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Researchers and subsequently vegetable growers in the Northeast have been using 
mustard biofumigation and reduced tillage to primarily manage Phytophthora blight and 
improve soil health mostly for pumpkin and winter squash.  Sweet corn also does well 
produced with reduced tillage.  These practices are suitable for other crops.  Mustard 
plants produce glucosinolates, which breakdown as the plant decomposes into allyl-
isothiocyanate, which is similar to methyl isothiocyanate, the active ingredient in the 
chemical fumigant Metam Sodium.  Varieties have been developed with high 
glucosinolate levels for the purpose of biofumigation.  Several seed companies now 
market them.  Additionally, similar to other cover crops, when incorporated into soil the 
mustard plant tissue can increase water infiltration, soil tilth, and organic matter.  Other 
types of plants have been used for biofumigation, including arugula, in particular the 
variety Nemat, targeting nematodes.  There has been increasing interest in methods to 
reduce tillage recognizing its detrimental impacts on soil health.  Deep zone strip tillage 
is a type of reduced tillage.  Resulting soil health benefits, in particular improved soil 
water infiltration and increased microbial activity, are expected to suppress soil-borne 
pathogens, in particular Phytophthora capsici, which causes Phytophthora blight in 
cucurbits and several other vegetable crops.   

Biofumigation.  Keys to success include selecting a mustard variety developed for 
biofumigation, seeding early in the year (as soon as ground can be prepared) when 
preceding summer crop, applying fertilizer at minimum 50 lb/A nitrogen with sulfur if 
level in soil is low, preparing good seed bed, drilling seed rather than broadcast, 
providing irrigation when needed, flail chopping thoroughly (good equipment 
recommended) when mustard is flowering and temperature is cool, incorporating 
immediately (within 20 minutes of chopping), sealing the surface, irrigating if rain not 
imminent to maximize biomass, and disking lightly before planting at least 7 days later 
to release any residual fumigant gas as well as manage any weeds that germinated.  At 
LIHREC mustard is incorporated the morning of a day with high probability of rain when 
possible.  Seed start to mature about 6 weeks after the onset of flowering thus there is a 
long time period when incorporation can be done before risk of re-seeding.  Another key 
is using biofumigation as a component of a management program that includes other 
cultural practices and fungicides.   

At LIHREC, after several years of research, mustard biofumigation has become routine 
practice for managing Phytophthora blight before pumpkin powdery mildew fungicide 
evaluations.  Other practices include drip irrigation with tape laid couple inches away 
from the plant crown, avoiding planting low areas in a field, subsoiling between rows 
before vining, and weekly preventive fungicide program.  Research was conducted at 
LIHREC (on Long Island, NY) in fields naturally infested with Phytophthora capsici. Two 



replicated experiments were conducted. Mustard variety Caliente 199 was seeded at 10 
lb/A on 8 April 2009 and 25 March 2010 with 0, 50, or 100 lb/A nitrogen. Mustard was 
flail chopped then immediately incorporated on 29 June 2009 and 14 June 2010, which 
were 4 and 2 weeks after first bloom, respectively. Next the soil surface was sealed with 
a cultipacker and irrigated.  Acorn squash was direct-seeded or transplanted 2 weeks 
later. Biofumigated plots had fewer symptomatic fruit, yield was increased and fruit had 
higher Brix levels. With increasing rate of nitrogen fertilizer there was a trend toward 
greater mustard biomass and less Phytophthora blight. Three observational studies 
were also conducted. In the 2008 study, when Phytophthora blight was first observed, 
symptoms were found on almost all zucchini plants in the non-fumigated strip whereas 
only end plants were affected in the adjacent biofumigated strip, which also had fewer 
weeds. In 2011 there were several atypical intensive rain events creating very favorable 
conditions for Phytophthora blight, which was severe in all sections of this study, where 
different mustard varieties had been grown, as well as in other research fields and 
commercial fields where fungicide programs were used. In 2012 an integrated 
management program was implemented in a field where Phytophthora blight was 
severe in pumpkin the previous season.  The program began with biofumigation and 
included a weekly preventive fungicide program.  It was successful: fewer than 9% of 
pumpkins rotted. 

Reduced tillage.  Deep zone strip tillage is the type of reduced tillage researched at 
LIHREC.  A 2-row Unverferth zone builder was used.  For each row this piece of 
equipment has a 20-inch coulter to open the row, shank to disrupt plow pans and create 
compression fissures between the shanks and 2 17-inch wavy coulters followed by a 
15-inch wide rolling basket to prepare the soil for planting.  Row cleaners were added 
before the first coulter to move rye straw out of the strip being tilled.  Rye was seeded 
the previous fall at a high rate (4.5 bu/A) with fertilizer when needed.  When the rye was 
pollinating (mid-May to early June), it was rolled with a cultipacker twice, then sprayed 
with RoundUp herbicide.  Pumpkins were seeded 1 to 2 weeks later with a standard 
vacuum seeder for tilled soil (not a no-till seeder).  This delay allows soil settling.  Row 
cleaners were added to push rye straw out of the seeded row.  In the first few years of 
research, which was started in 2004, liquid fertilizer was injected into the soil with the 
zone builder.  Then we switched to controlled release fertilizer put down during seeding 
in bands on both side of the seeded row, about 2 inches from the seed.  Managing 
weeds can be more difficult in strip-tilled than conventionally-tilled fields because straw 
can interfere with herbicide reaching soil.  It helps to use high rates and irrigate promptly 
to move herbicide to soil and activate it.  Also applying a broad-spectrum herbicide like 
Round-Up manages weeds between strips and those that germinated in the strips after 
zone building.  The research field at LIHREC dedicated to studying reduced tillage has 
4 pairs of 20-ft-wide plots extending the length of the field (300 ft) managed every year 
with reduced or conventional tillage; a few years the field has been fallow.   When 
conditions were not unfavorable for Phytophthora blight (too dry), less fruit developed 
fruit rot in the reduced-till plots.   

Growers have used reduced tillage for producing pumpkin, winter squash, cucumber, 
snap beans, cabbage, sweet corn, and sunflower.  Where reduced tillage is used to 
manage Phytophthora blight in a field with a slope, it is best to orient rows across the 
slope.  In a field where rows were parallel to the slope, the way blight developed it 
appeared that the pathogen had been moved in water that ran down the tilled strip.  
One grower added a second rolling basket to his Unverferth zone builder to improve the 



seedbed.  Using reduced tillage to produce crops like sweet corn have been observed 
to be associated with less Phytophthora blight in susceptible crops grown with 
conventional tillage in rotation in that field compared to other fields on the farm where all 
crops in rotation were grown with conventional tillage.   

Integration.  In research studies and on commercial fields, improved control of 
Phytophthora blight was observed with biofumigation using mustard cover crops and 
also with reduced tillage practices. However, these practices were always used 
independent of each other. Growers were either using biofumigation successfully or 
reduced tillage successfully to manage Phytophthora blight. In 2016 a 2-year study was 
established at LIHREC to evaluate the integration of these cultural practices to further 
improve management of Phytophthora blight and enhance soil health. The theory was 
that in year 1, the practice of biofumigation will reduce the amount of inoculum in the 
soil and in year 2, the practice of reduced tillage will reduce crop contact with inoculum.  
A mustard cover crop was seeded the beginning of April 2016, allowed to flower, and 
flail chopped and incorporated mid-June. Kabocha squash was direct-seeded 10 days 
later. After harvest of the Kabocha, a rye cover crop was seeded at 4 bu/A and allowed 
to overwinter. In the spring of year 2, the rye cover crop was killed using a roller-crimper 
which laid the rye cover crop onto the soil surface like a mat. An Unverferth deep zone 
builder was used to establish rows and butternut squash was direct-seeded mid-June. 
In both years, Kabocha and butternut squash yields were improved with biofumigation 
and reduced tillage, respectively. Incidence of Phytophthora blight was minimal in both 
2016 and 2017 due to dry conditions. More Phytophthora blight was observed in 
conventional bare-ground plots and in reduced tillage plots where rye mulch layer was 
thin and/or absent. A thick, rolled mulch layer and fostering a healthy, robust stand of 
mustard will improve management effects. Soil health data is currently being analyzed.  

Successfully managing soil-borne pathogens.  Effective management is more likely 
achieved when multiple practices are used.  With Phytophthora blight this means using 
other cultural practices to minimize opportunities for soil to become saturated with water 
and applying fungicides targeted for oomycete pathogens on a preventive schedule.  It 
is important for control and managing resistance to use several fungicides (different 
chemistry) in alternation, starting before symptoms are seen.  Recommended fungicides 
(listed in order) and their label restrictions are Orondis (3 formulations, apply to soil or 
foliage, 1-9 applications depending on rate, max 2 sequential), Ranman (6, max 3 
sequential), Omega (4-7 depending on rate), Presidio (2, none sequential; this is a 
recent label change), Gavel (8), Zampro (3, max 2 sequential), and Tanos (4, none 
sequential).  A phosphorous acid fungicide is recommended included with these; there 
are no limits to their use.   

Please Note: The specific directions on fungicide labels must be adhered to -- they 
supersede this information, if there is a conflict.  Any reference to commercial products, 
trade or brand names is for information only; no endorsement is intended. 


