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“Surveys of New York apple orchards 
for viruses documented a widespread 
occurrence of apple stem pitting 
virus and to a lesser extend of apple 
chlorotic leaf spot virus, apple stem 
grooving virus, apple mosaic virus and 
tomato ringspot virus.  These viruses 
can negatively impact growth and 
productivity of apple trees.  The wide 
distribution of viruses likely results from 
the use of untested buds and/or liners 
for tree production through budding or 
top working.  Our survey findings stress 
the need to raise awareness on the 
vital importance of a careful selection 
of propagation material from trees 
that test negative for viruses for the 
establishment of healthy and profitable 
orchards in New York.”
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The apple industry is amongst the fastest growing segments 
of New York State’s economic sectors of agriculture.  
Most New York apples (53%) are sold as fresh-market 

f r u i t  a n d  t h e 
remainder (47%) 
is processed into 
juice, cider, and 
canned products, 
i n c l u d i n g 
s a u c e ,  s l i c e s 
and pie f i l l ing 
( h t t p : / / w w w .
a p p l e s f r o m ny.
c o m / a b o u t /
facts).  New York 
is  the second-
l a r g e s t  a p p l e 
producing state 
in the countr y 
( N A S S ,  2 0 1 8 ) 
with 1,300 million 
pounds or 29.5 
million bushels 
( h t t p : / / w w w .
a p p l e s f r o m ny.
c o m / a b o u t /
facts) of apples 
p r o d u c e d  o n 
about 40,000 acres 

for a value of ~ $268 million in 2017 (USDA-NASS, 2018).  
 Apple production can be affected by many factors, includ-
ing viruses that can reduce tree vigor, affect yield and limit the 
productive lifespan of orchards.  Yield reductions of 8 to 67% 
resulting in an economic impact estimated at $63 million have 
been reported for apple viruses in independent studies (Baumann 
and Bonn, 1988; Meijnske et al., 1975; van Oosten et al., 1982; 
Wood et al., 1975).  Viruses can also affect the success of top 
working and budding (Campbell, 1980), inciting economic losses 
of more than $0.4 million to nurseries (Cembali et al. 2003). 
In the fall of 2015, viruses were found in declining Red Delicious 
and Golden Delicious trees grafted onto G.935 and other root-
stocks in New York (Fuchs, 2016).  These early findings prompted 
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us to investigate the distribution of viruses in orchards in New 
York, including in the major apple production areas such as 
western New York, the Hudson Valley and the Champlain Val-
ley.  To follow up on early virus detection in a limited number of 
apple trees in New York, we surveyed apple orchards for major 
viruses, such as apple chlorotic leaf spot virus (ACLSV) (Eastwell 
and Howell, 2014a), apple stem grooving virus (ASGV) (Eastwell 
and Howell, 2014b), apple stem pitting virus (ASPV) (Eastwell 
and Howell, 2014c), apple mosaic virus (ApMV) (Eastwell 2014a), 
and tomato ringspot virus (ToRSV) (Eastwell, 2014b), over two 
consecutive growing seasons.  A primary goal of the surveys 
was to determine the distribution of viruses in the major apple 
production areas of New York.  A related goal was to identify and 
select healthy tree stocks for the collection of clean budwood to 
be used for the production of healthy trees. 

Experimental approach
 Orchards in western New York, the Hudson Valley and the 
Champlain Valley were selected for virus surveys in 2016 and 
2017.  Special attention was given to young orchards because 
young trees are more susceptible to viruses than older trees.  In 
2016, a 4 x 5 tree quadrat sampling strategy with a stratified regu-
lar quadrat distribution was used to collect tissue from selected 
trees to estimate the incidence of viruses in orchards.  Tissue was 
collected throughout the tree scaffold for each quadrat (= a panel 
of four consecutive trees within a row), five quadrats per row, 
every five rows, for a maximum of 25-50 quadrats per orchard, 
and a total of 100-250 trees per orchard.  Samples consisted of 
6-8 young leaves at full bloom (spring sampling) (Figure 1) or 
6-8 10-15” twigs per tree (fall and winter sampling).  In 2017, the 
same orchards as those selected in 2016 were surveyed, however, 
individual trees instead of panels of four trees were tested.  The 
2017 apple tissue collection was identical to the one implemented 
in 2016.
 Apple leaf and twig samples were collected by extension 
educators in each of the three major New York apple production 
areas and shipped to the Fuchs lab for processing and testing.  
Apple samples were tested for the presence of ACLSV, ASGV, 
ASPV, ApMV and ToRSV.  Tobacco ringspot virus (TRSV) was 
included in our surveys because it occurs in a few fruit crops in 
New York but has yet to be reported in apple in the United States.  
 Virus diagnostic was based on enzyme-linked immunosor-
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bent assay (ELISA), a commonly used high throughput analyti-
cal assay for the detection of viruses in crude plant sap extracts 
with a pair of specific antibodies.  Briefly, an antibody, which is 
a protein that specifically recognizes a virus and is produced by 
B cells of immunized animals such as rabbits or mice following 
immunization with a purified virus preparation, is applied to the 
surface of a microtiter plate and crude sap of an apple sample is 
subsequently added so that the antigen can bind to the specific 
antibody.  In our case, the antigen consists of a virus present in 
an apple tissue sample, i.e., leaf or twig material, that is crushed 
with a homogenizer in the presence of an extraction buffer so-
lution.  Then, the antibody linked to an enzyme is added to the 
microtiter plate so that it can trap the bound antigen, and, in the 
final step, the enzyme’s substrate is added.  Between each step, 
the microtiter plate is thoroughly washed with a mild detergent 
solution to remove any proteins or antibodies that are non-
specifically bound.  The final reaction produces a color change in 
the substrate, which is visible and can be spectrophotometrically 
recorded.  For each assay, a leaf or a twig sample from a virus-
infected tree is used as a positive control; and a leaf or a twig from 
a healthy apple tree as well as an aliquot of the extraction buffer 
solution are used as negative controls.  Since our surveys targeted 
six different viruses, we used six distinct antibody pairs to assay 
apple samples.  This means that each apple sample was simulta-
neously assayed by six distinct antibody pairs to independently 
diagnose ACLSV, ASGV, ASPV, ApMV, ToRSV and TRSV.

Results
 The 2016-2017 survey results showed an overall high in-
cidence of viruses in New York orchards.  A majority of the 
samples tested were found infected by viruses (64%, 1,676 of 
2,620) in western New York (orchards #1-9), the Champlain Val-
ley (orchards # 10-17) and the Hudson Valley (orchards #18-24), 
as shown by ELISA (Table 1).  Single virus infections were the 
most common (54%, 1,414 of 2,620) with ASPV observed most 
frequently (33%, 865 of 2,620) followed by ACLSV (12%, 314 of 
2,620), ASGV (6%, 157 of 2,620), ToRSV (2%, 52 of 2,620) and 
ApMV (1%, 26 of 2620) (Table 1).  TRSV was not detected in any 
of the apple samples tested.  Mixed virus infections were less 
common (10%, 262 of 2,620) and primarily consisted of ASPV 

and ACLSV (8%, 210 of 2,620) followed by other double or triple 
virus combinations: ASPV, ACLSV and ASGV (0.6%, 16 of 2,620); 
ASPV and ASGV (0.5%, 14 of 2,620); APSV and ToRSV (0.4%, 
10 of 2,620); ASPV, ACLSV and ApMV (0.3%, 9 of 2,620); and 
ASPV and ApMV (0.1%, 3 of 2,620) (Table 1).  
 Single infection by ACLSV or ASPV was prevalent in a 
majority of orchards surveyed (58%, 14 of 24) in the three apple 
producing regions of New York (Table 1) where the incidence of 
the two viruses ranged from 62% in the Champlain Valley to 46% 
in the Hudson Valley and 42% in Western New York (Table 1).  
The rate of mixed virus infections ranged from 16% in Western 
New York, to 10% in the Champlain Valley and 5% in the Hudson 
Valley (Table 1).
 Virus incidence was high in most of the orchards surveyed 
in the three apple producing regions of New York (80%, 19 of 24) 
with at least half of the samples tested sustaining virus infection, 
as shown by ELISA (Table 1).  Virus incidence was moderate in 
a few orchards surveyed (8%, 2 of 24) with less than half of the 
samples carrying viruses and low in the remaining few orchards 
surveyed (12%, 3 of 24) with less than 10% of the samples having 
detectable viruses (Table 1).  
 Of huge interest is the fact that none of the six viruses was 
detectable in numerous apple samples surveyed in the three 
apple producing regions of New York (36%, 944 of 2,620).  This 
finding is of utmost importance for the selection of clean buds 
to be used for the production of healthy trees and establishment 
of more profitable orchards.

Lessons learned
 Our 2016-2017 surveys documented a widespread occur-
rence of viruses in New York apple orchards.  This situation is 
not unique to New York as viruses are common in apple orchards 
in the United States and the world (Eastwell, 2014a,b; Eastwell 
and Howell, 2014a,b,c; Hadidi and Barba, 2011).  A plausible 
explanation for the widespread distribution of viruses is the un-
intentional use of scion buds from infected trees and/or infected 
rootstock liners that are selected for the propagation of trees or 
for top working.  Indeed, the only means by which the target 
viruses of our surveys are disseminated is through propaga-
tion, budding and top working.  If scion buds are collected from 
trees that are infected, budding and top working contribute to 
the dissemination of viruses in orchards.  Similarly, if rootstock 
liners are infected, budding will contribute to the dissemination 
of viruses in orchards.  This is more so since ACLSV, ASGV, 
ASPV and ApMV have no recognized insect vector and are not 
mechanically transmitted in an orchard, stressing the fact that 
the planting material is explaining the widespread distribution 
of viruses in orchards.  ToRSV and TRSV are also disseminated 
through vegetative propagation and grafting but can be further 
transmitted by the dagger nematode Xiphinema americanum in 
the orchard.  Since TRSV was not found in our surveys and the 
incidence of ToRSV was limited (Table 1), it can be reasonably 
speculated that the high virus incidence in New York is resulting 
from the use of infected planting material for the establishment 
of orchards.
•	 Among the viruses identified in New York apple orchards, 

ASPV was prevalent (Table 1).  No symptom is associated 
with infection on most scion/rootstock combinations al-
though infection can result in the development of pits in 
the wood cylinder that can affect functions of the vascular 

Figure 1. Leaf samples used for virus assays are collected in orchards at 
bloom.
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tissue.  ASPV is often found in mixed infection with other 
latent viruses such as ACLSV and/or ASGV (Table 1) and 
can cause yield losses of 8-46% (Cembali et al. 2003).  

•	 ACLSV was the second most prevalent virus (Table 1).  This 
virus is suspected to be the major contributing factor to apple 
top working disease.  It can cause a decline of grafted trees, 
generally 1-2 years after top grafting is done using infected 
budwood.  ACLSV causes no observable symptoms in most 
commercial apple cultivars but can reduce yield by 12-67% 
(Cembali et al., 2003).

•	 ASGV was occasionally found (Table 1).  This virus causes 
depressions in the wood cylinder and a necrosis of the graft 
union but no apparent foliar symptoms.  In association 
with ASPV and ACLSV, it can cause severe economic losses 
(Cembali et al., 2003).

•	 ApMV was rarely found (Table 1).  Unlike the previous three 
viruses that cause latent infections, this virus elicits foliar 
symptoms consisting in bright cream spots in spring that 
may become necrotic as the season progresses, coalescing 
into shot holes.  ApMV can reduce yield by 9-46% (Cembali 
et al., 2003).

Table 1.  Distribution and incidence of viruses in apple orchards in Western New York, the Hudson Valley and the Champlain Valley of New York. 

Orchard N

Single virus infection Multiple virus infection

ASPV ACLSV ASGV ApMV ToRSV
ASPV+
ACLSV

ASPV+
ASGV

ASPV+
ToRSV

ASPV+
ApMV

ASPV+
ACLSV+
ApMV 

ASPV+
ACLSV+

ASGV

1 32 28 0 0 0 0 1 0 0 0 0 0

2 16 5 0 7 0 1 0 0 0 0 0 0

3 12 9 0 2 1 0 0 0 0 0 0 0

4 58 18 0 5 0 5 3 0 0 0 0 0

5 196 89 7 4 0 4 18 1 4 0 0 0

6 200 74 12 8 1 8 66 5 0 1 9 0

7 181 0 74 26 0 3 17 0 0 0 0 0

8 19 5 0 2 0 0 0 0 0 0 0 0

9 9 0 0 0 1 0 0 0 0 0 0 0

10 80 15 12 7 5 0 29 0 0 0 0 0

11 155 69 16 5 1 4 35 3 0 1 0 1

12 147 63 21 4 0 2 3 0 0 0 0 2

13 186 77 0 0 8 1 0 0 0 0 0 0

14 171 73 17 7 0 3 0 0 0 0 0 5

15 135 66 14 4 1 0 3 0 0 0 0 1

16 170 61 39 0 1 0 7 1 0 1 0 2

17 30 7 7 5 0 0 0 0 0 0 0 0

18 25 11 0 0 0 4 1 0 0 0 0 0

19 190 21 33 59 5 0 2 1 0 0 0 0

20 105 27 3 1 0 6 4 0 0 0 0 0

21 110 11 0 0 1 0 1 0 0 0 0 0

22 195 62 29 6 0 7 19 0 0 0 0 3

23 80 15 1 0 0 3 0 0 0 0 0 0

24 118 59 29 5 1 1 1 3 6 0 0 2

Total (%) 2,620 865 (33) 585 (12) 157 (6) 26 (1) 52 (2) 210 (8) 14 (0.5) 10 (0.4) 3 (0.1) 9 (0.3) 16 (0.6)

N: number of samples collected in apple orchards, processed and tested for apple stem pitting virus (ASPV), apple chlorotic leaf spot virus (ACLSV), apple 
stem grooving virus (ASGV), apple mosaic virus (ApMV) and tomato ringspot virus (ToRSV).  Tobacco ringspot virus (TRSV) was also assayed but all the 
apple samples tested were negative.

•	 ToRSV was seldomly detected (Table 1).  This virus causes 
apple union necrosis, exhibiting pitting at the graft union.  
The disease is especially severe in trees that become infected 
in the first two years after planting.  

•	 TRSV was not found (Table 1).  This virus is the causal agent 
of union incompatibility in apple trees in Canada and has yet 
to be reported in apple in the United States.  However, it is 
present in other fruit crops such as blueberry and grapevine 
in New York, therefore, vigilance is recommended for the 
selection of planting sites in areas where TRSV is known 
to occur.

 Among mixed infections, the combination of ASPV and 
ACLSV was prevalent in apple orchards in New York.  Interest-
ingly, the co-presence of ASPV and ACLSV was found to be 
closely associated with declining trees grafted onto G.935 (Fuchs, 
2016).  Is co-infection by these two viruses in declining trees a 
mere image of their distribution in orchards?  Or, is co-infection 
by ASPV and ACLSV causing the decline of trees grafted onto 
G.935?  More work is needed to address this issue or similar is-
sues of declining trees observed in nurseries (Figure 2).
 ACLSV, ASPV and ASGV are latent viruses and do not cause 
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obvious symptoms in most apple trees.  This situation is very chal-
lenging for the selection of clean buds because a visual assessment 
of the viral infection status of a tree is deceiving, increasing the 
risk of an unintentional dissemination of latent viruses through 
budding and top working.  Only laboratory tests such as those 
carried out during the apple orchard surveys described here, can 
reliably identify the presence of viruses in apple trees.  Therefore, 
it is critical to identify clean trees for tree production and top 
working based on laboratory tests.  
 On a positive note, our surveys identified numerous trees for 
which major viruses were undetectable over two consecutive grow-
ing seasons.  These trees should be extensively used as clean stocks 
for propagation, budding and top working.  This is vital because 
there is no cure for a virus-infected apple tree in the orchard and 
there is no direct way to combat a virus besides removing infected 
trees.  Once a tree is infected with a virus it will carry it until it 
dies or is removed.  Therefore, management strategies of apple 
viruses in the orchard are essentially preventive and consist of a 
careful selection of clean buds from virus-tested (negative) trees 
and clean, virus-tested (negative) rootstock liners.  Trees derived 
from clean stocks reduce uncertainty about crop performance, 
increase orchard profitability and support further expansion and 
economic growth of the thriving apple industry in New York.  
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