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V irus diseases present a problem in blueberry industries 
in the states of the Pacific Northwest and throughout the 
states bordering the Great Lakes and New England. In 

2009, Michigan 
confirmed the 
p r e s e n c e  o f 
Blueberry shock 
virus (BlShV) and 
Blueberry scorch 
virus (BlScV) in 
their highbush 
b l u e b e r r y 
industry. Since 
t h i s  i n i t i a l 
d i s c o v e r y , 
Michig an  ha s 
been conducting 
extensive surveys, 
e r a d i c a t i n g 
i n f e c t e d 
plant ings  and 

nursery stocks, and implementing quarantine regulations. A 
2010 survey of 133 Michigan farms resulted in the identification 
of seven planting locations positive for BlScV, and all blocks 
with confirmed cases of virus infections have been removed 
and destroyed. Based on the pattern of infection in regards 
to cultivar and planting age, Michigan extension scientists 
and specialists hypothesized that several introductions have 
occurred from either the Pacific Northwest or New Jersey. At 
time of testing, BlScV was found in asymptomatic nursery stock. 
New Jersey also experienced outbreaks of BlScV in past years, 
but has managed the disease through their virus certification 
program. 
 In recent years, NY blueberry growers have expressed 
increased concerns about virus diseases. Indeed, many growers 
have been operating older (>15 years) plantings with confirmed 
or suspected cases of ringspot viruses. At the same time, other 
producers were experiencing bizarre nutritional deficiencies or 
chemical injuries that were being attributed to virus diseases. 
In 2007-2008, a grower reported a severe decline in a mature 
highbush berry planting in Tioga County, NY. Two mature 
blocks of ‘Patriot’ and ‘Bluecrop’ blueberries were infected with 
either Tomato ringspot virus (ToRSV) or Tobacco ringspot virus 
(TRSV). Bushes were strongly symptomatic. The nematode 
vector of ToRSV and TRSV, Xiphinema americanum, was also 
present and found to be viruliferous. Although many bushes 
were strongly symptomatic, many asymptomatic bushes were 
also infected with one of two viruses. Given the age of the 
planting, and the lack of introductions of new planting material, 
it was likely that the planting had been infected for many years, 

“From 2008 to 2011 we conducted a 
statewide survey of blueberry viruses 
and have found virus outbreaks of 
ToRSV, TRSV, BlScV, or BlShV throughout 
the state of NY. In the absence of a 
virus certification program in NY, we 
suggest that rudimentary epidemiology, 
improved detection protocols, and a 
robust virus testing service could greatly 
enhance and protect the NY blueberry 
industry and those of neighboring 
states.”

but virus titers had not reached a level where the plants would 
show readily observable symptoms. 
 Given the recent outbreaks in Michigan and the possibility 
of cryptic infection in older plantings throughout NY, it 
became apparent that an understanding of the prevalence 
of blueberry viruses in the state was essential for the 
sustainability of this specialty crop industry. In the absence of a 
virus certification program in NY, rudimentary epidemiology, 
improved detection protocols, and a robust virus testing 
service could greatly enhance and protect the NY blueberry 
industry and those of neighboring states. From this realization, 
a collaborative effort between Cornell University, the NY Berry 
Growers Association, and NYSIPM was established to gather 
support and infrastructure to develop survey protocols and a 
statewide virus testing framework. 

Methods
 From 2008 to 2011, 18 small farm blueberry production 
operations from 13 counties in NY and one large commercial 
operation in PA were surveyed for the presence of one of four 
blueberry viruses. At each farm, the entire operation was 
surveyed including newly planted blocks and/or suspected 
blocks. The presence of suspect or symptomatic bushes was 
also documented. From each operation, 93 samples were taken 
with samples being evenly distributed across the production 
blocks at each operation. Sampling schemes designed for 
optimal detection of viruses in stone fruit orchards and 
vineyards were employed to cover the production area 
(Fuchs et al. 2010; Oliver et al. 2009). Each sample consisted 
of a composite of three adjacent bushes whereby three 
collections of five young leaves (1 collection from each bush) 
were collected from shoots at varying heights and positions 
around the bush. Samples were collected directly in plastic 
extraction bags (Bioreba, Reinach, Switzerland), and placed 
in a plastic cooler over ice for transportation from the  field. 
Samples were subsequently placed in refrigerated storage at 
7 ºC until further processing. Samples were homogenized 
using a Homex 6 tissue homogenizer manufactured by 
Bioreba (Reinach, Switzerland). Immediately following 
homogenization, DAS-ELISA was performed as previously 
described (Fuchs et al. 2010; Oliver et al. 2009) using BlShV 
and BlScV kits from Agdia (Elkhart, IN), and ToRVS and 
TRSV kits from Bioreba (Reinach, Switzerland) according to 
manufacturer’s instructions. ELISA reactions were read for 
absorbance at 405nm using a BioTek ExL808TM Microplate 
Reader (Winooski, VT). Samples with absorbance values 
twice that of healthy uninfected controls were considered 
positive for virus infection. Positive samples and plantings 
were mapped using global positioning tools to monitor the 
prevalence of the four virus diseases in the state. 
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Results and Discussion 
	 Across the sites surveyed each of the four viruses 
were detected in at least two operations in two or 
more different counties (Table 1). Interestingly, the 
occurrence of virus diseases was concentrated in 
western NY, with little to no occurrence of viruses in 
eastern NY.  One might be tempted to hypothesize 
that proximity to Michigan and source material 
obtained from Michigan nurseries prior to their 
eradication effort was a factor in the concentrated 
occurrence of viruses outbreaks in western NY. 
However, the concentration of affected operations 
likely results from the concentration of the industry 
in that region and ease of surveying due to proximity 
of sites to the testing facility.  
 Outbreaks of more than one virus occurred at 
several operations. Indeed, 8 of the 19 sites had plant-
ings with bushes positive for more than one virus 
(Table 1). In each of these locations, the planting was 
either infected with two ringspot viruses or BlScV 
and BlShV. At none of the locations, did Ringspot 
viruses did not occur with either BlScV or BlShV at 
any locations. In none of the plantings, were there 
plants infected with more than one virus. In each of 
the affected plantings, there was either one of two 
infection scenarios. In the first scenario, operations 
were comprised of mature established plantings with 
infections occurring across blocks and cultivars. In 
this situation, virus outbreaks likely occurred years prior to the survey date, and the viruses 
had been allowed to spread unchecked across the operation. This appeared to be the case at 
operations 1, 2, 4, 15, and 19. In the second scenario, infections occurred in newly planted 
blocks (1-2 years old), and the occurrence of more than one virus was restricted to block, 
cultivar, and nursery source. In this situation, the viruses had likely been introduced on 
recently planted nursery stock. This scenario occurred at operations 14, 16, and 17. 
 The sites with ToRVS or TRVS were all mature plantings, 10-25 year in age. The disease 
likely occurred earlier during the planting history, and slowly migrated or symptoms became 
manifest after many years of quiescent infection. Also, at both of the locations (operations 
1 and 2), symptomatic bushes were apparent (Fig. 1). On symptomatic bushes, necrotic 
and chlorotic spotting was readily apparent, and fruit production was greatly reduced or 
absent. Several bushes were completely killed, and it is important to note that dead plants 
could not be sampled in the survey.
 Ten sites had outbreaks of BlScV, of which five (operations 4, 10, 13, 15, and 19) were 
mature plantings and the other five were newly planting blocks (operations 7, 14, 16, 17, 
and 18). Symptomatic bushes were present in all locations with the majority occurring in 
operations with mature plantings. Symptomatic bushes had the typical blighted flowers 
and shoots, and sometimes foliar chlorotic and anthocyanic patterns (Fig. 2). At nearly all 
of the plantings affected with BlScV, fruit production was greatly reduced or absent, and 
there were some completely dead bushes. 
 Seven of the 19 sites (4, 9, 14, 15, 16, 17, 19) had outbreaks of the pollen vectored BlShV. 
With the exception of operations 14, 15, and 19, the incidence of BlShV was fairly low. At two 
of the operations (15 and 19) with high levels of incidence, affected plantings were composed 
of mature blocks (>15 years) and it was likely that shock was established earlier in the planting 
history, and the virus spread quickly throughout the planting by pollen transfer from infected 
to healthy bushes. The other sites (4, 9, 16, 17) were composed of newly planted blocks, and 
virus infection was restricted to certain cultivars and nursery sources. In this case, it was 
likely, that the virus was newly introduced on planting stock. At location 16, the producer 
removed the infected blocks and after a second round of surveying, the planting tested clean. 
At most of the locations with bushes infected with BlShV, infected bushes were primarily 
asymptomatic and only rarely were the characteristic blighted dried blossom clusters ob-
served (Fig. 3). At all affected locations fruit production was reduced, but only one producer 

Table	 1.	 Characteristics	 and	 prevalence	 of	ToRSV,	TRSV,	 BlScV,	 and	 BlShV	 in	 blueberry	
plantings	surveyed	in	NY	and	PA	from	2008-2011.		

	 	 	 	 	 	Number	of	positive	samplesa	
Operation			 Survey	
designation	 	Year	 State	 County	 ToRSVa	 TRSVa	 BlScVa	 BlShVa

 1 2008 NY Tioga 18 23 0 0
 2 2009 NY Ontario 9 4 0 0
 3 2009 NY Wayne 0 0 0 0
 4 2009 NY Allegany 0 0 69 1
 5 2010 NY Steuben 0 0 0 0
 6 2010 NY Tompkins 0 0 0 0
 7 2010 NY Wayne 0 0 5 0
 8 2010 NY Erie 0 0 0 0
 9 2010 NY Chautaugua 0 0 0 1 
 10 2010 NY Catteragus  0 0 1 0 
  11 2010 NY Albany  0 0 0 0
 12 2010 NY Rensselaer 0 0 0 0
 13 2010 NY Albany 0 0 1 0
 14 2011 NY Orleans 0 0 10 22
 15 2011 PA Tioga 0 0 7 39
 16 2011 NY Tompkins 0 0 1 7
 17 2011 NY Wayne 0 0 8 4
 18 2011 NY Wayne 0 0 1 0
 19 2011 NY Allegany 0 0 68 14

a	Number	of	samples	which	tested	positive	for	infection	by	one	of	the	four	viruses	ToRSV,	
TRSV,	BlScV,	or	BlShV.	Samples	consisted	of	three	adjacent	bushes	whereby	three	collec-
tions	of	five	young	leaves	 (1	collection	per	bush)	were	collected	from	several	shoots	at	
varying	heights	and	positions	around	the	bush,	and	samples	with	OD405nm	values	twice	
that	of	healthy	uninfected	controls	were	considered	positive.

Figure	1.	 A)	 Malformed	 leaves	 with	 necrotic	
and	 chlorotic	 spots	 of	 a	 highbush	
blueberry	 infected	 with	 ToRSV.	 B)	
An	 expanded	 view	 of	 a	 declining	
highbush	 blueberry	 infected	 with	
TRSV.
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Figure	3.		 A)	 Blighted	 blossom	 clusters	 on	 a	
highbush	 blueberry	 infected	 with	
BlShV,	and	B)	an	expanded	view	of	a	
highbush	blueberry	showing	decline	
from	BlShV	infection.

complained of signifi-
cant yield reductions. 

Conclusions
 I n  s u m m a r y, 
there  have  b e en 
virus outbreaks of 
ToRSV, TRSV, BlScV, 
or BlShV throughout 
the state of NY. These 
virus diseases aren’t 
regulated by the state, 
and although we have 
recommended elimi-
nating the infected 
blocks, we have not 
attempted to enforce 
eradication. All of the 
affected operations 
are fairly isolated 
from other blueber-
ry plantings in the 
region (>15 miles), 
and the viruses cur-
rently only threaten 
the sustainability of 
the existing opera-
tions. Moreover, all 
of the farms are fresh market or roadside operations, and not 
propagating planting stock. Hence, the threat of these viruses 
to the industry statewide should be minimal. It should be noted 
that several growers have removed the affected blocks and have 
appeared to eradicate the viruses based on follow up testing 
results. The PA grower is working with the Pennsylvania Depart-
ment of Agriculture, Penn State University extension and Rutgers 
University extension to eradicate viruses from the affected blocks 
and establish a clean operation. 
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Figure	2.		 A)	Blighted	blossom	cluster	and	B)	twig	dieback	on	a	highbush	blueberry	infected	with	BlScV.	C)	Anthocyanic	patterning	appearing	in	certain	
cultivars	infected	with	BlScV.	
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