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Extensively tile-drained agricultural systems in the Midwestern US have 
greatly increased nitrate (NO3

-) loss from the Mississippi River Basin. 
However, it is still hard to explain the dynamic variation of NO3

-

concentration in tile drainage. In our study, we focused on the link of 
NO3

- source-pathway by using natural abundance isotope analysis of 
NO3

- with tracer-based water age modeling (StorAge Selection functions) 
to better understand the mechanism of NO3

- leaching in a tile-drained 
corn-soybean rotation system.
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METHODS
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Figure 1. Schematic of NO3- sources and potential transport pathway in a tile-drained agricultural
field. The blue paths are flow paths, including 1) Preferential flow (quick flow); 2) intermediate flow,
and 3) slow flow.

• Fertilizer-derived NO3
- mainly 

transports via preferential 
flow. 

• Mineralization of SON is a 
major source of tile NO3

- loss 
and serves as a biogeochemical 
legacy store.

• The source of NO3
- in the slow 

pathway are the mixtures of 
fertilizer and SON-derived NO3

-

.
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RESULTS

• There was a synchronous
increase on both δ15N and δ18O
which revealed a pronounced
denitrification trajectory in the
δ15N–δ18O space (s=1).

• Reconstructed δ15N-NO3
- was

from -5‰ to 5‰ in our study,
which was the isotope
information of mixing sources
of leaching NO3

-.

Linking nitrate sources and 
transport pathway in a tile-drained 

agricultural field

Figure 2 Paired isotope (𝛿𝛿15𝑁𝑁 and 𝛿𝛿18𝑂𝑂 ) plot of nitrate sources 
and transformation processes (Hastings, 2013)

Fertilizer δ15N: -5‰~
5‰; 0‰ in our study.
Soil organic δ15N: 2‰~
10‰; 5‰ in our study.
Nitrification derived
δ15N-NO3: lower to -10‰
Mineralization: do not
change δ15N-NO3.

Denitrification increases
δ15N and δ18O at the
same time (following as
1:1~2:1 trajectory.)
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(NREC) under grant number 2021-4-360649-46 and 2014-5-360847-320.

• Hastings et al. 2013, Elements, 9 (5): 339–344.

SAS MODEL and TRANSIT TIME:
StorAge Selection (SAS) Functions: SAS functions identify the
relationship between the age distribution of system storage and that of
the outflows (Q and ET), to get a time-variable transit time.

Where 𝑃𝑃𝑆𝑆 𝑇𝑇, 𝑡𝑡 in contrast, defines the CDF for the fraction of stored
water with ages ≤ T at time t. 𝑃𝑃𝑄𝑄/𝐸𝐸𝐸𝐸(𝑇𝑇, 𝑡𝑡) defines the CDF for the fraction
of discharge or ET with ages ≤ T at time t.
Transit Time: the time elapsed from the entrance of a water particle to
its exit.
Water Age: Once a water particle enters the study system, it acquires an
age attribute.

Sub-weekly tile drainage samples were collected from 3 corn-soybean
rotation tiles for measurements of NO3

- and chloride (Cl-) concentrations
(5 yrs) and NO3

- isotopes (2 yrs).

DATA COLLECTION: 
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Figure 4. The cumulative probability of fraction of young water in 7 days (fyw, median storage time 
(MdST), and median transit time (MdTT) in three studied tiles.
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Figure 5. The relationship between reconstructed δ15N and a) median transit time (MdTT) and b) 
fraction of young water in 7 days (fyw,7d). The shadow area with yellow, green, and blue colors
exhibited the potential sources from fertilizer and its following nitrification-derived NO3

-, mixing of 
fertilizer- and SON-derived NO3

-, and mineralized SON following nitrification-derived-NO3
-.
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Figure 3. Biplots of nitrogen and oxygen isotopes. 
The green shadow area was the isotope range of 
sources NO3

- by using the denitrification trajectory 
s=1 and the assumed δ18O of nitrification = 0‰ to 
reconstruct the initial δ15N-NO3

- without being 
affected by denitrification in tile drainage.

• The MdTT always less than MdST showed a young water preference in 
our studied site.

• The median fyw was  0.15; the median MdTT was 167 days; the median 
MdST was 539 days.

• There was a strong fertilizer signal in the corn growing season, 
especially in the quick flow layer. This provides strong evidence that the 
transport of fertilizer-derived NO3

- via macropore flow.
• In soybean season and corn nongrowing season, the sources signal to 

start from SON and were diluted with fertilizer signal with the 
increasing of MdTT.
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