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ABSTRACT

As new cultivars are developed and released
by peanut breeding programs, their levels of
tolerance to common diseases and the overall
profitability of production needs to be deter-
mined. Virginia-type peanut cultivars were eval-
uated for disease resistance/tolerance, yield, and
quality when grown under different fungicide
programs and in locations varying in disease
pressure. Cultivars included a disease susceptible
(CHAMPS) and tolerant (Bailey) cultivar and
two new high-oleic cultivars, Sullivan and
Wynne. Fungicide programs consisted of a leaf
spot program, a leaf spot plus Cylindrocladium
black rot (CBR) program, a leaf spot plus
Sclerotinia blight program, or an untreated
check. Cultivars and fungicide programs were
arranged in a randomized split-plot design with
fungicide treatments in 16-row main plots and
cultivars in 4-row subplots. Disease incidence and
severity varied among growing seasons and the
five fields where experiments were conducted.
Overall, Sullivan had good leaf spot tolerance and
both Sullivan and Bailey had Sclerotinia and
CBR tolerance. All cultivars yielded well in the
absence of disease pressure, but Sullivan was
consistently the highest yielding cultivar. Grade
characteristics varied among cultivars, but while
fungicide treatments impacted yield, they had
little effect on grade. Net value and profitability
of different fungicide programs varied by exper-
iment, but overall Sullivan had the highest net
value regardless of fungicide program. Due to
slightly higher disease tolerance compared to
Bailey, good agronomic characteristics, high yield
and quality under a variety of growing environ-
ments, and the presence of the high-oleic trait,
Sullivan is an excellent cultivar for Virginia-type
peanut production in the Virginia-Carolina re-
gion.

Key words: Sclerotinia blight, Cylindro-
cladium black rot, late leaf spot, Bailey,
CHAMPS, Wynne, Sullivan, high-oleic, in-
tegrated disease management.

Peanut (Arachis hypogaea L.) is an economically
important crop in the Virginia-Carolina region of
the U.S. that is harvested from over 70,000 ha
annually with a value of over $150 million (www.
nass.usda.gov). The predominant market type
grown in this region is the Virginia-type which is
desirable for the gourmet market due to its large
pod and kernel size. Breeding programs have
developed numerous Virginia-type cultivars adapt-
ed to the region that have desirable agronomic
characteristics as well as good yield and quality
(Branch et al., 2014). In the 1980s, the high-oleic
fatty acid seed oil trait was identified in peanut
(Norden et al., 1987) and since then several high-
oleic peanut cultivars have been released (Isleib et
al., 2015). Peanut processers prefer high-oleic
peanuts due to their increased shelf life (Mozingo,
2004), so incorporating this trait into new cultivars
is an aim of many peanut breeding programs (Isleib
et al., 2015). However, despite the advantages of
the high-oleic trait for the peanut processing
industry, the agronomic performance of these
new cultivars must meet or exceed that of currently
grown cultivars that do not have the high-oleic
trait.

A major constraint to peanut production in
terms of both yield and profitability is the
susceptibility of the peanut crop to several fungal
diseases. The most common foliar diseases of
peanut in the Virginia-Carolina region include
early leaf spot, caused by Cercospora arachidicola
S. Hori, and late leaf spot, caused by Cercospori-
dium personatum (Berk. & M. A. Curtis) Deighton.
The most wide-spread and economically important
soilborne diseases of peanut in the region are
Cylindrocladium black rot (CBR), caused by
Cylindrocladium parasiticum Crous, Wingefield,
and Alfenas; Sclerotinia blight, caused by Sclero-
tinia minor Jagger; and stem rot, caused by
Sclerotium rolfsii Sacc. It is estimated that fungal
diseases account for 5-10% peanut yield loss on an
annual basis (Mehl, 2014), and management of
these diseases to minimize crop losses typically
requires costly fungicide inputs. A variety of
effective fungicide chemistries are available for
control of these diseases, but if disease pressure is
high and a peanut cultivar is susceptible to disease,
four or more fungicide applications may be
required to minimize yield loss (Woodward et al.,
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2013). Thus, disease management costs can greatly
reduce the profitability of peanut production.

Incorporation of disease resistance traits into
peanut cultivars is an important part of peanut
breeding programs (Wynne et al., 1991; Chapin et
al., 2010). As new cultivars with partial disease
resistance are developed and released, the need for
costly fungicide inputs to produce acceptable yields
has decreased (Monfort et al., 2004; Cantonwine et
al, 2006). The Virginia-type cultivar Bailey was
released in 2011 (Isleib et al., 2011), and the partial
resistance of this cultivar to diseases including late
leaf spot, CBR, and Sclerotinia blight, as well as
good yield and quality characteristics, has made
this the cultivar of choice for growers in the
Virginia-Carolina region. Along with longer rota-
tions out of peanut, the partial disease resistance of
Bailey has reduced the need for soil fumigation to
control CBR in the region (Phipps, 1990), and
CBR can typically be managed with fungicides
applied to the seed furrow at planting (Brenneman
et al., 2011). Use of resistant cultivars is an effective
management approach for minimizing yield losses
to disease, but when disease pressure is high, it
must be combined with chemical control methods
with efficacy against target organisms.

Integrated disease management, which incorpo-
rates cultivar resistance, good cultural practices,
and judicious use of fungicides, has been demon-
strated to reduce overall fungicide costs and
increase the profitability of peanut production
(Phipps, 1993; Cantonwine et al, 2006; Woodward
et al., 2010, 2014). Weather-based disease advisory
programs have reduced the number of fungicide
sprays required for control of peanut diseases,
thereby reducing total fungicide costs in peanut
production, and leaf spot and Sclerotinia advisories
for peanut are frequently utilized by peanut
producers in the Virginia-Carolina region (Cu
and Phipps, 1993; Phipps et al., 1997; Langston et
al., 2002). Some studies have found that reduced-
input fungicide programs can effectively manage
diseases in cultivars with partial disease resistance
or tolerance and result in overall greater profit-
ability compared to standard, high-input fungicide
programs (Monfort et al., 2004; Cantonwine et al,
2006; Woodward et al., 2014). Ultimately, weather-
based fungicide advisories may need to be revised
to account for the higher levels of disease resistance
in newer peanut cultivars, and there may be
potential to further reduce fungicide inputs in
peanut production.

New peanut cultivars with improved disease
resistance and desirable agronomic traits (e.g. high-
oleic) are continuously being developed. Cultivar
and fungicide selection impact disease and resulting

peanut yields, but the extent to which partial
disease resistance reduces the need for overall
fungicide inputs needs to be evaluated as new
cultivars are released. The objectives of this study
were to 1) evaluate Virginia-type peanut cultivars
for disease resistance/tolerance, yield, and quality
when grown under different fungicide programs
and in locations varying in disease pressure; 2)
compare currently grown Virginia-type cultivars
without the high-oleic trait to recently released
high-oleic cultivars; and 3) assess the overall
profitability of different fungicide programs for
cultivars varying in disease resistance under vari-
able amounts of disease pressure.

Materials and Methods
Experiments evaluating different peanut culti-

var-fungicide program combinations were conduct-
ed at a total of five field locations in southeast
Virginia during the 2014 (3 locations) and 2015 (2
locations) growing seasons. Selected fields varied in
prior disease pressure, rotation, and soil type.
Location, soil type, crop history, and planting date
are indicated in Table 1. Since the main objective of
this work was to evaluate the impact of fungal
pathogens on cultivars varying in disease suscepti-
bility and not to assess yield potential across field
environments, experimental fields were primarily
selected based on variable levels of disease pressure
rather than factors such as soil type and cropping
history.

Four Virginia-type cultivars were selected for
evaluation based on seed availability, agronomic
characteristics, and known levels of disease resis-
tance/susceptibility. These included disease suscep-
tible (CHAMPS) and tolerant (Bailey) cultivars
without the high-oleic trait and two recently
released high-oleic cultivars, Sullivan and Wynne
(Isleib et al., 2015). Bailey (Isleib et al., 2011) is a
widely grown cultivar with desirable agronomic
traits and a disease resistance package including
partial resistance to early and late leaf spots, CBR,
and Sclerotinia blight. CHAMPS (Mozingo et al.,
2006), which is highly susceptible to these three
diseases, was included as a disease susceptible
check. Seed with a standard seed treatment
(Dynasty [azoxystrobin þ fludioxonil þ mefenox-
am], Syngenta Crop Protection, Greensboro, NC)
was planted at a rate of 13 seed m�1 of row on the
dates indicated in Table 1.

Three different fungicide programs plus a no
fungicide (untreated) control were evaluated in
each of the experiments. All fungicide programs
included foliar applications for leaf spot control

101CULTIVAR DISEASE TOLERANCE



beginning at R3 (beginning pod) and thereafter
according to the Virginia Peanut Leaf Spot
Advisory Program (http://webipm.ento.vt.edu/
infonet) until R7 (beginning maturity); in both
years this resulted in a total of four leaf spot
fungicide applications. Growth stages were deter-
mined using the definitions described by Boote
(1982). The first three leaf spot fungicide applica-
tions consisted of 0.11 kg ai ha�1 of prothiocona-
zole þ tebuconazole (Provost 433SC, Bayer
CropScience, Research Triangle Park, NC) and
the fourth and final application was 1.26 kg ai ha�1

of chlorothalonil (Bravo Weather Stik, Syngenta
Crop Protection, Greensboro, NC). The first
fungicide program included applications for leaf
spot control only. The second and third fungicide
programs included the leaf spot applications
indicated above with the addition of a fungicide
to control CBR and Sclerotinia blight, respectively.
The second fungicide program included 0.20 ai
ha�1 prothioconazole (Proline 480SC, Bayer
CropScience, Research Triangle Park, NC) applied
to the seed furrow at planting with a microtube in a
volume of 46.8 L ha�1 for CBR suppression. The
third fungicide program included a foliar applica-
tion of 0.58 ai ha�1 fluazinam (Omega 500F,
Syngenta Crop Protection, Greensboro, NC) for
Sclerotinia blight control when disease risk was
high according to the Virginia Sclerotinia Blight
Advisory (http://webipm.ento.vt.edu/infonet). All
foliar applications were made with three, D323
nozzles per row delivering 139 L ha�1. Production
practices other than fungicide applications were
based on the Virginia Cooperative Extension
peanut production guidelines and recommenda-
tions (Balota et al., 2015). Cultivars and fungicide
programs were arranged in a split-plot design with
fungicide treatments in 16-row main plots and

cultivars in 4-row subplots. Treatments were
arranged in four randomized complete blocks
separated by 3-m alleys between blocks. Plots
consisted of 10.7-m rows spaced 0.9 m apart.
Environmental data were collected with a Spec-
trum Watchdog weather station located near the
experimental fields at the Tidewater Research
Farm in Suffolk, VA.

Diseases were monitored throughout the grow-
ing season, and following the first observation of
disease, plots were evaluated for soilborne disease
incidence, leaf spot severity, and defoliation
approximately every two weeks. In both years,
disease did not develop until late in the season, so
only the final disease ratings described below were
analyzed. Final ratings for soilborne diseases and
leaf spot were made at or just prior to the R7
(beginning maturity) growth stage or approximate-
ly 130 days after planting. Ratings for defoliation
resulting from leaf spot were made just prior to
harvest or approximately 160 days after planting.
Soilborne disease incidence was rated by counting
infection points in the two center rows of each plot
or a total of 21 meters of row. An infection point
was identified as a plant with symptoms and/or
signs of disease and 15 cm on either side of that
plant. Soilborne disease incidence was converted to
a percentage of the row with disease by dividing the
number of infection points by the total row length
and multiplying by 100 percent. Leaf spot severity
was evaluated as a visual estimate of the percent of
the total leaflets in the canopy with one or more
leaf spot lesions. Defoliation was rated as a visual
estimate of the total percent of the canopy with leaf
drop due to early or late leaf spot.

Peanuts were dug in October approximately 160
days after planting. Pod blasting was conducted on
a subsample of each cultivar prior to harvest to

Table 1. Year, location, soil type, and cropping history for peanut field experiments conducted in southeast Virginia.

Year-experiment number Location Soil type Crop history Planting date

2014-1 Suffolk (Hare Rd Farm) Kenansville loamy fine sand Corn (2013) 7 May 2014
Cotton (2012)
Peanut (2011)

2014-2 Suffolk (Tidewater AREC) Nansemond fine sandy loam Corn (2013) 7 May 2014
Cotton (2012)
Peanut (2011)

2014-3 Carson, VA Sandy Loam 5B Corn (2013) 15 May 2014
Wheat/beans (2012)
Peanut (2011)

2015-1 Suffolk (Hare Rd Farm) Kenansville loamy fine sand Corn (2014) 7 May 2015

Cotton (2013)
Peanut (2012)

2015-2 Suffolk (Tidewater AREC) Nansemond fine sandy loam Corn (2014) 8 May 2015

Cotton (2013)
Peanut (2012)
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assess maturity. On average, CHAMPS matures
five days earlier than the other cultivars, but all
cultivars were similarly mature based on pod color
when harvested in this study. Inverted plants were
allowed to dry in windrows and harvested one
week later using conventional peanut harvest
equipment. Pod yield was measured from each
plot and weights were adjusted to 7% seed
moisture. A 500 g pod sample from each plot was
evaluated for grade characteristics including for-
eign material (FM), loose shelled kernels (LSK),
extra-large kernels (ELK), sound splits (SS), sound
mature kernels (SMK) and damaged kernels (DK).
Gross value was calculated from the federal
formula which is based on a combination of grade
factors determined by the Federal Inspection
Service guidelines (USDA-AMS, 2015), pod yield,
and the current loan rate. Extra-large kernels are
kernels that do not pass a 25.4 3 8.5 mm screen,
and there is a 0.039 ¢/kg premium received for each
% ELK. Sound mature kernels are kernels that do
not pass a 25.43 6 mm screen, and there is a 0.5 ¢/
kg premium received for each % SMK. Sound
splits are undamaged kernel halves and there is no
penalty for up to 4 % SS. Damaged kernels (DK)
include kernels that are inedible due to decay,
mold, insect damage, sprouting, freeze damage, or
skin discoloration, and when DK exceeds 2.4%
seed is considered segregation 2 and growers
receive 35% of the gross value for that portion of
the peanut crop. The cost of each of the three
fungicide programs evaluated was estimated based
on chemical product prices from pesticide dealers
in southeast Virginia. The cost of each fungicide
program was subtracted from the gross value of the
peanuts harvested from each plot to determine the
net crop value.

Data were analysed using PROC GLIMMIX of
SAS v. 9.2 (SAS Institute, Cary, NC) to evaluate
the effects of cultivar and fungicide program on
disease, yield, grade factors, and crop value. Initial
analyses indicated variation among experiments, so
each individual site-year was analysed separately.
Percentage data were arcsine transformed prior to
analysis, but untransformed means are presented.
The level of significance was set to a¼ 0.05 and the
Tukey-Kramer test was used to compare treat-
ments. When no interaction between cultivar and
fungicide program was detected, only main effects
were compared. When cultivar by fungicide inter-
actions were detected, comparisons were made
between all cultivar-fungicide combinations.

Results and Discussion
Disease pressure and yield varied among loca-

tions and between growing seasons. Variation
between years may have been due in part to
different weather conditions in 2014 compared to
2015 (Table 2). Though overall rainfall during the
growing season (May through October) was similar
in both years, 2015 had a wetter early summer and
drier mid to late summer compared to 2014.
Though peanuts are not typically irrigated in
commercial fields in Virginia, experiment 2015-1
was irrigated to encourage disease development
when conditions became dry mid-season. Approx-
imately 2.5 cm irrigation was applied to the field on
27 July, 31 July, and 1 September. Monthly
average maximum and minimum temperatures for
June through August were 1 to 5 degrees C higher
in 2015 compared to 2014, resulting in faster
accumulation of peanut heat units in 2015. Higher
temperatures in 2015 compared to 2014 may
account for the overall lower incidence of Scle-
rotinia blight in 2015, which is favored by
moderate to cool temperatures (Langston et al.,
2002), and the absence of stem rot in 2014, which is
favoured by warm to hot temperatures (Rideout et
al., 2008).

Incidence and severity of diseases varied among
cultivars in all five experiments (Table 3, 4, 5).
Sclerotinia blight, CBR, and late leaf spot were
observed in both years, but stem rot was detected
only in 2015. A fungicide program specifically
targeting stem rot control was not included in the
experimental design since this disease is not always
observed in Virginia, but the Provost in the leaf
spot program and the Omega applied for Sclero-
tinia blight do have activity against S. rolfsii. In
addition, Provost suppresses CBR, so the leaf spot
program likely provided some control of soilborne

Table 2. Air and soil temperature, peanut heat units (degree day

– DD13.3), relative humidity (RH) and rainfall during the

2014 and 2015 growing seasons in Suffolk, VA.

Year Month

Max

Tair

Min

Tair

Mean

Tsoil DD13.3 RH Rain

C % mm
2014 May 28 15 21 225 68 76

June 32 18 25 557 69 75
July 31 20 27 923 69 101

August 30 19 26 1262 71 176
September 29 18 24 1547 73 154
October 24 10 19 1695 75 51

2015 May 28 14 23 239 63 14
June 32 21 27 621 67 190
July 32 21 28 1023 73 117

August 32 19 28 1376 69 67
September 29 18 24 1666 75 135
October 22 11 18 1793 82 90
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diseases. A fungicide program consisting of only
chlorothalonil (Bravo) would have exclusively
targeted control of leaf spots, but the Provost/
Bravo leaf spot program was selected since it
reflects a standard fungicide program for the
region. Though all fungicide programs in the study
should have provided some control of soilborne
diseases, Sclerotinia blight, CBR, and stem rot
incidence did not vary among fungicide programs
with the exception of one experiment in 2015 (2015-
1). In this experiment, untreated CHAMPS had a
lower incidence of CBR compared to fungicide
treated CHAMPS, but these results may have been
confounded by the high levels of leaf spot and
defoliation in the untreated plots of this cultivar
(data not shown). A lack of differences in disease
incidence with fungicide treatments targeting CBR
and Sclerotinia blight were likely due to difficulties

with season-long control of these soilborne diseases
(Woodward et al., 2013). The fungicides used in
this study have been demonstrated to effectively
suppress Sclerotinia and CBR (Brenneman et al.,
2011; Langston et al., 2002), but if disease pressure
is high, signs and symptoms of the disease will still
be observed in the field. However, suppression of
diseases during pod development can protect yields
and application of the fungicides may result in a
yield benefit even if late-season disease incidence is
high (Phipps et al., 2010). Furthermore, data
represent the frequency with which signs and
symptoms of disease were observed in the plot
and do not necessarily represent the overall severity
of the disease during the growing season.

Mean Sclerotinia blight incidence in the un-
treated plots ranged from 1.8 to 19.7% and varied
significantly among cultivars in all but one
experiment (2014-1) where incidence was low
(Table 3, 4). CHAMPS and Wynne had the highest
and Sullivan and Bailey the lowest incidence of
Sclerotinia blight supporting previous observations
of both Sullivan and Bailey being partially resistant
to the disease. Mean CBR incidence in untreated
plots ranged from ,1% to 33% of the plot row
length, and CHAMPS had significantly higher
symptoms of CBR than the other three cultivars
except in experiment 2014-3 where overall inci-
dence was less than 1% (Table 3, 4). A major
weakness of the CHAMPS cultivar is its high
susceptibility to CBR as demonstrated in this
study, but other Virginia-types including Bailey
and the high-oleic cultivars Wynne and Sullivan are
able to yield well in CBR infested fields. Southern
stem rot was present in 2015, but overall incidence
was low and ranged from 1.5 to 6.2% in untreated
plots (Table 4).

Though trace amounts of early leaf spot were
observed, late leaf spot was the predominant foliar
disease at all locations in both years. Leaf spot
severity and defoliation due to leaf spot infection
varied among cultivars, fungicide programs, and in
some experiments there was a significant cultivar
by fungicide program interaction (Table 3, 5). In
experiments where leaf spot severity exceeded 5%,
disease was significantly reduced by all fungicide
programs (P,0.05, data not shown). In three of the
five experiments, the interaction between cultivar
and fungicide program impacted defoliation due to
late leaf spot. In experiment 2014-3, only a trace
amount of leaf spot and defoliation was detected so
data are not presented; mean defoliation for all
cultivar-fungicide program combinations in the
other four experiments are presented in Table 5.
Overall, Bailey and CHAMPS had higher levels of
defoliation compared to Wynne and Sullivan. For

Table 3. P-values for the influence of cultivar, fungicide

program, and cultivar by fungicide interactions on peanut

disease incidence and severity in experiments conducted in

2014 and 2015.

Response variable Experiment
Cultivar

(C)
Fungicide

(F) C*F

Sclerotinia blight
incidencea

2014-1 0.2125 0.1956 0.9927
2014-2 0.0025 0.4748 0.1809

2014-3 0.0108 0.5291 0.2170
2015-1 ,0.0001 0.2594 0.8230
2015-2 0.0003 0.9027 0.9667

CBR incidencea 2014-1 ,0.0001 0.2351 0.0363

2014-2 ,0.0001 0.6460 0.6473
2014-3 0.1404 0.1298 0.7069
2015-1 ,0.0001 0.0234 0.0373

2015-2 ,0.0001 0.1650 0.0249
Stem rot incidencea 2014-1 NDd ND ND

2014-2 ND ND ND

2014-3 ND ND ND
2015-1 0.0256 0.8947 0.3631
2015-2 0.0047 0.0812 0.5070

Leaf spot severityb 2014-1 ,0.0001 0.0005 ,0.0001
2014-2 ,0.0001 0.1630 0.4586
2014-3 ,0.0001 0.9938 0.4071
2015-1 0.0032 ,0.0001 0.4927

2015-2 0.0049 0.0068 0.2146
Defoliationc 2014-1 ,0.0001 ,0.0001 ,0.0001

2014-2 0.0330 0.0231 0.0146

2014-3 0.1119 0.5678 0.6922
2015-1 ,0.0001 ,0.0001 0.0020
2015-2 ,0.0001 ,0.0001 0.1691

aSoilborne disease incidence is the percent row length with
disease.

bPrimarily late leaf spot. Severity was measured as a visual
estimate of the percentage of leaflets with one or more leaf spot
lesions.

cPercentage of total canopy defoliated due to leaf spot.
dND ¼ not detected.
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Sullivan and Wynne, defoliation was reduced
similarly among the three fungicide programs, but
for Bailey and CHAMPS, the leaf spot þ Scle-
rotinia program provided additional leaf spot
control over the leaf spot program alone (Table
5). Though not considered a leaf spot product, this
indicates the Omega (fluazinam) applied for

Sclerotinia blight was providing additional leaf
spot control.

Peanut yield varied among cultivars and fungi-
cide programs (Table 6). Sullivan had the numer-
ically highest crop value in all five experiments, and
CHAMPS had the lowest crop value in all
experiments except 2014-3 where disease pressure

Table 4. Variation in soilborne disease incidence among experiments and peanut cultivars.

Disease Cultivar

Disease incidence, % rowa

2014-1 2014-2 2014-3 2015-1 2015-2

Sclerotinia blight Bailey 1.1 ab 9.4 bc 1.3 b 2.9 b 6.3 ab
CHAMPS 1.8 a 16.4 a 3.4 a 6.8 a 9.6 a
Wynne 2.2 a 15.8 ab 2.2 ab 6.3 a 6.4 a

Sullivan 0.6 a 9.2 c 2.2 ab 2.1 b 3.2 b

CBR Bailey 1.6 b 4.8 b ND 0.5 b 0.0 b
CHAMPS 10.9 a 29.4 a ND 4.6 a 1.2 a

Wynne 1.3 b 4.6 b ND 1.1 b 0.2 b
Sullivan 1.2 b 3.7 b ND 0.3 b 0.1 b

Stem rot Bailey NDc ND ND 1.7 ab 3.0 b
CHAMPS ND ND ND 2.5 ab 5.3 a
Wynne ND ND ND 2.7 a 2.4 b

Sullivan ND ND ND 1.3 b 3.1 b

aDisease incidence in the untreated (no fungicide) controls 130 days after planting is shown. With the exception of CBR
incidence in experiment 2015-1, late season disease ratings did not vary among fungicide programs (Table 3).

bFor each disease, means followed by the same letter(s) in a column are not significantly different at P¼0.05 according to Tukey-

Kramer.
cND ¼ not detected.

Table 5. Variation in defoliation due to late leaf spot among fungicide programs and peanut cultivars.

Treatment

Defoliation, %a

2014-1 2014-2 2014-3 2015-1 2015-2

Untreated control
Bailey 88.8 ab 4.8 a 1.3 a 94.5 ab 88.8 a

CHAMPS 91.3 a 2.5 ab 1.0 a 97.0 a 92.5 a
Wynne 50.0 b 2.3 ab 1.0 a 97.0 a 83.8 ab
Sullivan 17.5 c-e 1.8 b 1.0 a 94.8 ab 75.0 ab

Leaf spot only

Bailey 20.0 c 1.0 b 1.3 a 26.3 de 31.3 cd
CHAMPS 6.3 c-e 1.0 b 1.0 a 67.5 bc 37.5 cd
Wynne 6.8 c-e 1.3 b 1.0 a 17.5 e 12.5 d

Sullivan 2.0 e 0.8 b 1.0 a 21.3 e 10.0 d
Leaf spot þ CBR
Bailey 18.8 cd 1.3 b 1.0 a 22.5 e 13.8 d

CHAMPS 12.5 c-e 1.3 b 1.0 a 60.0 cd 50.0 bc
Wynne 5.5 c-e 1.3 b 1.0 a 23.8 e 13.8 d
Sullivan 2.0 e 0.5 b 1.0 a 13.8 e 11.3 d

Leaf spot þ Sclerotinia

Bailey 7.5 c-e 0.5 b 1.0 a 11.3 e 10.0 d
CHAMPS 3.5 c-e 1.3 b 1.0 a 21.3 e 15.0 d
Wynne 2.0 e 1.3 b 1.0 a 13.8 e 10.0 d

Sullivan 2.5 de 1.0 b 1.0 a 8.8 e 8.8 d

aPercent canopy defoliated was visually estimated 160 days after planting.
bMeans followed by the same letter(s) in a column are not significantly different at P¼ 0.05 according to Tukey-Kramer. Means

are compared across all cultivar-fungicide program combinations for each experiment.
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was low. Wynne had higher yields than Bailey
when Sclerotinia blight pressure was low (experi-
ments 2014-1 and 2014-3), but Bailey yielded
higher than Wynne when Sclerotinia blight inci-
dence was high (Table 4, 6). When both Sclerotinia
blight and CBR pressure were low, CHAMPS had
higher yield and crop value than Bailey which is
partially resistant to both diseases. This demon-
strates the importance of disease susceptibility in
determining whether or not a cultivar can achieve
its yield potential in a particular environment.
Fungicide applications increased yield in all exper-
iments except 2014-3 where disease pressure was
low. In experiment 2015-1, there was not a cultivar
by fungicide program interaction, and for all

cultivars the leaf spot þ Sclerotinia fungicide
program resulted in the highest yields. Experiments
2014-1 and 2015-2 had a significant cultivar by
fungicide program interaction. In experiment 2014-
1, the leaf spot þ Sclerotinia program resulted in
the highest yield For CHAMPS, but all three
fungicide programs resulted in similar yields for the
other cultivars. In experiment 2015-2, yield increas-
es were similar with all fungicide programs for
CHAMPS and Sullivan. However, the CBR and
Sclerotinia fungicide programs had higher yields
compared to the leaf spot program alone for
Bailey, and the Sclerotinia program had higher
yields compared to the other two fungicide
programs for Wynne (Table 6).

Table 6. Variation in yield among cultivars and fungicide programs.

Treatmenta

Yield, kg ha�1

2014-1 2014-2 2014-3 2015-1 2015-2

Bailey
Untreated control 3162 edd 5361 ab 4936 a 1715 de 2319 cd
Leaf spot only 5768 ab 5397 ab 4756 a 3632 ab 3917 ab

Leaf spot þ CBR 5923 a 5216 ab 5058 a 4337 ab 4540 a
Leaf spot þ Sclerotinia 5840 ab 6159 ab 5060 a 4916 a 4587 a

CHAMPS
Untreated control 2321 e 2140 cd 5348 a 444 e 818 e

Leaf spot only 4133 b-d 1965 cd 5278 a 1528 de 1895 ed
Leaf spot þ CBR 3511 c-e 1833 d 5479 a 1542 de 1615 ed
Leaf spot þ Sclerotinia 5230 a-c 3709 b-d 5059 a 2245 cd 1761 ed

Wynne
Untreated control 5082 a-c 4728 a-c 5525 a 1794 d 2348 cd
Leaf spot only 6506 a 4350 a-d 4977 a 3479 bc 3523 a-c

Leaf spot þ CBR 6603 a 4269 a-d 5768 a 3593 ab 3511 a-c
Leaf spot þ Sclerotinia 6067 a 6058 ab 5323 a 3886 ab 4163 ab

Sullivan

Untreated control 5677 ab 5108 ab 5621 a 2208 cd 2907 b-d
Leaf spot only 6064 a 5697 ab 5838 a 3834 ab 4925 a
Leaf spot þ CBR 6542 a 5855 ab 5066 a 4680 ab 4756 a
Leaf spot þ Sclerotinia 6071 a 6946 a 5511 a 4677 ab 4907 a

Cultivar meansb

Bailey 5173 b 5533 ab 4953 b 3650 ab 3841 b
CHAMPS 3799 c 2412 c 5291 ab 1440 c 1522 d

Wynne 6064 a 4851 b 5398 ab 3188 b 3386 c
Sullivan 6089 a 5902 a 5509 a 3850 a 4374 a

Fungicide program meansc

Untreated control 4061 b 4334 b 5358 a 1540 c 2098 b
Leaf spot only 5618 a 4352 b 5212 a 3118 b 3565 a
Leaf spot þ CBR 5645 a 4293 b 5343 a 3538 ab 3606 a
Leaf spot þ Sclerotinia 5802 a 5718 a 5238 a 3931 a 3855 a

P-value
Cultivar (C) ,0.0001 ,0.0001 0.0235 ,0.0001 ,0.0001
Fungicide program (F) 0.0003 0.0187 0.8043 ,0.0001 0.0009

C*F 0.0030 0.9608 0.2488 0.1117 0.0192

aTreatment means are comparisons of all cultivar-fungicide program combinations.
bCultivar means are pooled across fungicide program.
cFungicide program means are pooled across cultivar.
dMeans followed by the same letter(s) in a column are not significantly different at P ¼ 0.05 according to Tukey-Kramer.
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Though yield was impacted by fungicide pro-
gram in four of the five experiments, with only one
exception, fungicide program did not influence
measured grade factors (P.0.05), but all grade
factors differed among cultivars in three or more of
the experiments (Table 7, 8). In experiment 2015-1,

the percentage of extra-large kernels (ELK) was
significantly greater in the treatments that included
a leaf spot fungicide program compared to the
untreated control (53.9% vs 48.8%). This is likely
due to the relatively high leaf spot pressure at this
location in 2015 (Table 5) which reduced the ability
of the crop to provide photosynthates to the
developing pods (Nutter and Littrell, 1996). Since
fungicide program did not impact grading factors
in the other experiments, only comparisons among
cultivars are presented in Table 8. Percentages of
ELK and SMK varied among experiments, but
Sullivan consistently had one of the highest ELK
and SMK percentages among the four cultivars. A
premium is paid for both ELK and SMK, so
cultivars that consistently rate high for these grade
factors are desirable. Sullivan also had the overall
lowest percentage of damage kernels, but in one of
the experiments, the sound split kernels exceeded
4% which results in a price penalty. CHAMPS had
the overall highest percentage of damaged kernels
due to seed decay from CBR and other fungi.
When damaged kernels exceed 2.4%, the seed is
considered segregation 2 and the grower receives
only 35% of the value for the crop.

The three fungicide programs evaluated in this
study varied in overall cost. Based on the current
price of the chemicals and not taking into account
any other costs associated with fungicide applica-
tion, the cost of the leaf spot only, leaf spotþCBR,
and leaf spot þ Sclerotinia fungicide programs are
estimated to be $126, $183, and $229 per treated
hectare, respectively. Table 9 gives the net value of

Table 7. P-values for the influence of cultivar, fungicide

program, and cultivar by fungicide interactions on peanut

grading factors.

Grading

factor Experiment Cultivar (C) Fungicide (F) C*F

ELKa 2014-1 0.0086 0.5065 0.4136
2014-2 0.8522 0.9600 0.5371
2014-3 ,.0001 0.9035 0.2315
2015-1 ,.0001 0.0057 0.0504

2015-2 ,.0001 0.2428 0.4868
SMK 2014-1 0.8974 0.8269 0.5737

2014-2 0.7308 0.9972 0.5786

2014-3 0.0046 0.5768 0.9471
2015-1 0.0003 0.8583 0.4283
2015-2 ,.0001 0.7270 0.3581

SS 2014-1 0.0011 0.8095 0.7318
2014-2 0.5470 0.6850 0.3975
2014-3 ,.0001 0.8268 0.7167

2015-1 0.0010 0.3426 0.6271
2015-2 0.1637 0.8096 0.8539

DK 2014-1 0.0895 0.9192 0.0095
2014-2 0.0820 0.9068 0.2413

2014-3 0.0109 0.5857 0.4604
2015-1 ,.0001 0.9510 0.6119
2015-2 0.0005 0.5644 0.7349

aELK¼ extra large kernels, SMK¼ sound mature kernels,
SS¼ sound split kernels, DK ¼ damaged kernels.

Table 8. Variation in grading factors among peanut cultivars.

Grading factora Cultivar

% kernels

2014-1 2014-2 2014-3 2015-1 2015-2

ELK Bailey 51.8 bb 52.1 a 43.0 b 52.5 a 49.7 a
CHAMPS 53.0 ab 51.1 a 45.3 a 46.7 b 38.5 b

Wynne 57.5 ab 53.2 a 46.4 a 55.6 a 48.7 a
Sullivan 59.4 a 53.0 a 45.0 a 55.7 a 47.8 a

SMK Bailey 65.9 a 63.8 a 52.4 b 70.6 a 66.6 a

CHAMPS 65.0 a 61.4 a 54.2 a 67.3 b 61.6 c
Wynne 65.4 a 64.3 a 53.6 ab 69.7 a 63.5 bc
Sullivan 67.0 a 63.2 a 53.1 ab 70.4 a 65.2 ab

SS Bailey 2.1 a 1.3 a 5.3 a 3.3 a 4.1 a
CHAMPS 1.5 ab 1.5 a 3.3 b 2.1 b 3.1 a
Wynne 1.0 b 1.2 a 3.9 b 1.9 b 3.7 a
Sullivan 1.3 b 1.5 a 5.0 a 2.8 ab 3.3 a

DK Bailey 0.9 a 1.8 a 0.5 b 0.9 c 0.7 b
CHAMPS 1.0 a 2.3 a 1.0 a 2.6 a 1.7 a
Wynne 0.7 a 2.0 a 0.7 ab 1.9 ab 1.3 ab

Sullivan 0.5 a 1.2 b 0.5 b 1.1 bc 1.0 b

aELK ¼ extra large kernels, SMK ¼ sound mature kernels, SS¼ sound split kernels, DK ¼ damaged kernels.
bMeans followed by the same letter(s) in a column are not significantly different at P ¼ 0.05 according to Tukey-Kramer.

Separate comparisons were made for each grading factor. Cultivar means are pooled across fungicide programs.
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the crop for each cultivar-fungicide program
combination calculated by subtracting the fungi-
cide program costs from the gross crop values
based on yield and grading factors. The influence
of cultivar and fungicide program on net crop
value varied among experiments. In experiments
2014-1 and 2014-2, net crop value was similar
among fungicide programs including the untreated
control. This indicates that fungicide programs
increased the value of the crop but only enough to
offset the cost of the fungicide treatments. In
experiment 2014-3 the untreated control provided a
greater value than the treatments including fungi-
cide applications. In this field, incidence and

severity of all diseases was low, so fungicide
applications did not increase yields (Table 6) and
resulted in an average loss of $175 to $269 per
hectare (Table 9). In both of the experiments
conducted in 2015 where late leaf spot pressure was
high, the leaf spot fungicide program increased the
net value of the crop by over $420 per acre when
averaged across all cultivars and net crop value for
the other fungicide programs was similar. Net
value varied among cultivars at all locations, and
overall Sullivan had the greatest value ($1759 ha�1)
followed by Bailey ($1489 ha�1) and Wynne ($1413
ha�1), and CHAMPS had the lowest net crop value
among the four cultivars ($775 ha�1) (Table 9).

Table 9. Variation in net value of the peanut crop among cultivars and fungicide programs.

Treatmenta

Net value, $ ha�1

2014-1 2014-2 2014-3 2015-1 2015-2

Bailey
Untreated control 1029 b-dd 1654 a 1606 ab 701 c-e 944 e-g
Leaf spot only 2283 ab 1178 a 1446 b 1129 a-d 1480 a-e

Leaf spot þ CBR 1670 a-d 1317 a 1460 ab 1668 ab 1617 a-d
Leaf spot þ Sclerotinia 2009 a-d 1729 a 1438 b 1830 a 1595 a-d

CHAMPS
Untreated control 928 cd 654 a 1737 ab 100 e 244 i

Leaf spot only 1455 a-d 433 a 1614 ab 386 de 513 f-i
Leaf spot þ CBR 835 d 277 a 1578 ab 218 de 424 g-i
Leaf spot þ Sclerotinia 1721 a-d 296 a 1435 b 336 de 311 hi

Wynne
Untreated control 1821 a-d 1087 a 1820 ab 593 c-e 898 e-h
Leaf spot only 2078 a-d 1269 a 1516 ab 1031 a-e 1214 b-e

Leaf spot þ CBR 2414 a 1465 a 1710 ab 1089 a-d 1183 cde
Leaf spot þ Sclerotinia 1976 a-d 1347 a 1513 ab 866 b-e 1381 a-e

Sullivan

Untreated control 2189 a-c 1942 a 1894 a 915 a-e 1081 d-f
Leaf spot only 2284 ab 1657 a 1778 ab 1481 a-c 1807 a
Leaf spot þ CBR 2397 a 1853 a 1467 ab 1772 ab 1721 ab
Leaf spot þ Sclerotinia 2120 a-c 1839 a 1597 ab 1687 ab 1707 a-c

Cultivar meansb

Bailey 1747 b 1470 a 1488 b 1332 b 1409 b
CHAMPS 1236 c 415 b 1591 ab 259 d 373 d

Wynne 2073 ab 1292 a 1640 ab 894 c 1169 c
Sullivan 2249 a 1824 a 1684 a 1463 a 1579 a

Fungicide program meansc

Untreated control 1493 a 1334 a 1764 a 578 b 791 b
Leaf spot only 2026 a 1134 a 1589 ab 1006 ab 1253 a
Leaf spot þ CBR 1829 a 1228 a 1554 b 1186 a 1236 a
Leaf spot þ Sclerotinia 1957 a 1302 a 1495 b 1179 a 1248 a

P-value
Cultivar (C) ,0.0001 ,0.0001 0.0174 ,0.0001 0.0151
Fungicide (F) 0.0549 0.8967 0.0092 0.0069 0.0151

C*F 0.1044 0.9432 0.3140 0.1121 0.0197

aTreatment means are comparisons of all cultivar-fungicide program combinations.
bCultivar means are pooled across fungicide program.
cFungicide program means are pooled across cultivar.
dMeans followed by the same letter(s) in a column are not significantly different at P ¼ 0.05 according to Tukey-Kramer.
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Summary and Conclusions
In this study, four Virginia-type peanut culti-

vars including two recently released high-oleic
cultivars were evaluated under different levels of
disease pressure with different fungicide programs
for disease control. Bailey has been the highest
acreage cultivar in the Virginia-Carolina region
for many years due to its high yield, quality, and
strong disease resistance package. The high-oleic
trait, which is not in Bailey, is desirable for the
peanut processing industry due to the increased
shelf-life of the product. However, as new
cultivars with the high oleic trait such as Sullivan
and Wynne are developed and released, growers
expect them to meet or exceed the performance of
Bailey. Across a variety of environments with
varying disease pressure, Sullivan and Bailey were
equally resistant to Sclerotinia blight, and Sulli-
van, Wynne, and Bailey were equally resistant to
CBR. Sullivan was more tolerant of late leaf spot
than Bailey and thus it may be possible to delay
and reduce the overall number of fungicide
applications for leaf spot control in Sullivan.
Under some conditions, Wynne and Bailey yielded
similarly well, but Wynne did not yield as well as
Bailey when Sclerotinia blight pressure was high.
Due to slightly higher disease tolerance compared
to Bailey, good agronomic characteristics, high
yield and quality under a variety of growing
environments, and the presence of the high-oleic
trait, Sullivan is an excellent cultivar for Virginia-
type peanut production in the Virginia-Carolina
region. A lack of yield response to higher-input
fungicide programs for Sullivan and Bailey
demonstrates the value of incorporating disease
resistance/tolerance in peanut breeding programs
(Wynne et al., 1991; Monfort et al., 2004;
Cantonwine et al, 2006; Chapin et al., 2010).
Furthermore, high yields and net returns of
Sullivan regardless of fungicide program suggests
further reducing fungicide inputs during produc-
tion of this and other disease resistant/tolerant
cultivars may be possible under low to moderate
disease pressures as suggested by previous studies
(Phipps, 1993; Cantonwine et al, 2006; Woodward
et al., 2010, 2014). Delayed fungicide applications
are already recommended for Bailey (Balota et al.,
2015), but fungicide advisories, including the
weather-based advisories for leaf spot and Scle-
rotinia blight fungicide applications in Virginia
(Cu and Phipps, 1993; Phipps et al., 1997;
Langston et al., 2002), need to be re-evaluated
for new cultivars with greater levels of disease
tolerance.
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