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ABSTRACT

Mandal, B., Pappu, H. R., Csinos, A. S., and Culbreath, A. K. 2006. Response of peanut, pepper,
tobacco, and tomato cultivars to two biologically distinct isolates of Tomato spotted wilt virus.
Plant Dis. 90:1150-1155.

Spotted wilt disease, caused by Tomato spotted wilt virus (TSWV), is an economically important
disease in peanut, pepper, tobacco, and tomato in the southeastern United States. However, very
little is known about the biological variability existent in the virus population. Fourteen isolates
of TSWYV collected in Georgia were evaluated for symptom severity. The majority of the isolates
produced severe systemic necrosis. One mild (GATb-1) and one severe (GAL) isolate were fur-
ther examined because of the distinct differences in their virulence and symptomatology on
tobacco. GATb-1 caused a few chlorotic spots and mild systemic symptoms, whereas GAL pro-
duced a large number of local lesions and severe systemic necrosis. Distinct differences in the
response of selected commercial cultivars of peanut, tobacco, and tomato to GATb-1 and GAL
infection were observed. GAL was lethal to a widely grown tobacco cultivar, K326. Georgia
Green, a field resistant peanut cultivar, and C11-2-39, a breeding line with the highest level of
known resistance to TSWYV, were more susceptible to GAL than to GATb-1. BHN 444, a newly
released TSW V-resistant tomato cultivar, showed a resistant reaction, whereas Stiletto, a newly
released TSW V-resistant pepper cultivar, was susceptible to both GATb-1 and GAL isolates.
Information on the biological diversity of TSWV may be useful in developing more durable

TSW V-resistant crops.

Additional keywords: Bunyaviridae, thrips, Tospovirus

Tomato spotted wilt virus (TSWV), ge-
nus Tospovirus and family Bunyaviridae
(25,26), is one of the most widely occur-
ring and economically important plant
viruses (38). TSWV has a wide host range
and is transmitted by several species of
thrips (42,43). The TSWV genome con-
sists of three segments of RNA: Large (L),
Medium (M), and Small (S) (1). The tri-
partite genome organization of TSWV
allows exchange of genetic information
through genome reassortment (16,18,
34,35). In nature, TSWV exists as a com-
plex of strains (3,4,9,15,17,28). The diver-
sity in virus populations helps TSWYV rap-
idly adapt to a resistant host. Breakdown
of virus resistance in commercial crops
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like tomato and pepper has been reported
(10,17,18,20,24).

TSWV is a production constraint to
peanut, pepper, tobacco, and tomato in
Georgia (29). Annual total losses due to
TSWYV in these crops in Georgia are esti-
mated at several million dollars (44). Man-
agement of TSWV is largely dependent
upon the use of resistant cultivars in com-
bination with certain cultural practices
(8,11-14,23,32,36,37). Since TSWV has
been shown to overcome resistance in
commercial crops (10,17,20,24), knowl-
edge on the prevalence of TSWV isolates
in a particular geographic location is im-
portant for breeding resistant cultivars that
are durable. Sequence diversity of TSWV
isolates occurring in Georgia has been
studied previously (5,19,31,33). The evolu-
tionary biology of TSWV based on se-
quence analysis has been the subject of
further studies (27,41). However, little or
no information is available on the preva-
lence of strains that differ in pathogenicity.

The objective of the present study was
to determine the biological diversity of
TSWYV isolates existing in southern Geor-
gia. Several isolates of TSWV from Tift
and Colquitt counties were compared by
mechanical inoculation on tobacco cultivar
K326 under identical environmental condi-
tions. Two isolates with differential sever-

ity of disease expression were selected and
further characterized. Reactions of com-
mercial cultivars of peanut, pepper, to-
bacco, and tomato to these two isolates
were evaluated.

MATERIALS AND METHODS

Collection and transmission of TSWV
isolates. Fourteen isolates of TSWV were
collected from tobacco (Nicotiana ta-
bacum) grown on the Bowen Farm and the
Black Shank Farm of the Coastal Plain
Experiment Station, University of Georgia,
Tifton, and one isolate from lettuce from
Colquitt County, GA. TSWV infection in
these source plants was confirmed by en-
zyme linked-immunosorbent assay (ELISA)
using a commercial kit (Agdia Inc., Elk-
hart, IN). ELISAs were also conducted to
ensure absence of a mixed infection with
Tobacco mosaic virus, Cucumber mosaic
virus, or Potato virus Y in the samples. One
hundred milligrams of each leaf sample
containing a single lesion or a portion of
systemic necrosis was ground in 1 ml of
0.1 M potassium phosphate buffer, pH 7.0,
containing 0.2% Na,SO; and 0.01 M mer-
captoethanol. To the sap, Celite 545 and
Carborundum 320 grit (Fisher Scientific,
Fair Lawn, NJ) were added. All the isolates
were separately inoculated onto two leaves
of 1-month-old individual tobacco plants
cv. K326. Inoculated plants were kept in a
growth chamber at 25 to 30°C, 60 to 90%
relative humidity, and 12 h each light (light
intensity 15 to 20 klx) and dark period
daily.

Selection of mild and aggressive iso-
lates. Three lesions from each plant inocu-
lated with each isolate of TSWV were
initially tested at 5 days postinoculation
(DPI) separately in a 10-fold dilution se-
ries by ELISA using a monoclonal anti-
body specific to TSWV nonstructural pro-
tein, NSs (2). For asymptomatic plants, an
equal amount of leaf disks was tested by
ELISA. Inoculated plants were allowed to
grow for a month to allow for the devel-
opment of systemic symptoms. A month
after inoculation, two isolates were se-
lected for further study: a tobacco isolate
(GATb-1) that induced mild symptoms and
a lettuce isolate (GAL) that induced severe
symptoms. These isolates were further
propagated on tobacco. These two isolates
were successively transferred three times
from single lesions to K326 under the



same environmental conditions. Then,
from the third single-lesion transfer, the
isolates were propagated and maintained in
tomato (Lycopersicon esculentum) cv.
Sunny.

Comparison of aggressiveness of
GATb-1 and GAL isolates. A 10" or 102
dilution of symptomatic tomato leaves for
each isolate was used separately to inocu-
late a single excised leaf (11 cm long and 7
cm wide) of N. tabacum cv. Xanthi grown
in the growth chamber. Inoculation to a
single leaf was considered as a replication,
and for each dilution three replications
were included. Each inoculated leaf was
kept floating on autoclaved distilled water
in a separate plastic container. Inoculated
leaves in the plastic container were kept
completely randomized in the growth
chamber. Expression of symptoms was
monitored visually on a daily basis. Six
lesions (from both dilutions) for each iso-
late were tested separately by ELISA to
confirm the presence of TSWV.

Cultivars. Three cultigens of peanut
(Arachis hypogaea) were used. Georgia
Runner is considered susceptible to
TSWYV, whereas Georgia Green and C11-
2-39 have field resistance to TSWV. BHN
444 (BHN Research, Bonita Springs, FL)
and Sunny are TSWV-resistant and
-susceptible tomato cultivars, respectively.
Pepper (Capsicum annuum) cv. Stiletto
(Novartis/Rogers Brand Seed) and Yellow
Wonder were used. Stiletto was released as
a TSW V-resistant cultivar.

Evaluation of susceptibility of to-
bacco, peanut, tomato, and pepper cul-
tivars to GAL and GATb-1 isolates. In-
ocula for both isolates were prepared from
infected tomato as described above. Two
leaves of tobacco cv. K326 seedlings (25
days after planting) were inoculated with
either isolate at 10! and 107 dilutions.

Six- to-seven day-old peanut seedlings
were inoculated separately with the two
isolates. One-month-old tomatoes and
peppers were inoculated with the two iso-

Table 1. Response of tobacco cv. Xanthi to infection by GATb-1 and GAL isolates of Tomato spotted

wilt virus
Number of lesions developed
on each lamina®™
Dilution Mean?*
Isolate of sap Replication® 3DPIY 5 DPI at 5 DPI
GATD-1 10! 1 0 9
11 1 3 6.33 b, m
11 5 7
102 1 0 0
0 0 0.66 a, m
1 0 2
GAL 10! 1 60 78
1T 80 120 100 b, n
1 93 102
102 I 0 13
1T 0 29 21.3a,n
il 4 22

V' GATb-1 and GAL caused chlorotic lesions and necrotic lesions, respectively.
* Inoculation of single excised leaf 11 cm long and 7 cm wide was considered replication.

¥ Days postinoculation.

za, b or m, n denote significant difference between pairs of means within a dilution level or isolate,
respectively, at P = 0.05. LSD between isolates within dilution level = 51.5, df = 2; LSD between

dilutions within an isolate = 15.2, df = 4.

lates. For peanut, tomato, and pepper, in-
ocula were prepared from tomato infected
with the two isolates at the rate of 1:6
(wt/vol) tissue to buffer ratio. Mechanical
inoculations were done as previously de-
scribed (21).

Detection of infection and statistical
analysis. Inoculated plants were monitored
visually, and both local and systemic infec-
tions were confirmed by ELISA using a
commercially available kit for TSWV de-
tection (Agdia). Data were analyzed by
Proc MIXED (SAS, Version 8, 2000, SAS
Institute Inc., Cary, NC). The statistical
model for analysis of response of tobacco
(N. tabacum cv. Xanthi and N. tabacum cv.
K326, Tables 1 and 2) was split plot with
three replications having main plot as iso-
late, subplot as dilution. The model for
analysis of tomato cultivars (Table 3) was a
split plot with three replications, where
cultivar and isolate were the main plot and
local and systemic symptoms were the
subplot. For the analysis of response of
peanut (Table 4) and pepper (Table 5), the
model was a randomized complete block
with three replications and a factorial with
three cultigens for peanut and two culti-
gens for pepper by two isolates each.

RESULTS

Reactions of the field isolates. In the
field, TSWV isolates exhibited a wide
range of symptoms (Fig. 1). Upon me-
chanical inoculation of tobacco K326, test
plants produced local lesions on the inocu-
lated leaves 3 to 5 DPI. The number of
lesions that developed after inoculation
varied from O to 186 per plant. There were
differences in the type of local lesions
produced. Some isolates, including GAL,
produced necrotic rings with green tissues
inside, or lesions with a blighted center
and a brown margin around. At 7 to 30
DPI, the majority of the isolates produced
severe systemic necrosis. Some isolates
did not induce a large number of local
lesions but produced systemic necrotic
symptoms. Only one isolate, GATb-1, did

Table 2. Response of tobacco cv. K326 to infection by GATb-1 and GAL isolates of Tomato spotted wilt virus

Dilution of sap*

101 102
No. plants Mean no. Mean No. plants Mean no. Mean*
infected/ of lesions lesions infected/ of lesions lesions
IsolateY Replication inoculated per plant in four trials inoculated per plant in four trials
GATb-1 I 5/5 5.8 3/5 1.0
I 5/5 4.0 5.65a,n 2/5 1.2 1.07 a,n
11 9/9 6.6 3/9 0.6
v 8/9 6.2 3/9 1.5
GAL I 515 432 515 12.6
I 5/5 34.0 36.95b,n 5/5 124 10.27 b, m
I 9/9 40.0 8/9 8.7
v 9/9 30.6 8/9 7.4

* Two leaves for each plant (25 days after planting) were inoculated. Lesions were counted 5 days postinoculation.
¥ GATb-1 and GAL caused chlorotic lesions and necrotic lesions, respectively.
“a, b or m, n denote significant difference between pairs of means within dilution of sap or isolate, respectively, at P = 0.05. LSD between isolates within a

dilution level = 8.4, df = 3; LSD between dilutions within an isolate = 4.5, df = 6. The model was split plot with three replications, main plot was isolate,

subplot was dilution.
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not produce severe systemic necrosis.
However, it produced mottling, green cir-
cular lines, or chlorotic concentric rings
and minute necrotic dots, which were scat-
tered over the inoculated leaves. Based on
distinct differences in the severity of sys-
temic symptoms, GATb-1 and GAL were
selected for successive passaging of single
lesions in tobacco. GATb-1 produced a few
chlorotic spots (Fig. 2), whereas GAL
produced large numbers of necrotic lesions
(Fig. 2) and wilting of the leaves. Follow-
ing single-lesion transfers, cultures of
GATb-1 and GAL were established which
were used to determine the responses of
cultivars of peanut, pepper, tobacco, and
tomato.

Comparison of severity of GATb-1
and GAL isolates in N. tabacum cv. Xan-
thi. Inoculation of GATb-1 to the excised
leaves of N. tabacum cv. Xanthi resulted in
6.33 and 0.66 chlorotic spots per leaf at 10™!
and 107 dilutions, respectively (Table 1).
In comparison, GAL produced a larger
number of necrotic lesions, 100 and 21.3
per leaf at 107! and 107 dilutions, respec-
tively (Table 1). There was an interaction
between isolates and dilution of sap, and
they were significantly different at P =
0.05.

Susceptibility of different crops to
GATb-1 and GAL isolates. In the four
inoculation trials using a commercial to-
bacco cultivar, K326, isolate GATb-1 pro-
duced a mean of 4 to 6.6 and 0.6 to 1.5
chlorotic spots at 5 DPI at 107! and 1072
dilutions, respectively, on the inoculated
leaves (Table 2). Leaves inoculated with
isolate GATb-1 did not wilt. At 10 to 15
DPI, plants showed systemic symptoms
such as mottling, wavy circular green
lines, chlorotic rings, and concentric rings.
The GAL isolate produced lesions as early
as 3 DPI, and by 5 DPI a large number of
lesions developed on the inoculated leaves.
In the four inoculation trials, GAL pro-
duced 30.6 to 43.2 and 7.4 to 12.6 necrotic
lesions per plant at the 10! and 10 dilu-
tions, respectively (Table 2). Inoculated
leaves wilted by 5 to 6 DPI, while systemic

necrosis developed on the newly expand-
ing leaves. Plants were stunted and died by
3 to 4 weeks postinoculation. The isolates
infected similar numbers of plants follow-
ing inoculation with the 10" dilution of
inoculum, but GAL produced more in-
fected plants than GATb-1 at higher dilu-
tion (Table 2). There was a significant
difference in the severity of disease caused
by these two isolates as judged by the
number of local lesions and chlorotic
spots.

In the case of peanut, both isolates in-
duced yellow spots, rings, or concentric
rings in the newly developed leaves. There
were no pronounced differences in symp-
tomatology between the two isolates.
However, inoculation of peanut cultigens
Georgia Green, Georgia Runner, and C11-
2-39 with isolate GAL resulted in a higher
percentage of infected plants than inocula-
tion with GATb-1 (Table 4). GATb-1 infec-

tion resulted in a higher percentage of
systemically infected plants in the case of
Georgia Green and Georgia Runner (76.6
and 81.9%, respectively) than in C11-2-39.
There were no significant differences in
the number of plants of Georgia Green and
Georgia Runner infected with either isolate
(Table 4). However,GATb-1 produced a
significantly lower percentage (23%) of
systemically infected C11-2-39 plants
(Table 4) than that caused by GAL. Of the
three cultigens, only C11-2-39 showed a
differential response to the two isolates.
Both GATb-1 and GAL isolates pro-
duced mosaic and stunting of plants in the
tomato cultivar Sunny. One month after
inoculation with GAL, many necrotic
brown lesions and concentric rings devel-
oped on new leaves, while at the same time
plants inoculated with GATb-1 showed
chlorotic concentric rings, distortion of
leaves, and minor necrosis. Both the iso-

Table 4. Response of peanut to GAL and GATb-1 isolates of Tomato spotted wilt virus

. . Mean %
No. plants infected/inoculated infected
Cultigen Isolate I 1I Iy plants?
C11-2-39 GAL 6/10 57 10/10 78.2b,n
GATb-1 2/9 2/11 3/10 23.0a, m
Georgia Runner GAL 6/7 10/10 9/10 919a,n
GATDb-1 8/10 6/7 8/10 81.9a,n
GA Green GAL 8/10 10/10 10/10 933 a,n
GATDb-1 6/10 10/10 7/10 76.6 a,n

¥ Three replications.

“ a, b or m, n denote significant difference between the means of isolates or cultigens within the other
factor, respectively, at P = 0.05. LSD between isolates and cultigens within the other factor = 22.2,

df = 10.

Table 5. Response of two pepper varieties to GATb-1 and GAL isolates of Tomato spotted wilt virus

No. plants infected/inoculated

Mean %

Cultivars Isolates I II 1II infected plants”

Stiletto GATb-1 15/15 10/10 8/10 93.8
GAL 10/15 10/10 8/10 81.2

Yellow Wonder GATb-1 15/15 8/10 8/10 87.5
GAL 15/15 10/10 10/10 100

2 LSD between cultivars or isolates within other factor = 23.8, df = 6.

Table 3. Response of two tomato cultivars to GATb-1 and GAL isolates of Tomato spotted wilt virus (TSWV)

Symptoms™ Site of virus No. plants infected/inoculated Mean %
Cultivar Isolate Local Systemic detection® I I r infected plants”
BHN444 GATb-1 - - Inoculated leaf 1/15 0/10 2/10 8.7a,m,q
New leaf 0/15 0/10 0/10 Oa,m,q
GAL + - Inoculated leaf 12/15 10/10 8/10 86.0b,n, r
New leaf 2/15 1/10 1/10 11.3a,m,q
Sunny GATDb-1 - + New leaf 12/15 8/10 10/10 86.0a, m, r
GAL - + New leaf 15/15 10/10 7/10 91.0a,m,r

“Local and systemic symptoms indicate necrotic spots on the inoculated leaves and mosaic or necrosis on the new leaves that emerged after inoculation.

—: absence of symptoms, +: presence of symptoms.

*TSWV was detected by enzyme-linked immunosorbent assay (ELISA) on the inoculated leaf at 10 days postinoculation (DPI) and again in the same plant
at 25 DPI to confirm local and systemic infection. ELISA data of local infection of inoculated leaves on cv. Sunny were not shown, because they were the

same as infection shown on new leaf.
¥ Three replications.

% a, b denotes significant difference between local and systemic infection; m, n denotes significant difference between isolates; g, r denotes significant differ-
ence between cultivars at P = 0.05. Values marked with the same letter are not significantly different. LSD between cultivars (q, r) or isolates (m, n) within
other two factors = 17.4, df = 6. LSD between local and systemic infection (a, b) within a cultivar and isolate = 16.4, df = 8.
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lates produced a similarly higher percent-
age (86 and 91% by GATb-1 and GAL
isolates, respectively) of systemically in-
fected plants of cultivar Sunny (Table 3)
compared with cultivar BHN 444.

Inoculation of tomato cultivar BHN 444
with GAL resulted in brown necrotic spots
on the inoculated leaves at 3 to 5 DPI. At
10 DPI, lesions became larger, and yellow
tissue developed around the brown spots.
No systemic necrosis or stunting was ob-
served in plants that produced localized
symptoms on the inoculated leaves.
ELISA, however, showed the presence of
TSWYV in the new leaves of 11.3% of the
inoculated plants, indicating an asympto-
matic but systemic infection. Inoculation
of GATb-1 to BHN 444 resulted in no
necrotic spots or mosaic on the inoculated
leaves. No symptoms were observed on the
newly developed leaves. However, 8.7% of
the plants showed the presence of TSWV
in the inoculated leaves, but none showed
the presence of TSWV in the new leaves
(Table 3).

Pepper cultivar Stiletto produced black-
ish brown necrotic lesions and veinal ne-
crosis on the inoculated leaves at 5 DPI
with GAL. Necrotic spots were observed
in the newly developed leaves. Inoculated
leaves with necrosis and newly developed
leaves with even a few necrotic spots ab-
scised prematurely. All the leaves abscised
in plants showing pronounced necrosis,
and the remaining green stems became
severely stunted in 40% of the inoculated
plants. Necrosis also was observed on the
stems where all the leaves had abscised.
Plants that had minor necrosis or no necro-
sis on the inoculated leaves grew further
and produced new leaves. These plants
showed systemic symptoms such as
chlorotic concentric rings on the mature
leaves, while younger leaves were symp-
tomless.

Stiletto plants inoculated with the
GATb-1 isolate initially produced minor
necrosis on the inoculated leaves, and later
the new leaves showed yellow spots, mo-
saic, chlorotic rings, and occasional ne-
crotic spots. Stiletto infected with GATb-1
produced more prominent systemic mosaic
symptoms than the GAL isolate, which
caused more necrotic symptoms. Pepper
cultivar Yellow Wonder exhibited severe
systemic mosaic, ring spot, necrosis, and
stunting when inoculated with either iso-
late. There was no significant difference in
the percentage of infected Stiletto plants
resulting from infection by the two isolates
(Table 5).

DISCUSSION

Reactions of 14 TSWV isolates were
compared following their transfer to to-
bacco cultivar K326. There was variation
in the size, appearance, and number of
local lesions on inoculated leaves among
the isolates studied. Local infections lead-
ing to systemic infection that had a signifi-

cant effect on plant growth and survival
were considered as an expression of ag-
gressive infection by an isolate. The major-
ity of the isolates caused severe systemic
necrosis, stunting, and in some cases,
death of plants. TSWYV infection is known
to result in diverse symptomatology in
field grown tobacco (30; Fig. 1), which is
possibly due to the existence of different
isolates. Symptom expression is also af-
fected by time of infection, age of the
plant, and environmental factors. We iso-
lated and characterized two biologically
distinct isolates that differed in virulence
as shown by the differential response of
selected cultivars of peanut, tomato, and
tobacco. Tobacco cultivar K326 is one of
the predominant tobacco cultivars grown
in Georgia. Although GATb-1 and GAL
isolates both infected K326, only GAL was
destructive to it. In peanut, cultivars Geor-
gia Runner and Georgia Green, which are
susceptible and moderately field resistant
to TSWYV, respectively, showed similar
disease responses to both isolates. Peanut
breeding line C11-2-39, however, showed
suppression of the mild isolate, GATb-1,
but not the severe isolate, GAL, as shown
by the percent infected plants. In previous
studies with natural (12) and mechanical
inoculation (22), C11-2-39 was found to be
a promising source of resistance to TSWYV,

but the present study showed that the se-
vere isolate occurring in Georgia can over-
come resistance in this breeding line. It is
not known how C11-2-39 would respond
to GAL in a field environment. However,
existence of such an aggressive isolate in
Georgia necessitates continued search for
different and better sources of TSWV re-
sistance in peanut.

Tomato cultivar BHN 444 suppressed
the systemic symptoms caused by the se-
vere isolate GAL and both local and sys-
temic symptoms of the mild isolate GATb-
1 as determined by visual observation and
ELISA. BHN 444 is a newly released
TSWV-resistant cultivar. Our results indi-
cate that BHN 444 has a high level of re-
sistance against both GATb-1 and GAL
isolates.

TSWYV resistance was reported in two
accessions of Capsicum chinense, Pl
152225 and PI 159236, against seven Lou-
isiana TSWYV isolates (6,17), and localiza-
tion of TSWV in resistant and susceptible
Capsicum accessions was reported (40).
Boiteux and Nagata (7) reported break-
down of resistance in PI 159236 against
three TSWV isolates from Brazil. The
pepper cultivar Stiletto was released for
commercial use by Novartis/Rogers Brand
Seed as a TSWV-resistant cultivar after
extensive field trials. In the present study,

Fig. 2. Symptoms caused by Tomato spotted wilt virus isolates on tobacco cv. K326. Left, necrotic
lesions and systemic necrosis caused by GAL isolate; right, chlorotic spots caused by GATb-1 isolate.
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mechanical inoculation of 1-month-old
seedlings showed a high percentage of
infection (81.2 to 93.8%) by GATb-1 and
GAL isolates. Infection by GAL was more
destructive than that caused by GATb-1,
because necrosis caused by the GAL iso-
late resulted in defoliation of all the leaves
and arrested further growth of the plants.

The differential response of several cul-
tivars of peanut and tomato to two isolates
of TSWV confirmed that the biological
differences between these isolates are con-
sistent. We also showed that an isolate that
has mild effects on one crop can be severe
on another crop. For example, isolate
GATb-1 was mild in tobacco and tomato,
but it was severe in pepper and peanut. The
relative prevalence of strains differing in
virulence could be a contributing factor to
varying levels of disease incidence ob-
served over the years. Availability of bio-
logically distinct isolates such as GATb-1
and GAL may facilitate a better under-
standing of the genetic determinants for
symptomatology and severity. Using such
symptom variants, Qiu and Moyer (34,35)
demonstrated the genome reassortment
between two TSWYV isolates. TSWV vari-
ants that differed in thrips transmission
were used to demonstrate the role of gly-
coproteins in TSWV-thrips association
(39).

Due to the wide occurrence of thrips
vectors and possible alternate sources of
inoculum, control of TSWYV is difficult.
However, integration of multiple tactics
has been shown to be effective in manag-
ing TSWV in peanut, tobacco, and tomato
(8,10,11,13,14,23,32,36,37). Of all the
control tactics, use of a resistant cultivar is
the most effective means for the manage-
ment of TSWV. Infection of the newly
introduced TSW V-resistant cultivars such
as BHN 444 and Stiletto by the TSWV
isolates indicates that TSWV strains that
differ in virulence continue to pose a
threat. Data presented here on the differen-
tial response of commercially grown culti-
vars of economically important crops high-
light the need to use multilocation trials
and as many strains as possible in screen-
ing of germ plasm and breeding lines for
TSWYV resistance.
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