

Period 3 58+2.1 181+41 -1.9+29 60.2+1.3

Period 1 3.3x11 180 + 22 -8.6 £12.3 51.2+1.4
2007 Period 2 3.4+0.8 350 £ 45.3 0.1+2.6 55.2+2.0

Period 3 29%0.6 427 + 48.8 0.04+2.0 61.6+1.1




