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Tomato spotted wilt virus (TSWV; fam-
ily: Bunyaviridae) remains a serious prob-
lem in flue-cured tobacco production in 
Georgia and other parts of the United 
States. Stand losses in recent years have 
averaged 30% across the state, with total 
losses in some fields. There are no com-
mercially available TSWV-resistant culti-
vars and resistant transgenic tobacco lines 
that have the TSWV nucleoprotein gene 
are not accepted by the tobacco industry. 
Current management strategies may still 
result in high infection rates. Therefore, 
other management strategies need to be 
developed. 

In many crops, acibenzolar-S-methyl 
(ASM) has been shown to induce resis-
tance against bacterial, fungal, and viral 
plant pathogens as well as nematodes. 
ASM induced resistance in pepper to bac-
terial spot caused by Xanthomonas axono-
podis pv. vesicatoria as early as 3 days 
after application (16) and significantly 
increased survival of pepper plants against 
Phytophthora root and crown rot (10). 
Studies on the effect of ASM on tomato 
spotted wilt incidence on tomato and to-
bacco showed a significant reduction in 
incidence in combination with other treat-

ments such as reflective mulches and in-
secticides (12) or with timing of applica-
tion, such as when applied before 
transplanting (4,11). Reproduction of the 
rootknot nematode (Meloidogyne javan-
ica) and the reniform nematode (Rotylen-
chulus reniformis) was significantly re-
duced after pineapple plants (Ananas 
comosus) were treated with ASM (2). 

Imidacloprid (IMD) is a neonicotinoid 
insecticide. It has both systemic and con-
tact activity for the control of sucking 
insects, including thrips. Joost and Riley 
(6) found that the tobacco thrips (Frank-
liniella fusca) reduced probing time on 
plants treated with IMD and preferred to 
feed on nontreated plants. IMD acts on the 
insects in two ways, either killing them 
directly as a nerve toxin or indirectly when 
insects avoid feeding on treated plants and 
starve (13). In combination with ASM, it 
reduces TSWV incidence (4,14). 

Tobacco growers plant transplants with 
a range of different ages but prefer to grow 
older, 10-week-old transplants. Age of 
plants at the time of infection plays a sig-
nificant role in the incidence of some viral 
infections. Sugar beet seedlings were more 
susceptible to infection with Beet curly top 
virus and losses were higher than when 
older plants were infected (19). Also, 
Lapidot (7) found that seedling age af-
fected resistance of common bean cultivars 
to Tomato yellow leaf curl virus, with 14-
day-old plants being nearly 100% suscep-
tible, whereas 26- and 12-day-old plants 
had only 34 and 40% infection, respec-
tively. Mandal et al. (9) found that age of 

tobacco plants at the time of inoculation 
with TSWV in the greenhouse had an ef-
fect on the development of local lesions 
and systemic infection. The 14-week-old 
plants had fewer local lesions per plant and 
fewer plants developed local lesions com-
pared with 6- or 10-week-old plants. Sys-
temic infections were significantly reduced 
in the 14-week-old plants compared with 
the 6- or 10-week-old plants. The objec-
tives of this study were to determine if 
transplant age and preplant applications of 
ASM and IMD influence TSWV inci-
dence, yield, and crop value in flue-cured 
tobacco. 

MATERIALS AND METHODS 
2002 trial. In 2002, tobacco cv. NC-71 

was grown in 242-cell float trays and 
seeded 2 weeks apart, such that transplants 
of three different ages were produced in 
greenhouses at the University of Georgia 
Coastal Plain Experiment Station. Cv. NC-
71 was used because K-326, the cultivar 
preferred by growers at that time, was not 
available at planting time. At transplanting, 
the seedlings were 6, 8, and 10 weeks old. 
The 10-week-old transplants (10-WOT) 
had been clipped several times, the 8-WOT 
were clipped fewer times to manage plant 
size, and the 6-WOT were clipped at least 
once. Four days before transplanting, both 
ASM (Actigard 50 WG, at 2 g a.i. per 
7,000 plants; Syngenta Crop Protection, 
Greensboro, NC) and IMD (Admire 2F, at 
7.1 g a.i. per 1,000 plants; Bayer Crop-
Science, Kansas City, MO) were sprayed 
onto all treatments (except for the control 
plants) and washed into the root system. 
Transplants were planted in the field on 29 
March at the University of Georgia’s Bo-
wen Farm in Tifton. The plot size was a 
single row 10.7 m long and the spacing 
between plants was 45.7 cm. After trans-
planting, the recommended management 
protocol for tobacco production in Georgia 
was followed with the exception that no 
insecticides lethal to thrips were applied 
(1). 

2003, 2004, and 2006 trials. In 2003, 
2004, and 2006, two cultivars, K-326 and 
NC-71, and K-326 transformed with the 
N-gene of TSWV (courtesy of Dr. Nichol-
son at North Carolina State University) 
were grown in 242-cell float trays in the 
greenhouse. Cv. NC-71 was included in 
these trials to reflect recent trends in culti-
var preference among the growers. The 
transgenic line was included as a nonsus-
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ceptible standard to determine the yield 
potential in each year of uninfected plants. 
Seed were sown on different dates in order 
to produce 6-WOT and 10-WOT of each 
cultivar at time of planting. All transplants 
were planted in the field on the same day. 
Before transplanting, the 10-WOT were 
clipped several times to manage growth in 
preparation for transplanting and the 6-
WOT were clipped at least once. In 2003 
and 2004, 3 days prior to transplanting, all 
treatments except for the controls and the 
transgenic line were treated with ASM 
(Actigard 50 WG at 2 g a.i. per 7,000 
plants) and IMD (Admire 2F at 7.1 g a.i. 
per 1,000 plants). In 2006, all the trans-
plants except for the controls and the 
transgenic line were sprayed with ASM 
(Actigard 50 WG at 2 g a.i. per 7,000 
plants) and IMD (Admire Pro 4.6 at 16.5 g 
a.i. per 1,000 plants). The plants were 
overhead irrigated to remove the chemicals 
from the foliage and wash them into the 
soil. The higher rate of IMD was used 
because the plots were in a location with 
high TSWV incidence. The plots were 
established at the University of Georgia’s 
Bowen Farm in Tifton. The plot size in 
2003 was a single row 11.3 m long and the 
spacing between plants was 45.7 cm. In 
2004, the plot size was four rows 11.3 m 
long and the spacing between plants was 
56 cm. The plants in the two middle rows 
were used for data collection. The plots in 
2006 were double rows 11.3 m long and 
the plant spacing within the row was 56 
cm. Post-transplant management protocols 
were as described for the 2002 trial. In 
2003, two trials were planted, on 19 March 
and 15 April. They will be referred to in 
the rest of the article as the 2003 trial 
(early planting) and 2003 trial (late plant-
ing), respectively. In 2004, the transplants 
were planted on 23 March and in 2006 on 
7 April. 

Treatments and experimental design. 
In the 2002 trial, the experiment was de-
signed as a randomized complete block 
with a three-by-two factorial treatment 
arrangement and five replications of each 
treatment combination. Main treatment 
factors were transplant age (6-, 8-, or 10-
WOT) and chemical treatment (no treat-
ment or ASM + IMD). In the 2003 (early 
planting), 2003 (late planting), 2004, and 
2006 trials, the experiments were designed 
as randomized complete blocks with a 
two-by-two-by-two factorial arrangement 
of treatments and five replications of each 
treatment combination. Main treatment 
factors were cultivar (K-326 or NC-71), 
transplant age (6- or 10- WOT), and 
chemical treatment (no treatment or ASM 
+ IMD). In each year except 2002, five 
replicate plots were planted with the trans-
genic K-326 cultivar as a nonsusceptible 
standard to demonstrate yield potential of 
uninfected tobacco in each year. The 
transgenic plants were not treated with 
ASM or IMD. 

Data collection. Stand counts were 
made every 2 weeks starting 2 weeks after 
transplanting for the 2002 trial; once a 
week starting 1 week after transplanting 
and ending after the final harvest for the 
2003 (early planting), 2003 (late planting), 
and 2004 trials; and starting 1 week after 
transplanting and ending at topping for the 
2006 trial. Plants were topped about 80 
days after planting by removing the 
blooms and the top two or three leaves 
according to grower standards. All plants 
were visually assessed each week for 
symptoms, and plants showing symptoms 
of TSWV were flagged in the field and 
recorded as a percentage of the total plant 
stand. The area under the disease progress 
curve (AUDPC) was calculated for each 
plot based on the weekly assessments of 
percentage symptomatic plants. Leaves 
were sequentially harvested and weighed 
three times to determine the total yield. 
Harvest took place in July and the first 
week of August depending on weather 
conditions. Yield was recorded as total dry 
weight, which was calculated by multiply-
ing the green weight by 0.2 (3). Revenue 
differences between treated and nontreated 
transplants were calculated based on esti-
mates for 2007 prices for contract tobacco 
(US$3.31/kg). 

The percentage of TSWV-infected 
plants in each plot was determined at har-
vest based on a double-antibody sandwich 
enzyme-linked immunosorbent assay 
(DAS-ELISA) specific for TSWV (Agdia 
Inc., Elkhart, IN). After the last harvest, 
root samples were obtained from 10 ran-
domly selected plants per plot for each of 
the five replications. Sap was extracted 
from approximately 200 mg of fresh root 
tissue and stored in 1 ml of extraction 
buffer (for 1 liter of buffer: 1 packet of 20× 
phosphate-buffered saline-Tween concen-
trate [Agdia Inc.], 1.3 g of sodium sulfite 

(anhydrous), 20 g of polyvinylpyrrolidone 
[MW 24,000 to 40,000], 2 g of chicken 
egg albumin, 20 g of Tween-20, and 1,000 
ml of double-distilled water; pH 7.4). The 
extract was then used in the ELISA follow-
ing the manufacturer’s instructions. 

Data analysis. The data were analyzed 
using PROC MIXED in SAS (version 9.1; 
SAS Institute, Cary, NC). ELISA tests of 
transgenic K-326 plants were always posi-
tive, as expected, due to the incorporation 
of the TSWV coat protein gene in the to-
bacco genome. Positive ELISA tests are 
not a reflection of virus infection in trans-
genic tobacco (18); therefore, the data 
were not included in the analysis. The 
percentage of symptomatic plants and 
percentage of systemic infections were 
converted to proportions and arcsine-
square-root transformed prior to analysis. 
Main fixed effects of transplant age, culti-
var, and chemical treatment and their in-
teractions on percent symptomatic plants, 
percent systemic infection, yield, and 
AUDPC were evaluated. When interactions 
between fixed-effect treatment factors 
were significant, contrast statements were 
used to determine significant differences 
among least squares treatment means. The 
data presented for percent symptomatic 
plants, percent systemic infection, 
AUDPC, and yield are calculated based on 
the main treatment effects. Therefore, dif-
ferent values for the same variable can be 
found in tables for an individual year. 

RESULTS 
2002 trial. The percentage of sympto-

matic plants was significantly lower (P = 
0.04) in the transplants treated with ASM 
and IMD than in the nontreated transplants 
(Table 1). The AUDPC values also were 
significantly lower in transplants treated 
with ASM and IMD compared with the 
nontreated transplants. Older transplants 

Table 1. Effect of acibenzolar-S-methyl (ASM) and imidacloprid (IMD) treatment of NC-71 tobacco 
transplants on development of Tomato spotted wilt virus symptoms, systemic infection, and yield in 
the 2002 trialv 

 
Treatment, age (weeks)w

Symptomatic 
plants (%)x 

 
AUDPCy 

Systemic  
infection (%)z 

Yield (kg/ha 
dry weight)x 

ASM + IMD     
6 46 1,414 58 2,151 
8 36 1,191 42 2,381 
10 36 1,114 60 2,237 
Mean 39 a 1,240 a 53 a 2,256 a 

None     
6 59 2,553 58 1,042 
8 48 1,819 62 1,492 
10 44 1,600 70 1,801 
Mean 50 b 1,991 b 63 a 1,445 b 

v Means within a column followed by the same letter were not significantly different (α = 0.05) based 
on F tests in SAS PROC MIXED. 

w Chemical treatment and transplant age. 
x Values are means of five replications. 
y AUDPC (area under the disease progress curve) based on weekly assessments of percentage of 

symptomatic plants in each of five replications. 
z Systemic infection was determined by enzyme-linked immunosorbent assay. Values are means of 

percentages of positives based on root samples of 10 randomly selected plants per plot for each of 
five replications. 
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had fewer symptomatic plants and a lower 
AUDPC compared with the younger trans-
plants but the differences were not statisti-
cally significant (α = 0.05). There was no 
significant effect of chemical treatment or 
transplant age on the percentage of sys-
temic infections. The yield of transplants 
treated with ASM and IMD was signifi-
cantly higher than that of nontreated trans-
plants (Table 1). Transplant age had no 
effect on yield. There was no interaction 
between transplant age and chemical 
treatment for any of the variables mea-
sured. 

2003 (early planting) trial. There was a 
significant interaction between transplant 
age and chemical treatment on percentage 
of symptomatic plants and AUDPC but no 
interaction among cultivar, transplant age, 
and chemical treatment. Treatment of 6-
WOT with ASM and IMD resulted in sig-
nificantly fewer symptomatic plants (24%) 
compared with nontreated 6-WOT (39%) 

but treatment of 10-WOT with ASM and 
IMD had no effect on the percentage of 
symptomatic plants (Table 2). Nontreated 
6-WOT had a significantly higher percent-
age of symptomatic plants (39%) than 
nontreated 10-WOT (21%) but there was 
no significant effect of transplant age or 
cultivar on the percentage of symptomatic 
plants for transplants treated with ASM 
and IMD. The 6-WOT treated with ASM 
and IMD had a significantly lower AUDPC 
than nontreated 6-WOT and 6-WOT 
nontreated transplants had a significantly 
higher AUDPC than nontreated 10-WOT. 
There were no significant interactions and 
no significant effect of chemical treatment, 
transplant age, or cultivar on the percent-
age of systemic infections (data not 
shown) or yield. The mean percentage of 
systemic infections for all treatments was 
32%. The mean yield of treated and 
nontreated 10-WOT (2,872 kg/ha dry 
weight) was higher than for the 6-WOT 

(2,676 kg/ha dry weight), but the differ-
ence was not statistically significant (α = 
0.05). No symptoms of TSWV were ob-
served in the transgenic K-326 plants. 
Yield of transgenic K-326 was the highest, 
with 3,334 kg/ha dry weight. 

2003 (late planting) trial. There were 
no significant interactions among cultivar, 
transplant age, and chemical treatment. 
Treatment with ASM and IMD signifi-
cantly reduced the percentage of sympto-
matic plants, AUDPC, and the percentage 
of systemic infections and increased yield 
compared with the nontreated controls 
(Table 3). The AUDPC was significantly 
lower and the percentage of systemic in-
fections significantly higher for NC-71 
transplants than K-326 transplants, al-
though there was no effect of cultivar on 
the percentage of symptomatic plants and 
yield (Table 4). No symptoms of TSWV 
were observed in the transgenic K-326 
plants. Yield of transgenic K-326 was 
3,667 kg/ha dry weight. There was no 
effect of transplant age on the percent 
symptomatic plants, yield, percent sys-
temic infection, or AUDPC (data not 
shown). 

2004 trial. There were no significant in-
teractions among cultivar, transplant age, 
and chemical treatment. Treatment with 
ASM and IMD resulted in significantly 
fewer symptomatic plants, lower AUDPC 
values, and higher yield compared with the 
nontreated control but had no effect on the 
percentage of systemic infections (Table 
3). NC-71 transplants had a significantly 
lower percent symptomatic plants, 
AUDPC, percent systemic infections, and 
higher yield than K-326 (Table 4). Trans-
plant age had no effect on the percent 
symptomatic plants, yield, AUDPC value, 
or percent systemic infection (data not 
shown). No symptoms of TSWV were 
observed in the transgenic K-326 plants. 
Yield of transgenic K-326 was 3,221 kg/ha 
dry weight. 

2006 trial. Treatment with ASM and 
IMD resulted in significantly fewer symp-
tomatic plants and lower AUDPC values 
compared with the nontreated control (Ta-
ble 3). Yields were significantly higher in 
transplants treated with ASM and IMD 
compared with nontreated controls (Table 
3). The 10-WOT had a significantly 
smaller percentage of symptomatic plants, 
lower AUDPC, and higher yields than 6-
WOT (Table 5). Both cultivar and chemical 
treatment had significant effects on per-
centage of systemic infection. And, al-
though there was no significant main effect 
of transplant age, there was a significant 
interaction between chemical treatment 
and transplant age on percentage of sys-
temic infections. K-326 transplants had 
significantly more systemic infections 
(mean of 63%) than NC-71 transplants 
(mean of 44%). The 10-WOT treated with 
ASM and IMD had a significantly lower 
percentage of systemic infections than 

Table 3. Effects of acibenzolar-S-methyl (ASM) and imidacloprid (IMD) treatment of tobacco trans-
plants on the incidence of Tomato spotted wilt virus and yield in the 2003 (late planting), 2004 and
2006 trialsv 

 
Trial, treatment 

Symptomatic  
plants (%) 

 
AUDPCw 

Systemic infection 
(%)x 

Yield (kg/ha  
dry weight)y 

2003 (late)     
ASM + IMD 12 a 365 a 24 a 3,039 a 
None 34 b 1,384 b 40 b 2,622 b (3,667) 

2004     
ASM + IMD 49 a 1,279 a 61 a 2,129 a 
None 65 b 2,150 b 65 a 1,704 b (3,221) 

2006     
ASM + IMD 22 a 399 a 55 a (37 a)z 3,220 a 
None 46 b 1,156 b 59 a (62 b)z 2,516 b (3,052) 

v  Values are means of five replications of two cultivars (NC-71 and K-326) and two transplants ages 
(6-week-old transplants [6-WOT] and 10-WOT). Means within a column and year followed by the
same letter were not significantly different (α = 0.05) based on F tests in SAS PROC MIXED. 

w AUDPC = area under the disease progress curve, based on weekly assessments of percentage of
symptomatic plants.  

x Systemic infection was determined by enzyme-linked immunosorbent assay. For the 2003 (late) and 
2004 trials, values are means of percentages of positives based on root samples of 10 randomly se-
lected plants per plot for each of five replications of two cultivars (NC-71 and K-326) and two trans-
plant ages (6-WOT and 10-WOT).  

y Values in parentheses are mean yields for the nonsusceptible transgenic K-326. 
z Due to an interaction between chemical treatment and transplant age in the 2006 trial, the percent

systemic infection was reported separately for 6-WOT and 10-WOT. Values shown are means of five 
replications of two cultivars (NC-71 and K-326) for 6-WOT and 10-WOT (in parentheses).  

Table 2. Effects of acibenzolar-S-methyl (ASM) and imidacloprid (IMD) treatment of tobacco trans-
plants on development of Tomato spotted wilt virus symptoms in the 2003 (early planting) trialv 

Treatment, age (weeks)w Symptomatic plants (%)x AUDPCy Yield (kg/ha dry weight)z

ASM + IMD    
6 24 aA 720 aA 2,859 a 
10 25 aA 698 aA 2,846 a 

None    
6 39 bA 1,322 bA 2,526 a 
10 21 aB 657 aB 2,897 a (3,334) 

v Values are means of five replications of two cultivars (NC-71 and K-326). Means within a column 
followed by the same letter were not significantly (α = 0.05) different based on F tests in SAS PROC 
MIXED. 

w Chemical treatment and transplant age. 
x Lowercase letters indicate differences between chemical treatments and uppercase letters indicate

differences between transplant ages. 
y AUDPC = area under the disease progress curve, based on weekly assessments of percentage of

symptomatic plants. Lowercase letters indicate differences between chemical treatments and upper-
case letters indicate differences between transplant ages. 

z  Value in parentheses is the yield of the nonsusceptible transgenic K-326.  
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nontreated 10-WOT (mean of 37 versus 
62%, respectively) but there was no sig-
nificant effect of chemical treatment on 
percent systemic infection in the 6-WOT, 
with means of 55 and 59% in treated and 
nontreated plants, respectively (Table 3). 
Cultivar had no effect on yield, percent 
symptomatic plants, or AUDPC (data not 
shown). Symptoms of TSWV were ob-
served on 17% of transgenic K-326 plants 
and yield of transgenic K-326 was 3,052 
kg/ha dry weight. There was no interaction 
among cultivar, chemical treatment, and 
transplant age on any of the variables 
measured. 

DISCUSSION 
TSWV management is complicated be-

cause the virus must be vectored by thrips 
for infection to occur. Many factors affect 
the reproduction of both thrips and the 
virus, and these relationships are poorly 
understood. ASM is a plant activator and 
functions as an analog of the naturally 
occurring salicylic acid in the systemic 
acquired resistance (SAR) signal transduc-
tion pathway (5,8,15). The signal transduc-
tion pathway leads to the activation of 
SAR genes that result in the production of 
pathogenesis-related proteins such as 
chitinases and β-1,3-glucanases (17) 
throughout the plant. The activation of 
SAR by ASM may affect both the infec-
tion process and the reproduction and 
movement of the virus in the plant. IMD 
affects feeding habits of thrips and oper-
ates primarily as a feeding deterrent on 
seedlings (6). The pretreatment with ASM 
and IMD reduced the percentage of symp-
tomatic plants and increased yields in all 4 
years. Yield increases ranged from 417 to 
751 kg/ha dry weight. Based on conserva-
tive 2007 estimates for contract prices for 
tobacco (US$3.31/kg), the increased in-
come potential associated with these yield 
increases is a substantial $1,380 to 
2,486/ha. The cost of greenhouse applica-
tion of ASM and IMD per hectare was 
approximately US$140. The return for this 
investment was between US$600 and 
3,600/ha, which could be the difference 
between a profit or a loss for a grower. In 
the 2006 trial, symptoms were observed on 
17% of the transgenic K-326. It is not clear 
why some of the transgenic K-326 plants 
developed symptoms of TSWV infection, 
but this may explain the unexpected lower 
yield compared with the ASM + IMD-
treated transplants. 

In greenhouse experiments with TSWV 
and tobacco (9) and other systems, host 
age had a pronounced effect on plant sus-
ceptibility (7,18). Mandal (9) found that 
14-week-old tobacco plants had fewer 
local infections and significantly fewer 
systemic infections when mechanically 
inoculated in the greenhouse than the 6- or 
10-week-old tobacco plants. In the present 
study of natural TSWV epidemics in the 
field, a significant effect of transplant age 

on systemic TSWV infection was noted in 
only one of five trials and a significant 
effect of transplant age on the percentage 
of symptomatic plants was observed in two 
of five trials. However, a trend toward 
reduced infection and symptom develop-
ment with increased transplant age was 
observed in most trials (data not shown). A 
similar trend of increased yield with in-
creased transplant age was also observed 
in most of the trials (data not shown), al-
though the differences were statistically 
significant only in the 2006 trial. The in-
fluence of transplant age on infection, 
symptom development, and yield was most 
pronounced for transplants not treated with 
ASM and IMD. In these trials, 6-WOT 
would be considered young, 8-WOT would 
be considered medium aged, and 10-WOT 
would be considered old. In order to pro-
duce the older transplants, seedlings were 
clipped four to five times to reduce exces-
sive foliage. The physical damage pro-
duced by the clipping procedure may in-
duce an SAR reaction. The 6-WOT were 
clipped at least once and it would be ex-
pected that an SAR reaction would be 
induced in these transplants as well. We 
can only speculate that any SAR induction 
might have been influenced by the number 
of times the plants were clipped. This may 
explain why, in the 2003 trials (early and 
late), the yield of nontreated 10-WOT 
(NC-71) was higher than nontreated 6-
WOT (NC-71 and K-326) and was similar 

to that of the treated transplants and the 
transgenic standard. It is not known if the 
age of the plants and potential associated 
physiological changes in the plants, such 
as increased nicotine content in the leaves, 
the mechanical injury associated with plant 
clipping, or the attractiveness to thrips is 
responsible for the reduced TSWV infec-
tion, or if all of them played a role in the 
reduction. No published report could be 
found on physiological changes associated 
with transplant age that might account for 
these effects. 

Although not tested specifically in these 
trials, our observations indicate that 
younger plants may be more prone to 
stunting and phytotoxicity from ASM ap-
plications whereas older, more hardened 
plants are not. Transplants treated with 
ASM and IMD were, on average, 3 to 10 
cm shorter than the respective nontreated 
transplants halfway through the growing 
season in some years but, at harvest time, 
no difference in height between treated and 
nontreated plants was observed (data not 
shown). In other years, there was no ap-
parent height difference halfway through 
the growing season. Yields also were not 
adversely affected by the chemical treat-
ment compared with nontreated controls. 
The cost of producing older transplants is 
minimal and requires only some manage-
ment effort and time but no capital outlay. 
Thus, the potential benefit from the use of 
older transplants for TSWV management 

Table 5. Effects of age of tobacco transplants on development of Tomato spotted wilt virus in the 2006 
trialy 

Transplant age 
(weeks) 

Symptomatic plants 
(%) 

 
AUDPCz 

Yield  
(kg/ha dry weight) 

6 37 a 904 a 2,755 a 
10 30 b 651 b 2,981 b 

y Values are means of five replications of two cultivars (NC-71 and K-326) and two chemical treat-
ments (acibenzolar-S-methyl + imidacloprid and nontreated). Means within a column followed by the 
same letter were not significantly different (α = 0.05) based on F tests in SAS PROC MIXED. 

z AUDPC = area under the disease progress curve, based on weekly assessments of percentage symp-
tomatic plants.  

Table 4. Effects of tobacco cultivar on incidence of Tomato spotted wilt virus and yield in the 2003 
(late planting) and 2004 trialsw 

 
Trial, cultivar 

Symptomatic 
plants (%) 

 
AUDPCx 

Systemic  
infection (%)y 

Yield (kg/ha  
dry weight)z 

2003 (late)     
NC-71 21 a 738 a 35 a 2,882 a 
K-326 27 a 1,010 b 29 b 2,779 a (3,667) 

2004     
NC-71 49 a 1,444 a 56 a 2,088 a 
K-326 64 b 1,985 b 70 b 1,744 b (3,221) 

w Values are means of five replications of two chemical treatments (acibenzolar-S-methyl + imidaclo-
prid [ASM + IMD] and nontreated) and two transplants ages (6-week-old transplants [6-WOT] and 
10-WOT). Means within a column and year followed by the same letter were not significantly differ-
ent (α = 0.05) based on F tests in SAS PROC MIXED. 

x AUDPC = area under the disease progress curve, based on weekly assessments of percentage symp-
tomatic plants.. 

y Systemic infection was determined by enzyme-linked immunosorbent assay. Values are means of 
percentages of positives based on root samples of 10 randomly selected plants per plot for each of the 
five replications of two chemical treatments (ASM + IMD and nontreated) and two transplants ages
(6-WOT and 10-WOT). 

z Values in parentheses are mean yields for the nonsusceptible transgenic K-326. 
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may be quite high for the minimal invest-
ment required. 

The combination of ASM and IMD, in 
general, decreased infection and increased 
yield over the nontreated plants. Although 
there was no effect of transplant age on 
incidence of TSWV when combined with 
greenhouse treatments, the potential ad-
vantage of reduced phytotoxicity from 
greenhouse applications of ASM seen with 
older transplants may be a benefit to grow-
ers. The effect of treatment with ASM and 
IMD and transplant age on the incidence 
of TSWV symptomatic plants varied 
among years and could be due to varying 
disease pressure and environmental condi-
tions during the time the transplants were 
most susceptible. 

As observed in these trials and other 
studies, many factors influence the inci-
dence of TSWV in flue-cured tobacco in 
any given year (4,6,11,12). To be able to 
compare yields within a year, we included 
a transgenic K-326 that is not susceptible 
to TSWV but would be affected by 
weather and other factors during the grow-
ing season. The incidence of TSWV on the 
Bowen Farm varies depending on the loca-
tion on the farm. The trials were not lo-
cated in the same areas on the farm over 
the years, which could have affected the 
incidence of TSWV. IMD affects the set-
tling and probing behavior of thrips. The 
tobacco thrips (F. fusca), the most impor-
tant thrips species in tobacco in Georgia, 
probed for a significantly shorter time on 
IMD-treated tomato leaves than on 
nontreated tomato leaves (6). This behav-
ior may also occur on other solanaceous 
hosts such as tobacco. The shorter time 
thrips spend probing on IMD-treated 
transplants could result in fewer infections 
with TSWV. Rainfall and minimum and 
maximum temperatures during the grow-
ing season did not correlate with the inci-

dence of TSWV (data not shown). The age 
of transplants had a significant effect on 
the incidence of TSWV-infected or symp-
tomatic plants only in some years. How-
ever, numerical trends observed in most of 
the trials suggest that transplant age may 
influence infection, disease development, 
and yield. Given the very few tools we 
have available to manage this disease, the 
use of older tobacco transplants should be 
considered as part of a TSWV manage-
ment program. 
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