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MOTIVATION 
▪ Biofumigation is an agricultural practice that incorporates freshly cut 

Brassica plant material, such as mustard, into the soil

▪ This process releases gaseous glucosinolate compounds, which can suppress 

wireworms

▪ Mustard cover crops can also improve soil health parameters such as soil 

organic matter, soil aggregate stability, and soil microbial activity

▪ On-farm demonstration research is a way to evaluate which approach will 

work best for individual farmers

RESEARCH OBJECTIVE
The objective of this on-farm demonstration research is to evaluate 

biofumigation using a mustard cover crop in areas with known wireworm 

pressure. 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?

METHODS
MUSTARD COVER CROP & LETTUCE PLANTING
Greenhouse

▪ On May 6th, the mustard (Martigena white mustard, Fraser Seeds, 

Abbotsford, BC) was planted in a cultivated 180 ft2 section at a rate of 20 

lb/ac and drip irrigation was set up

▪ On June 11th, mustard stand was assessed with a 5-point scale (1- poor, 2-

fair, 3- good, 4- very good, and 5- excellent) and mustard biofumigation was 

conducted with mustard being mowed, rototilled, hand watered, and sealed 

with a silage tarp (Fig. 1a-c)

▪ On July 10th, a 45 ft long row of romaine lettuce was transplanted in the 

biofumigation area, and in a control (untreated) area of the same size (Fig. 

1d)

Field

▪ Before the mustard was planted, the field was lightly cultivated with a power 

harrow and irrigation was set up

▪ On May 6th,  the mustard was planted in a 6500 ft2 section at a rate of 20 

lb/ac

HIGHLIGHTS 
▪ This project evaluated biofumigation

using a mustard cover crop in a 

greenhouse and field site with known 

wireworm pressure

▪ Mustard stands grew successfully in both 

sites, but showed differing effects after 

incorporating the mustard into the soil

▪ This trial indicated that successful 

mustard biofumigation may have a 

positive effect on soil health (increased 

soil organic matter and microbial activity) 

and can suppress wireworms. These 

results were seen in the greenhouse only

▪ Field results were inconclusive;

wireworm pressure was very high, and 

the mustard might not have been sealed 

successfully to see benefits
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COMPARING TREATMENTS
▪ For both sites, the area treated with mustard biofumigation

was compared to an adjacent control area (untreated) of 

similar size that was managed with standard grower 

practices (Fig. 3)

SOIL ORGANIC MATTER SAMPLING
▪ For both locations, soil was sampled twice - baseline/before 

mustard was planted (April 29th for both greenhouse and 

field) and after mustard biofumigation/post-harvest 

(September 1st for greenhouse and September 9th for field)

▪ Soil sampling consisted of composite samples of 15 cores in 

the control and treatment areas at 0-15 cm depth for 

baseline and post-harvest measurements

▪ One composite sample per treatment at each site was 

collected for all sampling events, except in the field post-

harvest where three composite samples were collected in 

each treatment

▪ Soil samples were submitted to Element laboratory in 

Surrey, BC

METHODS CONTINUED
Field Continued

▪ On June 20th, mustard stand was assessed with a 5-point 

scale (1=poor, 2=fair, 3=good, 4=very good, and 

5=excellent) and the mustard biofumigation was 

conducted with mustard being mowed, rototilled, sealed 

by driving over the soil with a gator and watered later by 

rain (Fig. 2a-c)

▪ On August 7th, a 100 ft long row of lettuce was 

transplanted in the biofumigation area, and in a control 

(untreated) area of the same size (Fig. 2d). From August 7th

to 21st, row covers were placed to prevent crows from 

pulling out the lettuce plants
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WHAT IS ON-FARM 
DEMONSTRATION RESEARCH?

▪ Demonstration research is small-scale testing of a new 

practice on a working farm

▪ Guided by producers’ goals, demonstration research 

provides the farming community with experience and 

information about a new practice, product or technology

▪ This research summary is intended to share information 

and is not official guidance

Figure 1. In the greenhouse, on June 11th, the mustard was first mowed 
(a), then incorporated using a rototiller (b), and sealed with a tarp (c). 
Lettuce was planted on July 10th (d).

a b

c d

Figure 2. In the field, on June 20th, the mustard was first mowed (a), 
then incorporated using a rototiller (b), and sealed by driving over it 
with a gator (c). Lettuce was planted on August 7th (d).

a b

c d

Control - standard practice

Treatment - biofumigation with 
mustard cover crop

Figure 3. This demonstration trial consisted of a Treatment area- mustard 
cover crop (green) and a Control area- standard practice (grey). The trial 
area in the field was 200 ft long by 65 ft wide. The trial area in the 
greenhouse was 90 ft long by 4 ft wide. Each site divided in two sections 
of the same size where treatments were assigned.
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LETTUCE STAND ASSESSMENT
▪ After mustard biofumigation and lettuce transplanting, 

three subsamples were taken in the control and treatment 

areas for each sampling event

▪ For each subsample, 25 lettuce plants were assessed, and 

the number of healthy, damaged and dead plants was 

recorded

▪ For the greenhouse, assessments were conducted three 

times: One week after transplanting (July 17th), three 

weeks after transplanting (July 30th) and pre-harvest 

(August 21st)

▪ For the field, assessments were conducted twice: One 

week after transplanting (August 13th) and three weeks 

after transplanting (August 28th). Pre-harvest assessment 

was not conducted due to crop failure in both treatments

RESULTS
MUSTARD STAND RATING
▪ In the greenhouse, the mustard stand was overall rated as 

a 4 (very good). The mustard developed well, reached a 

good height (approximately 36-48 inches), and flowered 

(Fig. 5a)

▪ In the field, the mustard stand was overall rated as a 5 

(excellent). The mustard developed well, very even and 

full, reached a good height (approximately 48 inches, taller 

than in the greenhouse), and flowered (Fig. 5b)

METHODS CONTINUED
SOIL AGGREGATE STABILITY SAMPLING
▪ For both locations, soil was sampled twice -

baseline/before mustard was planted (April 29th for 

greenhouse and field) and after mustard 

biofumigation/post-harvest (September 1st for 

greenhouse and September 9th for field) 

▪ Three subsamples were taken in the control and 

treatment areas for each sampling event

▪ Each subsample consisted of digging a soil clod 

(approximately 5 cm) from the soil surface, removing 

soil aggregates, placing them into a vial and air 

drying them for at least 24 hours

▪ Three aggregates (4 to 8 mm in size) were tested in 

each subsample for wet aggregate stability using the 

“Slakes” app (Fig. 4) (Soil Health Institute 2024)

SOIL MICROBIAL SAMPLING
▪ Soil microbial activity was tested in fall after mustard 

biofumigation/post-harvest on September 1st, 

(greenhouse) and September 9th (field)

▪ Sampling consisted of one composite sample of 15 

cores in the control and treatment areas at 0-15 cm 

depth

▪ Soil samples were submitted to A&L Laboratory in 

London, ON

Figure 4. Measuring wet aggregate stability using the “Slakes” app.

a b

Figure 5. Mustard stand in the greenhouse on June 11th (a) and in the 
field on June 20th (b).
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RESULTS
SOIL ORGANIC MATTER
Greenhouse

▪ Prior to mustard biofumigation, soil organic matter 

(SOM) was similar between treatments (Table 1a)

▪ After mustard biofumigation and post-harvest, SOM 

increased in both treatments, with a higher increase 

seen in the treated area (Table 1a)

▪ SOM increased by 26% in the mustard biofumigation

area, while it increased by 9% in the control (Table 

1a)

Field

▪ Prior to mustard biofumigation, the average SOM 

was similar between treatments (Table 1b)

▪ After mustard biofumigation and post-harvest, SOM 

decreased in both treatments (Table 1b)

▪ Mustard biofumigation in the field did not increase 

SOM

SOIL AGGREGATE STABILITY
▪ Higher wet aggregate stability index values indicate 

stronger aggregate stability and soil structure

▪ For both sites, treatments and sampling events, 

there was spatial variability with wide ranges of wet 

aggregate stability index among the three 

subsamples

Greenhouse

▪ Prior to mustard biofumigation, the treated area had 

higher wet aggregate stability and remained higher 

after biofumigation and post-harvest compared to 

the control (Table 2a)

Table 1. Soil organic matter in the greenhouse (a) and field (b) 
treatment areas prior to mustard biofumigation (April 2025) and 
after mustard biofumigation/post-harvest (September 2025).

Soil Organic Matter (%)
Greenhouse April 2025 September 2025

Mustard 5.3 6.7
Control 5.5 6.0

Soil Organic Matter (%)
Field April 2025 September 2025

Mustard 6.1 5.3 (average)
Control 6.3 5.4 (average)

a

b Average (Range) Wet Aggregate Stability Index
Field April 2025 September 2025

Mustard 0.39 (0.29-0.53) 0.50 (0.42-0.57)
Control 0.41 (0.36-0.47) 0.47 (0.37-0.61)

Table 2. Soil wet aggregate stability index (average and range) in 
the greenhouse (a) and field (b) treatment areas prior to mustard 
biofumigation (April 2025) and after mustard biofumigation/post-
harvest (September 2025).

Average (Range) Wet Aggregate Stability Index
Greenhouse April 2025 September 2025

Mustard 0.61 (0.59-0.63) 0.64 (0.57-0.69)
Control 0.41 (0.35-0.49) 0.53 (0.42-0.62)

a

b

SOIL AGGREGATE STABILITY CONTINUED
Field

▪ The wet aggregate stability in the treated area 

started slightly lower than in the control (prior to 

mustard biofumigation). After biofumigation and 

post-harvest, the treated area was slightly higher 

than the control (Table 2b). Differences were overall 

small, with overlapping ranges 

Greenhouse and field

▪ Both treatments in each site were cultivated prior to 

planting of the lettuce. This would have impacted soil 

structure and aggregate stability and could explain 

the lack of short-term benefits from the mustard 

cover crop on this parameter

▪ It may take longer than a season to see significant 

changes to soil aggregates

SOIL MICROBIAL ACTIVITY
Greenhouse

▪ After mustard biofumigation and post-harvest, the 

soil treated with mustard biofumigation showed 

higher microbial activity (moderate level) compared 

to the control (low level) (Table 3a) 

Field

▪ After mustard biofumigation and post-harvest, the 

two treatments had similar soil microbial activities 

(moderate levels) (Table 3b)

▪ It is possible that using the gator as the sealer might 

not have sealed the mustard gaseous compounds 

successfully to affect soil microbial activity
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SOIL MICROBIAL ACTIVITY CONTINUED

LETTUCE STAND 
Greenhouse

▪ One week after transplanting (July 17th), >90% of the 

plants were healthy in both treatments indicating 

successful transplants (Fig. 6)

▪ By the second assessment, 32% of the plants were 

damaged (Fig. 7) or dead in the control area, 

compared to only 11% in the treated area

▪ Additionally, the plants in the treated area visually 

looked healthier and larger in size (Fig. 8a-b)

▪ The growers conducted a lettuce yield assessment 

on August 29th. The mustard biofumigation area 

showed noticeably higher total yield (27.35 lbs) 

compared to the control (12.95 lbs)

Microbial Activity CO2-C (ppm)
Greenhouse September 2025

Mustard 51
Control 14

Microbial Activity CO2-C (ppm)
Field September 2025

Mustard 66
Control 63

Table 3. Microbial activity CO2-C  in the greenhouse (a) and field (b) 
treatment areas after mustard biofumigation/post-harvest 
(September 2025).

a

b

Field

▪ Wireworm pressure was very high in the field site prior to 

planting of the lettuce. This was indicated by crows pulling 

plants and damaging other plantings within this field to 

feed on the wireworms

▪ One week after transplanting (August 13th), both 

treatments had high levels of plants damaged or destroyed 

(dead) by wireworms (Fig. 9)

▪ By the second week after transplanting (August 28th), 

almost all plants were dead in both treatments (Fig. 9)

▪ Due to crop failure in both treatments, an assessment 

before harvest could not be conducted; a cover crop was 

seeded in the field

▪ Crop failure was mostly attributed to the wireworms, but 

was exacerbated by the weak state of the transplants and 

the hot conditions at planting

▪ On August 14th, lettuce was transplanted again but it also 

had high crop failure, data were not collected
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Figure 6. In the greenhouse, lettuce stands were assessed three times 
for healthy, damaged and dead plants.

Figure 8. Lettuce stands in the greenhouse on August 21st. Healthy 
lettuces in the mustard treatment (a) and smaller lettuces in the 
control (b).

a b

Figure 7. Examples of damaged plants caused by wireworm (circled in 
red) feeding on lettuce stems. 
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Figure 9. In the field, lettuce stands were assessed twice for healthy, 
damaged and dead plants.

CONCLUSIONS & NEXT STEPS
▪ The mustard cover crop established well in both sites; 

however, results differed after incorporation

▪ Mustard biofumigation showed positive effects for the 

greenhouse site, with higher soil organic matter, increased 

microbial activity, healthier lettuce stands with reduced 

wireworm damage and higher lettuce yields

▪ Field site results were inconclusive; it is possible that the 

mustard gaseous compounds were not sealed completely 

with the gator to have strong effects on soil parameters and 

wireworm suppression 

▪ The biofumigation was completed using a silage tarp in the 

greenhouse which appeared to have been successful. If 

tarping is not possible, sealing using a roller may improve 

results

▪ Areas with already poor soil microbial activity, such as in 

the greenhouse for this trial, may benefit more from 

mustard biofumigation with greater effects on soil 

parameters and plant health

▪ This was an observational (side-by-side) trial with no 

replication of treatments

▪ Continuing to collect data over multiple years is 

recommended to gain confidence in the results and 

understand long-term effects
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LETTUCE STAND CONTINUED

FIND MORE INFORMATION: 

Questions?  Contact AgriServiceBC:

Email: AgriServiceBC@gov.bc.ca

Phone: 1-888-221-7141

Read the research manual and find more 
demonstration research:
https://www2.gov.bc.ca/gov/content/industry/ag
riculture-seafood/agricultural-land-and-
environment/agricultural-regions/south-coast
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