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Abstract

Onion thrips, Thrips tabaci Lindeman (Thysanoptera: Thripidae), is a highly destructive pest of onion, Allium

cepa L., and its management relies on multiple applications of foliar insecticides. Development of insecticide re-

sistance is common in T. tabaci populations, and new strategies are needed to relax existing levels of insecti-

cide use, but still provide protection against T. tabaci without compromising marketable onion yield. An action

threshold-based insecticide program combined with or without a thrips-resistant onion cultivar was investi-

gated as an improved approach for managing T. tabaci infestations in commercial onion fields. Regardless of

cultivar type, the average number of insecticide applications needed to manage T. tabaci infestations in the

action-threshold based program was 4.3, while the average number of sprays in the standard weekly program

was 7.2 (a 40% reduction). The mean percent reduction in numbers of applications following the action thresh-

old treatment in the thrips-resistant onion cultivar, ‘Advantage’, was 46.7% (range 40–50%) compared with the

standard program, whereas the percentage reduction in applications in action threshold treatments in the

thrips-susceptible onion cultivar, ‘Santana’, was 34.3% (range 13–50%) compared with the standard program,

suggesting a benefit of the thrips-resistant cultivar. Marketable bulb yields for both ‘Advantage’ and ‘Santana’

in the action threshold-based program were nearly identical to those in the standard program, indicating that

commercially acceptable bulb yields will be generated with fewer insecticide sprays following an action

threshold-based program, saving money, time and benefiting the environment.
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Onion thrips, Thrips tabaci Lindeman, is a serious insect pest of

onion worldwide (Diaz-Montano et al. 2011, Gill et al. 2015).

Thrips tabaci damages onion by feeding on leaves, which results in

smaller, less-valuable bulbs (Fournier et al. 1995). Thrips tabaci also

transmits economically damaging plant pathogens to onion that

cause Iris yellow spot (Gent et al. 2006) and bacterial center rot

(Dutta et al. 2014), while its feeding injury can enhance spread and

severity of a fungal pathogen that causes purple blotch (McKenzie

et al. 1993).

Most onion growers have experienced significant bulb yield and

quality reductions from T. tabaci damage. Over the past several

years in the United States, severe losses in onion bulb yield attrib-

uted to T. tabaci have become less common because newer and more

effective insecticides have been identified and registered on onion

(Nault and Hessney 2006, 2011; Groves et al. 2013). Moreover,

new information has been generated to improve T. tabaci manage-

ment in onion via applying insecticides based on action thresholds

for maximum efficacy and efficiency (Nault and Shelton 2010),

following specific sequences of insecticide products applied during

the season (Byrne and Szendrei 2013, Nault et al. 2014, Reitz 2014),

and using surfactants coapplied with insecticides (Nault et al. 2013).

Despite these advancements in onion IPM, many growers continue

to make insecticide applications on a weekly basis, rather than using

action thresholds, because studies are lacking that compare levels of

thrips control and marketable bulb yield following the two

approaches. Furthermore, T. tabaci is notorious for developing re-

sistance to insecticides (Shelton et al. 2003, 2006), and intensive in-

secticide use will likely result in resistance to one or several modes

of action that would lead to reduced control. Demonstrating the use

of an action threshold-based insecticide program for managing

T. tabaci is needed to convince onion growers that this approach is

effective, reduces insecticide use, and minimizes selection pressure

for insecticide resistance.

Future management of T. tabaci should consider integrating pru-

dent insecticide use with other tactics, like host plant resistance.

Onion germplasm has been evaluated for resistance to T. tabaci in
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the eastern and western United States (Diaz-Montano et al. 2010,

Boateng et al. 2014, Cramer et al. 2014). While no highly thrips-

resistant germplasm sources have been identified, some accessions

and cultivars showed either low levels of resistance or tolerance to

T. tabaci (Diaz-Montano et al. 2010, Boateng et al. 2014, Cramer

et al. 2014). Onions considered more resistant to T. tabaci had

leaves that were yellow-green in color with low levels of waxes giv-

ing them a glossy to semiglossy appearance. In contrast, T. tabaci-

susceptible cultivars had leaves that were blue-green with higher lev-

els of waxes (Diaz-Montano et al. 2010, 2012; Cramer et al. 2014).

Recently, Damon et al. (2014) concluded that semiglossy onion

leaves have intermediate amounts of epicuticular waxes that may

protect onions from diseases and environmental stresses, but still

conferred resistance to T. tabaci, and that this semiglossy phenotype

should be pursued in future thrips management programs.

The purpose of this study was to evaluate management of

T. tabaci in onion by combining an action threshold-based insecti-

cide program and an onion cultivar that has thrips resistance. The

onion cultivar ‘Advantage’ (formerly OLYS05N5), which has

yellow-green, semiglossy wax leaves, was selected because it ranked

among the best cultivars for reducing T. tabaci densities and damage

of the 49 entries evaluated in a previous study in New York (Diaz-

Montano et al. 2010), and it also performed well in multiyear field

trials in Colorado (Boateng et al. 2014). ‘Advantage’ matures later

than desirable for commercial production in the Great Lakes region

of the US; however, ‘Advantage’ was one of the best choices avail-

able for examining the performance of a T. tabaci-management pro-

gram that combines host plant resistance and judicious insecticide

use. We predicted fewer insecticide applications would be needed

following an action threshold-based program compared with the

standard, weekly insecticide application program, and that fewer

applications would be needed to protect ‘Advantage’ from T. tabaci

infestations and damage compared with the thrips-susceptible culti-

var ‘Santana’, which has blue-green, waxy characteristics.

Moreover, we predicted that marketable bulb yield would not be

compromised following the action threshold-based program com-

pared with the standard application program for either ‘Advantage’

or ‘Santana’.

Materials and Methods

Study Sites and Onion Cultivars
Field experiments were conducted in commercial onion fields on

muck soil near Elba, NY (USA) from 2012–2014. Onion seeds from

‘Advantage’ (Crookham Co., Caldwell, ID) and ‘Santana’ (Bejo

Seeds, Inc., Oceano, CA) were planted with a tractor-mounted vac-

uum seeder on 1 May 2012, 25 April 2013, and 28 April 2014. Both

cultivars are described as late-maturing, long-day, yellow onions;

‘Advantage’ and ‘Santana’ mature 130 d and 115 d after planting,

respectively. Onion plots had four rows, each 9.1 m long, and rows

were spaced apart by an average of 38 cm. Plots within and across

rows were separated from each other by 1.5 m and 0.8 m of bare

ground, respectively.

Sites were selected that did not have a history of Iris yellow spot

virus and the presence of iris yellow spot symptoms were low to ab-

sent during this study. Other plant pathogens and weeds at the study

sites were managed following the onion grower’s typical manage-

ment practices. The only other insect pest, Delia antiqua (Meigen),

was managed using a commercial seed treatment containing the in-

secticides spinosad and thiamethoxam (FarMore FI500; Syngenta,

Greensboro, NC); residual activity of this product does not extend

long enough to impact T. tabaci infestations. Seeds of each cultivar

received an identical seed treatment in each year of the study.

Insecticide Treatment Programs and

Experimental Design
Separate experiments were conducted for each onion cultivar be-

cause they differed in maturity and yield potential. Cultivars were

planted adjacent to each other in the same field in all three years.

For each cultivar, a standard program that involved weekly insecti-

cide applications was compared with one based on insecticide appli-

cations made following an action threshold. The standard program

was initiated for each cultivar when there was an average across all

plots of 0.1 to 0.5 larva per leaf. At this time, the average numbers

of leaves per ‘Advantage’ plant were 7, 4, and 9, in 2012, 2013, and

2014, respectively, while for ‘Santana’ average numbers were 8, 5,

and 10, in 2012, 2013, and 2014, respectively. The action threshold

program was initiated and then followed during the remainder of

the season when there was an average across all plots within a culti-

var of �1 larva per leaf.

Both insecticide programs included four products with different

modes of action and were used in the following sequence during the

growing season: 1) spirotetramat (Movento; Bayer CropScience,

Research Triangle Park, NC), 2) abamectin (Agri-Mek SC;

Syngenta, Greensboro, NC), 3) methomyl (Lannate LV; DuPont

Crop Protection, Wilmington, DE), and 4) spinetoram (Radiant SC;

Dow AgroSciences, Inc., Indianapolis, IN). The standard program

included two applications of each product one week apart. The ac-

tion threshold-based program followed the same guidelines, but if

the thrips infestation did not meet or exceed the action threshold

during that week, that product was not applied. Rates of spirotetra-

mat, abamectin, methomyl, and spinetoram used in this study were

0.09 kg (AI) ha�1, 0.02 kg (AI) ha�1, 1.0 kg (AI) ha�1, and 0.05 kg

(AI) ha�1, respectively. For each cultivar, the experimental design

included each insecticide treatment program plus an untreated con-

trol arranged in an RCBD replicated four times.

Application Technique
Insecticide applications were made using a CO2-pressurized back-

pack sprayer equipped with four, twin flat-fan nozzles (TJ-60

8003VS; TeeJet Technologies Harrisburg, PA) that provided uni-

form spray coverage of the four-row plot. The sprayer was cali-

brated to deliver between 318 to 337 liters ha�1 at 276 kPa over the

3-yr study. All insecticides were coapplied with a nonionic surfac-

tant (Induce; Helena Chemical Co., Collierville, TN) at 0.5% vol/

vol to improve efficacy of the insecticides (Nault et al. 2013).

Sampling Thrips and Damage
Thrips tabaci populations were monitored weekly from early colon-

ization in late June/ early July until onions matured in late August/

early September (¼6 to 9 sample dates). Total numbers of thrips lar-

vae were recorded visually from 15 randomly selected plants

sampled from the center two rows of each plot. Adults were not re-

corded because they move between plots; moreover, adults typically

comprise a much smaller proportion of the thrips population com-

pared with larvae (Hsu et al. 2010) and larvae typically damage

plants more than adults. To determine if the thrips population

reached the action threshold, the mean number of thrips larvae per

leaf was calculated by taking the mean number of thrips larvae per

plant from all plots in that treatment and then dividing by the aver-

age number of green leaves per plant, which was determined by ran-

domly sampling 20 plants within each respective cultivar. Thrips
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tabaci voucher specimens are located in the Department of

Entomology at the New York State Agricultural Experiment Station

in Geneva, NY.

Thrips damage was assessed visually using a 10-point rating scale

(Nault and Shelton 2010). A rating of 1¼no damage; 2¼1–10% of

the leaves were white as a consequence of thrips feeding damage;

3¼11–20% damage; 4¼21–35% damage; 5¼36–50% damage;

6¼51–65% damage; 7¼66–80% damage; 8¼81–90% damage;

9¼91–99% damage; and 10¼ complete damage (100% leaves

white). Thrips damage under 10% is typically considered commer-

cially acceptable. Visual ratings of thrips damage were made on 27

August 2013 and 3 September 2014. No damage ratings were made

in 2012.

Bulb Yield Assessment
Onion plants from the middle two rows in each plot were harvested

on 5, 11, and 18 September in 2012, 2013, and 2014, respectively.

Harvested plants were stored in a well-ventilated, screened building

to accelerate drying of onion leaves and their eventual separation

from bulbs. Bulbs were graded, counted, and weighed on 15

October, 9 October, and 25 September in 2012, 2013, and 2014, re-

spectively. Bulbs were graded into three size classes: jumbo (�7.6 cm

in diameter), standard (5.1–7.5 cm in diameter), or boiler (3.8–

5.0 cm in diameter). Marketable bulbs were categorized as the sum

of jumbo- and standard-sized bulbs. Because there were too few

jumbo-sized bulbs in this 3-yr study, no attempt was made to com-

pare bulb size classes among treatments.

Statistical Analyses
Cumulative numbers of T. tabaci larvae and thrips damage levels

late in the season were important criteria for evaluating the efficacy

of insecticide programs and the cultivar’s resistance to thrips. Mean

densities of T. tabaci larvae per leaf per sampling date were calcu-

lated by dividing the season total number of larvae per leaf by the

total number of sampling dates. Mean number of larvae per leaf per

sampling date was the response variable and was analyzed using re-

gression analysis (PROC MIXED, SAS Institute 2012), which con-

sidered year and insecticide program as main effects and fixed in the

model and replication as a random factor. Data were transformed

using a (log xþ1) function to stabilize variance before analysis.

Mean thrips damage ratings were analyzed using the same regres-

sion model and data also were transformed before analysis using a

square root (xþ0.001) function. Treatment means were compared

using Tukey’s Studentized Range [HSD] Test at P<0.05 (SAS

Institute 2012).

Marketable bulb weight and the percentage of marketable bulbs

were additional factors used to evaluate efficacy of the insecticide

programs and the cultivar’s resistance to thrips. Standardizing bulb

yield across plots was important because numbers of onion bulbs

differed among plots. This was achieved by calculating the mean

marketable weight per bulb (g/ bulb) by dividing total marketable

bulb weight per plot by the total number of marketable bulbs per

plot. The percentage of marketable bulbs per plot was calculated by

dividing the number of marketable bulbs by the total number of all

bulbs harvested per plot. Mean marketable weight per bulb and per-

centage marketable bulbs were response variables and analyzed

using the modeling approach described above. Means were com-

pared using LSMEANS at P<0.05 (SAS Institute 2012). No trans-

formations were required to stabilize variance in these bulb yield

data sets.

Results

Application Frequencies for Insecticide Programs
Thrips tabaci infestations exceeded economically damaging levels

each year. In 2012 and 2013, the period required to manage

T. tabaci in both cultivars spanned eight weeks, while this period

was reduced by two to three weeks in 2014 because the study site

was not colonized until later in July, presumably a consequence of a

cool spring (Table 1).

Advantage

The standard insecticide program was initiated on 2 July, 3 July,

and 29 July in 2012, 2013, and 2014, respectively. The action

threshold-based program was initiated about a week later on 10

July 2012 and 8 July 2013, but was the same time as the standard

program in 2014. The total number of applications in the action

threshold program was reduced by 50, 40, and 50% compared with

the standard program in 2012, 2013, and 2014, respectively (Table

1). In the action threshold program, there was a tendency to skip

one to two weeks of insecticide applications following applications

of spirotetramat (designated as letter “A” in Table 1).

Santana

The standard and action threshold-based insecticide programs in the

‘Santana’ trials were initiated simultaneously on 2 July, 3 July, and

29 July in 2012, 2013, and 2014, respectively. The total number of

applications in the action threshold program was reduced by 50, 13,

and 40% compared with the standard program in 2012, 2013, and

2014, respectively (Table 1). As observed in the action threshold

program in the ‘Advantage’ trials, there was a tendency to skip one

to two weeks of insecticide applications following applications of

spirotetramat (designated as letter “A” in Table 1).

Impact of Insecticide Programs on Season Mean Thrips

Densities and Thrips Damage
Thrips pressure tended to be higher in the thrips-susceptible

(‘Santana’) than in the thrips-resistant cultivar (‘Advantage’) early in

the season (mean number thrips per leaf [6 SE] ‘Santana’: 9.7 6 1.7,

3.9 6 1.4, and 3.3 6 0.5, in 2012, 2013, and 2014, respectively;

mean number thrips per leaf [6 SE] ‘Advantage’: 6.4 6 0.5,

3.1 6 1.0, and 2.4 6 0.2, in 2012, 2013, and 2014, respectively), but

the opposite or similar trend followed later in the season (mean

number thrips per leaf [6 SE] ‘Santana’: 2.8 6 0.6, 4.1 6 0.8, and

2.0 6 0.5, in 2012, 2013, and 2014, respectively; mean number

thrips per leaf [6 SE] ‘Advantage’: 6.8 6 0.4, 7.7 6 1.0, and

2.0 6 0.4, in 2012, 2013, and 2014, respectively). This may have

been attributed to the later maturity of ‘Advantage’ compared with

‘Santana’.

Advantage

Thrips tabaci population densities were affected by year, the insecti-

cide program, and an interaction between these two main effects

(Table 2). In all years, densities of thrips larvae in the untreated con-

trol were significantly greater than those in insecticide-treated plots

(Table 3). In 2012, thrips densities in the standard insecticide pro-

gram were significantly lower than in the action threshold program,

but densities were similar between the insecticide treatment pro-

grams in the other years (Table 3).

Thrips damage was affected by insecticide program, but not by

year or by an interaction between year and insecticide program

(Table 2). Thrips damage levels in untreated plots were relatively
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low (<17%), but were significantly greater than those in the insecti-

cide treatment programs; damage levels were similar between the in-

secticide programs in both years (estimates never exceeded 5%

damage; Table 3).

Santana

Thrips tabaci larval populations were also affected by year, insecti-

cide program, and an interaction between the two (Table 2).

Densities of larvae in the untreated control were significantly greater

than those in the insecticide treatment programs (Table 3). As in the

‘Advantage’ trials, thrips densities in the standard insecticide pro-

gram in 2012 were significantly lower than those in the action

threshold program, but densities were similar between the insecti-

cide treatment programs in the other years (Table 3).

Thrips damage also was affected by insecticide program, but not

by year or by an interaction between year and insecticide program

(Table 2). Thrips damage levels in the untreated control were mod-

erate to high (36–60%) and significantly greater than those in the in-

secticide treatment programs; damage levels were similar between

the insecticide programs in both years and never exceeded 10%,

which is the upper limit for being commercially acceptable

(Table 3).

Insecticide Program Impact on Marketable Bulb Yield
Advantage

Weight of marketable bulb yield and percentage of marketable bulb

yield differed significantly among years of the study (Table 2).

Marketable bulb weight and percentage of marketable bulbs in

Table 1. Insecticides and the dates they were applied to manage onion thrips, T. tabaci, following either a weekly spray schedule (industry

standard) or an action threshold-based program (one larva per leaf) on a thrips-resistant (‘Advantage’) and thrips-susceptible (‘Santana’)

onion cultivar near Elba, NY, from 2012–2014

Cultivar Insecticide

program

Insecticide applicationsa Total

sprays
Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8

2012 2 July 10 July 17 July 24 July 2 Aug. 8 Aug. 14 Aug. 20 Aug.

Advantage Untreated – – – – – – – – 0

Advantage Weekly A A B B C C D D 8

Advantage Threshold – A B – – C D – 4

Santana Untreated – – – – – – – – 0

Santana Weekly A A B B C C D D 8

Santana Threshold A – – B C C – – 4

2013 3 July 8 July 15 July 22 July 29 July 5 Aug. 13 Aug. 19 Aug.

Advantage Untreated – – – – – – – – 0

Advantage Weekly A A B B C C D D 8

Advantage Threshold – A – – C C D D 5

Santana Untreated – – – – – – – – 0

Santana Weekly A A B B C C D D 8

Santana Threshold A A – B C C D D 7

2014 29 July 5 Aug. 11 Aug. 18 Aug. 26 Aug. 3 Sept. N/A N/A

Advantage Untreated – – – – – – 0

Advantage Weekly A A B B D D 6

Advantage Threshold A A – B – – 3

Santana Untreated – – – – – N/A 0

Santana Weekly A A B B D N/A 5

Santana Threshold A A – B – N/A 3

a Letters A, B, C, and D refer to the following insecticides: spirotetramat (Movento), abamectin (Agri-Mek SC), methomyl (Lannate LV), and spinetoram

(Radiant SC), respectively.

Table 2. Summary statistics (Type 3 tests of fixed effects) for several response variables that were impacted by different insecticide treat-

ment programs used to manage T. tabaci infestations on the thrips-resistant onion cultivar, ‘Advantage’, and thrips-susceptible onion culti-

var, ‘Santana’, in Elba, NY, from 2012–2014

Cultivar Source Season mean number

of larvae per leafa

Visual estimate of

thrips damageb

Weight of marketable

yield (g/bulb)a

Percent marketable yielda

F P F P F P F P

Advantage Year 32.5 <0.0001 2.9 0.1120 29.0 <0.0001 8.1 0.0021

Program 202.4 <0.0001 25.2 <0.0001 0.7 0.5188 0.3 0.7802

Year� Program 16.4 <0.0001 0.9 0.4398 2.2 0.0984 1.2 0.3491

Santana Year 6.4 0.0061 1.9 0.1907 198.0 <0.0001 47.0 <0.0001

Program 48.2 <0.0001 32.3 <0.0001 7.6 0.0028 3.9 0.0355

Year� Program 4.0 0.0126 3.6 0.0514 1.3 0.3134 1.7 0.1891

a Numerator and denominator degrees-of-freedom for year and program were 2 and 24, respectively, whereas for the year� program interaction they were 4

and 24, respectively.
b Numerator and denominator degrees-of-freedom for year and program were 1 and 15, respectively, whereas for the year� program interaction they were 2

and 15, respectively.
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2014 were significantly greater than they were in 2012 and 2013

(Fig. 1A and C). Neither insecticide program nor an interaction be-

tween year and insecticide program impacted marketable bulb yield

or percentage of marketable bulbs (Table 2; Fig. 1B and D). These

results indicated that despite economically damaging densities of

T. tabaci larvae and thrips damage levels in the untreated control,

marketable yield was not reduced relative to bulb yield from onions

protected repeatedly with insecticides. Thus, ‘Advantage’ tolerated

low levels of feeding damage by T. tabaci.

Santana

Weight of marketable bulb yield and percentage of marketable bulb

yield differed significantly among years of the study and varied

among insecticide programs (Table 2). Results were similar to those

in the ‘Advantage’ trials, as marketable bulb weight and percentage

of marketable bulbs in 2014 were significantly greater than they

were in 2012 and 2013 (Fig. 1A and C). Marketable bulb weight

and percentage of marketable bulbs in the insecticide treatment pro-

grams were significantly greater than those in the untreated control,

indicating the importance of protecting a thrips-susceptible cultivar

like ‘Santana’ with insecticides to avoid bulb yield reductions. No

bulb yield differences existed between the standard and action

threshold-based insecticide programs (Fig. 1B and D).

Discussion

Thrips tabaci management in onion using action thresholds as

guidelines for making insecticide applications has been proposed as

an essential step to transition away from calendar-based spray pro-

grams (Nault and Shelton 2010). Our results supported the predic-

tion that fewer insecticide applications would be needed to

effectively manage T. tabaci infestations in onion following an ac-

tion threshold-based program compared with a standard, weekly in-

secticide application program. Across both cultivars, the average

number of applications in the action-threshold based program was

4.3, while the average number of sprays in the standard program

was 7.2 (a 40% reduction). These results are nearly identical to

those in a previous study in New York in which onion growers aver-

aged 7.6 insecticide applications per season following a weekly in-

secticide application program, but only 4.8 applications following

an action threshold-based program of 1.5 thrips per leaf (a 38% re-

duction; Hoffmann et al. 1995).

The combination of action thresholds and highly effective in-

secticides has had the greatest impact on reducing insecticide use for

T. tabaci management in onion (Nault and Shelton 2010). For ex-

ample, a single application of either formetanate hydrochloride

(Carzol SP; Gowan Co., Yuma, AZ) or spinetoram following an ac-

tion threshold of 1–3 larvae per leaf protected the onion crop for

14–28 d (Nault and Shelton 2010). In our study, a single application

of spirotetramat applied following an action threshold of 1 larva per

leaf most consistently protected the crop for 14–21 d. The excellent

performance of spirotetramat against early-season T. tabaci larval

populations is the reason onion growers in the Great Lakes region

have been advised to use it at the beginning of a season-long insecti-

cide program (Hoepting 2015, Werling and Szendrei 2015).

We predicted that fewer insecticide applications would be

needed to protect ‘Advantage’ from T. tabaci infestations and dam-

age compared with the thrips-susceptible, ‘Santana’, and this was

true in 2013 and 2014, but no differences existed in 2012. The

mean percent reduction in numbers of applications following the ac-

tion threshold treatment in ‘Advantage’ trials was 46.7% (range 40–

50%) compared with the standard program, whereas the percentage

reduction in applications in action threshold treatments in the

‘Santana’ trials was 34.3% (range 13–50%) compared with the

standard program, suggesting a benefit of the thrips-resistant culti-

var in some years.

Our results also showed that marketable bulb yield would not be

compromised following the action threshold-based program com-

pared with the standard application program for either ‘Advantage’

or ‘Santana’. Mean marketable bulb weights and percentages of

Table 3. Season mean larval densities of T. tabaci and the feeding damage they caused in onion plantings that received various insecticide

treatment programs in thrips-resistant (‘Advantage’) and thrips-susceptible (‘Santana’) cultivars near Elba, NY, from 2012–2014

Year Cultivar Insecticide program Season mean (6SE) number

of larvae per leafa

Mean (6SE) thrips

damage ratinga,b

2012 Advantage Untreated 6.6 6 0.3a N/A

Advantage Weekly 0.3 6 0.1c N/A

Advantage Threshold 1.2 6 0.1b N/A

Santana Untreated 6.6 6 1.1a N/A

Santana Weekly 0.6 6 0.1c N/A

Santana Threshold 2.4 6 0.3b N/A

2013 Advantage Untreated 5.1 6 0.9a 16.6 6 5.4a

Advantage Weekly 1.2 6 0.1b 3.8 6 0.8b

Advantage Threshold 1.8 6 0.2b 4.5 6 0.0b

Santana Untreated 4.0 6 1.0a 59.8 6 13.0a

Santana Weekly 1.3 6 0.5b 4.5 6 0.0b

Santana Threshold 1.4 6 0.5b 8.4 6 2.5b

2014 Advantage Untreated 2.2 6 0.3a 14.6 6 2.7a

Advantage Weekly 0.7 6 0.1b 1.4 6 0.8b

Advantage Threshold 0.7 6 0.1b 3.4 6 0.7b

Santana Untreated 2.6 6 0.2a 35.5 6 3.1a

Santana Weekly 0.8 6 0.1b 8.6 6 2.8b

Santana Threshold 0.9 6 0.1b 9.3 6 2.4b

a For each year and cultivar combination, means within a column followed by the same letter are not significantly different (P< 0.05; Tukey’s studentized range

[HSD] test; n¼ 4).
b Damage ratings (scale of 1¼ no damage to 10¼ 100% damaged) were taken on 27 August 2013 and 3 September 2014; no ratings were taken in 2012.
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marketable bulbs in plots treated following the action-threshold

based program were nearly identical to those in the standard pro-

gram. Thus, commercially acceptable bulb yields will be generated

with fewer insecticide sprays following an action threshold-based

program, saving money, time and benefiting the environment.

‘Advantage’ has been considered a promising thrips-resistant cul-

tivar (Diaz-Montano et al. 2010, 2012). In a previous study in New

York, ‘Advantage’ ranked among the best onion cultivars having the

fewest cumulative numbers of T. tabaci adults and larvae and the

least amount of thrips feeding damage among 49 cultivar entries

(Diaz-Montano et al. 2010). ‘Advantage’ had no visual signs of

thrips damage in three field studies over two years, whereas the

thrips-susceptible ‘Santana’ had �13–56% thrips damage (Diaz-

Montano et al. 2010). In our study, ‘Advantage’ had higher levels of

thrips damage (15–17%) than those reported by Diaz-Montano

et al. (2010), but thrips damage in ‘Santana’ was similar (36–60%).

In both years of our study, thrips damage in untreated ‘Advantage’

plots was significantly greater than thrips damage in insecticide-

treated plots, while this was the case in only one of two years in the

study by Diaz-Montano et al. (2010). In our study, bulb weights in

insecticide-treated ‘Advantage’ plots were similar to those in un-

treated plots (Fig. 1B and D), but bulb weights were 31% lower in

unprotected plots compared with those protected from thrips in the

Diaz-Montano et al. (2010) study. Unlike results reported by Diaz-

Montano et al. (2010), we found similar cumulative thrips larval

densities in untreated plots of ‘Advantage’ and ‘Santana’ (Table 3),

but thrips damage was much higher in ‘Santana’ than in

‘Advantage’. These results suggest that ‘Advantage’ is not highly

resistant against thrips larvae, but appears sufficient to prevent eco-

nomically damaging levels of feeding damage by adults and larvae.

Our results agree with Diaz-Montano et al.’s (2012) conclusion that

‘Advantage’ has moderate levels of antibiosis and antixenosis.

Long-term and sustainable management of T. tabaci in onion

should consider a combination of multiple tactics that minimize reli-

ance on insecticide use. Our results suggest that a combination of ac-

tion thresholds for timing insecticide sprays and an onion cultivar

that resists thrips damage is a step forward in this direction. More

research is needed to develop onion cultivars with high levels of re-

sistance to T. tabaci, especially those that mature �120 d after plant-

ing, which will fit best into the Great Lakes production region.

Cultural and biological control approaches that are practical, eco-

nomical, and compatible with judicious insecticide use and host

plant resistance also need further attention.
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