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Background

Biofumigation is an agricultural practice that uses plants from the Brassicaceae family to 
improve soil health and suppress pests. Brassica plants are grown in a field and then cut or 
finely ground into the soil. The incorporation of plant matter into the soil can increase 
beneficial soil microbes’ diversity and activity, which can help promote soil nutrient cycling 
and defenses against soil pathogens (Walker et al. 2022; Walker et al. 2023). Integration of 
Brassica biofumigation within vegetable cropping rotation systems for 10 to 13 years has 
been shown to increase soil microbes (copiotrophic bacteria, saprophytic fungi and 
arbuscular mycorrhizal fungi), soil aggregate stability, and soil carbon (Walker et al. 2023). 

Additionally, when Brassica plants are incorporated into the soil, glucosinolate is broken 
down by myrosinase and releases toxic compounds such as isothiocyanates, nitriles, 
epithionitriles, and thiocyanates (Prasad et al. 2015; Furlan et al. 2010; Chen et al. 2022). 
These toxic compounds have been found to suppress various fungi, pests, nematodes, and 
bacteria (Furlan et al. 2010; Chen et al. 2022). Plants containing high levels of glucosinolate, 
such as Brassica juncea mustard plants, are good candidates for biofumigation for pest 
suppression (Prasad et al. 2015; Chen et al. 2022). 

Wireworms are soil-dwelling insect pests and the larval form of click beetles (Coleoptera: 
Elateridae) (Furlan et al. 2010). They feed on various crops, including vegetables, which can 
reduce marketability and yield (Drahun et al. 2022). Wireworms can live in soils for many 
years, making them difficult to control once they establish in a field. Biofumigation using 
plants from the Brassicaceae family, such as mustard, can be an effective suppression tool 
(Furlan et al. 2010). Furlan et al. (2004) found high wireworm mortality and lower corn 
seedling damage when B. juncea was used as biofumigant in a controlled laboratory study. 
In 2010, Furlan et al. tested B. juncea biofumigation in-field and found wireworm mortality 
comparable to conventional insecticidal treatments, but with some variability. 

On-farm demonstration research is a valuable approach that producers can use to 
objectively evaluate what works best on their farm. Demonstration research should be 
replicated over a few years to gain confidence in the results.

Objective & Research Questions

The objective of this on-farm demonstration research is to evaluate biofumigation using a 
mustard cover crop.

The research questions this project will address are:

1) Does biofumigation with mustard improve soil parameters (soil organic matter, soil 
aggregate stability, soil microbial activity)?

2) Does biofumigation with mustard suppress wireworm populations, resulting in 
improved lettuce plant stand?
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Trial Design

Methodology

1. Sample soil in the spring and prior to planting mustard.

2. Plant the mustard: Work the sites prior to seeding. Broadcast seeds at a rate of 20 
lb/ac, then lightly till to about 2.5 cm depth. Emergence will begin in 4 to 5 days. 
Irrigate as necessary throughout growth. 

3. Mow: Cut plants as finely as possible within two weeks of flowering (about 35 to 40 
days after planting), which is when glucosinolate levels are highest. 

4. Incorporate: Till mowed mustard into the soil as soon as possible. Best practice is to 
have a cultivator following behind the mower to ensure quick incorporation. Up to 80% 
of the fumigation gas can be lost within 20 minutes if not incorporated immediately 
(McGrath n.d.). Best if done on a cool, cloudy morning with a high chance of rain in the 
afternoon. If no rain is forecasted, irrigate soon after incorporation until top 15 cm of 
soil is wet. Moisture is necessary for the breakdown of glucosinolate into 
isothiocyanate.

5. Seal: To seal in isothiocyanate, roll the soil surface in the field and use a silage tarp in 
the greenhouse. Sealing should be done as soon as possible to avoid loss of 
isothiocyanate, preferably on the same day as incorporation. 

6. Plant Crops: After approximately 3 weeks, plant romaine lettuce transplants in the field 
and greenhouse using grower standard practices.

7. Conduct lettuce transplant stand assessments.

8. Harvest lettuce and sample soil post-harvest.

This study will be conducted in a field and a greenhouse 
(two sites) with a history of wireworm issues. To 
determine biofumigant efficacy, a section in each site 
(6500 ft2 in field and 180 ft2 in greenhouse) will be 
planted with a mustard cover crop. The treated area will 
be compared to an adjacent control area (untreated) of 
similar size that will be managed using standard grower 
practices (Fig. 1). After the biofumigation, romaine 
lettuce will be transplanted in both the field and 
greenhouse. 

Materials List

➢ 4 lbs of white mustard seed

➢ Cultivator

➢ Equipment for planting and 
irrigating mustard

➢ Flail mower

➢ Equipment for sealing/rolling 
mustard

➢ Soil probe

➢ Bucket

➢ Large Ziplock plastic bags

➢ Marker

➢ Datasheet

➢ Camera

➢ Supplies for either in-lab or 
in-field soil aggregate testing
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Figure 1. Trial layout 
consisting of two 
treatments: a control 
(grey) and biofumigation 
with mustard cover crop 
(green).

Control

Treatment - Biofumigation 
with mustard cover crop



Data Collection and Evaluation

Soil organic matter and soil microbial activity:
• For soil organic matter: take samples for each treatment, site and two times: 1) In 

spring, prior to seeding mustard to establish a baseline and 2) In fall, post-harvest of the 
lettuce crop

• For soil microbial activity: for each treatment and site, sample in fall/post-harvest of the 
lettuce crop 

• Composite sample for soil organic matter:
• Take up to three composite soil samples in each treatment and site
• One composite sample consisting of 15 random soil cores collected following a 

W transect pattern with a 2.5 cm diameter soil probe at a depth of 0-15 cm (Fig. 
2)

• Composite sample for soil microbial activity:
• Collect one composite sample from 15 random soil cores by following a W 

transect pattern with a 2.5 cm diameter soil probe at a depth of 0-15 cm (Fig. 2)
• For each composite soil sample, mix soil from the 15 cores and remove any plant 

material 
• Send samples to the laboratory for analysis

Soil aggregate stability:
• Take samples in each treatment, site and two times: 1) In spring, prior to seeding 

mustard to establish a baseline, and 2) In fall, post-harvest of the lettuce crop
Lab option:
• Sample for aggregates and send to A&L laboratory or your local laboratory of choice for 

analysis
• Take up to six soil samples for each treatment and site. Each sample should be collected 

at a random location and representative of the field
• Contact A&L laboratory or your local laboratory of choice for required sampling protocol 

and soil volume required
In-field option: 
• Sample for aggregate stability following instructions from  “Slakes” app (Soil Health 

Institute 2024). Take six samples for each treatment and site
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Figure 2. Each sample should follow a W 
transect walking pattern (dashed black 
lines). Soil cores should not be collected 
near edges or areas that are not 
representative of the field. For each 
treatment, three composite soil samples 
are shown. Control is in grey, and the 
biofumigation is in green. 

Control

Treated



Data Collection and Evaluation

Mustard stand rating:
• Prior to mowing, rate the mustard stand on a scale from 1 to 5, with 1- poor (very 

sparse, uneven, stunted, minimal ground cover), 2- fair (patchy stand, below-average 
growth, gaps), 3- good (adequate stand, moderate growth, good ground cover), 4- very 
good (dense, uniform stand, vigorous growth, high ground cover), and 5- excellent (very 
dense, uniform stand, maximum vigor, full ground cover). Consider the plant height, 
bloom percentage, patchiness. If stand health varies greatly in the field, divide the field 
into sections and give different ratings

Lettuce stand assessment:
• Conduct three assessments: 1) One week after planting, 2) Three weeks after planting, 

and 3) Pre-harvest
• For each treatment, evaluate three subplots of 25 lettuces. Count the number of 

healthy plants, damaged plants, and dead plants. Damaged plants will have central 
wilting leaves or complete wilt from wireworm damage (Furlan et al. 2010)

Record-keeping (see attached datasheet):
• Dates to record: soil sampling, seeding of mustard, mowing, incorporation, mustard 

stand rating, planting of lettuce, lettuce assessments
• Data collected: soil organic matter, soil aggregate stability, soil microbial activity (via soil 

respiration test), mustard stand rating, number of healthy, damaged, and dead lettuce 
plants. Note any other observable differences between treatments 

• Photos: short videos and photos of biofumigation process, mustard stand prior to 
mowing, lettuce planting stand, damaged lettuces during assessment
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Trial Schedule

Date Description of Activities

April 2025 Conduct baseline soil sampling before mustard seeding

May/June 2025 Plant the mustard cover crop

June/July 2025
Rate the mustard stand prior to mowing. Mow, incorporate, 
and roll mustard to begin biofumigation

July/August 2025 Plant romaine lettuce transplants

August/September 2025 Conduct three lettuce stand assessments

September 2025 Conduct post-harvest soil sampling

October 2025 Analyse data and prepare a project summary report



Budget for Supplies (new)

Item Description Cost (CAD$)

Seeds Martigena white mustard seeds at $3.85/lb 15

Soil samples

Two sampling periods, and two trial sites (field and 
greenhouse). A&L Laboratories Canada Inc. fees: 1) 
Basic Soil Test Package for SOM ($32.35 per 
sample; up to 24 samples), Volumetric Aggregate 
Stability Test ($22.05; up to 48 samples), 3) Solvita 
Burst Test: CO2 Burst Method ($31.50 per sample; 
4 samples). FedEx standard overnight shipping fee: 
up to $70.48 per sampling period

2,243 (up to)

Ziplock plastic 
bags

Large Ziplock plastic bags for soil sampling 10

7

Labour (outside of normal farm practices)

Item Description Estimated Hours

Mustard seeding
Preparing soil and seeding the 
mustard cover crop in 
greenhouse and field sites

4

Soil sampling
Two sampling periods, two sites, 
time to sample and ship samples 
to lab

16

Mustard stand rating
Rating the mustard stand before 
mowing for each site

2

Mowing, incorporating and 
sealing

Cutting down mustard, working 
mustard into the soil, and 
rolling/tarping for each site

4

Lettuce stand assessments Three sampling times, two sites 6

Record-keeping
Project documentation and 
photos

2

Summary
Analysing and preparing a trial 
summary

8
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Datasheet Templates
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Field - Record-keeping

Activity Date 
Time 
Spent

Cost 
Incurred

Comments (e.g. weather, field conditions, observed 
differences between treatments)

Soil sampling #1- 
Before planting 

mustard cover crop 

Mustard planted

Mustard stand 
rating

Mustard mowed, 
incorporated and 

sealed 
(biofumigation)

Irrigation activities

Transplant lettuce

Lettuce assessment 
#1- One week after 

planting

Lettuce assessment 
#2- Three weeks 

after planting

Lettuce assessment 
#3- pre-harvest

Soil sampling #2- 
Fall post-harvest



Datasheet Templates
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Field -  Soil sampling 0-15 cm depth results

Date Timing
Composite 
Sample #

Treatment
Soil organic 

matter
Soil aggregate 

stability
Soil 

respiration

Soil sampling 
#1- Baseline

1 Control        

2 Control

3 Control

Average

Soil sampling 
#1- Baseline

1 Biofumigation

2 Biofumigation

3 Biofumigation

Average

Soil sampling 
#2- Fall post-

harvest

1 Control

2 Control

3 Control

Average

Soil sampling 
#2- Fall post-

harvest

1 Biofumigation

2 Biofumigation

3 Biofumigation

Average



Datasheet Templates
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Field - Mustard stand rating 

Date 
Rating 1-5 ( 1=poor, 2=fair, 
3=good, 4=very good, and 

5=excellent)
Comments

Field - Lettuce stand results

Date
Assessment 

#
Treatment

Subplot
 #

# 
of Healthy

# of 
Damaged

# 
of Dead

Total

1 Control 1 25
1 Control 2 25
1 Control 3 25

Average
1 Biofumigation 1 25
1 Biofumigation 2 25
1 Biofumigation 3 25

Average
2 Control 1 25
2 Control 2 25
2 Control 3 25

Average
2 Biofumigation 1 25
2 Biofumigation 2 25
2 Biofumigation 3 25

Average
3 Control 1 25
3 Control 2 25
3 Control 3 25

Average
3 Biofumigation 1 25
3 Biofumigation 2 25
3 Biofumigation 3 25

Average



Datasheet Templates
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Greenhouse- Record-keeping

Activity Date 
Time 
Spent

Cost 
Incurred

Comments (e.g. weather, field conditions, observed 
differences between treatments)

Soil sampling #1- 
Before planting 

mustard cover crop 

Mustard planted

Mustard stand 
rating

Mustard mowed, 
incorporated and 

sealed 
(biofumigation)

Irrigation activities

Transplant lettuce

Lettuce assessment 
#1- One week after 

planting

Lettuce assessment 
#2- Three weeks 

after planting

Lettuce assessment 
#3- pre-harvest

Soil sampling #2- 
Fall post-harvest



Datasheet Templates
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Greenhouse -  Soil sampling 0-15 cm depth results

Date Timing
Composite 
Sample #

Treatment
Soil organic 

matter
Soil aggregate 

stability
Soil 

respiration

Soil sampling 
#1- Baseline

1 Control

2 Control

3 Control

Average

Soil sampling 
#1- Baseline

1 Biofumigation

2 Biofumigation

3 Biofumigation

Average

Soil sampling 
#2- Fall post-

harvest

1 Control

2 Control

3 Control

Average

Soil sampling 
#2- Fall post-

harvest

1 Biofumigation

2 Biofumigation

3 Biofumigation

Average



Datasheet Templates
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Greenhouse - Mustard stand rating 

Date 
Rating 1-5 ( 1=poor, 2=fair, 3=good, 4=very good, and 

5=excellent)
Comments

Greenhouse - Lettuce stand results

Date
Assessment 

#
Treatment Subplot #

# 
of Healthy

# of 
Damaged

# 
of Dead

Total

1 Control 1 25
1 Control 2 25
1 Control 3 25

Average
1 Biofumigation 1 25
1 Biofumigation 2 25
1 Biofumigation 3 25

Average
2 Control 1 25
2 Control 2 25
2 Control 3 25

Average
2 Biofumigation 1 25
2 Biofumigation 2 25
2 Biofumigation 3 25

Average
3 Control 1 25
3 Control 2 25
3 Control 3 25

Average
3 Biofumigation 1 25
3 Biofumigation 2 25
3 Biofumigation 3 25

Average
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