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MOTIVATION METHODS bata collection: RESULTS : NITRATE TRANSPORT

Study Site: The site Is a 150-acre, tile > Tile drainage samples collected
cpe . . . . . e . - ’ B . lanting N and potash : i
Artificial drainage in the agricultural Midwest has been identified as one of the drained soybean-comn rotation field in  9uring the 2021 water year from e e S > Chloride in tile drainage was used as

major factors driving nitrogen (N) loss from the Mississippi River Basin. While Douglas County, IL. It contains 36 inline tle  monitoring  structures | L a conservative tracer to characterize
both soil organic N and applied N fertilizer are considered major sources individual tile lines with drainage area of using ISCO automated samples. - Vbt NO, transport pathways (Fig. 5) .

contributing to this N loss (mainly in the form of nitrate (NOy’); Fig. 1), it remains about 4 acres for each tile. Sampling frequency: every 8 hours e
extremely difficult to differentiate and quantify these two N sources due to the
complex and interacting nature of N cycling in the soll-crop system. In this study,
we aim to advance our knowledge of the sources and transport pathways of NO;

. . e 515N (% » Fast recovery of chloride In tile
12 Experiment Plots: 2 phases (corn & during increased flow and weekly DEy Tl drainage folloz//ving potash broadcast

i during base flow. o . .
soybean) X 2 treatments X 3 replicates. J signifies the importance of preferential

0 i i : . o . .
in tile-drained corn-soybean rotation systems by leveraging the unique strength ” ;gg /Odrolrjast?\lH(?Oliegjin I;Ig?f ri) rinOf > Samples were measured for NOj A | flow in delivering fertilizer-derived
of a novel NOj isotopic fingerprinting technique (see “Isotope Theory” below Y 3PP Y Spring. Isotopes using the denitrifier method CoTA e NO; to tiles.

for more details). We hope results from this study will shed new light on the long- » 50:50 split of spring NH, and side- (Weigand et al, 2016) and an
lasting debate centered on the role of soil N vs. fertilizer N in driving tile NO;™ loss dress UAN. Isotope ratio mass spectrometer.
and will eventually lead to better design and implementation of management

practices that reduce N loss from tile-drained agricultural watersheds.

Figure 5 Nitrogen isotopic composition and chloride concentration of tile drainage from 50:50 Corn plots.

» The relative importance of soil matrix and preferential flows as the dominant

2020 2021 RESULTS: NITRATE SOURCES pathway of tile NO5™ leaching is controlled by the system wetness degree (Fig. 6).
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Figure 1 Nitrate loss in tile-drained corn-soybean rotation system
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ISOTOPE THEORY

Definition: Isotopes are variants of the same chemical element. Nitrogen has
two stable isotopes, 1“N and °N, while oxygen (O) has three (1°O, 'O, and 180).
Isotope abundances are commonly expressed using a delta (0) notation:

15 18 —_
515N (or 8'0) = (Rsample/Rstandara — 1) X 1000 T o | - A CONCLUSIONS & NEXT STEPS
Where R denotes the ratio Of heavy (15N or 180) to |Ight (14N or 160) isotopes. The Figure 3 Nitrogen isotope composition, nitrate concentration, and daily nitrate load of tile drainage

term Rsample/Rstandard IS therefore the “ratio of ratio” relating the measured Isotope > Sharp declines in 85N following fertilizer application events (highlighted by > Contributions of different NO,™ sources (soil organic N vs. fertilizer N) and
composition of a sample to that of an isotope standard. dashed pink squares in Fig. 3) provide evidence for leaching of NO;™ that was impacts of competing N cycling processes (mineralization/nitrification vs.

> For example, a negative 85N value means that the sample has a lower 15N-to- derived from N fertilizers applied in the current growing season. denitrification) are discernable in tile drainage NO;" isotopes.

Figure 6 Conceptual schematic of flow paths and nitrate transport under different wetness and crop growth conditions.
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*N ratio (i.e., contains less **N) than atmosphere N,. Progressive declines in 815N during the non-growing season (highlighted by Soil NO, are vulnerable to loss via preferential flow during wet springs, while
dash pink arrows in Fig. 3) point to the importance of organic N mineralization. soil matrix flow mediates NO,™ leaching events under dry conditions.

Isotopic Fingerprinting: Analogous to human fingerprints, N and O isotopes In " _ _ _ _ o _ »
NO, can be used to differentiate sources and determine the biogeochemical 100% Com Next steps involve (1) direct isotopic characterization of the applied N fertilizers,

transformations acting on NO.~ (Fig. 2) Denitrification was pronounced in 14 - 50:50 Corn (2) laboratory soil incubations to quantify the isotopic signature of soll
J 3 \F19. <), 100% Soybean : At i - - -
both corn and soybean plots, as mineralization-produced NO;, and (3) hydrological modeling using the

i 50:50 Soybean : . . . : : .
12 measured tile chloride concentrations to quantify the travel time of tile drainage.

100

» NO; produced from soil 0 | ‘ }CA[ e indicated by the coupled &N and
organic N mineralization has " g S 680 enrichment in tile NO4 (Fig. 4).

. 70 - L “eanic :
6N ranging from 2% to 10%o. o - 0‘ e - o |
: J Fenilizer NO, The original isotopic signatures of tile

50

w] : (R o e o NO, from corn and soybean plots a i REFERENCES & ACKNOWLEDGEMENTS
A= () From NH, in ertiizer were different by about 5%o0 (Fig. 4), | :

> Denitrification increases both % 1o- = | [ -?:'ﬁiﬁrﬁf;ﬁfff!?:d suggesting mixed contribution of soll liZer N 7 hastings etal, 201, Flements, 9 (): 3357344
; iy | septic waste organic N and fertilizer N to tile NOy

O°N and &30 of NO;. 4 B S
’ L o loss from corn plots.
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Figure 2 Paired isotope (515N and §1°0 ) plotof nitrate g o & B B | | | | | | > This study is supported by lllinois Nutrient Research & Education Council
Figure 4 Biplots of nitrogen and oxygen isotopes soil organic N? g4 2\ (gp0) (NREC) under grant number 2021-4-360649-46 and 2014-5-360847-320.

» ON of nitrification-produced
NOs™ can be as low as -10%eo.

8" 0-NO, (% vs. SMOW)

» Weigand et al. 2016, Rapid Communications in Mass Spectrometry, 1365-1383.

Nitrification

sources and transformation processes (Hastings, 2013) §SN-NO, (e vs. AIR-N,)




