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ABSTRACT: Although agriculture and livestock systems represent important sources 
of N2O from the soil, they may also aid in emissions mitigation, mainly when integrated 
systems are taken into account, such as crop-livestock-forest, for food production. This 
work assessed the soil N2O emissions from a tropical Oxisol under row-crop, livestock, 
forest monocultures, and an integrated crop-livestock-forest system in the Southern 
Amazon - Brazil. Soil N2O emissions were measured using static chambers from November 
2014 to October 2016 in four soil use systems [row-crop, livestock, forest, and integrated 
crop-livestock-forest (CLF)], and in a reference area under native forest fragment. For the 
whole period, the average of soil N2O fluxes was 16.9, 12.2, and 15.4 µg N2O-N m-2 h-1, 
to row-crop, livestock, and CLF systems, respectively, all with a similar average among 
them. The lowest fluxes were observed in the forest system and native forest fragment, with 
average fluxes of 4.0 and 6.3 µg N2O-N m-2 h-1, respectively, both lower than the agricultural 
systems. The largest soil N2O fluxes were observed throughout the rainy seasons in the 
row-crop, livestock, and CLF, mostly after N-fertilizer application to the soil surface or in 
the planted row. As a consequence, the cumulative emissions were greater in row-crop, 
livestock, and CLF systems, which in the averages of two cycles emitted respectively 
1.40, 1.15, and 1.27 kg N2O-N ha-1 yr-1, all different of the forest system and native forest 
fragment (0.33 and 0.52 kg N2O-N ha-1 yr-1, respectively). Nitrogen fertilization and soil 
moisture influenced soil N2O emissions of all systems assessed in the Southern Amazon. The 
N2O emissions took place after both factors were met, corroborating the hole-in-the-pipe 
model. Even with more soil use intensification, once in the same area there were three 
cultures in succession during a year and perennial trees, CLF did not lead to greater N2O 
emissions from the soil than row-crop and livestock. Thus, CLF represents a good option 
for N2O mitigation for the edaphic and climatic conditions of the Southern Amazon.
Keywords: global warming, mitigation, greenhouse effect gases, Oxisols, agricultural 
soils, forest soils. 
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INTRODUCTION
Nitrous oxide (N2O) is a powerful gas that alters the radioactive balance of the atmosphere 
and the ozone chemistry of the stratosphere (Salmon et al., 2016). Although N2O appears 
in trace concentrations, it contributes more than 6 % of the global radioactive force, with 
a global warming potential of 298 times greater than carbon dioxide (CO2) (IPCC, 2013). 

According to IPCC (2013), the concentration of N2O in the atmosphere increased by 20 % 
compared to the pre-Industrial Era. Agricultural systems to supply the food demand have 
been pointed out as the main cause for this increase, responsible for 80 % of anthropic 
emissions of N2O (IPCC, 2013). In Brazil, N2O emissions mainly come from agricultural 
activities and the livestock sectors (~84 % in 2010), mainly from livestock on pastures 
(Brasil, 2016). Direct emissions from agricultural soils account for about 50 % (~30 % if 
only livestock is considered), and indirect emissions for 30 %, followed by emissions from 
animal waste (less than 3 %), and burning of agricultural waste (less than 1 %) (Brasil, 2016). 

Although the agricultural and livestock sectors are important sources of N2O, their 
production systems can also act as sinks by adopting practices and techniques that 
aim to reduce/avoid emissions or removing C from the atmosphere (Smith et al., 2007). 
Mitigation practices include: good agricultural practices for fertilization, irrigation, 
livestock, and waste management; adoption of the no-tillage system and agro-forest 
systems; and recovery of degraded areas (Smith et al., 2007, 2014).

Some of the agricultural practices and techniques have greater potential to reduce or 
avoid N2O and methane (CH4) emissions, and others to remove CO2 from the atmosphere 
and storing C in the soil or in the biomass trees. A no-tillage system and the inclusion 
of trees in the animal or vegetable production system (integrated systems) can provide 
for C removal (Smith et al., 2014; Cardinael et al., 2017), thus acting as a C sink. Good 
agricultural practices for fertilization, irrigation, livestock, and waste management, 
among others, focus on reducing or avoiding greenhouse gas emissions (Cerri et al., 
2007; Smith et al., 2014; Sanz-Cobena et al., 2017).

Evaluating soil N2O emissions with the adoption of alternative production practices can 
contribute to identify the best soil use and management strategies that align food and 
fiber production and emissions mitigation (Cerri et al., 2007; Smith et al., 2014). This 
information is even more important to the Southern Amazon, a region of agriculture and 
livestock expansion that has one of the largest cultivated areas in Brazil with pasture 
and row-crop systems, where integrated systems would likely adapt well to the region 
because it has more precipitation than some areas located in the Cerrado (Alvares et al., 
2013). It allows that the corn cultivated after soybean be intercropped with grasses and, 
after corn harvesting, the pasture is formed and can be used to cattle grazing, what 
becomes feasible to have three cultures during a year in the same area (Ceccon, 2013).

As integrated systems intensify the soil use, they can lead to changes in edaphic properties 
that favor and increase the direct emissions of N2O (Butterbach-Bahl et al., 2013; 
Smith et al., 2014; Cardoso et al., 2016). Thus, it is likely that the intensification of the 
soil use and management in integrated systems contributes more to soil N2O emissions 
than the monocultures. To test this hypothesis, this study assessed the N2O emissions from 
a tropical Oxisol under monocultures (row-crop, livestock, and forest) and an integrated 
crop-livestock-forest system (CLF) in the Southern Amazon – Brazil. Results will support 
the identification of which food production systems contribute more to N2O mitigation 
under the edaphoclimatic conditions of the Amazon. 

MATERIALS AND METHODS
Field experiment

The study was conducted at the experimental farm of Embrapa Agrossilvipastoril, 
Sinop, state of Mato Grosso – Brazil. For this study, N2O emissions from November 
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2014 to October 2016 were measured from an Oxisol under four treatments: row-crop, 
livestock, forest with eucalyptus, and an intergraded crop-livestock-forest (CLF) system. 
Row-crop and forest treatments were established in 1-ha plots, and the livestock and 
CLF in 2-ha plots, all with three replicates distributed in randomized block design. 
As a reference, a native forest fragment was also assessed in a continuous area around 
1 km far away from the experimental area, where the three chambers (replicates) were 
randomized distributed. The soil of all these treatments, including the native forest, 
is a Latossolo Vermelho Amarelo Distrófico típico according to Brazilian Soil Taxonomy 
(Santos et al., 2018), equivalent to a Hapludox following the US Soil Taxonomy (Soil 
Survey Staff, 2014), with clay textures (around 500 g kg-1 of clay content), in a flat 
relief. The climate is Aw according to Köppen system, which is characterized by dry 
(May to September) and wet season (October to April) (Alvares et al., 2013). 

The forest system was established in November 2011 composed on eucalyptus (Eucalyptus 
urograndhis clone H13) with a density of 952 trees ha-1. Before eucalyptus transplanting, 
350 kg ha-1 of simple superphosphate were distributed in the planting groove. Nitrogen 
and K2O were applied on soil surface 30 days after eucalyptus transplanting at a rate 
of 20 kg ha-1. From November 2014 to September 2016, the managed forest did not 
receive cultural or soil management. In September 2016, trees with low potential for 
wood production and/or firewood were trimmed.

Row-crop system was established in November 2011, when soybean (Glycine max L.) 
was sowed with zero tillage and followed by corn (Zea mays) intercropped with Marandu 
grass (Brachiaria brizantha cv. Marandu) for the formation of soil cover until the new 
crop cycle. In September 2015, the row-crop system received 1,000 kg ha-1 of dolomitic 
limestone applied on the soil surface. In the two crop cycles, soybean sowing occurred in 
October, with seeding rate to reach 10 plants m-1 and 0.45 m of row space. In 2014/2015, 
80 kg ha-1 of P2O5 and 80 kg ha-1 of K2O, and in 2015/2016, 8 kg ha-1 of N, 80 kg ha-1 
of P2O5, and 80 kg ha-1 of K2O, all applied in the planted row. After soybean harvest, 
in February of each year, corn was sown using a seeding rate to have 3 plants m-1 and 
row space of 0.45 m intercropped with Marandu grass. Fertilization in the corn row 
consisted of 36 kg ha-1 of N, 90 kg ha-1 of P2O5, and 48 kg ha-1 of K2O in 2014/2015, 
and 42 kg ha-1 of N, 105 kg ha-1 of P2O5, and 56 kg ha-1 of K2O in 2015/2016. The corn 
intercropped with Marandu grass received fertilization of 135 kg ha-1 of N and 67 kg ha-1 
of N on the soil surface in the 2014/2015 and 2015/2016 cycles, respectively, between 
the plant growth stages 4 and 6 (V4-V6). Corn harvest occurred in June of each cycle; 
however, Marandu grass remained in the area without grazing to provide soil cover 
for the next rotation cycle. The whole fertilizations were based on soil fertility status 
and crop requirements.

The livestock pasture was established in November 2011 using Marandu grass. 
In September 2015, the pasture received 1,500 kg ha-1 of dolomitic limestone applied 
on the soil surface. In November 2015, 200 kg ha-1 of simple superphosphate, 50 kg ha-1 
of N, and 50 kg ha-1 of K2O were applied on pasture. In March 2016, 40 kg ha-1 of N 
and 40 kg ha-1 of K2O also were applied on soil surface cover. The pasture was grazed 
with beef cattle (Bos taurus indicus) from July 2015 using the continuous grazing with 
a variable stocking rate according to the availability of forage to maintain a canopy 
height of 0.30 m. 

The integrated system, CLF, received the same soil management described to the 
monocultures. After the corn harvesting, what took place in July of both assessed 
cycle, CLF system was maintained under cattle grazing for two months (August 
and September), using the same pasture management, including fertilization,  
as described to livestock. Hence, we highlight that CLF had two months more soil 
use than row-crop, which was not grazed. More details of the assessed systems can 
be found in Magalhães et al. (2019). 
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The forest fragment is composed of native species classified as Seasonal Semideciduous 
Forest (Borges et al., 2014). This native forest fragment is located at the same landscape 
position of the treatments, approximately 1 km far away from the treatments. Considered 
as a reference state of the original ecosystem of the region, in the fragment there are 
indications of selective logging and fire occurrence.  

Soil N2O fluxes

Soil N2O fluxes were evaluated using rectangular static chambers. The base was made 
of metal and the top of polyethylene. The chamber size was 0.60 × 0.40 × 0.09 m 
in length, width, and height, respectively. In the center of the top of the chamber a 
three-way faucet was connected for gas sampling in a 20-cm3 syringe and a tube for 
internal ventilation was installed on the side of the chamber (Parkin and Venterea, 
2010). Gas samples were collected weekly in the morning between 8 and 11 am, with 
four samples collected during 60 min at 20 min intervals, thus obtaining samples at 
0, 20, 40, and 60 min (Parkin and Venterea, 2010). At the time of gas collection, the 
internal temperature of the chamber was also measured using a digital thermometer. 
Following Parkin and Venterea (2010) and Rochette et al. (2015), for each plot, two 
chambers were installed with the base driven 8 cm into the ground and the chamber 
top deployed in each event of gas samplings. 

Samples in syringes were transferred to 20-cm3 vials, after being sealed with gray butyl 
septa and subjected to vacuum, and were used to determine N2O concentrations in a 
gas chromatograph, equipped with an automatic injector and electron capture detector 
(ECD). The chromatograph system consisted of Hayesep 80/100 mesh (1/8” × 2.1 mm) 
serial columns, T, D, and N of 1, 2, and 1.5 m in length, respectively, maintained at 
75 °C during the whole analysis. Ultrapure N was used as carrier gas at a flow of  
25 mL min-1 and the injector pressure was maintained at 300 kPa. The injection 
volume was 1 mL and the total analysis time was 5 min. The analytical curve was 
obtained by determining three known concentrations of N2O standards (383, 808, and 
2,027 nmol mol-1).

From the analytical results, a linear equation was determined from the relationship 
between N2O concentrations over the chamber measurement (0, 20, 40, and 
60 min). Equation parameters were used to calculate N2O fluxes from the soil to the 
atmosphere following the equation proposed by Hutchinson and Livingston (1993): Flux 
(μg N2O-N m-2 h-1) = (dC/dt) × V/A × (m/Vm); in which: dC/dt = change in gas concentrations 
within the chamber based on time; V = chamber volume (L); A = chamber area (m2); 
m = molecular weight of the gas (g mol-1); Vm = molar volume of the gas (m3 mol-1) 
corrected for the air temperature (K) of the headspace chamber.

The fluxes obtained were considered as representative of the average daily fluxes 
(Rochette et al., 2015). So, the flux results were used to estimate cumulative emissions 
of the gas during the evaluation period, which were calculated using the trapezoid-
integration method (Rochette et al., 2015) between weekly measurements. Cumulative 
emissions were calculated for the dry season of the region (May to September), and for 
the wet season (October to April), for each cycle (2014/2015 and 2015/2016) and the 
average of the whole period (2014/2016). 

To characterize the main climatic variables, average daily air and soil temperatures 
and the pluvial precipitation (Figure 1a) were obtained from an automatic station 
located approximately 1 km from the treatments and native forest fragment. Water-
filled soil pore space (WFPS) was calculated according to Van der Weerden et al. (2012) 
for soil samples collected monthly during the whole experimental period at a depth 
of 0.00-0.10 m (Figure 1b).
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Statistical analysis

The cumulative N2O emissions were subjected to variance analysis and, if significant, 
the Tukey’s range test at 5 % of probability was applied. The daily data obtained from 
weekly samplings over the two years of evaluation of emissions of N2O did not follow a 
normal distribution, even after data transformation, what led to use the standard error 
(SE) of the mean to compare daily fluxes from the treatments (Alfaro et al., 2015). 

Figure 1. Average daily air and soil temperature and pluvial precipitation (a) and water-filled soil 
pore space (WFPS) (b) from November 2014 to October 2016.
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RESULTS
The largest N2O flux peaks from the Oxisol during the two annual cycles were observed 
in the wet seasons, mainly in the row-crop, livestock, and CLF systems, which received 
fertilization during these periods (Figure 2). In the dry seasons, mainly from July to 
September, WFPS was low due to low or nonexistent rainfall (Figures 1a and 1b) and, 
the soil N2O fluxes were low for all agricultural systems, with values close to zero. 

Row-crop and CLF system fluxes were similar during wet seasons. After soybean and 
corn sowing and after fertilization applied on the soil surface in corn crop, the largest N2O 
flux peaks (Figures 2b and 2c) were observed in the row-crop and CLF system. It should 
also be highlighted that in the two cycles at the end of the single soybean crop cycles 
and in the CLF system, N2O flux peaks of up to 100 µg N2O-N m-2 h-1 were measured.

Because the livestock system did not receive surface-applied N fertilization and had 
undergone grazing only three months in the 2014/2015 cycle, N2O fluxes were low 
throughout the whole evaluated period, with results similar to the forest system and 
forest fragment (Figure 2b). However, in the 2015/2016 cycle, when two N fertilization 
was performed and the grass was grazed during the whole cycle, the largest N2O flux 
peaks occurred, with a flux up to 350 µg N2O-N m-2 h-1, the largest flux measured in both 
cropping cycles (Figure 2b). At times after N fertilization, soil N2O fluxes from the livestock 
system were similar to those observed in forest system and native forest fragment, 
with fluxes predominantly below 50 µg N2O-N m-2 h-1. The average values were below 
10 µg N2O-N m-2 h-1.

Taking into account the two cycles, row-crop, livestock, and CLF systems had 
similar average fluxes (Figure 2a), with values of 16.9 (SE=3.0), 12.2 (SE=2.5), and 
15.4 (SE=2.4) µg N2O-N m-2 h-1, respectively. These agricultural systems presented 
higher fluxes than forest system and native forest fragment (Figures 2b, 2c, and 2d) that 
presented average fluxes of 4.0 (SE=1.3) and 6.3 (SE=2.4) µg N2O-N m-2 h-1, respectively.

The largest cumulative N2O emissions, an average of the two cycles (2014/2016), 
occurred from the row-crop, livestock, and CLF systems, with values of 1.40, 1.15, and 
1.27 kg N2O-N ha-1, respectively. In contrast, the lowest N2O emissions occurred in the 
forest fragment and forest system, with values of 0.33 and 0.52 kg N2O-N ha-1, respectively 
(Figure 3c). The average of emissions during the dry seasons (2014/2016 cycle) showed 
that the CLF and row-crop systems had the greatest N2O emissions during this evaluation 
period. During the wet season across the two rotation cycles, the row-crop, livestock, 
and CLF systems had similar N2O emissions but were three or four times greater than 
the forest system. At the end of the two rotation cycles (2014/2016 cycle), the average 
of cumulative N2O emissions was greatest from soil used with row-crop, livestock, and 
CLF systems, which did not differ from each other, and were lowest emissions from forest 
system and forest fragment. The differences of N2O emissions from agricultural systems 
and forest systems were of two or four times greater. Cumulative emissions from the 
livestock system in the 2015/2016 cycle were more than twice the emissions during 
the cycle before, 2014/2015, with values 1.54 and of 0.77 kg N2O-N ha-1, respectively 
(Figures 3a and 3b). In the average of both cycles, the cumulative emission of N2O in 
the livestock was similar to row-crop and CLF systems. The forest fragment emitted the 
same amount of N2O as the livestock in dry periods, including the average of dry periods 
of 2014/2015 and 2015/2016 cycles, and also during the wet season of the 2014/2015 
cycle, a period when the livestock did not receive N fertilizer.

The great N2O emissions during the dry season of the 2015/2016 cycle came from the forest 
fragment, row-crop, and CLF systems, with values of 0.22, 0.19, and 0.24 kg N2O-N ha-1, 
which did not differ from each other (Figure 3b). Row-crop and CLF systems had similar 
cumulative emissions throughout the cycles, during both seasons, including the average 
of both cycles, with the highest values of cumulative emissions (Figure 3c). Row-crop 
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Figure 2. Nitrous oxide (µg N2O-N m-2 h-1) flux dynamics from row-cropping, livestock, CLF systems, 
and comparisons with the cultivation of eucalyptus and forest fragment during the two cycles (from 
November 2014 to October 2016). Above each subfigure are shown the temporal soil use for all systems: 
livestock (b), row-crop (c), and CLF (d). Vertical bars refer to standard error (SE) of the average (n = 3). 
The black arrows pointing down indicate the application of nitrogen fertilizer in the system.
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in dry and wet seasons during 2014/2015 and 2015/2016 cycles, and the average both cycles - 
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emitted 1.16 kg N2O-N ha-1 during 2014/2015 and 1.64 kg N2O-N ha-1 in 2015/2016 cycle. 
In the first cycle, around 78 % came from the wet season and, in the second cycle, 88 % 
came from the season with more precipitation. Cumulative emissions in 2014/2015 and 
2015/2016 were 1.17 and 1.37 kg N2O-N ha-1, respectively, from the soil cultivated with 
CLF system. Such as in the row-crop, in the CLF system, the wet season was responsible 
for 77 and 82 % of the emission in the first and second cycles, respectively.

DISCUSSION
Cumulative soil N2O emissions measured in this study for row-crop, with an average 
value of 1.40 kg N2O-N ha-1, support the results observed by Nogueira et al. (2016) 
and are higher than the average of 0.80 kg N2O-N ha-1 reported by Meurer et al. (2016) 
to cropland soils in Brazil. All the agricultural systems assessed for the present study 
showed accumulated emission below those related to croplands in Canada, Europe, 
and in the United States, with values of 2.27, 2.47, and 3.37 kg N2O-N ha-1, respectively 
(Roelandt et al., 2005). Likewise, our results are also below 2.42 and 4.26 kg N2O-N ha-1 
measured in conventional tillage and integrated cropping systems, respectively, to 
subtropical conditions of Brazil (Piva et al., 2012, 2014).

Meurer et al. (2016) reported about 17 studies that measured soil N2O emissions in the 
Amazon biome, all in agricultural or natural systems with soil management unlike those 
assessed for the present work. Nogueira et al. (2016) assessed the same treatments 
on similar soil management in 2013/2014 and reported emissions of about 0.3 and 
0.4 kg N2O-N ha-1 from the livestock and CLF systems, lower than those measured by 
the present study. The emissions contrast between Nogueira et al. (2016) and the data 
presented here may be related to the greater N supply in the systems in the 2014/2016 
cycle compared to the 2013/2014 cycle, once in 2014/2016 were applied more N on soil 
surface and the livestock and CLF systems were grazed more time in 2015, receiving cattle 
excretions, which can have increased the N availability, leading consequently to a higher 
N2O emission (Piva et al., 2014). Aside from the addition of animal wastes, animal trampling 
can increased the bulk density and the micropore:macropore ratio, what changed the 
aeration in the topsoil (Pietola et al., 2005), which favors, in high moisture, denitrification, 
indicated as the main soil process of N2O production (Butterbach-Bahl et al., 2013). 

The greater fluxes and, consequently, greater cumulative emissions in the wet season 
of the cycles may be related to the greater activity of microorganisms responsible for 
nitrification and, mainly, denitrification processes, enhanced when WFPS is more than 
70 % (Van der Weerden, 2012; Butterbach-Bahl et al., 2013; Corrêa et al., 2016). When 
WFPS was below 50 %, which in the evaluated soils was predominant from May/June 
to September/October, N2O fluxes were low or negative, further highlighting the role of 
soil moisture related to N2O emissions. Once the soils under native forest in the Amazon 
have high values of macroporosity (Zenero et al., 2016), what allows a free drainage 
that triggered WFPS majority below 50 % throughout the assessment time (Figure 1b). 
Even so, in the soil under native forest fragment was observed higher N2O fluxes than 
from forest system, which may be a result of the heterotrophic nitrification since forest 
fragment has features to trigger the process (Zhang et al., 2015). 

In addition to soil moisture, the assessments of the two rotation cycles in the systems 
showed that N fertilization applied to the soil surface or in the row also represented 
an important source of N2O emission from soil within two weeks after the application, 
corroborating results reported in others edaphoclimatic conditions (Baggs et al., 2003; 
Zanatta et al., 2010; Piva et al., 2014). Fertilization increases the availability of inorganic 
N in soil (NO3

- and NH4
+), favoring nitrification and denitrification processes (Butterbach-

Bahl et al., 2013). Beyond N fertilization, at the end of the soybean cycle seems to be an 
important period of increases of N availability in the soils, as shown here, corroborating 
Yang and Cai (2005) and Nogueira et al. (2016), which observed peaks of N2O fluxes in the 
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same plant stage. In this period, the senescent leaves of soybean fall on soil surface, and 
roots and nodules cease their activities (Yang and Cai, 2005), increasing the amount of 
organic matter content of low C:N ratio and allowing that sunlight heats the soil surface, 
once the soybean plants decrease the sunlight interception due to the leaves losses. Hence, 
the peaks of N2O fluxes at the end of the soybean cycle may have been triggered by the 
priming effects, once input of soybean organic matter added the soil temperature, can 
have altered the activity and amount of soil microbial biomass (Kuzyakov et al., 2000), 
and increased the N mineralization related to the decomposition of plant residues, roots, 
and nodules of the soybean (Yang and Cai, 2005; Nogueira et al., 2016).

Hence, greater emissions in the row-crop, livestock, and CLF systems during the wet 
season are supported by the hole-in-the-pipe model proposed by Firestone and Davidson 
(1989), which established that in the first level of emissions control (“pipe”) is the N 
availability, provided by fertilizations in the systems, and in the second level (“hole”) is, 
mainly, the soil moisture, which was higher in the wet season (Figure 1b). The evidence 
for this statement is because even with high WFPS, there were no N2O fluxes unless 
after N fertilization or after the input of soybean organic matter at the end of the plant 
cycle (Figure 2). For instance, forest system (eucalyptus), even with WFPS similar to 
row-crop, livestock, and CLF had no peaks of N2O fluxes, such as those systems that 
received input of N fertilization.  

Even though CLF system has been conducted with a more intensive soil use and 
management, from which greater emissions would be expected (Crosson et al., 2011; 
Cardoso et al., 2016), CLF emitted the same amount as row-crop and livestock systems for 
the two rotation cycles, and less than agricultural soil of other countries (Roelandt et al., 
2005). In addition, the CLF system had the potential of increasing the soil carbon content 
by 8 % in three years after its establishment, while it was 4 % in livestock and negative 
in the row-crop system (Conceição et al., 2017). Magalhães et al. (2019) observed that 
the same CLF system has a potential of producing around 8 m3 ha-1 yr-1 of eucalyptus 
wood, which could remove about 2 Mg ha-1 yr-1 of C, taking into account that eucalyptus 
has wood density of 500 kg m-3 (Gonçalez et al., 2014) and C content of 500 kg per Mg of 
wood (Razakamanarivo et al., 2011). Thus, besides CLF to have similar soil N2O emissions 
compared to other agricultural systems, it has a great potential to C sequestration, 
removing C from the atmosphere and storing it in the soil and the biomass. 

However, since it is a more intensive system in the use and soil management, CLF system 
potentially has more productivity, on average, than monoculture systems (Balbino et al., 
2012). More food or energy productivity contributes to avoiding the opening of new areas 
and aid to reduce the emission intensity, decreasing the emission:product ratio, which 
is also a mitigation pathway (Smith et al., 2007). Considering the complexity of CLF 
systems, it is necessary to continue evaluations to quantify the emissions throughout the 
whole cycle of the CLF system for edaphoclimatic conditions of the Amazon, to confirm 
the mitigation potential provided by the integrated system.

The results presented here are singular because there were no works that measured 
and addressed soil N2O emissions from Amazon biome throughout two years, neither 
measuring similar agricultural systems (Meurer et al., 2016). The data become even more 
important because the geographical region is considered of agricultural expansion, where 
sustainable alternatives have to be identified to improve greenhouse gas mitigation and 
to show that Brazilian agriculture has alternatives to combine yield and environmental 
responsibility, fulfilling international agreements signed on climate change.   

CONCLUSIONS
Row-crop, livestock, and CLF systems managed on Oxisol of the Southern Amazon emitted 
more N2O than forest system and forest fragment. 
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Nitrogen fertilization and soil water content influenced soil N2O emissions of all systems 
assessed in the Southern Amazon. The N2O emissions just took place after both factors 
were met, corroborating the hole-in-the-pipe model.    

Soil use and management intensification in CLF system did not lead to more N2O emission 
than row-crop and livestock, in which the soil use is less intensive. 

To confirm the mitigation potential provided by the integrated system and considering 
its complexity, it is imperative to quantify the N2O emissions throughout the whole cycle 
of the CLF system. 
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