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BACKGROUND

At the onset of this trial, Arlyn Kauffman set out to compare 
several green manure cover crops between the rye and corn 
phases of his crop rotation. Specifically, he frost-seeded red clover 
and balansa clover to the rye crop in March 2020 and intended 
to include a third treatment: a cover crop mix seeded after rye 
seed harvest in July 2020. Kauffman hypothesized that, provided 
timely summer rainfall, the summer mix would produce the most 
biomass and grazing value. Unfortunately, summer rainfall was 
too sparse for the summer mix to establish; the seeding was 
abandoned. Additionally, the frost-seeded balansa clover failed to 
establish. Kauffman was still eager to test the effect of red clover 
on corn yield, so eventually the following treatments comprised 
the trial:

• Red clover – medium red clover frost-seeded to rye 
March 2020; corn planted in 2021.

• Rye – volunteer rye cover crop seeded during rye seed 
harvest July 2020 with additional rye cover crop drilled 
in October 2020; corn planted in 2021.

METHODS

Design

On Nov. 15, 2019, Kauffman drilled a cereal rye seed crop in 10-
in. rows at 80 lb/ac on land that had previously been planted to 
corn. Kauffman frost-seeded medium red clover (9 lb/ac) into 
the cereal rye crop in strips on March 10, 2020; this was just 
before the cereal rye crop broke winter dormancy. On July 22, 
Kauffman harvested the rye; a volunteer rye cover crop stand was 
established from seed blown out the back of the combine during 
harvest. Kauffman hayed the entire field (clover and rye straw) 
in late July. In the strips with volunteer rye, Kauffman drilled 

additional rye cover crop seed in October at 90 lb/ac. Liquid hog 
manure (2,000 gal/ac) was applied to all strips in early November 
and cattle grazed the entire field from Nov. 15 to Dec. 25.

On Apr. 26, 2021, Kauffman planted corn in 30-in. rows at a 
population of 31,500 seeds/ac. With the planter, he applied 20 
gal/ac of “UAN(29)” – UAN(32) diluted with 10% ammonium 
thiosulfate. The red clover and rye cover crops were terminated 
five days later on May 1 with glyphosate (32 oz/ac) and 2,4-D 
(0.24 qt/ac). Kauffman sidedressed all strips with 58 lb N/ac as 
urea on July 1. An additional spray pass was made on May 21 to 
control weeds: Stalwart (2 qt/ac) and ATZ (0.5 qt/ac).

In a Nutshell:

• July harvest of small-grains crops presents the opportunity to grow both nitrogen-fixing 
legume cover crops and forage cover crops for cattle grazing.

• In this project, Arlyn Kauffman frost-seeded clover cover crops into a cereal rye seed crop 
and intended to compare them to a cover crop mix seeded after cereal rye seed harvest in 
July. Dry conditions after rye seed harvest, however, precluded establishment of the cover 
crop mix. Ultimately, Kauffman compared the effects of red clover and cereal rye cover crops 
on corn yield.

Key Findings:

• Frost-seeding red clover resulted in greater corn yield by 41 bu/ac and a larger return on 
investment than the cereal rye cover crop.
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Dark green corn in a strip that followed a red clover cover crop. “They were SOOO 
green,” Kauffman said. “It was astonishing from the road to see the difference in corn 
color. From the air, even more.” The neighboring strips had a cereal rye cover crop. 
Photo taken July 7, 2021.
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Measurements

Kauffman harvested corn and recorded yields from each individual 
strip on Oct. 15. Yields were adjusted to standard moisture (15.5%).

Data analysis

To evaluate the effect of cover crop on corn yield and profitability, 
we calculated the least significant difference (LSD) at the 95% 
confidence level using a t-test. If the difference in average yield 
resulting from the two cover crop treatments was greater than the 
LSD, we would expect such a difference to occur 95 times out of 
100 under the same conditions – we refer to this as a statistically 
significant effect. On the other hand, if the difference resulting 
from the two treatments was less than the LSD, we would consider 
the results to be statistically similar. We could make these statistical 
calculations because Kauffman’s experimental design involved 
replication of the two treatments (Figure A1).

RESULTS AND DISCUSSION

Corn yield

Corn that followed red clover statistically out-yielded corn 
following the rye cover crop by 41 bu/ac (Figure 1). Yields fell 
considerably short of Kauffman’s county’s five-year average 
(Decatur = 171 bu/ac).[1] “One challenge we had was very slow 
corn emergence and a poor stand in the clover due to shading 
and cool soil temperatures,” Kauffman said. “If there would 
have been a full stand it could have gone another 30 bushels 
higher.” Despite this, his results further illustrate superior corn 
agronomic performance when following legume cover crops that 
have also been shown in previous PFI on-farm research[2,3] and 
academic research.[4,5]

Economic considerations

The return on investment was more than $200/ac greater in 
the clover treatment than in the rye treatment (Table 1). The 
significantly greater corn yield coupled with the lower total cost of 
the clover treatment translated to greater revenue.

Timelines of the two cropping systems Arlyn Kauffman compared.

Dark green strips depict where corn followed the red clover cover crop; lighter green 
where corn followed the rye cover crop. Photo taken July 13, 2021.

FIGURE 1. Corn yields at Arlyn Kauffman’s in 2021. Columns and values 
represent treatment averages; points represent yields from individual strips. 
Because the difference between the treatment averages (41 bu/ac) is greater 
than the least significant difference (LSD = 35 bu/ac), the treatment yields are 
considered statistically different at the 95% confidence level. We indicate this 
with an asterisk (*).

TABLE 1. Cost, revenue and return on investment ($/ac) 
at Arlyn Kauffman’s in 2021.

OPERATION a RED CLOVER RYE

Seed a $10.80 $16.47

Seeding b $12.50 $16.15

ROI CALCULATIONS

Total cost $23.30 $32.62

Corn yield (bu/ac) 132 91

Revenue @ $5.20/bu c $686.40 $473.20

ROI: REVENUE-COST $663.10 $440.58
a  Seed costs provided by Kauffman.
b  Costs of seeding were accessed from the 2021 Iowa Farm Custom 
Rate Survey.[6] Red clover = broadcast with ATV; rye = drill.
c  Corn prices were provided by Kauffman.
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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 at 
Leon, the nearest weather 
station to Kauffman’s farm.[7] 

APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS

FIGURE A1. Arlyn Kauffman’s experimental design consisted of four 
replications of both treatments (8 strips total). This design allowed for 
statistical analysis of the data.
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CONCLUSIONS AND NEXT STEPS

“Needless to say, we are ordering medium red clover to underseed to our small grain next year going to corn in 2023!” Kauffman said of 
his results. “In an extended rotation that includes a small grain followed by corn, this has to be about the lowest-hanging-fruit practice a 
person could imagine, based on what we learned.” After observing slow emergence of corn planted into cover crops this year, Kauffman 
is reconsidering his typical practice of planting corn in April and instead planting in May when soil temperatures are higher. Ultimately, 
Kauffman was pleased to see for himself what other farmers have observed and shared over the years: “[This trial] built my confidence 
that using clover to drastically reduce commercial N is a real thing!”


