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BACKGROUND

Expanding a corn-soybean crop rotation to include a small grain 
such as rye or wheat after soybean creates opportunities to seed 
a nitrogen-fixing green manure between the small grain and corn 
crops.  Through conducting previous PFI on-farm trials, Wade 
Dooley and Dick Sloan found that interseeding clover-containing 
green manure mixes to an established cereal rye grain crop 
translated to greater corn yields the subsequent year compared 
to seeding cloverless mixes after cereal rye grain harvest.[1,2] 
Ever-interested in improving his system, Sloan was curious to 
determine how two different clover mixes – one that overwinters 
and one that winterkills – would compare when interseeded to an 
established winter small grain crop. 

The objective of this trial was to compare corn yield and 
profitability between two treatments:

1.  Overwinter – medium red/alsike clover blend interseeded to 
cereal rye grain in spring and terminated the subsequent spring

2.  Winterkill – crimson/berseem clover blend interseeded to 
cereal rye grain in spring

Sloan hypothesized the winterkill clover mix would perform 
equally well while saving the cost of a burndown pass. He 
commented, “I’ve played around with several summer mixes and 
had variable results, but it’s hard to beat the medium red and 
alsike blend drilled in April into established winter small grains. 
The berseem and crimson clovers are not supposed to overwinter, 
so it’s an experiment. I want to determine the most profitable and 
sustainable system for my farm.”

METHODS

Design

On Oct. 20, 2018, Sloan drilled cereal rye into soybean stubble in 
7.5-in. rows at a rate of 100 lb/ac.

Sloan established treatment strips on April 15, 2019, by 
interseeding a 60/40 blend of red and alsike clovers at a rate of 
7.2 lb/ac. The following day, Sloan interseeded a 50/50 blend of 
crimson and berseem clovers into neighboring strips at a rate of 
14 lb/ac. Both blends were drilled in 7.5-in. rows with skip zones 
on 30-in. centers. 

Sloan harvested rye grain on July 24, 2019. Sloan’s rye yield 
averaged 37.4 bushels/ac. On Aug. 5, he interseeded a winterkill 
summer-mix cover crop into the 30-in. skip zones in all strips at a 
rate of 7 lb/ac (30% forage pea, 9% soybean, 12% spring triticale, 
12% buckwheat, 6% badger radish, 15% crimson clover, 15% 
berseem clover and 1.5% brown mustard). 

In a Nutshell:

•	 Dick Sloan hoped to determine which of two clover green manure mixes interseeded to an 
established winter small grain crop would be more profitable and sustainable in his soybean-
small grain-corn rotation. The objective of this trial was to compare corn yield and profitability 
between two green manure mixes – one that overwinters (medium red/alsike clover) and one 
that winterkills (crimson/berseem clover).

•	 Sloan hypothesized the winterkill mix would produce similar results to the overwinter mix but 
would save the cost and labor of a burndown pass.

Key Findings:

•	 The overwinter mix generated significantly more fall biomass and total nitrogen than the 
winterkill mix. The following spring, winterkill strips required a burndown pass because of 
the presence of volunteer rye. Corn in the overwinter strips yielded significantly greater than 
in the winterkill strips.

•	 After conducting this trial, Sloan commented, “I will continue to use medium red and alsike 
clovers by interseeding them to my winter small grains. A better use for berseem and crimson 
clover would be to plant them as part of a diverse mix following a small grain harvest.”
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The winterkill summer-mix cover crop (seeded Aug. 5, 2019) established well by 
Sept. 9, 2019, in the winterkill crimson/berseem clover strips (right-center). The 
summer-mix cover crop did not establish well in the overwinter red/alsike clover 
strips (left-center). Photo taken Sept. 9, 2019.
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The following year, on April 7, 2020, Sloan applied 11 lb N/ac, 
52 lb P/ac and 90 lb K/ac. Nearly 1 month later, on May 2, Sloan 
applied a tank mix of Gramoxone (3 pt/ac), atrazine (1 lb/ac) and 
Dicamba (1 pt/ac) to all treatment strips. This mix was applied to 
terminate the overwinter clover and to terminate volunteer cereal 
rye that became predominant in the winterkill strips by that time. 
Sloan planted corn into the 30-in. skip zones of all strips at a rate of 
34,000 seeds/ac on May 4. In the same pass, Sloan applied starter 
fertilizer (32 lb N/ac, 18 lb P/ac, 5 lb K/ac, 15 lb S/ac).

By early June, Sloan observed corn in the overwinter strips 
appeared darker than in the winterkill strips, indicating differences 
in fertility. Sloan initially thought to side-dress only the winterkill 
strips, but instead chose to split the treatment strips in half 
lengthwise and side-dress 63 lb N/ac as UAN(32) to only one 
half of the field on June 26. This resulted in the creation of two 
distinct experiments – one in which Sloan compared corn yields 
and profitability between the green manure systems receiving 0 lb 
N/ac at side-dressing (no side-dress), and another in which Sloan 
compared corn yield and profitability between the green manure 
systems receiving 63 lb N/ac at side-dressing (side-dress). In 
both experiments, treatments were replicated 3 times and strips 
measured 15 ft wide by 1,100 ft long (Figure A1). 

Measurements

Prior to dividing the experiment into two, Sloan collected 
aboveground biomass in all treatment strips on Oct. 13, 2019. 
He submitted biomass samples to Midwest Laboratories (Omaha, 
NE) to test for carbon, nitrogen and dry biomass. The following 
spring, on April 30, 2020, Sloan again sampled aboveground 
biomass in all treatment strips – this time recording only the 
weight of biomass samples after three weeks of air drying. The 
second biomass sampling occurred a few days before terminating 

the overwintering red/alsike clover strips but after the crimson/
berseem clovers would have winter killed. 

On June 8, one month after planting corn, Sloan sampled soil to 
a 6-in. depth in all strips. He submitted soil samples to Ag Source 
Laboratories (Ellsworth, IA) to determine differences in soil nitrate 
availability to corn. Sloan later tested corn for stalk nitrate in both 
experiments on Oct. 4 to gauge the benefit of side-dressing to both 
treatments. 

Sloan harvested corn from the entire 15-ft width of each strip on 
Oct. 21, 2020. Yields were adjusted to standard moisture (15.5%).

Data analysis

To evaluate the effect of green manure mix on each measurement, 
we calculated the averages for each treatment measurement 
then used a t-test to compute the least significant difference 
(LSD) 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. A difference greater than or equal to the LSD indicates the 
difference in effects is statistically significant, meaning Sloan could 
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 in effects is not statistically significant.

RESULTS AND DISCUSSION

Green manure biomass – Fall 2019, spring 2020

In Fall 2019, the overwinter clover treatment generated 
significantly more total biomass, carbon and nitrogen than 
the winterkill treatment (Table 1). Biomass in the overwinter 
treatment consisted predominantly of red and alsike clover while 
biomass in the winterkill treatment consisted of crimson and 
berseem clovers as well as some of the summer-mix cover crop. 
The summer-mix cover crop grew well in the winterkill crimson 
and berseem clovers but did not seem to grow well with the red 
and alsike clovers. The carbon to nitrogen ratio was widest in the 
winterkill treatment.

In spring 2020, total biomass was greatest in the winterkill 
treatment; however, Sloan noted that biomass samples in the 
winterkill strips consisted mainly of volunteer cereal rye while 
the overwinter treatment consisted mainly of red and alsike 

Sloan planting corn on May 4, 2020, two days after terminating the red and 
alsike clovers in the overwinter treatment and volunteer rye in the winterkill 
treatment. The overwinter strips appear light brown in this photo while the 
winterkill clover strips with volunteer rye appear green.

Corn in the overwinter strips appears darker than corn in the winterkill strips 
(see background near horizon line), indicating a possible fertility imbalance 
between the two clover green manure treatments. Photo taken June 25, 2020.

TABLE 1. Green manure biomass measurements at 
Dick Sloan’s in fall 2019 and spring 2020.

FALL BIOMASS x
SPRING 

BIOMASS y

Total 
Biomass 
(lb/ac)

C
(lb/ac)

N
(lb/ac) C:N

Total 
Biomass
(lb/ac)

Overwinter 4,533 a 2,015 a 167 a 12.5 b 2,049 b

Winterkill 326 b 148 b 9 b 17.0 a 3,153 a

Diff. 4,207 1,867 158 4.5 1,104

LSD 1,669 782 89 3.7 895
x 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. 
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clover. By that time in the experiment, the winterkill clovers had 
winterkilled leaving only volunteer cereal rye.

Late-spring soil nitrate

Both treatments were potentially deficient in soil nitrate in early 
June according to test recommendations (Table 2). While Sloan 
hypothesized the winterkill treatment would need more side-dress 
nitrogen than the overwinter strips, soil nitrate tests revealed no 
difference between treatments (Table 2). 

Stalk nitrate

After side-dressing one half of the field, subsequent corn stalk 
nitrate tests revealed low stalk nitrate levels in both treatments and 
both experiments (Table 3). Levels below 250 ppm can mean corn 
would have benefitted from additional nitrogen; however, rainfall 
much below the historical average in July and August may have 
limited corn nitrogen uptake (Figure A2).[3] It is not possible to 

make statistical comparisons of stalk nitrate between treatments 
because stalk samples from each treatment were combined; 
however, stalk nitrate levels did increase in both treatments as a 
result of side-dressing (Table 3). The increase was greatest in the 
winterkill treatment. 

Corn yields

In both experiments, corn in the overwinter treatment yielded 
significantly greater than corn in the winterkill treatment (Figure 
1). The additional nitrogen generated by the red and alsike clovers in 
the overwinter treatment likely contributed to this yield advantage. 
Corn yield in the overwinter treatment of the side-dress experiment 
(189 bu/ac) exceeded the historical average corn yields for Buchanan 
county (188 bu/ac) while the other yield responses ranged from 35 to 
98 bu/ac less than the historical county average.[4] Both treatments 
appear to have benefitted from side-dressing. As occurred with stalk 
nitrate levels, the yield gain that occurred within each treatment 
following side-dressing was greatest for the winterkill treatment. 

Red and alsike clover in the overwinter strips (center) and volunteer cereal rye 
in the winterkill strips (dark green strips, upper right corner) two days prior to 
terminating both. Photo taken April 30, 2020.

TABLE 2. Late-spring soil nitrate at Dick Sloan’s in 2020.

SOIL NITRATE (ppm)
Overwinter 24 a

Winterkill 22 a

Diff. 2

LSD 16

TABLE 3. Corn stalk nitrate (ppm) in both experiments at 
Dick Sloan’s in 2020.

OVERWINTER WINTERKILL
SIDE-DRESS 18.6 35.8

NO SIDE-DRESS 12.7 23.5
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FIGURE 1. Corn yields in the side-dress (A) and no side-dress (B) trials 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. Because the difference between the averages is greater than 
the least significant difference (LSD) in both experiments, the treatment yields are 
considered statistically different at the 90% confidence level. Within an experiment, 
averages followed by different letter-rankings are statistically different.
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Economic considerations

The return on investments (ROI) of the overwinter treatment was greater than the ROI of the winterkill treatment by $147/ac in the side-
dress experiment and $231/ac in the no-side-dress experiment (Table 4). This counters Sloan’s hypothesis that the winterkill treatment 
would be most profitable. Costs for the winterkill treatment ended up greater than cost of the overwinter treatment. Clover seed in the 
winterkill treatment (crimson/berseem) cost nearly $10/ac more than in the overwinter treatment (red/alsike), and the unanticipated 
need to terminate volunteer cereal rye in the winterkill treatment further increased costs of that treatment. The greater corn yields 
produced in the overwinter treatment generated more revenue, further increasing the difference in ROIs between treatments.

CONCLUSIONS AND NEXT STEPS

After conducting these trials, Sloan commented, “I will continue to use medium red and alsike clovers by interseeding them to my winter 
small grains. A better use for berseem and crimson clover would be to plant them as part of a diverse mix following a small grain harvest.” 
While Sloan expected the crimson/berseem mix to be more competitive with the red/alsike mix, he observed that “the timing of planting 
different types of clover can greatly affect their productivity and usefulness. It’s good to try new things – even if it doesn’t work out the 
way I expect. I always learn something from on-farm research.” 

TABLE 4. Cost, revenue and return on investment ($/ac) for the side-dress and no side-dress trials at Sloan’s.

OPERATION OVERWINTER WINTERKILL
Clover seed a 19.25 28.35

Termination herbicide b 21.21 21.21

Herbicide application b 6.70 6.70

ROI CALCULATIONS

SIDE-DRESS

Total cost 47.16 56.26

Corn yield (bu/ac) 189 153

Revenue @ $3.82/bu c 721.98 584.46

ROI: REVENUE – COST 674.82 528.20

NO SIDE-DRESS

Total cost 47.16 56.26

Corn yield (bu/ac) 148 90

Revenue @ $3.82/bu c 565.36 343.80

ROI: REVENUE – COST 518.20 287.54
a Clover seed consisted of 60/40 red/alsike clover in the overwinter treatment and 50/50 crimson/berseem clover in the winterkill treatment.
b Herbicides were applied to terminate the green manure in the overwinter treatment and to control volunteer rye in the winterkill treatment. 
Chemical costs were provided by Sloan. Application costs were accessed from 2020 Iowa Farm Custom Rate Survey.[5] 

c Corn prices were provided by Sloan.
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Independence

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 Independence the nearest weather station to Sloan’s 
farm (about 7 miles away).[6] 

APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS

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


