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What happens to the 

fertilizer that you apply?

















Minnesota farmers are installing tile

199220122022



Nitrogen and phosphorus 

move differently in the soil
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Measuring on-farm nitrogen 

cycling: Minnesotaôs Coolest 

Drainage Plots



Minnesotaôs Coolest Drainage Plots

ÅFour large (15 ac) plots

ÅTile installed 3 feet deep and 

50 feet apart 

ÅSilty clay loam soil

ÅFarmed as one unit

ÅWheat-Soybean rotation with 

sugarbeets in 2024, back to 

wheat in 2025



Minnesotaôs Coolest Drainage Plots

ÅResearch
ïMeasure surface runoff, 

tile discharge, and nutrient 
concentrations

ïMultiple large plots

ïFarmed commercially on 
station

ÅOutreach
ïHighly visible, easily 

accessible location

ïPlace for discussion with 
growers AND the public



Two extreme years: 2020 and 2021
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N Losses by Pathway
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Soybean and Wheat Yields ( bu/ac)

2020 2021

Soybeans Wheat

Drained 2350 (70)a 3130 (60)b

Undrained 1970 (80)b 3430 (50)a

Drained 54

58

40

34



2020 2021 Total

Soybeans Wheat

Drained 2350 (70)a 3130 (60)b 3130 (60)b

Undrained 1970 (80)b 3430 (50)a 3430 (50)a

N uptake ( lb /ac) estimated from yields

Drained 65.7

72.0

129.3

108.3

65.7195.0

180.3







N Losses by Pathway
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2020 2021
Total (% of 

applied)

Soybeans Wheat

Drained 2350 (70)a 3130 (60)b 3130 (60)b

Undrained 1970 (80)b 3430 (50)a 3430 (50)a

N loss in tile discharge and runoff ( lb /ac)

Note: 170 lb N/ac applied in wheat years

Drained 0

0

0.7

0

65.70.7 (<1%)

0 (0%)



N Losses across 2 Extreme Years
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Wet July (2020): Drained > Undrained
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Extreme drought: Drained < Undrained
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Two-Year Average (lb N/ac): 
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2020 2021 2022 2023 2024 2025

Soybean Wheat Soybean Wheat Sugarbeet Wheat

---------------- Yield (bu/ac) ---------------
Yield 

(t/ac)

Recov. 

Sucrose 

(%)

Yield 

(bu/ac) 

Drained 40 A 54 B 39 86 33.5 17.4% A 94

Undrained 34 B 58 A 40 88 34.6 17.0% B 92

Havenôt seen dramatic improvements in yield 

since 2020, but have had less rain



Wheat years corresponded with drier years
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Nitrate loss is strongly tied to total rainfall



Controlled Drainage

ÅReduces tile drainage discharge by about 40%

ïN and P load reduction comes from discharge 

reduction

ÅChallenges: 

ïRequires active management of water levels

ïSloped/rolling fields need more complex design

Non-Growing Season Planting Growing Season Harvest

Pease et al. (2018), Helmers et al. (2022), and Youssef et al. (2023)



If you have a lift 

station, you can 

implement 

controlled drainage 

by switching the 

pump off or to 

manual


