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Cover crop and no cover crop after winter wheat before corn in North Dakota. Photo
courtesy of Dave Franzen.



The commonly accepted belief of crop and soil scientists and practitioners
is that the tie-up or release of N from cover crops is based largely on
carbon-to-nitrogen ratios (C:N). Recent research in Wisconsin and North

Dakota challenge this long-held belief.

The commonly accepted belief of crop and soil scientists and practitioners is that the
tie-up or release of N from cover crops is based largely on carbon-to-nitrogen ratios
(C:N). Generally, the reasoning is that if cover crop dry matter has a C:N ratio greater
than 30, N tie-up is likely, and if the ratio is less than 20, release of N is likely. When the
C:N ratio is between 20 and 30, we assume neither N tie-up or release will occur.
Recent research in Wisconsin and North Dakota challenge this long-held belief. In this
article, we will highlight this research, which demonstrates that not all low C:N ratio

cover crops or mixtures lead to more N availability to the subsequent crop.

Clover and Radish in Wisconsin



Opportunities for successful cover crop
establishment occur when cover crops can
be planted in late summer following winter
wheat harvest in the upper Midwest. In
addition, there is more opportunity for
different cover crop species to be planted,
especially green manure cover crops that will
supply N to the next year's corn crop (and
result in less commercial N needed for

optimal production). Two popular cover

crops that can be planted after winter wheat

Experimental strip of radish cover
harvest are radish and crimson clover. Radish crop planted following winter wheat,
Sheboygan County, WI. Photo
courtesy of Matt Ruark.

is a brassica that can be drilled at a rate of 10
lb/ac and will winter-kill. Several years of
research trials have been conducted in
Wisconsin to evaluate whether radish will supply N to the subsequent corn crop.
Radish was evaluated across three locations and three years in Wisconsin. The C:N
ratio of total radish biomass (above- and belowground biomass) ranged from 10 to 19,
and the total N uptake ranged from 20 to 200 Ib N/ac. While it would be expected this
C:N ratio and the often large amounts of N contained in the radish biomass would be
advantageous and lead to a reduction in the optimum N rate for the subsequent corn

crop, we never determined a “N credit” resulting from the radish (Ruark et al., 2018).

Figure 1 shows the effect of radish across two different growing seasons in Sheboygan,
WI (located in northeast Wisconsin). In 2013, corn following radish appeared to require
more N to optimize yield than following no cover crop. In 2014, lack of rainfall

suppressed yields, but corn following radish outyielded corn following no cover crop at


https://acsess.onlinelibrary.wiley.com/doi/10.1002/crso.20003#crso20003-bib-0003
https://acsess.onlinelibrary.wiley.com/doi/10.1002/crso.20003#crso20003-fig-0001

the higher N rates. In neither case did the radish appear to supply N. In these climates,
radish decomposed quickly when the soils warmed up in the spring. The N trapped in
the biomass is released quickly—perhaps too quickly—and does not remain available in
the surface soil for the corn crop (although actual fate of this N remains unknown). It
should be noted that we never saw a negative effect of the radish on corn yield and
twice saw slight yield increases (although more N was required to achieve the increase
in yield). Thus, while there may be some benefits to radish as a cover crop, there is no

evidence that it will supply N to corn, and farmers should not alter their N applications.
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Figure 1, Corn yield following no cover crop or a radish cover crop in 2013 or 2014 in
Sheboygan County, WI.

Crimson clover is a nitrogen-fixing legume that can be drill-seeded at 15 Ib/ac and will
winter-kill in Wisconsin. In contrast to radish, crimson clover has been shown to clearly
supply N to the next crop. Research trials were also conducted in Sheboygan County,
WI to determine the potential N supply from this legume cover crop. Crimson clover
was planted after winter wheat harvest in early- to mid-August and corn was planted
the following spring. In 2015, crimson clover had a C:N ratio of 16:1 and had 45 Ib/ac of N
in the aboveground biomass; in 2016, even more biomass was produced (70 Ib N/ac)

and had a C:N ratio of 11:1. Nitrogen response studies demonstrated that clover



supplied N to the corn as evidenced by greater yields at lower N rates (Figure 2).
Maximum yields were relatively unaffected, but corn following no cover crop required
more N to achieve maximum yield compared with following crimson clover. These
results are quite typical across a range of clover cover crops (e.g., red clover and

berseem clover) (Stute & Posner, 1995; Gentry et al., 2013).
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Figure 2, Corn yield following no cover crop or a crimson clover cover crop in 2015 or 2016
in Sheboygan County, WI.

Cover Crop Mixturesin North Dakota

In North Dakota, a nitrogen response trial was conducted to determine if diverse and
intensive cover cropping would supply N to the next season'’s corn crop. The research
site was located southwest of Rutland, ND, a couple miles north of the North
Dakota—South Dakota border. The study was conducted on a farmer field. In early
August 2016, a cover crop mixture was seeded into winter wheat stubble in a long-
term no-till field (>30 years continuous no-till). The mixture included field pea, flax,
forage radish, and volunteer winter wheat. The entire field was planted with cover
crops, and after emergence, replicated treatment strips (with and without cover
crops) were created by spraying out cover crops about two weeks after planting. The

cover crop biomass, residual soil nitrate N to 2 ft in depth, and soil moisture were
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sampled in the fall before freezing conditions (which caused winterkill of all covers
except for winter wheat, which was sprayed out in the spring by the farmer) (Tables 1
and 2). In the spring, N rates at 40 Ib/ac increments from O to 200 were applied as

ammonium nitrate to the soil surface two days after corn planting.

Table 1. Individual cover crop species biomass and C:N ratio and total biomass and

weighted C:N ratio of the cover crop mixture sampled on Oct. 21, 2016 at Rutland, ND

Cover crop Biomass (Ib/ac) C:Nratio
Field pea 1,490 18.1
Radish top 1,690 154
Radish root 1,370 29.8

Flax 200 210
Winter wheat 220 14.5
Total/weighted mean 4,970 18.0

Table 2. Residual nitrate N and volumetric soil water content in cover crop and no-

cover-crop main plots, winter wheat stubble, Rutland, ND, October, 2016

Residual soil nitrate-N in 2-ft

depth Volumetric water content (in water/2 ft of
(Ib N/ac) Sel]))

Covercrop 15 5.05

No-cover N4 5.25

crop
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The total N in the cover crop biomass prior to winterkill was 85 Ib N/ac. The residual
soil nitrate N in the cover crop treatment was only 15 Ib N/ac (Table 2) while the
residual nitrate N in the no-cover-crop treatment was 114 Ib N/ac. The total known N
(cover crop N plus residual nitrate N) was 100 Ib N/ac for the cover crop treatment.
Another cover crop mixture (rye, radish, and camelina) was seeded between the rows
of corn on June 22, 2017. On Aug. 16, 2017, the cover crop aboveground portion of
plants was sampled in each N treatment. The dry matter weight of the cover crop
mixture was 133 lb/ac and was 4% N, resulting in a total uptake of about 5 Ib N/ac,
which was trivial compared with total corn N uptake. Thus, we wouldn't expect this
interseeded cover crop mixture to have much, if any, effect on the corn yield response

to N.

250 y = 1813 +0.19x - 0.0006x*

r*=0.38

] The corn N response equations from Figure 3

200 '___‘__.J—I—I
/‘:;:: indicate that N rate required for maximum

=097 WYield cover crop

-
17
=]

Corn yield (bu/ac)
-
8

WYield no cover crop

yield with cover crops was 162 Ib N/ac while

[
o

(=]
=)

w 8 120 160 200 the N rate required to maximize yield with no

N rate {Ib/ac)

cover crop was 161 lb N/ac. In terms of
Figure 3, Corn yield following cover

crop or no cover crop near Rutland,
ND in 2017. $3.50 corn price and $0.40/Ib N cost, the

economic optimum N rate (EONR), assuming

EONR for no cover crop was O lb N/ac while
the EONR with the cover crop was 136 Ib N/ac. In terms of residual N plus N rate, the
economic optimum N (EON, which includes residual nitrate N plus N rate) is 77 Ib N/ac
for the no-cover-crop treatment and 178 Ib N/ac for the cover crop treatment. The
cover crop, therefore, had an N drag of about 100 Ib N/ac compared with no cover
crop (which was similar to the total difference in available N in the soil profile), and the
economic loss from the cover crop was about $57/ac due to lost yield at maximum

and the cost of additional N. These data clearly demonstrate that cover crop use will
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benefit water quality (i.e., preventing nitrate from leaching out during the winter and
early spring) but can come at a cost to agronomically available N (i.e, more N may be
required following certain cover crops) and agronomic productivity. The reduction in
yield due to the cover crop could not be explained by soil moisture differences since
there were no significant differences in spring soil moisture at planting between

treatments.

Conclusions

In all, it is clear that it is not just the C:N ratio that is affecting whether N in the cover
crop biomass will be available to the next corn crop, but a host of factors including the
total biomass produced, the structure of the plant biomass, and the time of
termination. Grass-only cover crop mixtures were not included in these studies as it
has been well documented by others that they will not provide N to the next corn crop
(e.g., Pantoja et al,, 2015). There are many species of cover crops available to plant
between early to late August, and each has its own potential benefit. However, if a
grower in the upper Midwest is interested in a cover crop that will supply N, the

choices appear to be limited only to legumes.
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