
Cover Crops

Tuesday morning 9:00 am

Moderator: Sieglinde Snapp, Horticulture Dept., MSU

9:00 a.m. Cover Crops That Promote Healthy Vegetables

Ann E. MacGuidwin, Plant Pathology Dept., Univ. of Wisconsin

9:30 a.m. Farmer Experience at the Cover Crop Frontier

Dale Mutch, W. K. Kellogg Biological Station, MSU
John Simmons, Diversified Farmer & Sunflower Processor, North Branch, MI

10:00 a.m. Cover Crop Establishment Through Slurries and More

Tim Harrigan, Biosystems & Agricultural Engineering Dept., MSU

10:30 a.m. Fitting Cover Crops into the Farm (Round Table Discussion)



 
 
 
 

Cover Crops for Healthy Vegetables 
Ann MacGuidwin 

University of Wisconsin-Madison 
 

There are many benefits to adding cover crops to a vegetable production system, 
including the suppression of soil borne diseases.   Using cover crops to reduce disease may 
require different cultural practices than growing the same crop to enhance soil fertility or prevent 
erosion.  

Our research is focused on two pathogens; the nematode Pratylenchus penetrans which 
attacks all vegetable crops grown in the irrigated vegetable systems of Wisconsin and the fungus 
Verticillium dahliae which infects only potato.  All management tactics for these pathogens aim 
to reduce the inoculum present in spring because secondary inoculum is formed too late in the 
season to have much impact on the current crop.  Our studies are conducted in small plots at the 
Hancock Research Station, in commercial fields, or under controlled conditions in the laboratory. 

Growers have many options for using cover crops to mitigate disease or suppress soil 
fungi and nematodes.  Different combinations of crops and cultural practices have been 
successful for a range of diseases.  I will discuss our research with potato as well as the work of 
others to illustrate both the potential of cover crops as a disease management strategy as revealed 
in laboratory studies and the reality of what has been achieved in commercial fields.   The 
information will be organized according to four principles drawn from this active research area. 
 
Select the best cover crop for your system:  Cover crops are good hosts for some pathogens so 
it is important to select a cover crop that will decrease rather than increase the disease potential of 
a particular field.   For example, most vegetable farms in the Midwest are infested with the root 
lesion nematode, Pratylenchus penetrans, a species with a very wide host range.  Population 
densities of root lesion nematodes increase on sorghum-sudangrass, buckwheat, rapeseed, and 
white mustard, cover crops that are used very successfully to reduce root knot nematodes 
(Meloidogyne species), another nematode pest found in Midwestern soils.   Soil assays can detect 
the inoculum potential of nematode and fungal diseases and regular soil sampling to monitor 
disease potential is crucial for designing a cover crop management strategy.  
 
Understand the properties of the cover crop relevant to disease suppression:  Cover crops 
grown for the purpose of disease suppression may require different management than if grown for 
other reasons. The decision to incorporate cover crops as dead mulch or green manures, the 
necessity of a cutting or chopping step, and the timing of incorporation differ depending on the 
mechanism of disease suppression characteristic of each cover crop.  Another consideration is 
whether the cover crop is grown for a full season or following a short-season vegetable crop. 
 Brassica spp. emit glucosinolates and other toxic gases as they decompose and even 
rapeseed, an excellent host for root lesion nematodes, can be effective in reducing nematode 
population densities if there is a rapid breakdown of plant tissue and release of volatiles.  
Brassica spp. used for disease control should be chopped and incorporated green in late summer 
or early fall.  We’ve achieved the best results when residues were incorporated and the soil 
surface covered with polyethylene sheeting.  Our experiments in 2006 will use polymers that can 
be sprayed on the soil.  We’ve found that planting and incorporating Brassica spp. in the spring is 



not advisable except for crops planted late enough to air the soil and release phytotoxic 
chemicals. Late fall incorporation tends to be inconsistent for disease control. 
 We’ve found that any cover crop, when sufficient biomass is incorporated into soil, 
initiates a chain of chemical events that are lethal to soil organisms.  Under laboratory conditions, 
volatiles from green residues of a wide range of plants killed nematodes.  The effect is immediate 
and related to the chemistry of decomposition.  Aside from these direct effects on soil pathogens, 
there is also evidence that cover crops indirectly benefit the health of subsequent crops by 
promoting soil communities that either boost plant health or suppress plant pathogens.  This is a 
general phenomenon documented for many types of organic matter; after a pulse of microbial 
activity those organisms that specialize in parasitizing plants tend to be at a disadvantage.  The 
benefit of green manures extends also to the primary vegetable crop – we’ve observed a decrease 
in nematode population densities in commercial fields when residues of pea or sweet corn were 
incorporated immediately after harvest. 
 Crops that are allelopathic to soil borne pathogens emit toxic chemicals while they grow.  
African marigold performed well in our trials and has attracted a lot of attention for disease 
suppression.  Forage pearl millet has also been an excellent for suppressing potato early dying 
disease and can be incorporated more than once in a season due to abundant regrowth.   
 
Be realistic in your expectations for disease management:  Cover crops have a place in all 
vegetable production systems, but may not always be the most economic substitute for soil 
fumigation.  Fumigation does an excellent job of reducing the initial inoculum of pathogens not 
only because the chemistry is effective, but because the chemical is released all at once and 
permeates the soil to contact fungal and nematode propagules at the right dose for a sufficient 
length of time.  The release of chemicals from plant residues may achieve the same effect at some 
spots in the field, but the efficacy is more spatially variable than soil fumigation.  Neither 
fumigation or cover crops can eradicate soil borne pathogens so the impact of these strategies on 
disease potential varies depending on the level of inoculum present and how much inoculum is 
required to cause economic disease losses.  Cover crops significantly reduced disease in some of 
our experiments on sites with a very high disease potential, but had less impact on yield than 
fumigation with metham sodium.  Our experience indicates that fields with inoculum potential at 
or below the disease threshold are the best candidates for cultural tactics.  Some growers use fall 
cover crops in combination with fumigation.  Our data shows it is possible to boost the efficacy of 
fumigation by selecting the right cover crop, although timing is critical because too much plant 
biomass in the soil at the time of fumigation can have a negative impact as well.    
 
Don’t give up:  Cover crops, whether incorporated dead or alive, help build soil organic matter.  
Ecological changes in the soil promoted by soil organic matter tend to accumulate over time and 
it is not uncommon to observe benefits of cover crops in years subsequent to their growth that 
were not apparent the year they were grown .  Research to document biological transitions in soil 
at the field scale has been plagued by sampling issues so there is not a lot of long-term data 
available.  Spatial tracking using GPS technology has made it possible to collect data on soil 
characteristics over time in specific locations.  We’ve collected geo-referenced base line data in 
more than 75 commercial vegetable fields that can be used to evaluate the impact of management 
on soil organic matter and disease potential for nematodes and Verticillium dahliae. 
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Why do I grow cover crops?
All farmers have major assets on their farms such as tractors, harvesters, processing equipment,

etc.  We know that those assets require inputs and maintenance for proper operation.  The first
requirement for operation is the input of fuel/energy—diesel or gas for mobile machines, electricity for
stationary ones.  We can operate these machines for a long time supplying them only with the input of
fuel/energy.  But if we don’t address the long- and short-term maintenance issues of grease, oil,
adjustments, etc., we know that eventually the repair cost and lost time of the resulting breakdowns will
far exceed the cost savings of not performing the maintenance in a timely manner.

On most farms the most valuable/costly asset is the land on which we farm.  The inputs that
propel farm production are the fertility (NPK) and the methods of pest control we choose.  The
maintenance of the farm land is the care of its soil structure and organic matter.  As with the machines we
use, the cost of delaying, denying or ignoring the maintenance of our soil is high.  It is also not as
instantly repairable as damage to our machine assets.  That is why I grow cover crops.

What will cover crops do for me/my soil?
That depends on which cover crop you select and how you manage it.  Here is a list of some

cover crop functions that I use to determine which cover crops to use and when.

A. Nitrogen management (N)—production and stabilization
1. Production—The primary cover crop choice for N production is a legume.  Red clover,

sweet clover, medic, alfalfa, soybeans and vetch are all effective producers of N.  Some
adapt better in certain situations than others.  Annual grasses can make a small N
contribution if incorporated at a young stage (for example, rye, oats and barley). 

2. Stabilization—Grass crops allowed to grow in a ligneous stage (woody stage) have high
levels of carbon and can effectively store/sequester N that will be released later as the
plants decompose.  Rye works well here.

B. Microbial activity
Active microbes act as a “glue” in the soil helping to maintain stable aggregates that improve
water intake—whether from rain or irrigation—and reduce susceptibility to wind erosion.  An
active microbial population also can join in the production of soil N and assist in plant uptake of
other nutrients.  Cover crops incorporated as “green manures” in immature stages work here.  The
younger the crop, the more it “fires up” the level, but the shorter term the effect.  Legume/ grass
combinations work well for many of the functions listed.



C. Organic matter 
In this example, I am referring to long-term or “stable” organic matter.  This will “fluff up” the
soil and increases the soil’s CEC level.  In combination with high microbial activity it will make
the soil more resilient and tolerant of our tillage and harvest activities in the field.  Cover crops
allowed to grow to their mature state contribute to this pool.  Perennial sods can have a more
pronounced effect than annual crops tilled in more frequently.  Both legumes and grasses
contribute, as do applications of composted high carbon manure.  Raw manure can contribute, but
on a much lower level.

D. Structure
Cover crops leave their roots behind, along with the incorporated tops; these serve to provide
vertical drainage and stable structure to the soil, thus allowing air—a largely forgotten
nutrient—to enter the soil.  Again, perennials leave a more mature, larger and more stable residue
behind, but almost all mature residue is good for this purpose.

E. Compaction
We usually attempt to cure compaction with simple tillage, but if there is no structure to keep the
soil fluffed up, we will recompact it on the next trip.  Tillage, combined with a cover crop seeding
or slot tillage into an actively growing cover crop, will allow roots to fill in the newly created air
space and keep it open.

F. Disease suppression
This may be expressed in many ways, but one example that I use on my farm is the use of a
large/mature rye cover crop before soybeans.  The rye feeds on N in the soil, then incorporated
microbes start the decomposition process and tie up N from the soil.  This allows full formation
of N producing nodules on the young soybean.  Excessive vegetative growth in soybeans
often/usually results in a white mold.  The rye usually reaches peak decomposition and N release
in mid-summer when the soybean is in the reproductive stage and can use the N peak to produce
seed instead of vegetation.  This is one form of the process referred to as “nutrient pulsing.” 
Therefore, white mold infection is reduced.

G. Pest suppression
Cover crops such as buckwheat and oilseed radish have proven control affects on harmful
nematode populations for some crops.

H. Weed suppression
Cover crops can help to suppress weed growth and prevent weed emergence or germination by
their mere competitive presence or from production of allelopathic chemicals.

I. Crop suppression
The same cover crop qualities that gave us A-H above can become problems to your crops if they
are not managed properly.  Kind of like the side effects disclaimers on medications, you need to
be aware if the crop you are planting will be impacted by the cover crop you choose, and at which
stage.  Tillage or no tillage strategies can address these issues.

For any of these applications the seeding rate can be varied to accomplish or accommodate the
needs of your field and of your crop pattern.  When addressing specific needs, I have used as little as five
pounds of clover seed per acre or as much as 10 bushels of oat seed per acre.  I have varied these rates to
address conditions such as compacted areas, underachieving areas, weed patches—usually perennial, seed
production, erosion control, etc.

Cover crops and compost used together will leverage the effect of each: 1 + 1 can equal 3.

As an organic farmer I am required to include cover crops in my rotation.  I took that cue and
have since worked to identify the many ways cover crops can work for me on my farm.  Our soils were
created by a continuous covering of plants.  Their productivity can be maintained and improved using
plants as well.



 
 

 

Cover Crop Establishment Using Manure Slurries1
 

 

Cover crops in the Brassica (mustard) family may offer benefits in some rotations beyond soil 
conservation.  Forage radish crops have been used to alleviate compaction in coastal plain soils in 
Maryland (Williams and Weil, 2004).  Oilseed radish has been shown to suppress sugarbeet cyst 
nematode (Hafez, 2005).  In Michigan, sugarbeet yields increased about two ton/ac following an oilseed 
radish cover crop (Poindexter, personal communication; 2004).  The incorporation of oriental mustard 
(Brassica juncea L., variety Pacific Gold) in the spring before planting potatoes suppressed Rhizoctonia 
solani by 73%, and the cover was highly suppressive of fungal activity by Pythium ultimum, and 
Fusarium solani (Snapp, S.S. and K.U.Date, 2004).    

Manure that is high in nitrogen and soluble (available) carbon has been shown to suppress soil 
borne pathogens (Conn and Lazarovits, 1999; Tenuta, 1999).  These studies reported that poultry and 
swine manure were the most consistently beneficial manure sources for reducing Verticillium dahliae and 
common scab in potato.  Recent findings from long-term research trials have shown a consistent and 
significantly greater yield response of potatoes, vegetables and field crops to manure applied with a 
winter cover crop than manure to bare soil alone (Sanchez et al., 2004; Snapp et al., 2004).  There are two 
important processes by which organic inputs enhance biosuppression and improve soil and root health: 1) 
biochemical compounds and 2) available C and N that supports soil organisms, enhances competition and 
suppresses pathogen rebound (Gamliel et al., 2000).  Brassica spp. and sorghum-sudangrass residues 
contain high levels of glucosinolates.  During tissue decomposition, toxic compounds are produced that 
have antifungal, nematicidal and bactericidal properties 
(Lewis and Papavizas, 1974; Morra and Kirkegaard, 
2002; Stapleton and Duncan, 1998).   

Seed contact with manure 
A common method of seed dispersal in the 

natural environment is through ingestion and deposition 
of the seed in feces of grazing animals.  In New York, 
Mt. Pleasant and Schlather (1994) recovered viable seeds 
from 13 grasses and 35 broadleaf plants in dairy manure 
samples collected from 20 farms.  Among the seed 
species collected were Kentucky Bluegrass (Poa 
Pratensis L.; average 9,100 seeds/tonne-manure), White 
Clover (Trifolium repens L.; 10,100 seeds/tonne), 
Common Oat (Avena sativa L.; 6,200 seeds/tonne), 
Orchardgrass (Dactylis golomerata L.; 5,200 
seeds/tonne), and Timothy (Phleum pratense L.; 2,700 
seeds/tonne).  Cudney et al. (1992) recovered more than 21,000 viable weed seeds per ton of sediment 
from dairy manure handling facilities and reported that anaerobic storage did not have a significant 
impact on seed viability.  

                                                 
1 The authors are: Timothy M. Harrigan, Assistant Professor, Biosystems and Agricultural Engineering 
Department, Siegelinde Snapp, Associate Professor, Crop and Soil Science, and Dale Mutch, Extension Specialist, 
Kellogg Biological Station, Michigan State University, East Lansing MI  48824.  

Figure 1.  Seed-laden slurry was delivered 
through drop-tubes to the tilled ground behind 
each set of aeration tines. 



  

Low-disturbance slurry injection 
Some manure slurry applicators are capable of shallow placement with little surface disturbance.  

When a rolling-tine aerator was used with a slurry distribution system the aerator loosened the soil and 
the slurry was placed in soil voids and loosened soil directly behind each group of aerator tines (Harrigan 
et al., 2006).  When dairy slurry was applied to a fine sandy loam soil in wheat stubble, the aerator 
loosened the soil to a depth of six inches beneath the tines and created pockets of liquid slurry at the soil 
surface. Chen et al. (2001) evaluated three shallow slurry injectors and a dribble-bar applicator for 
applying swine manure to grassland at rates selected to apply 100 lb N per acre.  A rolling-tine aerator 
provided an earlier yield response compared to the other application methods, presumably due to deeper 
incorporation and soil aeration.  Lau et al. (2003) reported that the a sub-surface deposition applicator 
reduced the odor emission rate by 8% to 38% compared to that of the conventional splash-plate 
applicator, and the highest reduction in odor was observed in the most offensive period after manure 
application.   

Objectives 
There is considerable grower interest in biosuppressive cover crops, but before adoption will 

occur, practical, efficient and cost effective seeding guidelines must be developed.  The specific objective 
of this work was to compare stand establishment and biomass yield of oilseed radish and oriental mustard 
established as a summer seeding in wheat stubble with conventional no-till drilling, and a new process--
manure slurry-enriched micro-site seeding-- whereby aeration tillage, manure application and seeding 
were done in a single, efficient operation.  

Methods 
Replicated plots (12 x 60 ft) were established in a Capac fine sandy loam (fine-loamy, mixed, 

active, mesic Aquic Glossudalfs) at the University Farms at Michigan State University in East Lansing, 
Michigan.  Two oilseed radish varieties (Raphanus 
sativus L., varieties Common and Colonel, 15 lb/ac 
PLS) and one oriental mustard variety (Brassica juncea 
L., variety Pacific Gold, 10 lb/ac PLS) were sown on 
August 13, 2004 in untilled wheat stubble.  The plots 
were arranged in a randomized complete block with six 
treatments and four replications. 

Each crop was sown with a Great Plains no-till 
drill and with a new manure slurry-enriched seeding 
process where a slurry tanker (3,000 gal) was equipped 
with a rear-mounted rolling-tine aerator (12 ft; Aer-
Way)2 and SSD (sub-surface deposition) slurry 
distribution system.  Seed was placed in the spreader 
tank where bypass flow provided tank agitation and 
seed mixing.  The slurry passed through a hydraulically 
driven, rotating chopper/distributor (300 rpm) with 
radially configured outlets connected to drop tubes.  
The drop tubes delivered the seed-laden slurry to the 
fractured and loosened soil behind each set of rolling 
tines.  Swine manure was applied at 6,000 gal/ac.  The 

                                                 
2 Mention of trade names, proprietary products, or specific equipment is intended for reader information only and 
constitutes neither a guarantee nor warranty by Michigan State University, nor does it imply approval of the product 
named to the exclusion of the products. 

Figure 2.  There was no difference in biomass 
yield between drilled and slurry-seeded oilseed 
radish, but there was a significant increase with 
slurry seeding of oriental mustard. 



  

swine slurry (0.78% solids, w.b.) provided 78 lb/ac of total N (73 lb/ac as NH4-N), 37 lb/ac P as P2O5, and 
54 lb/ac K as K2O.  Because commercial fertilizer is not often used in cover crop establishment, no 
fertilizer was applied to the no-tilled plots.  The plots were harvested on October 13, 2004. 

Results and Discussion  
The aeration tillage tines created cracks, fissures and crevices in the soil that were flooded with 

the seed-laden slurry.  Seed placement with the slurry seeding process was largely influenced by the soil 
response to the tillage tines.  Consolidated, blocky soils encouraged deeper placement in cracks and 
fissures; loose and flowable soils that backfilled the tillage tine opening encouraged near-surface seed 
placement. A visual inspection of the seeding indicated seed germination and emergence at variable 
depths ranging from near the surface, to 2-to-3 inches below the surface. The shallow placement of the 
seed-laden slurry did not appear to create an anaerobic environment for the germinating seed or emerging 
plant.  As a percentage of the no-till stand, the 60-day plant stand at harvest with slurry seeding tended to 
be lower than the drilled seeding, but the difference was only significant with the Colonel variety of 
oilseed radish (Table 1).  

Above-ground plant mass, root mass and total biomass from the six treatments are listed in Table 
1.  There was little difference in above-ground plant and root mass between no-till and manure slurry 
enriched micro-site seeding with either variety of oilseed radish.  However, the above-ground plant mass, 
root mass and total biomass of the oriental mustard was significantly greater with the slurry seeding 
process.  Presumably, the oriental mustard made efficient use of the readily available nitrogen from the 
manure slurry in close proximity to the seed.  Additional work is in progress to develop guidelines for the 
new manure seeding process and to evaluate the potential benefits of cover crops for soil conservation, 
pest and disease suppression, and to improve soil quality.  

Table 1. Stand and yield of oilseed radish and oriental mustard sown as cover crops into wheat stubble 
on a Capac fine sandy loam soil.*  

 

Seed 

  

Drill 

 Plant Mass, 

DM, lb/a† 

Root Mass, 

DM, lb/a 

Total Biomass, 

DM, lb/a 

 

Plants/ac‡ 

 % of drilled 
stand 

 Common OSR  Slurry  2708 b 620 ab 3328 b 104816  69 

 Common OSR  No-Till  2374 b 752 ab 3125 b 152460  -- 

 Colonel OSR  Slurry  3177 b 852 a 4029 ab 74869  38 

 Colonel OSR  No-Till  3205 b 822 a 4027 ab 198743  -- 

 Oriental Mustard  Slurry  4756 a 560 b 5316 a 243664  72 

 Oriental Mustard  No-Till  2465 b 293 c 2758 b 336229  -- 

  LSD (α ≤ 0.05)    1426 252 1581 --  -- 

  CV (%)    30.4 25.7 27.9 --  -- 

* abc letters indicate values within a column which are not significantly different by the Least Significant 
Difference procedure  (α ≤0.05).   

Conclusions 
This paper provides an update of on-going work in developing a manure application method that 

effectively incorporates cover crop seeding, manure application and low-disturbance aeration tillage.  
Such a process offers considerable labor and machinery efficiencies that will encourage the use of manure 
and cover crops in diverse crop rotations.  Reducing tillage intensity and including manure and a 
biosuppressive cover crop such as oilseed radish or oriental mustard in some rotations may improve soil 



  

quality and plant stands, and may suppress certain soil-borne fungal diseases.  Based on the work at 
Michigan State University in 2004: 
• The plant stand with the slurry seeding process was lower than no-till seeding, but the biomass yield 

was equal or better than conventional no-till seeding.   
• There was no significant difference in biomass yield of the oilseed radish varieties between the no-till 

and manure slurry-enriched micro-site seeding methods. 
• The biomass yield of oriental mustard was significantly greater with manure slurry-enriched micro-

site seeding than no-till seeding.    
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