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BACKGROUND

Prior research in Iowa and Indiana has shown cereal rye cover 
crops to increase water infiltration1 and soil moisture retention2,3 
in corn-soybean systems. Recently, Practical Farmers of Iowa 
was invited to join a multi-state effort to further investigate the 
effects of cover crops on soil water availability. These on-farm 
research trials will contribute to a national on-farm trial network 
coordinated by the Southern Cover Crops Council at North 
Carolina State University and is part of the ongoing, USDA-funded 
initiative known as Precision Sustainable Agriculture.4 Results 
of the national on-farm trials are building a decision support 
tool (DST) aimed at increasing knowledge about cover crop use 
for improving water and nutrient management and increasing 
the economic and environmental performance of agricultural 
lands. In fall 2021, five PFI farmers, initiated on-farm research 
trials of replicated paired strips of cover crop vs. no cover crop 
to investigate the effect on crop yields and soil water availability 
for the 2022 growing season. At the onset of the project, one of 
the participating farmers, Will Cannon, said, “[This research] will 
validate that our current cover crop practices are working or if we 
need to make changes.”

In a Nutshell:

• Landon Brown, Will Cannon, Jeremy Gustafson, Aaron Lehman and Sam Ose were recruited 
by Practical Farmers of Iowa to participate in an on-farm research project that was part of a 
multi-state effort coordinated by researchers at North Carolina State University and USDA in 
Beltsville, MD. 

• Each farmer tested the effect of cereal rye cover crops on either corn or soybeans yields as 
well as soil moisture with sensors provided by NCSU and installed by PFI staff. 

Key Findings:

• Soybean yields were improved by the cover crop at Cannon’s but corn yields at Ose’s were 
reduced by the cover crop. Brown, Lehman and Gustafson observed no effect of cover crop on 
cash crop yield. 

• Soil moisture sensors provided reliable data at three of the five farms. Cannon saw no effect 
on soil moisture from the cover crop; Brown saw some improvement of soil moisture from 
the cover crop; and Gustafson saw reduced soil moisture from the cover crop. 
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Strips of cover and no-cover at Jeremy Gustafson’s farm near Boone on May 22, 2022.
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TABLE 1.  Management at the five farms in 2022.

BROWN CANNON GUSTAFSON LEHMAN OSE

Cover crop seeding

Oct. 4, 2021: 
cereal rye (30 lb/

ac) and winter peas 
(20 lb/ac) drilled in 

twin 10-in. row-
widths

Nov. 4, 2021: 
cereal rye (60 lb/
ac) broadcast and 

incorporated

Oct. 15, 2021: 
cereal rye (56 lb/ac) 

drilled

Sept. 26, 2021: 
cereal rye (60 lb/
ac) broadcast to 

standing corn with 
highboy

Sept. 29, 2021: 
cereal rye (60 lb/

ac) broadcast with 
roller

Cash crop Corn Soybeans Soybeans Soybeans Corn

Cash crop planting
May 16: 

32,000 seeds/ac in 
30-in. row-widths

May 7: 
145,000 seeds/ac in 
15-in. row-widths

May 24: 
140,000 seeds/ac in 
30-in. row-widths

June 3: 
150,000 seeds/ac in 
30-in. row-widths

May 13: 
34,000 seeds/ac in 
30-in. row-widths

Cover crop 
termination

May 18: 
Durango (24 oz/ac); 
Keystone LA NXT 

(1 qt/ac)

June 4
May 31: 

glyphosate; 
Boundary Sonic

May 21: 
disking

Apr. 26: 
glyphosate (24 oz/

ac)

Cash crop harvest Nov. 1 Sept. 22 Oct. 11 Oct. 7 Oct. 22

Methods 

Design 

To determine the effect of cover crops on crop yields and soil 
moisture, each cooperator compared two treatments: 

• Cover – overwintering cover crop seeded in fall 2021. 
• No-cover – no cover crop seeded. 

Field management for each farm is presented in Table 1. All 
farms assigned treatments to alternating strips and replicated 
each treatment four times (Figure A1). By farm, all strips were 
managed similarly apart from the cover crop treatments.

Measurements 

Cover crop biomass samples were collected at each farm just 
prior to termination. Samples air dried for at least 4 weeks 
before weighing to estimate aboveground biomass. Soil moisture 
sensors, provided by North Carolina State University, were 
installed in June by PFI staff after crop emergence at each farm. 
Sensors routinely collected soil moisture (volumetric water 
content) from four depths: surface, 6 in., 18 in. and 30 in. Each 
cooperator harvested corn or soybeans from each strip and 
recorded yields and percent moisture. Corn yields were adjusted 
to 15.5% moisture; soybean yields were adjusted to 13% moisture.

Data analysis 

To evaluate effects of the cover crop treatments on crop yields we 
calculated treatment averages for each measurement then used 
a t-test to compute the least significant difference (LSDs) at the 
95% confidence level. The difference between each treatment’s 
average soybean yield is compared with the LSD. A difference 
greater than or equal to the LSD indicates the presence of a 
statistically significant treatment effect, meaning one treatment 
outperformed the other and the farmer can expect the same 

Cover crop biomass was sampled at Sam Ose’s farm on Apr. 26, 2022 just prior to 
termination.

results to occur 95 out of 100 times under the same conditions. 
A difference smaller than the LSD indicates the difference is not 
statistically significant and the treatment had no effect. We could 
make these statistical calculations because each cooperators’ 
experimental design involved replication of the treatments 
(Figure A1).
 
RESULTS AND DISCUSSION  

Cover crop biomass 

The amount of cover crop growth achieved across all farms was 
relatively low (Table 2). The exception was Brown’s where just 
over 2,500 lb/ac of aboveground biomass was observed just 
prior to termination. Varying cover crop performance is likely a 
reflection of the varied precipitation and temperature patterns 
fall 2021–spring 2022 across sites (Figure A2). 
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Crop yields 

Cash crop yields were unaffected by cover crops at three of the 
five farms (Brown, Gustafson, Lehman) (Table 3). At Ose’s farm, 
corn yields were reduced by 11 bu/ac by the cover crop and at 
Cannon’s, soybean yields were statistically improved by the cover 
crop by 1 bu/ac. Interestingly, cover crop biomass was least at 
Ose’s and Cannon’s among the five farms (Table 2), yet crop 
yields were only affected at these two farms.

Soil moisture 

Soil moisture sensors registered usable data at Brown’s, Cannon’s 
and Gustafson’s only (sensors unfortunately failed at Lehman’s 
and Ose’s). Figure 1 shows the varying effect of the cover crop 
on soil moisture at the three farms. At Brown’s, the cover crop 
resulted in drier soil conditions in June, but the reverse was true 
beginning in mid-July, and this continued through the rest of the 
growing season. At Cannon’s, it was safe to say that soil moisture 
between the cover crop and no-cover treatments did not tend to 
differ during the growing season. At Gustafson’s, soil moisture 
was consistently drier in the cover crop treatment from start to 
finish. Former PFI research coordinator, Hayley Nelson, installing soil moisture sensors at Sam 

Ose’s farm on June 16, 2022.

TABLE 2.  Aboveground cover crop biomass at each farm just prior to termination in 2022.

SEEDING TERMINATION BIOMASS (lb/ac)

Brown Oct. 14, 2021 May 18, 2022 2,546

Cannon Nov. 4, 2021 June 4, 2022 628

Gustafson Oct. 15, 2021 May 22, 2022 645

Lehman Sept. 26, 2021 May 19, 2022 756

Ose Sept. 29, 2021 Apr. 26, 2022 574

TABLE 3.  Crop yields (bu/ac) as affected by cover crops at each farm in 2022.

COVER NO-COVER DIFF. LSD SIGNIFICANT?

Corn
Brown 205 205 0 34 N

Ose 212 223 11 2 Y

Soybean

Cannon 70 69 1 1 Y

Gustafson 65 63 2 4 N

Lehman 78 77 1 4 N

By farm, if the difference between the treatment yields is greater than the least significant difference (LSD), we consider the yields statistically 
different with 95% confidence. 
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FIGURE 1. Soil moisture through the growing season averaged across the 
surface, 6-in., 18-in. and 30-in. depths at Landon Brown’s, Will Cannon’s and 
Jeremy Gustafson’s in 2022. 

APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS 

FIGURE A1. The cooperators’ experimental design consisted of four replications 
of the two treatments. This design allowed for statistical analysis of the data. 

CONCLUSIONS AND NEXT STEPS

Where the cover crop appeared to have no impact on soil moisture 
during the summer (Cannon’s), we also observed a slight 
improvement in crop yield compared to the no-cover treatment 
(Table 3). Interestingly, Brown observed no effect of the cover 
crop on corn yield, but the cover crop did seem to improve soil 
moisture during the summer. This effect on soil moisture was 
perhaps due to Brown reaping the most cover crop biomass of 
all the sites (Table 2) – the mulch from the leftover cover crop 
residue might have helped preserve soil moisture. At Gustafson’s, 
Lehman’s and Ose’s, there was no effect of cover crop on cash crop 
yield, though, Gustafson saw the cover crop reduce soil moisture 
(Figure 1). Results from the five trials in Iowa in 2022 point to 
the importance of trialing cover crops over multiple years and on 
multiple farms. 
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PFI COOPERATORS’ PROGRAM

PFI’s Cooperators’ Program helps farmers find practical answers and make informed decisions through on-farm research projects. 
The Cooperators’ Program began in 1987 with farmers looking to save money through more judicious use of inputs. 

If you are interested in conducting an on-farm trial contact Stefan Gailans @ 515-232-5661 or stefan@practicalfarmers.org.
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FIGURE A2. Mean monthly temperature and rainfall during the trial period and 
the long-term averages the nearest weather station to each farm.5
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