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Abstract

Onion thrips, Thrips tabaci Lindeman, colonization of onion fields may be

influenced by bordering crop and non-crop habitats. Identifying habitats

adjacent to onion fields associated with high T. tabaci infestations would

be valuable for improving scouting efforts and management decisions. A

3-year study examined adult T. tabaci colonization patterns within

onion fields early (June through early July) and late in the season

(August) in three muck regions in New York (USA). We hypothesized that

early-season adult densities would be greater in onion fields bordering

other crops (e.g. carrot, corn and potato) and non-crops (e.g. woods) than

those bordering other onion fields and that more adults would occur

along onion field edges than field centres. Results indicated similar adult

densities in onion fields regardless of bordering crop and non-crop

habitats in seven of nine muck region 9 year data sets; exceptions were

more adults in onion fields bordering potato (Elba region only) and corn

(Potter region only) than those bordering other onion fields. Adult densi-

ties decreased as distance into onion fields increased in only four of nine

muck region 9 year data sets; in these cases only 38% more adults were

found along field edges than field centres. Later in the season, we hypoth-

esized that adult densities would be greater in non-mature onion fields

bordering mature onion fields, and densities would be greater along field

edges than field centres. Results indicated that adult densities in non-

mature onion fields bordering mature onion fields were 54 times greater

than those bordering other non-mature onion fields, and four times more

adults occurred along field edges than field centres; adult densities were

similar along field edges and centres in non-mature onion fields bordering

other non-mature onion fields. Implications for T. tabaci management in

onion based on these colonization patterns are discussed.

Introduction

Onion thrips, Thrips tabaci Lindeman, is a cosmopoli-

tan yield-reducing agricultural pest, injuring plants

via feeding (Fournier et al. 1995; Shelton et al. 2008)

and facilitating the transmission and spread of plant

pathogens (McKenzie et al. 1993; Ullman et al. 2002;

Dutta et al. 2014). Onion, Allium cepa L., is the pre-

ferred host of T. tabaci (Doederlein and Sites 1993);

however, crops in the Amaryllidaceae, Brassicaceae

and Poaceae, and plants in at least 14 other families

are also hosts of this insect (Smith et al. 2011).

Onion crops are grown on highly fertile muck soils

in the Great Lakes region of North America. Muck

areas are located where lakes and swamps were

drained over 100 years ago and are scattered across

the landscape like islands, and vary in shape and size.

Other popular crops grown in these muck soils

include potato, carrot and corn. Fields may be sepa-

rated by hedgerows of willow, ditches, canals, roads
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or bare ground. Woods containing various deciduous

trees and bushes and uncultivated grassy areas sur-

round these muck areas. Because muck soils are pre-

mium land and onion is a high-value crop, growers

typically plant onions in the same fields for decades.

Consequently, T. tabaci populations may be higher in

these muck cropping systems compared with other

areas (Smith 2010).

Thrips tabaci infestations in onion are typically man-

aged using multiple applications of insecticides (Gill

et al. 2015), and the recent development of action

thresholds encourages fields to be sampled weekly to

determine control decisions (Nault and Shelton 2010;

Nault and Huseth 2016). Currently, a decision to con-

trol T. tabaci is based on sampling only a few onion

fields on the entire farm. Yet thrips densities typically

vary among onion fields and those selected for

sampling may not include those at greatest risk of

economically damaging thrips infestations.

Thrips tabaci adults overwinter in weeds, small grain

crops, alfalfa and in the soil of onion fields in New

York (USA) (North and Shelton 1986; Larentzaki

et al. 2007). Thrips tabaci adults emerge in April and

May and may produce at least one generation on

weeds (Smith et al. 2011). Onion crops are planted in

April and May, but are not colonized by T. tabaci until

June, when onion plants have at least three to four

leaves, which coincides with the decline of winter

annual and biennial weed hosts (Smith et al. 2011). A

high proportion of T. tabaci engage in short-distance

dispersal early in the season (Smith et al. 2015), sug-

gesting that early colonizers of onion may come from

hosts in habitats adjacent to onion fields. Identifying

habitats that may be associated with high numbers of

T. tabaci adults that colonize onion fields early in the

season would be valuable for prioritizing which fields

to scout first.

Onion plants naturally mature and lodge from mid-

July through late August, depending upon cultivar.

Most growers discontinue applying insecticides to

reduce T. tabaci infestations when the crop is mature

because feeding does not cause economic loss. Conse-

quently, T. tabaci larvae and pupae remaining in these

mature fields are able to complete development to

adulthood. Anecdotal observations suggest that these

adults emigrate from mature onion fields into adja-

cent non-mature fields and that these thrips are the

main contributor of late-season infestations; however,

this phenomenon has not been documented.

Mo et al. (2009) developed a temperature-driven

process model for predicting T. tabaci population

growth in onion fields, and results showed that the

greatest reduction in population size occurred when

management tactics were initiated early in the colo-

nization period. Shelton et al. (1987) suggested that

high T. tabaci densities near onion field margins may

occur occasionally and this might reflect earlier pat-

terns of initial field colonization. Currently, it is not

known whether T. tabaci adults colonize onion fields

along field edges.

The objectives of this study were to (i) identify

onion fields with particular bordering habitats that

have greater early-season densities of T. tabaci adults,

(ii) determine whether T. tabaci adult colonization of

non-mature onion fields is influenced by bordering

onion field maturity and (iii) determine whether

T. tabaci adult densities are likely to be greatest along

onion field edges. We hypothesized that (i) T. tabaci

adults would be more numerous in onion fields bor-

dered by non-onion crop habitats, (ii) T. tabaci adults

would be found in greater numbers in non-mature

onion fields that bordered mature onion fields, and

(iii) greater numbers of T. tabaci adults would be

found on onion plants along field edges than on onion

plants within field centres during colonization events.

Information generated from this study will be used to

improve existing scouting and management

approaches.

Materials and Methods

Description of study locations

Thrips tabaci adults were sampled on onion plants in

commercial onion fields in New York (USA) in 2011,

2012 and 2013. Thrips tabaci is the dominant thrips

species encountered infesting onion plants in New

York (B. A. Nault, unpublished data). The first study

compared early-season densities of T. tabaci adults in

direct-seeded onion fields that were bordered by dif-

ferent crop and non-crop habitats in muck cropping

systems near Elba, Potter and Sodus, NY. The second

study examined whether T. tabaci adults were likely

to colonize non-mature onion fields located adjacent

to mature onion fields in the muck system near Elba,

NY. Thrips tabaci adult colonization patterns were

described in both studies.

Thrips sampling approach

In both studies, T. tabaci adults were visually recorded

on onion plants each week along a 27.4-m transect

perpendicular to the onion field edge and extending

towards the centre of the field. Within each transect,

45 plants were randomly sampled at each of five dis-

tances from the onion field edge: 3.0, 9.1, 15.2, 21.3
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and 27.4 m (total of 225 plants sampled per field per

sampling date; none were sampled along the actual

field edge at 0 m). For the second study, sampling dis-

tances were identical to the first study, except the

27.4 m sampling distance was omitted (total of 180

plants sampled per field). During each survey, the 45

plants sampled at each transect distance were ran-

domly chosen within a 15-m swath that paralleled the

field edge. For both studies, fields and transects

remained the same each week within each year, but

were not necessarily the same each year.

Study 1: Adult colonization patterns in onion fields

bordered by crop and non-crop habitats

Thrips tabaci adults were sampled beginning when

they were first identified in onion fields until larvae

were first identified. This approach ensured that adult

densities reflected colonizing T. tabaci adults, rather

than first-generation adults that developed within the

onion field as larvae. Consequently, T. tabaci adult

densities were recorded over 3 weeks from late June

through early July 2011, for 4 weeks in June 2012,

and for 4 weeks from mid-June through early July

2013.

A total of 134 onion fields were sampled during this

3-year experiment (Table S1). Most onion fields in

New York are direct-seeded with an insecticide seed

treatment package plus an insecticide drench at plant-

ing to manage seedcorn maggot and onion maggot,

Delia platura Meigen and D. antiqua Meigen, respec-

tively. The most commonly used onion seed treat-

ment package is FarMore� FI500, which includes

thiamethoxam, spinosad and several fungicides, while

the most commonly used insecticide drench treat-

ment is Lorsban� Advanced or similar formulation,

which contains chlorpyrifos. None of these insecti-

cides impact early-season thrips populations because

they either lack activity against T. tabaci (e.g. chlor-

pyrifos), or the residual activity disappears between

the time of planting and the time T. tabaci colonizes

the crop in June (B. A. Nault, unpublished data). No

foliar insecticide applications were made in onion

fields during early-season sampling.

Onion fields sampled for thrips were chosen that

had onion fields on three sides with only one non-

onion neighbouring habitat. Transects were located

along field edges directly adjacent to these non-onion

habitats. Onion fields ranged in size from approxi-

mately 1.5 to 9 ha. Fields with this configuration were

chosen to minimize potential confounding of thrips

colonizing the field from another adjacent habitat.

Onion fields completely surrounded by other onion

fields were sampled in all three muck regions each

year as a ‘control’ for the study. Onion fields adjacent

to wooded habitats were sampled in all three muck

regions each year, and onion fields adjacent to grass-

land habitats were sampled in the muck region near

Sodus each year. Onion fields adjacent to other crop

habitats (i.e. carrot, corn and potato) were sampled as

often as possible; however, their availability and loca-

tion varied by year and by region due to crop rotations

(Table S1).

Study 2: Adult colonization patterns in onion fields

bordered by mature onion fields

Adult T. tabaci densities in onion fields were recorded

for two consecutive weeks in mid- to late August dur-

ing the period many onion fields were mature and

near harvest in the Elba muck region. All sampled

fields were non-mature (no plants lodging due to

maturity) and were either adjacent to other non-

mature or mature onion fields (>50% of onion plants

in the field classified as lodged, but none were har-

vested). A total of 30 non-mature onion fields were

sampled; the number of non-mature onion fields sam-

pled adjacent to mature and non-mature onion fields

was 7 and 3, respectively in 2011, 6 and 5, respec-

tively, in 2012, and 5 and 4, respectively, in 2013.

These fields may have been seeded or transplanted

during April and May and planting dates may or may

not have been the same for each pair of fields. Unlike

Study 1, all onion fields in this experiment were trea-

ted with multiple foliar applications of insecticides to

manage T. tabaci. Despite these sprays, T. tabaci adults

were commonly found and abundant.

Statistical analyses

The response variable for all analyses was mean cumu-

lative number of T. tabaci adults per onion plant. We

were not interested in evaluating temporal changes in

thrips densities among sampling dates. Therefore, for

both studies, total T. tabaci were pooled across weeks.

Totals were calculated for each transect distance, then

divided by 45, which was the total number of plants

sampled within each transect distance each week. For

example, all adult T. tabaci observed on 45 plants at

the 3 m distance during the first, second and third

weekly samplings in Field A in the Elba muck in 2011

were added together and then divided by 45. This pro-

cedure was repeated for the remaining transect dis-

tances in Field A in the Elba muck in 2011, and so on

for all transects and fields in each region, each year.

Means were generated by averaging the cumulative
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number of thrips adults per plant in each onion field

that had similar adjacent habitat types. For example,

the mean cumulative number of thrips per plant

sampled in onion fields that were adjacent to woods

in Elba in 2011 had an n = 5 (see Table S1). In all

cases, data were transformed using the log(x + 1)

function to stabilize variance. Data from both

studies were analysed using the same mixed model:

mean cumulative number of thrips per plant ~ Habi-

tat + Distance + Habitat 9 Distance, where Habitat was

the habitat adjacent to the sampled onion field and Dis-

tance was distance from the field edge towards the field

centre (3.0, 9.1, 15.2, 21.3 and 27.4 m in the first

study, and 3.0, 9.1, 15.2 and 21.3 m in the second

study) (SAS Institute 2013). Habitat and Distance were

considered fixed variables, whereas field was a random

variable in the model. Because the number of weeks in

which thrips were sampled was not held constant each

year, each muck region and year combination was

analysed separately.

Results

Study 1: Adult colonization of onion fields bordering

crop and non-crop habitats

Across all onion fields, the highest mean cumulative

adult T. tabaci densities per plant were observed in

2012 (1.3 adults/plant), while lower densities were

observed in 2011 (0.3 adult/plant) and 2013 (0.5

adult/plant).

Overall densities of T. tabaci adults on onion plants

were affected by Habitat in only two of nine muck sys-

tem 9 year combinations (Table 1). Thrips tabaci den-

sities were not affected by Habitat in 2011 and 2012,

but were impacted by Habitat in the Elba and Potter

muck regions in 2013 (Table 1). In both Elba and Pot-

ter in 2013, onion fields bordering other onion fields

generally had the same or fewer T. tabaci adults than

onion fields bordering non-onion habitats (fig. 1a,b).

In Elba in 2013, T. tabaci densities in onion fields adja-

cent to potato fields were significantly higher than

densities in fields adjacent to other onion fields,

woods and corn fields (fig. 1a). Densities of adults in

onion fields adjacent to woods were significantly

higher than those adjacent to corn fields, while those

adjacent to other onion fields were intermediate

between the two (fig. 1a). In Potter in 2013, T. tabaci

densities in onion fields adjacent to corn fields were

significantly higher than those adjacent to other

onion fields, but did not differ from densities in fields

adjacent to woods or carrots (fig. 1b). These results

indicate that early-season onion thrips infestations in

onion fields are not likely to be consistently predicted

based on bordering habitat. However, onion fields

surrounded by other onion fields will not likely

experience an early, high T. tabaci infestation.

Thrips tabaci adult densities on onion plants were

affected by Distance in only four of nine muck sys-

tem 9 year combinations (Table 1). Thrips tabaci

adults were significantly impacted by Distance in Potter

in 2011, Sodus in 2012 and Elba in 2012 and 2013

(Table 1). In all cases, adult T. tabaci densities

decreased significantly as distance into the field

increased (fig. 2a–d). This ‘edge effect’ was gradual in

all cases, but significant differences in adult densities

were observed between 3 and 27.4 m from the field

edge in all four fields (fig. 2a–d) and between 3 and

≥21.3 m from the field edge in Elba in 2012 and 2013

(fig. 2b,d, respectively). These results indicated that

T. tabaci adults will occasionally occur in greater

densities along onion field edges early in the season

(June and early July). There was no effect of a Habi-

tat 9 Distance interaction on infestation patterns of

T. tabaci adults in onion fields (P > 0.05; Table 1).

Study 2: Adult colonization patterns in onion fields

bordering mature onion fields

Adult densities across all sampled onion fields were

highest in 2012 (77.1 adults/plant), while densities in

2011 (16.6 adults/plant) and 2013 (6.3 adults/plant)

were much lower.

Thrips tabaci adult densities in non-mature onion

fields were significantly affected by Habitat in 2011

and 2013 and approached significance in 2012

(Table 2). In all 3 years, mean cumulative T. tabaci

adult densities per plant in non-mature onion

fields adjacent to mature onion fields were greater

than those adjacent to other non-mature onions

(fig. 3a–c). These results indicated that T. tabaci adults

emigrated from mature onion fields into nearby

non-mature ones later in the season (August).

Thrips tabaci adult densities in onion fields were sig-

nificantly impacted by Distance in 2012 (Table 2); total

thrips adult densities declined with increasing dis-

tance into the onion field. Thrips tabaci adult densities

in onion fields also were significantly affected by the

interaction between Habitat and Distance in 2011 and

2012, but not in 2013 (Table 2). In both 2011 and

2012, mean cumulative adult T. tabaci densities per

plant in non-mature onion fields adjacent to mature

onion crops decreased as distance into the onion field

increased towards the centre, while no pattern was

observed in onion fields adjacent to similar, non-

mature onion crops (fig. 4a,b). This pattern of
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colonization provides additional support that T. tabaci

adults are emigrating from mature onion fields into

nearby non-mature ones later in the growing season,

presumably due to changes in host quality.

Discussion

During early-season colonization of onion fields, high

T. tabaci adult densities could not be predicted based

on the habitat bordering the onion field. This trend

was relatively consistent across all muck regions and

years, with the exception of greater T. tabaci densities

in onion fields bordered by potato (Elba) and corn

(Potter) than those next to other onion fields in 2013.

Thus, our results indicated that under most circum-

stances, onion fields were not likely to be at greater

risk of high T. tabaci infestations when bordered by a

particular habitat. On the other hand, we discovered

that onion fields surrounded by other onion fields

(‘control’) were not likely to be at great risk of high

T. tabaci infestations.

A possible explanation for why bordering habitat

rarely impacted early-season T. tabaci adult densities

in onion fields is a ubiquitous abundance of suitable

reproductive hosts in the local landscape (Smith et al.

2012). Habitats bordering onion fields may have had

certain weed species, volunteer onions and cover

crops (e.g. rye) prior to cultivation and planting, and

these hosts could have been sources for adults that

immigrated into onion fields. A small proportion of

Thrips tabaci also engage in long-distance dispersal

(Smith et al. 2015); thus, colonizing individuals may

have flown a great distance before arriving in onion

fields. If this was the case, habitats bordering onion

fields would not have influenced which onion field

adult T. tabaci colonized. Other thysanopteran species

have been observed colonizing crops from sources

hundreds of km away (Felland et al. 1994; McLaren

et al. 2010), and T. tabaci may disperse similar dis-

tances. Alfalfa, Medicago sativa L., and winter grains

such as rye, Secale cereal L., wheat, Triticum aestivum L.,

Table 1 Summary results of a mixed model analysis for early-season densities of Thrips tabaci adults (log (x + 1)-transformed) on onion plants in

onion fields bordering various habitats (Habitat) as well as various distances into the onion field (Distance). Thrips were sampled in three muck

cropping regions near Elba, Potter and Sodus, New York (USA), from 2011 to 2013

Region Source

2011 2012 2013

F d.f. P F d.f. P F d.f. P

Elba Habitat 0.03 1, 14 0.8615 3.68 1, 25 0.0665 22.21 3, 10 <0.0001

Distance 0.18 4, 56 0.9459 6.07 4, 100 0.0002 13.19 4, 40 <0.0001

Habitat 9 Distance 0.41 4, 56 0.8042 2.30 4, 100 0.0640 1.82 12, 40 0.0785

Potter Habitat 0.05 2, 9 0.9508 1.37 2, 8 0.3082 7.90 3, 8 0.0089

Distance 2.64 4, 36 0.0494 1.71 4, 32 0.1729 1.79 4, 32 0.1546

Habitat 9 Distance 0.78 8, 36 0.6193 0.72 8, 32 0.6734 0.55 12, 32 0.8670

Sodus Habitat 0.33 2, 11 0.7285 1.00 2, 11 0.3976 1.32 3, 10 0.3214

Distance 0.57 4, 44 0.6855 2.74 4, 44 0.0405 4.14 4, 40 0.2695

Habitat 9 Distance 1.34 8, 44 0.2481 0.75 8, 44 0.6503 1.33 12, 40 0.3998
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Fig. 1 Mean (�SE) cumulative number of adult Thrips tabaci per onion

plant (log-transformed x + 1) in portions of onion fields bordering vari-

ous habitats early in the growing season (June) in the Elba muck (a) and

Potter muck (b) in New York in 2013. Means labelled with different let-

ters are significantly different (P < 0.05; Tukey’s test). Number of onion

fields sampled adjacent to the following habitats in the Elba and Potter

mucks: onion (n = 6 and 4, respectively), woods (n = 4 and 3, respec-

tively, corn (n = 2 and 2, respectively), potato (n = 2 and not sampled,

respectively) and carrot (n = not sampled and 3, respectively).
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and oat, Avena sativa L., are also hosts of T. tabaci

(North and Shelton 1986) and are grown outside of

muck cropping systems near Elba, Potter and Sodus,

NY. Thus, it is possible that T. tabaci disperses longer

distances from these other hosts into onion fields.

However, identifying the composition of alternative

hosts outside of these muck cropping systems would

not be useful for predicting onion fields that may be

at greater risk of T. tabaci infestations because all

onion fields within a contiguous muck area share a

similar landscape at that spatial scale.

Unlike 2011 and 2012, the effect of bordering habitat

on T. tabaci adult densities in onion fields was signifi-

cant in two of three regions in 2013 (Elba and Potter),

and densities of T. tabaci in onion fields adjacent to

non-onion habitats were higher than in onion fields

adjacent to other onion fields (fig. 1). Thrips tabaci den-

sities were highest in onion fields adjacent to potato in

the Elba muck, and adjacent to corn in the Potter

muck. Thrips tabaci is known to infest potato (Dykstra

and Reid 1956) and thrips originating from local and/

or distant sources may exploit potato crops, especially

if nearby onion fields had plants that were too small

and not attractive to colonizing adults. In such a situa-

tion, it is possible that onion fields adjacent to these

potato fields were colonized as soon as onion plants

reached a size that was attractive to adult T. tabaci.

Thrips tabaci adult densities in onion fields that bor-

dered corn were inconsistent in 2013. In the Elba

muck, T. tabaci densities in onion fields adjacent to

corn fields were significantly lower than in fields adja-

cent to all other habitats, while the opposite was true

in Potter. Thrips tabaci is not known to infest corn, and

it is likely that T. tabaci densities in onion fields adja-

cent to corn fields are affected by conditions unrelated

to the corn crop itself. Corn fields in the Potter muck

may have harboured more volunteer onions, weeds

or cover crops prior to corn planting that served as a

source for T. tabaci prior to the subsequent generation

of adults that colonized onion fields.

The relatively high T. tabaci population in onion

crops during the 2012 growing season could have

influenced the role that bordering habitats had on

T. tabaci populations in 2013. Thrips tabaci may over-

winter in soil in onion fields (Larentzaki et al. 2007),

and it is possible that the 2013 season began with

Distance into onion field from margin (m)

M
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n 
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m
ul

at
iv

e 
nu

m
br

ad
ul

ts
/p

la
nt

2012 Elba

3 9.1 15.2 21.3 27.4

2013 Elba

a
ab ab ab b

0
0.2
0.4
0.6
0.8

1
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a a ab b b

a ab a bc c

0
0.2
0.4
0.6
0.8

1

3 9.1 15.2 21.3 27.4

2012 Sodus

a ab ab ab b

(a) (b)

(c) (d)

Fig. 2 Mean (�SE) cumulative number of adult Thrips tabaci per onion plant (log-transformed x + 1) in transects located at varying distances in the

field from the field edge early in the growing season (June) in the Potter muck in 2011 (a), Elba muck in 2012 (b), Sodus muck in 2012 (c) and Elba muck

in 2013 (d) in New York. Means labelled with different letters are significantly different (P < 0.05; Tukey’s test). Number of onion fields sampled was

12, 26, 14 and 14 in a, b, c and d, respectively.

Table 2 Summary results of a mixed model analysis for late-season densities of Thrips tabaci adults (log (x + 1)-transformed) on onion plants in non-

mature onion fields that bordered either mature onion fields or other non-mature onion fields (Habitat) as well as various distances into the non-

mature onion field (Distance). Thrips were sampled in a muck cropping region near Elba, New York (USA), from 2011 to 2013

Source

2011 2012 2013

F d.f. P F d.f. P F d.f. P

Habitat 7.68 1, 8 0.0243 4.88 1, 9 0.0546 5.69 1, 7 0.0485

Distance 1.64 3, 24 0.2055 5.75 3, 27 0.0035 0.56 3, 21 0.5306

Habitat 9 Distance 3.63 3, 24 0.0272 5.80 3, 27 0.0034 1.39 3, 21 0.2726
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relatively high numbers of T. tabaci in suitable over-

wintering habitats. Perhaps, high numbers of over-

wintering T. tabaci survived in or near the fields that

were eventually planted with potato in the Elba muck

and corn in the Potter muck. Thrips populations may

have increased on weed or cover crop hosts in those

habitats in early spring before the next generation of

adults colonized adjacent onion fields.

Thrips tabaci adults appeared to randomly colonize

onion fields in five of nine muck area by year combi-

nations. The lack of a consistent edge effect suggests

that the early-colonizing T. tabaci adults may originate

from distant sources, rather than adjacent habitats.

These results also support the absence of a particular

bordering habitat that might be associated with high

T. tabaci infestations in onion fields. Thrips tabaci

adults preferentially colonized onion field edges in

four of nine muck area by year combinations (Potter

in 2011, Sodus in 2012, and Elba in 2012 and 2013),

with an average of 38% (range = 25%–44%) more

T. tabaci adults along field edges (3 m) compared with

field centres (27.4 m). In these cases, the bordering

habitat could have been a source for T. tabaci popula-

tions that eventually colonized the onion field.

Another possible explanation may be a deposition

effect (Johnson 1969); T. tabaci dispersing aloft may

be deposited in high densities on the leeward side of a

barrier, such as a Salix sp. windbreak or woods (both

occur commonly in the Elba muck).

Later in the onion growing season, T. tabaci adult

densities in non-mature onion fields adjacent to
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Fig. 3 Mean (�SE) cumulative number of adult Thrips tabaci per

onion plant (log-transformed x + 1) in phenologically non-mature

onion fields bordering either mature onion fields or those that also

were non-mature late in the growing season (August) in the Elba

muck in New York from 2011 to 2013 (a–c). Means labelled with

an asterisk (*) are significantly different (P < 0.05; Tukey’s test).
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mature onion fields were significantly higher than

those adjacent to other non-mature onions in all

3 years (an average of 54 times higher per year). In 2

of 3 years, densities of T. tabaci adults in onion fields

bordering mature onions were highest along the near-

est edge and decreased as distance into the field

increased; T. tabaci adult densities at 3 m were an

average of four times higher than densities at 21.3 m

in both 2011 and 2012. These patterns indicated that

T. tabaci adults dispersed from mature onion fields

into adjacent non-mature onion fields.

Our results have implications for improving scout-

ing and management approaches for T. tabaci in onion

crops. Although we did not discover particular border-

ing habitats associated with high early-season densi-

ties of T. tabaci adults in onion fields, we

demonstrated that onion fields surrounded by other

onion fields were most likely to have the lowest den-

sities. Thus, onion fields surrounded by other onion

fields should be a lower priority for sampling T. tabaci

early in the season compared with fields with non-

onion bordering habitats. Onion fields bordering ear-

lier-maturing onion fields are at risk of potentially

high numbers of colonizing T. tabaci adults later in the

season because earlier-maturing cultivars ultimately

become a source for T. tabaci adults that disperse to

adjacent, later-maturing onion fields. These later-

maturing fields also may be at greater risk of infection

by Iris yellow spot virus (Hsu et al. 2010), which is

transmitted by T. tabaci. Later in the season, growers

might consider a greater investment in protecting

these later-maturing onion crops adjacent to mature

onion crops, and/or more vigilantly managing thrips

populations on onions nearing maturity to prevent

high populations of T. tabaci adults from dispersing to

non-mature onion fields nearby. Additionally, grow-

ers should consider planting groups of early-maturing

onion fields together and as far away as possible from

later-maturing onion fields to minimize the high emi-

gration of adults from early-maturing fields into the

late maturing ones.
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