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Abstract: The production of grapevine is important agricultural sector in Turkey. But, the production is lower than the
other Mediterranean countries. One of the main reasons of low yield is many viruses’ diseases. The nepoviruse diseases
are responsible for significant losses in vineyards. Grapevine fanleaf virus (GFLV) is the most important deadly virus
among them. It is transmitted by graft and vector nematodes. It has not been studied enough about this virus in our
country. There is not enough detailed research on this virus in our country. In this study, the maintenance of GFLV in
vineyards and their occurrence areas were determined in Adana and Mersin provinces by serological and biological
assays. Out of total 384 grapevine samples, 63 plants (16.4%) were found to be infected with GFLV by double-antibody
sandwich enzyme-linked immunosorbent assay (DAS-ELISA). In addition to this, as herbaceous indicator plants;
Nicotiana benthamiana Domin., N. tabacum L., N. rustia L., Chenopodium amaranthicolor Coste et Reyn., C. quinoa
Wild., Cucumis sativus L., and Gomprena globosa L. were used in biological assays. But chlorotic local lesions were
observed only on Nicotiana benthamiana Domin. among weedy indicator plants by mechanical transmission.
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INTRODUCTION

The Eurasian grapevine, Vitis vinifera L., is the most
widely cultivated and economically important fruit crop
in the world [1]. Grape consumed fresh, raisins or as
raw in many industries (molasses, wine, vinegar, etc.)
is an important food containing sugar, nitrogen
minerals and vitamins. Approximately 3.58 million tons
of grape production was realized on about 470
thousand hectares of vineyard area in Turkey [2].
Compared with other countries on the Mediterranean
coast, the main reason of the low yield is the plants
affected by many viruses and virus-like diseases. The
most important reason for the occurrence of these
diseases in the vineyards is not taking hygienic
precautions [3-5]. As a result of some research, the
virus diseases in vineyards in some provinces in the
Mediterranean, Central Anatolia and Southeast seems
to be very common in many grape-growing regions.
Among them, Grapevine fanleaf virus (GFLV) is one of
the most economically important viral diseases
affecting grapevine in many grape-growing regions.
This virus is in the first place with a rate of 46.9%
infestation in Elazi§ province in Turkey [6]. It causes
serious economic losses by substantially reducing yield
by up to 80% and affecting fruit quality [7]. But the
damages induced by the viruses are very variable
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according to factors as cultivars and clones, locations,
age of the plants, rootstocks, crop management, virus
or combination of viruses infecting the plants, and
environmental conditions [8]. One of the most
economically important viruses is GFLV transmitted to
plants by vector nematode Xiphinema index Thorne et
Allen (Nematoda: Longidoridae) [9, 7, 10]. The spread
of this deadly viral disease is carried out by infested
material or natural soil-dwelling ectoparasitic vector
nematode. The studies associated with Xiphinema
species were carried out in Turkey were given by
Kepenekci [11] and Kepenekci et al. [12]. In a more
recent study, it was shown that GFLV persists in
juveniles of X. index for over four years [13]. Over the
past two years, it was important scientific contributions
especially about the biology of nepoviruses and GFLV.
[14-15]. The development of molecular tools and the
knowledge about the biology of nepoviruses have given
new contribution to the study of interactions between
nepoviruses and their natural vector nematode.

The objective of this study was to determine the
GFLV in vineyards using the serological and biological
methods and to identify the regions where the virus has
spread in Adana and Mersin provinces in Turkey.

MATERIALS AND METHODS

The study was carried out especially in the elderly
and high system vineyards in some regions of the
provinces of Adana and Mersin (Figure 1) from 2002 to
2003. A total of 384 fresh leaves and the bark samples
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Figure 1: Locations of the provinces and districts study was conducted on Turkey's map.

were collected from vineyards showing the virus
symptoms during the spring and autumn. All the
samples were tested for the presence of GFLV using
the double-antibody  sandwich enzyme-linked
immunosorbent assay (DAS-ELISA) tests as described
by Clark and Adams [16]. ELISA kits used in the tests
were purchased from commercial company (AGDIA)
and prepared as recommended according to
instructions. A pair of polystyrene ELISA plate wells
(two replicates) was used for testing of each sample.
The results of absorbance value of each well were read
at a wavelength of 405 nanometer (nm) with an ELISA
microplate reader. The samples were compared with
known negative control wells. In tests, the yellow color
formation was observed in wells of infected samples.

In this study, mechanical inoculations were made
using 57 plant samples known to be infected with
GFLV. Nicotiana benthamiana Domin., N. tabacum L.,
N. rustia L., Chenopodium amaranthicolor Coste et
Reyn., C. quinoa Wild., Cucumis sativus L., and
Gomprena globosa L. were used as herbaceous
indicator plants in trials. The herbaceous indicator
plants were inoculated as four replications and one
control plant for each sample. Crude sap of leaves that
obtained from infected grapevine plants were used to
inoculating the healthy host indicator plants. Therefore,
fresh vine leaves were crushed in 0.1 M phosphate
buffer pH 7.2 containing 2.5% (m/v) nicotine to
inoculate mechanically the indicator herbaceous plants.
The obtained extract was contaminated to the leaves of
plants dusted with carborandum powder. After waiting
a few minutes, the plants were washed with tap water
without damaging according to the method described
by Dijkstra and Jager [17] and Hanna [18]. The

herbaceous indicator plants were inoculated as four
replications and one control plant for each sample. The
inoculated plants were kept at 25 + 1 °C, 65 =+ 10%
relative humidity, and under a light : dark cycle of 12 :
12 hours in climate room. Under this condition, they
were grown from the seed in pots were used during 4-5
leaves in the experiments. The inoculation studies
carried out in the same conditions. Symptoms were
monitored every day. Then, leaves of these plants were
checked by the DAS-ELISA whether they had been
infected by GFLV. The experiments were carried out in
the laboratory and climate room of the University of
Cukurova, Turkey.

RESULTS AND DISCUSSIONS

In this study, virus infestation rates detected in the
tested samples collected from vineyards in the area
where the research was conducted is given in Table 1.
A total of 384 plant samples were tested. Of these, 63
samples infected with GFLV were detected by DAS-
ELISA. The infection rate of the virus was calculated as
16.4% in the total samples. It can be seen in Table 1
that none of the plant samples taken from Karaisall and
Kozan was infected with GFLV. The virus was detected
the most commonly with a rate of 28.6% in Pozanti.
The data clearly showed that GFLV is one of the most
widespread grapevine viruses in the research area.

As a result of some work done in our country, it is
determined that this virus infection rates vary from
region to region between 7.7% and 46.9% [19, 3, 4, 20,
6]. Less growth of 6.4-88.9% and the loss of product
between 45.0 and 95.1% are reported in infected
grapevines according to healthy vines [21-22]. Many
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Table 1: Infection Rates of Grapevine Fanleaf Virus According to Regions in the Research Area in 2002 and 2003

Region Total number of samples The infected samples Infection rate (%)
Adana-Balcali 104 20 19.2
Pozanti 7 2 28.6
Ceyhan 10 2 20.0
Karaisali 9 --- ---
Saimbeyli 20 5 25.0
Kozan 10 - -
Mersin 114 17 14.9
Tarsus 110 17 15.5
Total 384 63 16.4

studies have reported the use of DAS-ELISA for the
detection of GFLV and other grapevine viruses [23-25].

During the surveys in the vineyards symptoms
related with GFLV such as growth retardation, low
yields, swollen or twin formation of nodes in shoots, the
shortening of the intermediate nodes and zigzag
development, large and small fruits, mosaic spots,
yellowing of leaves, the vein banding, flattening were
observed on plants. Hewitt [26-27] stated that the
pathogen responsible for the symptoms such as
stunting, shortening the shoots, leaf spots, deformities,
flowers spills, shortening between the nodes in the
early period, zigzag shoots and twin node formation
was GFLV. The researcher also reported that the twin
node formation and short internodes sometimes can be
seen in normal plants but also shortening of especially
8-11 th nodes were the typical symptom of GFLV.

The chlorotic local lesions were observed on leaves
of N. benthamiana, as shown in (Figure 2). Similar
symptoms were obtained by Martelli [28] and El-Awady

Figure 2: View of the chlorotic local lesions on the leaf of
Nicotiana benthamiana test plant.

et al. [25] on the same indicator plant. These symptoms
were disappeared spontaneously in about 8-10 days.
Positive reactions for virus infection has been
determined serologically in 13 samples of N.
benthamiana inoculated. Optical densities of these
plants inoculated with the GFLV were detected using
plate reader (Table 2). The samples gave positive
reactions with values ranged between 1.511 and 3.241
compared to values ranged between 0.057 and 0.089
of the negative and healthy samples.

El-Awady et al. [25] reported that while non-infected
control plants did not show any symptoms, N.
benthamiana displayed leaf malformation, Phaseolus
vulgaris L. displayed mottling and ringspots, and
Cucurbita pepo L. displayed systemic chlorotic mosaic.
The studies of indexing on some Vitis indicators under
greenhouse conditions using the harmful virus
diseases in Japan vineyards were done by Tanaka [29]
and thus GFLV was determined. He also reported that
mechanical inoculation of GFLV on C. quinoa and G.
globosa of the herbaceous indicator is very difficult.

Grapevine fanleaf virus is one of the most severe
diseases which affect adversely grape yields and fruit
quality all over the world. Those losses caused by
GFLV are increasing in Turkey. One of the most
serious problems is GFLV transmitted by X. index. But
the economic significance of the damage caused by
this nematode is not well-understood or recognized by
growers [12]. The using of nematicides and fungicides
fails to control vector for reasons such as the vine roots
is a good food for X. index and a good inoculum source
of the virus in the soil, grapevine roots can live a long
time, pesticides are poorly penetrating and vector
nematodes live in more depth in the soil [30]. Before
planting vineyards, soil analysis should be made
whether contaminated with vector nematodes.
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Table 2: Optical Densities of Positive and Negative Reactions of Nicotiana benthamiana Plants Inoculated with the

Grapevine Fanleaf Virus

Number ELISA value (405 nm) Mean of negative control (405 nm) Mean of positive control (405nm)
1 0.388 0.057 3.241
2 0.483 0.057 3.241
3 0.344 0.089 1.511
4 0.454 0.089 1.511
5 0.283 0.089 1.511
6 0.622 0.089 1.511
7 0.244 0.089 1.511
8 0.281 0.089 1.511
9 0.312 0.089 1.511
10 0.355 0.089 1.511
12 0.477 0.089 1.511
13 0.511 0.089 1.511

In conclusion, this study suggests that the
grapevine plant materials must be examined for the
existence of the virus by serological techniques before
using them for production. The DAS - ELISA will be a
suitable tool for diagnosing virus in vineyards and for
detection the virus-free plants. It is believed that the
results from this study are important to change their
practices for producing virus free plants in the very
near future. The new vineyards should be established
using the virus free production materials such as rods,
plant cuttings eyes and rootstocks.

ACKNOWLEDGEMENTS

The presented results are part of PhD thesis of the
first author which was carried out at University of
Cukurova, Adana. This research was funded by
Cukurova University Scientific Research Coordination
Agency (BAP, FBE-2002/D59).

REFERENCES

[1] Mattia F, Imazio S, Grassi F, Doulati H, Scienza A, Labra M.
Study of genetic relationships between wild and
domesticated grapevine distributed from Middle East regions
to European countries. Rendiconti Lincei 2008; 19: 223-240.
http://dx.doi.org/10.1007/s12210-008-0016-6

[2] Anonymous, 2013. www.fao.org. FAOSTAT-Crop Production,
2013.

[3] Akbas B, Erdiller G. Following Virus Diseases of Connective
area Turkey VIII. Congress of Phytopathology. Ankara 21-25
Eylil 1998; s.149-157.

[4] Koklu G, Digiaro M, Savino V. A Survey of Grapevine Viruses
in Turkish Thrace. Phytopathologia Mediteranea 1998; 37:
140-142.

(5]

6]

[

8l

19

[10]

[11]

(12]

(13]

[14]

Cigsar I, Yilmaz MA. Dedection of Grapevine Viruses by
Serological Methods in Southeast Anatolia. In: Proceedings
13 th Meeting of ICVG. Adelaide (AU) 2000; p. 143.

Cigsar |. Southeastern Anatolia Region and Nevsehir
Biological and Serological Detection with harmful viruses and
virus disease in vineyards in the province and are
Characterization of Two New nepovirus. PhD Thesis. Zhou.
Institute of Science and Technology 2002; 111 s.

Andret-Link P, Schmitt-Keichinger C, Demangeat G, Komar
V, Fuchs M. The specific transmission of grapevine fanleaf
virus by its nematode vector Xiphinema index is solely
determined by the viral coat protein. Virol. 2004; 320(1): 12-
22.

http://dx.doi.org/10.1016/j.virol.2003.11.022

Pesqueira AM, Garcia-Berrios JJ, Barrasa M, Cabaleiro C.
Economic Impact of Leafroll Disease in Vineyards of the
Cultivar Albarifio in Rias Baixas (Spain), Proceedings of the
17th Congress of ICVG, Davis, California, USA October 7—
14, 2012; p. 55-58.

Hewitt WB, Rash DJ, Goheen AC. Nematode vector of
soilborne fanleaf virus of grapevines. Phytopathology 1958;
48: 586-595.

Zyl S, Vivier MA, Walker MA. Xiphinema index and its
Relationship to Grapevines: A review. S. A. J. of Enology and
Viticulture 2012; 33(1): 232.

Kepenekcei IA. New Genus Trichodorus Cobb (Stubby Root
Nematode) (Triplonchida: Trichodoridae) and Preliminary List
of Virus Vector Nematodes Associated In Turkey. Mun Ent
Zool 2014; 9: 227-244.

Kepenekei |, Toktay H, Evlice E. Plant Parasitic and Virus
Vector Nematodes Associated with Vineyards in the Central
Anatolia Region of Turkey. Pakistan J Zool 2014; 46(3): 866-
870.

Demangeat G, Voisin R, Minot JC, Bosselut N, Fuchs M,
Esmenjaud D. Survival of Xiphinema index in Vineyard Soil
and Retention of Grapevine fanleaf virus Over Extended
Time in the Absence of Host Plants. Phytopathology 2005;
95(10): 1151-1156.
http://dx.doi.org/10.1094/PHYTO-95-1151

Andret-Link P, Laporte C, Valat L, Ritzenthaler C,
Demangeat G, Vigne E, Laval V, Pfeiffer P, Stussi-Garaud C,
Fuchs M. Grapevine fanleaf virus: Still a major threat to the
grapevine industry. Journal of Plant Pathology 2004a; 86:
183-195.




Detection of Grapevine Fanleaf Virus Using Serological

Journal of Basic & Applied Sciences, 2015 Volume 11 347

[15]

[16]

(17]

(18]

[19]

[20]

[21]

Hefferon K, Fuchs M. Nepovirus replication. In recent
advances in RNA virus replication: Hefferon KL. Eds.
Trivandrum, India: Transworld Research Network 2006; pp.
229-245.

Clark MF, Adams AN. Charecteristics of Microplate Method
of Enzyme-Linked Immuno Sorbent Assay for the Dedection
of Plant Viruses. J Gen Virol 1977; 34: 475-483.
http://dx.doi.org/10.1099/0022-1317-34-3-475

Dijkstra J, Jager CP. Practical Plant Virology: Protocol and
Exercises (Springer Lab. Manuel). Springer-Verlag 1998;
459s.

Hanna E, Digiaro M, Elbeaino T, Choueiri E, Jawhar J,
Martelli GP. Incidence of viruses and nematode vectors in
Lebanese vineyards. J Phytopathol 2008; 156: 304-310.
http://dx.doi.org/10.1111/j.1439-0434.2007.01336.x

Nogay A, Agdaci M, Gursoy YZ. A Study on Detection of the
Virus Diseases and Vectors in Vineyards and American
Grapevine Rootstocks in the Marmara Region. VII. Turkey
Congress of Phytopathology. Adana 26-29 September 1995;
s. 247-251.

Kokli G, Baloglu S, Yilmaz MA, Ozaslan MA. Study on
Determining the Prevalence of Grapevine Fanleaf Virus in
Vine Varieties in Thrace Region Vineyards. VIII. Turkey
Congress of Phytopathology. Ankara 21-25 September 1998;
s. 328-330.

inal S. Bag Viriis Hastaliklar. Tekirdag Viticulture Research
Institute Publications 1983; 24: 9-33.

[22]

(23]

[24]

[25]

[26]
[27]
(28]

[29]

(30]

Ozaslan M, Baloglu S, Yilmaz MA Virus Diseases of Locally
Grown grapevine varieties in Kahramanmaras region. VI.
Turkey Congress of Phytopathology. Proceedings.Turkey
Phytopathology Society 1991; 401-406.

Yui YD, Hu Hancheng H, Humanting L, Xinggi G. Detection
Fanleaf Virus by ELISA. J. Shandong Agricultural University
1994; 25: 82-86.

Al-Tamimi N, Digiaro M, Savion V. Viruses of grapevine in
Jordan. Phytopathol Medit 1998; 37: 122-126.

El-Awady MAM, El-Den KME, Said MM, Ismail SE, El-Tarras
AA. Development of the diagnoses tools for Vitis spp. grown
in Taif- Saudi Arabia infected with Grapevine fanleaf
nepovirus. Life Science Journal 2013; 10(4): 1665-1672.

Hewitt BW. Virus Diseases of Grapevine. Plant Diseases.
The Year Book of Agriculture 1953; 744-753.

Hewitt BW. Some Virus and Virus-Like Diseases of
Grapevines. Bull Calif Dep Agric 1954; 43: 47-64.

Martelli REF. Diagnosis of plant diseases. Academic press,
New York 1993; pp. 145- 146.

Tanaka H. Virus Infection of Grapevine Rootstock Varieties in
Japan. Bulletin of the Fruit Tree Res. Sta. Tsukuba, Ibaraki.
Japan 1988; 15: 83-91 Abs.

Raski DJ, Goheen AC. Comparison of 1,3 Dichloropropene
(Dp) ve Methyl Bromide for Control of X. index and
Grapevine Fanleaf Degeneration Complex. Am J Enolog
Viticulture 1988; 39(4): 334-336. Abs.

Received on 24-03-2015

http://dx.doi.org/10.6000/1927-5129.2015.11.49

© 2015 Tarla and Yilmaz; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 04-05-2015

Published on 25-05-2015



