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“We developed a highly sensitive method 
for detecting the pathogen in grapevines 
... which is manyfold more sensitive 
than previous detection methods ... and 
has greatly expanded our knowledge of 
where the bacterium persists in nature.”

Crown gall disease of grapes is caused by the bacterium, 
Agrobacterium vitis, and can significantly impact vine 
growth and vineyard production.  Although crown gall 

occurs on many 
plant species, A. 
vitis is specific to 
grape, whereas 
other species of 
Agrobacter ium 
c a u s e  c r o w n 
gall on different 
crops, particularly 
fruits, nuts and 
o r n a m e n t a l s 

(Otten et al. 2008).  On grape, crown gall is observed as galls that 
form primarily on the lower trunks of vines and in some cases on 
canes (Figure 1).  The disease weakens vines and causes significant 
economic losses in vineyards and nurseries.  A. vitis is able to 
survive systemically in grapes and therefore can be spread within 
symptomless propagation material and in apparently healthy young 
vines.  In addition to causing galls, A. vitis also causes a necrosis 
that is harmful to grape root development and may also inhibit 
graft take (Figure 2).  Infections are initiated at wounds, which in 
NY are typically caused to vines by freezing winter temperatures.  
Another common site where crown gall is initiated is at graft 
unions.  Infections occur in cambial cells that are involved in 
the wound-healing process; therefore, 
crown gall causes damage to vines by 
essentially compromising the normal 
wound-healing process.  In vineyards, 
new galls are usually observed around 
midsummer.  It has been shown that 
if the trunk surface circumference is 
covered with 50% or greater crown gall, 
the vine will show significantly reduced 
growth and production (Schroth et al. 
1988).
 Management of grape crown gall 
today largely relies on the implementa-
tion of cultural practices that help to 
mitigate the effects of wounding caused 
by freezing temperatures.  Grape va-
rieties and rootstocks differ in their 
susceptibility to cold temperatures and 
to the disease.  Whereas all V. vinifera 
cultivars are quite susceptible to crown 
gall, some of the hybrid and American 
varieties are more resistant; however, 
this varies widely depending on variety.  
For example, crown gall is rarely seen 

as a problem on Concord grapes, but is more prevalent in Niagara 
vineyards.  In addition, grape rootstocks differ in susceptibility, 
varying from highly susceptible to resistant.  For example, crown 
gall is rarely seen on rootstocks C3309 and R. Gloire, but is more 
prevalent on rootstock 110-R.  It should be noted that, because 
the bacterium is systemic in vines, even resistant scion varieties 
and rootstocks may carry the pathogen internally.  
 Because injuries are required for initiation of crown gall 
infections, any management strategies that minimize injury and 
particularly freeze injury will be of benefit.  These include selec-
tion of planting sites that have good air drainage and are on well-
drained soils.  The disease is often first noted in low-lying regions 
of vineyards.  These may have persistently wet soils, which affects 
vine vigor and winter acclimation, and they are also locations where 
cold air collects during freeze events.  
 Other management practices include hilling soil around 
the vine’s graft union and lower scion in the fall of the year, to 
protect that region from freeze injury and to provide the po-
tential for growing a replacement trunk if an established trunk 
is killed.   In addition, the implementation of training multiple 
trunks on vines is widely practiced to allow removal of diseased 
trunks and growing of new trunks while retaining a level of fruit 
production.  Maintaining proper nutrition and crop load will also 
facilitate proper hardening off of vines in the fall, making them 
less conducive to winter freeze injury.  There are some products 
on the market for crown gall control and a biological control that 

Figure	2.		Necrosis	caused	by	A. vitis	on	
grape	roots.Figure	1:		Crown	gall	on	Riesling	trunks.
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is very effective for controlling the disease on several plant spe-
cies, but not on grape.  To date, none of the products are able to 
significantly control grape crown gall.  Antibacterial materials will 
kill A. vitis on contact, but since the bacterium lives systemically 
within vines, they are protected from surface-applied products.
 Our laboratory studies the biology of A. vitis in vineyards 
with the aim of improving management decisions for crown gall.  
We previously determined that A. vitis is able to survive in grape 
root debris in soil and persist until the root organic matter has 
completely decayed.  Recently, we developed a highly sensitive 
method for detecting the pathogen in grapevines using technol-
ogy known as Magnetic Capture Hybridization (MCH) (Johnson 
et al. 2013).  The method is based on detection of a specific gene, 
virD2, which is required for A. vitis to cause crown gall.  MCH 
is manyfold more sensitive than previous detection methods 
that were used to study the pathogen in grapevines; it can be 
completed within a few days, as compared to weeks, and has 
greatly expanded our knowledge of where the bacterium persists 
in nature.
 We used the MCH method to determine the distribution of 
A. vitis in dormant grape canes that are used to propagate vines.  
By determining where in canes the pathogen is most prevalent, 
our aim was to improve the efficiency of indexing propagation 
material for its presence.  We have discovered that the pathogen 

Table	1.	Distribution	of	Agrobacterium vitis	in	nodes	and	internodes	of	dormant	canes	collected	from	grapevines	with	crown	gall.	

Vine	
numbera

Grapevine	cane	segmentb

1N 1I 2N 2I 3N 3I 4N 4I 5N 5I 6N 6I 7N 7I 8N 8I 9N 9I

1A - - - - - - - - - - - + + -

1B - - - - + + - - - - + -

2A - - + - + + - - - + - -

2B - - - - - + - - - - - -

3A + + + + - + - - - - - -

3B - - - - - + - - + - - -

4A - - + - - - - + - - - -

4B + + + - + + - + - + + + + +

5A + + - - + - - - + - - + + - + -

5B - - - - + - - - - - + - - - - - - -

6A - + + + - - - - - + - +

6B - + - + + - - + - -

7A - + + + - - - + + - + - + -

7B - - - - + - - - - +

8A - + + - - -

8B - - - - - - - - - - - - - -

9A + - - - - - - - + -

9B + - + + - + + + + -

10A - + - - - + + +

10B + - - - - + - -

Percent 
Positive 30 40 40 25 35 45 10.5 31.6 29.4 23.5 30.8 30.8 66.7 16.7 50 0 0 0

a Two canes, A and B were collected per vine. Magnetic Capture Hybridization Real-time PCR was used to detect the presence of A. vitis. + = presence of A. vitis.
b Each number indicates a segment that is comprised of 4 nodes (N) and the 4 corresponding internodes (I).

is randomly distributed in dormant canes and could be detected 
in nodes as well as internodes (Table 1) (Johnson et al. 2016).  This 
finding complicates efficient standardized sampling of cuttings 
taken from foundation material and quarantine sites, as a nega-
tive test result does not necessarily mean the pathogen is absent 
throughout the vine of interest.  Canes for the experiments we 
conducted were collected from grapevines showing crown gall 
on their trunks.
 In addition to canes, we have also determined that A. vitis 
survives in dormant grape buds and can also be detected on 
surfaces of grape leaves and shoots collected in vineyards with 
crown gall.  Dormant buds were collected from vineyards in 2015 
and 2016.  The percentages of buds that tested positive for the 
pathogen are shown in Table 2.  Therefore, within vineyards, the 
pathogen may survive in any region of a dormant grapevine.  Dur-
ing the growing season, it may also persist on the surface of leaves 
and shoots, thereby adding to the likelihood of its distribution via 
splashing rain or through movement by insects to surrounding 
vines and vineyards.
 An attractive strategy for managing grape crown gall that 
is being given considerable attention is through production of 
vines that are free of the pathogen.  This approach is particularly 
worthy of pursuit, considering that A. vitis is host-specific to 
grape and persists systemically in vines; i.e., the pathogen has not 
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Table	2.			Presence	of	A. vitis	in	dormant	grape	buds.

	 	 2015	 2016	 	

Variety	 Number	buds/	+	for	A. vitis*

Vignoles  20/8   
Chardonnay  20/1   
Riesling  20/3 18/17**  
Cabernet Franc  20/0   
Wild Grape  20/1   

Total  100/13  

*Individual buds from each variety were assayed for A. vitis using the MCH 
method described in text.
**Higher percentage of buds in 2016 may be carrying the bacterium because 
of an unusually mild winter and greater bud survival.

been found on other plant species.  Therefore, through research 
supported by USDA APHIS-National Clean Plant Network, we 
have been evaluating the use of meristem and shoot-tip culture 
for elimination of the pathogen from vines.  Currently, plants 
have been propagated through tissue culture; original shoot tip 
and meristem material was taken from dormant cuttings col-
lected from crown gall-infected vineyards (Figure 3).  Ongoing 
testing of these plants with MCH has shown them to be free of 
the pathogen; no samples were found to be positive for A. vitis 
out of 71 samples assayed.  The assays will continue over time to 
further verify the plants are clean; however, at this point it ap-
pears that clean plants can be produced in this manner.
 Assuming that clean plants can be generated, a major consid-
eration is to become knowledgeable of sources of A. vitis in nature 
that could be significant for introducing the pathogen into clean 
vineyards.  Because A. vitis can be detected within and on vines 
in vineyards with crown gall, the closeness of infected vineyards 
to new clean vineyards will be important.  In addition, whether 
the new vineyard site was previously planted to vines, how long 
since the vines were removed and whether crown gall was present 
in the site would also be important, as remaining grape debris 
in the soil is able to harbor the pathogen.  Like other bacteria, A. 
vitis can be disseminated in water from rain or irrigation.  If it is 
present in soil debris, it may also be spread on soil transported 
on farm equipment.  The question of whether the pathogen can 
be spread in grape seed has not been addressed, but is worthy of 
consideration.  Such a means of spread could explain how wild 
grapevines removed from commercial vineyards might become 
colonized.

Figure	3.		A.	vitis-free	grapes	propagated	in	tissue	culture

 We have used the MCH method to evaluate whether wild 
grapevines can harbor the crown gall pathogen, thereby con-
tributing to outbreaks of the disease in vineyards.  In NY, these 
included Vitis riparia vines that were collected from several 
locations near and removed from commercial vineyards.  For 
example, some of the samples were collected from parks and 
from other locations isolated from vineyards.  Our results clearly 
showed that, although crown gall disease expression was not ap-
parent on any of the V. riparia vines, a significant percentage of 
them were carrying A. vitis internally. In addition to vines from 
NY, wild vines were also sampled from California and particu-
larly in the Napa region.  The species of these vines were not 
authenticated; however, individual vines were either native wild 
species or were seedlings resulting from dissemination of seed 
from vineyards within the region.  Again, the results show that 
wild grapes constitute a significant source of A. vitis.
 Thus far, we have demonstrated the close association of A. 
vitis with cultivated and wild grapes and its ability to survive in 
symptomless grapevines, including those that could be used to 
propagate new vines.  Our results also indicate that vines free of 
the pathogen can be generated through tissue culture.  Consid-
ering the presence of the bacterium in wild grapes, and possibly 
other natural habitats, we are asking the question whether it is 
worth the time and effort to produce clean plants for commercial 
production.  From evidence thus far, we would conclude it is.  A 
yet-to-be completed study on the economic significance of crown 
gall indicates producing clean plants is a goal that should be 
strived for.  Certainly for nursery propagation, producing plants 
without crown gall is essential, as those expressing the disease 
are not saleable and can cost the nurseryman significantly.  If 
crown gall occurs in the early years of vineyard establishment, 
often the nurseryman is blamed for distributing the pathogen 
with vines, and this can also cause significant hardship to both 
the nurseryman as well as the vineyard grower.
 It seems clear from our experience with crown gall over 
several years that the greatest damage from the disease is sus-
tained in the early years of vineyard establishment.  When vines 
develop the disease in the first 1–3 years after planting, they are 
often stunted or killed, thereby causing loss to future growth 
and productivity, as well as loss in time and production if vines 
need to be retrained or removed and replaced.  From our current 
knowledge of the field biology of A. vitis, one would conclude that 
avoiding crown gall completely for the life of a vineyard may be 
impossible, considering environmental sources such as wild grape 
that harbor the pathogen.  However, the findings also suggest that 
a sound strategy is to produce and plant clean vines so that if and 
when crown gall develops, the vines will have a greater chance to 
be able to tolerate a certain level of the disease.  This is frequently 
seen in older vineyards, where crown gall may develop following 
unusually cold winters, leading to trunk injury.  In the majority 
of such cases, especially if similar winter events are not repeated 
annually, the vines are able to tolerate the disease.
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