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Abstract
Background and Objective: Pome fruits are infected by many viruses, it is important to know the way of transmittance and causing
agents of disease. To produce virus free propagating material it is necessary to assess the main viruses affecting pome fruits. The research
aimed   to   record  the  incidence  of  apple  viral  infection  in  commercial  fruit  tree  nursery  in  Shida  Kartli  region  of  Georgia.
Materials and Methods: Nine hundred and nine symptomatic and asymptomatic samples were analyzed by means of Double Antibody
Sandwich-Enzyme linked Immunosorbent Assay (DAS-ELISA) using commercial kits from BIOREBA AG (Switzerland). Results: According
to DAS-ELISA results, 213 from 909 tested samples reacted positively to at least one virus with total incidence of 23.43%. Apple stem
grooving virus (10.67%), apple stem pitting virus (8.47%) were found to be frequently presented in infected apple cultivars. Apple chlorotic
leaf spot virus has revealed minor spreading -3.3%, but apple mosaic virus infection was not found. Conclusion: Among all tested viruses
on apple cultivars, apple stem grooving virus was recorded the highest infection rate and apple chlorotic leaf spot virus was characterized
by the lowest distribution.
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INTRODUCTION

Apple is the principal pome fruit crop for Georgia.
Understanding of the apple pathogen is economically
important.  Among  viruses  affecting  trees,  apple  stem
grooving virus (ASGV), apple stem pitting virus (ASPV), apple
chlorotic leaf spot virus (ACLSV), apple mosaic virus (ApMV)
are widespread and can cause substantial economic losses1-3.

The ASPV is transmitted by grafting and is spread through
infected propagating material. It is unknown whether the
vectors are able to transmit this virus4. Many trees diseases are
associated with ASPV such as pear vein yellows, pear necrotic
spots,   pear   stony   pit,   graft   incompatibilities   such   as
top-working disease5. It is also known that ASPV was the most
prevalent virus in Tunisia-(46%) and in Iran (5.12%)6,7. The
ACLSV is one of the graft-transmissible pathogens worldwide
among fruit trees, which induces symptoms of deformation,
reduced the size, chlorotic leaf spots and ring pattern mosaic
on leaves of the susceptible cultivars of apple and pear8. In the
case of the mix of two latent viruses ACLSV and ASPV infection
up to 30% reduction in yield has been reported9. The relevant
information about virus distribution within individual plants,
its concentration and detectability according to season,
resistance or tolerance of hosts and interactions with other
viruses are important10.

ApMV is the most important virus, which can cause severe
damage to plants populations11. The other three viruses:
ACLSV, ASPV and ASGV are latent12. Virus-free apple
production protocol using heat treatment and shoot tip
culture  have  been  developed  in  Korea13.  Some  researchers

think  that  virus  elimination  using  cryotherapy  produced
virus-free shoots for seven of nine cultivars and is a promising
technique for developing a virus-free apple collection14.

Shida Kartli, Georgia is the major production region of
apple, where 60-65% of fresh trees in Georgia is produced. The
leading cultivars grown in the country are ‘Golden delicious',
'Kekhura', ''Winter banana'', 'Champagne Rennete', 'Red
delicious' and 'Idared'. The cultivars ‘Canadian Rennete' and
'Georgian Sinapi' are of regional importance. In the new
orchards various strains of ‘Gala’, 'Fuji', 'Jonagold' and ‘Granny
Smith’ are widely planted15.

For establishing a new pome fruit orchard virus-free
propagated  material  was  always  used  because  infected
plants have a major risk of transmitting infection by grafting.
Virus-free apple trees are generally more vigorous and
productive than virus infected trees16. Viral infections of all of
the trees are common pathogens in commercial cultivars and
are economically critical17.

This study was undertaken to survey the presence of the
main viruses (ASGV, ASPV, ApMV and ACLSV) affecting pome
fruits (apple) in commercial fruit tree nursery of Shida Kartli
region and to verify their distribution by using serological
methods.

MATERIALS AND METHODS

A survey was carried out in the pome fruit growing areas
in Eastern Georgia (Fig. 1) Nine hundred and nine (909)
symptomatic and asymptomatic samples were collected
during spring, summer and  early  autumn  in  2015  and  2016

Fig. 1: Survey of 7 Year Old Commercial Fruit Tree Nursery Located in Shida Kartli Region of Georgia Where Samples Were
Collected in 2015-2016
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from commercial fruit tree nursery of Shida Kartli. During the
same season adult leaves were collected from 168 trees of
'Kekhura', 212 trees of ''Achabetura'', 157 trees of 'Georgian
Sinapi', 183-''Winter banana'', 189-'Canadian Rennete'. The
studied varieties has various origin: ''Winter banana'' is
American variety, 'Canadian Rennete' is from Europe and
other-'Kekhura', 'Achabetura' is the local varieties. All varieties
was grafted on MM106 rootstock and planted in 2008. Eight
leaflets in the 4 directions at the height of 2 m above the
ground from each sample tree were collected. In 2015 and
2016, a total of 909 trees of apple cultivars grown in
commercial  fruit  tree  nursery  of  Shida  Kartli  were  analyzed
by DAS-ELISA (double antibody sandwich enzyme-linked
immunosorbent assay) as reported by Clark and Adams18 for
ASGV, ACLSV, ASPV and ApMV. The DAS-ELISA test was
performed by using extracts from young leaves of the
collected samples and the serological commercial kits
provided by company BIOREBA AG (Switzerland) according to
the manufacturer’s instructions: Purified polyclonal antibodies
of respective virus were diluted 1000 times in coating buffer
(pH  9.6)  and  were  coated  to  each  well  of  microtiter  plates
(200  µL/well) for 24 h at 4EC. Following three washes with
PBS-Tween,  the  plates  were  coated  with  diluted  leaf  sap
(200 µL/well) for 24 h at 4EC. Leaves were crushed [(w/v) 1:5]
in   extraction   buffer   (pH   8.2)   containing   2%
polyvinylpyrrolidone  (PVP  MW  24,000),  0.02%  NaN3  and
0.05%  Tween  20.  After four washes with PBS-Tween, 200 µL
of conjugate antibody (alkaline phosphate conjugated
polyclonal virus-specific antibody) was coated in each well for
5 h at 30EC. Next after final washing, the plates were
incubated with fresh pNPP (para-nitrophenyl phosphate)
substrate  buffer  [adding  p-nitrophenyl  phosphate  tablets
(1 mg mLG1) in substrate buffer] for 3 min at 25EC preferably in
dark. Absorbance was determined at 405/450 nm on ELX800
Microplate  Reader  (Bio-Tek  Instruments,  Winooski,  VT)  and
the sample was considered positive if its optical  density  was
3 times higher than the negative control.

The ultimate objective of this researches on pome virus
infection was the control of these diseases in the tree nursery
of Shida Kartli region.

Assessment of disease occurrence: Survey and sampling of
pome fruits in Shida Kartli region, Georgia was carried out by
the following method19. Disease incidence (percentage of
diseased fruits) and disease severity (percentage of area
affected on the fruit on average) was then obtained using the
following equation20:

XDiseases incidence (DI) 100
N

 

where, X is a number of infected fruits and N is a total number
of fruit samples:

Σ(a b) 100Disease severity (DS)
N Z


 

where, Σ(a+b) is the sum of symptomatic fruits and their
corresponding score scale, N is total number of fruit samples
and Z is highest score scale. The highest disease rating is five.

RESULTS

The study was focused on determination of the spreading
of different viruses affecting five types of apple cultivars:
'Kekhura', 'Achabetura', 'Georgian Sinapi', 'Winter banana',
'Canadian Rennete' in commercial fruit tree nursery of Shida
Kartli in 2015 and 2016. Apple varieties were tested for 4 types
of viruses: Apple stem grooving virus (ASGV), apple stem
pitting virus (ASPV), apple mosaic virus (ApMV) and apple
chlorotic leaf spot virus (ACLSV). During the field survey, the
following symptoms were observed in different species of
trees: Weak development of trees, stem grooving and pitting,
chlorotic, tatter leaves, riddled leaves. In many cases, it was
impossible to observe field symptoms associated with viruses.

Two hundred and thirteen out of 909 tested samples
reacted positively to at least one virus and showed an
infection rate 23.43%. Among all studied apple varieties, the
highest infection rate was reported on ASGV (10.67%),
followed by ASPV (8.47%), the distribution of ACLSV (3.3%)
was minor, but ApMV did not show any positive reaction with
the antibodies of ACLSV, ApMV, ASPV, ASGV (Table 1). The
survey of commercial fruit tree nursery in Shida Kartli region
showed that most of the different apple cultivars were
carrying several viral infections, as evidence is presented in
Table 2. It has been discovered that ASGV was presented only
in three types of cultivars: 'Kekhura' (42.85%), 'Achabetura'
(3.77%), 'Winter banana' (9.28%), but as the Table 1 presented
ASGV showed the highest intensity of infection development
as  compared  to  others.  Among  these  4  viruses  ACLSV  was

Table 1: Viral infected result of DAS-ELISA test in commercial fruit tree nursery in
the Eastern region of Georgia

Number of samples
-------------------------------------------------

Virus varieties Infected Total infected rate (%)
Apple stem grooving virus (ASGV) 97 10.67
Apple stem pitting virus (ASPV) 77 8.47
Apple chlorotic leaf spot virus (ACLSV) 30 3.30
Apple mosaic virus (ApMV) - -
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Table 2: Assessment of each viral infection in 2015 and 2016 using DAS-ELISA
test according to apple varieties in commercial fruit tree nursery located
in the eastern region of Georgia

Virus varieties
--------------------------------------------------------------

Species ApMV ACLSV ASPV ASGV
Infected rate (%)
Kekhura - 6.54 5.35 42.85
Achabetura - 2.35 17.92 3.77
Georgian sinap - 3.18 - -
Winter banana - 2.18 8.74 9.28
Canadian renette - 2.64 7.4 -
ApMV: Apple mosaic virus, ACLSV: Apple chlorotic leaf spot virus, ASPV: Apple
stem pitting virus, ASGV: Apple stem grooving virus, ApMV: Apple mosaic virus

Table 3: Evaluation of total viral infection in 2015-2016 using DAS-ELISA test
according to apple varieties in commercial fruit tree nursery located in
the East of Georgia

Number of samples Total
-------------------------- infected

Species Origin Tested Infected rate (%)
Kekhura Georgia 168 92 54.76
Achabetura Georgia 212 51 24.05
Georgian sinap Georgia 157 5 3.18
Winter banana USA 183 46 25.13
Canadian reinette Europe 189 19 10.05

found positively for all researched apple cultivars, but ASPV
was presented in all studied apple cultivars except 'Georgian
Sinapi'. The results showed that viral diseases were
characterized by different spreading that depends on apple
cultivars. According to the DAS-ELISA results in 3 viral
infections: ASGV, ACLSV and ASPV were of common
occurrence in apple cultivars 'Kekhura', 'Achabetura' and
'Winter banana'. The ACLSV and ASPV were main infecting
agents in Canadian rennet and only ACLSV was presented in
Georgian sinap. Mixed infection was not found (Table 2).

As  the  results  showed  that  highest  total  infected  rate
was found in apple cultivars 'Kekhura' (54.76%), followed by
'Winter banana' and 'Achabetura' (25.13 and 24.05%,
respectively), 'Georgian sinapi' was the least infected cultivar
(3.18%) (Table 3).

DISCUSSION

The study has confirmed that the most important and
devastating virus (ApMV) was not detected in the collected
samples. The ASGV was characterized by relatively high
distribution (10.67%) in three types of apple cultivars
(''Kekhura'', '''Achabetura''' and '''Winter banana'''). The virus
ASPV showed less spreading evidence (8.47%) than ASGV, but
it was revealed in four kinds of apple varieties ('Kekhura',
'Achabetura', 'Winter banana' and 'Canadian Rennet'). The

total infected rate of ACLSV (3.3%) was low as compared to
others, but it was revealed in all studied apple cultivars.

The apple production has thousand years history in
Georgia. Today it is distributed in all regions of Georgia mostly
in  Shida  Kartli.  The  areas  of  orchards  are  estimated  as
10000-11000 ha21, average production of apple cultivars varies
between 41500 (2008)-87400 (2014) MT/annum22.

Viral diseases are considered a serious problem in
Georgia. The presence of the three latent viruses (ACLSV, ASGV
and ASPV) symptoms on apple varieties in Georgia increases
the distribution risk through grafting and top working.
Investigation of apple viral infections using precise methods
has not been conducted in Georgia. Assessment of viral
infections was performed only on grapevine varieties23.
Quantitative detection of four pome fruit viruses was studied
in many countries24-26.

Therefore, in order to promote the establishment of
effective monitoring system, it is necessary to control the
introduction and dissemination of all these pathogens. All
viruses must be detected in apple tree leaf tissue by using
laboratory techniques. The large-scale survey allowed us to
detect heavy virus and phytoplasma infections, especially in
mother plant blocks that are considered the main source of
propagating material distribution and can therefore,
contribute to the rapid and wide dissemination of these
agents27,28. This study is based on the selection of virus-free
mother  trees  for  establishing  healthy  orchards,  ensuring
high-quality crops and for the management of apple virus
spreading. Based on our results of DAS-ELISA immune-assay,
distribution of selected viruses among apple varieties was
different. The DAS-ELISA assay from leaves represents the
suitable tool for a large-scale disease diagnosis allowing early
detection of virus infection including symptom-free samples.
The study represents the first large-scale survey conducted in
Shida Kartli region of Georgia. The results showed a possible
relationship between viral infections and apple varieties,
various distributions of viral infections among apple cultivars
depend on several transmission pathways, vectors, plant
immunity, insect presence etc. The degree of impact depends
on the pathogen varieties in combination with apple cultivars.

All viruses of apple mainly spread through vegetative
propagation, grafting and top working, ACLSV, ASGV, ASPV
and ApMV do not have known insect vectors and are not
transmitted through seeds29. Thus, viral dissemination results
among apple cultivars might be related to their transmission
pathways. These viruses are transmitted when a virus-infected
scion  bud  is  grafted  on  a  healthy  rootstock  or  an  already
virus-infected rootstock.
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It is important to continue investigations and analyses in
order to know the real phytosanitary status with regards to
transmissible infections through the propagating material,
which may support the success of any certification program
for pome fruits in Georgia. Molecular analysis (qPCR) is in
progress in order to further precise all doubtful results from
DAS-ELISA method.

CONCLUSION

The survey of apple viral infection in Shida Kartli region
was conducted during 2 years. According to DAS-ELISA result,
213 from 909 tested samples reacted positively to at least one
virus with a total incidence of 23.43%. Apple stem grooving
virus (10.67%) followed by apple stem pitting virus (8.47%)
were widely spread among all researched apple varieties,
distribution of apple chlorotic leaf spot virus (3.3%) was low
and apple mosaic virus infection was not found. This is the first
report on the presence of viruses infecting pome fruits in
Georgia. According to the results, virus-free samples were
labeled for further selection as a propagating material. Careful
selection of clean propagated materials is a warranty of
reduction of the impact of viruses in apple; this study supports
the  success  of  any  certification  program  for  producing
virus-free pome fruits in Georgia.

SIGNIFICANCE STATEMENTS

This study discovers viral infections according to apple
varieties in Shida Kartli region of Georgia. It is very important
to identify healthy mother apple trees for nurseries in order to
avoid yield losses from viruses and reduced risk of viral
infection spread. This study can be beneficial for the
production of virus-free apple propagating materials in
Georgia.

This study supports the success of certification programs
for pome fruits in Georgia. Understanding of phytosanitary
status of existing apple viral infections helps local farmers to
monitor commercial apple orchards for a presence of viral
diseases.
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