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N2O concentration dynamics and the

mechanisms regulating them exhibit a

pronounced seasonality in our study,

which were co-regulated by both

watershed characteristics and human

regulation (i.e., tile percentages) that

relating to the hydrological processes.

N2O concentration was positively

related to tile and cropland percentages

in May, while was positively related to

permeability in November, respectively.

It is likely that more N2O and NO3
- were exported from tiles along with water discharge during growing

seasons. The tiles reduced the residence time for water and N2O, which reduced the complete denitrification

rate, thus increase N2O emission.

In comparison, almost no water was discharged to rivers through tiles during dormant season, with most

water sources derived from deeper subsurface flows with longer residence time. Therefore, less N2O and

NO3
- were exported and more complete denitrification occurred, thus less N2O emission.

 N2O concentrations and fluxes exhibit a pronounced spatial and seasonal variability, with higher values in lower order streams and growing season.

 Riverine N2O emissions in the growing season were likely enhanced by the intensive N inputs and reduced water residence time by tile exports; Less 

riverine N2O emissions in the dormant season were due to less N2O production and more N2O reduction to N2 with longer water residence time.
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N2O is a primary stratospheric ozone-depleting substance with

high warming potential (~300 times that of CO2);

The annual increase rate is getting higher and higher over time;

Agricultural N2O emissions are mainly from direct (soil

emission) and indirect (leaching and runoff) emissions; the

largest source of uncertainty in the bottom-up inventory is from

leaching and runoff N2O emission, especially from riverine

emission (global estimates: 0.03 to 2.1 Tg N yr-1).

Increased by 0.2-0.3% annually

Fig.1 Atmospheric N2O concentration over time (Quick et al., 2019)

Knowledge gap

The Tall-tower observations demonstrate that bottom-up

inventories may underestimate indirect N2O emissions by up to

nine-fold in the Midwest US Corn Belt, especially riverine N2O

emission.

Very limited studies explored the influence of watershed

characteristics and human regulations (e.g., slope, permeability

and tile drains, etc.) on riverine N2O dynamics.

Study site

The US Corn Belt region has the most intensive fertilizer N

inputs and the highest tile drainage area.

The Cannon River Watershed (CRW, 3,780 km²) is a typical

agriculture dominated watershed (>75%) in the US Corn

Belt, with contrasting watershed characteristics (e.g., slope,

soil permeability, etc.) and tile drainage percentage.

Data prepared

Watershed characteristics 

(Slope, Soil permeability, Cropland and tile percentages, Stream 

order…)

Hydrochemical indexes (sampling in May and November 

2022)

(N2O, NO3
-, DO concentrations, pH, Conductivity, Temperature, 

…) (n=223)
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Fig.2 (a) Tile drainage area (2017), (b) cropland (2016) and total

N inputs (2012) in the continental United States. (d) Sampling

sites in the Cannon River Watershed

d

Riverine N2O concentrations decreased along stream order, which may be due to

the dilution, emission and complete denitrification.

N2O concentrations showed high variation in low order streams.

Riverine N2O concentrations were higher in growing season than that in dormant

season.

Riverine N2O concentrations were higher in watersheds with higher tile drainage

percentage and lower slope during growing season, while N2O concentrations were

higher in low tile percentage watershed rivers.

Stream

Order

Mean 

(nmol L-1)
SD

Coefficient 

of variation

k

(m d-1)

Mean fluxes

(μmol m-2 h-1)

Ranges

(μmol m-2 h-1)

Positive 

values (%)

1 159.1 200.0 1.26 2.78 16.9 -0.6~123.4 98%

2 84.4 102.0 1.20 2.85 8.35 -1.4~60.6 95%

3 56.3 46.0 0.82 3.43 5.77 -0.2~30.3 97%

4 53.3 35.9 0.67 3.31 5.14 0.02~22.7 100%

5 35.5 12.0 0.34 3.19 2.72 1.2~4.9 100%

6 27.9 7.5 0.27 3.41 1.87 1.4~2.6 100%

Table. 1 Mean, standard deviation (SD) and coefficient of variation of riverine N2O

concentrations and fluxes

Rivers mainly acted as N2O sources to the atmosphere.

Riverine N2O emission in the Cannon River Watershed were much higher than

global average in agricultural rivers (0.9±2.9 μmol m-2 h-1) and that in some other

US agricultural rivers (0.18~11.4 μmol m-2 h-1).

 Combine N2O and NO3
- isotopes to identify the underlying mechanisms of watershed characteristics and human regulation.

 Mass balance model development based on NO3
- and N2O concentrations and isotopic information, to produce the water residence and biogeochemical 

rates. Linking water residence time with riverine N2O dynamics.
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Fig.3 Boxplots for dissolved N2O concentrations dynamics across (A)

stream orders and (B) different season groups in May and November, (C)

high and low tile percentage watershed rivers in May and (D) November,

(E) high and low slope watershed rivers in May and (F) November.

Variability of N2O concentrations and fluxes
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Fig.4 Pearson correlation between measured water chemistry, watershed characteristics, human regulations and

N2O concentrations in (A) May and (B) November samplings.
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Fig.5 Hole in the pipe theory

(modified from Baulch et al., 2012)

26.3 tons N2O-N yr-1 EF5r = 0.1%

Annual emission rate in CRW:

The lateral pipes are analogous to N flow rate; the leak hole in white hole is analogous to N2O production rate;

the leak hole in gray hole is analogous to N2O reduction to N2 by complete denitrification.
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