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Background:

Climate change severely affects global food security by disrupting water access for crops.
Rising temperatures and shifting precipitation patterns cause frequent, severe droughts in
some areas and increased rainfall and flooding in others. In recent years, Minnesota has
faced erratic rainfall, posing substantial challenges for local farmers. Excessive rainfall
submerges crops in certain years, while prolonged droughts leave fields parched,
complicating agricultural operations. These unpredictable conditions pose difficulties for
farmers trying to optimize yields and maintain a stable income. Additionally, in irrigated
agriculture, regulatory agencies scrutinize farmers for exceeding permit

limits on water use during droughts and for reducing nitrate leaching in wet years. To
address these challenges, conservation practices like reduced or no tillage and cover
cropping could help mitigate the impacts of climate change; however, their effectiveness
in irrigated sandy soils is yet to be researched. We are conducting trials on coarse-
textured soils under corn-soybean rotation at the Sand Plain Research Farm (SPRF),
Becker, MN. These plots allow us to test for the effect of tillage and cover crops at
different water treatment levels, simulating climate change scenarios. We have gathered
data on soil moisture, nitrate leaching, soil and plant nitrogen, soil physical properties,
and biomass. We anticipate that the results will empower corn farmers to make more
informed decisions, adapt to changing water availability patterns, and foster sustainable
and resilient agricultural systems in the face of climate change.

Project goals:

e Determine the effect of tillage and cover crop under optimum water, over-water, water-
stressed, and rainfed conditions on corn-soybean production, crop water use, and soil
moisture availability.

e Evaluate the effectiveness of reduced tillage and cover crop on reducing nitrate leaching in
irrigated sandy soils under different water regimes.

e Promote the adoption of conservation practices in corn-soybean systems in coarse-texture
soils in Minnesota through extension and outreach.



Our overarching objective is to determine the effect of tillage and cover crops under optimum
water, overwater, water-stressed, and rainfed (no-irrigation) conditions on corn-soybean
production, crop water use, soil moisture availability, and nitrate leaching in irrigated sandy soils.
The overall goal is to fill the knowledge gap about the soil water dynamics under tillage and cover

cropping, and provide guidelines on crop water use to farmers.

Field Trial Overview:

Trial area: 128 20ft x 55ft plots
Cover crop planting date: NA
Cover crop termination date: NA
Planted corn and Beans: 5/29/2025
Harvested Corn: 10/16/2025
Harvested Beans: 10/6/2025

Irrigation, Tillage, and Cover Crop Treatments:

e No Till and Cover Crop

e Tillage and Cover Crop

e No Till and No Cover Crop

e Tillage and No Cover Crop
Each treatment above has 4 plots for each of the following water levels: no irrigation, water stressed
(60% irrigation), optimum irrigation (100%), and above optimum (125%)




CO: CI Plot#
616 516 Treatment#
1 O

615 515

T1

TO

TO

T1

Plot#
Treatment#

T1

TO

TO

2:10) 130
Gl GO
209 £09

T1

Figure 1: Corn plot design for the study. Where T1 is tillage, TO is No-Till, C1 is cover crop present, and C0 is no cover
crop. Irrigation treatment signified by cross-hashing, dots mean above optimum, diagonal lines mean optimum, vertical
lines mean water stressed, and checkerboard means no irrigation.
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Figure 2: Soybean plot design for the study. Where T1 is tillage, T0 is No-Till, C1 is cover crop present, and C0 is no
cover crop. Irrigation treatment signified by cross-hashing, dots mean above optimum, diagonal lines mean optimum,

vertical lines mean water stressed, and checkerboard means no irrigation.



Preliminary findings from the 2025 season:

> Given that 2025 didn’t have a cover crop or tillage treatment in effect, we can only look
at differences caused by irrigation level.

> Generally, results were as expected; rainfed was typically drier at all depths, even though
rainfall was above average this year.

> Irrigation didn’t have any clear effect on nitrate levels, with no real trend between corn
and soybeans.

Summary of Findings

> Preliminary results

Westport Corn Yield by Irrigation
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Irrigation treatment: |1 = above optimum, 12 = optimum, I3 = Deficit 14 = Rainfed
Means sharing the same letter are not significantly different (Tukey HSD, a = 0.05).

Figure 3. Average corn yield under each irrigation treatment.
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Means sharing the same letter are not significantly different (Tukey HSD, a = 0.05).

Figure 4. Average soybean yields under each irrigation treatment.

Westport Corn Soil Moisture: Irrigation by Depth
Letters compare Irrigation treatments within each Depth (p < 0.05)
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Figure S. Average corn soil moisture at each depth during the growing season under each irrigation treatment.



Westport Soybean Soil Moisture: Irrigation by Depth

Letters compare Irrigation treatments within each Depth (p < 0.05)
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Figure 6. Average Soybean soil moisture at each depth during the growing season under each irrigation treatment.

Westport Corn Soil Moisture By Depth and Irrigation
Showing seasonal fluctuations (DAP_f as Factor)
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Figure 7. Corn soil moisture reading throughout the growing season averaged through all plots, starting at 49 days after
planting and ending at 132 days. The depths are in cm, ranging from 10 cm to 100 cm deep.



Westport Soybean Soil Moisture By Depth and Irrigation
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Figure 8: Soybean soil moisture reading throughout the growing season averaged through all plots, starting at 49 days
after planting and ending at 132 days. The depths are in cm, ranging from 10 cm to 100 cm deep.

Nitrate Levels by Irrigation Group (Corn)

201

101

Mean Nitrate Concentration (mg/L)

12 13 14
Irrigation Treatment

Irrigation treatment: [1 = above optimum, 12 = optimum, I3 = Deficit, 14 = Rainfed
Means sharing the same letter are not significantly different (Tukey HSD, alpha = 0.05).

Figure 9: Average nitrate levels in Corn plots during the growing season under each irrigation treatment.




Nitrate Levels by Irrigation Group (Soybeans)
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Irrigation treatment: |1 = above optimum, [2 = optimum, 13 = Deficit, 14 = Rainfed
Means sharing the same letter are not significantly different (Tukey HSD, alpha = 0.05).

Figure 10: Average nitrate levels in soybean plots during the growing season under each irrigation treatment.

During this first year, natural rainfall was plentiful and timely, leading to less irrigation than would
typically be expected. This leads to less identifiable effects from water levels on yield.
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Figure 11. Overall irrigation application in inches. The small amount of irrigation applied to rainfed fields was for
nutrient management purposes only.

In order to reset all plots to baseline ahead of the study, all plots were tilled so that we did not get
unintended interactions from previous studies. Additionally, as part of this reset, there were no
cover crops seeded in this first year so the only treatment was irrigation.



EDUCATION AND OUTREACH ACTIVITIES.

e A field day was organized on July 10th, 2025, at the Sand Plain Research Farm (SPRF)
to showcase the study. 40 attendees.

e Tyler presented a poster with preliminary results at the Midwest Cover Crop Council
Meeting in Dubuque, lowa, on February 10th and 11th.

e Tyler presented a poster at the ASABE meeting in St . Paul on April 9th.

e Project data was also presented at the Pope, Swift, Stearn, Kandiyohi, and Douglas
County Irrigators’ clinic on March 24th, 2026.

e Tyler Meyer, LAAS graduate student, is a Ph.D. student on this project.



