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Summary

Crop losses and the economic impact caused by canola insect pests are substantial and resistance to chemical
control is a growing problem as the number of options are shrinking over time. Reliance on chemical
insecticide-based management increases the risk of development of pesticide resistance, and poses risk to
beneficial insects. Therefore, there is a need for the development of alternative, environmentally friendly pest
management techniques to manage both below and above ground insect pest populations effectively.
Entomopathogenic nematodes, also known as predatory nematodes, are commercially available biocontrol
agents. Their use against both foliar and below ground pests is largely unexplored in the Canadian Prairies. Our
main objective for this short term laboratory based project was to produce base line information on the
biocontrol potential of the predatory nematode species. These nematodes were tested at low to high
concentrations under controlled laboratory conditions against foliar insect pests including Flea Beetles,
Diamondback Moth and Lygus, and below ground pests including Cabbage Root Maggots and Black Cutworms
using small petri dishes or plastic cups. Insect mortality was assessed after 72 hours of exposure to the
nematodes and observed under the microscope to confirm nematode infection. Predatory nematodes
belonging to Steinernema group provided significant mortality of Diamondback Moth, Lygus, Cabbage Root
Maggots and Black Cutworms.

Heterorhabditis bacteriophora provided significant larval mortality for Black Cutworms and Diamondback Moth
only. Moderate level of mortality to the Diamondback Moth pupae suggests even better outcomes as EPNs
were effective on both larvae and pupae stages. Cabbage Root Maggot pupae appears to be resistant to entry
to all EPNs likely due to hard shell covering. High efficacy of EPNs in causing significant mortality of Black
Cutworms tested in the study proved to be encouraging as similar level of efficacy would be expected for other
cutworm species. All nematode species tested showed very low mortality (10% or less) of flea beetles adults.
Results of the current study provided base line information for conducting field application studies on canola
for management of Diamondback Moth, Lygus, Cabbage Root Maggots and Black Cutworms. Exploration of
locally adapted and virulent strains of EPNs, and further improvement in application technologies pertinent to
the Prairie farming systems should be considered in future projects.
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Background

Crop losses and the economic impact caused by canola insect pests is substantial and resistance to chemical
control is a growing problem as the number of options are shrinking over time. For example flea beetles
control is primarily based on imidacloprid insecticide treated seeds, and further foliar applications are
necessary when adult feeding injury levels reach 15-20% at the canola seedling stage (Lamb et al., 1982; Lamb,
1988; Antwi et al., 2007; Reddy et al., 2014). Diamondback moth (Plutella xylostella L) populations routinely
infest crops of canola and mustard in Canada. In some years populations reach outbreak densities and
substantial crop losses can occur (Canola Council). Several insecticides are registered for diamondback moth
larvae control in canola but may pose risk to pollinators and other beneficial insects.

The below ground pest cabbage root maggot (Delia radicum L) feeds on small fibrous roots and tunnels into
stems and large fleshy roots of cruciferous crops. Heavy maggot infestations in canola and mustard can halt
blooming and cause severe lodging and yield losses. Maggot feeding damage also provides entry points for root
rot fungi, causing further stress on the plant. Per Alberta Agriculture and Forestry data, canola yield losses of
20-50 per cent have been recorded in Alberta due to maggot damage. In-furrow application of granular
insecticides with the seed only provide first generation maggot control while no pesticides are available for
control later in the season. Similarly, subterranean pests, commonly considered as cutworms (larvae of several
noctuid moth species) (Lepidoptera: Noctuidae) cause crop damage while the adults, eggs and pupa may have
no impact on crop productivity and yield (Floate, 2017). Most of the cutworm species such as pale cutworm
(Agrotis orthogonia), black cutworms (A. ipsilon), army cutworm (Euxoa auxiliaris), clover cutworm (Anarta
trifolii) and red backed cutworm (Euxoa ochrogaster) are polyphagous and are capable of causing significant
damage to various crops including canola in the Prairies (Floate, 2017).

Reliance on chemical insecticide-based management increases the risk of development of pesticide resistance
and harm to beneficial insects (Knodel, 2017). Therefore, there is a need for the development of alternative,
environmentally friendly Integrated Pest Management (IPM) techniques to manage both below and above
ground insect pest populations effectively.

Entomopathogenic nematodes (EPNs, also known as predatory nematodes) are soil-dwelling round worms
(Phylum: Nematoda, Order: Rhabditida) that specialize in parasitizing insects. Infective juveniles (lJs) of EPNs
penetrate the insect host through natural openings and in some cases directly through the insect cuticle
(Campbell and Gaugler, 1991; Hazir et al., 2003). lJs release symbiotic bacteria (Xenorhabdus for
Steinernematidae and Photorhabdus for Heterorhabditidae) inside the insect’s hemocoel, resulting in
septicemia that kills the insect 24-48 hours later (Grewal et al., 2005). EPNs have been widely studied as
biocontrol and are commercially available for the management of variety of insect pests in North America and
Europe. Although below ground insect stages are more susceptible, recent advancement in application
technology has improved their bio-control effectiveness against foliar insect pests (Dito et al., 2016). Recently
studies conducted in Montana have shown some success against foliar insect pests using chemical adjuvants
such as the polyacrylate gel Barricade® (Antwi et al., 2016; Briar et al., 2018). EPNs use against foliar insect
pests and below ground pests is largely unexplored in the Canadian Prairies. In this
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project, we explored four different commercially available EPN strains at different application rates against
foliar insect pests including Flea Beetles, Diamondback Moth, canola Lygus and below ground pests including
Cabbage Root Maggots and Black Cutworms under controlled laboratory conditions.

Objectives and deliverables

The main project objective was to assess the potential of using commercially available EPNs for the
management of key insect pests (Diamondback moth, canola Lygus, Cabbage Root Maggot, Flea beetle and
Black Cutworms).

Specific project objectives:

1) Develop laboratory methods to assess control of five insect pest species x EPN species;
2) assess infective threshold concentrations of EPN species to infect/kill insect pest species;
3) Determine effective dose (concentration ranges) of EPNs;

Long term objectives: Based on the finding of this project studies, a long term study will be proposed to
evaluate EPNs against the selected insect pests under field conditions and provide sustainable solution to our
growers.

Research design and methodology
Collection and purchase of insect pests

Diamondback Moth (DBM) and Black Cutworms (BCW) were purchased from the insect research lab Benzon
Research Inc., 7 Kuhn Drive Carlisle, PA USA.

Cabbage Root Maggot larvae and pupae were collected from the infested fields at Lacombe Research Station
and Olds College Research fields. Pupae were collected early in the spring from previous year canola plots while
larvae were collected late in the spring to early summer from the maggot infested canola fields. Flea beetle

(FB) adults and Lygus nymphs were collected from Lethbridge, Alberta from canola fields using sweep nets.

Purchase and initial preparation of EPNs

Four available species of EPNs were purchased from the Biobest Canada Ltd. Nematodes packaged in an inert
matrix. Prior to use aqueous solutions were prepared by adding distilled water. Nematode concentration
numbers were determined in exact volumes using counting slide.

Laboratory bioassays on efficacy of EPNs against insect pests

Scope of the experiment
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Laboratory experiments were carried out to evaluate four different commercially available predatory
nematode species including Heterorhabditis bacteriophora, Steinernema carpocapsae, S. kraussei and S. feltiae
against foliar insect pests including FB, DBM, canola Lygus and below ground pests including Cabbage Root
Maggots and BCW under controlled laboratory conditions.

Nematode preparation and concentration levels

Nematodes packaged in an inert matrix were reconstituted with distilled water prior to use. Test solutions
were prepared immediately prior to infection studies. The infective juveniles (1Js) were stored in sterilized
distilled water in tissue culture flasks at 6-8 °C for no more than two weeks before they were used.

Four concentrations ranging from low to high levels were tested in the bioassays for each nematode and insect
specie. For DBM (larvae), FB, Lygus, and Cabbage Root Maggot, nematode concentration levels of 25, 50, 100
and 200 lJs/larvae; 200, 400, 1000 and 2000 lJs/adult; 50, 100, 200 and 500 lJs/nymph; 25, 50, 100 and 200 lJs/
cm?2 respectively, were used for the bioassays. Same concentration levels were also used for pupae stage of
DBM and Cabbage Root Maggot. For BCW, bioassay was first conducted at concentration levels of 25, 50, 100
and 200 lJs/ cm2. Due to high mortality (80-100%) observed even at the lower dose of 25 lJs/larva, the bioassay
was later repeated at lower concentration levels with 5, 10, 50 and 100 lJs against 4th instar larvae. For Lygus
nymphs only three Steinernema specie were tested.

The concentrations were prepared by counting out the desired number of lJs into 100 ul in a nematode
counting slide under a compound microscope. Three counts were taken to arrive at a desired average
concentration. Before application, EPNs were transferred from 8 °C to room temperature for 2 h for
acclimatization (Sandhi et al., 2020). The viability of lJs was checked under the microscope prior to inoculations.

Experimental unit

For above ground pests, Petri dishes (47 mm) lined with thick cellulose paper were prepared by addition of two
cotyledons of canola plants for flea beetle and mature canola leaves were added for Lygus nymph and DBM
larvae. Immediately prior to transfer to Petri dishes, randomly selected adults of flea beetle were cooled in a
refrigerator to reduce activity and facilitate transfer. DBM larvae and Lygus nymphs were directly added to the
Petri dish.

For below ground pests (BCW and Cabbage Root Maggots), 30 mL plastic cups (approximate volume) were
filled with 25 g of autoclaved sandy soil with surface area of 28 cm2 (Sandhi et al., 2020). In each cup, a single
larva was placed with two small pieces of freshly cut pieces of radish as food. Moisture was maintained at 10%
v/v. The fourth larval instar (L4) was used for BCW and both larval and pupal stages were tested on Cabbage
Root Maggots.
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EPN infectivity procedures

Test insects were added to the plastic cup or the Petri dish experimental arena and allowed to adapt for one
hour. EPN were then added on to the larvae using a pipette in 1 mL aliquots. In the case of plastic cup
experimental arenas, two small holes were made into the sand to add the nematodes. The control cups or Petri
dishes received 1 mL of water without any IJs.

Petri dishes were placed randomly in the controlled environment chamber at 252 C, 80% relative humidity and
12 hour photoperiod. After 24 hours, Petri dishes were removed and test insects were transferred to a clean
Petri dish with new leaf disks and mortality assessments were made after 48 hours.

In case of below ground pests (sand cup bioassays) insects were left in the same plastic cups and mortality was
assessed after 72 hours. Plastic cups were placed randomly in the controlled environment chamber in the dark.
The cups were placed in trays with approximately 5 holes in the lids for aeration and then placed in an
incubator at 23 °C and 80 % RH in the dark. The moisture content of each plastic container was 10% (w/w) after
water-suspended nematodes were applied to the containers that included one healthy larva. Then, the cups
were sealed with a lid allowing air exchange.

Replications

Bioassays were repeated depending upon the availability of test insects. For DBM, BCW and FB there were 10
replications for each of the four concentrations for all 4 EPN species. The bioassay was repeated total of three
times for DBM and BCW, and two times for FB. For Cabbage Root Maggots there were 7 replicates and the
bioassay was performed two times. In case of Lygus bioassay had 8 replicates and was performed only once.

Confirmation of mortality

Dead larvae were collected, transferred into a new Petri dish and rinsed with water in order to remove any
nematodes attached to the cadavers. Cadavers were then transferred onto new clean glass slide and nematode
infections were confirmed by dissecting the test insect (larvae, pupae or adult) with the scalpel in a few drops
of distilled water. Nematode adults along with larval stages were observed under the microscope inside the
dead insect to confirm infection.

Data analysis

For each species and concentration, the experimental unit was considered as all the test arenas with 1 test
insect per dish or plastic cup for each concentration and insect specie. For example for DBM, experimental unit
was 10 petri dish with 1 larvae in each dish, and the experiment consisted of total of 30 larvae per species
tested per EPN concentration (10 3per concentration). Concentration levels of EPNs for each insect species are
provided in the results section. Statistical analysis was performed using Minitab (Version 13.0) statistical
software package. Percent mortality (Means % standard error) was calculated without being regulated by the
Abbott formula since there was either no mortality or less than 3% in control plates except for flea beetles
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where the correction was applied (Abbott, 1925). Estimation of the lethal concentration required to kill 50%
(LC50) of the test population and the 95% confidence intervals (Cl) for each nematode specie was calculated
using Probit Analysis except for FB due to very low mortality only at the highest concentration. Due to lack of
number of individuals available to repeat the bioassay for Lygus nymphs, only mean values are presented in the
results section.

Results, discussion, conclusions and future directions
Results

Our main objective for this short term project was to collect information on the biocontrol potential of the
commercially available EPN species against canola insect pests pertinent to the Prairies. Multiple canola insect
pest species were sourced or collected from field and were tested using EPNs at low to high concentrations
under controlled laboratory conditions. EPNs efficacy results for each insect pest specie are presented below.

Diamondback moth (DBM)

Efficacy of four concentrations against 3rd-4th instar larva and pupae was estimated after 72 hours of exposure
(Table 1 and 2). Mortality rates increased with increasing nematode concentrations.

Data clearly indicated that all three Steniernema sp were virulent against the larvae of DBM whereas H.
bacteriophora caused low mortality at all concentrations (Table 1). LC50 value was least for S. kraussei (21 1Js)
followed by S. carpocapsae (42 1Js) and S. feltiae (45 ls).

DBM pupae mortality was moderate levels irrespective of the nematode species (Table 2). Even at the high
concentration level of 200 IJs/DBM pupae mortality was in the range of 50-70%. Interestingly, H. bacteriophora
showed better results in causing pupae mortality relative to other species.

Table 1:

Table 1: % mortality (Mean = SE) and lethal concentrations to 50% mortality (.Cs,) of diamondback moth
(DBM) (Plutella xylotstella ) larvae exposed to different entomopathogenic nematode (EPN) sp. at four
concentrations of infective juveniles (Ijs)/larva in petridish bioassays.

EPN sp. 5% | s0hs | 100Ts 200 Tis ICy, +SE 95% CT'
Mortality rates % (Mean = SE) Lower - Upper
HB 33 +87 | 40 =91 60 =91 60 9.1 80 13|  47- 136
sC 40£91 | 402091 90 =56 97 £33 2 =11 3.4
SF $+92 | s0+03 67 +838 382 45 413 2875
SK 63£89 | 67=88 70 £85 90 £56 2 =14 11-40

*HB: Heterorhabditis bacteriophora; SB: Steinernema carpocapsae; SF: S. feltiae; SK: S. krausse.

CT': Confidence Interval; LC values calculated using Probit Analysis.
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Table 2: % mortality (Mean = SE) and lethal concentrations to 50% mortality (LCsg) of diamondback moth
(DBM) (Plutella xylotstella ) pupae exposed to different entomopathogenic nematode (EPN) sp. at four
concentrations of infective juveniles (Ijs)/pupa in petridish bioassays.

*EPN sp. 25T 50 Ijs 100 Ijs 200 Ijs LCsy, £SE 95% CT*
Mortality rates % (Mean =+ SE) Lower - Upper

HB 30 £103 35 £104 40 £11.0 70 +£10.5 99 £14 55-179

SC 30 £105 35 £109 45 £114 55 £11.0 128 £15 57-291

SF 35 £109 35 £108 60 =11.0 65 £10.8 75 £13 43 - 137

SK 40 £11.0 50 +11.0 50 +11.4 50 +11.0 95 +£16 38 - 236

*HB: Heterorhabditis bacteriophora; SB: Steinernema carpocapsae; SF: S. feltiae

CT': Confidence Interval; LC values calculated using Probit Analysis.

. SK: S. krausse.

Canola lygus

Three Steniernema species were tested against the canola Lygus nymphs. S. kraussei and S. carpocapsae

caused 87.5 % and 75% mortality respectively, at the concentration of 100 lJs while both were equally effective
at 200 lJs level with mean mortality of 87.5%. S. feltiae caused maximum mortality of 62.5% even at the highest
concentration of lJs/nymph (Figure 1).

Mortality %

100 -

80

50

Fig 1 : Mortality of canola Lygus bug sp. (nymph) exposed to commercial
formulations of Entomopathogenic Nematodes (EPNs) infective juveniles (IJs) at 50, 100, 200 &
500/nymph.

o Steinernema feltiae

B Steinemema carpocapsae

m Steinemema kraussei

100 200

IJs concentration / DBM pupa
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Flea beetle (FB)
Results showed very low mortality (10% or less) of FB adults at the highest concentration levels only.
Black cutworms (BCW)

H. bacteriophora provided an average mortality of 95% only at the highest concentration (100 lJs) while other
species were effective even at 10 lJs/ larvae. (Table 3) (Figure 2). Estimated LC50 value for Steniernema spp was
in the range of 3-9 IJs compared to H. bacteriophora which was 14 lJs/cm2. At the 95% confidence interval, the
LC50 value of all Steniernema species were significantly lower than those of H. bacteriophora.

Figure: 2

EPNs inside the host
v cadaver as seen under
" 4 microscope.

Black Cutworm larva Infected with Entomopathogenic nematodes
Photo credit 5.5. Briar, OCCI, Olds College, AB
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Table 3: % mortality (Mean = SE) and lethal concentrations to 50% (L.Csp) of Black Cutworms (Agrofis
ipsilon) larvae exposed to different entomopathogenic nematode (EPN) sp. at four concentrations of infective

juveniles (Ijs)/cm’ in sand cup bioassays.

*EPN sp. 50s 10Ts 20Tps 50Ts 1.Cso £SE 95% CT*
Mortality rates % (Mean + SE) Lower - Upper
HB 20 +£9.1 30 £105 55+114 95 £5.0 14+12 11-20
SC 70 £10.5 95 £5.0 100 +£0.0 100 +£0.0 4+12 3-6
SF 10 £6.8 70 £10.5 95 £5.0 95 £5.0 9+1.1 7-10
SK 80 +£90.1 85 +£82 85 +£8.1 100 £0.0 3+13 2-6

*HB: Heterorhabditis bacteriophora; SB: Steinernema carpocapsae,; SF:S. feltiae; SK: S. krausse.
CI': Confidence Interval; LC values calculated using Probit Analysis.

Cabbage root maggots

Root maggot larvae were exposed to EPNs at four concentration levels 25, 50, 100 and 200 lJs/ cm2 in a sand
cup bioassay. Both S. kraussei and S. feltiae caused more than 80% mortality while S. carpocapsae showed only
a low level of mortality, in the range of 25%, at the highest level of application (Table 4) (Figure 3). No larval
mortality was recorded with H. bacteriophora. Pupal stage of root maggots appeared to be resistant to all EPN
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species of nematodes used in this study. Nematodes showed no host penetration of the pupa stage and
consequently mortality estimation were not possible.

Figure: 3
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Cabbage Root Maggots Infected with Entomopathogenic nematodes
Photo Credit 8. Briar, OCCI, Olds College, AB

Table 4:

Table 4: % mortality (Mean = SE) and lethal concentrations to 50% (LCs,) of Cabbage Root Maggots (Delia
radicum ) larvae exposed to different entomopathogenic nematode (EPN) sp. at four concentrations of infective

juveniles (IJs)/cm’ in sand cup bioassays.

*EPN sp. 25 s S50 Tjs 100 Ijs 200 js LCs, +SE 95% CT*
Mortality rates % (Mean + SE) Lower - Upper
HB 0=+0 0+0 0=+0 0=£00 _ —
SC 0£0 8 £83 25 +£13 25 £13.0 399 £22 87- 182
SF 17 £112 50 +15 67 =14 83 =112 61 +£12 40- 95
SK 8§ £83 42 +148 50 £15 83112 8l +12 55- 121

*HB: Heterorhabditis bacteriophora, SB: Steinernema carpocapsae; SF: S. feltiae; SK: S. krausse.

CT': Confidence Interval; LC values calculated using Probit Analysis.
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Discussion

The ability of infective juveniles to cause pest insect mortality varied among the EPN species investigated in the
current study. Although multiple factors influence the efficacy of EPNs, host-finding behaviour, symbiotic
bacterial species hosted in them, and insect host behaviour such as life stage, evasive behaviour, and physical
barriers to nematodes entry appears (Grewal e |. 20005) to be the most probable reasons that may be
attributed for the differences among the species in inducing mortality.

According to the host-finding mechanisms, EPNs belongs to two main groups: cruisers and ambushers.
Heterorhabdlitis species are characterized as cruisers as they search for the host in a cruiser strategy, and are
therefore efficient in infecting non-mobile hosts. In contrast ambushers lift their body into the air for nictation
or exhibit jumping behavior to attach to moving insects. Steinernema species varies among both cruisers and
ambushers (Labaude and Griffin 2018; Grewal et al., 2005). Bacterial symbiont species associated with the
nematodes is another important determinant in terms of host infection (Hazir et al., 2003). Mutualistic bacteria
associated with Steinernematidae and Heterorhabditidae are Xenorhabdus and Photorhabdus respectively.
These bacteria are released by the nematodes into the insect’s hemocoel and induce septicemia to help kill the
host (Hazir et al., 2003).

This study was primarily aimed at collecting baseline information to compare effectiveness of representative
EPN species to cause mortalities in the five pest insect species investigated, with the intention to assess their
biocontrol potential under field conditions. All three Steniernema spp provided high larval mortality of DBM
whereas H. bacteriophora was less virulent at all concentrations. In contrast, H. bacteriophora was as effective
as Steniernemas in terms of pupae mortality. The cruiser strategy was likely helpful in terms of locating the
immobile pupal stages. For example, H. bacteriophora was more efficient relative to other species at infecting
non-mobile hosts Galleria mellonella larvae maintained in cages compared to mobile hosts (Bal and Grewal,
2015). Results of our study are in general agreement with other research studies where both locally isolated
strains and commercial EPNs provided high larval and moderate pupae mortality (Baur et al., 1995).

In addition to DBM, our study results also indicate that EPNs have significant potential of managing Lygus at
nymph stage. Two EPN species, S. kraussei and S. carpocapsae caused high mortality of Lygus nymphs. To our
knowledge there is no published research study in which EPNs were exploited for the management of canola
Lygus bugs in the prairies. High efficacy of EPNs against DBM and Lygus bugs would be particularly more
interesting especially when multiple generations of both pests occur in some geographical regions of the
prairies and lifecycle overlap during the same crop stage. It appears that better outcomes would be expected
with foliar applications as the current study showed that the EPNs were effective on more than one lifecycle
stage, i.e. on larvae and pupae of DBM. We also hypothesize that a single application of EPNs under field
conditions would be helpful in managing populations of both DBM and Lygus bugs as indicated by efficacy of
EPNs under lab conditions.

Crucifer flea beetle (FB), Phyllotreta cruciferae, adult stage does not appear to be easy target of any of the EPN
species tested in this study. Adults of FB cause major crop injury at the cotyledons stage of canola (Lamb,
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1988). Multiple generation can occur in the field and larval feeding on the canola root hairs cause minor crop
damage (Thomas, 2003). FB adults are highly mobile and possess thick cuticular layer thereby creating a
physical barrier. Therefore, the likely hood of EPNs coming in contact and further host penetration is expected
to be low. In, under field conditions, Antwi and Reddy (2016) found that EPNs provided some level of reduction
in FB damage of canola seedlings. Lab bioassays conducted by Xu et al (2010) found significant larval mortality
using different isolates of EPNs. Similarly, in small scale field study on Chinese cabbage by Yan et al (2012)
found that EPNs were capable of reducing populations of the soil-dwelling larval stage of striped FB (P.
striolata) thereby leading to a reduction of the adult populations. This may explain as to why Antwi and Reddy
(2016) observed reduction in crop damage in their study results. However, neither adults nor larval counts
were recorded in their study to further support their conclusions. Based on the above discussion, at present we
expect a slim potential of EPNs for controlling FB at the adult stage and especially at a large scale under prairie
farming system. Further exploration on either direct soil or foliar applications of EPNs targeting larval
populations particularly at the overwintering sites, however, appears to be practical with the expectation of
reduction in adult FB population migrating to the neighbouring fields.

For BCW (Agrotis ipsilon) EPNs provided 80% or higher control with the exception of H. bacteriophora being
effective only at higher level dose of 50 lJs/cm2. Cutworm is a common name given to the larvae of several
noctuid moth species (Lepidoptera: Noctuidae). Although according to AAFC researchers canola crop in the
prairies does not appear to be primary host of BCW specie A. ipsilon (Floate, 2017), tested in the current study,
it is reported to cause significant damage to canola and other cruciferous plants in other parts of the world
(Mahmoud et al., 2016). Other similar polyphagous species such as pale cutworm (A. orthogonia), army
cutworm (Euxoa auxiliaris), clover cutworm (Anarta trifolii) and red backed cutworm (Euxoa ochrogaster) are
capable of causing significant damage to various crops including canola in the Prairies. High efficacy of EPNs in
causing significant mortality of BCW specie A. ipsilon appears to be encouraging, as similar level of efficacy
would be expected for other cutworm species. Studies conducted in Québec, Canada found that commercial
EPNs and indigenous isolate of S. carpocapsae caused high mortality of A. ipsilon both under lab and pot
studies (Bélair et al., 2012). However, in their study an isolate of S. feltiae caused low cutworm mortality. In
contrast high efficacy of S. feltiae against A. ipsilon in our results was likely due to better virulence of
commercially available strain tested in our study.

EPNs showed moderate to high effectiveness on Cabbage Root Maggots tested in the current study. Our study
confirmed the results of previous research conducted by Chen and Moens (2003) where S. feltiae was highly
virulent to Cabbage Root Maggots while S. carpocapsae was partially effective. These authors also observed
that the thick cuticle of root maggots was likely the reason for low penetration of H. bacteriophora and
consequently lead to low level mortality. Bioassays conducted in the current study showed H. bacteriophora
was unable to cause even low level of mortality to the larvae. This minor difference form the other study
results was likely due to small surface area of well plates where nematodes were in much close contact to the
host, as opposed to the current bioassay where root maggots were exposed in relatively larger sand cups.
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Overall from their and our study results we conclude that H. bacteriophora may not be a good candidate while
Steniernema species particularly S. feltiae appears to possess better efficacy against Cabbage Root Maggots.
Further, our observation that the EPNs were unable to enter into the pupae (likely due to harder shell covering)
suggests that nematode application may provide better results only if the target is on susceptible larval stage.

No chemical is registered for Cabbage Root Maggots control in canola. Even in a small scale vegetable
production where chemical application is permitted, the expected challenge is that the chemicals applied form
lesser contact with the partially hidden larvae inside the root system. We hypothesize that the virulent EPN
species like S. feltiae may relatively serve as an effective biocontrol provided that the timing of application also
coincides with the susceptible larval stage.

Conclusions

Efficacy in terms of insect mortality varied among the EPN species. Steniernema spp tested in this study
provided moderate to high mortality of insects in general while H. bacteriophora was relatively less effective.
We also found moderate level of mortality to the DBM pupae with all EPN spp tested while Cabbage Root
Maggot pupae appears to be resistant to entry to all EPNs likely due to hard shell covering. Our bioassays
showed almost no mortality of flea beetle adults likely due to high mobility and hard covering of adults which
may have prohibited nematodes to make effective contact, gain entry and cause host mortality. Therefore, we
expect a slim potential of EPNs for controlling FB at the adult stage. Further exploration on applications of EPNs
targeting only at the overwintering sites appears to be practical with the aim of reduction in FB adult
population migrating to the neighbouring fields. Although, current study provided encouraging base line
information for conducting field application studies with commercially available species on canola for
management of multiple insect pests including DBM, canola Lygus, Cabbage Root Maggots and Black
Cutworms, exploration of locally adapted and virulent strains of EPNs pertinent to the prairies should also be
considered in the future projects.

Impact on the Alberta or western Canadian agriculture and food industry

Resistance to registered pesticides is increasing amongst certain insects and control options are becoming
limited as even the registered insecticides such as neonicotinoids are under scrutiny by the Pest Management
Regulatory Agency's (PMRA) and Environmental Protection Agency (EPA). Results of our laboratory bioassays
provided encouraging base line information for conducting field application studies with commercially available
species on canola for management of multiple insect pests including DBM, canola Lygus, Cabbage Root
Maggots and Black Cutworms. With the help of field studies our long term goal hope is that producers would
have a control option that might ultimately be used as a foliar treatment for leaf insect pests as well as a timed
drench for multiple soil-dwelling stages of the pest insects such as root feeding larvae of maggots and
subterranean cutworm species. Future key benefit of developing effective foliar-applied EPN preparations is
compatibility with existing equipment and practices, and may become an important component of IPM
strategies.
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The potential economic impact of the project results

This short term study aimed at providing only base line information and establish our in-house capabilities, and
conduct future studies. Therefore, no cost-benefit analysis was possible and no information at present can be
provided on potential size of the market.

From the positive results of this screen, we intend to identify the most economically impactful potential
application(s) and to request funding for further study of these scenarios. The purpose will be to address the
question of whether this alternative approach to pest insect control in canola can provide a meaningful or
realistic alternative to pest control with favourable resistance-management characteristics for Alberta
producers. However, information generated from this project for our future projects will help in market
improvement efficiency.

Future work directions

The purpose of this work was to test the efficacy of infective juvenile stage of multiple entomopathogenic
nematode species to control important pest insects collected from Alberta populations under lab conditions.
Our research studies demonstrated favourable evidence that suggest further studies. Specifically, some EPN
species were effective in inducing mortality in Diamondback Moth and Lygus nymph suggesting the potential
for foliar sprays, and in inducing mortality in below ground pests i.e. Cabbage Root Maggot and Black Cutworm
suggesting the potential for targeted soil application (soil drenching). We intend to develop future funding
proposals to investigate the effectiveness of selected EPN species identified in this work outside laboratory
environment under greenhouse and field conditions.
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