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Integrated crop-livestock (ICL) system is an agricultural 
practice in which crop-pasture rotation is carried out in 
the same field over time. In Brasil, ICL associated with 
no-tillage farming is increasingly gaining importance as a 
soil use strategy that improves food production (grain, 
milk and beef) and economic returns to farmers. 
Integrated crop-livestock-forestry (ICLF) is a recent 
modification of ICL in Brazil, with the inclusion of trees 
cultivation aiming at additional wood production and 
offering thermal comfort to livestock (Porfírio-da-Silva & 
Moraes, 2010). However, despite the increasing 
importance of ICL, little information is available on how 
this system may affect soil-atmosphere exchange of 
nitrous oxide (N2O) and methane (CH4). 

Nitrous oxide emissions from pastoral soils after fertilizer 
nitrogen (N) application may be associated with both 
nitrification and denitrification. Nitrogen fertilizer 
application has been reported to significantly increase 
N2O emissions in grasslands of Europe (Velthof & 
Oenema, 1995) and of the Great Plains  in UAS (Liebig et 
al., 2006). Pastoral soils may emit CH4 if water saturated, 
but under aerobic conditions they also consume CH4, 
(Saggar et al., 2008). 

Field studies were carried out to quantify N2O and CH4 
emissions under six year old ICL systems in subropical 
Brazil (Ponta Grossa, 25°07'S; 50°02'W; altitude of 
973 m) with an annual precipitation around 1500 mm. 
The soil was classified as sandy clay loam Ferralsol for 
the site. The following three cropping systems were used. 

1. Annual continuous crop (CC) with black oat (Avena 
strigosa) plus annual ryegrass (Lolium multiflorum) 
as winter cover crops, and soybean (Glycine max) or 
maize (Zea mays) as summer cash crops. 

2. Integrated crop-livestock system (ICL) with black oat 
plus annual ryegrass grazed at three to four cycles per 
winter, by “Purunã” steers. 

3. Integrated crop-livestock-forestry system (ICLF): 
similar to the previous, but eucalyptus (Eucalyptus 
sp) and grevillea (Grevillea sp) trees arranged on 
rows distant 14-m from each other. 

 

During the soybean cycle (November to April), N2O 
fluxes were < 30 µg N m-2 h-1, but tended to be higher in 
CC (Figure 1a). Six days after application of 90 kg N ha-1 

(urea) to oat+ryegrass, a peak was observed in CC, ICL 
and ICLF of 70, 38, 21 µg N m-2 h-1, respectively) 
(Figure 1a). Two weeks later, fluxes returned to 
background levels and remained over the rest of 
oat+ryegrass and beginning of maize seasons, until the 
application of 200 kg N ha-1 to maize, when a second 
emission peak emerged (Figure 1a). The highest flux was 
in CC (223 µg N m-2 h-1), the intermediate in ICL and 
lower in ICLF.  

Measurements of N2O fluxes over the 450-day 
assessment was summarized in the cumulative emission 
and showed maximum for CC (2.2 kg N2O-N ha-1), 
followed by ICL (1.3 kg N2O-N ha-1) and ICLF (0.5 kg 
N2O-N ha-1) (Figure 1a). Higher fluxes in CC were 
attributed to higher water filled pore space (WFPS) (data 
not shown) and the associated creation of microsites 
favorable to anaerobiosis and denitrification (Linn & 
Doran, 1984). More crop residue on surface of CC soil at 
the end of the winter season (6.7 Mg ha, vs. 3.7 in ICL 
and 3.1 in ICLF) had possibly contributed to higher water 
filled pore space (WFPS) in summer CC. Additionally, 
the lowest N2O emission in ICLF was attributed to the 
lowest soil temperature (data not show) due to trees 
shade, which suggests a positive effect of this system at 
mitigating N2O emissions. 

Findings of this study differs from studies of Piva et al. 
(2014) in the same region which showed higher N2O 
emission in ICL than in CC (4.26 vs. 1.26 kg N ha-1) 
suggesting the need for more studies on this issue. 

The effect of fertilizer-N on increasing N2O emission, 
although concentrated in a very few days, was significant. 
Increases of N2O emissions after N application is widely 
reported (Zanatta et al., 2010) and attributed to 
nitrification and denitrification processes induced by 
increase of inorganic N (NH4

+ or NO3
-) in soil (Velthof & 

Oenema, 1995). However, we found no significant 
correlation between N2O flux and NH4

+ or NO3
- 

concentrations (data not shown).  
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Soil acted as a CH4 sink for most of the time (Figure 1b), 
which is logical assuming that the aerated condition of 
this soil certainly favoured oxidation of CH4 into CO2 by 
methanotrophic bacteria (Saggar et al., 2008). 
Nonetheless, three emission peaks were observed and the 
two most expressive followed urea-N applications. 
Possibly the higher soil NH4

+-N concentration after 
application inhibited methane-oxidizers and therefore 
constrained CH4 consumption (Hütsch, 1996). Overall, 
during the 450-day period, soils of the three management 
systems consumed CH4, but no significant difference in 

the cumulative consumption occurred between them (-1.0 
to -1.6 kg C ha-1, ns) (Figure 1b).  

Integrated farming systems mitigated soil N2O emission 
compared to continuous cropland. In the particular case of 
ICLF, mitigation might be due to shade effect on 
decreasing average soil temperature and thus N2O 
production. However, further studies on integrated 
systems and soil greenhouse gas emissions are still 
needed to support consistent conclusions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Nitrous oxide (a) and methane (b) fluxes and cumulative emissions from soils under annual continuous crop 
(CC), integrated crop-livestock system (ICL), and integrated crop-livestock-forestry system (ICLF) during a 450 day 
study. Vertical bars comparing fluxes and letters comparing cumulative emissions denote the LSD Tukey (p<0.05) 
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