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Abstract 

The effects of in situ oxygen (O2) dynamics on nitrous oxide (N2O) production was 

investigated in a typical intensively managed Chinese cropping system under a range of 

environmental conditions (temperature, moisture, ammonium, nitrate, carbon etc.). Soil O2 

concentration was the most significant factor correlating with soil N2O concentration 

compared with other environmental factors. Soil N2O concentration increased exponentially 

with decreasing soil O2 concentrations. The exponential model of N treatments predicted 74-

90% of variance in soil N2O concentrations. This study offers new opportunities for 

developing more sensitive approaches to predicting and through appropriate management 

interventions mitigating N2O emissions from agricultural soils. 
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1. Introduction 

Soil oxygen (O2) is the key proximal factor 

simultaneously controlling nitrification and denitrification at 

the cellular-level, and further determining the partitioning of 

the end products between dinitrogen (N2) and nitrous oxide 

(N2O). For a given site, O2 dynamics would be mainly 

regulated by changing climate factors within the year 

(temperature and precipitation), and agronomic management 

(cropping systems, fertilization, irrigation etc.). Unlike 

aquatic systems experiencing nearly constant anoxia 

throughout the year, many agricultural soils have been shown 

to have both spatially and temporally fluctuating redox status 

and experience intermittent low redox potentials associated 

with precipitation or irrigation events (Owens et al., 2016). 
Knowledge regarding O2-regulated N2O production is 

derived mostly from pure culture and soil microcosm studies 

(Khalil et al., 2004; Zhu et al., 2013). Given high spatio-

temporal heterogeneity of O2 dynamics in the in situ upland 

agricultural soils in this study, the role of O2 in regulating 

N2O production remains challenging to explain. 

2. Objectives 

(1) To quantify the effects of soil O2 and other soil 

environment variables on N2O production in the in situ 

upland agricultural soils; 

(2) To establish robust empirical models between soil O2 

and N2O concentrations under the coupling spatio-temporal 

changes of the climate and management factors. 

3. Methods 

This study was carried out in treatments of three N levels 

with straw removal, straw return or manure addition in a 

long-term wheat-maize double cropping system in North 

China. We measured soil O2 and GHGs concentrations at 7-

20 cm depth using soil-air equilibration tubes, as well as soil 

temperature, moisture, mineral nitrogen (including nitrite), 

dissolved organic carbon or nitrogen, and pH at 0-20 cm 

depth over one year of 2016-2017. 

4. Results 
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- Climate and management (fertilization, irrigation, 

precipitation and temperature), and their interactions 

significantly affected soil O2 and N2O concentrations 

(P<0.05) (Fig. 1).  

- Soil O2 concentration was the most significant factor 

correlating with soil N2O concentration (r= -0.71) when 

compared with temperature, water-filled pore space and 

ammonium concentration (r= 0.30, 0.25 and 0.26, 

respectively).  

- Soil N2O concentration increased exponentially with 

decreasing soil O2 concentrations. (Fig. 2) 

- The exponential model of N treatments and fertilization 

with irrigation/precipitation events predicted 74-90% and 

58% of the variance in soil N2O concentrations, respectively. 

  

 
 

Fig. 1: Average reduction in soil oxygen (O2) 

concentration and average soil nitrous oxide (N2O) 

concentration at 7-20 cm depth under different agronomic 

events (a-b) or in different N rates under the Fer.+Irr./Pre. 

event (d-e) during the period from April 2016 to April 2017. 
Fer., Irr./Pre., Fer.+Irr./Pre. and Others represent the data 

covering all treatments measured under fertilization, 

irrigation or precipitation, fertilization with irrigation or 

precipitation and other time, respectively. 

 

 
 

Fig. 2: Response of soil N2O concentration to soil O2 

concentration at 7-20 cm depth based on all the measurement 

data (a), data of different N rates (b) or agronomic events (c) 

during the period from April 2016 to April 2017. Fer., 

Irr./Pre., Fer.+Irr./Pre. and Others in (c) represent the same as 

that in Fig. 1. 

 

5. Conclusion 

Soil O2 status is the proximal, direct and the most decisive 

environmental trigger for N2O production outweighing the 

effects of other factors, and could be a key variable 

integrating the aggregated effects of various complex 

interacting variables. 
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