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Abstract Thrips-transmitted Tomato spotted wilt (TSW) virus (Family Bunyaviridae Genus
Tospovirus) is an important problem in tomato in the southeastern United States. Tobacco thrips,
Frankliniella fusca (Hinds), and western flower thrips, Frankliniella occidentalis (Pergande), (Th-
ysanoptera: Thripidae) are the known major vectors of TSW virus in Georgia; however, the tem-
poral relationship of thrips to TSW disease incidence in tomato is not clear. Field studies were
conducted in 2005 and 2006 specifically to compare thrips population dynamics to disease inci-
dence in untreated tomato fields. Populations of F. fusca were observed to increase approxi-
mately 3 wks prior to increased TSW incidence and correlated positively with TSW when
considering this delay. Populations of F occidentalis positively correlated with TSW occurrence
in 2005, but not in 2006. Additionally, tomato fruit yield decreased greater in plants with early
TSW symptoms than in plants that developed symptoms later in the season. Both results sug-
gest early-season thrips management targeted at F. fusca during the early-growth stages of to-
mato could help to reduce the risk of yield loss in tomato due to this disease.

Key Words tomato spotted wilt virus, Frankliniella fusca, Frankliniella occidentalis, Solanum
lycopersicum

Thrips-transmitted Tomato spotted wilt virus (TSWV, Family Bunyaviridae; Genus
Tospovirus) which causes the disease, tomato spotted wilt (TSW), has had devastat-
ing consequences on crop production world-wide (Goldbach and Peters 1994, Persley
et al. 2006). Average annual losses in Georgia from 1996 - 2006 due to TSW were
estimated to be $12.3 million in peanut, $11.3 million in tobacco and $9 million in to-
mato and pepper (Riley et al. 2011). In tomato, Solanum lycopersicum L., the infected
foliage develops reddish-brown ring spots, and the interveinal speckling coalesces
into necrotic lesions (Best 1968, Gitaitis 2009). TSW during early-growth stages of
tomato plant can lead to severe stunting or wilt stress with the earlier symptoms re-
sulting in greater yield loss (Chaisuekul et al. 2003, Moriones et al. 1998). The fruit
disease symptoms appear as yellow ring spot or necrotic spots (Best 1968). In fresh
market tomato, mature green fruit may be harvested as marketable fruit and then the TSW
irregular ripening may appear after the fruit ripen following treatment with ethylene
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(Olson 2009). Management of thrips and TSW in tomato has been shown to be cost
effective (Fonsah et al. 2010).

Among the various thrips species (Thysanoptera: Thripidae) that transmit TSW vi-
rus in the USA (Riley et al. 2011), tobacco thrips, Frankliniella fusca (Hinds), and
western flower thrips, Frankiiniella occidentalis (Pergande), are the main vectors of
TSW virus in Georgia (Riley and Pappu 2000, 2004). in spring, thrips larvae acquire
the virus after feeding on infected weeds around the vegetable field prior to tomato
planting and migrate to the crop when transplanted (Groves et al. 2001, 2002). Within
1 - 2 wks, as these immatures develop into adults and the acquired virus replicates in
the thrips, the virus is readily transmitted to healthy tomato plants through adult thrips
feeding (Ullman et al. 1997). Noninfectious adults that feed on infected plants are un-
able to subsequently transmit the virus (Wijkamp et al. 1996). The virus is not passed
from adults to offspring via the egg and only 15t and 2" instars can acquire the virus;
thus, each generation of thrips must reacquire the virus from a host plant that sup-
ports thrips reproduction (Peters et al. 1996, Ullman et al. 1997, Wijkamp et al.
1995).

Temporal patterns of F fusca dispersal and TSWV incidence generally show an
increase to a peak between April and June as reported in North Carolina (Groves
et al. 2003), eastern Virginia (Nault et al. 2003), and South Georgia (Riley and Pappu
2004). Moreover, an increased occurrence of F. fusca on yellow sticky traps was pos-
itively correlated to TSW incidence in the TSW virus indicator plant, Petunia hybrida
hort. ex Elisa de Vilmorin (Groves et al. 2003), and beat cup samples (Riley and
Pappu 2004). Spring dispersal of thrips is most likely influenced by temperature and
other factors such as precipitation (Groves et al. 2003, Kirk 1997, Lewis 1997,
Morsello and Kennedy 2009, 2010, Olatinwo et al. 2010). Increasing temperatures in
spring may result in increased development rates and population growth; whereas,
rainfall negatively affects thrips populations by larval mortality and suppressing aduit
flight (Kirk 1997, Lewis 1997). In the southeastern USA, the population dynamics and
role of F. occidentalis in the TSW virus epidemiology in tomato has been less well
understood (Stumpf and Kennedy 2007). The reproductive rate of F. occidentalis pop-
ulations is strongly influenced by the host quality, especially the presence of pollen for
food (Kirk 1984, 1985, Riley et al. 2007, 2010). However, the temporal dynamics of
these two thrips species in relation to the incidence of TSW in tomato in the field need
further investigation. The main objectives of this study were to: (1) correlate temporal
TSW incidence in untreated tomato fields with the seasonal fluctuation of the vectors,
F. fusca and F. occidentalis, and (2) determine the relationship between incidence of
TSW and susceptible tomato fruit yield under field conditions in Georgia.

Materials and Methods

The field studies were conducted each spring in 2005 and 2006 at the Coastal
Plain Experiment Station, Tifton, GA, on TSW-susceptible tomato cultivars not treated
with insecticides effective against thrips. Soil type was a Tift pebbly clay loam soil or
sandy loam. All field tests used methyl-bromide fumigated beds at the rate of 224 kg/
ha (98:2, Hendrix and Dail, Tifton, GA). Fertilizer rates for tomato were 925 kg/ha of 6
- 6-18 (Fletcher Limestone Inc., Tifton, GA) and tomatoes were maintained with stan-
dard plastic-cultural practices for staked tomatoes and were spaced 46 - 61 cmon a
1.8 m wide bed with 1.5 m wooden stakes between plants.
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In 2005, ‘FL 47’ (TSW-susceptible tomato hybrid, Victory Seed Company, Molalla,
OR) seedlings were transplanted with 61-cm row spacing into 1 row (1.8 m wide)
black plastic mulched beds in 17 m long plots on 11 April 2005. There were 16 rows
with 50 plants per row. In 2006, ‘Marglobe’ (TSW-susceptible tomato variety, USDA)
was planted on 23 March with same spacing as in 2005, but each row was 30.5 m
long and there were 10 rows with 70 plants per row. In both years, the tomato field was
only treated with a fungicide (Ridomil Gold-Bravo® WP 2.2 kg product/ha, Syngenta,
Greensboro, NC) for fungal disease and a Bacillus thuriengensis Berliner (DiPel® 2.2
kg product/ha, Valent U.S.A. Corporation, Walnut Creek, CA) for armyworm control.
These pesticides allowed for a natural increase in thrips populations.

Tomato plants were monitored for TSW symptoms on foliage and fruits (Gitaitis
2009). Disease ratings were made on: 21 and 28 April; 6, 13, 19, and 26 May, and 3
and 9 June in 2005; 7, 11, 19, and 25 April; 2, 9, 15, and 22 May in 2006. The number
of plants with foliar TSW symptoms per row was recorded weekly throughout the sea-
son, and percent TSW incidence was calculated. A single, fully-expanded terminal
leaflet was randomly collected from the top third of each of 10 plants after fruit set in
2005 from each plot to detect TSWV with enzyme-linked immunosorbant assay
(ELISA) using a TSWV detection kit. A sample was deemed positive for TSWV if the
absorbance reading was 3X the value of a known uninfected sample.

For both years, beat-cup and yellow sticky trap samples were used to determine
the total number of thrips by species. Beat cup samples were collected on: 21 April, 6,
17,27, May, and 1 and 9 June in 2005; 4, 11, 18 and 25 April; 2, 9, 15 and 23 May in
2006, whereas yellow sticky trap samples were removed from field on: 18 and 25
April, 2, 10, 17 and 24 May, and 2 June in 2005; and 5, 12, 19 and 26 April, and 3, 10,
17 and 24 May in 2006. Beat cup samples were taken per 10 subplots per row per
week; the details of this procedure are described in Joost and Riley (2004). Yellow
sticky traps (7.62 x 12.7 cm yellow, Olson Products, Medina, OH) were set up in the
center of the plot and were exposed for a week per row. The identification keys devel-
oped by Oetting et al. (1993) and Stannard (1968) were used to identify the adult
thrips sampled under 70 - 140X magnification of SZH10 Olympus® (Olympus Amer-
ica, Lake Success, NY) stereomicroscope.

Individual plants that expressed TSW symptoms were color tagged on weekly ba-
sis. These plants were at different growth stages when the disease symptoms were
expressed. Plants started showing TSW symptoms as early as 3 wks after planting
which was consistent with the observations of Moriones et al. (1998) and Accotto et
al. (2005). Tomato fruits were harvested individually when matured and were sepa-
rately bagged from each color-tagged plant on 14 and 23 June in 2005; and 19, 25
April, and 2, 9, 15, and 22 May in 2006. At the time of harvest, fruits were evaluated
and were classified into marketable categories by size according to the USDA stan-
dards set for fresh market tomato (Sargent and Moretti 2004). However, damaged
fruits consisted of a single damage category, TSW symptomatic fruit and thrips dam-
aged fruit (Olson 2009). Unmarketable fruit from caterpillar-damaged fruits (Lepi-
doptera: Noctuidae) and physiologically damaged fruits (blossom end rot), which was
a minor component in both years, were excluded in yield evaluations.

Analysis of variance was conducted using PROC GLM (SAS Institute 2003), and
separation of means for TSW incidence or thrips species was done on weekly basis
as determined by LSD tests. Sampling week and plant rows were considered as tem-
poral and spatial independent variables, respectively. For the analysis to determine
the effect of TSW on fruit yield, individual tomato plants with same color-tag were
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considered the replicates. Correlations between thrips in beat cup or yellow sticky trap
and TSW occurrence on the weekly basis were conducted using PROC CORR proce-
dure of SAS. However, because TSW symptom development in transplant-age tomato
plants requires 2 - 5 wks from thrips inoculations (Chaisuekul et al. 2003), the thrips
numbers were delayed by up to 5 wks relative to symptom incidence to find the best
average correlation.

Results and Discussion

Based on a weekly survey for TSW symptoms, the seasonal average (+ SE) per-
cent TSW incidence on tomato plants was 28.6 + 2.8 in 2005 and 38.0 + 4.3 in 2006.
The final incidence at the time of harvest was 81 + 3% for 2005 and 92 + 2% for 2006,
so the disease pressure was severe in both years (Fig. 1a, 2a). In 2005, the ELISA-
confirmed TSW infected was 63 + 24%. Seasonal estimates of thrips populations as
determined by beat cups for the spring crop of 2005 and 2006 included F. fusca (2.0
+ 0.2 and 4.2 + 0.6, respectively), F. occidentalis (18 + 2.8 and 0.10 + 0.04 and 5.2 =
0.9, respectively), and the non vector species F tritici (2.0 + 0.3 and 5.2 + 0.9, respec-
tively). In addition, F. fusca collected in yellow sticky traps were 52 + 5 and 93 + 18 in
2005 and 2006, respectively. These data suggest that the TSW incidence was fairly
consistent in both years, but abundance of thrips species that vector the TSW virus,
F. fusca and F. occidentalis, differed markedly between years.

In 2005, the first TSW symptomatic plant was noticed 1 wk after planting and, sub-
sequently, TSW occurrence significantly progressed (F = 264; df =7, 104; P < 0.001)
reaching peak level by Week 8 (Fig. 1a). Frankliniella fusca captured on the yellow
sticky traps sharply increased (F = 64.3; df = 6, 90; P < 0.001) in density between
Week 3 and 5 (Fig. 1b), but the increase was on a relatively smaller scale in the beat
cup samples (F=17.9; df = 5, 75; P < 0.001; Fig. 1c). Although F. occidentalis density
collected in beat cup sample was initially low, their density spiked (F=92.5; df = 5, 75;
P < 0.001) by Week 6 with a steady decline in the following 2 wks (Fig. 1d). Overall
density of F. tritici collected for the 2005 season was relatively low in 2005 season, but
a significant increase (F = 41.6; df = 5, 75; P < 0.001) was seen by Week 6 (Fig. 1d).

In 2006, the first tomato plant detected with a TSW symptom was delayed by 3
wks. The density of TSW plants gradually increased until Week 6, then sharply in-
creased (F = 345;df =7, 63; P < 0.001) between Week 6 and 7 (Fig. 2a). Dispersal of
F. fusca collected in yellow sticky traps were noticeably high in the Week 4 (F=61.7;
df = 7, 62; P < 0.001) followed by a sharp decline in the following week (Fig. 2b). A
similar, but delayed progression in F. fusca density was observed in beat cup samples
with the greatest density was in Week 5 (F = 11.3; df = 7, 63; P < 0.001; Fig. 2c).
Relative to the previous year (2005), F. occidentalis was less dense in 2006, but a
slight peak (F=2.9;df =7, 63; P < 0.01) was noticed in Week 4 (Fig. 2d). Populations
of F triticiincreased by Week 6 (F=11.9;df =7, 63; P < 0.001) and remained at same
level during Week 7 then sharply declined.

When comparing samples on the same date as collected, a negative correlation
between TSW incidence and F. fusca density, and a positive correlation between
TSW and F. occidentalis was observed in 2005 (Table 1). However, studies have
shown that TSW symptoms generally appear in field tomato plants weeks after trans-
mission (Accotto et al. 2005, Chaisuekul et al. 2003, Moriones et al. 1998). Therefore,
the relationship between thrips counts and disease occurrence was assessed by de-
laying the thrips incidence by 1, 2, 3, 4 and 5 weeks and then correlating with TSW
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Fig. 1. Mean (+ SE) (a) cumulative percentage of TSWV foliar symptoms ex-
pressed in tomato plants per row (n = 50 plants), (b) total F. fusca sam-
pled after weekly exposure of yellow sticky trap per row, (c) total F. fusca,
and (d) total F. occidentalis collected per 10 subplots per row using beat
cups through weeks after planting (planting on 11 April 2005) of TSWV-
susceptible tomato cultivar “FL 47” in spring 2005. Means followed by the
same letter among the sample weeks are not significantly different (LSD
Test, P < 0.05).

incidence. When we did this, the best correlation was observed when F. fusca counts
were delayed by 3 weeks in both yellow sticky traps and beat cup samples in 2005
(Table 1). The best positive correlation between TSW and F. occidentalis in beat cup
samples was noted when seasonal occurrence of F. occidentalis was delayed by 1
week (Table 1). Spatial correlations by individual rows suggest that F. fusca was posi-
tively related to TSW (r=0.51; n= 16; P < 0.05) by Week 2 in yellow sticky traps dur-
ing 2005. Similarly, F. occidentalis was spatially correlated with TSW by Week 3 in
2005 (r=0.53; n=16; P < 0.05), Week 5 in 2006 (r=0.79; n=16; P < 0.01).

$S900E 981) BIA G0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



70 J. Entomol. Sci. Vol. 47, No. 1 (2012)

, 100 .
E @) _m cummulative TSW Symptoms
g 801 2006
€
@ 60 -
n
€ 20
€
3
o 0
b s
500 4 (b)  —A— Frankliniella fusca Yellow Sticky Trap
" a
2 400 -
£
=
= 300 -
5
S 200 -
2z
100
c
0 +——— T = ’ T
20 4 {e) —A— F.fusca Beat-Cup Trap
13
2
E 151
-
5 10 -
$
5 4
0 | T T T T T T T T
) —@— F. occidentalis Beat-Cup Trap
@ 207 —— F tritici
£ 15
=
5
¢ 10
z
54 b
0 b

Two Three Four Five Six Seven Eight Nine
Weeks After Planting

Fig. 2. Mean (+ SE) (a) cumulative percentage of TSWV foliar symptoms ex-
pressed in tomato plants per row (n = 70 plants), (b) total F. fusca sam-
pled after weekly exposure of yellow sticky trap per row, and (c) total F.
fusca, and (d) total F. occidentalis collected per 10 subplots per row us-
ing beat cups through weeks after planting (planting on 23 March 2006)
of TSWV-susceptible tomato cultivar “Marglobe” in spring 2006. Means
followed by the same letter among the sample weeks are not significantly
different (LSD Test, P < 0.05).

In 2006, significant positive association between F. fusca and TSWV incidence
was noted when the thrips density was delayed by 3, 4, 5 weeks in both yellow sticky
traps and beat cups (Table 1). There was a stronger positive correlation between TSW
incidence and F. fusca density in yellow sticky trap (r= 0.85; n = 20; P < 0.001) when
the increase in F. fusca density during third and fourth WAP were correlated with the
increased TSWYV incidence disease in Week 6 and 7. Similarly, beat cup samples of
F. fusca during Week 4 and 5 correlated more positively (r= 0.71; n = 20; P < 0.001)
with increased occurrence of TSW plants during the Week 6 and 7. However, no
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correlation was detected between TSW and F. occidentalis with or without delay
(Table 1).

Data suggested that time of TSW incidence relative to plant age significantly af-
fected marketable fruit yield (Figs. 3a, b). In 2005, marketable fruit yield per plant by
weight (F=8.5;df =7, 66; P < 0.001) and number (F= 14.0; df = 7, 66; P < 0.001) was
significantly low until Week 8 at which TSW incidence did not impact marketable fruit
yield per plant. In addition, percent TSWV-damaged fruits per plant were significantly
greater (> 80%) up to Week 7 (F=5.1; df = 7, 66; P = 0.001); thereafter, the loss due
to TSW damage on fruit reduced. In 2006, marketable fruit yield per plant showed the
same pattern as in 2005, where fruit weight (F=3.7;df =5, 111; P< 0.01) and number
(F=9.3;df =5, 111; P < 0.001) were significantly higher when TSW incidence
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Fig. 3. Mean (+ SE) (a) marketable tomato fruit weight, (b) No. of marketable
fruits, and (c) percent TSWV-damaged fruits per plant that first expressed
TSWV symptoms weeks after planning in spring 2005 and 2006 com-
bined. Tomato was planted on 11 April 2005 and 23 March 2006. The pa-
rentheses indicate the number of plants per week (N) expressed TSWV
symptoms. * indicate the weeks that include both years’ data. Means fol-
lowed by the same letter among the sample weeks are not significantly
different (LSD Test, P < 0.05).
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appeared late during Week 8 and 9. However, there was no significant difference (F =
1.6; df = 5, 97; P = 0.17) in the percentage of TSWV-damaged fruit regardless of the
time of TSW symptom occurrence in 2006. When both the years were combined, the
percentage of TSWV-damaged fruits across weeks remained relatively constant (Fig.
3c). In summary, the earlier the TSW symptom appearance, the lower the tomato
yield, similar to the observations by Moriones et al. (1998).

During both years, F. fusca counts best correlated with TSW symptom develop-
ment approx. 3 weeks later. Based on previous studies, TSW symptoms appear on
tomato plants 2 or 3 wks after exposure to viruliferous-thrips in tomato field (Accotto
et al. 2005, Moriones et al. 1998). Chaisuekul et al. (2003) demonstrated that this
delay between thrips inoculation and symptom development could be as much as 5
wks for a 4-wk-old tomato plant (i.e., transplant age). The consistent delay between
F. fusca and TSW symptom development and positive correlation in both years based
on this delay suggest that this vector species was a more consistent vector of TSW
virus in tomato than F. occidentalis at this location.

Our results also showed that tomato fruit yield is more severely impacted if the
TSW symptom occurs during the early stages of the crop. This was consistent with
previous studies on TSW in tomato (Moriones et al. 1998). It follows that an effective
management of TSW in tomato requires preventative tactics (Riley and Pappu 2000,
2004, Reitz et al. 2003). The use of TSW resistant tomato, reflective mulch, insecti-
cidal sprays, adjusting planting dates, and combinations of these tactics have had
significant resuits on reducing TSW (Coutts and Jones 2005, Momol et al. 2004, Reitz
et al. 2003, Riley and Pappu 2000, 2004). This study also demonstrated that the com-
position of thrips species in Georgia tomato is not consistent over years and would
need to be assessed each year to determine the specific effectiveness of thrips con-
trol tactics.
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