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Crops grown between economic crops, primarily to maintain
soil health and reduce nutrient losses

Cover Crops



Soil health benefits of 
cover crops
Supply additional organic matter to the soil (Kuo et al., 
1997)

Improve soil microorganism diversity (Gabriel et al., 2013) 

Assist in control of problematic weeds (Ross et al., 2001)

Improve infiltration and reduce evaporation of soil water 
(Arcuri, 2019) 

Alleviate soil compaction with their roots (Duiker, 2019)



Reduces leaching NO3 losses Reduction in nitrogen leaching by 61%, 13%, 61%, in Indiana, 
Minnesota, Iowa respectively( Kladivko et al., 2004; Strock 
et al., Kaspar et al., 2007)

Build SOM to improve water holding capacity Each 1% increase in SOM results in approximately 27,000 
more gallons of water holding capacity per acre (NRCS, 2013).

Supply nutrients Crop carbon (kgha-1) varied from 349 to 546 kg ha-1, K2O 
from 56 to 74 kg ha-1, and P2O5 from 14 to 19 kgha-1 (Shah 
et al., 2017) in above ground biomass of cover crops 

Nitrogen balance In corn/soybean systems without manure, cover crop may 
trap 4.5 to 18 kg N/ 0.4ha trapped in the above-ground 
portion, while in  fields with manure may trap 36 to 45 
kgs/0.4ha or more(Kladivko, 2016)



Cover crop  
after corn 

silage harvest

Utilize manure applied after 
harvest and provide cover to 
field left with limited crop 
residue (Johnson, 2017)

Significant yield 
enhancement in maize and 
spring barley Gabriel et al. 
(2013) and Shah et al. (2015)

Financial benefits reaped 
from increased yield ( Shah 
et ala.,2017: SARE, 2017)

Full potential of cover crops 
can be better exploited by 
repeated cycles of cover 
crops (Stobart, 2015)



Why cover crop grazing?

• Grazing of cover crops is currently an uncommon 
practice in the eastern half of the U.S. but presents 
an opportunity by using Management Intensive 
Grazing (MIG) to add value and diversity on many 
grain and livestock farms.



1. Integrated crop-livestock farming system 

Increase economic return and
diversify agricultural production
system in grain cropping system.

(Franzluebbers 2008)

Cover crops make excellent
source of high-quality forage to
be utilized in integrated crop-
livestock systems (Franzluebbers
and Stuedemann, 2007)

Land-use efficiency is
maximized (Gliessman,
2007)

Mutually beneficial animal–
crop function

(Hillimire, 2011)

Greater diversification and
year-round utilization of
resources(Hanson, 2008)

Risk mitigation and provide
environmental services such as
nutrient cycling and energy
efficiency (Hanson, 2008)

.



2. Grazing of cover 
crop for soil health

• Cover crop grazing did not adversely affect soil physical and
biological properties (Blanco et al. 2019)

• Grazing animals enhance mineral availability (Holland et al.
1992)

• Manure from grazing animals can build soil organic matter
(Hubbard et al. 2004)

• Conservation farmers have used MIG to achieve superior soil
health, vegetation, livestock production and economic
results (Teague et al., 2013; Savory and Butterfield, 2016;
Teague and Barnes, 2017).



3. Creates a continuous 
cycle

Frequent 
grazing 

disturbance 

Influences the 
biological, 

physical, and 
chemical 

characteristics 
of ecosystems

Soil crust 
disruption

Maintains 
natural 

ecosystem 
processes and 

biological 
communities

Increased 
biomass: Better 
regrowth and 

defoliation 
promote shoot 

growth and 
enhance light 

levels.



One solution with multiple benefits

Environmental

Economical

Soil health



Hypothesis

• Soil biological and physical properties will not be
negatively impacted by MIG grazing after corn silage in
no-tillage systems.

• Soil biological and physical properties after grazed cover
crop will improve respective to those after double
cropped soybeans.

• Soil compaction due to grazing will only have a
temporary effect (lasting <4 weeks).

• Sediment and nutrient runoff will not be negatively
affected by grazing cover crops.

• Grazed cover crop after small grain harvest will result in
similar economic return as double cropped soybeans.



Objective:

• Evaluate soil biological and physical properties for
grazed cover crop and double cropped soybeans.

• Study the soil biological and physical properties in
grazed cover crop fields after corn silage harvest
under no-tillage systems.

• Evaluate the effect of biological activity for
alleviating soil compaction after grazing.

• Measure differences in sediment and nutrient
runoff for fields with grazing vs no grazing of cover
crops

• Compare economic return for grazed cover crop
after small grain harvest and double cropped
soybeans.



Material and 
methods

❑Literature Review

❑Farm Selection: The research will be 
carried out at four farms in

1.Franklin County

2.Adams County

3.York County

4.Cumberland County

❑Site Selection and field layout



Materials and methods



Material and 
methods

❑ Two scenarios for grazed cover crops
1. Small grain - double crop soybean vs grazed cover 

crop mixtures

2. Corn silage – grazed vs un-grazed cover crop

❑Data Collection

❑Expert’s Consultation

❑Design of experiment and data analysis



Material and 
methods

Evaluation of soil health parameters:

Soil Physical Properties:

• Soil texture (Gee and Bauder, 1986).

• Bulk density (Blake and Hartge, 1986).

• Aggregate stability (Kemper et al., 1986).

• Penetration resistance  (Bradford, 1986).

• Water infiltration rate (Bouwer, 1986).

Rainfall Simulation: 

• Run off – will be analyzed for sediment, nitrogen, 
phosphorus (Sharpley et al., 2001; Humphrey et al., 2002)

Soil Biological Properties:

• Active carbon (Weil et al., 2003).

• Soil Respiration (Ryan and Law., 2005)



Fig: Using saturo units to measure water infiltartion



Fig: Rainfall Simulation



Preliminary Results
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Preliminary Results
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Preliminary Results
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Further Steps

Data collection in all four farm this summer

Filed walk in two farms this September.



Dissemination of  
Findings

Documentation of the practice that will be 
presented to the Pennsylvania NRCS 
Technical Committee’s consideration.

Farmer outreach events including peer-to-
peer outreach in the form of a minimum of 
4 field walks

Review of the feedback from the farmers 
who participated in the outreach program 
promoting cover crop grazing.

Publication of at least one paper in an 
international peer-reviewed journal. 
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