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1. Objectives 
Soil tillage and fertilization practices can affect soil properties (e.g., pH, temperature, water satura-
tion, nitrate and labile organic carbon contents) and consequently the abundance of nitrifying and 
denitrifying bacteria communities that are known to regulate N2O efflux from soils [1-3]. The objec-
tive of this study was to determine mechanisms regulating soil N2O emissions from a Nitisol under 
contrasting soil disturbance levels and N sources. This was achieved by correlating bacteria 
communities harboring specific catabolic nitrifying-ammonium monooxygenase (amoA), and deni-
trifying nitrate- (narG), nitrite- (nirS), nitric oxide- (qnorB) and nitrous oxide reductases (nosZ) 
genes with soil abiotic factors and N2O emissions.  

2. Methodology 
Short-term N2O emissions from a Rhodic Nitisol (0-10 cm soil layer characteristics: clay, silt and 
sand content of 250, 460, and 290 g kg-1, pH-H2O(1:1) 5.3, soil organic C content of 3.03 g kg-1) 
under contrasting soil disturbance [undisturbed (US) and disturbed soil (DS)] and different N 
sources [140 kg N ha-1 as urea, raw swine slurry (RS), anaerobically digested swine slurry (ADS), 
composted swine slurry (CS) and in the absence of N (control)] were evaluated [4]. Organic ferti-
lizers were obtained from a fattening swine farm (Table 1). The experiment was carried out for 64 
days. Soil N2O emissions were assessed using static chambers according to standard protocols 
[5]. Gas samples were analyzed by photoacoustic infrared spectroscopy (INNOVA 1412, 
Lumasense Technologies, Denmark)[6]. Soil samples were collected (0-0.1 m depth) and N2O 
emissions correlated with abiotic factors [temperature, water-filled pore space (WFPS), dissolved 
organic carbon (DOC), ammonium (NH4

+-N) and nitrate (NO3
--N) contents] and specific catabolic 

genes involved in nitrification and denitrification bioprocesses. Real-time quantitative PCR (qPCR) 
was used to quantify bacteria communities harboring nitrifying-ammonium monooxygenase 
(amoA), and denitrifying nitrate- (narG), nitrite- (nirS), nitric oxide- (qnorB) and nitrous oxide reduc-
tases (nosZ) genes [7]. 
 
Table 1: Application rate and characteristics of the organic fertilizers used in this study. 

Material Characteristics Applica-
tion rate 

TOC 
input 

N input 
DM VS TOC TN Org-N NH4-N NO3-N C/N TN Org-N NH4-N NO3-N 

 % ----------------------- kg m-3 -----------------------  m3 ha-1 ---------------- kg ha-1 ---------------- 
RS1 7.4 45.9 29.0 4.4 1.7 2.7 ND 6.6 31.7 919 140 54 86 ND 
ADS1 6.5 38.4 17.7 5.2 2.6 2.6 ND 3.4 27.1 480 140 70 70 ND 
  ------------------------ g kg-1 -----------------------  Mg ha-1      
CS2 29.1 ND 317.0 16.6 15.1 1.2 0.3 19.1 29.0 2,675 140 127 10 3 
RS: raw swine slurry; ADS: anaerobically digested swine slurry; CS: composted swine slurry; WS: wheat straw.1Results are 
expressed on a fresh matter basis; 2Results are expressed on a dry matter basis; ND: not determined; DM: dry matter; VS: 
volatile solids; TOC: total organic carbon; TN: total nitrogen; Org-N: organic nitrogen; NH4-N: ammonium-nitrogen; NO3-N: 
nitrate-nitrogen; C/N: total organic carbon/total nitrogen ratio. 

3. Results and discussion 
Negligible interaction between soil disturbance (Fig. 1a) and fertilization (Fig. 1b-c) on soil N2O-N 
efflux were observed. N2O-N emissions from soil varied from 1.5 to 320.0 g ha-1 day-1 and were 
markedly affected by soil WFPS (Fig. 1a). Lower N2O-N emissions (< 100 g ha-1 day-1) were regis-
tered during the first 19 days of the experiment during low rainfall periods and WFPS < 0.6 cm3 
cm-3. Conversely, higher N2O-N emissions coincided with WFPS > 0.6 cm3 cm-3. Daily N2O-N 
emissions from US were consistently higher than DS during most of the evaluation period. Among 
the fertilization treatments, higher N2O-N emissions were registered in the first 30 days after RS 
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amendment. Insignificant variations in N2O-N emissions from ADS, UR, CS and CTR treatments 
were observed during the experimental time frame. 
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Figure 1: Soil water-filled pore space (A) and daily N2O-N emissions according to soil disturbance (A) and fertilization 

treatments (B,C). DS: disturbed soil; US: undisturbed soil; CTR: negative control without N; UR: urea; RS: raw 
swine slurry; ADS: anaerobically digested swine slurry; CS: composted swine slurry. Bars denotes Fisher’s 
test LSD (p<0.05). 

 
N2O emissions were remarkably affected by soil disturbance (US and DS)(Fig 1a). Possible inter-
actions between soil abiotic and microbial communities that regulates N2O-N emissions were in-
vestigated. The results were presented and discussed based on Pearson’s correlation analyses 
(Table 2). For during most of the evaluated experimental period WFPS in the US was much higher 
than in the DS (Fig. 1a). N2O emissions seemed to be mostly regulated by soil WFPS (r=0.753, 
p<0.001) in the US. This is in agreement with previous studies that reported an exponential in-
crease of N2O emissions for soils with WFPS > 0.6 cm3 cm-3 [1,9]. Contrariwise, soil NO3

--N and 
DOC contents (r=0.667, p<0.01 and -0.572, p<0.01) as well as DOC/NO3

--N ratio (r=-0.459, 
p<0.05) showed better correlations with N2O emissions from DS. Soil temperature and NH4

+-N 
content had no significant correlations with N2O emissions regardless of the treatments tested.  
Nitrification was reported as the main process contributing to N2O emissions at WFPS < 0.6 cm3 
cm-3 while denitrifying activity seems to be the dominant process regulating N2O emissions when 
soil WFPS = 0.7 cm3 cm-3 [1]. Pearson’s correlation analyses revealed that denitrification was the 
main processes contribution to soil N2O emissions in this study (Table 2). Significant correlations 
between narG (narG/16S rDNA) which is a gene encoding for NO3

- reductase, and soil N2O emis-
sions were noticed for both US (r=0.528, p<0.05) and DS (r=0.505, p<0.05) treatments. The in-
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creasing abundance of nosZ (nosZ/16S rDNA) that encodes for N2O reductase had negative cor-
relation with soil N2O emissions in the US. Thus, it is plausible to assume that the higher N2O 
emission from the US was associated with incomplete denitrification processes under high soil 
WFPS and NO3

--N contents [3]. 
No correlation was observed between the fertilization treatments (CTR, UR and ADS) and soil 
abiotic or biotic factors. However, soil amended with RS showed N2O emissions was significantly 
correlated with either soil WFPS (r=0.776, p<0.05) as well as narG/16S rDNA concentrations 
(r=0.789, p<0.05). RS application increased soil NH4

+-N content which was promptly reduced to 
NO3

--N (data not shown). Additionally, RS also provided a high labile C input that can enhance 
denitrification rates and soil N2O emission [3]. Therefore, it is plausible to assume that incomplete 
denitrification played an important role on regulation of soil N2O emissions from RS. In contrast, 
soil N2O emissions from the CS treatment showed significant correlation with both amoA/16S 
rDNA (r=0.751, p<0.05) and narG/16S rDNA (r=0.870. p<0.01) genes. The amoA gene encodes 
for the reduction of NH4

+-N during both autotrophic and heterotrophic nitrification, suggesting that 
either of these processes may have been occurring concomitantly and contributing for N2O emis-
sions. Whereas not previously demonstrated as a significant N2O source in agricultural soils, het-
erotrophic nitrification (organic N oxidation) seems to be the main pathway for N2O emission from 
forest soils with low pH and high organic matter content [1, 8,10]. Thus, the recalcitrant profile of 
the CS with high org-N content could have enhanced soil heterotrophic nitrification and N2O emis-
sion when soil WFPS ranged from 0.6 to 0.7 cm3 cm-3 in the US. The contribution of both hetero-
trophic nitrification and denitrification processes augmented N2O emission from the CS amended 
soil, contrarily to what would be expected due to the low mineral N input by CS. 
 
Table 2:  Correlations between N2O-N emissions, soil abiotic factors and the abundance of nitrifying and denitrifying 

catabolic genes according to Pearson´s coefficient.  

Parameter Soil disturbance1  Fertilization2 
US DS  CTR UR RS ADS CS 

Soil temperature -0.362 -0.055  -0.229 -0.227 -0.159 -0.341 -0.171 
WFPS  0.753a  0.302   0.553  0.452  0.776c  0.552  0.637 
NH4

+-N  0.372  0.017   0.250 -0.137  0.255 -0.186  0.130 
NO3

--N  0.438  0.667b   0.420  0.371  0.567  0.398  0.409 
DOC  0.253 -0.572b   0.280  0.276 -0.197 -0.634 -0.065 
DOC / NO3

--N -0.103 -0.459c  -0.081 -0.178 -0.366 -0.103 -0.035 
amoA/16S rDNA ratio  0.113 -0.059   0.341 -0.273 -0.104  0.336  0.751c 
narG/16S rDNA ratio  0.528c  0.505c   0.143  0.671  0.789c  0.328  0.870b 
nirS/16S rDNA ratio -0.018 -0.132   0.258  0.049 -0.263 -0.170  0.420 
qnorB/16S rDNA ratio  0.242 -0.057   0.371  0.082  0.511 -0.390  0.626 
nosZ/16S rDNA ratio -0.604b -0.303   0.277 -0.640 -0.363 -0.438 -0.333 
amoA/nosZ ratio  0.311  0.058   0.391  0.102 -0.009  0.507  0.770c 
narG/nosZ ratio  0.730a  0.465c   0.609  0.823c  0.760c  0.518  0.816c 
nirS/nosZ ratio  0.160  0.174   0.334  0.568  0.031 -0.021  0.803c 
qnorB/nosZ ratio  0.619b  0.246   0.563  0.677  0.510  0.146  0.942a 

a: p<0.001; b: p<0.01; c: p<0.05; CTR: control without fertilization; UR: urea; RS: raw swine slurry; ADS: anaerobically 
digested swine slurry; CS: composted swine slurry; (1)n=20; (2)n=8. 
 
Principal component analysis (PCA) revealed that two ordination axes were able to explain up 
to 62% of the variability factors affecting soil N2O emissions (Fig. 2). The PC1 explained 38.4% of 
the observed variability showing higher correlation with soil N2O emissions (r=0.347), NO3--N 
(r=0.342), WFPS (r=0.346), and the ratio of amoA/nosZ (r=0.390), narG/nosZ (r=0.384), and 
qnorB/nosZ (r=0.431). The ratio of amoA/nosZ, narG/nosZ or qnorb/nosZ seems to better indicate 
soil N2O emissions than the NO3--N and WFPS as abiotic factors. Is worth noting that N2O emis-
sions are not exclusively dependant on nitrification/ denitrification metabolism only but also with 
the intrinsic interactions with soil NO3--N and WFPS. The PC2 explained 23.5% of the variability 
and was correlated with DOC (r=0.369), NO3--N (r=-0.348), DOC/NO3--N ratio (r=0.521), 
nirS/nosZ ratio (r=0.336), WFPS (r=0.319) and temperature (r=-0.453). The PC2 was more influ-
enced by changes in environmental conditions and soil abiotic factors regulating soil N2O emis-
sions. PCA analysis revealed that from day 7 to 21, the increasing abundance of nitrifying and 
denitrifying bacteria communities under high NO3--N and WFPS favored soil N2O emissions. 
From day 21 to 35, soil N2O emissions were restrained by lower soil NO3--N and WFPS. Follow-
ing 35 days, the increasing DOC/NO3--N ratios under high WFPS favored complete denitrification 
to N2, thus diminishing N2O emissions. 
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Figure 2: Principal component analysis (PCA) for N2O-N emissions, soil abiotic factors (NH4

+-N, NO3
--N, DOC, DOC/ 

NO3
--N, WFPS, and temperature) and nitrifying and denitrifying catabolic genes ratios (amoA/nosZ, 

narG/nosZ, nirS/nosZ, and qnorB/nosZ) according to soil disturbance and fertilization treatments. CTR: control 
without fertilization; UR: urea; RS: raw swine slurry; ADS: anaerobically digested swine slurry; CS: composted 
swine slurry. 

4. Conclusion and outlook 
Soil N2O emissions are regulated by complex interactions between soil abiotic factors and abun-
dance of nitrifying and denitrifying bacteria communities. Denitrification was the main bioprocess 
regulating soil N2O emissions in both DS and US. The low soil WFPS encountered in the DS im-
paired N2O emissions as compared to US. The application of a recalcitrant org-N source (CS) 
contributed to the proliferation of heterotrophic nitrifying bacteria communities and N2O emissions 
in relation to other fertilizers with higher proportions of NH4

+-N. 
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