62

JANUARY/FEBRUARY 2008

GRAPEGROWING

Testing
for

Early disease detection helps growers plant
healthy vines and avoid spread of disease
to new vineyards.

below. The goal of this article is to provide readers with information to help
with decision-making about planting
materials, vine removal or replacement, and top-working to create and
maintain a healthy vineyard.

Vineyard professionals test grapevines for varying reasons: 1) planting
and propagation decisions, 2) Topworking decisions, 3) vineyard-purchase decisions, and 4) determining the
health status of favorite clones prior to
disease elimination or propagation.
In general, laboratory tests are performed to determine the health or disease status of grapevines. For example,
many growers have their vines tested
to know what is causing problems in
the vineyard — such as delayed bud
break, decline, uneven berry ripening,
or low production.
There are specific situations in which
testing is recommended. First, testing is
recommended when planting decisions
are being made. Both nurseries and
growers should submit samples from
”mother” vines for testing for the presence of harmful pathogens. Depending
on the outcome of the results, the vines
will be planted or rejected.
Second, vineyards are frequently topworked to change a grape variety, warranted by market conditions. Knowing
the disease-status of the old scion and the
new scion provides information regarding the potential for success of a given
combination with the rootstock.
Third, growers should test their
favorite clones to determine their
health status prior to using diseaseelimination treatments. Finally. samples from vines are frequently tested to
ascertain future yield potential and vineyard longevity as a condition of purchase when a vineyard is being sold.
Why test grapevines?

DISEASES
in the vineyard
BY Judit Monis, Ph.D.
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rapevine disease testing has
become common today because of
the rapid increase in vineyard
investment costs, and greater disease awareness caused by the Phylloxera
outbreak of the 1980s and subsequent
outbreaks caused by other disease agents
(and due to the development of technology and rapid assays).
But growers can become overwhelmed with the many confusing
issues related to testing. Should one
test prior to planting, in the vineyard
after establishment, or both? What
should be tested and when?
Once testing is done, interpretation
of the results is equally important, in
order to make the best vineyard management decisions. Growers are interested in testing grapevines to determine the presence of pathogens (or
disease-causing agents) that could
impact vineyard establishment, grape
quality for wine production, production costs, and ultimately cause decline
and death in the vineyard.
The documented spread of certain
virus species causing leafroll disease in
Australia,5 Argentina,2 Europe,1 South

G

Africa,6 and more recently in California,3 is a clear example of the importance of knowing not just that the vineyard is infected, but which disease
causal agent(s) are present.
In spite of the length of time
elapsed, studies are in progress to
determine the efficacy of treating
virus-infected vineyard blocks with
systemic insecticide and vine removal
(either mechanically or after Glyphosate treatment) on controling the
spread of Grapevine leafroll associated
virus-3 in South Africa. A summary of
the suggested strategies for control of
the disease spread and progress on the
research is described by G. Pieterson.8
It is also important to pinpoint problems in a vineyard prior to replanting.
Certain pathogens can survive in the
soil or residual grapevine roots for
long periods of time and may re-infect
(serve as inoculum) the newly planted
vineyard. Knowing exactly what is
causing the problem in the vineyard
and taking preventative measures will
help prevent (minimize) re-establishment of disease-causing agents.
The common reasons for testing
grapevines, interpretation of laboratory results, reliability issues in testing,
and testing strategies are reviewed

It is important to take the most representative samples to allow the laboratory
to detect the presence of viral pathogens.
Whatever the reason for testing, one
should have a well thought-out scientific
sampling methodology or strategy prior
Testing strategy
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to testing in order to benefit from the
process. In most instances, a limited percentage of the vines will be sampled.
Testing both rootstock and scion plant
material is imperative. Many growers
submit bench-grafts (vines grafted at the
nursery and grown in the field for one or
two years) to laboratories for testing.
Samples from both the scion (clone) and
from the rootstock should be tested for
optimal pathogen detection.
This is especially important when
testing for the presence of viruses associated with leafroll and rugose wood
diseases. These viruses move slowly in
the vine and might have not had
enough time to move (or accumulate)
from the infected scion or rootstock
and might not be detected by available
testing methods.
Even with this practice, the presence of
certain viruses can be difficult to detect in
bench-grafts. Ideally, the rootstock and
scion plant material would be tested prior
to grafting. This allows the laboratory to
sample from mature sections of a vine,
which improves the detection of many
viruses found in low concentrations.
An even better practice would be to
test the mother vines from which the cuttings are collected. Ideally, the rootstock
or scion mother vines would be visually
evaluated during the growing season.
This visual analysis will help bias sample
collection towards any suspect vines or
categories of suspect vines. The exact
location of the vines to be sampled
would be recorded and the samples that
represent the various categories of symptoms would be collected and analyzed
during the correct season.
When top-working an established
vineyard the reason for testing both
existing and incoming material is obvious: it would be unfortunate if, with all
the effort put into the process, one
would re-infect “clean” budwood
material by attaching it to an infected
rootstock or vice-versa.
Most often, top-work activity is done
without prior knowledge of disease status in an established vineyard or in the
new scion-grafting material. It is an
unnecessary gamble to top-work an
existing vineyard without proper testing.
Growers are advised to test both the
original vine (the portion remaining in
the field) and the new budwood
source. Just as important as following
the above suggested sampling strategy
is to track vine sources to their original

mother vines at the nursery or in the
vineyard. This will allow the grower or
nursery personnel to trace back
sources in the event of a calamity.
Many scion-rootstock combinations may not develop symptoms
immediately.
Symptoms
may
develop one or two years after top-

working. In some instances, the presence of pathogens in the original
vine combined with a second
pathogen in the new scion may produce severe disease symptoms after
grafting.
Regular visual inspections and
sampling of grapevines should be

Is a barrel the only way to age a fine wine? Barrel makers would like you to believe that.
They’d also prefer you not know that we’ve fine-tuned the art of oak infusion
®
so deftly that in recent blind tastings, experts chose our flavors over wines aged
in French oak barrels. Surprising, but true. If you make a special wine and are
willing to think outside the barrel, now would be a good time to give us a call.
StaVın Inc, P.O.Box 1693, Sausalito,CA 94966 (415) 331-7849 f (415) 331-0516 stavin.com
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Fall panel includes viruses associated with grapevine leafroll (Grapevine leafroll-associated
1–7, and 9, rugose (Grapevine Rupestris stem pitting, Grapevine Virus A, B, and D), and fleck
(Grapevine fleck virus) diseases. Spring panel includes nematode-transmitted decline causing
viruses (Grapevine fanleaf, Arabis mosaic, Tobacco and Tomato ringspot viruses).

done to monitor the disease status of
a vineyard. Statistical methodologies
for sampling grapevines should be
developed. The sample number and

Test sensitivity and test accuracy are
enhanced if correct sampling methodologies are followed. The sensitivity of the
detection of pathogens depends on the
methods used for diagnostics but are also
influenced by the season and part of the
vine from which samples are collected.
The knowledge of pathogen location (parts of the plant where specific
pathogens are located) will improve
the chances of detection. Consequently, sampling guidelines will
vary, depending on the pathogen to
be detected. See guidelines for seasonal sampling for the detection of
grapevine major pathogens in Figure
I and text below.
Sampling for fungal pathogens inciting canker, vine decline, or root disorders
may occur throughout the year. Cane,
trunk, cordon, and root portions with distinct symptoms should be collected and
submitted to a laboratory.
When bacterial pathogens such as
Agrobacterium vitis are of concern, the

Sampling requirements

Figure I: Schedule for grapevine testing and vineyard surveys

type of tissues (leaves, canes, etc.)
will be dependent on the test
methodology and the pathogen(s) to
be detected.
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crown or aerial portions of the vine
should be collected throughout the year.
When testing for Xylella fastidiosa,
the Pierce’s disease causal agent, samples must be taken from stem and leaf
petioles located in the basal portion of
the vine in late summer to late fall.
To detect grapevine fanleaf virus and
other nematode-transmitted viruses, samples should be collected from shoot tips
early in the growing season. For other
viruses such as leafroll, and rugose wood
pathogens, samples should be collected
from the trunk, cordon, or canes from early
fall throughout dormancy. Combining
samples from two or more vines into one
test sample is not recommended as the
sensitivity of detection may be compromised and give misleading results.
Individual samples (free of soil and
insect contaminants) should be placed
in clearly labeled zip-lock plastic bags
containing a dry paper towel to absorb
any extra moisture and submitted to
the lab by overnight delivery.
Case Study —
Importance of proper sampling —
Virus Distribution

Many grapevine professionals have
asked why testing results are so different when similar samples are submitted to different laboratories. This is not
surprising. Testing methodologies can
vary from laboratory to laboratory.
Virus distribution has been reported to
vary within the same vine.
J. Monis and R. K. Bestwick have
shown that leafroll-associated viruses
are not evenly distributed in grapevines.7 Furthermore, the study showed
that the position in the vine where the
samples were collected and analyzed is
critical. This study used the ELISA
(enzyme-linked immunoassay).
Although, the use of RT-PCR
(reverse transcription polymerase
chain reaction) has greatly improved
the sensitivity of virus detection, the
most reliable results are obtained when
samples are collected correctly and in
the right time of the year.
In summary, grapevine viruses
may be detected reliably in leaves,
canes, cordon, and trunk tissues.
However, the concentration of different viruses varies widely in different portions of the vine depending on the virus family or taxonomic
group.

Figure II shows the distribution of
Grapevine Leafroll associated virus1 in a dormant, three-meter long
cane. Tissues from various points
along the cane were collected and
tested. The light areas represent samples with a high concentration of
virus. The dark areas in the figure

represent parts of the vine with no
virus detection. In the intermediate
colored areas, the virus was detected
in low concentration.
Figure II helps explain variation in
test results in the same laboratory and
between different laboratories. Therefore, multiple samples should be sub-
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Figure II: Distribution of Grapevine Leafroll-associated virus-1 in a dormant cane.
Multiple consecutive samples along the cane were collected and analyzed by ELISA.
Highest detected virus titer
Lowest detected virus titer
Undetected virus titer

mitted to assure a high degree of confidence in test results.
Test interpretation:
Positive/Negative results
in the laboratory

One frequent question is: When is a
positive a true positive, and a negative
result, a true negative? A positive result is

certainty of infection. A negative indicates the pathogen was not detected.
However, a negative result can
result when the target pathogen is
below the detection threshold of the
assay. This can occur when the incorrect plant part has been sampled, or the
sample was collected at a less than ideal
time of year, or when multiple vines

have been included in a single sample.
This is known as a false negative.
Likewise, a false positive is defined as
a positive laboratory result when, in fact,
the vine is not infected. A false positive
should never occur, but it may occur.
In order to minimize false positive
results, the cleanliness and reliability of
the testing laboratory is essential. A false
positive can occur if the laboratory handles the material with contaminated
hands or gloves, creates cross-contamination from surfaces, instruments, or
containers, or operates in a less than perfectly-clean manner. All assays must
include positive and negative controls.
The positive control demonstrates the
assay protocol is working and negative
controls will indicate no cross-contamination between samples.
One situation than can lead to a false
positive result is when the methodology
used to detect a pathogen is not specific enough to it, thus detecting other
strains or variants of the same
pathogen. However, in this case the
assay is at least able to detect the presence of a pathogen — although not
specifically what was sought.
Strains and variants of each pathogen
might be as harmful as the type-isolates
and for assay purposes, tests are usually
developed to detect a broad range of the
isolates of each pathogen.4
Causes for false negatives may be seasonal variations in pathogen levels or
erratic distribution of the pathogen in the
vine or lack of characterized pathogens
(e.g., the presence of a new disease
agent), or lack of optimized detection
methods, or improper use of controls.
If a grower sends samples from symptomatic vines for testing without knowing
the cause — a laboratory might complete
a full viral and fungal panel and find no
evidence of infection of known pathogens.
However, the vine might still be infected
with an unknown pathogen. A false negative might be reported because the
pathogen has not been characterized, i.e
there is no available method for detection.
It is imperative the client knows and
understands the sample collection
process and has confidence in the laboratory where submissions are sent. In many
cases, submitting additional samples will
help determine the cause of disease.
It is the hope of the author that the
answer to the question, (what shall be

Conclusions
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tested and when?) is more clear. A good
strategy is to always test grapevine
stock prior to planting to assure the
health of a newly-planted vineyard.
Although, testing an established
vineyard might be too late to solve an
existing problem, testing is advisable
to pinpoint the cause of a problem,
avoid the spread of certain
pathogens, and determine the feasibility of using the vines for further
propagation or top-working.
Submitting as many samples as the
budget permits (more than one sample per vine), will increase the
chances of detection of viruses that
are unevenly distributed.
There are several reasons for testing
grapevines for disease agents. When
materials are collected for propagation,
tests must include both rootstock and
scion mother plants. Also critical is an
understanding of optimal plant sampling
procedures and seasonal variability.
Confidence in the testing results —
to minimize chances of false positives

or false negatives — is best achieved by
using a laboratory that employs careful
methodologies and controls.
Growers and vineyard managers
should work closely with a plant
pathologist or consultant to determine
the laboratory that best fits their needs.
The decision to include laboratory testing to make strategic planting and
financial plans is an important step to
successful vineyard management. ■
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