
Evaluation of Cultivars and Spray Programs for
Organic Grape Production in Virginia

Laban K. Rutto1, Zelalem Mersha1, and Mizuho Nita2

ADDITIONAL INDEX WORDS. black rot, downy mildew, organic viticulture,
phomopsis, season

SUMMARY. The French American hybrid grape cultivars Corot noir and Arandell
(Vitis sp.), and Vidal blanc and Petit Manseng (Vitis vinifera), along with different
spray programs, were evaluated for potential organic production in Virginia from
2013 to 2014. Results obtained in the study demonstrate that organic wine grape
production in Virginia can be achieved by using select grape cultivars and spray
programs. With the exception of Vidal blanc, disease severity and disease incidence
were below the threshold for maintaining healthy vines in all organically managed
grape cultivars. ‘Vidal blanc’ was not sufficiently resistant to downy mildew (Plas-
mopara viticola), precluding it from potential organic management in Virginia. The
study also demonstrated significant disease resistance in Virginia of the cultivar
Arandell, released by Cornell University (Ithaca, NY) in 2013. The results suggest
that the organically registered fungicide Bacillus subtilis is effective in reducing the
severity and incidence of black rot (Guignardia bidwellii) and phomopsis cane and
leaf spot (Phomopsis viticola). The chemistry of organically managed berries har-
vested in 2014metminimum requirements for wine productionwith soluble solids,
titratable acidity, and pH ranging from18.7% to 20.2%, 7.6 to 8.0 g�LL1, and 3.3 to
3.4, respectively, in ‘Arandell’ and ‘Corot noir’; and 21.0% to 24.4%, 7.8 to 9.6
g�LL1, and 2.7 to 2.9, respectively, in ‘Petit Manseng’ and ‘Vidal blanc’ juice.

T
he proportion of organically
produced crops in the United
States has been steadily increas-

ing. The 2016 certified organic survey
conducted by the U.S. Department of
Agriculture’s (USDA) National Agri-
cultural Statistics Service (NASS) in
conjunction with USDA’s Risk Man-
agement Agency showed that U.S.
farms and ranches produced and sold
$7.6 billion in certified organic com-
modities in 2016, up 23% from 2015.
During the same year, the number of

organic farms in the country increased
by 11% to 14,217 and the area in-
creased by 15% to 5.0 million certified
acres. Similarly, organic grape (Vitis
sp.) production has increased from
12,575 acres in 2000 to 27,358 acres
in 2017 (USDA-NASS, 2017).

Interest in organic or biodynamic
viticulture is also high in other wine-
producing regions of the world as
reported in Willer and Lernoud (2019),
andas shownby the volumeanddiversity
of research on the effect of nonconven-
tional management practices on grape
quality (e.g., Bunea et al., 2012; N�u~nez-
Delicado et al., 2006; Reeve et al., 2005;
Vian et al., 2006; Vr�cek et al., 2011).
This interest is driven by increasing
awareness of the negative effects that

conventional agriculture has on the en-
vironment, and a willingness by a section
of consumers to pay a premium for food
with a smaller environmental footprint
(D’Amico et al., 2016; Desta, 2008).

Wine grapes are an important
specialty crop in the Commonwealth
of Virginia. The Virginia Department
of Agriculture and Consumer Services
(VDACS) ranked grapes as the 10th
most profitable commodity in Virginia
with cash receipts of $19.1 million in
2017 as reported by theUSDA (USDA-
NASS, 2019). Virginia wineries and as-
sociated vineyards have increased appre-
ciably over the past 10 years to �291
wineries (Conway, 2019) andmore than
3300 acres of bearing vines (USDA-
NASS, 2019). However, as of 2016,
there was only one certified organic
winery in the state of Virginia (Quality
Certification Service, 2013).

In a 2008 survey conducted by the
Virginia Wine Board, industry mem-
bers identified sustainable production
practices (78.9%), organic farming sys-
tems (47.7%), and cultivar and clonal
selection and evaluation (71.1%) as
priority areas for state viticulture re-
search (Virginia Vineyards Association,
2008). These research areas are impor-
tant for Virginia vineyards because of
the need to capitalize on growing de-
mand for organic wine and to avoid
losing market share to wine regions
that have adopted organic production
methods. U.S. sales of organic wines
reached $292 million in 2016, repre-
senting a 126% increase over a period of
10 years (Conway, 2018).

In the midwestern and north-
eastern United States, fungal and
other weather-mediated grapevine
diseases are typically the most difficult
to control organically. Among them,
powdery mildew (Uncinula necator),
downy mildew (Plasmopara viticola),

Units
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black rot (Guignardia bidwellii),
phomopsis cane and leaf spot (Pho-
mopsis viticola), and botrytis bunch
rot (Botrytis cinerea) are some of the
biggest challenges in wine grape pro-
duction (Schilder et al., 2002).

In the current study, disease re-
sistance and potential for organic pro-
duction of four wine grape cultivars
were tested under Virginia conditions.
Comparedwith amajority of competing
viticulture regions, Virginia’s humid
growing season creates an environment
conducive to the spread of fungal and
other diseases. Black rot, downy mil-
dew, powdery mildew, phomopsis cane
and leaf spot, and botrytis bunch rot are
common diseases that are especially
difficult to control in the humidVirginia
environment (Wolf, 2008).Anyof these
diseases can lead to total crop loss when
environmental conditions are condu-
cive, and organic copper, sulfur, and
lime sulfur havehistorically beenoptions
for their control. However, these mate-
rials are not effective, particularly against
black rot, and cannot guarantee vine
survival or a healthy crop under typical
Virginia conditions (Wolf, 2008).

Two of the cultivars chosen for
this study: Arandell and Corot noir,
represent new specialty wine grape
cultivars developed by the Cornell-Ge-
neva grapevine breeding and genetics
program atCornellUniversity that thus
far have limited representation in Vir-
ginia. These two red-fruited cultivars
have been bred for disease resistance

and quality wine characteristics. Trials
with these cultivars conducted in New
York State by Cornell University with
minimal or no agrochemical input pro-
duced healthy vines with superior dis-
ease resistance and quality wine charac-
teristics (Reisch et al., 2013). The other
two cultivars, Petit Manseng and Vidal
blanc, both white, were chosen based
on their superior resistance against
black rot compared with other tradi-
tional wine grapes. These cultivars are
also known for high-quality wine and
are already represented in Virginia
viticulture.

Materials and methods

SITE AND CULTIVAR SELECTION.
The studywas conducted at a vineyard
established in 2012 at the Eppington
Plantation (lat. 37�17#N, long. 77�43#W)
in Chesterfield County, VA, using the
grape cultivars Arandell, Corot noir,
Petit Manseng, and Vidal blanc. Certi-
fied stock for ‘Petit Manseng’ was
purchased from Novavine (Santa Rosa,
CA), and that for ‘Arandell’, ‘Corot
noir’, and ‘Vidal blanc’ was supplied by
Double A Vineyards Inc. (Fredonia,
NY). Cultivar selection was based on
fungal disease resistance and potential
wine quality.

SPRAY PROGRAMS. Two organic
spray programs (organic A andB) using
pesticides certified by the Organic Ma-
terials Review Institute (OMRI), and
a conventional program (Table 1) were

designed to assess the disease manage-
ment of downy mildew, powdery mil-
dew, black rot, and phomopsis cane
and leaf spot. Both organic spray pro-
grams were formulated using a founda-
tion of fixed copper [copper hydroxide
(Nucop HB; Albaugh, Ankey, IA)],
hydrated lime [calcium hydroxide
(APG Lime Corp., Kimballton, VA)],
and sulfur (Kumulus DF; BASF, Flor-
ham Park, NJ), with the addition of
Bacills subtilis (Serenade ASO; BASF,
Florham Park, NJ) in one program
(organic B). Bacillus subtilis is not
labeled for downy mildew, black rot,
and phomopsis cane and leaf spot but
has been shown to improve the man-
agement of these diseases in other
climates (Ellis andNita, 2004; Schilder,
2008). The sprays were conducted on
a weekly basis beginning two weeks
post budbreak on 6 May 2013 and 3
May 2014. A 15-L backpack sprayer
(425; Solo,NewportNews,VA) equip-
ped with a piston pump and an adjust-
able brass nozzle was used to deliver
the mixtures at a pressure of 60 psi.
During the 2014 growing season an
organic adjuvant (Nu Film P; Miller
Chemical and Fertilizer Co., Hanover,
PA) was included in both organic spray
programs.

EXPERIMENTAL LAYOUT. The three
spray programs: organic A (12.3 oz/
acre copper + 1.8 lb/acre hydrated
lime + 1.9 lb/acre sulfur); organic B
(12.3 oz/acre copper + 1.8 lb/acre
hydrated lime + 1.9 lb/acre sulfur +

Table 1. Products applied in 2013 and 2014 in a study to evaluate cultivars and spray programs for organic wine grape
production in Virginia.

Spray
programz Product Active ingredient

Active
ingredient
by wt (%)

Rate/acre
(a.i.)y Spray timing

Organic A Copper Copper hydroxide 77 12.3 oz Weekly interval
Hydrated lime Calcium hydroxide 90–100 1.8 lb Weekly interval
Sulfur Sulfur 80 1.9 lb Weekly interval

Organic B Copper Copper hydroxide 77 12.3 oz Weekly interval
Hydrated lime Calcium hydroxide 90–100 1.8 lb Weekly interval
Sulfur Sulfur 80 1.9 lb Weekly interval
Bacillus subtilis QST
713

B. subtilis 1.34 1.0 fl oz Weekly interval

Conventional Mancozeb Zinc ion and manganese
ethylene-bis-
dithiocarbamate ion

75 2.3 lb Weekly interval (removed 66 d
before typical harvest date)

Phosphorous acid Potassium phosphite 54.5 1.1 pt Weekly interval (replaced
mancozeb for the 66 d before
typical harvest date interval)

Sulfur Sulfur 80 1.9 lb Weekly interval
zAn organic surfactant (Nu Film P; Miller Chemical and Fertilizer Co., Hanover, PA) was added to both organic spray programs during the 2014 growing season.
y1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209 kg�ha–1, 1 fl oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
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1.0 oz/acre B. subtilis); conventional
[2.3 lb/acre mancozeb (Manzate
Prostick; United Phosphorus, King
of Prussia, PA) + 1.1 lb/acre phos-
phorus acid (prophyt; Helena Chem-
ical Company, Collierville, TN) + 1.9
lb/acre sulfur] were assigned to plots
planted with four-vine panels of the
four wine grape cultivars. Spacing at
planting was 4 ft between vines and 7
ft between rows. A split plot design
was used whereby treatments were
blocked by row (north-south orien-
tation) with spray treatments (plots)
randomly distributed within the
block and cultivars within the plot.
There were four replicates per treat-
ment with a 10-ft buffer between
plots, and the conventional block
was separated from organic A and B
blocks by a 100-ft buffer. At training,
cane pruned, vertical shoot position-
ing (VSP) system was adopted with
two cordons trained along the lowest
of three support wires and upright
shoots sandwiched between the
higher two sets of wires.

DISEASE ASSESSMENT. To mini-
mize the potential effects of disease
spread from neighboring panels, the
middle two vines of a four-vine panel
were selected for disease assessment.
Disease scoring was done during the
growing season on each vine by ran-
domly selecting three shoots per vine
and five leaves per shoot (120 leaves
per cultivar) for visual assessment of
disease incidence (number of diseased
leaves or clusters per total number
sampled) and severity (percentage of
leaf/cluster area affected). In total,
four leaf assessments were conducted
in 2013 (22 July, 6 Aug., 20 Aug.,
and 3 Sept.), and four leaf and fruit
cluster assessments were conducted in
2014 (18 June, 2 July, 16 July, and 28
July).

F RU I T H A R V E S T I N G A N D

PROCESSING. The 2014 crop was har-
vested starting 10 Aug. (12 d after the
last spray). Data on yield per vine was
recorded and berries were sampled
and prepared for analysis of total sol-
uble solids, pH, and titratable acidity
following methods described by Este-
ban et al. (1999). Total soluble solids
content wasmeasured using a portable
handheld refractometer (MASTER-
53T; Atago USA, Bellevue, WA) with
automatic temperature compensation.
A benchtop pH meter (S220 pH/ion
meter; Mettler Toledo, Columbus,
OH) was used to measure juice pH,

and titratable acidity was determined
by titration to an endpoint of pH 8.2
(20 �C) with results expressed as
grams per liter of tartaric acid.

STATISTICAL ANALYSIS. The per-
formance of cultivars and spray pro-
grams and their interaction were
compared by analysis of variance us-
ing a linear mixed model (SAS/STAT
version 9.4; SAS Institute, Cary, NC)
with cultivar and spray program con-
sidered as fixed effects and block as
a random effect. Where significant,
treatment means were separated by
Duncan’s multiple range test (P £
0.05).

Results

CLIMATIC DATA. Total precipita-
tion for the 2013 growing season was
higher than in 2014 and exceeded the
30-year (1970–2000) mean for the
region (Table 2). Total precipitation
for the 2014 growing season was
typical for the study site, and mean
minimum and maximum tempera-
tures in 2013 and 2014 deviated only
slightly from historical means (Table
2).

SPRAY PERFORMANCE. Compari-
sons of disease incidence and severity
within cultivar and treatment in 2013
show that Arandell was most resistant
to observed fungal diseases as com-
pared with the other cultivars. Both
disease incidence and severity were
significantly higher in ‘Vidal blanc’,
and intermediate in ‘Corot noir’ and
‘Petit Manseng’, with no significant
differences observed between the two
cultivars for both disease indices (Ta-
ble 3). In 2014, similar trends were
observed, but percent incidence and

severity were much lower than in
2013. Similar to 2013, ‘Arandell’
showed significantly higher resistance
with very low incidences of black rot
and phomopsis cane and leaf spot,
and no downy mildew infection (Ta-
ble 4).

Across cultivars, the conven-
tional spray program proved to be
more effective than both organic
spray programs, except in Arandell
where there were no significant dif-
ferences between treatments in 2013.
The organic A treatment was found to
be least effective among treatments
with the worst performance observed
in the cultivar Vidal blanc (Table 5).
Both disease incidence and severity
were found to be much lower in 2014
(Table 6). During both years, cultivar
and spray program, and their interac-
tions were found to be highly signif-
icant (Tables 3–6), except in the case
of black rot incidence and phomopsis
severity in 2014 (Table 4).

BERRY YIELD AND QUALITY. Black
rotwas the only disease detectedon fruit
clusters in2014.Theorganic treatments
had significantly less black rot than the
conventional treatment, while among
cultivars, Arandell recorded significantly
less black rot relative to Petit Manseng
and Vidal blanc. Similar to disease ex-
pression on foliage, cultivar and spray
program, and their interaction were
found to be highly significant with re-
spect to black rot in fruit clusters (Table
7). Due to bird predation, ‘Arandell’
was harvested early (22 Aug.) to avoid
losing the entire crop. The other culti-
vars were covered with bird netting on
26 Aug., but significant berry loss still
occurred and the average weights

Table 2. Rainfall and temperature data for Petersburg, VA [lat. 37�24#N, long.
77�39#Welevation 134 ft (40.8 m)] during the 2013 and 2014 growing seasons
when a study was conducted to evaluate cultivars and spray programs for organic
wine grape production in Virginia. Historical (1970–2000) data are for
Richmond International Airport, Richmond, VA [lat. 37�30#N, long. 77�19#W
elevation 150 ft (45.7 m)].

Month

Precipitation (inches)z Mean temp range (�F)z

Historicaly 2013 2014 Historicalx 2013 2014

March 4.08 2.65 2.34 36.9–59.6 30.6–50.4 30.4–53.2
April 3.17 4.09 3.42 45.3–70.2 46.8–71.4 44.4–70.7
May 3.89 3.48 0.71 54.7–77.7 53.8–75.4 56.1–79.9
June 3.47 9.32 3.79 63.3–85.2 65.2–84.6 64.0–86.2
July 4.67 4.60 4.72 68.3–89.0 70.5–86.7 67.1–87.1
August 4.10 6.12 5.89 66.8–87.2 64.9–82.8 65.5–83.8
September 3.89 3.56 2.48 60.0–81.1 58.1–81.0 63.1–80.1
October 3.54 5.23 2.17 47.4–70.6 51.3–70.5 48.6–71.4
z1 inch = 25.4 mm, (�F – 32) O 1.8 = �C.
yNational Centers for Environmental Information (2020).
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reported per vine are not representative
(Table 8). Analysis of the 2014 crop
showed that in all cultivars, soluble
solids concentration, pH, and titratable
acidity werewithin acceptable ranges for
use in wine making. As expected, culti-
var was a significant factor, while spray
program did not influence fruit quality.
No significant interaction was observed
between the two factors (Table 8).

Discussion
Total precipitation for the 2013

growing season was higher than in
2014 and exceeded the 30-year mean
for central Virginia where the vine-
yard is located (Table 2). A review of
historical (1970–2000) climate data

for the region (National Centers for
Environmental Information, 2020)
shows that the rainfall total in June
2013 was higher than the historical
mean by 5.85 inches, potentially pro-
moting higher-than-normal disease
inoculum production and incidence
for the rest of the season. Due to the
increased moisture in 2013 and
buildup of inoculum from the 2012
growing season, the incidence and
severity of phomopsis cane and leaf
spot, black rot, and downy mildew
were considerable. Total precipitation
for the 2014 growing season was
typical for the experimental site (Ta-
ble 2). However, higher than normal
precipitation is becoming more

frequent suggesting a climatic trend
that may complicate wine grape pro-
duction in Virginia and the northeast-
ern United States.

An analysis of the effectiveness of
the three spray programs in inhibiting
downymildew, black rot, and phomop-
sis cane and leaf spot showed statistically
significant differences (P £ 0.05). Pow-
dery mildew was not detected in any
disease assessment in this study. Com-
parisonsof disease incidence and severity
within cultivar and treatment in 2013
show that Arandell wasmost resistant to
observed fungal diseases as compared
with the other cultivars. Both measures
were significantly higher in ‘Vidal blanc’,
and intermediate in ‘Corot noir’ and

Table 3. Mean disease incidence (percentage of leaves exhibiting symptoms) and severity (percentage of leaf coverage) during
the 2013 growing season in a study to evaluate cultivars and spray programs for organic wine grape production in Virginia.

Disease incidence (%) Disease severity (%)

Black rot Downy mildew Phomopsis Black rot Downy mildew Phomopsis

Cultivar
Arandell 1.70 cz 0.01 c 2.00 c 0.03 c 0.03 c 0.03 c
Corot noir 7.80 b 26.50 b 14.10 b 0.21 b 1.95 b 0.29 b
Petit Manseng 7.00 b 27.90 b 14.10 b 0.18 b 1.79 b 0.28 b
Vidal blanc 11.20 a 49.40 a 21.10 a 0.31 a 8.29 a 0.52 a

Spray programy

Organic A 9.40 a 31.10 a 16.40 a 0.27 a 3.50 a 0.32 a
Organic B 6.70 b 27.60 b 11.70 b 0.17 a 3.27 a 0.29 a
Conventional 4.60 c 19.80 c 10.40 b 0.12 b 2.27 b 0.24 a

P valuex

Cultivar 0.01 0.01 0.01 0.01 0.01 0.01
Spray program 0.01 0.01 0.01 0.01 0.01 0.06

zColumn means followed by different letters within cultivar and spray program are significantly different (Duncan’s multiple range test at P £ 0.05).
yOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/
acre Bacillus subtilis); conventional (2.3 lb/acre mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur); 1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209 kg�ha–1, 1 fl
oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
xProbability values significant at a £ 0.05.

Table 4. Mean disease incidence (percentage of leaves exhibiting symptoms) and severity (percentage of leaf coverage) during
the 2014 growing season in a study to evaluate cultivars and spray programs for organic wine grape production in Virginia.

Disease incidence (%) Disease severity (%)

Black rot Downy mildew Phomopsis Black rot Downy mildew Phomopsis

Cultivar
Arandell 0.01 cz 0.000 b 0.007 c 0.02 c 0.000 b 0.007 d
Corot noir 0.03 b 0.004 ab 0.057 b 0.05 b 0.009 ab 0.080 b
Petit Manseng 0.03 b 0.006 a 0.042 b 0.07 b 0.012 a 0.050 c
Vidal blanc 0.06 a 0.006 a 0.092 a 0.14 a 0.012 a 0.130 a

Spray programy

Organic A 0.03 a 0.001 b 0.055 a 0.06 b 0.001 b 0.08 a
Organic B 0.03 a 0.005 ab 0.058 a 0.05 b 0.009 ab 0.08 a
Conventional 0.04 a 0.006 a 0.036 b 0.10 a 0.014 a 0.04 a

P valuex

Cultivar 0.01 0.001 0.001 0.01 0.001 0.01
Spray program 0.10 0.001 0.01 0.01 0.001 0.14

zColumn means followed by different letters within cultivar and spray program are significantly different (Duncan’s multiple range test at P £ 0.05).
yOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/
acre Bacillus subtilis); conventional (2.3 lb/acre mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur); 1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209 kg�ha–1, 1 fl
oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
xProbability values significant at a £ 0.05.
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‘Petit Manseng’ with no significant dif-
ferences observed between the two in-
termediate cultivars. In 2014, similar
trends were observed, but percent in-
cidence and severity were much
lower than in 2013. Similar to

2013, ‘Arandell’ showed significantly
higher resistance with very low inci-
dences of black rot and phomopsis
cane and leaf spot, and no symptoms
of downy mildew. As observed by
Schilder et al. (2002), the timing of

application for organic products used
to manage plant disease is critical
because most of them play a protective
rather than curative role. In the cur-
rent study, treatments were applied at
a weekly interval, but it is possible that

Table 5. Mean disease incidence (percentage of leaves exhibiting symptoms) and severity (percentage of leaf coverage) across
cultivars during the 2013 growing season in a study to evaluate cultivars and spray programs for organic wine grape
production in Virginia.

Spray programz

Disease incidence (%) Disease severity (%)

Black rot Downy mildew Phomopsis Black rot Downy mildew Phomopsis

Cultivar
Arandell Organic A 2.29 dy 1.88 h 4.00 ef 0.04 d 0.06 d 0.06 cd

Organic B 1.25 d 0.21 h 1.25 f 0.02 d 0.01 d 0.02 d
Conventional 1.46 d 0.21 h 1.00 f 0.04 d 0.01 d 0.01 d

Corot noir Organic A 11.46 ab 32.50 de 18.00 bc 0.33 ab 1.97 c 0.34 b
Organic B 9.58 abc 26.88 ef 12.08 bcd 0.25 bc 2.18 c 0.28 bc
Conventional 2.29 d 20.21 fg 11.88 cd 0.06 d 1.69 cd 0.26 bc

Petit Manseng Organic A 9.58 abc 38.96 cd 17.29 bc 0.26 bc 2.34 c 0.28 bc
Organic B 6.25 bcd 29.17 e 14.79 bcd 0.14 cd 2.30 c 0.30 b
Conventional 5.21 cd 15.63 g 10.21 de 0.13 cd 0.72 cd 0.26 bc

Vidal blanc Organic A 14.38 a 50.63 ab 26.04 a 0.43 a 9.64 a 0.59 a
Organic B 9.58 abc 54.38 a 18.96 b 0.26 bc 8.58 a 0.57 a
Conventional 9.58 abc 43.33 bc 18.33 bc 0.25 bc 6.65 b 0.40 ab

P valuex

Cultivar 0.01 0.01 0.01 0.01 0.01 0.01
Spray program 0.01 0.01 0.01 0.01 0.01 0.01
Cultivar · spray program 0.01 0.01 0.01 0.01 0.01 0.01

zOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/
acre Bacillus subtilis); conventional (2.3 lb/acre mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur); 1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209 kg�ha–1, 1 fl
oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
yMeans within columns followed by different letters are significantly different (Duncan’s multiple range test at P £ 0.05).
xProbability values significant at a £ 0.05.

Table 6. Mean disease incidence (percentage of leaves exhibiting symptoms) and severity (percentage of leaf coverage) across
cultivars during the 2014 growing season in a study to evaluate cultivars and spray programs for organic wine grape
production in Virginia.

Spray programz

Disease incidence (%) Disease severity (%)

Black rot Downy mildew Phomopsis Black rot Downy mildew Phomopsis

Cultivar
Arandell Organic A 0.012 cdy 0.000 b 0.010 ef 0.029 e 0.000 a 0.010 ef

Organic B 0.004 d 0.000 b 0.002 f 0.016 e 0.000 a 0.002 f
Conventional 0.016 cd 0.000 b 0.008 f 0.020 e 0.000 a 0.008 ef

Corot noir Organic A 0.022 cd 0.000 b 0.071 bc 0.039 de 0.000 a 0.102 bc
Organic B 0.012 cd 0.002 ab 0.060 cd 0.018 e 0.006 a 0.085 cd
Conventional 0.052 ab 0.020 a 0.039 d 0.106 bc 0.020 a 0.054 de

Petit Manseng Organic A 0.037 bc 0.004 ab 0.045 cd 0.072 cde 0.004 a 0.052 de
Organic B 0.014 cd 0.006 ab 0.037 de 0.033 de 0.010 a 0.039 def
Conventional 0.037 bc 0.006 ab 0.043 cd 0.093 bcd 0.020 a 0.052 de

Vidal blanc Organic A 0.052 ab 0.000 b 0.093 b 0.093 bcd 0.000 a 0.137 b
Organic B 0.070 a 0.010 a 0.131 a 0.143 ab 0.020 a 0.206 a
Conventional 0.066 a 0.006 ab 0.052 cd 0.179 a 0.014 a 0.058 ef

P valuex

Cultivar 0.001 0.001 0.001 0.001 0.001 0.001
Spray program 0.001 0.001 0.001 0.001 0.001 0.001
Cultivar · spray program 0.001 0.001 0.001 0.001 0.001 0.001

zOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/
acre Bacillus subtilis); conventional (2.3 lb/acre mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur); 1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209 kg�ha–1, 1 fl
oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
yMeans within columns followed by different letters are significantly different (Duncan’s multiple range test at P £ 0.05).
xProbability values significant at a £ 0.05.
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lower frequencies could be adopted if
information from disease forecasting
and early warning systems were taken
into consideration. Nita et al. (2006a)
have already reported improved pro-
tective capacity of conventional fungi-
cides applied in response to infection
periods predicted for phomopsis cane
and leaf spot by an early warning
system. The effectiveness of disease
forecastingmodels in predicting disease

incidence and severity (Erincik et al.,
2003), and for reducing the frequency
of fungicide sprays to control downy
mildew (Madden et al., 2000) and
phomopsis cane and leaf spot (Nita
et al., 2006a) suggest they could be
applied directly to disease management
programs employing organic products.

Among treatments, the lowest
overall measure of disease incidence
and severity was observed in the

conventional spray program in 2013.
With the exception of phomopsis
cane and leaf spot incidence where
both the conventional and organic B
spray programs were found to be
equally effective, disease incidence
and severity were significantly lower
in the conventional spray program,
whereas the inclusion of B. subtilis in
the organic B spray program signifi-
cantly reduced the incidence of black
rot and downy mildew as compared
with the organic A program. There
were no significant differences in pho-
mopsis severity between treatments.
Treatment data for 2014 was mixed.
Both organic spray treatments were
significantly more effective than the
conventional treatment in the control
of black rot while the conventional
treatment significantly reduced the in-
cidence but not the severity of phomop-
sis cane and leaf spot. On average, the
organic A treatment was more effective
than the conventional treatment in
2014with the organic B program being
intermediate.

One of the challenges of adopting
organic products for plant diseaseman-
agement is the everchanging suite of
products listed by OMRI (2020) ow-
ing to a relatively shorter process for
registration of organic products. Some
products also get deregistered calling
for constant vigilance by organic

Table 7. Mean incidence (percentage of clusters exhibiting symptoms) of black
rot in fruit harvested in 2014 from a study to evaluate cultivars and spray
programs for organic wine grape production in Virginia.

Disease incidence (%)

Cultivar
Arandell 0.00 bz

Corot noir 0.02 ab
Petit Manseng 0.03 a
Vidal blanc 0.03 a

Spray programy

Organic A 0.01 b
Organic B 0.01 b
Conventional 0.06 a

P valuex

Cultivar 0.01
Spray program 0.01
Cultivar · spray program 0.01

zColumnmeans within cultivar and spray program followed by different letters are significantly different (Duncan’s
multiple range test at P £ 0.05).
yOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre
copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/acre Bacillus subtilis); conventional (2.3 lb/acre
mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur); 1 oz/acre = 70.0532 g�ha–1, 1 lb/acre = 1.1209
kg�ha–1, 1 fl oz/acre = 73.0778 mL�ha–1, 1 pt/acre = 1.1692 L�ha–1.
xProbability values significant at a £ 0.05.

Table 8. Fruit chemistry and yield data for the 2014 growing season in a study to evaluate cultivars and spray programs for
organic wine grape production in Virginia.

Spray programz Soluble solids (%) pH Titratable acidity (g�LL1)y Avg wt (lb/vine)x

Cultivar
Arandell Organic A 18.7 3.3 8.0 2.7

Organic B 20.1 3.3 8 2.2
Conventional 18.8 3.3 8.0 2.3

Corot noir Organic A 20.0 3.4 7.8 2.6
Organic B 20.2 3.4 7.6 3.3
Conventional 20.1 3.4 7.6 2.2

Petit Manseng Organic A 24.3 2.7 8.5 1.3
Organic B 23.9 2.7 9.6 1.4
Conventional 24.4 2.8 9.4 1.3

Vidal blanc Organic A 21.7 2.8 7.8 4.9
Organic B 21.0 2.9 7.9 4.9
Conventional 21.5 2.9 8.0 4.9

P valuesw

Cultivar 0.01 0.01 0.03 0.01
Spray program 0.98 0.89 0.83 0.23
Cultivar · spray program 0.92 0.99 0.96 0.10

zOrganic A (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur); organic B (12.3 oz/acre copper + 1.8 lb/acre hydrated lime + 1.9 lb/acre sulfur + 1.0 fl oz/
acre Bacillus subtilis); conventional (2.3 lb/acre mancozeb + 1.1 pt/acre phosphorus acid + 1.9 lb/acre sulfur). 1 fl oz/acre = 73.0778 mL�ha–1; 1 pt/acre = 1.1692 L�ha–1; 1
oz/acre = 70.0532 g�ha–1; 1 lb/acre = 1.1209 kg�ha–1.
y1 g�L–1 = 0.1335 oz/gal.
x1 lb = 0.4536 kg.
wP values significant at a £ 0.05.
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farmers. For example, by 2014 the
adjuvant (Nu Film 17,Miller Chemical
and Fertilizer Co.) selected for use in
the study because of its capacity to
improve the biological efficacy of B.
subtilis (Schilder, 2008) had lost its
organic registration and had to be
replaced by a next generation product
(Nu Film P).

Comparisons across cultivars
show that the conventional program
was relatively more effective than or-
ganic sprays except in Arandell where
no significant differences were ob-
served between treatments in 2013.
Overall, the organic A treatment was
least effective with the worst perfor-
mance observed in ‘Vidal blanc’. The
results show that the organically regis-
tered fungicide B. subtilis is effective in
reducing the severity and incidence of
black rot and phomopsis cane and leaf
spot as previously reported (Schilder
et al., 2002). The significant differences
observed between organic spray A and
B in the incidence of phomopsis cane
and leaf spot on ‘Corot noir’, ‘Petit
Manseng’, and ‘Vidal blanc’ suggest
that B. subtilis can improve the efficacy
of organic fungicides used in this study.
Disease incidence and severity were
much lower in 2014. However, similar
to 2013 ‘Vidal blanc’ recorded the
highest, and ‘Arandell’ the lowest in-
fection irrespective of treatment.
Downy mildew was not observed in
Arandell, and no significant differences
in severity were foundwithin treatment
and across cultivars. Data from 2014
show that the organic spray programs
tested can perform as well or better
than conventional sprays in a typical
Virginia year. The trial outlined signif-
icant disease resistance in ‘Arandell’
and its potential for organic produc-
tion in Virginia. Disease incidence and
severity of phomopsis cane and leaf
spot, black rot, and downy mildew
detected onArandell were consistently
and significantly lower than in the
other three cultivars, and even during
the wetter than normal 2013 growing
season, symptoms of these diseases
were almost undetectable. This obser-
vation suggests that in the long run,
new disease-resistant cultivars coupled
with improved organic products may
make organic viticulture economically
feasible in Virginia and the eastern
United States.

During the 2014growing season,
the first harvest was conducted. Black
rot was the only disease detected on

fruit clusters in 2014 with the organic
treatments recording significantly less
black rot incidence than the conven-
tional treatment as did ‘Arandell’ com-
pared with ‘Petit Manseng’ and ‘Vidal
blanc’. Extensive bird predation was
observed during the season, and ‘Ara-
ndell’ was harvested early (22 Aug.) to
save some of the crop. On 26 Aug.,
the remaining cultivars were covered
with bird netting, but substantial
berry loss still occurred and the av-
erage weights reported per vine and
cultivar are not truly representative
for the season. However, chemical
analysis of berries harvested in 2014
showed soluble solids content, pH,
and titratable acidity within accept-
able range for good vintage in both
white and red cultivars (Ough and
Singleton, 1968).

CONCLUSION AND MANAGEMENT

IMPLICATIONS. Recent rainfall pat-
terns suggest that there may be sea-
sons in Virginia and the greater
eastern United States when both con-
ventional and organic programs may
not be fully effective in controlling
common grapevine diseases. How-
ever, our results show that in most
years, judicious selection of products,
strict field scouting, reliance on the
most advanced disease prediction
models, and application of new or
improved organic products may en-
able organic grape production in Vir-
ginia. The strong performance by
‘Arandell’ suggests it can be a candi-
date for organic production under
favorable conditions. Our findings
highlight the importance of breeding
for disease resistance and confirm that
cultivar selection may be one of the
most important factors in organic
viticulture.

Opportunities exist for further
research to support organic wine grape
production including development of
disease prediction and early-warning
models aligned with organic systems
and products. Cross-cutting studies
like those already conducted under
conventional production [e.g., agro-
nomic systems (Pscheidt and Pear-
son, 1989; Vald�es-G�omez et al.,
2011), grape phenology and disease
etiology (Kennelly et al., 2005; Moli-
tor and Berkelmann-Loehnertz,
2011), and timing of spray applica-
tions (Nita et al., 2006b, 2008)]
could also help further improve dis-
ease and pest management in organic
systems.
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