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Abstract

Onion thrips (Thrips tabaci Lindeman (Thysanoptera: Thripidae)) can be a pest in organic onion production on Prince
Edward Island. This study was to examine the effect of planting time and variety on infestation levels and damage by
onion thrips on cabbage (Brassicae oleracea capitala (L.)). A field site was planted with 2 main and 8 lesser varieties of
cabbage over 4 planting dates. Some varieties were short season and harvested on July 31 with longer season varie-
ties harvested on September 2. Blue sticky traps were used to capture thrips migrating into the field site from July
22-September 2. Traps were counted weekly and cabbage heads within the field site were visually surveyed for thrips.
At harvest, heads were weighed and measured, thrips damage was assessed then the head was dissected and thrips
counted on the first four layers of the head. Thrips exhibited a preference for Lennox over Bronco throughout the sea-
son although thrips populations were not high enough to effect economic damage in 2014. Planting date influenced

avoid thrips populations is discussed.

cabbage head weight and size with later plantings yielding the largest heads. Use of planting date and variety to
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Background

Onion thrips represent a serious threat to cabbage pro-
duction in cabbage growing regions of the world (Garam-
volgyi et al. 2004; Shelton et al. 2008). Damage can appear
as a bronze discoloration and/or a rough texture on leaves
within the head (North and Shelton 1986b) causing injury
up to 20 layers deep (Trdan et al. 2005; Respondek and
Zvalo 2008) and reducing marketable production. For
Prince Edward Island (PEI), thrips can cause significant
loss to the cabbage crop in organic fields. Control is often
recommended at the early head formation stage (7.5 cm
leaf ball) (PEI Department of Agriculture, Fisheries and
Aquaculture 2005), with pesticides available for conven-
tional producers (Shelton et al. 1998; Trdan et al. 2007)
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but no viable products available for organic production.
The decision to spray is currently based on a presence/
absence determination of thrips. Avoiding thrips popula-
tions through selection of planting date and less suscepti-
ble varieties are two potential options available to organic
growers. Varietal preference and susceptibility or resist-
ance to thrips has been documented in Europe and the
United States. Some of the traits investigated to explain
this preference include leaf wax thickness, reflectance or
color of the leaves around the head. In Hungary, 52 white
cabbage varieties were evaluated for resistance to thrips
damage. None of the varieties was completely resistant
although a handful of varieties showed decreased sus-
ceptibility (Garamvolgyi et al. 2004). Other studies have
found Thrips tabaci to exhibit a variety preference using
locally available commercial varieties (Trdan et al. 2005;
Shelton et al. 1998). Shelton et al. (2008) found plant-
ing date and variety to significantly influence the extent
of thrips damage in the top 10 layers of cabbage head
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leaves. Cabbage planted later in the season (July 25 vs.
July 3) experienced less damage for specific varieties. It is
speculated that these later planted cabbage heads expe-
rienced lower thrips pressure due to reduced immigra-
tion into the field (North and Shelton 1986b; Shelton and
North 1986), or increased mortality due to high rainfall
during the latter part of the season. Of the varieties com-
monly planted in PE], it is unknown whether thrips show
a preference, or if selecting early developing varieties and
planting early in the season will serve to avoid the thrips
populations.

The objectives of this work were to evaluate the influ-
ence of planting date and cultivar on the incidence of T.
tabaci within a commercial organic cabbage planting,
and determine if monitoring with sticky traps can predict
thrips damage.

Results

In total 3996 thrips were captured on 17 traps surround-
ing the study plot. The majority of the population was
caught by August 7 (63 %). Thrips trap catches over the
growing season showed a gradual increase, then decrease
as the cabbages ripened (Fig. 1), significant across trap-
ping dates (F;;9 = 19.3, P = 2.0 x 107'%). One date
stands out as an anomaly in terms of trap catch, August
11. On this date numbers are lower than expected given
the captures before and after that date. It is possible this
occurred due to increased rainfall on August 6 and 7
(Fig. 2). Rainfall was again high between August 15 and
18, which could explain the lower trap catches on August
19 and 21. A negative influence of heavy rainfall on thrips
populations was observed by Leite et al. (2005, 2006) in
Slovenia and again by Morsello et al. (2008) in North
Carolina and Virginia, USA.
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Location of the traps around the field site strongly
influenced capture numbers (Table 1). When examined
by location, more thrips were captured on the eastern
edge of the field over the north or southern edges. High-
est catches were observed on the traps located 3 m out-
side the southern edge of the field. Thrips found on the
cabbage heads throughout the growing season showed
significant differences by planting date, harvest date and
variety (Table 2; Fig. 3). Cabbages planted on May 29
experienced significantly more thrips than other plant-
ing dates. Not unexpectedly plants remaining in the field
until the later harvest date experienced more thrips over
the season than those harvested earlier. There was no lin-
ear relationship between number of growing days in the
field and thrips found on the cabbage heads over the sea-
son (R* = 0.002).

Thrips captured on the traps over the season showed
no correlation with thrips observed on the cabbage
heads (R> = —0.003). Thrips observed during last cab-
bage head survey (immediately before harvest) were
correlated with thrips observed on the head during
the damage evaluation (r = 0.28, n = 69, p = 0.017).
Evaluated by harvest date, the correlation was higher,
and significant, for cabbages harvested early (r = 0.48,
n = 30, p = 0.0069) compared with cabbages har-
vested late (r = 0.11, n = 39, p = 0.51). Cabbages were
dissected after harvest and variety was found to sig-
nificantly influence the location of thrips within the cab-
bage head (F, 55 = 18.6, P= 6.7 x 107> and F, 55 = 13.9,
P = 4.6 x 107% outer layer and layer 2, respectively,
Fig. 4) while planting date and harvest date did not (P
ranged from 0.05 to 0.53 and 0.11 to 0.68, plant date and
harvest date, respectively). Thrips were more likely to be
found in the 1st layer of the cabbage head in Bronco and

[o]
o

o]
o

Mean (+/- SE) number thrips/trap
) I
o o

o

a
b
b
c C
« 0N
O S

N \&

D
B T W AT

W

o o
NS

Sample date

Fig. 1 Mean =+ SE number of thrips captured on 17 blue sticky traps (all locations pooled for each date) around a cabbage field on PEl in 2014. Trap
catches showed significant differences by date (P < 0.001). Bars with the same letter denote no significant difference

b

I b
c

c

o (R

v

bc

i i
™

S

) b X ) )
NN S A A




Blatt et al. SpringerPlus (2015) 4:430

Page 3 of 10

30

25

20

15

Temperature /C

10

July

Date

August

Fig. 2 Daily maximum and minimum temperatures and rainfall over the sampling period in 2014

30

25

20

15

10

September

Rainfall /mm

Table 1 Cumulated weekly trap counts, mean (SE), for thrips near a cabbage field in North Wiltshire, PEI, from July 22

to September 2, 2014 showing impact of location on thrips abundance throughout the season

Week™ Trap location F(df), P
North East South-edge South-outer*
1 1.0 (0.0) 56(1.9) 3.0(2.0) 73(1.9) 5(3,11),0.26
2 8.0 (2.5)° 254 (4.8)° 150 (3.6)% 193 (1.7)® 2(3,13),0.03
3 24.0 (4.6)° 722 (14.6)° 39.0 (6.5 1210 (13.6)° 132(3,13),3.05 x 107*
4 395 (11.6)° 60.3 (7.8)° 377 3.7)° 140.0 (4.7) 374(3,12),2.28 x 10
5 14.7 (1.2)¢ 533 (4.6)° 490 (7.6)° 935 (6.9)° 31.1(3,12),6.10 x 107°
6 7.7 (1.5)° 420277 36.7 (2.0)° 385 (6.8)° 16.2(3,12), 162 x 10
7 15(06)° 6.7 (1.7)° 3.5(1.2)° 83(1.6)° 452 (3,12),0.02
All weeks 14.7 (3.0)° 37.6 (50)° 26.3 (4.0)™ 61.1(10.0) 9.7 (3109), 1.03 x 1072

Letters within each week denote significant differences using Tukeys' HSD

* traps placed 3 m from edge of the field

* Week 1: July 21-24, Week 2: July 25-28, Week 3: Jul 31-Aug 4, Week 4: Aug 7-11, Week 5: Aug 14-19, Week 6: Aug 21-26, Week 7: Aug 28-Sept 2

Table 2 ANOVA table for number of thrips found on cabbage heads during season and at harvest and proportion of lay-

ers showing damage for Bronco and Lennox varieties

Variable Variety (F4, P) Plant date (Fy;, P) Harvest date (F 4, P)
Thrips on heads over season 177,55 0.19 1231555, 2.86 x 107° 334155 364 x 1077
Thrips on heads at harvest 7.13,55,999 x 1073 227555899 x 1077 10.7555,1.82 x 107
Proportion of layers showing damage 592,55 1.82 x 1072 0.12355,0.95 1.65155,0.20

Lennox. Over all layers, Lennox harbored more thrips
than Bronco (3.78 and 1.8 thrips per head, Lennox and
Bronco, respectively) although these two varieties har-
bored lower numbers compared with some of the other

varieties,

e.g. Bruno, CLX, Prime Vantage and Tiara.
Location of the thrips within the cabbage head varied
by variety with some harboring greater numbers in the
first layer (Bronco, Grand Vantage and Tiara) while the
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Fig. 4 Mean number (£SE) of thrips on Bronco and Lennox cabbage heads at harvest by location. Variety was significant for the outer layer and
layer 2 only (P < 0.001). Other layers were not significant for variety, planting date or harvest date (P > 0.05). Varieties not shown were excluded from
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Variety

second layer harbored greater thrips numbers for BC63,
Bruno, CLX and Prime Vantage. Replication within
these other varieties was too low for statistical analy-
sis, so these observations must be considered anecdo-
tal. These findings differ from other studies which show
thrips to occur on the first 17 leaves of the cabbage head
(North and Shelton 1986a).

A higher percentage of heads exhibited damage more
prominently on the outer and 1st layers of the head than
on subsequent layers (x2 = 11.89, P = 0.02, Fig. 5). This
finding is consistent with results found by Trdan et al.
2007. Proportion of layers damaged within the head did
not correlate well with the number of thrips found on the
heads at harvest, nor the number of thrips found on the
heads throughout the season (r = 0.43, n = 70, p < 0.001
and r = 0.38, n = 70, p = 0.001, thrips at harvest and
thrips over the season, respectively) for both harvest
dates. When considered by harvest date, proportion of
layers damaged did not correlate well with the number of
thrips found on the heads at harvest (r = —0.16, n = 30,

p = 0.41), whereas the correlation was significant for the
later harvest date (r = 0.6, n = 40, p < 0.0001). Propor-
tion of the cabbage head experiencing damage was not
correlated with thrips found on the heads over the sea-
son for the early planting (r = 0, n = 30, p = 0.98) but
was significant for the later harvest date (r = 0.38, n = 40,
p = 0.02). A stronger correlation for cabbages harvested
later is consistent with the thrips having a longer time
period to establish and colonize the heads.

Head weight and size was evaluated for Lennox
and Bronco. Lennox produced heavier heads when
planted later (May 29, F35, = 7.6, P = 2.6 X 1074
and these heads were heavier than Bronco planted on
either May 9 or May 15 (F, 5, = 22.0, P = 1.8 x 1072,
Fig. 6; Table 3). In addition, Lennox cabbage heads
were larger in both dimensions over Bronco heads,
with the later planting of Lennox producing the larg-
est heads (Fig. 7). Lennox heads were, on average,
10 % larger along both polar and equatorial dimen-
sions (F; 55 = 262, P = 4.1 x 107® and F, 5 = 28.7
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Fig. 5 Percentage of cabbage heads, at harvest, showing thrips dam-
age by harvest date. Location within the head and harvest date were
significant (P = 0.02)

and P = 1.7 x 107°, polar and equator, respectively).
Planting date did not affect final head size for Bronco
cabbage heads. Planting date for Lennox did affect
final head size for Lennox. Cabbages planted on May
29 were 9 % larger than heads planted on May 15 and
18 % larger than those planted on June 9. This suggests
that planting a bit later in the season allows plants
to avoid the cooler early season temperatures which
could delay their development.

Discussion
Thrips tabaci were readily captured on unbaited sticky
traps throughout the growing season. The population
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moved from surrounding vegetation into the crop and
was more abundant on the south and eastern sides of
the plot. This was unexpected as the east side of the field
site contained the main roadway access to the field and
therefore was considered non-favorable to thrips sur-
vival. Weed and plant species present around the north,
east and south sides of the field did not differ markedly in
composition containing a mixture of Plantago spp., Poa
spp., Taraxacum spp., Aster spp., Erigeron spp. and Lac-
tuca spp. Plants along the eastern side of the field were
frequently crushed by tractors, cultivators and other farm
equipment. Given the lower plant quality and the fre-
quent disturbances, higher thrips along this side seems
counter-intuitive. Along the south edge of the field, traps
located 3 m off the field edge had the highest captures.
To the south of these traps, the adjacent field contained
fall rye. It is conceivable that cabbage is more attractive
to T. tabaci than fall rye and this caused a general migra-
tion away from that field (planted in lettuce in 2013)
and into the cabbage field. Thrips are known to use let-
tuce as a host (Workman et al. 2007) and could have
built up populations during 2013, then moved towards
the cabbage in 2014. A similar argument could exist for
the field across the roadway which was also planted in
fall rye during 2013. Rye has been noted as a host for T.
tabasci but is not recorded as a major pest of this crop.
It is quite likely that the planting scheme chosen focused
the thrips to move toward the cabbage planting in 2014.
Additionally, consideration of the general wind direc-
tion may have contributed to the pattern of trap catches
observed. From July 28 through August 14, the bulk of
the population was captured on sticky traps located along
the south and east edges (facing away from the cabbage
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Fig. 6 Head weight (in grams) of cabbage at harvest (September 2) by cultivar and planting date from thrips study on PEl in 2014. Bronco was
significantly heavier than Lennox at harvest (P < 0.001), with the heaviest heads resulting from the May 29 planting
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Table 3 ANOVA table for cabbage weight and size show-
ing significance of variety and planting date, F (P value)

Variable Variety, s, Plant date; 5,

7.56 (261 x 1074
3.78(1.54 x 1079
3.94(1.28 x 1079

22,07 (1.85 x 107°)
26.18 (4.08 x 107°)
2872 (1.70 x 1079

Head weight
Polar circumference

Equator circumference

field). During that time, according to Environment Can-
ada records, the wind direction was predominantly from
the North—East and South which would have blown the
thrips onto the South and East traps more so than those
located on the North edge of the cabbage plot. It is clear
that distribution within the field is influenced by factors
other than those examined during this study. A broader
examination of the landscape and correlation with thrips
number may provide insight into the likelihood of thrips
survival in natural habitats. Temperature was found to
be the main factor influencing thrips populations (Mor-
sello et al. 2008). In this study the population gradually
increased then decreased by early September coinciding
with both a decrease in daily temperatures and shorter
day length. Should climate change result in warmer tem-
peratures for this region, then the population could have
multiple generations in a year (Bergant et al. 2005) creat-
ing the potential for damage later in the season. A further
factor to consider is haplotype. Nault et al. 2014 found
haplotype populations of thrips on cabbage to change
significantly during the growing season in New York dur-
ing 2005 and 2007. It is known that different haplotypes
have different reproductive rates and ability to transmit
viruses. It is therefore possible that if the haplotypes in
cabbage in PEI change, that this could affect the extent
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of damage observed on cabbage towards the end of the
growing season.

Despite the large numbers of thrips captured on the
traps, thrips observed on the cabbage heads over the
season were very low. This suggests that either the thrips
were not able to effectively colonize the heads in the field
or that visual surveys were unable to adequately detect
a representative portion of the population present on
the head. Correlation between thrips observed during
the last cabbage head survey did not correlate well with
thrips found during cabbage head damage evaluation
for cabbages harvested later in the season. The correla-
tion was higher for cabbage heads harvested earlier. This
suggests that head surveys are not indicative of the pop-
ulation contained within the head once the bulk of the
population has moved into the field. Alternative means
to quantify the thrips present in the plot itself will need
to be evaluated. Damage from thrips was negligible at
harvest and none of the observed damage was significant
enough to render the cabbage heads unmarketable.

Thrips tabaci showed a varietal preference for Lennox
over Bronco throughout this study. The variety Bronco
is considered an earlier variety requiring fewer days to
harvest than Lennox. In this study, Bronco was harvested
after 76 and 82 days (May 15 and May 9 planting dates,
respectively). This is longer than the stated days to har-
vest of 64—-68 days indicated for this variety. In North
Dakota, Greenland et al. (2000) found Bronco to require
116-131 days to mature, depending upon year. The same
study found temperature to correlate with yield. Lennox
was harvested after 83, 93 and 107 days in the field (June
9, May 29 and May 14, planting dates, respectively). This
is shorter than the 105 days to maturity more typical in
other areas.
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Fig. 7 Dimensions of cabbage at harvest taken along the polar and equator axes of the head by cultivar and planting date from thrips study on PEI
in 2014. Lennox was significantly larger than Bronco along both axes (P = 0.001) with the May 29 planting date yielding the largest heads
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Variety preference for thrips has been studied in cab-
bage for some time. While the varieties used in this study
were rarely included in these studies, they could provide
future directions for inquiry. Voorrips et al. (2008, 2010)
evaluated accessions of cabbage known to be susceptible
and resistant to thrips attack. Over the years of the study,
there were several of the traits which explained the varia-
tion in damage observed, however Brix and leaf wax layer
late in the season (just before harvest) were the two traits
that were consistent over varieties and years. Trdan et al.
2004 studied 6 varieties and found wax to differ among
varieties in accordance with thrips damage. Study of
plant compounds in cabbages identified as resistant to 7.
tabaci showed no correlation with damage (Trdan et al.
2008a). The strongest factor influencing thrips damage
was wax content of the cabbage leaves. Fail et al. (2008)
studied light reflectance from cabbage leaves and found
the outer head leaves to differ. The color of the outer
head-forming leaves did correlate with the number of
thrips adults found in the cabbage heads. A follow up
study by Fail et al. (2013) demonstrated that light reflec-
tance can correlate with thrips presence in some years
but not others, suggesting that other variables may influ-
ence thrips’ response to spectral cues. Bélint et al. (2013a)
evaluated epidermal thickness between resistant and
susceptible cabbage varieties. Thickness did not differ
between varieties and did not correlate with thrips dam-
age. Bdlint et al. (2013b) studied leaf reflectance of UV-A,
and visible light wavelengths. Their findings confirmed a
negative relationship between the UV-A light reflection
and onion thrips during the early stages of cabbage head
formation. It is suggested that more intensive reflection
of leaves may deter onion thrips from establishing on
these varieties. As this was the first examination of vari-
etal preference of thrips for cabbage on Prince Edward
Island, it was unclear if a preference would be observed.
Future studies on Prince Edward Island should endeav-
our to investigate the mechanism of the varietal prefer-
ence observed.

Earlier planting and harvest of Bronco did result in
avoidance of the majority of the invading thrips. By July
31, the date of harvest for Bronco, only 20 % of the immi-
grating thrips were captured on the sticky traps. The
remaining 80 % of the migrating thrips were captured
over the month of August. Even with the bulk of the
population occurring after the harvest of Bronco, thrips
populations were not high enough to cause economic
losses to cabbages harvested in September of 2014. Head
weight and size was larger for the cultivar Lennox and the
later planting, but no correlation between head weight
and thrips presence on the cabbages was observed. Len-
nox cabbage heads at harvest (September 2) were larg-
est from the later planting date of May 29. This differs
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from the literature where Kleinhenz and Wszelaki (2003)
found planting date and cultivar to be significant for head
weight and size with earlier plantings producing signifi-
cantly heavier heads from later plantings. Bronco was
one of these varieties and performed reasonably well
with 4 of the 10 traits examined affected by planting date.
These included weight, volume, and polar and equatorial
dimensions.

Organic cabbage producers on Prince Edward Island
have few options with respect to thrips management.
Varietal resistance, selection of short season varieties and
timing of planting have promise in managing the natu-
rally occurring thrips populations. Other options that
organic growers may explore in future include intercrop-
ping or mulching. Intercropping of cabbage with a clo-
ver (Teunissen et al. 1995) or encouraging clover in the
grassways around the fields may serve to increase natural
enemies (Pobozniak and Wiech 2005). Another option
may be mulching which Trdan et al. (2008b) found to
show potential for increasing early cabbage produc-
tion. While not examined in this study, the reproductive
modes of T. tabaci may offer an opportunity for control.
Li et al. (2014) found thelytokous T. tabaci to be better
adapted to survive on cabbage while arrhenotokous T.
tabaci were better adapted for onion. These reproductive
modes influence longevity and fecundity which may, in
turn, provide opportunities when deciding pest manage-
ment strategies.

Conclusions

The cabbage variety Bronco was less preferred by thrips.
The more preferred variety Lennox when planted and
harvested earlier in the growing season harbored fewer
thrips and experienced lower damage than Lennox
planted and harvested later in the season. Planting varie-
ties with tolerance to thrips damage may serve to protect
cabbages without use of insecticides. For organic growers
on PE Island, there are currently no available chemical
products to protect their crop. Thrips have demonstrated
a preference for certain cabbage varieties in other parts
of the world and these have been used successfully to
reduce thrips damage. Timing of planting and harvest
may also play a role in avoiding damage from thrips. This
study demonstrates that commercially available varieties
planted and harvested early in the season on PE Island
exhibit reduced damage from thrips.

Methods

Cabbage planting dates, cultivars and data collected

This one-field study, located in North Wiltshire (Lati-
tude 46.3260379 Longitude —63.2825999), measured
400 x 40 m. The eastern end of the field measuring 80 m
x 40 m was used for the study (Fig. 8). The field was
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Fig. 8 Schematic of the field showing layout of the blue sticky traps
(T) and location of the quadrats (Q) planted with cabbage. Field site
located near Brookfield, Prince Edward Island. Schematic not to scale

surrounded on the north and south sides by grass and
weed species, to the east by a roadway and to the west
by the rest of the field (also planted in cabbage). The west
side of the field was bordered by a brook and tree hedge-
row. On the north, south and east sides, across the grassy
areas and/or roadway were other fields used by this com-
mercial grower. In 2013, the study field was planted in fall
rye, while fields to the north and south were planted in
lettuce. The field to the east was also planted in fall rye in
2013. In 2014 the study field was planted with cabbage,
fields to the north, east and south were planted with fall
rye.
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Table 4 details the study plot. Twenty quadrats were
established within the study plot. The two main varieties,
Bronco and Lennox, were planted in 16 of the 20 quad-
rats, with approximately 100 heads/quadrat. The last four
quadrats (5, 10, 15 and 20), planted with six other varie-
ties, were not examined in enough replication to allow for
statistical analysis. Cabbage plantings occurred as would
be typical for a commercial organic grower. Varieties
were planted sequentially from May 9 through June 17
with some varieties having multiple plantings and others
having only a single planting. Quadrats were monitored
for thrips throughout the study from July 22—-Septem-
ber 2 (see Onion thrips survey). Harvest dates were July
31 or September 2, depending upon variety. At harvest,
four heads from within each quadrat were weighed and
measured. Measurements were along the polar and equa-
tor orientations of the cabbage. Cabbage plants were dis-
sected to evaluate thrips damage within the head. Any
thrips damage observed on the outer leaves and on layers
1 through 4 inclusive was recorded. The field was man-
aged for cabbageworm and fungal infection with sprays
of Coragen on July 25 at a rate of 150 ml/acre and Bravo
on July 31, August 14 and August 30 at a rate of 1.5 L/
acre. Fertilizer (Inca) was applied concurrent with Bravo
at a rate of 1 L/acre.

Onion thrips monitoring

Thrips were surveyed in two ways: blue sticky traps and
visual surveys. Traps were placed around the outside
perimeter to monitor the thrips population migrating
into the field. Visual surveys were used to quantify thrips
numbers inside the plots as these would represent actual
attack of the cabbage heads. Blue sticky traps measur-
ing 10.2 cm x 12.7 cm from Solida (Montreal, Quebec)
were clamped onto wooden slats and positioned approxi-
mately 60 cm above the ground. This height put them just
above the developing cabbage head and foliage. Traps were

Table 4 Details of plot sizes, number of plants/plot, planting and harvest dates and cultivars established in the trial

on PEl, 2014

Planting date Harvest date Plot size/m Plants/plot Variety(s) Quadrat(s)

May 9 July 31 20 x 6 396 Bronco 1,6,11,16

May 15 July 31 20x 4 264 Bronco 2,7,12,17

May 15 Sept. 2 20 x 6 396 Lennox 3,8,13,18

May 29 Sept. 2 20x 8 528 Lennox 4,9,14,19

June 9 July 31 20 x 35 231 Tiara, CLX 5,10

June 9 Sept. 2 20 x 3.5 231 Grand Vantage, Bronco, Prime Vantage/ 5,10,15,20
Grand Vantage, Lennox

June 17 July 31 20 x 35 231 BCeé3 10

June 17 Sept. 2 20 x 35 231 Bruno/Grand Vantage, 5,10,15 and 20

Excalibur, Lennox
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established in the field on July 16, 2014 as the heads were
beginning to form, consistent with the movement of thrips
into the crop. Traps were placed along three sides of the
field margin (North, East and South) outside each quadrat
(see Fig. 8) with a second line of traps placed 3 m farther
south of the southern edge. The second line was to deter-
mine if trapping could occur farther away from the field
edge thereby avoiding damage from machinery. All traps
were monitored twice each week beginning July 22 through
to harvest in early September. Traps were changed each
time and thrips identified in the laboratory using a micro-
scope. On the same days as the traps were monitored, four
cabbage heads from within each quadrat were surveyed for
presence of thrips by visual surveying of the outer layer and
under the 1st leaf layer of the cabbage head.

Statistical analysis

All analyses were done using unbalanced ANOVA in
R unless indicated otherwise (R-Core Team 2012). To
examine the thrips population around the study site
over time, thrips captured on sticky traps were pooled
across location and compared across capture dates. The
effect of trap location was evaluated by pooling traps
within each location (i.e. north, east, south-edge and
south-outer) and comparing across capture dates. Thrips
entering the field site were compared with thrips within
the field site by correlating cabbage head thrips counts
with trap catches throughout the season by date. The
influence of variety and planting date on total thrips
observed on cabbage heads over the growing season was
analysed. Location of thrips within the cabbage head at
harvest, cabbage head weight and cabbage size was ana-
lysed for the two main varieties, Bronco and Lennox,
and planting date. Percentage of cabbage heads showing
thrips damage were analysed by location with the cab-
bage head and correlated with number of thrips present
at harvest and the total thrips present on the heads over
the season. And finally, correlation between trap catches
and head weight and cabbage size was examined using
linear models. Cabbage head weight and size (circum-
ference along polar and equator dimensions) were com-
pared for variety, planting date and harvest date. Thrips
counts were transformed by sin"!(sqrt(x + 0.5)) where
necessary prior to ANOVA where homogeneity of vari-
ance was violated.

Authors’ contributions

SB, JD, AR and SA conceived and designed the experiments. JD, AR and SA
conducted the experiments. SB analyzed the data and wrote the manuscript.
All authors read and approved the final manuscript.

Author details

! Agriculture and Agri-Food Canada, 32 Main Street, Kentville, NS B4N 1J5,
Canada. 2 PEIl Horticultural Association, 420 University Avenue, Charlottetown,
PE C1A 775, Canada.

Page 9 of 10

Acknowledgements

The authors would like to thank Brookfield Gardens Inc. for the use of their
field and their contribution of cabbages for study, Caitlin vanKeymeulen for
technical assistance and Christine Noronha (AAFC-Charlottetown), Steve
Javorek (AAFC-Kentville) and two anonymous reviewers for thoughtful com-
ments on the manuscript.

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Received: 20 June 2015 Accepted: 6 August 2015
Published online: 19 August 2015

References

Balint J, Burghardt N, Hohn M, Pénzes B, Fail J (2013a) Does epidermal thick-
ness influence white cabbage resistance against onion thrips (Thrips
tabaci)? Not Bot Horti Agrobo 41:444-449

Balint J, Nagy BV, Fail J (2013b) Correlations between colonization of onion
thrips and leaf reflectance measures across six cabbage varieties. PLoS
One 8(9):273848

Bergant K, Trdan S, Znidarci¢ D, Crepinéek Z, Kajfe7-Bogataj L (2005) Impact of
climate change on developmental dynamics of Thrips tabaci (Thysanop-
tera: Thripidae): can it be quantified? Environ Entomol 34:755-766

Fail J, Zana J, Pénzes B (2008) The role of plant characteristics in the resistance
of white cabbage to onion thrips: preliminary results. Acta Phytopathol et
Entomol Hungarica 43:267-275

Fail J, Deutschlander ME, Shelton M (2013) Antixenotic resistance of cabbage
to onion thrips (Thysanoptera: Thripidae). | Light Reflectance. J Econ
Entomol 106:2602-2612

Garamvoélgyi P, Fail J, Hudak K, Pénzes B (2004) Pesticide-free protection of
white cabbage against Thrips tabaci Lindeman. Acta Phytopathol et
Entomol Hungarica 39:187-192

Greenland RG, Lee CW, Holm ET, Besemann LE (2000) Cabbage hybrid trials in
North Dakota. HortTech 10:806-811

Kleinhenz MD, Wszelaki A (2003) Yield and relationships among head traits
in cabbage as influenced by planting date and cultivar . Fresh Market.
HortSci 38:1349-1354

Leite GLD, Plcango M, Jham GN, Moreira MD (2005) Bemisia tabaci, Brevicoryne
brassicae and Thrips tabaci abundance on Brassica oleracea var. acephala.
Pesq Agropec Bras 40:197-202

Leite GLD, Plcango M, Jham GN, Moreira MD (2006) Whitefly, aphids and thrips
attack on cabbage. Pesq Agropec Bras 41:1469-1475

Li X-W, Fail J, Wang P, Feng J-N, Shelton AM (2014) Performance of arrhenotok-
ous and thelytokous Thrips tabaci (Thysanoptera: Thripidae) on onion and
cabbage and its implications on evolution and pest management. J Econ
Entomol 107:1526-1534

Morsello SC, Groves RL, Nault BA, Kennedy GG (2008) Temperature and precipi-
tation affect seasonal patterns of dispersing tobacco thrips, Frankliniella
fusca and onion thrips, Thrips tabaci (Thysanoptera: Thripidae) caught on
sticky traps. Environ Entomol 37:79-86

Nault BA, Kain WC, Wang P (2014) Seasonal changes in Thrips tabaci popula-
tion structure in two cultivated hosts. PLoS One 9:¢101791. doi:10.1371/
journal.pone.0101791

North RC, Shelton AM (1986a) Colonization and intraplant distribution of Thrips
tabaci (Thysanoptera: Thripidae) on cabbage. J Econ Entomol 79:219-223

North RC, Shelton AM (1986b) Ecology of Thysanoptera within cabbage fields.
Environ Entomol 15:520-526

PEI Department of Agriculture, Fisheries and Aquaculture (2005) Cole Crops:
Atlantic Provinces Vegetable Crops Guide to Pest Management 2005.
Publication No. 1400A, Agdex No. 250/600

Pobozniak M, Wiech K (2005) The effect of undersowing cabbage with white
clover on thrips infestation and flight activity. Communs Agric Applied
Biol Sci 70:517-526

Respondek A, Zvalo V (2008) Cabbage: Vegetable crops production guide
for Nova Scotia. AgraPoint, April 2008. http://www.perennia.ca/


http://dx.doi.org/10.1371/journal.pone.0101791
http://dx.doi.org/10.1371/journal.pone.0101791
http://www.perennia.ca/Production%20Guides/Vegetable%20Crops/Cabbage_Production_Guide_2008.pdf

Blatt et al. SpringerPlus (2015) 4:430

Production%20Guides/Vegetable%20Crops/Cabbage_Production_
Guide_2008.pdf

R Core Team (2012) R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-
07-0. http://www.R-project.org/

Shelton AM, North RC (1986) Species composition and phenology of Thysa-
noptera within field crops adjacent to cabbage fields. Environ Entomol
76:85-86

Shelton AM, Wilsey WT, Schmaedick MA (1998) Management of onion thrips
(Thysanoptera: Thripidae) on cabbage by using plant resistance and
insecticides. J Econ Entomol 91:329-333

Shelton AM, Plate J, Chen M (2008) Advances in control of onion thrips (Thysa-
noptera: Thripidae) in cabbage. J Econ Entomol 101:438-443

Teunissen J, Booij CJH, Lotz LAP (1995) Effects of intercropping white cabbage
with clovers on pest infestation and yield. Entomol Exp et Applicata
74:7-16

Trdan S, Znidar¢i¢ D, Zlati¢ E, Jerman J (2004) Correlation between epicuticular
wax content in the leaves of early white cabbage (Brassica oleracea L. var.
capitata) and damage caused by Thrips tabaci Lindeman (Thysanoptera:
Thripidae). Acta Phytopathol et Entomol Hungarica 39:173-185

Trdan S, Milevoj L, ZeZlina |, Raspudié E, Andjus L, Vidrih M, Bergant K, Vali¢
N, Znidarci¢ D (2005) Feeding damage by onion thrips, Thrips tabaci

Page 10 of 10

Lindeman (Thysanoptera: Thripidae), on early white cabbage grown
under insecticide-free conditions. Afr Entomol 13:85-95

Trdan S, Vali¢ N, Znidar¢i¢ D (2007) Field efficacy of deltamethrin in reducing
damage caused by Thrips tabaci Lindeman (Thysanoptera: Thripidae) on
early white cabbage. J Pest Sci 80:217-223

Trdan S, Vali¢ N, Andjus L, Vovk I, Mazrtelanc M, Simonovska B, Jerman J, Vidrih
R, Vidrih M, Znidar¢i¢ D (2008a) Which plant compounds influence the
natural resistance of cabbage against onion thrips (Thrips tabaci Linde-
man)? Acta Phytopathol et Entomol Hungarica 43:385-395

Trdan S, Znidar¢i¢ D, Milica K, Vidrih M (2008b) Yield of early white cabbage
grown under mulch and non-mulch conditions with low populations of
onion thrips (Thrips tabaci Lindeman). Int J Pest Manage 54:309-318

Voorrips RE, Steenhuis-Broers G, Tiemens-Hulscher M, Lammerts van Bueren
ET (2008) Plant traits associated with resistance to Thrips tabaci in cab-
bage (Brassica oleracea var capitata). Euphytica 163:409-415

Voorrips RE, Steenhuis-Broers G, Tiemens-Hulscher M, Lammerts van Bueren
ET (2010) Earliness, leaf surface wax and sugar content predict varietal
differences for thrips damage in cabbage. In: Hansen M (ed) Proceedings
of the 5th International Symposium on Brassicas and 16" Crucifer Genet-
ics Work Shop. Acta Hort 867, pp 127-132

Workman PJ, Walker GP, Winkler S (2007) Incidence and control of thrips on
outdoor lettuce at Pukekohe. New Zealand Plant Protect 60:42-49

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.perennia.ca/Production%20Guides/Vegetable%20Crops/Cabbage_Production_Guide_2008.pdf
http://www.perennia.ca/Production%20Guides/Vegetable%20Crops/Cabbage_Production_Guide_2008.pdf
http://www.R-project.org/

	Onion thrips (Thrips tabaci (Thysanoptera: Thripidae)) in cabbage on Prince Edward Island: observations on planting date and variety choice
	Abstract 
	Background
	Results
	Discussion
	Conclusions
	Methods
	Cabbage planting dates, cultivars and data collected
	Onion thrips monitoring
	Statistical analysis

	Authors’ contributions
	Received: 20 June 2015   Accepted: 6 August 2015References




