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In a Nutshell:
• The objective of this trial was to determine the most profitable and sustainable green manure
system for planting between winter wheat and corn.
• Sloan compared cover crop biomass and corn yield among three treatments: two in which
a clover blend was interseeded to wheat and terminated the following spring but with
different herbicides, and a third in which a winterkill cover crop mix was drilled following
wheat harvest.
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Key Findings:
• Interseeding red and alsike clover to wheat then terminating it the subsequent spring –
regardless of termination herbicide used – generated greater corn yields and a better return
on investment by $80/ac compared to a winterkill cover crop mix drilled following wheat
harvest.
BACKGROUND
Since 2013, PFI member Dick Sloan has played with an expanded
three-year rotation of winter small grains between soybean and
corn. Among the small grains he grows are winter wheat and cereal
rye, which he harvests and then plants as cover crops. The summer
harvest of winter small grains provides a window of opportunity
to grow soil nitrogen ahead of corn by means of establishing a
green manure. Sloan has experimented with different interseeded
clover mixes as well as summer-seeded winterkill mixes. Previous
on-farm research conducted by himself and Wade Dooley showed
that cereal rye followed by clover mixes led to greater corn yields
and return on investments compared to following cereal rye with
cloverless mixes.[1,2] However, while Sloan asserts “it’s hard to beat
a medium red and alsike clover blend interseeded to established
winter small grains,” he notes that “no-tilling corn into clover that
has just been terminated doesn’t work well.”
In an effort to fine-tune his clover management program, Sloan
wanted to see if terminating clover in the fall rather than spring
might facilitate easier corn planting. Additionally, Sloan wondered
if reserving clover skip zones into which a winterkill green manure
and then corn could be planted would also help.
The objective of this trial was to determine the most profitable
and sustainable green manure system to follow Sloan’s winter
wheat crop. Sloan’s original intent was to compare fall-terminated
red/alsike clover and spring-terminated red/alsike clover with a
summer-seeded winterkill green manure mix; however, short on
time to terminate clover in the fall, he terminated both clover
treatments in the spring and compared the following treatments
instead:
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i. Clover-Glyphosate –red/alsike clover interseeded with skip
zones to winter wheat and terminated the subsequent spring
with Glyphosate; winterkill cover crop planted in skip zones
following wheat harvest
ii. Clover-Gramoxone – red/alsike clover interseeded with
skip zones to winter wheat and terminated the subsequent
spring with Gramoxone; winterkill cover crop planted in skip
zones following wheat harvest
iii. Mix-Winterkill – winterkill cover crop mix seeded after
winter wheat harvest
METHODS
Design
Sloan initiated the trial by drilling winter wheat into soybean
stubble on Oct. 21, 2018. He drilled the wheat in 7.5-in. rows at a
rate of 120 lb/ac. The following spring, Sloan applied 45 lb N/ac,
20 lb P/ac and 30 lb K/ac to the trial plot.
Sloan established treatment strips on April 9, 2019, by
interseeding a 60/40 blend of red and alsike clover into 30-ftwide strips of winter wheat that were pre-assigned the cloverglyphosate or clover-Gramoxone treatment (Figure A1). Sloan
drilled the clover blend in those treatments in 7.5-in. rows at
a rate of 7.2 lb/ac in 7.5 in. rows, leaving skip zones on 30-in.
centers for a winterkill cover crop and then corn. Strips assigned
the mix-winterkill treatment remained untouched at this point
and consisted only of winter wheat.
On July 22, 2019, Sloan harvested wheat from all treatments. He
then mowed the clover in both clover treatments.
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On July 31, 2019, Sloan sprayed Tomahawk (1 qt/ac) in the mixwinterkill treatment strips for weed control. In the same strips,
he planted the green manure three days later (Aug. 3). The mix
was drilled in 7.5-in. rows at a rate of 28 lb/ac and consisted of
forage pea (8.4 lb/ac), soybean (2.5 lb/ac), spring triticale (3.3 lb/
ac), buckwheat (3.3 lb/ac), badger radish (1.7 lb/ac), crimson clover
(4.2 lb/ac), berseem clover (4.2 lb/ac) and brown mustard (0.4 lb/
ac).

Sloan applied starter fertilizer and planted corn in all treatments
on May 9 – one week after terminating the green manures and
volunteer winter wheat. Corn was planted in 30-in. rows at a
population of 35,000 seeds/ac. The starter fertilizer provided 32
lb N/ac, 18 lb P/ac, 5 lb K/ac and 15 lb S/ac from a tank mix of
Optistart5, UAN(32) and thiosulfate (18 gal/ac).
On May 31, Sloan applied a tank mix of Powermax (22 oz/ac) and
Resicore (3 pt/ac) to all treatment strips for weed control. Sloan
again fertilized all treatment strips on June 26 with a tank mix of
UAN(32) urea and Nutrisphere, which provided 63 lb N/ac.
Sloan arranged treatments randomly in neighboring strips and
replicated each treatment three times for a total of nine strips
(Figure A1). This treatment arrangement allowed us to conduct
statistical analyses to assess the effects of each green manure
system on cover crop biomass, soil and stalk nitrate and corn yield.
Treatment strips measured 30 ft wide by 790 ft long.
Measurements

Wheat stalks (brown) remain standing two weeks after harvest, and red and alsike
clover appears green at four months after interseeding it to winter wheat. Photo
taken Aug. 5, 2019.

Sloan drilled a cover crop in the 30-in. skip zones of the clover
treatment strips on Aug. 5, 2019. The cover crop was drilled at a
rate of 7 lb/ac and consisted of forage pea (2.1 lb/ac), soybean (0.6
lb/ac), spring triticale (0.8 lb/ac), buckwheat (0.8 lb/ac), badger
radish (0.4 lb/ac), crimson clover (1 lb/ac), berseem clover (1 lb/ac)
and brown mustard (0.1 lb/ac).
On April 7, 2020, Sloan fertilized all strips with 11 lb N/ac, 52 lb P/
ac and 90 lb K/ac. Nearly 1 month later, on May 2, he terminated
the red and alsike clover green manures. For the clover-glyphosate
treatment, Sloan used a tank mix of Roundup Powermax (2 pt/
ac), atrazine (1 lb/ac) and Sterling Blue (1 pt/ac). For the cloverGramoxone treatment, Sloan applied a tank mix of Gramoxone
(3 pt/ac), atrazine 90DF (1 lb/ac) and Sterling Blue (1 pt/ac).
After observing volunteer winter wheat and some clover in the
mix-winterkill treatment strips, Sloan sprayed the mix-winterkill
strips on May 2 using the same tank mix as the clover-Gramoxone
treatment.

Sloan collected aboveground cover crop biomass samples in all
treatment strips on Oct. 13, 2019, and on April 30, 2020. He
submitted fall 2019 biomass samples to Midwest Laboratories
(Omaha, NE) to test for carbon and nitrogen and to determine
the total weight of dry biomass. For the spring 2020 samples, he
recorded only the weight of the biomass after air drying.
Sloan sampled for late-spring soil nitrate testing on June 8, 2020
– one month after planting corn. He collected several soil cores
to a 6-in. depth in each strip and submitted samples to Ag Source
Laboratories (Ellsworth, IA) to determine differences in soil nitrate
availability to corn. On Oct. 4, Sloan sampled corn stalks for stalk
nitrate testing.
Sloan harvested corn in all strips on Oct. 16, 2020. Yields were
adjusted to standard moisture (15.5%).
Data analysis
To compare the effects of each green manure system on cover crop
biomass, nitrogen availability and corn yield, we calculated the
averages for each treatment then used Tukey’s tests to compute
least significant differences (LSDs) at the 90% confidence level.
The difference between two averages is compared with the
corresponding LSD to determine if one treatment’s effect is
significantly different from the other’s effect. Differences greater
than or equal to the LSD indicate the presence of a statistically
significant treatment effect, meaning one treatment outperformed
the other and Sloan can expect the same effects to occur 90 out of
100 times under the same conditions. A difference that is less than
the LSD indicates the difference is not statistically significant and
the treatment had no effect.
RESULTS AND DISCUSSION
Green manure biomass – Fall 2019, spring 2020

In spring 2020, biomass in the clover-glyphosate treatment (left) consisted of
overwintered red and alsike clover; and biomass in the mix-winterkill treatment
consisted of volunteer winter wheat and clover. Photos taken April 30, 2020.
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In fall 2019, the clover treatments produced more total biomass
than the mix-winterkill treatment; however, only the cloverglyphosate treatment generated more carbon and more nitrogen
than the mix-winterkill treatment (Table 1). The amount
of carbon and nitrogen generated in the clover-Gramoxone
treatment was statistically similar to the amount generated by
the other two treatments.
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TABLE 1. Green manure biomass measurements at Dick Sloan’s in fall 2019 and spring 2020.
FALL BIOMASSX
Total Biomass
(lb/ac)

C
(lb/ac)

SPRING BIOMASSy

N
(lb/ac)

C:N

Total Biomass
(lb/ac)

Clover-Glyphosate

5,230 a

2,385 a

179 a

14.0 a

2,983 a

Clover-Gramoxone

4,432 a

1,789 ab

132 ab

13.1 a

2,247 a

Mix-Winterkill

2,690 b

1,135 b

71 b

16.0 a

2,535 a

1,703

959

97

3.2

1,039

LSD

Z

Sloan sampled fall biomass on Oct. 13, 2019. Samples were submitted to Midwest Laboratories (Omaha, NE).
y
Sloan sampled spring biomass on Apr. 30, 2020.
z
Where the difference between two values within a column is greater than or equal to the least significant difference (LSD), those values are
considered statistically different at the 90% confidence level – meaning the treatments influenced that measurement. Where differences are less
than the LSD, the values are considered statistically similar and the treatments had no effect on the measurement. Letter-rankings after values
are visual indicators of statistical significance. Where two values have a letter in common, they are statistically similar; where two values do not
share a common letter, they are statistically different.
x

At the time of sampling fall biomass, the red and alsike clovers
in the clover-Gramoxone and clover-glyphosate treatments had
been growing for six months while the summer mix in the mixwinterkill treatment had only grown for two months. For this
reason, it is unsurprising that total biomass was greatest for both
clover treatments.
Although green manure biomass in spring 2020 was statistically
similar across treatments (Table 1), these results are a bit
misleading. Sloan expected the green manure in the mix-winterkill
treatment to winterkill and therefore hypothesized it would
generate less total spring biomass than the clover treatments. At
the time of sampling, Sloan observed that biomass in the clover
treatments consisted only of clover while biomass in the mixwinterkill treatment consisted mostly of volunteer winter wheat
with some clover.
Late-spring soil nitrate
Soil nitrate levels were statistically similar across treatments;
however, great variation among samples within a given treatment
makes it difficult to rely on these data (Table 2).
TABLE 2. Late-spring soil nitrate at Dick Sloan’s in 2020.

TABLE 3. Corn stalk nitrate (ppm) at Dick Sloan’s in 2020.
STALK NITRATE (ppm)
Clover-Glyphosate

25.0 a

Clover-Gramoxone

29.7 a

Mix-Winterkill

17.9 a

LSDZ

28.2

Because the difference between any two values is always less than
the least significant difference (LSD), all values are considered
statistically similar at the 90% confidence level – meaning the effect
of each treatment on soil nitrate levels was equal. Letter-rankings
after values are visual indicators of statistical significance. All values
share a common letter, indicating they are statistically similar.
z

Corn yield
Corn in both clover treatments yielded significantly greater
than corn in the mix-winterkill treatment (Figure 1). The clover
treatments out-yielded the winterkill mix by roughly 30 bu/ac.
Yields in all three treatments were lower than the Buchanan county
average for 2020 (189 bu/ac) by more than 25 bu/ac.[4] It is worth
mentioning that Sloan achieved the corn yields in this experiment
with only 106 lb N/ac applied.

SOIL NITRATE (ppm)
Clover-Glyphosate

18.0 a

Clover-Gramoxone

19.9 a

Mix-Winterkill

18.8 a

LSD

Z

16.0

z

Because the difference between any two values is always less than the least
significant difference (LSD), all values are considered statistically similar
at the 90% confidence level – meaning the effect of each treatment on soil
nitrate levels was equal. Letter-rankings after values are visual indicators of
statistical significance. All values share a common letter, indicating they are
statistically similar.

Stalk nitrate
Corn stalk nitrate levels were statistically similar between
treatments (Table 3). Stalk nitrate levels were below 250 ppm for
all treatments, which indicates corn might have benefitted from
additional nitrogen.[3] Nitrogen uptake might have been limited,
however, due to periods of extremely low rainfall in July and
August (Figure A2).
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FIGURE 1. Corn yields at Dick Sloan’s in 2020. Corn was harvested Oct. 21,
2020. Clustered columns represent yields of individual strips in a treatment, and
the average yield of each treatment appears above the column clusters. If the
difference between two averages is greater than or equal to the least significant
difference (LSD), the treatment yields are considered statistically different at the
90% confidence level. If the difference is less than the LSD, the yields are considered
statistically similar at the 90% confidence level. Averages followed by different
letter-rankings are statistically different.
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TABLE 4. Partial budget of cost, revenue and return on investments ($/ac) for treatments at Dick Sloan’s in 2020.
COSTS

CLOVER-GLYPHOSATE

CLOVER-GRAMOXONE

MIX-WINTERKILL

Clover seed

19.25

19.25

N/A

Clover interseeding

a

17.90

17.90

N/A

Summer mix seed

N/A

N/A

29.00

Summer mix planting

N/A

N/A

17.90

Mowing

19.15

19.15

N/A

Skip zone cover crop seed

7.25

7.25

N/A

Skip zone cover crop planting

17.90

17.90

N/A

Clover termination

17.41

17.41

N/A

N/A

N/A

21.21

98.86

102.66

68.11

163

163

134

622.66

622.66

511.88

$523.80

$520.00

$443.77

Volunteer wheat/clover termination
ROI CALCULATIONS
Total cost
Soybean yield (bu/ac) b
Revenue @ $3.82/bu

b

ROI: RETURNS – COSTS

Cost of herbicide application & planting were estimated from 2020 Iowa Farm Custom Rate Survey.[5] Chemical and seed costs were provided
by Sloan.
b
Corn prices were provided by Sloan. Because corn yield in both clover treatments was statistically similar, the average yield of both treatments
was used to calculate returns.
a

Economic considerations
The return on investments (ROI) was greatest in the cloverglyphosate treatment ($523.80/ac); however, it differed
from the clover-Gramoxone treatment ($520.00/ac) only by
$3.80/ac (Table 4). The ROI in the mix-winterkill treatment was
$443.77/ac – $80/ac less than the clover treatments.
CONCLUSIONS AND NEXT STEPS
Compared to planting a diverse cover crop mix after wheat harvest
and allowing it to winterkill, interseeding red and alsike clover to
wheat then terminating it the subsequent spring provided Sloan
with better corn yields and a better return on investment by $80/
ac. Sloan commented, “I like planting a diverse mix of cover crops
in the summer following small grain harvest, but it just doesn’t
give the same boost to the following year’s corn yields as the clover
blend does.” Although Sloan was hindered from terminating one
of his clover treatments in the fall as originally planned, he was
satisfied this trial backed up his observations from previous onfarm research in which interseeding red and alsike clovers to winter
small grains provided good weed control.
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APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS

FIGURE A1. Dick Sloan’s experimental design consists of three replications
of each treatment. This design allows for statistical analysis of the data.

FIGURE A2. Mean monthly temperature and rainfall and the long-term averages
during the trial period at Independence, the nearest weather station to Sloan’s
farm (about 7 miles away).[6]
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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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