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Abstract Onion thrips, Thrips tabaci Lindeman, is

the primary pest of onion, which is grown in either

large-scale, monoculture systems surrounded by other

onion fields, or in small-scale systems surrounded by

multiple vegetable crops. In 2011 and 2012, popula-

tions of insect predators and their prey, T. tabaci, were

assessed weekly in onion fields in both cropping

systems. Insect predator taxa (eight species represent-

ing five families) were similar in onions grown in both

systems and the most commonly occurring predators

were from the family Aeolothripidae. Seasonal pop-

ulation dynamics of predators and T. tabaci followed

similar trends within both cropping systems and

tended to peak in late July and early August. Predator

abundance was low in both systems, but predator

abundance was nearly 2.5 to 13 times greater in onion

fields in the small-scale system. T. tabaci abundance

often positively predicted predator abundance in both

cropping systems.

Keywords Predators � Onion thrips � Biological

control � Thysanoptera � Thripidae � Allium cepa L.

Introduction

Approaches selected to manage insect pests in agri-

cultural crops are often associated with the scale of the

farming operation. Crops grown on small, diversified

farms rely more on cultural and naturally occurring

biological control compared with crops grown in

large-scale, monoculture cropping systems that rely

more on chemical control (Altieri and Nicholls 2001;

Tscharntke et al. 2012). Moreover, pest management

choices in these two types of cropping systems may

have variable indirect effects on natural enemies

(Landis et al. 2000).

Onions are grown in both large-scale and small-

scale cropping systems. In New York State (USA),

onions grown in large-scale systems are often parti-

tioned in 2–4 ha fields, but these fields may be

contiguous and span hundreds of hectares. In contrast,

onions grown in small-scale systems are planted in

fields ranging from \0.04 to 0.8 ha on diversified

vegetable farms with multiple crops growing in

adjacent fields. Small-scale systems are characterized

by diversification strategies that alter the structural

diversity of the crop, grow multiple varieties of one

crop, allow weedy vegetation to persist, grow multiple

crops within a field, leave fields fallow adjacent to

crop fields, integrate agroforestry or livestock, and

conserve woodlands or natural habitats surrounding

the farm (Gurr et al. 2003). Another difference

between the two systems is that insecticides are

typically applied more frequently in large-scale
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systems than those used in small-scale systems

(personal observation).

Onion thrips (Thrips tabaci Lindeman) is the most

economically important insect pest of onions (Allium

cepa L.) worldwide (Diaz-Montano et al. 2011) and the

most damaging pest of onion in New York (Hoffmann

et al. 1996). T. tabaci indirectly damages the crop by

feeding and reproducing on onion leaves, with three to

five overlapping generations every season (Hoffmann

et al. 1996). Adults and larvae hide in leaf folds and

between touching leaves, preferring to feed on the

youngest leaves with their piercing-sucking mouth-

parts (Kirk 1997a; Mound 2005). T. tabaci feeding

causes leaf necrosis, which reduces photosynthetic

ability and consequently bulb size and weight, reduc-

ing bulb yield by up to 40 % (Fournier et al. 1995).

Conventional control of T. tabaci has relied on

multiple applications of insecticides (Shelton et al.

2006; Nault and Shelton 2010). Recently, novel

selective insecticides co-applied with penetrating

surfactants have been shown to improve T. tabaci

control (Nault et al. 2013) and reduce the number of

applications needed to protect the crop during the

season (Nault and Shelton 2010). Anecdotally, there

have been reports of more predatory insects observed

in onion fields since these management changes have

been adopted (personal observation). However, the

species identity and abundance of predators in onion

cropping systems in New York are not known.

The objectives of this research were to (1) identify

insect predators of T. tabaci and their abundance in the

two types of onion production systems in New York,

(2) describe the temporal patterns of the predator and

T. tabaci populations in these onion fields, and (3)

explore to what extent predator abundance can be

predicted by T. tabaci abundance within the two onion

production systems. Information generated from this

research will provide insight into the abundance of T.

tabaci and their predators in these two types of onion

production systems.

Materials and methods

Site description and experimental design

Research was conducted in major onion-producing

regions in central and western New York in 2011 and

2012. Onion production systems were classified as

either a large-scale or small-scale cropping system.

Large-scale systems included onion fields that were

part of a contiguous series of onion fields ranging from

40 to over 1,000 ha and surrounded by woods,

whereas small-scale systems included a single onion

field\2 ha surrounded by other vegetable crops such

as cabbage, lettuce, potato, squash and sweet corn.

Barley (Hordeum vulgare L.) was co-planted along-

side onion in large-scale cropping systems because

barley germinates more quickly than onion and

protects onion seedlings by serving as a mini wind-

break. Following onion establishment in mid to late

May, barley is killed immediately using selective

herbicides. Weeds were uncommon within onion

fields in large-scale cropping systems and more

common in fields in small-scale systems. Small-scale

systems met one or more diversification strategies

designed to enhance biological control and benefit pest

management (Gurr et al. 2003).

Insecticides used in large-scale cropping systems

were applied more frequently than those used in

small-scale systems. Abamectin, methomyl, spiro-

tetramat and spinetoram were used in large-scale

onion fields, while spinosad and various organic oils

were used in small-scale fields. All onion fields in

this study were grown according to commercial

onion production guidelines for New York (Reiners

and Petzoldt 2014).

Large-scale and small-scale systems were sepa-

rated by a minimum of 6 km and onion fields sampled

within a system were separated from each other by at

least 0.1 km. In 2011, four large-scale and four small-

scale fields were sampled for a total of eight fields. In

2012, six large-scale and six small-scale fields were

sampled for a total of 12 fields. Insecticide-free plots

were also established along one edge of each onion

field.

Grower-managed onion fields

Dry bulb onion fields were transplanted from April

through May each year. The size of onion fields in

large-scale systems were 2–4 ha and those in small-

scale fields were \0.04 to 0.8 ha. No modifications

were made to planting, management, or harvest

practices in these onion fields, thus, we considered

these to be ‘‘grower-managed’’.
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Insecticide-free onion plots

Onions, var. ‘Red Bull’, were transplanted within each

grower-managed field along or near the edge of the

field. The area of each plot was approximately 9.3 m2,

usually consisting of four rows, with a total of 400

plants. In 2011, onions were transplanted from 30

April through 6 June at all sites. In 2012, onions were

transplanted between 9 May and 30 May at all sites.

Transplanted onions in these insecticide-free plots

were protected from onion maggot (Delia antiqua

[Meigen]) by dipping the lower half of each plant in a

solution of spinetoram (Radiant SC, Dow AgroScienc-

es, Indianapolis, IN) and water at a rate of 60 ml of

product per 3.8 l of water. This practice only protects

the onion crop from maggots early in the season and

does not impact the timing of T. tabaci colonization

(unpublished results), which does not begin until June

(Smith et al. 2011). No foliar insecticides were applied

to these plots throughout the season, thus plots were

considered ‘‘insecticide-free’’. Insecticide drift during

treatment of the commercial field was avoided by

maintaining a 2 m buffer around the insecticide-free

plot.

Sampling

To assess predator abundance (larvae or nymphs and

adults) and T. tabaci abundance (larvae only), grower-

managed fields and insecticide-free plots were sam-

pled before T. tabaci colonization of onion fields

(Smith et al. 2011) until harvest. Sampling in 2011

began on 31 May and continued weekly until 1

September. In 2012, sampling occurred weekly from

30 May to 20 August. Insects were sampled using both

visual counts on plants and yellow sticky cards.

In grower-managed fields, 90 and 30 onion plants

were randomly selected in 2011 and in 2012, respec-

tively, and predators and T. tabaci were visually

identified in the field, counted and recorded. Repre-

sentatives of each taxon were collected and identified

in the laboratory. The reduction in plants sampled per

field in 2012 was determined based on 2011 results

that showed no difference in mean numbers of insects

per plant using either a 90- or 30-plant sample. Plants

sampled in grower-managed fields were between 2 and

20 m from insecticide-free plots. In insecticide-free

plots, 30 onion plants were randomly selected

throughout the entire plot and numbers of T. tabaci

and predators were visually counted and recorded.

Visually sampling predators occurred during a

brief period each week, i.e. an hour each week. Thus,

to increase the likelihood of a more accurate census

of the mobile predators in the system each week,

yellow sticky cards were also used to monitor

predator populations (7 9 12 cm) (Olson Products,

Medina, OH, USA) (Schmidt et al. 2008). In 2011

and 2012, four cards and one card, respectively, were

placed in the middle of each insecticide-free plot.

Sticky cards were fastened to 91 cm tall wooden

stakes using plastic, spring-loaded clamps (Wood-

worker’s Supply, Casper, WY, USA). Cards were

positioned 10–30 cm above the ground within the

onion plant canopy and replaced weekly. T. tabaci

captured on yellow sticky cards were not recorded

because on-plant count data were likely a more

accurate measure of estimating their abundance.

Yellow sticky cards were only placed in insecti-

cide-free plots because it was assumed that the

mobile predators would be similar across both types

of management plots within a field site.

Statistical analyses

Climate differed substantially in 2011 and 2012, so

data were analyzed separately by year. In 2011, the

spring was cool and wet, which delayed planting in all

onion growing regions in New York. In contrast,

spring in 2012 was mild, which allowed for earlier

than normal planting. Additionally, the 2012 growing

season was attenuated by drought and the onion crop

matured earlier than usual.

Average T. tabaci abundances in large-scale and

small-scale systems were analyzed using a t test at

P \ 0.05 in JMP Pro 10 (SAS Institute Inc., 2012).

Means for grower-managed fields and insecticide-free

plots were calculated by averaging T. tabaci per plant

within each week and site, then averaging across

weeks.

To illustrate relative population patterns through

time in each cropping system, mean predators per

plant and mean T. tabaci per plant were illustrated

(± SE) on a weekly basis for the entire season. Sample

sizes were not large enough to conduct time-series

regression to analytically examine time lags or

synchrony.
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A generalized linear model was used to estimate the

effects of two types of onion production systems

(system), T. tabaci abundance (T. tabaci) and their

interaction (system 9 T. tabaci) on mean predator

abundance using the GENMOD procedure in SAS v.

9.3 (SAS Institute Inc, 2011). Because insect counts

were overdispersed, data were modeled using a

negative binomial distribution. Field site was included

in the model as a categorical variable to account for

repeated measures, within subjects, specifying a type-I

autoregressive covariance structure. Separate models

were conducted for all predator datasets: on-plant

counts in grower-managed fields, on-plant counts in

insecticide-free plots, and yellow sticky cards in

insecticide-free plots.

Predator abundance in each taxonomic group was

low and precluded robust comparisons. Thus, for all

data analyses pertaining to predator counts, total

numbers of predators rather than each taxonomic

group of predators were analyzed.

Results

Abundance of T. tabaci in onion systems

Infestations of T. tabaci reached economically dam-

aging levels in all fields in both years: densities

exceeded an average of 2.2 thrips per leaf (Fournier

et al. 1995; Nault and Shelton 2010). In grower-

managed onion fields, there were nearly two to five

times fewer T. tabaci in large-scale systems than in

small-scale systems in 2011 and 2012, respectively

(Table 1), but these difference were not statistically

significant (2011: t6 = -1.516, P = 0.180; 2012:

t10 = -1.939, P = 0.081). In insecticide-free onion

plots, T. tabaci abundance in large-scale and small-

scale systems were similar in 2011, but were twice as

high in large-scale systems in 2012 (Table 1). How-

ever, none of the differences were statistically signif-

icant (2011: t6 = 0.413, P = 0.694; 2012:

t10 = 1.866, P = 0.101).

Predator identity and abundance on onion plants

In 2011 and 2012, predator taxa encountered in large-

scale and small-scale production systems from on-

plant counts and sticky cards included eight species

representing seven genera and five families: Aeolothr-

ips fasciatus (L.) (Aeolothripidae) (adults only),

Aeolothrips albicinctus Haliday (Aeolothripidae)

(adults only), Toxomerus marginatus (Say) (Syrphi-

dae) (larvae and adults), Sphaerophoria pyrrhina

Bigot (Syrphidae) (larvae and adults), Orius insidiosus

(Say) (Anthocoridae) (nymphs and adults), Coleo-

megilla maculata De Geer (Coccinellidae) (nymphs

and adults), Hippodamia variegata (Goeze) (Cocci-

nellidae) (nymphs and adults) and lacewings (Chrys-

opidae) (nymphs only). All of these taxonomic groups

and their indicated life stages were observed feeding

on T. tabaci larvae in onion fields. All predator life

stages listed above were sampled during on-plant

counts, but only adults were sampled from yellow

sticky cards. Mean predator abundance from on-plant

counts in the different cropping systems in grower-

managed fields and insecticide-free plots are included

in Table 4, Appendix 1.

Seasonal dynamics of predators and thrips

on onion plants

Seasonal population dynamics of predators and T.

tabaci were generally similar in both production

systems during the season, regardless of whether data

were collected from grower-managed fields or insec-

ticide-free plots (data not shown for insecticide-free

plots). Results from grower-managed fields are illus-

trated in Fig. 1a–d. Predator populations tended to

mirror T. tabaci populations during the entire season in

small-scale systems (Fig. 1b and d) and during several

periods of the season in large-scale systems (Fig. 1a

and c). Exceptions included predator activity early in

the season in large-scale systems in 2011 (Fig. 1a) and

Table 1 Season mean abundance of Thrips tabaci per onion

plant (±SE) in grower-managed fields and insecticide-free

plots within these fields grown within either a large-scale or

small-scale cropping system in 2011 and 2012 in New York

(2011: n = 4 sites; 2012: n = 6 sites)

Year Management type Cropping system

Large-scale Small-scale

2011 Grower-managed field 5.5 ± 1.6 10.1 ± 2.6

Insecticide-free plot 12.0 ± 5.0 9.7 ± 2.2

2012 Grower-managed field 3.4 ± 1.1 14.5 ± 5.6

Insecticide-free plot 21.3 ± 2.7 10.4 ± 5.2

None of the comparisons of T. tabaci abundance significantly

differed between cropping systems (all P [ 0.05)
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an earlier peak of predators than peak of thrips

abundance in large-scale systems in 2012 (Fig. 1c). In

2011, C. maculata larvae and adults were present on

onion plants in large-scale systems very early in the

season, despite the absence of T. tabaci on onion

plants.

Comparison of predator abundance between onion

production systems

Predator abundance was higher in small-scale systems

than large-scale systems in all datasets (Table 2, 3;

Fig. 2), except for on-plant counts in insecticide-free

plots in 2011. T. tabaci abundance significantly

predicted predator abundance in three of the six data

sets (Table 2). The interaction term T. tabaci abun-

dance 9 cropping system was significant only for on-

plant counts in insecticide-free plots in 2011

(Table 2).

Predator abundance on onion plants in grower-

managed fields in small-scale systems was signifi-

cantly higher than those in large-scale systems in both

2011 (Fig. 2a) (P = 0.003) and 2012 (Fig. 2b)

(P \ 0.001). T. tabaci abundance also significantly
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2011

Week

2012

Week

Fig. 1 Population

dynamics of weekly average

(± SE) predator abundance

and T. tabaci per plant in

grower-managed fields

through the season in large-

scale systems a in 2011

(n = 4), c in 2012 (n = 6),

and in small-scale systems

b in 2011 (n = 4) and

d 2012 (n = 6). Population

dynamics in insecticide-free

plots were similar to grower-

managed fields and

therefore not illustrated. In

2011, weeks ranged from 31

May (1) to 25 August (12);

in 2012, weeks ranged from

30 May (1) to 13 August

(11)

Table 2 Statistics from the generalized linear model used to analyze insect predator on-plant counts in grower-managed onion fields

and in insecticide-free plots within large-scale and small-scale cropping systems in New York in 2011 and 2012

Effect Grower-managed fields Insecticide-free Plots

2011 2012 2011 2012

Est. ± SE P-value Est. ± SE P-value Est. ± SE P-value Est. ± SE P-value

System 1.86 ± 0.63 0.003 1.94 ± 0.43 <0.001 -0.56 ± 0.62 0.371 1.24 ± 0.40 0.002

T. tabaci 0.03 ± 0.01 0.015 0.07 ± 0.04 0.093 0.01 ± 0.002 <0.001 0.02 ± 0.004 <0.001

System 9 T. tabaci 0.02 ± 0.02 0.238 -0.05 ± -0.13 0.217 0.03 ± 0.01 <0.001 0.01 ± 0.01 0.390

System is cropping system (large scale or small scale) and T. tabaci refers to thrips abundance on onion plants. Parameter estimates

(Est.) ± standard errors (SE), and P-values for the Z test, are included for all data sets. P-values in bold type were considered

significant P \ 0.05
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positively predicted predator abundance in 2011

(Fig. 3a) (P = 0.015) for on-plant counts in grower-

managed fields.

Predator abundance on onion plants in insecti-

cide-free plots in small-scale systems was higher

than in large-scale systems in both years, but the

differences were only significant in 2012 (Table 2;

Fig. 2c) (P = 0.002). In 2011, T. tabaci abundance

on onion plants in insecticide-free plots was signif-

icantly positively related to predator abundance

(Table 2) (P \ 0.001). The interaction term cropping

system 9 T. tabaci abundance also significantly

predicted predator abundance from on-plant counts in

insecticide-free plots in 2011 (Table 2; Fig. 3b)

(P \ 0.001). The relationship between predator abun-

dance and T. tabaci abundance was positive in both

large-scale (y = 0.10x-0.30, R2 = 0.90) and small-

scale systems (y = 0.05x ? 0.38, R2 = 0.07), but the

relationship was stronger in large-scale systems. In 2012,

there was a significant positive relationship between

predator abundance and T. tabaci abundance in insecti-

cide-free plots (P\0.001) (Table 2). Because of the

multivariate model used with the negative binomial

distribution, we were unable to illustrate this as a

univariate relationship.

Predator abundance per yellow sticky card in

insecticide-free onion plots in small-scale systems

was significantly higher than those in large-scale

systems (Table 3). Type of cropping system signifi-

cantly predicted predator abundance on yellow sticky

cards in both 2011 (Fig. 4a) (P = 0.042) and 2012

(Fig. 4b) (P = 0.024).

Discussion

The two types of onion cropping systems in New York

differed in terms of farm scale, field size, cultural and

pest management practices, and diversity of surround-

ing vegetation. Our results indicated that predator

abundance also differed between these onion produc-

tion systems. Predator abundance was higher in the

small-scale production system compared with the

large-scale system. One explanation for these results is

that T. tabaci densities tended to be higher in

commercial onion fields in the small-scale production

system than in the large-scale system, and predator

Table 3 Statistics from the generalized linear model used to

analyze insect predator counts on yellow sticky traps in

insecticide-free plots within large-scale and small-scale crop-

ping systems in New York in 2011 and 2012

Effect 2011 2012

Est. ± SE P-value Est. ± SE P-value

System 0.51 ± 0.25 0.042 0.54 ± 0.24 0.024

T. tabaci 0.003 ± 0.001 0.070 0.01 ± 0.01 0.182

System 9
T. tabaci

-0.002 ± 0.01 0.774 -0.01 ± 0.01 0.345

System is cropping system (large scale or small scale) and T.
tabaci refers to thrips abundance on onion plants. Parameter
estimates (Est.) ± standard errors (SE), and P-values for the Z
test, are included for all data sets. P-values in bold type were
considered significant P \ 0.05
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Fig. 2 Season average number of insect predators (± SE) in

grower-managed onion fields in large-scale and small-scale

production systems a in 2011, b 2012, and c insecticide-free

onion plots in 2012. The asterisk (*) indicates that averages

differed significantly at P \ 0.05 (PROC GENMOD; n = 4 in

2011, n = 6 in 2012)
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abundance was positively predicted by thrips abun-

dance. Thus, higher predator abundance in commer-

cial onion fields grown in small-scale production

systems may have been simply attributed to more T.

tabaci prey. Another explanation for these results is

that onion fields in small-scale production systems

were treated less with insecticides compared with

those in large-scale systems, potentially conserving

predator populations. A third possible explanation for

these results is that there was greater habitat diversi-

fication and more potential resources for predators in

onion fields grown in small-scale production systems

than in monocultures, a phenomenon that has been

reported previously (Bianchi et al. 2006; Chaplin-

Kramer et al. 2011).

The predator complex in both large-scale and

small-scale onion production systems included eight

species, representing seven genera and five families.

The most commonly encountered predator on

plants was adult Aeolothrips fasciatus. Adult Orius

insidiosus and larval Syrphidae also were frequently

encountered. Results were consistent with those that

observed predators of T. tabaci in non-onion crop-

ping systems such as anthocorid bugs (Anthocori-

dae), lacewing larvae (Neuroptera), ladybird beetles

(Coccinellidae), hoverfly larvae (Syrphidae), and

predatory thrips (Aeolothripidae) (Kirk 1997b; Sab-

elis and van Rijn 1997). The same predator species

were present in both large-scale and small-scale

systems. While identifying predators of T. tabaci

was the focus of this study, Ceranisus spp. (Hyme-

noptera: Eulophidae) have been reported as success-

ful parasitoids of T. tabaci (Loomans and van

Lenteren 1995; Loomans 2006). However, few of

these parasitoids have been collected in the conti-

nental USA from T. tabaci hosts.

T. tabaci abundance positively predicted predator

abundance across systems and management types. In

particular, in large-scale systems in 2011, the rela-

tionship between predator abundance and T. tabaci
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indicates averages were significantly different at P \ 0.05

(PROC GENMOD; n = 4 in 2011 and n = 6 in 2012)
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abundance was strongly positive (R2 = 0.90), indi-

cating that, especially in these systems, predators were

responding to T. tabaci abundance. Population dynam-

ics of predators and T. tabaci throughout the season

also indicated that predators and T. tabaci abundance

was correlated through time. This study provides

evidence of an association between predators and T.

tabaci, suggesting that future research might consider

the effects of predators on T. tabaci as a management

tool.

In large-scale onion production systems in New

York, other than T. tabaci there are relatively few

resources available to insect predators during most of

the onion crop production period and perhaps few

resources before and after onions are grown as well. In

small-scale systems, predators had access to resources

in proximity to thrips-infested onion plants such as

other arthropods, pollen, and shade from the sur-

rounding vegetation before, during and after onions

were grown. In small-scale systems, these other

resources may help sustain higher predator popula-

tions throughout the season compared with popula-

tions that occur in large-scale systems (Polis and

Strong 1996).

High abundance of C. maculata larvae and adults in

onion fields in large-scale systems in May 2011

occurred when T. tabaci populations were low to

absent. Barley is typically co-planted alongside onion

seedlings and killed with a selective herbicide in late

May to early June when onion seedlings reach the flag-

leaf stage. In mid to late May, vegetative-stage barley

plants might be colonized by T. tabaci or other

arthropods that are utilized by C. maculata. Research

is needed to explore the possibility for barley to

enhance the predator complex in large-scale onion

cropping systems.

Minimizing the level of disturbance (e.g., limited

insecticide use) in an agricultural system is important

for the successful implementation of biological con-

trol (Landis et al. 2000; Gurr et al. 2003; Barbosa

1998). Yet, insecticide use will likely continue to be a

significant component of onion thrips management in

onion fields. If chemicals are used judiciously and

applied appropriately, predators may be conserved

(Mautino et al. 2012). Furthermore, selective insecti-

cides may be compatible with biological control

organisms such as predators and parasitoids. While

varying levels of selective insecticide compatibility

with some predators has been shown in onion and

other cropping systems (Landis et al. 2000; Musser

and Shelton 2003; Mahmoud and Osman 2007; Kraiss

and Cullen 2008; Biondi et al. 2012), the extent to

which selective insecticides affect suites of predators

has yet to be determined.

Advancements have been made in managing T.

tabaci in onion over the last several years by

reducing the frequency of insecticide applications

and the use of broad-spectrum insecticides. Agricul-

tural systems typically lack appropriate populations

of natural enemies, and the native complex is likely

insufficient for T. tabaci control in their current state

(Parrella and Lewis 1997). Diversification strategies

in onion agroecosystems could foster the develop-

ment of natural enemy populations, which could

contribute to future management strategies of T.

tabaci populations. While we did not examine

diversification beyond the immediate agroecosystem,

other studies have indicated positive predator pop-

ulation responses to heterogeneous landscapes com-

posed of crop and non-crop habitats (Bianchi et al.

2006; Chaplin-Kramer et al. 2011). The effect of

increased predator populations on pest populations,

and ultimately the effect on crop yield, is worthy of

future research and exploration, especially in the

landscape context.
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