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Lessons From Field Crop Cover Cropping: Agronomy, Economics and 
More 

 
Kurt D. Thelen, Crop &Soil Sciences, Michigan State University 

thelenk3@msu.edu 
 

In recent years, the dairy and livestock industry in the northern corn-belt has undergone a consolidation to 
fewer but larger production units (Census of Agriculture, 1997).  This consolidation has resulted in a need 
to increase forage production per unit of land base in proximity to the dairy and livestock production 
facilities.  A possible means of doing this is to double-crop a winter annual forage crop with corn or 
soybean.   The practice of double-cropping soybean with winter wheat harvested for grain is a common 
practice in the southern corn-belt states (Moomaw and Powell, 1990), however, the shorter growing 
season in the northern corn-belt limits double-crop options.  Chan et al. (1980) suggested that a form of 
double-cropping known as relay inter-cropping could allow double-cropping to occur further north in the 
corn belt.  Relay inter-cropping is defined as growing two or more crops simultaneously during part of the 
life cycle of each (Andrews and Kassam, 1976).  Studies in the northern corn-belt states of Wisconsin 
(Kaplan and Brinkman, 1984), and Ohio (Jeffers and Triplett, 1979) found that relay intercropped 
soybeans yielded less than monocrop soybeans in systems where the winter annual wheat was harvested 
for grain.  Little information on multiple cropping systems is available in the literature regarding the 
effect on rotational crop yields when the winter annual crop is harvested as early spring forage. 
 
Bruckner and Raymer (1990) reported no difference in mean forage yields of rye, wheat, oats (Avena 
sativa L.), and triticale [X Triticosecale (Wittmack)].  However, the authors reported that rye was the best 
adapted species for forage in high-stress, low-yield environments and wheat was the best-adapted species 
to low-stress, high yield environments.  In comparing soft red winter wheat cultivars with hard red winter 
wheat, Carver et al. (1991) reported that soft red winter wheat cultivars produced 30% more winter 
forage, but hard red winter wheat cultivars produced 26% more late winter regrowth.  They concluded 
that both soft and hard red winter cultivars appear equally suited as germplasm sources for genetic 
improvement of wheat forage capacity.  The objective of this study was to evaluate the yield and quality 
of winter wheat and rye crops harvested as early spring forage and to evaluate their affect on double-
cropped corn, corn silage, and soybean yield. 
 
Field trials were conducted in 2000 and 2001, on a Capac loam soil (fine-loamy, mixed, mesic Aeric 
Ochra-qualf) at the Michigan State University Research Farm in East Lansing, MI.  In both years of the 
study, corn silage preceded the fall planted winter annual forage crop.  Plots were arranged in a 
randomized complete block, split plot design with four replications. The three rotational crops (corn 
grain, corn silage, and soybean) planted after harvest of the winter annual forage crops represented the 
main plots.  The split plots consisted of the winter annual forage crops (early cut wheat, late cut wheat, 
and rye) and a check plot that was not seeded to a winter annual, with the residue from the previous crop 
of corn silage left undisturbed.  The split plot size was 10 x 40 ft.  The wheat variety was ‘Harus’ an early 
maturing awnless soft white winter wheat developed at the Agriculture Canada Research Station in 
Harrow. The forage rye variety used was ‘Wheeler’ which was released by the Michigan Agricultural 
Experiment Station. The winter annual forages were planted on 28 September in 1999 and 13 October in 
2001. The wheat was planted at 120 lb/acre and the rye at 112 lb/acre.    Each forage plot received 46 



lb/acre of elemental N applied as granular urea (46-0-0) at green-up the following spring. The early cut 
wheat forage was harvested at the boot stage (Feeke’s scale 10.0), late cut wheat was harvested at the 
early head stage (Feeke’s scale 10.1) and rye was harvested at the early boot stage (Feeke’s scale 9.0).  
The respective harvest dates for 2000 were 11 May, 22 May, and 26 April.  The harvest dates for 2001 
were 19 May, 24 May, and 7 May, respectively, for the early cut wheat, late cut wheat, and rye. A Carter 
flail harvester (Carter Manufacturing Co. Inc., Brookston, IN) was used to harvest the winter annual 
forage plots.  Forage was harvested at a height of 3.5 inches from the soil surface. Moisture content was 
determined by collecting pre and post weights of a 1 lb sample of the harvested forage dried at 140o F for 
72 hours.   Forage samples used for nutritive evaluation were collected at the time of harvest by hand 
clipping 0.5 lb of forage.  Samples were dried at 140° F for 48 hr, ground to pass through 2 mm screen in 
a Wiley Grinding Mill (Christy and Moris, Chelmsford UK) and passed through a UDY Cyclone Mill 
(Udy Corp., Fort Collins, CO.) with a 2 mm screen.  A sub-sample of 0.7 oz was retained for analysis.  
Total N was determined by the Hach modified Kjeldahl procedure (Hach et al 1985, Watkins et al.,1987), 
and crude protein (CP) was estimated by multiplying the N content by 6.25.  The Goering and Van Soest 
(1970) method was used for neutral detergent fiber (NDF) and acid detergent fiber (ADF) determination 
with the addition of 0.03 fluid oz of alpha-amylase to the neutral detergent solution for the breakdown of 
starch.  Dry matter (DM) was determined by weighing 0.02 oz of sample into ceramic crucibles and dried 
at 212° F for 12 hrs.  Ash content was determined by igniting the samples in a muffle furnace for 6 hours. 
 
The double-crop corn and soybeans in the rye and early cut wheat forage plots were planted on 11 May in 
2000 and 19 May in 2001.  The rotational double-crops following the late cut wheat forage were planted 
on 22 May in 2000 and 24 May in 2001.  Since planting of the rotational crops in the control plots did not 
have to wait for harvest of a winter annual forage, they were planted slightly earlier than the plots that had 
a winter annual forage when soil conditions allowed. The control plots were planted to rotational corn and 
corn silage on 29 April 2000 and 5 May 2001 and were planted to soybean on 11 May 2000 and 5 May 
2001.  The rotational crops were planted with a no-till planter.  Corn was planted in 30-inch rows at 
30,000 seed/acre for both the corn grain and corn silage treatments. Soybeans were planted in 15-inch 
rows at 180,000 seed/acre.  Plots planted to corn received 140 lb/acre of elemental N applied as a liquid 
solution (28% urea-ammonium nitrate).  The rotational double-crops were harvested with mechanical 
equipment. The corn silage was harvested when the grain was approximately at the 2/3 milk line 
(Wiersma et al. 1993). Corn grain moisture content and field weights were automatically measured by a 
GrainGageTM, HarvestData SystemTM mounted on a plot combine. Grain yields are reported at 15.5 % 
moisture.   All data were analyzed with the analysis of variance (ANOVA) and the General Linear 
Models in SAS Statistical Software Package version 6.12 (1989-1996 SAS Institute Inc., Cary, NC.,).  
Mean separation between variables was obtained using Tukey's Least Significant Difference Test.  Effects 
were considered significant in all statistical calculations for P-values < 0.05.  For the economic analyses, 
the input costs used were the actual costs accrued.  Equipment costs reflect 2000 prices as reported by 
Dartt and Schwab (2001).  The cash receipts reflect the 2000 five-year average commodity price as 
reported by the Michigan Agricultural Statistics Service.  Net return to land and management was 
obtained by subtracting equipment and input costs from cash receipts.  
 
Precipitation levels were somewhat lower in the fall of 1999 and somewhat higher in the fall of 2000 than 
30-yr average levels, however, in both years the climate was favorable for establishment of the winter 
annual forages.   Similarly, both years provided near normal seasonal precipitation and growing degree 
unit (GDU) accumulation for the rotational double-crops although the months of July and August were 
slightly dryer than normal in the 2001 growing season.  Both early and late cut wheat had a higher forage 
yield than the rye (Table 1).  Dry matter yield was 1.7 ton/acre, 2.6 ton/acre, and 2.7 ton/acre respectively 
for the rye, early cut wheat, and late cut wheat forage averaged across years.  The rye forage was 
harvested on average 13 and 21 days before the early cut wheat and late cut wheat forages.  Similarly, 
winter annual forage quality was dependent on date of harvest.  The early cut forage had higher levels of 



CP and lower NDF and ADF levels (Table 1).  The observed negative correlation between forage quality 
and cutting date is consistent with previous reports in the literature on grass forages (Hall, 1998). 
 
The effect of the winter annual forage crop on the yield of double-cropped corn grain, corn silage, and 
soybean was also evaluated (Table 2).  The rotational double-crops were planted in the spring 
immediately following harvest of the winter annual forage crop.   
 
Yields of the rotational double-crops  
Forage Dry Yield CP NDF ADF 
 ton/acre ----------- % ---------- 
Rye 1.7 b 19.4 a 48.6 b 26.8 a 
Early cut 
wheat 

2.6 a 16.2 b 59.1 a 30.6 b 

Late cut 
wheat 

2.7 a 14.0 c 59.8 a 31.6 c 

LSD 0.2 1.0 0.9 0.8 
 
 
 
 

 
were compared to the check plots, which did not have a winter annual crop preceding the corn, corn 
silage, and soybean rotational crop.  Early and late cut wheat forage reduced double-crop corn grain yield 
more than the rye.    Similarly, the early and late cut wheat forage reduced the yield of the double-crop 
corn silage.  The later harvest date for the wheat forage may have depleted soil moisture more than the rye 
plots, which were harvested an average of 13 and 21 days before the early and late cut wheat.  The later 
removal of the wheat forage may have contributed to the lower corn grain and silage yields in the wheat 
forage double-crop system as compared to the rye forage double-crop system.  Additionally, the double-
crop corn following the late wheat forage was planted 11 and 5 days later in 2000 and 2001, than the 
double-crop corn following the early wheat forage and rye forage. The rye forage did not significantly 
reduce corn silage yield.  Unlike the winter annual plus corn double-crop systems, winter annual forages 
did not reduce the yield of double-cropped soybean (Table 2).  There was no significant year by treatment 
interactions observed for all of the yield and quality parameters measured.  When corn or corn silage was 
double-cropped with the winter annual forage, the net value of the forage did not cover the subsequent 
loss in yield of the double-crop corn grain or corn silage (Table 3).  However, when soybean was double-
cropped with winter annual forage, the net return to land and management increased compared to soybean 
grown without the double-crop forage.  The increase is primarily because the winter annual forage did not 
decrease the double-crop soybean yield. This indicates that the winter annual forage crop could be 
successfully positioned in a corn-soybean rotation if it was double-cropped with soybean.  In dairy and 
livestock operations in the North Central states, a winter annual forage could be planted following the 
harvest of corn silage which generally occurs in late summer or early fall. 
 
 Double-crop 
 Corn grain Corn silage Soybean 
Winter ann. forage -----------------$/acre ---------------- 
Rye 205  d 175  e 165 ef 

 Double-crop 
 Corn 

grain 
Corn 
silage 

Soybean 

Win. Ann. 
forage 

bu/acre dt/acre bu/acre 

Rye 179 ab 5.7 ab 50 a 
Early cut 
wheat 

153 bc 5.2 b 52 a 

Late cut 
wheat 

146 c 4.9 b 52 a 

None 197 a 6.4 a 52 a 
LSD 25 0.9 2.4 

Table 1.  Winter annual forage yield and quality.  
Values are averaged  across year and replication.  
Means followed by the same letter are not 
significantly different at P =0.05.  
ADF = acid detergent fiber; NDF = neutral 
detergent fiber; CP = crude protein. 

Table 2. Rotational crop yield double-
cropped with the indicated winter annual 
forage.   

Table 3.  Net return to land and 
management.  The returns reflect the 
value of the 
winter annual forage and the double-
crop corn, corn silage, and soybean 
crop minus equipment and input costs 
for each crop system. 



Early cut wheat 220  c 220  c 233  b 
Late cut wheat 227 bc 207  d 259  a 
None 225 bc 218  c 160  f 
LSD 10.9 
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There are many reasons to grow cover crops and many ways to measure their value.  For vegetable 
growers farming sandy soils, cover crops provide competition for weeds, a shield against soil erosion, a 
sink for nutrients, and a source of organic matter. In addition to these basic services inherent to all cover 
crops, some have the potential to buffer the increase of noxious pests and to mitigate soil-borne diseases.  
The goal of on-farm trials in Wisconsin potato production systems is to identify cover crops that boost 
yields in fields prone to the potato early dying disease.   
 
The potato early dying disease is caused by the fungus Verticillium dahliae and exacerbated by the 
nematode Pratylenchus penetrans.  Although each is a pathogen alone, it is combined infection by V. 
dahliae and P. penetrans that poses the most serious constraint to carrying a healthy crop to maturity.   
Plants infected by both pathogens are compromised for water uptake and show a progressive loss of leaf 
function that leads to premature senescence and reduced  tuber bulking, percent solids, and quality.  The 
severity of the disease is related to inoculum density of V. dahliae and P. penetrans in soil and the most 
effective tactic to date is to treat soil with a broad-spectrum fumigant to reduce pathogen inoculum 
densities.  Many factors such as nitrogen fertility, irrigation regimen and soil factors are known to modify 
potato early dying disease, so cultural tactics play an important role in disease management.   Root lesion 
nematodes have a very broad host range, so decreasing population densities of this pest are helpful to the 
entire rotation. 
 
We’ve conducted trials in seven commercial potato fields and a research station located in the vegetable 
production area of Wisconsin to compare cover crops to each other and to soil fumigation with metham 
sodium for potato yields and disease management.  In addition, we’ve studied 76 commercial fields in 
Wisconsin for soil characteristics and management history relevant for soil-borne diseases of potato.  
These studies and parallel experiments in greenhouse experiments indicate considerable potential for 
using cover crops as a tool for disease management, but also show how much research is needed to take 
full advantage of the ecological  services soils can offer.   
 
Design of cover crop experiments: 
A randomized complete block design with 4-6 replications was used for two experiments conducted on 
commercial farms evaluating various combinations of rapeseed (4 cultivars), sweet corn, sorghum-
sudangrass, forage pearl millet, marigold, oat, and rye and six experiments conducted at the Hancock 
Research Station evaluating various combinations of sudangrass (2 cultivars), sorghum-sudangrass (3 
cultivars), marigold (5 cultivars), rapeseed (3 cultivars) sweet corn, broccoli, forage pearl millet, oat, 
white mustard, and fodder radish,  The dimensions of each plot for these experiments ranged from 15 x 
25’ at the research station to 25 x 75’ in the on-farm experiments. 
 



A strip design with three plots embedded within each strip was used for four on-farm trials to compare 
various combinations sweet corn, rapeseed (3 cultivars), rye, sorghum-sudangrass, kale, oat, berseen 
clover, red clover, hairy vetch, alfalfa and white mustard to each other and to fall fumigation with metham 
sodium.  Each plot was 60 x 200’ and sampling locations within each plot were georeferenced for repeat 
sampling using GPS.   
 
In another on-farm experiment, three replicated plots, each 50*300’ in size, were planted for a full season 
with marigold and compared to comparable areas adjacent to each plot planted with a mixture of 
sorghum-sudangrass and corn followed by white mustard.   
 
The different experiments were designed for various objectives.  Seeding rates ranged from about 3 lb/ 
acre for marigold to 10 lb /acre for the rapeseed, kale, and mustards to 57 lb/acre for sudangrass.  
Management ranged from minimal (starter fertilizer only and no supplemental water) to intensive inputs.  
Additional practices that were evaluated included incorporating the cover crop as a green manure and 
applying polyethylene tarps over crop residues to achieve enhanced degradation and soil solarization.  
Potato was planted the spring after cover crop culture and  monitored for potato early dying disease and 
yield.  Soil samples were collected when cover crops were planted and before incorporation to measure 
soil parameters, determine the host status of each crop for nematodes and Verticillium, and to follow 
changes in population densities of potato early dying pathogens. 
 
Lessons learned: 
Most of the crops we’ve studied have suppressed pathogens or disease or enhanced potato yields some of 
the time.  Our experience with ‘Dwarf Essex’ rapeseed in five on-farm experiments illustrates the range 
of performance typical in commercial fields.  “Dwarf Essex” showed spectacular efficacy for killing both 
P. penetrans and V. dahliae in the laboratory using assays that exposed the pathogens to decomposing 
plant residues in soil or to only volatiles produced by cut leaves.  An on-farm experiment that 
incorporated rapeseed as a fall green manure showed statistically significant and promising reductions in 
nematode population densities and a trend towards increased yield of potatoes the following year.  A 
second on-farm trial comparing rye and four rapeseed cultivars grown as fall-incorporated green manures 
showed no difference among the rapeseed cultivars for pathogen reduction or disease, but there was an 
increase in potato yields relative to rye, an industry standard. In three other on-farm experiments and one 
experiment on a research station, ‘Dwarf Essex’ rapeseed did not increase yield relative to rye, but did 
lower the incidence of stem infection by V. dahliae in potato in one experiment, and the percentage of 
culled tubers in two others.   In no case did “Dwarf Essex’ rapeseed exacerbate disease or reduce potato 
yields relative to rye, so our conclusion is that there is an advantage to planting this cover crop in fields 
with potato early dying potential. 
 
The example of “Dwarf Essex’ rapeseed illustrates how difficult it is to explain how and why cover crops 
achieve the results they do.  Degradation products of decomposing rapeseed leaves include 
isothiocyanate, a chemical highly toxic to nematodes and Verticillium.  We monitored levels of this 
chemical in our laboratory experiments and found concentrations sufficient to be lethal, leading us to 
expect that field experiments would also support a biochemical mode of action.  .Evidence that soil 
organisms play an important role include similar performance of ‘Dwarf Essex’ to other rapeseed 
varieties bred for high levels of toxic compounds, the relative efficacy of a wide range of crops without 
toxic breakdown products, and the specificity of cover crop green manures to only some plant parasitic 
nematodes.  ,  
 
The tantalizing question of the “best” cover crop for the control of soilborne diseases appears to have 
many answers.  We’ve evaluated many of the crops promoted by other research programs including 
marigold, ‘Saia’ oat, forage pearl millet, and sorghum-sudangrass in addition to mainstays such as alfalfa 
and red clover.  Our experience is summarized in Table 1.  In 2004 we planted three replicated plots of 



marigolds, 50 x 300’, in a commercial field that will be planted to potato next year.  One of the challenges 
of growing novel crops is to focus data collection to the performance measures relative to their intended 
use without losing sight of their potential unanticipated impacts.  The marigolds were a haven for insects 
with potential to serve as corridors for beneficial species, so we’ll be collecting data on insects as well as 
potato early dying disease. 
 
A management decision we’ve addressed in our trials is whether to incorporate cover crops in the fall or 
to wait until the following spring.  Experiments over three years in three fields consistently showed an 
advantage to waiting until spring, even for cold-sensitive crops such as corn and sorghum-sudangrass.  In 
two experiments, spring incorporation resulted in higher yields for all crops and for some of the crops in 
another experiment.  There was a trend towards a higher rate of nematode population growth in the potato 
crop following spring incorporation of the cover crops, but the differences were not statistically 
significant. 
 
We are now studying the merits of enhancing decomposition rate of cover crops by covering plant residue 
with polyethylene tarps.  We’ve completed experiments in three commercial fields and another is in 
progress.  In one field with a high disease potential for potato early dying, we mowed a young soybean 
crop and covered the residue with clear polyethylene sheeting in 2003.  The field around the plots was 
fumigated in the fall with metham sodium except for check strips around the tarped areas.  Potato yields 
in 2004 were not different between the tarped and fumigated plots and both were significantly greater 
than the nonfumigated, nontarped areas.  Another experiment was started in 2004 to evaluate this strategy 
using sorghum-sudangrass, forage pearl millet, sweet corn, marigold, and ‘Dwarf Essex’ rapeseed cover 
crops.  Polyethylene tarps were placed on half of each plot in late July, but ripped after two weeks and 
were removed.  Even so, the plots that had been tarped remained relatively free of crop regrowth and 
weeds the remainder of the season and pathogen population densities were decreased.   
 
Case studies of commercial fields in Wisconsin’s central sands reveal the profound legacy of vegetation 
for life in the soil.  The physical and chemical properties of each field are relatively similar, but support 
different organisms.  The biodiversity of nematode communities reflects the history of plant life and for 
every crop visible from above, there are others below sustaining beneficial nematodes and other members 
of the detritous food web.  The key to using cover crops effectively is to understand their indirect as well 
as direct impact and to do so will require multidisciplinary team effort. 
 
For more information see: 
MacGuidwin, A. and A. Reid-Rice. 1998. Suppression of root-lesion nematodes using Brassica spp.  
Proceedings of Wisconsin’s Vegetable Meetings 11:107-109. 
 
MacGuidwin, A., A. Reid-Rice, I. Saeed, D. Sexson, J. Wyman, and T. Connell. 2001. Cover crops in 
potato production. Proceedings of Wisconsin’s Vegetable Meetings 14:265-269. 
 
MacGuidwin, A. and T. L. Layne. 1995. Response of nematode communities to sudangrass and sorghum-
sudangrass hybrids grown as green manure crops. Journal of Nematology 27:609-616. 
 
 
 
 



Table 1.  Cover crops planted in experiments in commercial fields in Wisconsin.  An ‘x’ indicates a 
statistically significant (P = 0.05) advantage to planting a particular cover crop for decreasing population 
densities of the nematode Pratylenchus penetrans, suppressing symptoms of potato early dying disease, 
and increasing potato yield and tuber quality. 
 
    Suppress Suppress Increase Increase 
Cover Crop Environment  P. penetrans disease yield tuber quality
Cascade' rapeseed f, r         
Dwarf Essex' rapeseed f, r x x x x 
Excel' raoeseed f, r     x   
Hummus' rapeseed f, r     x x 
Piper' sudangrass f, r   x x   
Trudan 8' sudangrass f, r         
Sordan 79' sorghum-sudangrass f, r         
"P855F' sorghum-sudangrass f, r         
P877F' sorghum-sudangrass f, r         
sweet corn f, r   x   x 
rye f, r   x     
Premier' forage kale f, r         
white mustard f, r         
oat f, r x   x   
Saia' black oat f, r x       
berseem clover f, r         
alfalfa f, r       x 
hairy vetch f, r         
weedy fallow f, r         
fodder radish r         
forage pearl millet f,r         
broccoli r         
Scarletade' marigold r x       
Sweet n' Orange' marigold r x       
Marietta Red' marigold r x       
Orangade' marigold f,r x       
f = commercial field 
r = plots on a research station 
 
 



 
 
 
 
 

Are mustard biofumigants the new cover crop for healthy 
vegetables? 

 
Kanchan Date and Dr. Sieg Snapp,  

Department of Horticulture, Michigan State University 
snapp@msu.edu or 517-355-5191 x1417 

 
Are your roots healthy? “Out of sight, out of mind” is an old saying and roots are often ignored in their 
hidden home. White, disease-free vegetable roots are the foundation for a bumper crop that is of the 
highest quality, and stores well. Recommended soil treatment with fumigation and chemigation are 
appropriate for some crops, if the economics and environmental context require these inputs where 
parasitic nematodes and soil-borne disease challenge crop health (MSU Extension Bulletin E-312 and 
Newsline Vol. 16 article by G. Bird, September, 2004, see http://web4.msue.msu.edu/veginfo).  
 
The challenge with fumigation is that it is a merry-go-round, one that is difficult to get off once boarded. 
That is, fumigation and chemigation treatments cause a massive die-off of soil organisms, 
indiscriminately killing both beneficial and pest organisms. This improves crop health, but the benefits 
are short-lived. Soil organisms rush in to fill the void left by killing off most of the soil life. It depends 
upon the texture, the soil management history and on the soil quality, but often the organisms that take 
advantage of the vacuum left after a fumigation treatment are those organisms that can grow rapidly or 
that are saprophytic (thrive on dead tissue).  In many cases these are the same organisms that cause 
disease.  This then is the merry-go-round: fumigation clears out disease and beneficial organisms alike, 
allowing healthy crop plants, but then this soil - almost void of life - is vulnerable to invasion by pest 
organisms. As pests move in to fill the void, further fumigation and chemigation treatments are required 
to restore plant health.  
 
Is it possible to get off the fumigation merry-go-round? There is growing evidence that a ‘bio-fumigation’ 
treatment based on incorporating a mustard cover crop is one way to reduce the requirement for 
fumigation. Cover crops such as mustards have been called a ‘bio-fumigation’ treatment. Mustard 
residues when incorporated release cyanide-containing compounds that fumigate the soil, but at the same 
time they also release carbon and nutrients that are the feedstock for soil organisms, the complex web of 
soil organisms that compete with parasite and disease organisms. Thus mustards, and related ‘brassica’ 
plant species such as oil-seed radish, do not leave a soil void of organisms.  Instead, these cover crops 
tend to tip the balance in the favor of beneficial organisms and against parasites and pests.  
 
Understanding the exact mechanisms involved in biofumigation using mustard cover crops still has a 
ways to go. Our preliminary research indicates that it is important to maximize growth of the cover crop 
to the extent possible, using a high seed rate (15 lb acre or more) and irrigation to improve establishment 
if rainfall is insufficient. A tiny seed such as mustard cannot be drilled too deep. It appears to establish 
well if broadcast and harrowed or irrigated into sandy soil.  The bio-fumigation benefits of mustard 
residues are maximum is they are incorporated at or just before flowering. We suggest that residues be 
mowed and incorporated while still green. Mustards are rapid growing species and can become a weed in 
a subsequent crop, so it is important to not let this cover crop produce seed (Snapp, S.S. and D.R. Mutch. 



2003 Cover crop choices for Michigan vegetables. Michigan State University Extension Bulletin. E2896, 
see http://web4.msue.msu.edu/veginfo).  
 
Are your roots healthy? “Out of sight, out of mind” is an old saying and roots are often ignored in their 
hidden home. White, disease-free potato roots are the foundation for a bumper crop that is of the highest 
quality, and stores well. Recommended soil treatment with fumigation and chemigation, not only reduces 
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Extension Bulletin E-312 and Newsline Vol. 16 article by G. Bird, September, 2004, see 
http://web4.msue.msu.edu/veginfo).  
 
The challenge with fumigation is that it is a merry-go-round, one that is difficult to get off once boarded. 
That is, fumigation and chemigation treatments cause a massive die-off of soil organisms, 
indiscriminately killing both beneficial and pest organisms. This improves crop health, but the benefits 
are short-lived. Soil organisms rush in to fill the void left by killing off most of the soil life. It depends 
upon the texture, the soil management history and on the soil quality, but often the organisms that take 
advantage of the vacuum left after a fumigation treatment are those organisms that can grow rapidly or 
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disease.  This then is the merry-go-round: fumigation clears out disease and beneficial organisms alike, 
allowing healthy crop plants, but then this soil - almost void of life - is vulnerable to invasion by pest 
organisms. As pests move in to fill the void, further fumigation and chemigation treatments are required 
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residues when incorporated release cyanide-containing compounds that fumigate the soil, but at the same 
time they also release carbon and nutrients that are the feedstock for soil organisms, the complex web of 
soil organisms that compete with parasite and disease organisms. Thus mustards, and related ‘brassica’ 
plant species such as oil-seed radish, do not leave a soil void of organisms.  Instead, these cover crops 
tend to tip the balance in the favor of beneficial organisms and against parasites and pests.  
 
Understanding the exact mechanisms involved in biofumigation using mustard cover crops still has a 
ways to go. Our preliminary research indicates that it is important to maximize growth of the cover crop 
to the extent possible, using a high seed rate (15 lb acre or more) and irrigation to improve establishment 
if rainfall is insufficient. A tiny seed such as mustard cannot be drilled too deep. It appears to establish 
well if broadcast and harrowed or irrigated into sandy soil.  The bio-fumigation benefits of mustard 
residues are maximum is they are incorporated at or just before flowering. We suggest that residues be 
mowed and incorporated while still green. Mustards are rapid growing species and can become a weed in 
a subsequent crop, so it is important to not let this cover crop produce seed (Snapp, S.S. and D.R. Mutch. 
2003 Cover crop choices for Michigan vegetables. Michigan State University Extension Bulletin. E2896, 
see http://web4.msue.msu.edu/veginfo).  
 
We report here on a field and greenhouse study, where results are consistent with highly effective bio-
suppression of soil-borne diseases by oriental mustard (Brassica juncea L). In fungal lab assays, and in 
the field soil, the fungal activity of Pythium ultimum, Fusarium solani and Rhizoctonia solani where 
suppressed by 67 to 100%, depending on the amount of cover crop biomass incorporated and the disease 
in question. Further evidence of the benefits from mustards was shown by incorporating a spring-grown 
cover crop of mustard before a late-planting of table stock potatoes (variety Onaway). This cover crop 
treatment enhanced health of potato roots and tubers by 65 to 88% through suppression of disease, 
primarily caused by R. solani.  



In a related field experiment, a rye cover crop also suppressed disease, but was not as effective as mustard 
unless rye cover crop was combined with poultry compost. Interestingly, a fumigation treatment was 
initially as effective as mustard at suppressing soil-borne disease, but only the mustard treatment 
continued to suppress disease activity late in the growing season (as measured by a tuber-bioassay in the 
lab). Yields of potatoes in this initial experiment were not significantly increased, but there was a trend as 
yields were 80 cwt higher with the best cover crop options (mustard or poultry compost+rye) compared to 
the worst treatment, a bare winter fallow. 
 
Further work remains to be conducted on how to best establish the oriental mustard, particularly in the fall 
when cooler temperatures and dry soil make it quite challenging for a small-seeded cover crop to 
successfully establish. Planting mustard with manure in a reduced-tillage system has shown promise, as 
well as irrigation and seed priming experiments. Recommendations are in process of being developed, but 
in the meantime we encourage farmers to try mustard as a replacement or in combination (as a mixture) 
with a winter cereal cover crop such as rye. As noted above, mustard should always be incorporated 
before it produces seed to prevent mustard becoming a weed in subsequent crops. 




