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Cover Crop Composition Influences Nitrogen 
Fertilizer Needs of Corn 
Jason Clark, Hunter Bielenberg, Debankur Sanyal, 
Anthony Bly, John Wolthuizen

Benefits
•Increase Organic Matter
•Increase Water infiltration
•Reduce erosion

Questions
•How do cover crops influence:

•Soil quality (health)
•N fertilizer requirement

Cover Crop Benefits
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SD Optimal N fertilizer rate: 0 to 133 lbs/ac
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Mineralization provided 
up to 100% of needed N

Speed of decomposition depends on C:N ratio
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Greater C:N increases time until net mineralization
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Soybean C:N 33:1

Alfalfa C:N 13-25:1

Corn C:N-57:1

Wheat C:N-80:1More N is mineralized after soybean than corn

(Gentry et al., 2001) 19981999
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Corn after soybean requires ~30 lbsless N than after wheat
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How do cover crops influence mineralization?
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Annual Ryegrass
C:N 21:1

Crimson Clover
C:N 21:1

Rye C:N-
82:1 Straw
37:1 Anthesis
26:1 Veg.

Hairy Vetch C:N-11:1

Oilseed Radish
C:N 20:1

•Determine the effect of cover crop mixes varying in C:N ratio on:
•Soil health measurements
•Corn yield
•Corn N fertilizer requirements

Objectives11 Site-Years
•2018

•Beresford
•Salem
•Garretson
•Gettysburg

•2019
•Salem

•2020
•Pierre
•Blunt
•Beresford
•Mitchell
•Plankinton
•Henry

Study Setup
Previous Crop: Small grain

Small Grain (Wheat)

Study Setup
No cover crop + 3 Cover crops fall planted

Small Grain (Wheat)

No CoverGrasses
•Barley
•Foxtail 

millet
•Sorghum 

sudan
•oats

Grass/
Broadleaf

•50/50 mix

Broadleaf
•Turnip 
•pea
•lentil
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Soil sample fall and spring 0-6 in.: Soil health, 
•Permanganate oxidizable carbon (POXC)
•Potentially mineralizable nitrogen (PMN)
•Soil Respiration

Plant
•Cover crop biomass
•Grain yield

Sampling and analysis

Cover crops and soil healthPermanganate oxidizable carbon (POXC)
Carbon most readily decomposable by microorganisms

Similar POXC among cover crop treatments
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Potentially mineralizable nitrogen (PMN)
Fraction of organic nitrogen most likely to be mineralized



Similar PMN among cover crop treatments
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Soil respiration: Estimate of microbial biomass/activity

Similar soil respiration among cover crops
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•Neither cover crop or its composition influenced soil health 

measurements 
•Need longer term studies

Cover crops influence on soil health…

Cover crops: Yield and corn N requirement
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Henry 2020
No CoverGrassBroadleafGrass/Broadleaf

N = 107; Yield = 192
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Cover crop influence on N needs was variable…
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Cover crop mixtures compared to control

TrendMean EONR 
lbN/ac

Increased+ 49
Decreased-38
Similar±7

EONR: Blend generally required additional N
(within 14 lbsN/ac)
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Why does including cover crops require more N?

Net 
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Why does including cover crops require more N?
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Annual Ryegrass
C:N 21:1

Crimson Clover
C:N 21:1

Rye C:N-
82:1 Straw
37:1 Anthesis
26:1 Veg.

Hairy Vetch C:N-11:1

Oilseed Radish
C:N 20:1

Likely due to change in timing of mineralization?

(Gentry et al., 2001) 19981999
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Yield at EONR: Generally similar (within 16 bu/ac)

Cover crop mixtures compared to control

In comparing cover crop mixtures to no cover crop
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Use simple economic to compare various changes in 
yield and N rate requirement
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Henry 2020
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–(N rate * N price)
= economic return
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Economic return: Generally similar (within $50/ac)

Cover crop mixtures compared to control

Wetter site-years
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Dry site-year
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Blunt 2020
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N = 160; Yield = 
N = 94; Yield = 

N = 243; Yield = 
N = 0; Yield = 140

Cover crop composition affect on corn grain yield 
at EONR, EONR itself, and economic return…
Compared to Control

Yield:Highly variable, 
generally no change

EONR: Broadleaf 
and grass similar 

Blend needed 
14 lbs/acmore

Economic return:All cover 
crops similar

Among Cover Crops

Yield:Generally similar

EONR:blend > grass = 
broadleaf

Economic return:Generally 
similar

What happens over the long-term 
when I use cover crops?

What do we need to know next…
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Influence of InterseedingCover Crops on Nitrogen Fertilizer Rate 
Requirement for Optimal Corn Grain Yield in a No-till System

SDSU Extensionis an equal opportunity provider and employer in accordance with the nondiscrimination policies of South Dakota State University, the South Dakota Board of Regents and the United States Department of Agriculture. Learn more at extentsion.sdstate.edu

•Determine the effect of different interseededcover crop 
mixtures on:
•Corn and soybean yield
•Soil health/quality measurements

•Evaluate the influence of different interseededcover crop 
mixtures on corn N fertilizer requirement 

Objectives

Brookings
•Mean Precipitation: 24 in.
•Mean temperature: 43oF
•Growing degree-days: 2390

Beresford
•Mean Precipitation: 26 in.
•Mean temperature: 47oF
•Growing degree-days: 2750

No-till > 5 years

LocationsStudy Setup
Corn and soybean blocks rotate each year

Corn Soybean

Study Setup
Three cover crop treatments

Corn Soybean

No CoverGrass
•Annual 

Rye Grass

Grass/
Broadleaf

•Annual 
Rye Grass

•Crimson 
Clover

•Turnip
•Radish

No CoverGrass
•Annual 

Rye Grass

Grass/
Broadleaf

•Annual 
Rye Grass

•Crimson 
Clover

•Turnip
•Radish

Study Setup

Six Corn N Rates
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Study Setup

No 
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N = 66; Yield = 144
N = 76; Yield = 154

N = 136; Yield = 144

Results: Cover crop growth in corn

Corn



Results: Corn yield and N requirementSite 1: Brookings, SD (East central)

Yr. 1: Grass/Broadleaf cover crop required more N
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N = 66; Yield = 144
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Site 2: Beresford, SD (Southeast)



Yr. 1: No response to N (due to lodging)
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Beresford 2019
No CoverGrassGrass/Broadleaf

N = 41; Yield = 189
N = 0; Yield 
= 186N = 51; Yield = 187

Stalk breakage caused low N response???
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Yr. 2: Grass/Broadleaf cover crop required more N
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Beresford 2020
No CoverGrassGrass/Broadleaf

N = 42; Yield = 172
N = 66; Yield = 163N = 250; Yield = 173

+ 20 & +184 lbsN/ac

N =
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Yr. 3: N within 15 lbs/ac; Yield within 2 bu/ac
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N = 87; Yield = 170
N = 96; Yield = 168

N = 81; Yield = 170

•Cover crop composition can influence corn yield and N 
requirement.

•Grass/legume mixture can increase N requirement
•Grass alone no major change in N requirement

•Long-term affects???

•Cover crop or its composition minimally affects soybean yield

•Soil health/quality: To be determined

Summary



Results: Cover crop growth in soybeanSoybean



Results: Soybean yieldBrookings, SD

Yr. 2: Cover crops minimally influence soybean yieldYr. 3: Cover crops minimally influence soybean yield

Beresford, SD Yr. 2:Cover crops minimally influence soybean yield



Yr. 3: Cover crops start to influence soybean yield
•Cover crop composition can influence corn yield and N 

requirement.
•Grass/legume mixture can increase N requirement
•Grass alone no major change in N requirement

•Long-term affects???

•Cover crop or its composition minimally affects soybean yield

•Soil health/quality: To be determined

Summary
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Questions

Jason Clark, Hunter Bielenberg, Debankur Sanyal, 
Anthony Bly, John Wolthuizen

Contact Information

Jason.D.Clark@sdstate.edu

SDSU Extension Agronomy

@SDSUExtAgronomy

Extension.sdstate.edu

sdsuextagronomy

Social Media: 
SDSU Extension Agronomy

SDStateSoil Fertility
Learn more at extentsion.sdstate.edu  |© 2021, South Dakota Board of Regents

Residual soil nitrate: Variable
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