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Tile drainage and agriculture in the US Midwest
1818

"The climate of the Illinois is more agreeable than 
that of England. The sky is brighter, the air more 
transparent, but at present, less healthy. The 
country is intersected with innumerable streams 
whose overflowings produce swamps, which 
partially dry up in the summer, filling the air with 
mosquitoes and noxious effluvia.”

- Elias Pym Fordham, 1818



“Burying crockery in the ground”

John Johnston: the father of tile drainage in 
America, emigrated to NY from Scotland in 1821



Signed T.P. LaRue of Scranton, Iowa

“We the men who started the tile work did so with a motive 
to benefit the town and country.” 

Photo Credit: Greene County Historical Society’s museum in Jefferson, IA



Tiling today
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Subsurface tile drainage is concentrated in the Midwest



…and in the Corn Belt



Yields Nitrate-N losses

Subsurface tile 
drainage

Soil drainage 
class

Tiling necessary for productive agriculture, but has trade-offs
Yields Nitrate-N losses

Subsurface tile drainageSoil drainage class



Tile export of nutrients: a long 
history, but different emphasis

• By the mid-1800s, that nutrients were 
being exported from fields via 
subsurface drainage tiles was 
understood – and even being 
measured

• Motivation was agronomic: are we 
losing “plant food”? 

• Water quality interests, focused on N 
and P, came later (1970s and onward)



Fertilizer and manure are not the only sources of nutrient losses

Rothamsted Experiment: 
England, 1844



Other nutrients besides N can be lost by tiles

NY, 1925



What are magnitudes and proportions of nitrogen export?

• In general, most tile N is 
nitrate-N 

• Ammonium-N is both less 
mobile and oxidizes 
(“nitrifies”) to nitrate-N

• More organic N than 
ammonium-N

• More N loss via tile than 
surface run-off in general



What are magnitudes and proportions of phosphorus export?



How much water is discharged? 
Drainage coefficient varies from 5-40% 
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% in magnitude of precipitation
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Tile export:
More losses of nitrate 
and phosphate

Not just nutrients: greenhouse gas emissions

PO4
3-

Greenhouse gases:
Lower emissions of N2O 
and CH4
Higher emissions of CO2



Tile drainage has been used “passively”: untapped potential 
to design and manage more actively for greater sustainability



Tiles facilitate intensification

Greater water input-
output (balance)

Greater utilization of 
soil profile

Greater utilization of added 
and native nitrogen

Ma et al 2024. EGU PreprintCastellano et al 2019 Nature Sustainability 2:914



Tile drainage in the crosshairs
• Tile drainage: good or bad?   





Streambank erosion: P transfers from land to water

Zhou, Li & Margenot. Geoderma 2022. 424: 115989

• Meandering streams in flat topography 
especially prone to erosion

• Loads sediment as streambank soil
• Soils eroded into the stream contain P – 

most of it is native, from parent material 
(i.e., not fertilizer)

Mackinaw River (Illinois) migration from 1939-2015 
identified by rectifying aerial imagery



The form of P is overlooked but entails lag times

• Only a small % of the P eroded 
with streambanks will dissolve 
upon entering the stream

• Majority of P will likely take years 
to decades to centuries to 
dissolve

• Allows for DRP losses even with 
iterative sediment deposition-
remobilization down the channel

Zhou, S. & Margenot, A.J. 2023, CATENA 231: 107305 

Example of P forms in streambank soils 
and theoretical release rates



• Illinois NLRS assigns point vs non-point vs urban stormwater as 3 loss sources

Source apportionment: 
“where” are the nutrients coming from?

Nitrate-Nitrogen Phosphorus

• Two issues:
(1) Incorrectly equates non-point source with agriculture
      Total – point source = non-point source
  Thus, non-point source ≠ agriculture
(2) Needs to account for different types non-point sources

Non-point source Non-point source



• Illinois NLRS assigns point vs non-point vs urban stormwater as 3 loss sources

Source apportionment: 
“where” are the nutrients coming from?

Nitrate-Nitrogen Phosphorus

• Two issues:
(1) Incorrectly equates non-point source with agriculture
      Total – point source = non-point source
  Thus, non-point source ≠ agriculture
(2) Needs to account for different types non-point sources

Non-point source Non-point sourceWhat are streambank 
erosion contributions to 

state P losses? 



Median=33%
Mean=40%

Median=30%
Mean=31%

• Globally, bank erosion accounts for an average of 
• 40% riverine suspended sediment export
• 31% riverine TP export

31%

• Iowa (18 year average): 
31% of TP export in 
magnitude, conservatively 

Zhou, S. & Margenot, A.J. In review Schilling et al. 2022. JSWC 77 (2) 103 

Streambank erosion contributes substantial riverine 
sediment and TP export 



Discrepancies between P losses vs P balances: legacy P? 
• Yet: Illinois is estimated to be in a net 

negative P balance for croplands since 1990
• +35% P riverine export as a 5-

year average (2017-2021) for IL

2023 Illinois NLRS Biennial Report Summary



State-wide streambank erosion: contemporary (and future)
2375 pins over 475 stream sections on 77 streams and rivers



A preliminary estimate of state-wide streambank loading of P
• Average of 373 mg/kg (ppm) total P (0.0373%) 
• 86,110 miles of streams in Illinois
• Average of 229 lb sediment per foot of eroding* streams 

Assume for 50% of streams
87,100 miles × 0.5 × (5,280 ft/mile) × (229 lb/ft) × 
(0.0373%)
= 19.6 million lb P entering streams
= 57% of the 34 million lb baseline
Assume for 25% of streams
= 9.8 million lb P entering streams
= 29% of the 34 million lb baseline
Assume for 75% of streams
= 29.5 million lb P entering streams
= 86.8% of the 34 million lb baseline



Implications for apportionment

Current 

25% of streams 
eroding

75% of streams 
eroding

-39% for other non-
point source 



Could agriculture influence streambank erosion 
indirectly via hydrological effects? 



Could agriculture influence streambank erosion 
indirectly via hydrological effects? 
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At the watershed scale, the effect of subsurface tile drainage on stream 
flashiness (RBI) may depend on soil infiltration  

St
re

am
 fl

as
hi

ne
ss

More tile in the watershed More tile in the watershed



Net effect of tile drainage on stream flashiness, and thus potentially on 
streambank erosion, depends on several factors

Depth to 
water tableSlope 

Tile characteristics 
Main outlet





Location and density (% of area) of tile drainage across 472 agricultural watersheds

Distribution of studies reflects tiling distribution in EU and N. America



Stream flashiness poorly related one-on-one with watershed properties



• Topography modulates 
streambank flashiness 
response to tile 
drainage extent

• Tiling decreases 
flashiness in low 
infiltration soils

• Tiling does not affect 
flashiness in high 
infiltration soils



Summary
• Tiling enables public health and crop production
• Trade-offs (never solutions) offered by tiling point to positive, including 

unrealized positives on N and water use efficiency if managed properly
• For nearly 200 years, export of nutrients from subsurface drainage tiles has 

been studied 
• N and P, but also K, S, Ca, Mg etc 
• How much depends; consider lb/ac loss versus total soil reserve vs $ 

• Tiles generally have…. 
• Greater absolute (lb/ac) losses of N than P
• Greater proportion of N loss as nitrate-N than other forms 
• Greater portion of P loss as dissolved reactive P (than particulate P (PP)

• Stream flashiness is not necessarily due to increased tiling: it’s complicated
• Streambank erosion: related to tile, and a key driver of P losses





High nitrate-N loss watersheds

• Illinois Nutrient Loss Reduction Strategy 
(INLRS) identifies as high priority 

1. Green River HUC-8
2. Lower Illinois/Senachwine Lake HUC-8

• ~60-75% of crop area drained with subsurface 
tiles

• Nitrate-N losses: 20-25 lb N/a total yield of 
watershed

What are losses – and loss reductions –        
on actual working farms?



An on-farm network: origins and evolution of monitoring 

“Bucket method”: 
time to fill 5 gallon bucket + 

office nitrate-N sensor

Continuous monitoring
V-notch weir, pressure 
transducer, datalogger,

ISCO



How much water is discharged? Depends on water year

2025: 29”
0.20 drainage coefficient

2024: 34”
0.32 drainage coefficient

14% less precipitation but 
45% less tile discharge



Nitrate-N losses by corn vs soybean phase (49 site-years)



Nitrate-N losses by cover cropping (49 site-years)

4 lb/a or 36% reduction 
with cover crops…

…associated with 
lower tile flow



19 lb/ac was average 

Average nitrate-N loss much higher than median
Why? “high loss fields” – which are often high flow fields  



Because a few lose a lot, greater median than mean 
reductions of nitrate-N loss by cover crops: 77% reduction

Median 1.58 lb/a

Median 3.1 lb/a

Median 0.7 lb/a Average: 10 lb/a

Average: 15 lb/a

Average: 11 lb/a



Little relationship of field N balances and tile N loads
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