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Key Concepts

Grapevine leafroll disease, which reduces yield and delays ripening of grapes, is one of the most important viral
grapevine diseases worldwide. In Finger Lakes Cabernet
franc vineyards, for example, it was shown to delay accumulation of juice soluble solids by about 3 weeks, and reduce yield by up to 25%. The virus is introduced to vineyards in infected planting stock, but is spread to adjacent
vines by insect vectors such as the grape mealybug.
In a five year large-scale field experiment in a commercial
vineyard, we tested the ability of roguing and insecticides
– either applied separately or in combination – to reduce
and eliminate leafroll virus in a moderately-infected vineyard. Over 5 years, roguing and roguing+insecticide reduced the percentage of leafroll-infected vines from 4%
to 0.6%, while it increased from 5.2 to 15.6% in untreated
control plots. To our knowledge, this is the first replicated
large-scale field trial to demonstrate the effectiveness of
roguing to reduce leafroll in a commercial vineyard in
North America.
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•

Grapevine leafroll is one of the most economically
important viral diseases worldwide and in NY.

•

It is introduced through virus-infected planting
material.

•

It is spread from vine to vine by insect vectors.
Grape mealybug is the most important vector in
New York.

•

Leafroll disease delays ripening and reduces yield.

•

Infected vines remain infected for the life of the
vineyard.

•

Models suggested that roguing and replacing
infected vines and insecticide treatments to control
vectors could be effective in limiting spread.

•

Economic studies suggested that rogue-andreplace would be economically optimal if disease
incidence was less than 25%. If above 25%, vineyard
replanting would be the optimal strategy.

•

In a commercial Cabernet franc vineyard, we
compared ‘rogue-and-replace’ and insecticide
targeted at mealybug vectors in combination and
individually over five years.

•

Two insecticide treatments (a contact insecticide
after budbreak in April and a systemic insecticide
in mid-June and mid-July) efficiently reduced
mealybug populations by more than 99%.

•

Over five years, roguing and roguing+insecticide
reduced the percentage of leafroll-infected vines
from 4% to nearly zero, while it increased from 5 to
15.6% in the ‘control’ treatment.

•

Roguing contributed the most benefits relative to
insecticides.
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Figure 1. Leaf reddening and cupping, and poor fruit ripening on a vine affected by leafroll disease (left) compared with a healthy vine (right) in
a Cabernet franc vineyard in the Finger Lakes.

Photo by Marc Fuchs

Introduction
Grapevine leafroll disease is one of the most important
viral diseases of grapevines in New York and worldwide.
It affects vine health, yield, and fruit quality, with symptoms usually visible in late summer and fall. Symptoms
consist of leaf reddening and cupping on red wine grape
cultivars, with primary leaf veins often remaining green,
and poorly ripened berries (Figure 1).
Six viruses are associated with leafroll disease (Fuchs
2020), among which grapevine leafroll-associated virus
3 (GLRaV-3) is the most widespread in vineyards worldwide. In New York, GLRaV-3 and grapevine leafroll-associated virus 1 (GLRaV-1) are the predominant viruses
found in New York vineyards (Fuchs et al. 2009). These
two viruses are readily disseminated in New York vineyards via vegetative propagation and grafting, and are
spread by grape mealybugs (Figure 2) and soft scale insects (Fuchs et al. 2009, Wallingford et al. 2015).

Leafroll disease drastically reduces leaf photosynthesis
post-véraison, and alters the berry maturation process,
particularly anthocyanin biosynthesis and sugar metabolism (Mannini and Digiaro 2017, Maree et al. 2013).
In the Finger Lakes, the accumulation of soluble solids
in fruit juice of infected compared with healthy fruits is
delayed by approximately 3-weeks in Cabernet franc
vineyards (Martinson et al. 2008). A study by Cornell
economists (Atallah et al. 2012) estimated economic losses
ranging from $10,100 to $16,200 per acre over the 25-year
lifespan of a Cabernet franc vineyard in New York.
Vineyard managers adopt varied measures to manage leafroll disease. Most opt to tolerate the disease without controlling it, while others choose to replant entire vineyards,
or eliminate diseased vines (rogue) and replace them with
clean ones.
The goal of roguing is to reduce the number of infected
vines in a diseased vineyard to limit virus spread by mealybug vectors. Generally, roguing is practiced without the
application of insecticides; but can be done in combination with insecticides such as Movento® (spirotetramat),
which is effective at limiting mealybug vector populations
in diseased vineyards (Wallingford et al. 2015)
Despite progress in understanding leafroll disease ecology (Fuchs et al. 2009, Fuchs et al. 2015), and modeling
of disease spread in relation to bioeconomic factors for
guiding management recommendations (Atallah et al.
2012, Atallah et al. 2015), the best strategy to mitigate the
impacts of leafroll disease in New York vineyards has remained uncertain.

Figure 2. Close-up of grape mealybug vectors of leafroll viruses feeding on a grape leaf

To that end, we carried out a study from 2015 to 2021 to
test the effect of roguing and insecticides (both separately,
and in combination), in reducing the virus inoculum and
limiting the spread of GLRaV-1 and GLRaV-3 in a Finger
Lakes Cabernet franc vineyard affected by leafroll disease.

Photo by Greg Loeb
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Spread of leafroll disease in New York vineyards
The grape mealybug, the European fruit leucanium, and
the cottony maple scale are present in New York vineyards (Wallingford et al. 2015). These insect vectors are
not direct pests of grapes in New York, but contribute to
an increase of the incidence of GLRaV-1 and GLRaV-3 in
some but not all diseased Finger Lakes vineyards (Fuchs
et al. 2009, Wallingford et al. 2015).
Leafroll spread predominantly occurs at a limited spatial
scale, as wingless mealybug crawlers move to neighboring vines. Aerial dispersal of mealybugs also carries viruses from infected neighboring vineyard parcels (Almeida et al. 2013). Spread dynamics in diseased vineyards is
related to the density of the mealybug population and the
occurrence of many infected vines.
Overwintered, first instar grape mealybugs primarily acquire GLRaV-1 and GLRaV-3 in April and May followed
by a second summer generation of immature mealybugs
in July in New York vineyards (Fuchs et al. 2015). This
suggested to us that leafroll disease management strategies to limit virus spread by reducing vector populations
should target overwintered crawlers from bud swell to
bloom, and second-instar crawlers in mid-summer.

Previous management research in New York
There is no cure for leafroll in the vineyard; once a vine
is infected by one or several of the leafroll viruses, it will
remain infected until it is removed or dies. However, leafroll disease can be managed in the vineyard by reducing
the number of infected vines, and to some extent, by con-

trolling vector populations (Almeida et al. 2013, Maree et
al. 2013, Wallingford et al. 2015).
Insecticides. Our previous research revealed that a reduction of early season grape mealybug crawlers can be
achieved by delayed dormant applications of horticultural oil. Summer grape mealybug populations were reduced by applying Assail® (acetamiprid) or Movento®
(spirotetramat) with spirotetramat outperforming acetamiprid in efficacy (Wallingford et al. 2015). In addition,
fewer newly infected vines (reduced rate of increase) were
identified in vine panels treated with spirotetramat in a
diseased vineyard compared with untreated control vine
panels in a three-year study (Wallingford et al. 2015).
Rogue and replace. Replacing infected vines with clean
ones is predicted to reduce the level of virus inoculum,
if disease prevalence is moderate (1-25%), limiting virus
spread and lowering the economic impact of leafroll disease (Atallah et al. 2012).
To refine this practice, a model incorporating the spatialdynamics spread of leafroll disease in a vineyard predicted that roguing both symptomatic vines and neighboring
vines would be more effective than roguing only vines
showing symptoms (Atallah et al. 2015).
The best strategy was predicted to be replacement of
symptomatic vines and two immediate within-row neighbor vines on each side, regardless of their disease status
(Atallah et al. 2015). This is more effective because disease symptoms only become visible at least one year after inoculation by mealybugs carrying viruses (Almeida
et al. 2013, Blaisdell et al. 2016) — a healthy-looking vine
that is adjacent to a diseased vine may be infected without exhibiting any disease symptoms. Removing adjacent
vines within-rows is recommended, because mealybugs
are more likely to move along rows than between rows.

Field trial of leafroll disease management options
Site Selection. For our study, we inspected several vineyards affected by leafroll disease in the Finger Lakes and
selected a Cabernet franc vineyard based on the following
five criteria:

Figure 3: Experimental layout of leafroll disease management experiments in
a Cabernet franc vineyard. The 2016-2021 randomized vine treatment panels
are colored in green (roguing and insecticides), blue (roguing), peach (insecticides) and gray (controls). Red squares represent the 2015 vine panels that
tested positive for GLRaV-1 and/or GLRaV-3.

3

•

Relative ease of identifying diseased vines on this red wine
cultivar based on visual assessment of typical disease symptoms, i.e., reddening of leaf blades, cupping, and poor fruit
ripening.

•

Overall moderate leafroll disease prevalence (10-15%), as
determined by the testing of select vine panels (three vines
per panel) throughout the vineyard for GLRaV-1 and GLRaV-3 in fall of 2015.

•

Confirmed presence of grape mealybug.

•

Suspected occurrence of virus spread.

•

Interest of the vineyard manager to contribute to our research and cooperate with us.

The Cabernet franc study vineyard was on the rootstock
3309C and planted in 1999.
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Treatments. Four treatments were applied to the Cabernet
franc vineyard study site in 2016-2020:
1.

Roguing in combination with insecticide applications

2.

Roguing only

3.

Insecticide applications only

4.

No intervention (untreated control)

Each treatment was applied to seven panels of three vines
across five rows (~100 vines per replicate). Treatments
were replicated five times and randomly assigned to vine
panels throughout the vineyard study site (Figure 3).
Roguing Treatment. Roguing consisted of removing
diseased vines and replacing them and two within-row
adjacent vines on each side with clean vines (Figure 4),
as modeled by Atallah et al (2015). Clean vines used as
replants consisted of Cabernet franc vines on rootstocks
3309C or 101-14 (Figure 5) that were derived from vine
stocks testing negative for leafroll and other viruses.
To implement roguing, starting in 2016 all vines (~2,150)
within the vineyard study site were tested for GLRaV-1
and GLRaV-3 annually in the fall, diseased vines were
flagged for removal, and clean vines were established in
the following spring without fallow. No fallow was practiced because the grape mealybug does not overwinter on
remnant roots in the soil.

Figure 4. Schematic representation of the roguing strategy selected
for a study on leafroll disease management

Virus testing. To determine the efficacy of roguing at reducing the number of infected vines, leaf samples were
collected from every vine in the vineyard study site in early September from 2017 to 2021 and tested for GLRaV-1
and GLRaV-3 in the laboratory by enzyme-linked immunosorbent assay using specific antibodies and standard
operating protocols. The number of infected samples that
tested positive for GLRaV-1 and/or GLRaV-3 was tallied
for each treatment group every year. Then the cumulative
number of infected vines was determined for each treatment group.
Insecticide treatments. Insecticides applied in this study
were Lorsban® Advanced (chlorpyrifos) at label rate of
1 quart per acre in April, and Movento® (spirotetramat)
at 6.25 fl oz/acre rate plus a NIS adjuvant (LI 700 at 0.25%
v:v) in mid-June and mid-July. Insecticides were applied
in 50 gallons/acre water. Because chlorpyrifos has recently
been banned from use on grapevines, we stopped making the spring application in 2021. Moreover, a separate
study conducted at the same vineyard study site clearly
indicated that reductions in mealybug abundance were
attributable to Movento® rather than Lorsban® (Loeb et
al. unpublished).
To assess the efficacy of insecticides at reducing insect
vectors, we surveyed populations of grape mealybugs
from mid-August to early September throughout the
vineyard study site. Trunks were visually inspected for a
set amount of time to record solitary females, females that
started laying eggs, and egg masses with viable eggs and/
or crawlers, but no female. These records were combined
into grape mealybug counts, and the number of grape
mealybugs per minute of count was tallied from 2016 to
2021.

Trial results
Insecticides applied from 2015 to 2021 were very effective
at reducing the grape mealybug populations to nearly
zero. Notably, the mealybug population was already near
zero within the first year of insecticide application (Figure
6). Trace amounts of mealybugs in 2019 (0.03 mealybug
per min), 2020 (0.03-0.3 mealybug per min), and 2021 (0.04
mealybug per min) could be an artifact of the treatment
location, with neighboring untreated control vine panels
serving as a mealybug refuge.

Figure 5. Second-year (forefront vines) and first-year (vines with
grow tubes) replants in the Cabernet franc vineyard study site affected with leafroll disease.

Remarkably, the grape mealybug population was 32- to
257-fold higher in untreated control vine panels compared with insecticide treated vine panels from 2016 to
2021. This multi-fold increase in mealybug populations
was within the same range (13-221) for the vine panels to
which “roguing only” was applied (Figure 6).

Photo by Marc Fuchs
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Roguing applied from 2016 to 2020 reduced virus
incidence, as measured by the cumulative number
of vines infected by GLRaV-1 and/or GLRaV-3, from
4.20% to nearly 0% in the vineyard study site in 2020
and 2021 (Figure 7). Similarly, roguing in combination with insecticides reduced virus incidence from
5.20% to nearly 0% during the same period.
In contrast, virus incidence increased from 5.20% to
15.6% from 2017 to 2021 in the control vine panels,
and from 5.80% to 13.4% in the vine panels treated
with insecticides during the same period (Figure 7).
In summary, both roguing alone and the combination of roguing and insecticide applications were effective at reducing the number of infected vines to
nearly zero in five growing seasons (Figure 8). For
the combined treatment, roguing was the dominant
factor in reducing the virus inoculum with insecticides contributing relatively little additional reduction.

Figure 6. Efficacy of insecticides, particularly spirotetramat (Movento®), at
reducing the grape mealybug population from 2016 to 2021 in a Cabernet
franc vineyard study site affected with leafroll disease.

It took five years (2016 to 2020) for roguing to achieve
a drastic reduction of the number of infected vines.
In addition, insecticides efficiently repressed the
mealybug populations (Figure 6) but did not contribute significantly to limit new virus infections
(Figure 7) and virus spread unless applied in combination with roguing (Figure 8).

Implications for leafroll management
Leafroll disease remains a concern to the grape and
wine industries in New York. The response to leafroll disease is mixed, with producers’ decisions
often failing to fully consider long term profit-maximizing options. Most vineyard managers and owners decide to tolerate the disease without controlling
it, despite its documented detrimental impacts on
yield and fruit quality in New York vineyards (Martinson et al. 2008). A few managers and owners opt
for replanting entire vineyards or roguing diseased
vines. Our disease management recommendations
in vineyards with a low to moderate disease prevalence (1-25%) and documented spread are summarized in the side bar of this article (on following page).

Figure 7. Detection of leafroll viruses from 2017 to 2021 in a Cabernet franc
vineyard study site affected with leafroll disease

Our study illustrated how roguing is the cornerstone to a successful leafroll disease management
program. We documented that roguing and roguing
in combination with the application of insecticides
drastically reduced the incidence of leafroll viruses
to nearly zero in 2020-2021 for a diseased vineyard
with a 10-15% disease prevalence in 2015.
Roguing was practiced by removing diseased vines
and the two within-row neighboring vines on each
side, regardless of their disease status. This work
validated earlier predictions on the efficacy of a
spatial roguing strategy to manage leafroll disease
(Atallah et al. 2015). Given the predominant leafroll
spread at a short spatial scale by crawling mealy5

Figure 8. Trends in leafroll virus detection over time in a Cabernet franc
vineyard study site affected with leafroll disease. Treatments are colored in
blue (roguing only), green (roguing+insecticides), peach (insecticides only),
and gray (untreated control).
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Sidebar: Management recommendations of leafroll disease in a vineyard with moderate disease
prevalence (1-25%) in which virus spread is occurring
•

Scout the vineyard late in the growing season over two or three years, and count the number of diseased vines
in any given area of the vineyard. Then divide this number by the total number of vines inspected. This number
corresponds to leafroll disease prevalence.

•

An increase of infected vines over time is indicative of virus spread.

•

If virus spread is occurring and disease prevalence is 25% or less, flag diseased vines and two vines on either
side before or after grape picking.

•

Remove flagged vines and replace them with clean vines without fallow.

•

Select replant vines derived from scion and rootstock vine stocks that have been tested for viruses and shown
to be clean.

•

Consider removing the entire vineyard if disease prevalence is more than 25% and plant clean vines.

bugs, roguing delays the buildup of the virus in the vineyard, when disease prevalence is low to moderate (1-25%).
Over time, if roguing is not adopted, newly infected vines
add to the source of virus inoculum, allowing mealybugs
to transmit the virus to neighboring vines more readily.
If disease incidence is allowed to increase to the points
where the virus inoculum is very high, leafroll can become
very difficult to manage (Almeida et al. 2013, Blaisdell et
al. 2016). Therefore, annual removal of infected vines suppresses the virus availability for spread by mealybugs.
This approach is more effective if roguing targets diseased
vines and the two within-row neighboring vines on each
side. However, we did not test the efficacy of a roguing
strategy based on the elimination of a diseased vines and
a single neighbord vine on each side, or only diseased
vines.
For roguing to achieve a near zero virus incidence in the
fifth year of the study, it was necessary to eliminate diseased vines each year. In other words, continuous efforts
were needed for roguing to be effective at reducing the
virus inoculum and limiting virus spread. Continued
vigilance was key, otherwise the number of infected vines
would have likely increased to a point where earlier roguing efforts may have been in vain.
In our study, roguing relied on the elimination of infected
vines that were identified by virus diagnostic assays performed in the laboratory rather than on visual inspections
of vines for disease symptoms. This approach enabled us
to identify infected vines that had yet to exhibit disease
symptoms. We recognize that this approach may be challenging for growers to implement unless a rapid, sensitive, and inexpensive tool for on-site diagnostics were
available.
GLRaV-1 was the predominant leafroll virus in the Cabernet franc vineyard study site. In general, GLRaV-1 symptoms are milder on wine grape (V. vinifera) cultivars than
those of GLRaV-3. If GLRaV-3 was the primary virus in
the vineyard, the identification of diseased vines for roguing by visual monitoring of disease symptoms, instead of
serological tests, may have achieved the same level of dis6

ease control. Nonetheless, roguing adds to the overall cost
of vineyard maintenance—it requires elimination of diseased vines, purchase and establishment of replants, and
a temporary loss of production due to the vine removal
and the lag time for young vines to fully produce.
Insecticide applications drastically reduced mealybug
populations but did not significantly prevent new virus
infections when applied without roguing. In other words,
insecticides by themselves did not effectively manage leafroll disease. Therefore, it is questionable whether or not
adding insecticides to roguing is cost-effective. If insecticides are adopted in addition to roguing, the cost of the
agrichemicals (80-$120 per acre annually) will add to the
cost of vineyard maintenance.
This cost is substantial given the limited benefits of insecticides at mitigating the impact of leafroll disease. However, this cost may be justified for elite vineyard blocks
(nursery increase and foundation blocks, for example),
given the lower risk of healthy vines becoming infected
following mealybug-mediated virus spread, and then performing poorly. For this type of vineyard parcel, applying
insecticides to reduce grape mealybug populations may
be considered an insurance policy against a rapid spread
of leafroll viruses.

The importance of virus-tested replants
Critical to the success of roguing is the cleanliness of the
replants. Replants should derive from nursery vine stocks
(scion and rootstocks) that have been extensively tested
for viruses and shown to be clean. In New York, a certification program that controls the production and maintenance of virus-tested stocks for the distribution of clean
grapevines has been recently reinstated. Efforts to reinstate this grapevine certification program were initiated in
2015 and the first certified vines became available in 2020.
The New York certification program has unprecedented
high standards. To qualify for the program, vine stocks
have to test negative for detrimental viruses, including
leafroll viruses, over two consecutive years. Then their
health status is continuously monitored over time with
Research Focus 2021-4: Cornell Viticulture and Enology

no tolerance for detrimental viruses; if infected vines are
identified, they are culled.
The New York certification program is anticipated to meet
the needs of the grape and wine industries in New York
and beyond. It is expected to reduce the presence of leafroll viruses, and other viruses, in the planting material,
thus contributing to vine health and sustainable viticulture practices, and avoiding production uncertainties due
to leafroll disease.
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