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Motivation: Dissolved organic carbon (DOC) is an important component of carbon cycling in agricultural watersheds and plays a critical role in regulating biogeochemical processes. In tile-drained 
systems, DOC export reflects the interaction between soil organic matter, hydrology, and agricultural management. Yet, despite its importance for microbial activity and carbon transport, DOC 

dynamics remain understudied in row-crop systems. Because DOC and nitrate are linked through microbial processes, understanding DOC variability also provides insight into nitrogen transport and 
transformation. Therefore, evaluating DOC patterns over time and across scales can improve our understanding of how agricultural management influences both carbon and nitrate losses from tile-

drained watersheds.

Long-term data

Fig. 1: Upper Embarras River Watershed (UER). 

• Upper Embarras River (UER) has over 30 years of weekly water-
quality monitoring (1993–2025), including nitrate-N and DOC at 
the watershed outlet.

• The long-term record shows strong seasonal variability and 
event-driven peaks, highlighting the importance of hydrologic 
conditions for both solutes.

• This long-term dataset supports assessment of temporal trends 
and co-variability between carbon and nitrogen at the watershed 
scale.

Long-term analyses: WRTDS
Flow-normalized results 
(1994–2025) show a 37% 

decline in nitrate 
concentrations and a 25% 

increase in DOC, resulting in 
an ~80% increase in the 

DOC:NO₃ ratio since 2000. 
These trends suggest a shift 
in watershed-scale carbon–

nitrogen balance 
independent of discharge 

variability.

The nitrate decline suggests improved nitrogen management.
The DOC increase indicates enhanced carbon mobilization or greater 

hydrologic connectivity to organic matter sources.

Fig. 4: Flow-normalized nitrate and DOC concentrations (WRTDS)

16 tile-drained plots (80 ft 
wide by approx. 1700 ft long). 
Four treatments with four 
replicates in a randomized 
complete block design in a 
corn-soybean rotation. 

Treatments: conventional 
tillage (CT), no-till (NT); strip-
till (ST), and strip till with 
cover crop (ST-CC). 

Field-scale analyses: LMM

Fig. 9: FWM of Nitrate and DOC concentrations across the 
four treatments (2021-2025).

• Flow-weighted mean (FWM) DOC varied across management 
treatments and crop phases from 2021–2025. Strip-till management 
was associated with higher DOC relative to other tillage treatments, 
suggesting enhanced carbon mobilization.

• Visual patterns indicate that DOC and nitrate respond differently 
across crop phases, reinforcing evidence of carbon–nitrogen 
coupling within tile-drained systems.

Linear mixed-effects model (FWM-DOC ~ FWM-NO3 + Treatment + 
Precipitation + Crop + (1 | Tile)) 
• Identified nitrate and precipitation as significant predictors of DOC 

across tiles. These results suggest that both nitrogen availability and 
hydrologic forcing regulate DOC variability at the field scale.
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Fig. 5: Detrended DOC vs. detrended nitrate (ΔDOC, ΔNO₃)

Carbon–Nitrogen Coupling and Spring Hydroclimatic Controls

Fig. 8: Eric Miller’s farm in Piatt County.

Summary: Long-term trends reveal increasing DOC and declining 
nitrate. Detrended analyses show a negative DOC–nitrate 
relationship, and spring precipitation strongly controls DOC 
variability. Field-scale modeling confirms that nitrate, precipitation, 
and crop phase significantly influence DOC. 

Fig. 6: Detrended DOC vs. detrended temperature (ΔDOC, 
ΔTemperature) Spring season

Fig. 7: Detrended DOC vs. detrended precipitation (ΔDOC, 
ΔPrecipitation) Spring season

• A significant negative relationship 
was observed between 
detrended DOC and nitrate 
concentrations (R² = 0.48).

• Increases in DOC are associated 
with declines in nitrate, 
suggesting that greater carbon 
availability may enhance nitrate 
removal processes at the 
watershed scale.

• During the spring season, precipitation exhibits a strong positive 
association with DOC (R² = 0.58), suggesting that hydrologic 
flushing enhances carbon mobilization. 

• In contrast, temperature shows a weaker relationship (R² = 0.13), 
indicating limited control on DOC variability.

• Together, these results suggest that spring hydroclimatic 
variability influences carbon availability.

Fig. 10: FWM of Nitrate and DOC concentrations of soybean 
and corn (2021-2025).

R² = 0.4846
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Fig. 3: Long-term data of the Upper Embarras Watershed (1993–2025): (a) Dissolved organic carbon concentration; (b) nitrate 
concentration.

• Upper Embarras River (UER) drainage area (482 km²).
Land use is corn-soy rotation agriculture (>90%), with developed 
areas (5.4%) located in the city of Champaign, IL.
75 to 80% of the total watershed area has subterranean tile 
drainage.
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