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ABSTRACT
Tomato spotted wilt virus (TSWV), a thrips-

vectored tospovirus, is an important pathogen of
peanut (Arachis hypogaea L.). Development of
tolerant cultivars has proven to be one of the most
promising methods to manage the disease. Twen-
ty-four genotypes of virginia market-type peanut
were monitored in field tests for thrips damage,
and TSWV incidence and severity during 2004 and
2005 in North Carolina. The cultivar Gregory had
a higher density of adult thrips in foliage than any
other genotype, while breeding lines N01057 and
N03054E had the lowest density. No significant
correlation was detected between thrips density or
injury and TSWV incidence. Line N03036EJ had
the greatest TSWV incidence, but did not differ
from cultivars Gregory or Perry in incidence. Line
N00033 had the least TSWV incidence and
differed from the cultivars Gregory and Perry.
The occurrence of late-season chlorosis or peanut
yellowing death (PYD) was highly correlated with
TSWV infection (P , 0.0001). Breeding line
N02051ol had the greatest incidence of PYD,
but did not differ statistically from Gregory or
Perry. Lines N03023EF and N01083 had the least
PYD incidence. Plants infected with TSWV not
expressing foliar symptoms were found in far
greater abundance than plants that were infected
and symptomatic. Line N03036EJ had the great-
est proportion of infected but asymptomatic
plants; line N03054E had the least. Susceptible
lines are more likely to become infected, rather
than just more likely to show spotted wilt
symptoms.
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Tomato spotted wilt virus (TSWV), the tospo-
virus that causes tomato spotted wilt of peanut
(Arachis hypogaea L.) (Todd et al., 1990; Culbreath
et al., 2003) and a contributing factor to the
occurrence of peanut yellowing death (PYD)
(Mitchell, 1996), is a limiting factor in peanut
production in the southeastern U.S. The virus is
known to infect peanut in all commercial produc-
tion areas in North Carolina (Lyerly et al., 2002)
and in 2005, TSWV infection was verified in nearly
50% of all peanut plants in experiment test plots
(Brandenburg, 2006).

Tomato spotted wilt virus is transmissible in
symplastic tissue and is transmitted in a persistent-
propagative manner (Ullman et al., 1993; Wijkamp
and Peters, 1993; Ullman, 1996; Wetering et al.,
1996) solely by thrips in the family Thripidae
(German et al., 1992). Frankliniella fusca (Hinds),
tobacco thrips (TT) is the primary TSWV vector
found on peanut in North Carolina (Barbour and
Brandenburg, 1994; Cho et al., 1995; Eckel et al.,
1996; Groves, 2001; Groves et al., 2003). Frankli-
niella occidentalis (Pergande), western flower thrips
also occurs in peanut producing areas in North
Carolina, but are rarely found on peanut foliage
(Eckel et al., 1996; Groves, 2001; Groves et al.,
2003). F. occidentalis is known to reproduce poorly
on peanut, while peanut serves as a good host for
reproduction of TT (Chamberlin et al., 1992; 1993;
Todd et al., 1995). Only adult thrips and late instar
larvae (Wijkamp and Peters, 1993; Wijkamp et al.,
1995; Wetering et al., 1996) that acquired the virus
as first instars can transmit TSWV to plants.

Tomato spotted wilt virus can cause a wide
range of symptoms in peanut including chlorotic
spots, ringspots, mottling, silvering, chlorotic
streaks, vein streaking, chlorosis, distortion of
foliage, defoliation, stunting, wilting, bud necrosis,
and local lesions (Culbreath et al., 1992a; Lyerly et
al., 2002; Shew, 2006). However, not all infected
plants show symptoms. Tomato spotted wilt virus
is commonly found in the roots of asymptomatic
peanuts plants (Mandal et al., 2001). The propor-
tion of TSWV infected peanut plants that remain
asymptomatic can be two to three times greater
than the proportion of plants that become symp-
tomatic (Culbreath et al., 1992b; Murakami et al.
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2006). Infected plants that remain asymptomatic
can still experience reduced photosynthesis and
reduced water efficiency (Rowland et al., 2005).

In addition to spotted wilt of peanut, TSWV has
been linked as a causal agent of late-season foliar
chlorosis (Culbreath et al., 1991) or peanut
yellowing death (PYD) (Mitchell, 1996). Peanut
yellowing death occurs in older plants often after a
precipitation event (Mitchell, 1996). Symptoms are
expressed in the form of foliar chlorosis and root
necrosis (Culbreath et al., 1991) that leads to water
stress, severe wilting, and rapid death of the plant
(Mitchell, 1996).

Cultivar selection has repeatedly been shown to
have the greatest and most consistent impact on
reducing the incidence of spotted wilt and losses to
TSWV (Brown et al., 1996; Marois and Wright,
2003; Tillman et al., 2006). For example, Perry is
highly susceptible to TSWV, while Gregory exhib-
its moderate field resistance (Brown et al., 2005;
Hurt et al., 2005; Brandenburg, 2006). Public
breeding programs develop cultivars with a range
of characteristics designed to increase yield and
market grade components. Additionally, breeding

lines are evaluated for pest reaction. Assessing
these lines for tolerance of TSWV is important
when determining suitability of lines for release as
cultivars. Our objectives were to a) determine the
relationship of thrips populations to TSWV inci-
dence and disease impact; b) determine if peanut
genotype influences thrips density, thrips injury,
TSWV incidence, or disease impact; c) to charac-
terize any interactions among genotype, thrips
density, thrips damage, TSWV incidence, and
disease impact; d) to determine if there is a
relationship between TSWV infection and PYD
incidence.

Materials and Methods
Experiments were conducted in North Carolina

during 2004 and 2005 at the Peanut Belt Research
Station (PBRS) near Lewiston-Woodville. Twenty-
four breeding lines were evaluated, including
commercially-grown cultivars Gregory and Perry
(Table 1). Peanut was planted in conventional-
raised beds. Plot size was two rows (91 cm spacing)

Table 1. Influence of genotype on adult thrips density, incidence of tomato spotted wilt, incidence of peanut yellowing death, and

proportion of asymptomatic plants infected with Tomato spotted wilt virusa.

Genotype Adult densityb TSWV incidence PYD incidence Asymptomatic incidence

------------------------------------------------------%-----------------------------------------------------

N03036EJ 20.0 b–f 32.2 a 7.6 a–b 48.9 a

Perry 21.9 b–d 30.2 a–b 5.0 a–d 23.5 a–f

N02051ol (9) 18.6 c–f 23.3 a–c 12.7 a 15.9 c–f

N01057 9.4 g 22.0 a–c 6.8 a–c 47.4 a–b

N90014E 12.0 f–g 18.5 a–d 3.9 a–f 23.6 a–f

N98002 20.8 b–e 15.3 a–d 2.2 b–f 20.7 b–f

N00035J 24.8 a–c 15.1 a–d 0.5 d–f 13.7 c–f

Gregory 33.2 a 14.8 a–d 4.0 a–f 7.6 e–f

N03025J 19.8 b–f 14.4 a–d 6.7 a–c 15.9 c–f

N03040E 18.8 c–f 14.2 a–d 4.2 a–f 32.6 a–d

N03032EJ 18.9 c–f 13.5 a–d 2.2 b–f 12.1 d–f

N03020E 12.9 e–g 13.2 b–d 4.4 a–e 26.7 a–e

N00098ol (Gre) 22.5 a–d 12.8 b–d 4.9 a–d 14.6 c–f

N01054 30.3 a–b 12.7 b–d 0.2 f 30.6 a–d

N03006J 20.1 b–e 11.5 c–e 1.6 c–f 21.4 b–f

N91026E 15.5 c–f 11.3 c–e 2.1 b–f 37.2 a–c

N0205ol (11) 22.5 a–d 11.0 c–e 2.1 b–f 23.6 a–f

N0102T 22.6 a–d 8.4 c–e 1.1 c–f 6.8 e–f

N03054E 10.4 g 8.1 c–e 1.0 c–f 5.1 f

N96076L 15.1 d–g 7.8 c–e 2.5 b–f 9.6 d–f

N03026EJ 14.1 d–g 7.5 c–e 0.5 d–f 18.6 c–f

N03023EF 15.1 d–g 5.9 d–e 0.2 f 5.6 f

N01083 23.0 a–d 5.4 d–e 0.2 f 18.6 c–f

N00033 20.8 b–e 1.5 e 0.2 –e–f 5.9 f

aMeans followed by the same letter are not significantly different according to Fisher’s Protected LSD: Means for adult density

were transformed to the square root. Means for TSWV, PYD, and Asymptomatic incidence were subjected to angular

transformation. Incidence of TSWV, PYD, and asymptomatic plants base on a positive ELISA test.
bThrips per 10 leaves collected on 2 June 2005 and 5 June 2005.
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by 7 m. In-row seed spacing was 51 cm. Peanut was
planted on 15 May 2004 and 11 May 2005. No
insecticide was applied either year. All other
production and pest management practices were
based on Cooperative Extension recommendations
for the region (Brandenburg, 2006; Jordan, 2006;
Shew, 2006). The experimental design was a
randomized complete block with three replicates.
Thrips injury and impact rating.

Thrips damage was assessed on 2 and 17 June
2004 (18 and 33 DAP) and 5, 14, and 27 June 2005
(25, 34, and 47 DAP). The percentage of thrips-
injured plants was determined by randomly exam-
ining 10 plants within each plot for evidence of
thrips feeding on a recently-emerged leaf. A plant
was considered thrips-injured if the leaf had any
scarring from thrips feeding.

A thrips ‘‘impact’’ rating was also conducted in
conjunction with the injury assessment described
above. The impact rating system was designed to
assess the general effect of thrips feeding on a
specific peanut line. Plots were assessed using a
visual rating system that included three impact
levels; where 1) represented minor plant stunting, 2)
moderate plant stunting, and 3) severe plant
stunting attributed to thrips injury.
Thrips density.

To evaluate thrips density, samples were col-
lected on 2 and 17 June 2004 (18 and 33 DAP), and
on 5 and 27 June (25 and 47 DAP) in 2005. Samples
consisted of ten random, non-opened leaves that
were collected from each plot and placed immedi-
ately into 20 ml vials of 70% ethanol and refriger-
ated until processing. A complete count of adult
tobacco thrips and larval thrips (Mound, 1996) was
conducted using a stereo microscope. Thrips found
in either the leaf tissue or liquid of the sample were
counted.
TSWV incidence and disease impact.

In 2004, visual assessment of foliar symptoms of
spotted wilt were recorded 29 June, 5, 13, 21, 27
July, 4, 10, 19, 31 Aug., and 9 Sep. (45, 51, 59, 67,
73, 81, 87, 96, 108, and 117 DAP). In 2005,
assessments occurred 7, 20 July, 2, 16, 27 Aug., 11,
and 23 Sep. (56, 69, 82, 96, 107, 122, and 134
DAP). A plant was designated as symptomatic if
one or more leaflets exhibited any symptoms of
spotted wilt. Any plant that was symptomatic was
marked with a survey flag and immediately labeled
and scored.

Scoring consisted of rating the ‘‘disease impact’’
of tomato spotted wilt from 1 to 3; where 1) was
defined as plants with only mild and localized
symptoms, 2) was plants with widespread symp-
toms but no, or limited stunting; and 3) as plants
that were severely stunted or malformed. Once a

plant was flagged, disease impact was reevaluated
on each subsequent sampling date to examine any
changes in symptom severity over time.

For each date, after all plots were surveyed,
foliar samples were collected from each newly-
flagged plant. Samples consisted of at least three
symptomatic leaflets pulled from the symptomatic
plant and placed into a plastic bag labeled
identically as the survey flag marking the plant.
Samples collected in this manner were processed
the day of collection using the ImmunoStripH assay
from Agdia Inc. (STX 39300, ACC 00996, ACC
00925, Elkhart, IN). Flagged plants that did not
test positive for TSWV infection during their initial
assay were retested at 2 weeks intervals until either
infection was confirmed, the plant died, or the
plant was dug at harvest. Only plants that tested
positive for TSWV under ImmunoStripH assay
were considered to be infected.

In September, visual scouting was expanded to
include plants exhibiting severe foliar chlorosis or
peanut yellowing death (PYD) (Mitchell 1996). On
14 and 23 Sep. 2004 (122 and 131 DAP), and in
2005 on 2 Oct. (143 DAP) the chlorotic plants in
each plot were dug by hand. Taproot samples were
collected from chlorotic plants by cutting the root
off at the crown and again at least 2.5 cm below the
crown and placing the taproot into a plastic bag
labeled with the plot number. Taproot samples
were processed the same day as collection using
ImmunoStripH assay.

To prepare the field for asymptomatic plant
sampling, all plants testing positive for TSWV were
manually removed from the field on 23 Sep. 2004
and 2 Oct. 2005 (131 and 143 DAP, respectively).
Plants were dug and inverted mechanically using a
commercial peanut digger, and stand counts were
taken on 5 Oct. and 6 Oct. (141 and 147 DAP) for
2004 and 2005, respectively. Stand was determined
by counting the number of taproots per plot and
adding to that the number of plants that were
previously removed. After digging, root samples
were collected, as previously described, from 10
randomly selected plants per plot on 7 Oct. and 13
Oct. (143 and 154 DAP) for 2004 and 2005,
respectively. All samples were refrigerated and
processed using ImmunoStripH assay within 72 h
of collection. As this sampling method was
destructive, yield data could not be collected.
Statistical analyses.

Data were pooled across years for all variables
except thrips impact ratings for which data were
drawn only from 2004. Thrips data were separated
and analyzed based on sampling date. Early season
thrips infestation (early-June thrips) consisted of
thrips collected on 2 June 2004 and 5 June 2005 and

94 PEANUT SCIENCE



later thrips infestation (late-June thrips) of thrips
collected on 17 June 2004 and 27 June 2005.
Tomato Spotted Wilt Virus incidence data were
drawn from the final sampling dates. The data were
subjected to ANOVA (a 5 0.05) using the SAS
9.1.3 (SAS Institute Inc., Cary, NC) general linear
model (GLM) procedure after appropriate trans-
formations. Thrips densities were transformed to
square-roots. Virus incidences were transformed
into proportion infected and then subjected to
angular transformation. All results are reported in
the original scale. Thrips-injured plants and thrips
damage ratings did not require transformation.
Fisher’s protected least significant difference (LSD)
values were calculated for comparison of genotypes
(SAS 1999).

Results and Discussion
The main effect of year was significant for

density of adult thrips (F 5 145.40; df 5 1 and 92;
P , 0.0001), larval thrips density (F 5 15; df 5 1
and 92; P 5 0.0002) and asymptomatic TSWV
incidence (F 5 116.0; df 5 1 and 92 ; P , 0.0001).
Plants in 2005 had approximately 2.13 greater
adult thrips density than in 2004; plants in 2004
had approximately 1.53 greater larval thrips
density than in 2005. Plants in 2005 had 3.73
higher asymptomatic TSWV incidence than 2004
(data not shown). The interaction of year with
genotype was not significant for any of the
parameters.
Thrips injury, impact rating, and density.

No differences across genotype were detected
for thrips injury or thrips impact ratings. Across all
lines and both years, a total of 22,284 F. fusca were
collected and sorted based on life stage. The
majority (92%) of thrips were collected the first
week of June (2 June 2004 and 5 June 2005), while
the remaining 8% were collected on the subsequent
sampling dates. The higher counts in early June are
in agreement with Groves et al. (2003), who found
tobacco thrips at higher density in peanut produc-
ing areas in North Carolina in late May and early
June than later in the season. Of the thrips collected
14.4% were adults and the remainder immatures.
When analyzed separately, the effect of genotype
on late June thrips counts was not significant for
either adult thrips density or larval thrips density,
although the early June thrips counts were signif-
icantly different among genotypes for adult density
(F 5 3.06; df 5 23 and 92 ;P , 0.0001).

The commercially-grown cultivar Gregory had
the highest density of adult thrips, while genotypes
N01057 and N03054E had the lowest density

(Table 1). The strong genotype effect suggests that
adult F. fusca may exhibit host preference in North
Carolina during the stage when peanut is most
susceptible to TSWV infection (Brown et al., 2005).
Although Perry is considered highly susceptible to
TSWV (Brandenburg, 2006; Shew, 2006), fewer
thrips and less feeding damage were noted with
Perry than TSWV-tolerant selections (Hurt, 2003).
Conversely, Gregory is considered tolerant of
TSWV (Brandenburg, 2006; Shew, 2006), yet had
the highest adult thrips density of any of the
genotypes tested in these experiments and signifi-
cantly more adult thrips than Perry (Table 1). No
significant correlation was detected between adult
density (P 5 0.20), thrips injury (P 5 0.20), or
thrips damage ratings (P 5 0.94) when related to
TSWV incidence. These results suggest that TSWV
incidence cannot be accurately predicted across a
wide range of genotypes using adult thrips density
or thrips feeding injury. These results corroborate
previous reports (Culbreath et al. 1996, 1997).
TSWV incidence and disease impact.

Across years and genotypes, a total of 525 (94%)
TSWV infected plants were confirmed of the 559
symptomatic plants that were flagged. Only 369
(70%) of the plants that exhibited visual symptoms
of infection were diagnosed as suffering from
spotted wilt of peanut; the remaining 156 (30%)
plants were diagnosed as suffering from PYD
(Mitchell 1996). The main effect of genotype was
significant for TSWV incidence (F 5 1.74; df 5 23
and 92; P 5 0.03). Genotype N03036EJ had the
highest TSWV incidence. Perry had the second
highest TSWV incidence, and genotype N00033
had the lowest TSWV incidence (Table 1). Perry
had greater TSWV incidence than Gregory. This is
in agreement with past research conducted in
North Carolina (Hurt, 2003) and risk assessment
values assigned to those two varieties in the
southeastern U.S. (Brown et al. 2005). Although
Gregory had the highest adult thrips density and a
significantly higher adult density than Perry, Perry
had a greater TSWV incidence (Table 1). These
data suggest that higher adult thrips densities do
not account for higher incidence of TSWV
(Figure 1). Across all genotypes only line N00033
had a significantly lower TSWV incidence than
Gregory (Table 1). Line N00033 was found to have
an adult density comparable to Perry, but these two
lines with similar adult densities had greatly
varying incidences of TSWV.

In 2004, 79 (92%) of the PYD symptomatic
plants tested positive for TSWV infection, while in
2005, 77 (97%) of the PYD symptomatic plants
tested positive for TSWV. Comparatively, only
10% and 40% of asymptomatic plants were found
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to be infected in 2004 and 2005, respectively.
Analysis of the proportions confirmed that PYD
was associated with TSWV infection for both years
(P , 0.0001). This is in agreement with past
research that found PYD highly associated with
TSWV infection (Culbreath et al., 1991). The main
effect of genotype was significant for PYD
incidence (F 5 2.06; df 5 23 and 92; P 5
0.0082). Genotype N02051ol had greater PYD
incidence than other genotypes, while genotypes

N01083, N03023EF, and N01054 had the least,
closely followed by line N00033 (Table 1). Al-
though genotype N03036EJ and Perry had the
highest TSWV incidences, they did not have the
greatest PYD incidence (Figure 2). However, geno-
type N00033 had significantly less TSWV incidence
than all other genotypes and also had one of the
lower PYD incidences. Perry was not significantly
different than Gregory in PYD incidence (Table 1).
These data suggest that genotypes have varying

Figure 1. Comparison of mean adult thrips density and mean incidence of Tomato spotted wilt virus among genotypes.

Figure 2. Comparison of peanut yellowing death to total Tomato spotted wilt virus incidence among genotypes.
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incidence of PYD, and that genotypes resistant to
TSWV will have lower PYD incidence than geno-
types that are not resistant (Figure 2).

The etiology of PYD has not been clearly
elucidated. Peanut plants that appear healthy
become chlorotic and rapidly wilt into necrosis. A
relationship is apparent between PYD and TSWV
infection; however we have yet to determine the
cause of the association, or the manner in which
TSWV resistance can influence PYD incidence.
Further research will be required to fully under-
stand the factors that cause PYD in peanut and
how to manage the disease.

The main effect of genotype was significant for
asymptomatic incidence (F 5 2.19; df 5 23 and 92;
P 5 0.0047). Genotype N03036EJ had the greatest
number of asymptomatic infected plants, followed
closely by line N01057. Genotypes N03054E,
N03023EF, and N00033 had a lower asymptomatic
incidence than all other genotypes (Table 1). These
data suggest it is common for a high proportion of
TSWV-infected plants to never show symptoms
within a growing season. The number of infected
plants that fail to express symptoms may be higher
than the number of infected plants that actually
become symptomatic (Figure 3). This is in agree-
ment with past research in other states (Culbreath
et al., 1992b; Mandel et al., 2001).

A moderate, yet significant correlation was
detected between expressed TSWV incidence and
asymptomatic incidence (r 5 0.43, P 5 0.0001).

These data indicate that genotypes that have a
greater number of plants expressing visual symp-
toms of TSWV infection also have a greater
number of plants that become infected with TSWV
but remain asymptomatic. These results suggest
that lines susceptible to TSWV are actually more
likely to become infected, rather than just more
likely to express symptoms if infected. Further
research is needed to better identify the factors
affecting symptom expression and tolerance to
TSWV infection within peanut.

The main effect of genotype did not have a
significant influence on the disease impact of TSWV
infection. The number of plants that were severely
stunted or malformed or became necrotic (scored 3)
did not differ among genotypes (F 5 1.82; df 5 23
and 92; P 5 0.24). Less severe infections, plants that
scored between 1 and 2, also did not differ among
genotypes (F 5 0.97; df 5 23 and 92; P 5 0.51 and F
5 0.54; df 5 23 and 92; P 5 0.95, respectively);
plants exhibiting PYD symptoms were not account-
ed for within this impact scale. Other field evalua-
tions have shown disease severity can be influenced
by cultivar selection (Culbreath et al., 1997). Past
research has shown that any plant infected with
TSWV is impacted to some degree (Rowland et al.,
2005). Thus it remains important to continue to
identify genotypes with mildly symptomatic plants.

Tomato spotted wilt virus incidence was as-
sessed over time to elucidate disease progression in
the field. During 2004 (Figure 4) and 2005 (Fig-

Figure 3. Proportion of symptomatic and asymptomatic plants testing positive for Tomato spotted wilt virus infection by ELISA. aTomato spotted wilt
virus incidence from June through October as the percentage of total plants at digging exhibiting TSWV symptoms at some point throughout the
growing season that were also confirmed to be infected by ImmunoStripH assay.
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ure 5) TSWV incidence increased gradually until
the middle of Aug. Another subsequent increase in
incidence seen in Sep. was attributed to a high
proportion of PYD symptomatic plants testing
positive for TSWV.

Information on the linage of the more resistant
genoypes could prove useful. Genotype N00033 is
descended from genotypes N90010E and N92020.
Genotypes N01083 is descended from parentages
N91054E and VA 9210162. Genotype N03023EF is

Figure 4. Cumulative incidence of Tomato spotted wilt virus at Peanut Belt Research Station 2004. aLines representative of resistant, susceptible, and
intermediate grouping are presented.

Figure 5. Cumulative incidence of Tomato spotted wilt at Peanut Belt Research Station 2005. aLines representative of resistant, susceptible, and
intermediate grouping are presented.
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descended from parents derived from crossing VA
98R with X98007, and NC 12C with N95003C.

Summary and Conclusions
Our studies indicate that TSWV incidence is

significantly affected by genotype selection. Typi-
cally the cultivar Perry has one of the highest
incidences of infection, while Gregory has a lower
incidence. In these experiments, Perry had one of
the highest incidences of infection but did not differ
significantly from Gregory in regards to TSWV
incidence. Line N00033 was found to have a lower
TSWV incidence than Perry and was the only line
found to have a lower TSWV incidence than
Gregory, suggesting that Gregory remains a
cultivar that should be useful for management of
tomato spotted wilt. Late-season foliar chlorosis
was identified as PYD and found to be very highly
associated with TSWV infection. A large propor-
tion of asymptomatic peanut plants were found to
be infected with TSWV. In specific lines, the
amount of asymptomatic infection was more than
twice that of symptomatic TSWV infection. These
findings suggest that overall incidence of TSWV
infection in peanut throughout North Carolina is
greater than visual estimates alone would imply. A
moderate degree of correlation was detected
between symptomatic TSWV incidence and asymp-
tomatic incidence. This suggests that lines that are
more susceptible to TSWV are more likely to
become infected, rather than just more likely to
express symptoms if infected.

Greater numbers of adult thrips were collected
from Gregory than any other line. Although
Gregory had a greater adult density at the time of
sampling than Perry, neither cultivar differed in
any other of the other parameters measurements.
No correlation was detected between thrips density
or thrips impact and any incidence of TSWV
infection. This suggests that thrips density does not
serve as a good indicator of resistance to TSWV.
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