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Abstract

The crucifer flea beetle, Phyllotreta cruciferae (Goeze), is a key pest of canola (Brassica napus L.) in the northern

Great Plains of North America. The efficacies of entomopathogenic nematodes (Steinernema spp. and

Heterorhabditis spp.), a sprayable polymer gel, and a combination of both were assessed on canola for flea bee-

tle management. Plots were treated soon after colonization by adult flea beetles, when canola was in the cotyle-

don to one-leaf stage. Ten plants along a 3.6-m section of row were selected and rated at pre-treatment and 7

and 14 d post treatment using the damage-rating scheme advanced by the European Plant Protection

Organization, where 1¼0%, 2¼2%, 3¼5%, 4¼10%, and 5¼25% leaf area injury. Under moderate flea beetle

feeding pressure (1–3.3% leaf area damaged), seeds treated with Gaucho 600 (Bayer CropScience LP Raleigh,

NC) (imidacloprid) produced the highest yield (843.2 kg/ha). Meanwhile, Barricade (Barricade International, Inc.

Hobe Sound, FL) (polymer gel; 1%) þ Scanmask (BioLogic Company Inc, Willow Hill, PA) (Steinernema feltiae)

resulted in the highest yields: 1020.8 kg/ha under high (2.0–5.3% leaf area damaged), and 670.2 kg/ha at ex-

tremely high (4.3–8.6 % leaf area damaged) feeding pressure. Our results suggest that Barricade (1%) þ
Scanmask (S. feltiae) can serve as an alternative to the conventional chemical seed treatment. Moreover,

Scanmask (S. feltiae) can be used to complement the effects of seed treatment after its protection has run out.
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In North America, canola (Brassica napus L.; Brassicales,

Brassicaceae) is a major oilseed crop, grown especially in the

Northern Great Plains of the United States and the prairies of

Canada (Brown 1967, Burgess 1977, Lamb 1984, Thomas 2003).

The crucifer flea beetle, Phyllotreta cruciferae (Goeze) (Coleoptera,

Chrysomelidae), is an economically important pest of canola in this

region (Brown 1967, Burgess 1977, Lamb 1984, Thomas, 2003).

Adult flea beetles emerge from overwintering sites in spring as air

temperatures reach 15–20�C (Lamb 1983). Overwintered adults ini-

tially feed on brassicaceous weeds, and as the crop emerges, beetles

move into canola fields, where they immediately begin to feed on

young cotyledons and true leaves, stems, and pods (Lamb 1988,

Thomas 2003). The larval stages contribute to yield losses during

summer months by feeding on plant roots, root hairs, and tap roots

of seedlings, and root damage reduces yield of about 5% (Thomas

2003). Yield losses due to P. cruciferae feeding are estimated as tens

of millions of U.S. dollars annually in the region (Burgess 1977, Lamb

and Turnock 1982, Madder and Stermeroff 1988, Thomas 2003).

Phyllotreta cruciferae management is directed against adults in

early spring when canola seedlings are vulnerable to flea beetle in-

jury (Thomas 2003). Conventional control methods are chemical

seed treatments or foliar sprays (Lamb and Turnock 1982, Antwi

et al. 2007, Reddy et al. 2014). The majority of canola acreage in

the Northern Great Plains is planted with insecticide-treated seed, as

foliar chemical insecticides are only effective against P. cruciferae

within a narrow window of opportunity before eggs have been laid

in the soil (Turnock and Turnbull 1994, Glogoza et al. 2002,

Tangtrakulwanich et al. 2014). This near uniform reliance on chem-

ical insecticide-based pest management increases the risk of develop-

ment of pesticide resistance. To help avoid this problem,

entomopathogenic nematodes (EPNs), which are a group of nema-

todes that are lethal to many important insect pests, offer an alterna-

tive treatment regimen and may be used alone or in combination

with reduced rates of conventional insecticides (Koppenhöffer and

Kaya 1998). Concern over development of resistance and damage to

pollinators and other beneficial insects makes the evaluation of al-

ternative controls for P. cruciferae a current priority (Antwi et al.

2007, Reddy et al. 2014).

Ecorational insecticides are products that are likely to do mini-

mal harm to nontarget organisms or the environment (Ware 1989).

Ecorational insecticides have been shown to be effective against

many insect pests (Hajek et al. 1987, Miranpuri et al. 1992,
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Miranpuri and Khachatourians 1995, Sparks et al. 1999, Xu et al.

2010), and they may have potential value in P. cruciferae manage-

ment. Because ecorational insecticides’ modes of action are very dif-

ferent from those of chemical insecticides (Sparks et al. 2001,

Thompson et al. 2000), they can be used to slow down or prevent

the development of insecticide resistance (Liu and Stansly 1995,

Copping and Menn 2000). EPNs are persistent, they recycle inside

the host, and inundative application may provide short-term control

of pests with few or no deleterious effects on nontarget organisms

(Rosell et al. 2008). They are used where chemical insecticides fail

(e.g., in soil, or in boring insect pest galleries) or insecticide resis-

tance develops (Ehlers 2001, Rosell et al. 2008). Because EPNs ac-

tively search for hosts, they have special value in the management of

soil-dwelling pests such as flea beetles in Brassica crops (Grewal

et al. 2005, Trdan et al. 2008, Wei et al. 1992). According to

Kakizaki (2004), treatment of radish roots with Sternenema capo-

capsae (Weiser) (at 250,000–500,000 infective juvenile nematodes/

m2) reduced Phyllotreta striolata (F.) (Coleoptera: Chrysomelidae)

damage by 33 to 80%. EPNs in the genera Steinernema and

Heterorhabditis can be used to manage many insect pests as biologi-

cal control agents (Shapiro-llan et al. 2002, Shapiro-llan and

Cottrell 2006, Grewal et al. 2005). However, ultraviolet radiation

and desiccation effects can be a limiting factor for efficacy of EPNs

at above-ground applications (Shappiro-Ilan et al. 2006, Glazer

1992). Shapiro-llan et al. (2010, 2016) concluded that EPNS treat-

ments followed by a sprayable polymer gel application or as single

spray can enhance the management of lesser peachtree borer,

Synanthedon pictipes (Grote and Robinson) (Lepidoptera: Sesiidae)

and other above-ground pests. Therefore, the use of sprayable gel in

this study is meant to protect EPNs from harmful environmental

conditions (ultraviolet radiation, desiccation). According to

Koppenhöffer et al. (2000), various studies have shown that EPNs

efficacy can be improved with other pathogens for white grubs

(Coleoptera: Scarabaeidae) management. According to Thurston

et al. (1993, 1994), EPNs and Bacillus popilliae Dutky (the Japanese

beetle pathogen) (Bacillales: Paenibacillaceae) combination is only

feasible in high economic threshold situations for long-term man-

agement. Moreover, EPNs and Bacillus thuringiensis Berliner Buibui

strain (Bacillales: Bacillaceae) combination is only feasible for

scarab species that are susceptible to this bacterium (Koppenhöfer

and Kaya 1997, Koppenhöfer et al. 1999). However, due to limita-

tions with these combinations, EPNs combined with chloronicotinyl

insecticide (imidacloprid) would be more efficient with wider appli-

cability (Koppenhöffer and Kaya 1998). The objective of our study

was to evaluate the effect of low rates of several species of EPNs,

combinations of EPN species, combinations of EPNs and a spray-

able polymer gel, and a combination of EPN and imidacloprid on P.

cruciferae feeding injury to seedling canola and resulting yield.

Materials and Methods

Study Sites
Trials were conducted at three field locations: Western Triangle

Agricultural Research Center (WTARC; 48� 18.6270 N, 111�

55.4020 W) in Conrad, Sweet Grass (48� 57.8310 N, 111� 40.8010

W), and Cutbank (48� 50.220 N, 112� 17.7460 W), Montana, USA.

Experimental plots were seeded on 13 April 2015 at WTARC, on 20

April 2015 at Sweet Grass, and on 30 May 2015 at Cutbank. Hy-

Class canola seeds (WindField Solutions, LLC) were used for all

three locations, at a rate of 12 seeds per 30 cm using a four-row plot

drill with a row spacing of 30 cm. The herbicide RT3 (a.i.

glyphosate) was applied at a rate of 2.5 L/ha before seeding.

Fertilizers at an N, P, K, and S ratio of 134.5, 25.2, 61.6, and

22.4 kg/ha and N, P, K ratio of 12.3, 25.2, and 0 kg/ha were applied

at the time of seeding. The trials were conducted under dryland (i.e.,

nonirrigated) conditions.

Treatments
Twelve treatments were used for the studies (Table 1): 1) Water, 2)

Gaucho (imidacloprid), 3) Ecomask (Steinernema carpocapsae), 4)

Hi (Heterorhabditis indica), 5) Scanmask (Steinernema feltiae), 6)

Heteromask (Heterorhabditis bacteriophora), 7) Ecomaskþ
Heteromask (S. carpocapsaeþH. bacteriophora), 8) Ecomaskþ
Scanmask (S. carpocapsaeþ S. feltiae), 9) Gauchoþ Scanmask

(imidaclopridþ S. feltiae), 10) Barricade (Barricade polymer 4%),

11) Barricade 2%þ Scanmask (Barricade polymer 2%þ S. feltiae),

and 12) Barricadeþ Scanmask (Barricade polymer 1%þ S. feltiae).

Plot Design and Data Collection.

The plot design was a randomized complete block design. Plots

sizes were 3.6 by 1.2 m, with a buffer zone of 1.2 m to avoid cross-

contamination due to spray drift. Treatments were replicated four

times at each location. Treatments were applied to plots with a

SOLO backpack sprayer (SOLO, Newport News, VA) calibrated at

816.89 L/ha, after arrival of flea beetles in plots when air tempera-

tures were 14–20�C, and canola was in the cotyledon or one- to

two-leaf stage. Untreated plots sprayed with water served as the con-

trol. Before treatment applications (PT), each plot was rated for P.

cruciferae feeding injury along one 3.6-m section of row, by sam-

pling 10 plants at 0.3-m intervals. Phyllotreta cruciferae injury mea-

surements were made by visual classification into the European

Plant Protection Organization (EPPO) damage categories as 1¼no

damage; 2¼up to 2% leaf area eaten; 3¼3–10% leaf area eaten;

4¼10–25% leaf area eaten; and 5¼>25% leaf area eaten (EPPO,

2004). The visual injury ratings were converted into percent leaf

area injury (OEPP/EPPO, 2004), where 1¼0%; 2¼2%; 3¼5%;

4¼10%; and 5¼25% leaf area injury. Duration of efficacy of

treatments was determined by post-application ratings for P. cruci-

ferae injury at 7 and 14 d after application of foliar insecticides (7

and 14 DPT). Feeding injury and yield from plots were evaluated to

compare treatment effects. Plots were harvested on 5 August 2015 at

WTARC, on 14 September 2015 at Sweet Grass, and on 3 October

2015 at Cutbank when 50% of the canola seeds were dark in color.

The canola crop was straight combined at 30% seed moisture,

stored, and air dried for 7 d until the seeds were at 8-10% moisture.

The seeds were then cleaned and weighed to determine the seed yield

per plot (as kilograms per hectare) for each experimental unit be-

tween August and October 2015.

Data Analysis
Data were analyzed using multivariate analyses of covariance

(SAS Institute 2015). Analyses of covariance were used to account

for and eliminate effects of pre-foliar treatment ratings on change in

P. cruciferae feeding injury across dates after treatments. Least

square means (LSMEANs) was run following analysis of variance

(SAS Institute 2015). Main and interaction effects of location by

treatment on P. cruciferae feeding injury ratings and yields were de-

termined using the PROC GLM procedure (PROC GLM, SAS

Institute 2015).

Synergistic, additive, or antagonistic interactions between

Gaucho (imidacloprid) and EPNs in the combined treatments were

determined with a v2 test (Finney 1964, Koppenhöffer and Kaya

1998, Koppenhöffer et al. 2002, McVay et al. 1977). Abbott
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method (Abbott 1925) was used to correct for control leaf area dam-

age. The expected additive proportional percentage leaf area dam-

age Me for the nematode–Gaucho combinations was determined as

Me¼MnþMi (1�Mn), where Mn and Mi are the observed

proportional percentage leaf area damage by EPNs and Gaucho

(imidacloprid) alone, respectively. A v2 test determined as (v2¼
(Mni�Me)2/Me) whereby Mni¼ the observed percentage leaf area

damage for the EPN–Gaucho combinations was compared with the

v2 table value for 1 df. A nonadditive effect between two actives was

suspected when the calculated v2 value exceeded the table value

(Finney 1964). A significant interaction was considered as synergis-

tic when the difference Mni�Me had a positive value. When the

difference Mni�Me had a negative value, a significant interaction

is considered antagonistic.

Results

Due to an especially cool spring, pest pressure at the research sites

varied greatly among sites depending on sowing date. The average

monthly weather parameters were precipitation 75.7 mm, tempera-

ture 6.2�C, and relative humidity 63.33% in April; precipitation

96 mm, temperature 9.2�C, and relative humidity 69.5% in May;

and precipitation 136.5 mm, temperature 17.5�C, and relative hu-

midity 68.4% in June (USDA-NRCS 2016). These conditions to-

gether with other biotic and abiotic factors caused P. cruciferae

feeding pressure as determined by pre-treatment ratings to be mod-

erate at WTARC (1–3.3% leaf area injury), high at Sweet Grass (2–

5.3% leaf area injury), and extremely high at Cutbank (4.3–8.6%

leaf area injury). Cotyledon and leaf injury did exceed the economic

threshold of 15–20% leaf area defoliation across locations, espe-

cially at 14 DPT (Table 2; Tangtrakulwanich et al. 2014). In the wa-

ter treatments, there were high levels of damage (WTARC: 5.9–

15.6%, Sweet Grass: 8.9–21.9%, and Cutbank: 16.8–22.3%) at 7

to 14 DPT. Under these conditions of pest pressure, it was not favor-

able to discern the value of the biorational treatments. Across the lo-

cations, the seed treatment Gaucho 600 resulted in the lowest leaf

area injury at 7 to 14 DPT (Table 2).

Under moderate pest pressure (WTARC), Gaucho, the chemical

seed treatment, was the most efficacious among the treatments.

Among the treatment combinations or mixtures,

Gauchoþ Scanmask was the only treatment that resulted in a lower

leaf area injury at 7 DPT. At 14 DPT, Gaucho 600 resulted in lower

leaf area injury of 8.0%. Phyllotreta cruciferae fed more on plots

with Barricadeþ Scanmask than on those with Gauchoþ Scanmask.

The seed treatment Gaucho 600, with imidacloprid (a neonicoti-

noid) as the active ingredient, was fed on the least, likely because it

is a broad-spectrum systemic insecticide acting as a contact and

stomach poison on sucking and some biting insects (Sur and Stork

2003). It antagonizes the nicotinic acetylcholine receptor, resulting

in paralysis and death of pest organisms (Bai et al. 1991, Nauen

et al. 1998, Schmuck et al. 2003).

At high feeding pressure (Sweet Grass), Gaucho 600 and

Gauchoþ Scanmask resulted in the lowest P. cruciferae feeding pres-

sure with leaf area defoliation of 4.7–12.4 and 6.0–14.3%, respec-

tively, at 7 to 14 DPT.

Under extremely high P. cruciferae pressure (Cutbank), and at 7

DPT, none of the treatments performs better compared with the wa-

ter control. However, at 14 DPT, only Gaucho 600 and

Gauchoþ Scanmask treatments perform better when compared with

the water control.T
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Percentage Leaf Area Injury
Generally at WTARC and Sweet Grass, Gaucho and Gauchoþ
Scanmask treatments resulted in a lower percent leaf area injury at 7

to 14 DPT (Table 2).

At WTARC, the leaf area injury ranged from 1 to 3.3% at PT

(Table 2). Except water and Gauchoþ Scanmask treatments at 7

DPT, Gaucho had a significant leaf area injury of 3.1% compared

with the other treatments (Table 2). Among the treatment combina-

tions, Gauchoþ Scanmask was the only one that resulted in a lower

leaf area injury of 5.8% and this was not significant when compared

with Gaucho and water (Table 2). At 14 DPT, Gaucho and

Gauchoþ Scanmask resulted in a significantly lower leaf area injury

of 8.0 and 9.8%, respectively (Table 2). The treatments Scanmask,

Heteromask, and EcomaskþHeteromask had leaf area injuries that

were significantly higher compared with the control.

At Sweet Grass, the leaf area injury varied from 2.0 to 5.3% at

PT (Table 2). Treatment of canola with Gaucho 600 resulted in the

lowest leaf area injury of 4.7% at 7 DPT compared with the water

control (Table 2). At 14 DPT, Gaucho 600 (12.4%) and

Gauchoþ Scanmask (14.3%) had leaf area injury levels significantly

lower than the rest of the treatments (Table 2). Except for Ecomask,

Scanmask, EcomaskþHeteromask, and Ecomaskþ Scanmask, all

treatments had leaf area injuries significantly lower than the water

control (Table 2).

The leaf area injury at Cutbank ranged from 4.3 to 8.6% at PT

(Table 2). At 7 DPT, Gauchoþ Scanmask and Gaucho 600 treat-

ments had leaf area injuries of 14.2 and 14.3%, respectively (Table

2). At 14 DPT, Gaucho 600 (13.2%) and Gauchoþ Scanmask

(16.5%) were the only treatments that had a leaf area injury signifi-

cantly lower than the water control (22.3%; Table 2).

Effect of Treatments on Seed Yield
Overall, yield (F¼2.69; df¼35, 143; P<0.0001) and location

(F¼28.97; df¼2, 22; P<0.0001) effects were significantly differ-

ent among treatments. However, overall treatment (F¼1.63;

df¼11, 22; P¼0.1014) and location� treatment (F¼0.84; df¼2,

22; P¼0.6704) effects were not significant.

At WTARC, all treatments differ significantly from the water

control (Table 3). Gaucho 600 resulted in the highest yield of

843.2 kg/ha compared with Ecomask (620.0 kg/ha), Scanmask

(641.7 kg/ha), and Gauchoþ Scanmask (650.6 kg/ha; Table 3).

Although Hi and Ecomaskþ Scanmask had yields of 804.0 kg/ha,

and 801.8 kg/ha, respectively, none of the treatments had yields that

were as good as Gaucho the chemical standard (Table 3).

At Sweet Grass, Barricade (1%)þ Scanmask resulted in the high-

est yield of 1020.8 kg/ha, and this was the only treatment that dif-

fered significantly from the water control (Table 3). None of the

other treatments had yields that were significantly as better than

Gaucho the chemical seed treatment (Table 3).

At Cutbank, Barricade (1%)þ Scanmask resulted in the highest

yield of 670.2 kg/ha, and this did not differ significantly from the

water control (Table 3). However, none of the other treatments had

Table 2. Crucifer flea beetle Phyllotreta cruciferae feeding leaf area injury (as % area damaged) to seedling canola plants treated with ento-

mopathogenic nematodes and sprayable polymer gel in Montana at three time points, based on visual estimates

Treatment WTARCa Sweet Grass Cutbank

PTb 7 DPTc 14 DPTd PT 7 DPT 14 DPT PT 7 DPT 14 DPT

Leaf area injury (%)

Water 2.5 5.9abc 15.6b 5.3 8.9bcd 21.9d 8.6 16.8ab 22.3c

Gaucho 600 2.0 3.1a 8.0a 2.0 4.7a 12.4a 4.5 14.3a 13.2a

Ecomask 3.3 7.6bcd 15.9bc 2.7 7.4abc 21.3cd 8.3 18.9ab 19.6bc

Hi 2.1 11.3def 15.1b 2.5 8.9bcd 19.2bc 5.2 15.6ab 19.9c

Scanmask 1.9 14.7f 19.2c 3.3 9.7cd 20.9cd 7.1 15.7ab 19.2bc

Heteromask 1.4 14.7f 19.2c 4.1 9.8cd 18.9bc 6.5 19.0ab 21.3c

EcomaskþHeteromask 1.3 12.2ef 19.2c 3.5 8.2bcd 20.2bcd 7.9 20.2b 21.3c

Ecomaskþ Scanmask 1.7 9.8de 15.3b 4.2 8.1bcd 20.6bcd 8.2 16.0ab 19.6bc

Gauchoþ Scanmask 1 5.8ab 9.8a 2.2 6.0ab 14.3a 4.3 14.2a 16.5b

Barricade (4%) 1.4 9.8cde 14.4b 3.8 9.7cd 18.2b 6.6 15.5ab 20.6c

Barricade (2%)þ Scanmask 1.7 10.0de 15.9bc 3.0 7.4abc 18.2b 8.2 15.7ab 20.6c

Barricade (1%)þ Scanmask 1.9 10.1de 16.4bc 3.1 10.5d 19.2bc 6.6 17.0ab 19.9c

Means within a column followed by the same letter are not significantly different at P< 0.05.
a WTARC, Western Triangle Agricultural Research Center.
b PT, pre-foliar application.
c 7 DPT, days after foliar and granular application.
d 14 DPT, days after foliar and granular application.

Table 3. Canola seed yield after treatment of seedlings with ento-

mopathogenic nematodes and sprayable gel in Montana

Treatment Location

WTARCa Sweet Grass Cutbank

Yield (kg/ha)

Water 354.8d 588.2b 427.1ab

Gaucho 600 843.2a 810.6ab 305.1b

Ecomask 620.0c 778.1ab 222.7b

Hi 804.0ab 645.1ab 405.8b

Scanmask 641.7bc 699.4ab 351.5b

Heteromask 669.1abc 560.3b 403.9b

EcomaskþHeteromask 665.3abc 701.6ab 388.6b

Ecomaskþ Scanmask 801.8ab 721.8ab 358.0b

Gauchoþ Scanmask 650.6bc 761.6ab 413.0b

Barricade (4%) 758.3abc 720.3ab 357.9b

Barricade (2%)þ Scanmask 699.5abc 604.5b 469.5ab

Barricade (1%)þ Scanmask 739.5abc 1020.8a 670.2a

Means within a column followed by the same letter are not significantly

different at P< 0.05.
a WTARC, Western Triangle Agricultural Research Center.
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yields that were significantly better than Gaucho the chemical seed

treatment (Table 3).

Discussion

In general, P. cruciferae fed less on plots treated with Gauchoþ
Scanmask, and Gaucho 600 at 7 to 14 DPT. Moreover, the interac-

tion of Gauchoþ Scanmask was synergistic (Table 4). This agrees

with observations that EPNs and imidacloprid interacted synergisti-

cally on Popillia japonica Newman (white grub) (Coleoptera:

Scarabaedae) mortality (Koppenhöfer and Kaya 1998; Koppenhöfer

et al. 2000a, 2002), where a general reduction in mobility appeared

to be a major factor responsible for this synergistic interaction

(Koppenhöfer et al. 2000b). A general disruption of nerve function

from imidacloprid seems to enhance the attachment of juvenile EPN

to the host and subsequent penetration (Koppenhöfer et al. 2000a).

Under moderate, high, and extremely high P. cruciferae feeding

pressure in our study, Gauchoþ Scanmask was the only treatment

that had leaf area injury rates on par with Gaucho 600 (imidaclo-

prid). EPNs applied alone or in combination with other EPNs were

not effective, possibly due to ultraviolet radiation or desiccation

(Shapiro-llan et al. 2002), and that above-ground application of

EPNs could be improved by protecting the EPNs from harmful envi-

ronmental conditions (Glazer et al. 1992, Baur et al. 1997, Head

et al. 2004, Schroer and Ehlers 2005, Shapiro-llan et al. 2006).

Moreover, the nematode products were obtained from different

companies, and hence, production method and formulation might

also be among the factors that affected their efficacy.

Notwithstanding this, it is reasonable to use EPNs from different

producers, as the growers will also purchase EPNs from different

sources.

Under moderate P. cruciferae feeding pressure, Gaucho 600 re-

sulted in the highest yield of 843.2 kg/ha at WTARC, while

Barricade (1%)þ Scanmask resulted in the highest yield of

1020.8 kg/ha at Sweet Grass and 670.2 kg/ha at Cutbank. Under

high and extremely high P. cruciferae feeding pressure at Sweet

Grass and Cutbank, the Barricade (1%)þ Scanmask treatment had

the highest yields, suggesting that when the seed treatment protec-

tion period is exceeded, Barricade and Scanmask (S. feltiae) can be

used as a complement to Gaucho to reduce P. cruciferae feeding and

subsequent yield losses. Based on yield, EPNs applied alone as single

control agent or in combination with other EPNs were not effective,

especially under high and extremely high P. cruciferae feeding pres-

sure. Similar to our findings, Shapiro-llan et al. (2010, 2015, 2016)

found that the sprayable gel Barricade significantly enhanced the ef-

ficacy of EPNs (S. feltiae, S. carpocapsae) for controlling S. pictipes

and Synanthedon exitiosa (Say) (Lepidoptera: Sesiidae).

The data indicate that Barricade (1%)þ Scanmask can serve as

alternative to the seed treatment. Moreover, Scanmask can be used

to complement the seed treatment when the protection period is ex-

ceeded. However, net returns on the use of these biopesticides need

to be ascertained.

Table 4. Interaction between Gaucho and entomopathogenic nematodes (Ecomask, Hi, Scanmask, and Heteromask) against crucifer flea

beetle Phyllotreta cruciferae at two time points in Montana

Treatment WTARC

7 DPT 14 DPT

Mna Mib Mec Mnid Mni – Mee (Mni-Me)2

/Me

Mn Mi Me Mni Mni - Me (Mni – Me)2

/Me

Gaucho 600 �2.98 �2.98 �14.81 �0.11 14.70 �14.70 �9.00 �9.00 �99.10 �6.87 92.22 �85.83

Ecomask 1.81 �2.98 4.21 �0.11 �4.31 4.31 0.36 �9.00 �5.45 �6.87 �1.42 �0.37

Hi 5.74 �2.98 19.84 �0.11 �19.95 19.95 �0.59 �9.00 �14.93 �6.87 8.06 �4.35

Scanmask 9.35 �2.98 34.20 �0.11 �34.31 34.31 4.27 �9.00 33.67 �6.87 �40.54 48.82

Heteromask 9.35 �2.98 34.20 �0.11 �34.31 34.31 4.27 �9.00 33.67 �6.87 �40.54 48.82

Gaucho þ Scanmask �0.11 �2.98 �3.40 �0.11 3.29 �3.29 �6.87 �9.00 �77.76 �6.87 70.89 �64.62

Sweet Grass

Gaucho 600 �4.61 �4.61 �30.48 �3.18 27.29 �11.46 �12.16 �12.16 �172.29 �9.73 162.56 �153.38

Ecomask �1.65 �4.61 �13.85 �3.18 10.67 �59.40 �0.77 �12.16 �22.28 �9.73 12.55 �7.07

Hi 0 �4.61 �4.61 �3.18 1.43 �254.15 �3.46 �12.16 �57.67 �9.73 47.94 �39.85

Scanmask 0.88 �4.61 0.32 �3.18 �3.50 4371.14 �1.28 �12.16 �29.02 �9.73 19.29 �12.82

Heteromask 0.99 �4.61 0.93 �3.18 �4.12 1513.27 �3.84 �12.16 �62.73 �9.73 53.00 �44.78

Gaucho þ Scanmask �3.18 �4.61 �22.47 �3.18 19.29 �24.58 �9.73 �12.16 �140.26 �9.73 130.53 �121.48

Cutbank

Gaucho 600 �3.01 �3 �15.04 �3.13 11.91 �237.40 �11.71 �11.71 �160.59 �7.47 153.12 �146.01

Ecomask 2.52 �3 7.10 �3.13 �10.23 809.92 �3.48 �11.71 �55.88 �7.47 48.42 �41.95

Hi �1.44 �3 �8.78 �3.13 5.66 �470.85 �3.09 �11.71 �50.98 �7.47 43.51 �37.14

Scanmask �1.32 �3 �8.30 �3.13 5.18 �503.59 �3.99 �11.71 �62.43 �7.47 54.96 �48.39

Heteromask 2.64 �3 7.59 �3.13 �10.71 765.53 �1.29 �11.71 �28.07 �7.47 20.61 �15.13

Gaucho þ Scanmask �3.13 �3 �15.52 �3.13 12.40 �227.35 �7.47 �11.71 �106.60 �7.47 99.14 �92.19

a Observed proportional percentage leaf area damage caused by nematodes alone.
b Observed proportional percentage leaf area damage caused by Gaucho (imidacloprid) alone.
c Expected additive proportional percentage leaf area damage for the nematode–Gaucho (imidacloprid) combinations.
d Observed proportional percentage leaf area damage for the nematode–Gaucho (imidacloprid) combinations.
e Interaction between treatments: Antagonistic (Mni - Me¼ a negative value), Nonadditive effect (synergistic or antagonistic; v>3.841), (Synergistic (Mni -

Me¼ a positive value).
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