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ABSTRACT 
 
Crown or root gall of grape is one of the most 

important bacterial diseases of vineyards in Turkey. 
Eighty-one vineyards in the Aegean Region were 
surveyed and 31 gall samples were collected be-
tween 2009 and 2011. A total of 16 of R. vitis isolates 
were identified and classified by PCR using species- 
and opine type-specific primers. Pathogenicity was 
determined by inoculating plants of sunflower and a 
highly virulent strain was used to determine the sen-
sitivity of the most common rootstocks (10) and 
grapevine cultivars (31) in Turkey for two years. 
Two-year old rooted grape cutiings were artificially 
inoculated with bacterial suspension (107cfu/ml). 
Plants were maintained in climate rooms (at 18-24°C 
temperature, 80% relative humidity, 12 h light/dark) 
and gall diameters and weights were measured after 
3 months. At the end of the study, all the isolates ob-
tained from this region were determined to cause oc-
topin/cucumopine type opin synthesis. Ramsey and 
1613-C were the most tolerant rootstocks while 420-
A and 41-B were the most susceptible to R. vitis. On 
the other hand, Sultan 1, Sultana Seedless (Type 4) 
and Sultan-7 (from the Sultana Seedless group) and 
Mevlana, Red Globe and Pembe Gemre (6th, 11th and 
12th clones) were found to be the most susceptible 
while Bornova Misketi was the most tolerant grape 
cultivar. 
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INTRODUCTION 

Turkey is an important country among the 
grape producing countries in the world. According to 
data of FAO and Turkish Statistical Institute, viticul-
ture has been done in 468.000 hectare area and 4 mil-
lion tones of grapes have been produced annually [1, 
2]. The Aegean is the most important viticulture re-
gion of Turkey. So that 49.2% of grapes are pro-
duced in this region and 80% of vine saplings are 

grown and sold to the other grape producing sites of 
the country.  

Crown gall, caused by Rhizobium vitis (=Agro-
bacterium vitis), is the most important bacterial dis-
ease limiting grape production worldwide [3, 4]. The 
pathogen produces small or large galls on crown, 
trunk, even on woody canes. Infections usually initi-
ate from the points of frost or mechanical injury 
cracks and gall formation occurs at these sites. Af-
terwards, pathogen distributes all parts of plants sys-
temically. In case of high contamination, it may also 
cause grafting failure, growth retardation, yield 
losses or vine death especially in cooler grape pro-
ducing regions [5]. 

Cultural control measurements, use of effective 
biological control strains, production of R. vitis-free 
vines and planting of tolerant grape cultivars are use-
ful methods to manage or reduce the disease. Besides 
of quality and yield parameters, crown gall suscepti-
bility of rootstocks and scion cultivars is considered 
when establishing a vineyard. It may be possible to 
maintain longevity of vineyards by suppressing path-
ogen population with tolerant grape cultivars. How-
ever susceptibility of cultivars to R. vitis may show 
a large variability from one cultivar to another. In the 
grape producing countries, national grape cultivars 
or clones having superior agronomic quality and 
yield should be tested for their sensitivity against 
crown gall to manage disease. So far, some of the 
studies were conducted to estimate sensitivity of na-
tional and international grape cultivars in Turkey. 

Demir et al. [6] collected 82 A.vitis isolates 
from nursery and commercial vineyards in the Ag-
ean region of Turkey but they didn’t determined the 
opine type of the isolates. The authors screened the 
susceptibility of some grape cultivars and important 
rootstocks in the Aegean Region of Turkey, but just 
qualitative data and comments have been presented 
in their publication. Argun et al. [7] obtained eight 
R. vitis isolates from the Central Anatolia Region of 
Turkey and discriminated them by opine types with 
type-specific PCR primers. All the isolates were 
found to produce octopine/cucumopine. Küsek [8] 
collected 47 R.vitis isolates by surveying vineyards 
of the East Mediterranean Region of Turkey and 
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identified them by serological and PCR tests without 
determining opine profiles. In a final research project 
report (unpublished) of [9] tested six rootstock (1103 
Paulsen, 41B, Kober 5BB, 8B, 99R, Ramsey) and 
four Turkish grape cultivars (Bornova Misketi, Gelin 
Uzumu, Osmanca, Sultana Seedless) by inoculating 
with octopine producing isolate of R. vitis under field 
conditions in Aydin province. But no information 
was acquired about susceptibility of other predomi-
nate national or international cultivars and agronom-
ically superior grape clones against the disease. 

The incidence of crown gall and longevity of 
vines contaminated with R. vitis can be affected by 

rootstock or scion resistance or combination of them 
in a vineyard. The interior bacterial population may 
decline when resistant rootstock/scion combinations 
are selected [10, 11]. Considering to these sugges-
tions, separate evaluation of grapevine rootstocks 
and scions may be the first step to find useable com-
binations to suggest them for the growers in a grape 
producing country. 

The aims of this study were; to characterize R. 
vitis isolates (for their opine types) in the Aegean Re-
gion and to determine sensitivity of commonly pre-
ferred grapevine rootstocks and national / interna-
tional cultivars or clones in Turkey. 

 
TABLE 1 

Grapevine cultivars and rootstocks used in this study 
Rootstocks   Cultivars of Vitis vinifera L. 
110 Richter   V. vinifera cv. Alphonse Lavalleé 
(V.berlandieri x V.rupestris)  V. vinifera cv. Bornova Muscat 
1103 Paulsen  V. vinifera cv. Cabernet Sauvignon 
(V.berlandieri x V.rupestris)  V. vinifera cv. Cardinal 
140 Ruggeri  V. vinifera cv. Chardonnay 
(V.berlandieri x V.rupestris)  V. vinifera cv. Crimson Seedless 
1613 Couderc  V. vinifera cv. Çal Karası (Clones 18 and 20) 
(Solonis x Othello)  V. vinifera cv. Fantasy Seedless 
41B-Mgt  V. vinifera cv. Hamburg Muscat 
(V.vinifera x V.berlandieri)  V. vinifera cv. İsmet Bey 
420 A  V. vinifera cv. Italy 
(V.berlandieri x V.riparia)  V. vinifera cv. Manisa Sultanı 
99 Richter  V. vinifera cv. Mevlana 
(V.berlandieri x V.rupestris)  V. vinifera cv. Michele Palieri 

Fercal  
V. vinifera cv. Pembe Gemre (Clones 6, 11 and 
12) 

(V.berlandieri x 333EM)  V. vinifera cv. Razakı (Clones 1, 2 and 3) 
Kober 5BB  V. vinifera cv. Red Globe 
(V.berlandieri x V.riparia)  V. vinifera cv. Royal 
Ramsey  V. vinifera cv. Samancı Seedless 
(V.rupestris x V.candicans)  V. vinifera cv. Sultan 1 
  V. vinifera cv. Sultan 7 
  V. vinifera cv. Sultana Seedless (Type 4) 
  V. vinifera cv. Superior Seedless 
  V. vinifera cv. Syrah 
  V. vinifera cv. Trakya İlkeren 
    V. vinifera cv. Yalova İncisi 

 
TABLE 2 

The number of vineyards that gall samples were collected in the Aegean Region 

Provinces Counties Numbers of Vineyards 
(Sampled) (Inspected) 

Aydın Koçarlı 5 4 
Sultanhisar - 5 

 Bekilli 2 7 
Denizli Çal 6 11 
 Güney 4 5 

İzmir 

Çeşme 1 7 
Kemalpaşa 2 9 
Merkez 4 7 
Seferihisar - 4 
Selçuk 1 3 
Urla - 4 

Manisa Merkez 5 6 
Sarıgöl 12 9 

 Total 42 81 
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MATERIALS AND METHODS 
 
Plant and Pathogen Materials. Two-year old 

rooted grapevine cuttings belong to 10 rootstocks 
and 31 cultivars were used in susceptibility studies 
(Table 1).  

The reference isolates of R. vitis; Cg49 
(Nopaline), Cg60 (Nopaline), Cg78 (Vitopine), 
Cg440 (Nopaline), Cg450 (Vitopine), Cg475 (Oc-
topine) were kindly obtained from Prof. Thomas J. 
Burr (Cornell University, Geneva Plant Pathology). 

 
Collection and isolation of bacterial isolates. 

To obtain R. vitis isolates, we surveyed 81 vineyards 
from the Aydin, Denizli, Izmir and Manisa provinces 
of the Agean Region of Turkey and collected 42 
fresh gall samples during 2009 and 2011 (Table 2). 
The gall samples were detached from the crown or 
trunks of vines and taken to the laboratory in a cooler 
box. For the isolation, gall samples were surface ster-
ilized with 2.5% sodium hypochloride (NaOCl) so-
lution for 3 minutes and rinsed twice in sterile dis-
tilled water. Inner tissues of galls (2-3 mm) were ex-
cised aseptically and crushed with phosphate buffer 
solution (PBS) in a mortar and pestle. The extract 
was streaked onto a semi-selective R&S medium 
[12], plates were incubated at 27°C for 7 days and 
colony growth was checked daily. The red-pig-
mented colonies having white transparent margins 
were sub-cultured and stored for further pathogenic-
ity and molecular assays.  

 
Pathogenicity Tests. Tumorigenicity of the 

isolates was confirmed with pathogenicity tests on 3-
week-old sunflower (Helianthus annuus L.) plants. 
Bacterial colonies were grown on potato dextrose 
agar media for 1-2 days and young cells were trans-
ferred into sunflower plants by puncturing stems 
with sterile toothpicks. The plants were maintained 
in acclimatized rooms (at 25°C, 80% RH and 12 
hours illumination) to induce gall formation for a 
month. Gall sizes (length / width) were measured 

and scored with a scale (0: no visible gall, 1: gall size 
< 0.5 cm, 2: gall size 0.5-0.99 cm, 3: gall size > 1.0 
cm) of Creasap et al. [13]. Average sizes were rec-
orded and subjected to variance analysis (ANOVA), 
means were compared using LSD (p<0.05) tests 
[14]. Pathogenicity tests were conducted in a com-
pletely randomized design with four recplication. 

 
Molecular analyses. To select R. vitis isolates 

and to discriminate them for opine types, PCR tests 
were done with specific primer pairs. DNA was ex-
tracted from bacterial suspensions using the extrac-
tion method of Aboolmaaty et al. [15]. The suspen-
sions were incubated at 95°C in 0.15M Tris-HCl 
buffer (pH:8) containing 2.5 mg·ml-1 sodium azide 
and Triton-X (2%) solutions for 10 min. The mixture 
was centrifuged at 10.000 rpm for 5 min, after that 4 
µl of supernatant was used as template DNA. 

The polygalacturonase (pehA) gene amplifying 
PGF/PGR primer pairs [16] were used for PCR reac-
tions to determine whether the isolates were R. vitis. 
Furthermore VirFF1/VirFR2, OCTF/OCTR, 
NOPF/NOPR, VirD2S4F/VirD2S4R primers [17] 
were used for amplification of the genes encoding 
virF gene of octopine and nopaline pTi, octopine 
synthase gene PtiTm4, nopaline synthase gene 
pTiAB4, virD2 gene S4 vitopine pTi respectively 
(Table 3). 25 µl of Thermo Green® Master Mix 
(2X), 0.5 µl of forward and reverse primers (10 µM), 
19.8 µl of nuclease free water and 4 µl of template 
DNA were incorporated into the PCR tubes. Real-
time thermocycler (Biorad®) conditions were ad-
justed as; 95°C for 1 min (initial denaturation), fol-
lowed by 35 cycles of denaturation at 94°C for 10 s, 
annealing at 56°C for 15 s (PGF/PGR), 56°C for 15 
s (VirFF1/VirFR2), 56°C for 15 s (OCTF/OCTR), 
52°C for 15 s (NOPF/NOPR), 58°C for 15 s 
(VirD2S4F/VirD2S4R), extension at 72°C for 15 s 
and a final extension at 72°C for 5 min. After that, 
PCR products were separated with gel electrophore-
sis in 1.5% agarose (Sigma) gels in 1X TAE (Tris-
acetic acid, EDTA) buffer and visualized with eth-
idium bromide. 

 
 

TABLE 3 
Specific primer pairs used in the study to discriminate R. vitis isolates for opine types 

Primer pairs Primer sequences and encoding genes Amplicon size (bp) Reference 
  Polygalacturonase gene   

PGF 5-GGGGCAGGATGCGTTTTTGAG-3 466 
 

[16] 
PGR 5-GACGGCACTGGGGCTAAGGAT-3 

 

 virF gene of A. vitis octopine and nopaline pTi   
VirFF1 5-ATGAGAAATTCGAGTTTGCATGATG-3 382 [4] VirFR2 5-TCGTGATGGGTATACGCTACG-3 
 octopine synthase gene   
OCTF 5-GAATATGAGAAATCCGTCTCG-3 475 [4] OCTR 5-ACTCAGAGCTCGTGGCCTTG-3 
 nopaline synthase gene   
NOPF 5-GCAAACGTAAGTGTTGGATC-3 394 [4] NOPR 5-CAAGCGAATACTCGAGACG-3 
 virD2 gene of A. vitis vitopine pTi   
VirD2S4F 5-GACCGCAAAACCTGCCAG-3 320 [4] VirD2S4R 5-GAGCCTGTATTGACGATGTC-3 
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Screening for susceptibility of grape culti-
vars and rootstocks. Canes of rootstocks and culti-
vars (having 4-5 buds) were rooted in a potting mix-
ture (1 unit of perlite, sand, field soil, sawdust, peat) 
in greenhouse conditions for 60 days. After sprout-
ing, 30-cm-long green shoots were wounded (2 
mm2) by drilling with hand-drill and 10 µl of fresh 
bacterial suspension (109 CFU·ml-1) were injected 
into the holes with automatic pipettes. Inoculation 
sites were wrapped with parafilm and plants were 
grown in climate room conditions (at 18°C for the 
first week, then 24°C, 85% RH, 16/8h day/night) for 
3 months [13]. Sterile distilled water was injected to 
shoots as un-inoculated control. Following gall for-
mation, length-width of them was measured and 
fresh galls were excised with a scalpel for weighing 
[11]. Data were subjected to analysis of variance 
(ANOVA) and means were compared using LSD 
test at the 5% significance level [14]. Susceptibility 
of grapevine rootstocks and scions were analyzed 
and evaluated separately. The experiments were re-
peated in successive years, five replicates (two plants 
in each replicate) were done in completely random-
ized design for each grape cultivar. 

 
 

RESULTS 
 
Isolation and pathogenicity tests. From the 

isolation studies, totally 31 isolates (having red pig-
mented colonies on R&S media) were obtained. 

When they inoculated into sunflower plants, 21 iso-
lates (Rv 1/3, Rv 1/5, Rv 1/6, Rv 1/7, Rv 2/1, Rv 2-
3, Rv 3/1, Rv 3/2, Rv 3/3, Rv 3-1, Rv 3-2/1, Rv 3-
2/2, Rv 3-2/3, Rv 3-4/1, Rv 3-6/2, Rv 4/1, Rv 5/2, 
Rv 6/1, Rv 7/2, Rv 8/2, Rv 9) induced fresh galls 
within one month and 10 isolates did not (Table 4). 
The gall sizes of sunflower plants ranged between 
0.9-1.0 cm (data not shown) and no statistical differ-
ence has been found between the gall sizes induced 
by the isolates. Therefore the largest gall size pro-
ducing isolate (AV 6/1) was used in the susceptibil-
ity tests.  

 
Molecular analysis. Of the 31 isolates, 27 were 

included in specific PCR tests and 16 isolates (Rv 
1/3, Rv 1/5, Rv 1/6, Rv 1/7, Rv 2/1, Rv 3/1, Rv 3/2, 
Rv 3-1, Rv 3-2/1, Rv 3-2/3, Rv 4/1, Rv 5/2, Rv 6/1, 
Rv 7/2, Rv 8/2, Rv 9) and reference isolates gave 
positive results (466 bp DNA bands) with PGF/PGR 
primer pairs, so they have been proved to belong R. 
vitis. However these primers could not amplify target 
sites of the isolates; Rv 2-3, Rv 3/3, Rv 3-2/2, Rv 3-
4/1, Rv 3-6/2, although they induced gall formation 
on sunflower plants in pathogenicity tests. On the 
other hand, neither the other isolates (Rv 2-2/1, Rv 
2-2/2, Rv 3-4/2, Rv 3-6/1, Rv 3-6/3, Rv 7/1) gave 
positive bands with PGF/PGR primers nor induced 
gall occurrence on sunflower plants (Figure 1 and 
Table 4).  

 

 
TABLE 4 

The locations and grape cultivars that R. vitis isolates were obtained, and isolation / gall formation results 
Isolates Locations Cultivars Colony growth on R&S Gall formation on sunflower 
Rv 5/2 Bekilli, Denizli İrikara + + 
Rv 6/1 Bekilli, Denizli Boğazkere + + 
Rv 1/3 Çal, Denizli Sultana Seedless + + 
Rv 1/5 Çal, Denizli Sultana Seedless + + 
Rv 1/6 Çal, Denizli Sultana Seedless + + 
Rv 1/7 Çal, Denizli Sultana Seedless + + 
Rv 2/1 Çal, Denizli Ekşikara + + 
Rv 4/1 Çal, Denizli Boğazkere + + 
Rv 9 Güney, Denizli Boğazkere + + 
Rv 7/1 Güney, Denizli İrikara + - 
Rv 7/2 Güney, Denizli İrikara + + 
Rv 8/2 Güney, Denizli Boğazkere + + 
Rv 2-2/2 Koçarlı, Aydın Yediveren + - 
Rv 2-2/1 Koçarlı, Aydın Yediveren + - 
Rv 2-3 Koçarlı, Aydın Belerce + + 
Rv 4-1/2 Merkez, Manisa Alphonse Lavalleé + - 
Rv 4-2 Merkez, Manisa Alphonse Lavalleé + - 
Rv 4-3/1 Merkez, Manisa Alphonse Lavalleé + - 
Rv 4-3/2 Merkez, Manisa Alphonse Lavalleé + - 
Rv 3-4/1 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-4/2 Sarıgöl, Manisa Sultana Seedless + - 
Rv 3-2/1 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-2/2 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-2/3 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-6/1 Sarıgöl, Manisa Sultana Seedless + - 
Rv 3-6/2 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-6/3 Sarıgöl, Manisa Sultana Seedless + - 
Rv 3/1 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3/2 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3/3 Sarıgöl, Manisa Sultana Seedless + + 
Rv 3-1 Sarıgöl, Manisa Sultana Seedless + + 
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FIGURE 1 

DNA profiles (Row1: PGF/PGR primers, product size 466 bp; Row2: VirFF1-VirFR2 primers, product 
size 382 bp; Row3: OCTF/OCTR primers, product size 475 bp; Row4:NOPF/NOPR primers, product size 
394 bp; Row5: VirD2S4F/VirD2S4R primers, product size 320 bp) of regional and reference R. vitis isola-
tes (cg49, cg60, cg78, cg440, cg450, cg475) on 1.5% agaroze gel (M[a]: Thermo Scientific Marker; 5000, 
3000, 2000, 1500, 1000, 750, 500, 300, 100 bp; M[b]: Thermo Scientific Marker; 1000, 700, 500, 300, 200, 

100 bp, dw: distilled water). 
 
 

The regional R. vitis isolates also produced 
DNA bands with VirFF1-VirFR2 (octopine + 
nopaline, 382 bp) and OCTF-OCTR (octopine, 475 
bp) primers on agarose gel respectively. Moreover, 
the template DNA’s of the reference isolates; cg60-
cg440 (nopaline), cg 475 (octopine) and cg78-cg450 
(vitopine) were just amplified with OCTF-OCTR 

(475 bp), NOPF-NOPR (394 bp), and VirD2S4F- 
VirD2S4R (320 bp) primer pairs respectively (Fig-
ure 1). According to molecular analysis results, only 
octopine inducing isolates were obtained from the 
Aegean Region vineyards in this study. 
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Susceptibility of rootstocks. One month after 
inoculations, first tumors appeared on green shoots 
of plants and they were measureable three months 
later for tumor diameters and weights. In the first 
year, least tumor weights were obtained from 1613C 
(0.037 g), 110-R (0.0060 g) and Ramsey (0.0070 g) 
rootstocks, while heaviest ones were obtained from 
420-A (0.0413 g), 140-Ruggeri (0.0234 g) and 41B-
Mgt (0.0216 g). In the second year, Ramsey (0.0050 
g), Kober 5BB (0.0059 g) and 1613C were the least 
susceptible rootstocks, and 420-A (0.0556 g), 140 
Ruggeri (0.0404 g) and 41B-Mgt (0.0324 g) were the 

most susceptible rootstocks respectively. When the 
rootstocks were evaluated for tumor sizes, they could 
not show parallel (one-to-one) results as obtained 
from tumor weight results. Nevertheless, Ramsey 
was consistently the least susceptible rootstock in 
both years of the experiment with 1.94 and 1.60 mm 
gall sizes. Moreover, 420-A and 41-B produced the 
largest (6.31 mm and 3.80 mm) galls in the first and 
second years respectively, so they have been evalu-
ated as the most susceptible rootstocks (Table 5).  

 

 
TABLE 5 

The gall weights and sizes grown on grapevine rootstocks inoculated with R. vitis (Rv. 6/1) 
Rootstocks 

Gall Weight (g)* Gall Size (mm)* 
2012 2013 2012 2013 

110 Richter 0.0060 ± 0.001 a 0.0120 ± 0.002 a 3.41 ± 0.28 a-c 1.72 ± 0.09 ab 
1103 Paulsen 0.0130 ± 0.002 a 0.0093 ± 0.002 a 3.54 ± 0.40 a-c 1.59 ± 0.30 a 
140 Ruggeri 0.0234 ± 0.014 ab 0.0404 ± 0.005 c 4.44 ± 1.21 a-c 2.27 ± 0.65 a-c 
1613 Couderc 0.0037 ± 0.001 a 0.0075 ± 0.001 a 2.06 ± 0.14 a 2.04 ± 0.17 a-c 
41B-Mgt 0.0216 ± 0.009 ab 0.0324 ± 0.006 b 5.84 ± 0.40 bc 3.80 ± 0.51 d 
420 A 0.0413 ± 0.009 b 0.0556 ± 0.005 c 6.31 ± 0.68 c 2.03 ± 0.36 a-c 
99 Richter 0.0161 ± 0.008 a 0.0124 ± 0.001 a 3.44 ± 0.74 a-c 2.43 ± 0.20 a-c 
Fercal 0.0097 ± 0.002 a 0.0232 ± 0.014 ab 5.14 ± 0.32 a-c 3.07 ± 0.38 cd 
Kober 5 BB 0.0080 ± 0.001 a 0.0059 ± 0.001 a 2.64 ± 0.12 ab 3.00 ± 0.55 b-d 
Ramsey 0.0070 ± 0.001 a 0.0050 ± 0.014 a 1.94 ± 0.56 a 1.60 ± 0.10 a 
 LSD: 0.018 LSD: 0.015 LSD: 1.08 LSD: 1.64 

(*) Values in the same column with different letters indicate significant differences at P = 0.05 according to Fisher’s least significant difference 
(LSD) test. The data are mean values of five replicates  
 

TABLE 6 
The gall weights and sizes grown on grapevine cultivars and clones inoculated with R. vitis (Rv. 6/1) 

Grape Cultivars 
Gall Weight (g)* Gall Size (mm)* 
2012 2013 2012 2013 

Alphonse Lavallee 0.0477 ± 0.014 a-l 0.0411 ± 0.0628 ab 5.53 ± 0.53 a-g 4.13 ± 0.61 bc 
Bornova Misketi 0.0099 ± 0.003 a 0.0025 ± 0.0070 a 3.23 ± 0.43 a 1.92 ± 0.52 a 
Cabernet Sauvignon 0.0266 ± 0.013 a-e 0.0280 ± 0.0040 ab 4.44 ± 0.84 ab 4.89 ± 0.22 b-e 
Cardinal 0.0208 ± 0.006 a-d 0.0349 ± 0.0031 ab 5.22 ± 0.69 a-f 5.99 ± 0.43 c-h 
Chardonnay 0.0573 ± 0.020 c-l 0.0454 ± 0.0056 a-c 6.10 ± 0.71 b-h 5.30 ± 0.51 b-f 
Crimson Seedless 0.0489 ± 0.0212 a-l 0.0364 ± 0.0041 ab 5.10 ± 0.89 a-e 6.46 ± 0.73 c-i 
Çal Karası Clone 18) 0.0556 ± 0.027 b-l 0.0398 ± 0.0143 ab 5.12 ± 0.28 a-e 7.14 ± 0.61 e-k 
Çal Karası (Clone 20) 0.0186 ± 0.005 a-c 0.0624 ± 0.0043 a-e 5.97 ± 1.08 b-h 7.67 ± 0.82 g-l 
Fantasy Seedless 0.0176 ± 0.003 ab 0.0267 ± 0.0011 ab 5.10 ± 0.63 a-e 5.32 ± 0.26 b-f 
Hamburg Muscat 0.0409 ± 0.009 a-k 0.0318 ± 0.0028 ab 6.14 ± 0.47 b-h 3.04 ± 0.32 ab 
İsmet Bey 0.0696 ± 0.023 d-l 0.0633 ± 0.0084 a-e 6.17 ± 0.68 b-h 5.33 ± 0.38 b-f 
Italia 0.0330 ± 0.005 a-i 0.0639 ± 0.0120 a-e 4.74 ± 0.32 a-c 8.84 ± 1.39 j-m 
Manisa Sultanı 0.1037 ± 0.022 f-l 0.1756 ± 0.0067 gh 6.94 ± 0.44 c-h 9.68 ± 0.56 l-n 
Mevlana 0.1262 ± 0.044 kl 0.1157 ± 0.0114 d-g 7.46 ± 1.15 e-h 8.73 ± 0.67 i-m 
Michele Palieri 0.0474 ± 0.0011a-l 0.0349 ± 0.0066 ab 4.96 ± 0.44 a-d 4.66 ± 0.19 b-d 
Pembe Gemre (Clone 6) 0.0934 ± 0.026 e-l 0.0906 ± 0.0469 b-f 6.73 ± 0.44 b-h 6.82 ± 0.81 d-j 
Pembe Gemre (Clone 11) 0.1373 ± 0.050 kl 0.1103 ± 0.0108 c-g 7.64 ± 1.40 f-h 8.40 ± 0.58 i-m 
Pembe Gemre (Clone 12) 0.1225 ± 0.038 j-l 0.1191 ± 0.0098 e-g 7.78 ± 0.74 gh 7.33 ± 0.66 f-k 
Razakı (Clone 1) 0.0532 ± 0.007 a-l 0.0434 ± 0.0404 a-c 7.66 ± 0.52 f-h 4.85 ± 0.29 c-g 
Razakı (Clone 2) 0.0421 ± 0.0013 a-k 0.0485 ± 0.0294 a-d 7.04 ± 0.58 c-h 5.46 ± 0.23 c-g 
Razakı (Clone 3) 0.0274 ± 0.006 a-g 0.0344 ± 0.0071 ab 6.07 ± 0.40 b-h 6.66 ± 0.35 d-j 
Red Globe 0.1427 ± 0.049 l 0.1582 ± 0.0245 gh 8.00 ± 0.84 gh 8.16 ± 0.77 h-m 
Royal 0.0312 ± 0.007 a-h 0.0321 ± 0.0080 ab 4.85 ± 0.38 a-h 5.06 ± 0.50 b-f 
Samancı Çekirdeksizi 0.1224 ± 0.024 i-l 0.1323 ± 0.0264 fg 8.29 ± 0.76 hi 7.02 ± 0.52 e-k 
Sultan 1 0.1076 ± 0.050 g-l 0.1178 ± 0.0173 e-g 7.29 ± 0.74 d-h 9.27 ± 0.55 k-m 
Sultan 7 0.1208 ± 0.047 h-l 0.2110 ± 0.0212 h 7.31 ± 0.69 d-h 11.61 ± 1.31 n 
Sultana Seedless (Type S4) 0.3320 ± 0.1176 m 0.2015 ± 0.0053 h 10.29 ± 1.31 i 10.05 ± 1.67 mn 
Superior Seedless 0.0543 ± 0.008 a-l 0.0872 ± 0.0043 a-f 6.14 ± 0.54 b-h 6.83 ± 0.83 d-j 
Syrah 0.0321 ± 0.009 a-i 0.0289 ± 0.0035 ab 5.61 ± 0.33 a-g 4.48 ± 0.42 b-d 
Trakya İlkeren 0.0271 ± 0.012 a-f 0.0333 ± 0.0085 ab 5.26 ± 0.40 a-f 5.18 ± 0.35 b-f 
Yalova İncisi 0.0509 ± 0.015 a-l 0.0614 ± 0.0318 a-e 6.31 ± 0.73 b-h 6.74 ± 0.53 d-j 

 LSD: 0.087 LSD: 0.056 LSD: 1.99 LSD: 1.91 
(*)Values in the same column with different letters indicate significant differences at P = 0.05 according to Fisher’s least significant difference 
(LSD) test. The data are mean values of five replicates  
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Susceptibility of grape cultivars. In both 
years of the study, large variability and many statis-
tical groups occurred among the average gall sizes 
and gall weights of the tested grapevine cultivars. 
However Bornova Misketi (wine grape) was the 
least susceptible cultivar against Rv6/1 with 0.099 g 
and 0.025 g gall weights, 3.23 mm and 1.92 mm gall 
sizes in 2012 and 2013 years respectively. When 
compared gall weights, Fantasy Seedless, Cabernet 
Sauvignon, Syrah, Trakya İlkeren, Cardinal, Royal, 
Razakı (Clone 3), Crimson Seedless, Çal Karası 
(Clone 20) and Alphonse Lavallee ranked among the 
first ten cultivars (producing light and small galls) of 
the study and they were accepted as moderate sensi-
tive. On the other hand, Sultana Seedless relatives 
(Manisa Sultanı, Sultan 1, Sultan 7, and Sultana 
Seedless Type 4), Mevlana, Pembe Gemre clones, 
Red Globe and Samancı Çekirdeksizi were found to 
be the most susceptible cultivars and their weights 
ranged from 0.0906 to 0.0332 g in 2012 and 2013 
(Table 6).  

The average tumor sizes gave different rank-
ings and were not parallel with the ranking of tumor 
weights. The parallel points were that; Bornova 
Misketi was the single tolerant cultivar producing 
the smallest gall size and Sultana Seedless relatives 
(Manisa Sultanı, Sultan 1, Sultan 7, and Sultana 
Seedless Type 4), Mevlana, Pembe Gemre clones, 
Red Globe were the most sensitive cultivars produc-
ing the largest tumors of the studies. The largest tu-
mors occurred on Sultana Seedless Type S4 (10.29 
mm) and Sultan 7 (11.61 mm) cultivars in the first 
and second years respectively (Table 6). 

 
 

DISCUSSION 
 
Crown gall of grapevine, caused by Rhizobium 

vitis, is the most common bacterial disease in grape 
producing countries (especially in cold climate ar-
eas) of the world [18]. When infections occur, the 
bacteria induce vines to proliferate new cells at in-
fection sites and these cells serve bacteria for opines 
and other nutrients production [19]. Opines are im-
portant compounds for Agrobacterium and Rhizo-
bium species and their types are also important for 
pathogen identification and cultivar susceptibility 
tests. Three types of opines (octopine/cucumopine, 
nopaline and vitopine) and some Ti plasmid genes 
coding them were defined for the identification of R. 
vitis. When considered the virulence genes of 
TDNA’s, different gene compositions are encoun-
tered and the bacterial strains having different opine 
profile may have different virulence genes [20]. 
Therefore, opine type characterization is an essential 
factor for isolate discrimination and susceptibility 
studies [21, 22]. 

In the Aegean Region, 16 R. vitis isolates could 
be obtained from 81 vineyards and all of them were 
found to have octopine/cucumopine (O/C) opine 

profile, so our susceptibility studies could be con-
ducted with just one type opine catabolizing isolate. 
Similar results were obtained from the study of Ar-
gun et al. [7] aiming to characterize R. vitis isolates 
in three grape producing provinces (Ankara, Nevse-
hir, Kirikkale) of the Central Anatolia Region, Tur-
key. Eight R. vitis isolates (and references) were used 
in characterization tests and all of the regional iso-
lates were determined to have just O/C opine type. 
Canik Orel et al. [9], screened 88 vineyards of dif-
ferent geographical regions to characterize R. vitis 
isolates in Turkey. They have reported that three 
types of opines were found and the incidence of the 
isolates (for opine profiles) were 79.6%, 17.4% and 
2.9% for octopine/cucumopine, nopaline and vi-
topine type respectively. However no susceptibility 
studies have been done to test some Turkish and in-
ternational grape cultivars and rootstocks against dif-
ferent opine catabolizing strains. Szegedi [23] sur-
veyed 88 vineyards from 5 different regions of Hun-
gary and characterized 85 R. vitis isolates for their 
opine profiles. His findings revealed that majority of 
the isolates belonged to octopine/nopaline (58.8%) 
group and they were followed by nopaline (32.9%) 
and vitopine (9.4%) groups respectively. Tolba and 
Zaki [24] reported while O/C and nopaline type iso-
lates were common in Egypt vineyards, no vitopine 
type isolate has been detected in their characteriza-
tion studies. It has been conclude from these studies 
that O/C type isolates were predominant in grape 
cultivation areas of the world and our findings cor-
roborate these studies. 

Up to date, many studies have been conducted 
to determine susceptibility levels of grapevine root-
stocks and scions worldwide, but different and some 
extent inconsistent results were also obtained from 
these studies. For example; susceptibility of forty 
grapevine rootstocks were tested against five differ-
ent strains of A. tumefaciens Biovar 3, in field con-
ditions in South Africa. While Paulsen 775 was re-
ported as immune and Kober 125 AA, Freedom, 
3309 C, Harmony, Solonis, 101-14 Mgt, Kober 5BB 
and Berlandieri 13/5 as resistant, but Jacquez, Mus-
cat d’alexandrie and some US (2-1, 24-23, 24-10) 
clones were classified as most susceptible rootstocks 
[25]. However Paulsen 775, Kober 5 BB were 
grouped in susceptible rootstocks of Italy and Hun-
gary. In another example; while Chardonnay and 
Riesling were reported as resistant cultivars in Chile 
but they were found to be susceptible in the studies 
of the United States (Anonymous report of OIV 
1996). We found that Kober 5 BB and Chardonnay 
were moderate sensitive materials when inoculated 
with Turkish R. vitis isolate (Rv. 6/1), so our results 
were parallel with the results of most countries in 
some extent (except Chile). On the other hand, while 
Ramsey was found to be susceptible in South Africa, 
we classified it as the most resistant rootstock in our 
study. Regarding these results, it is stated that genet-
ically variable strains of R. vitis (from different 
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countries) may have shown different tumorigenic re-
actions on commonly grown grape cultivars and 
rootstocks [5].  

Besides the isolate factor, rootstock-scion com-
binations, inside microbial community of vegetative 
materials, virulence of the isolates and environmen-
tal conditions may play important roles on suscepti-
bility. Stover et al. [26] suggested that different iso-
lates could cause to different levels of electrolyte 
leakage and virulency in resistant and susceptible 
grapevines. Much more leakage was detected in in-
oculated susceptible cultivars, when compared to 
non-susceptible ones. Süle and Burr [27] determined 
two grapevine rootstocks (resistant Vitis riparia, cv. 
Glorie and susceptible V. berlandieri x V. riparia, cv. 
Teleki 5C) on susceptibility of grafted scions (V. vi-
nifera, cv. Kiralylenyka) to crown gall disease in 
greenhouse and field conditions. The disease inci-
dence was higher on scions grafted on Teleki 5C 
(79%) than that of Glorie (9%) for five year exami-
nations. They inferred from their study that root-
stocks could substantially affect crown gall inci-
dence, so that tumorigenic R. vitis population may 
have been declined during the time, and some possi-
ble compounds of the rootstock may have played a 
suppressive role on bacterial population when scions 
were grafted on resistant rootstock. Bauer et al. [28] 
monitored population fluctuating of R. vitis in Mül-
ler-Thurgau and Riesling grapes to assess any effect 
of sugar content on pathogen population for one year 
in field conditions. The population of R. vitis was de-
tected to be higher (twice) in Riesling than that of 
Müller-Thurgau and it was attributed to higher sugar 
content of canes in Riesling cultivar. Their conclu-
sion was that; due to inside population of the patho-
gen, disease progress and vine longevity might 
change to positive or negative direction in different 
rootstocks and cultivars. 

In another study, endophytic colonization of R. 
vitis was monitored both in susceptible and non-sus-
ceptible grapevine cultivars and rootstock genotypes 
in greenhouse conditions. After 10 months monitor-
ing, endophytic populations of R. vitis were found to 
be 6-fold and 70-fold higher in susceptible in Caber-
net Sauvignon than that of non-susceptible V. 
amurensis 689 and V. riparia x V. rupestris C3309 
rootstocks respectively. It was suggested that R. vitis 
populations could be suppressed with non-suscepti-
ble propagation materials of Vitis genotypes for a 
long time [29]. According to final project report (un-
published) of Ünal et al. [30] Bornova Misketi and 
8B were found to be the most tolerant cultivar and 
rootstock to R. vitis under field conditions. Stover et 
al. [31] tested susceptibility of 43 Vitis genotypes 
and commonly used rootstocks against R. vitis 
strains under greenhouse conditions. They found that 
no genotype was immune to crown gall, although V. 
flexuosa, V. piasezkii, and V. amurensis were for-
merly reported as immune, but they were classified 
as resistant. From the tested rootstocks, 3309C, T5C, 

Riparia Glorie and 101-14 Mgt were found to be re-
sistant but 110R, 420A and Dogridge highly suscep-
tible. Demir et al. [6] reported that Ramsey and Ko-
ber 5 BB were found to be moderate resistant root-
stock, but Sultana Seedless was the most susceptible 
cultivar among the tested national grapes of Turkey. 

In our study, Bornova Misketi (local wine cul-
tivar) and Ramsey, 1613C rootstocks were the least 
susceptible materials while Sultana Seedless rela-
tives and 420A, 41B-Mgt rootstocks were the most 
susceptible materials to Turkish crown gall isolate 
(Rv, 6/1) in greenhouse conditions. Our results were 
parallel with the findings of [6, 31, 30] in some ex-
tent but not at all. 

It can be concluded from all results of different 
countries that there are many factors affecting sus-
ceptibility of cultivars and rootstocks. When new 
genotypes or national cultivars (not tested before) 
used in these studies, pathogens should also be se-
lected from their own countries. No cultivar or root-
stock was classified as completely immune but some 
cultivars or rootstocks were grouped as least suscep-
tible in this study. These materials were tested sepa-
rately both on rootstocks and scions against one iso-
late of the pathogen. However, testing of rootstock-
scion combinations (with resistant materials) may 
provide useful results to prolong longevity of vines 
in Turkish viticulture. Future studies should be con-
ducted for these combinations and biochemical prop-
erties of Bornova Misketi to detail causes of the re-
sistance. 
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