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Grapevine yellows are a group of infectious diseases, which are usually associated with
phytoplasma pathogens, affecting quality of grapes and survival of grapevine. The objective
of this work was to evaluate sugars, total phenols and organic acids concentrations in the
grapes of four wine cultivars (Feteasca Neagra, Pinot Noir, Traminer rose, Chardonnay)
healthy and affected by specific symptoms to phytoplasmoses. Berry samples were collected
from the Minis-Maderat (Arad County) and Odobesti (Vrancea County) vineyards.
Individual sugars and organic acids compounds were identified and quantified in grape
berries by the high performance liquid chromatography (HPLC) method using DAD and RID
detectors, while total phenolic compounds by using spectrophotometry. The content and
composition of sugars and acids varied between healthy and symptomatic plants. Analysis
of grape juice revealed reduction in sugars (fructose and glucose) from symptomatic to
non-symptomatic vines. Lower values of acidity were obtained in grapes of affected
compared to non-affected vines. The differences in acids content between grapes of
affected and not affected vines were more pronounced at Pinot Noir variety, with lower
concentrations of malic and tartaric acids in grapes from symptomatic vines in both locations
studied. The affected grapes did not differ significantly from the healthy ones, regarding to
succinic acid content. A notable increase of total phenolic compounds was observed in
symptomatic compared to asymptomatic grape berries. The results of this paper showed a
clear negative effect of the phytoplasmoses symptoms on grape fruits composition.
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Introduction

Grapevine (Vitis vinifera L.) is cultivated all over the
world and plays an important role in the economy of many
countries, for fresh consumption, wine, juices and raisins
production (MARGARIA & al, 2014[1]; NAIDU et al,
2014 [2]). The quality of grapes for winemaking is affected
by various factors, such as pedo-climatic, agricultural
management and pest and diseases. During the ripening
phase, a number of major physiological and biochemical
changes occur simultaneously in the grape berries, and
these changes determine the quality of the fruit at harvest
(RUSJAN & al, 2008 [3]; ALI & al, 2008 [4]; EYDURAN
& al, 2015 [5]).

Grapevine yellows diseases, also called phyto-
plasmoses, are a complex of infectious diseases widespread
in viticultural areas around the world. Their causal agents
are phytoplasmas - bacteria without cell walls that multiply
in diseased plants and insects sucking in sieve elements of
plants (WEINTRAUB & BEANLAND, 2006 [6]; ZAHAVI
& al, 2013 [27]). Two phytoplamoses, flavescence dorée
and bois noir, have the greatest economic impact on
viticulture in Europe. From the economical and oenological
point of view, the impact of phytoplasma infections can
have dramatic consequences for vine growers and wine
producers because drastically reduce yield and affect
grapes chemical composition (BERTAMINI & al, 2002
[7]; GARAU & al, 2007 [8]; ENDESHAW & al, 2012 [9];
RUSJAN & al, 2012a, 2012b [10, 11]; EMBER & al,
2016 [12]). Berry dehydration in diseased cultivars was
associated with phytoplasma infection, suggesting that
this caused inhibiting of sugar transport, poor synthesis of
anthocyanins, and the lack of organic acid degradation
(MATUS & al, 2008 [13]). Grapevine plants are sensitive
to phytoplasma infection, and symptoms range from very
severe, as in high susceptible cultivars, to barely visible, as
in tolerant ones.

In Romania, the first symptoms on grapevine related
to the yellows diseases were observed from 1969 (RAFAILA
& COSTACHE, 1970 [14]. The studies that followed then
reported the spreading of diseases symptoms and natural
vector species in vineyards (CHIRECEANU & al, 2011 [15])
and the presence of phytoplasma pathogens associated
with stolbur group disease (PLOAIE & CHIRECEANU,
2012 [16]; CHIRECEANU & al, 2013 [17]). To the best
of our knowledge there are not reports on the impact of
phytoplasma on grape composition in Romania and this
is the first study to characterise wine grape affected by
phytoplasma symptoms.

The aim of this work was to evaluate the chemical
profile in terms of major sugars, acids and total phenolic
compounds of different wine grape cultivars in relation to
specific symptoms to phytoplasmoses.

Material and Methods

1. Plant material

Four wine grape cultivars (Feteascd Neagra, Pinot
Noir red varieties, Traminer rose variety, Chardonnay
white variety) from the vineyards Minis-Maderat located in
Arad County (Western Romania) and Odobesti located
in Vrancea County (Eastern Romania) were studied in
two successive years (2016-2017). Samples consisting of
100 berries were collected during harvesting period, from
vine plants that had never shown symptoms (healthy) and
vine plants that showed symptoms of phytoplasmoses
(diseased). Both vineyards were monitored each year for
phytoplasma symptoms and Bois Noir phytoplasma was
detected (unpublished data). The vines considered ‘diseased’
showed severe symptoms characteristic to the infections
with phytoplasma pathogens, such as the yellowing of
foliage on white grapevine cultivars or reddening on red
grapevine cultivars, smaller and rolled downward leaves
with ribs affected by necrosis, the annual shoots flexible
than normal, grapes with shrivelled berries.

2. Extraction and sample preparation

The extraction of carbohydrates and organic acids
from fresh grape juices followed the method of LEE et al,
2009 [18]. The mixture of about 100 whole berries (skin,
pulp and seeds) from each replicate were crushed with
a hand blender for 5 min, then centrifuged for 15 min at
5000 rpm. The resulting supernatants were filtered using
a 0.45-um filter membrane (Millipore Millex-HV Hydrophilic
PVDF, Millipore, USA) before running HPLC. The grape
berries were extracted in 96% ethanol containing 0.01%
butylated hydroxytoluene (BHT) for 4 hours. The extract
was filtered again prior to injection in HPLC system for
determination of total phenols. Three replicates were
performed, each replicate was extracted and analyzed
separately.

3. Detection and HPLC analysis of sugars and
organic acids

In the present study, all chemicals and solvents used
were analytical and HPLC grade. Organic acids standards
(tartaric acid, citric acid, malic acid, acetic acid, succinic
acid) were purchased from Sigma-Aldrich (St louis, MO;
USA). Glucose, fructose and sucrose standards were
obtained from Merck (Darmstadt, Germany). Standard
solutions were prepared individually in distilled water or in
ethanol and then filtered. Samples and standards were
injected three times and average values were calculated.

Samples of grape juice were diluted with mobile
phase in 1:1 ratio before injected into the system. So make
sure a good homogenization of the sample in the mobile
phase structure in order to avoid precipitation between
mobile phase and sample. The mixtures obtained were
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filtered again through a 0.45 pum membrane filter prior to
injection in HPLC system.

An Agilent Series 1260 HPLC system (Agilent
Technologies, Palo Alto, CA, USA) was used for the
HPLC-DAD analysis. The HPLC system consisted of
a degasser, an isocratic pump system, an autosampler, a
thermostatted column compartment, a refractive index
detector (RID) for sugar analysis, and a diode array detector
(DAD) was monitored at 210 nm for the analysis of
organic acids. Sugars and organic acids were simultaneo-
usly analyzed using a C18 column (250 x 4.6 mm) and
maintained at 45°C during analysis. The analytical
conditions used were as follows, flow rate of mobile phase
1 ml min?, the injection volume was 50 pL, eluent was
acetonitrile: deionized water 75:25 (v/v). The chromato-
graphic peaks corresponding to each sugar and organic acid
were identified by comparing the retention times and
spectra with those of standards. Sugars and organic acids
content was expressed as g L of juice. Total phenolic
acids were quantified as caffeic acid (320nm) and total
flavanols as catechin (280nm) and expressed in mg L.

4. Statistical analysis
Statistical analysis was performed using the statistic
package of Microsoft Office 10.

Results and Discussions

Phytoplasma infections are important diseases
affecting table and wine grape cultivars, but little is known

about their effect on grape composition and wine quality
(BERTACCINI & DUDUK, 2010 [2]; RUSJAN et al,
2012b [11]; EMBER & al, 2016 [12]; EMBER et al, 2018
[20]). The presence of symptoms associated with these
diseases can alter grape composition, change in their
sugars, acids and phenolic profiles that contribute greatly
to the taste and final alcohol content of wine.

The results obtained on wine grape cultivars studied
during two successive years, show that the content and com-
position of sugars and acids varied between genotypes, and
healthy and symptomatic cultivar (table 1 and figures 1 and 2).

Data in table 1 shows that the amount of fructose and
glucose decreased because of the presence of phyto-
plasmoses. The glucose content was higher than the
fructose content in all analyzed cultivars. Results of
SENSOY & al, (2015) [21] and EYDURAN & al, (2015)
[5] establish also that glucose content is much higher
comparative with fructose content in grape berry. Sucrose
content was very low even none detectable in all cultivars
studied. The ratio of glucose/fructose in grape berries
varied in ranged from 1.0 to 1.06. There is no difference in
this ratio between healthy samples and those affected by
yellows. Also, research by EMBER & al, (2016) [12]
showed lower soluble solids content may have occured in
Chardonnay grape fruit BN-affected. Similar negative
effects have been observed in vine affected by virus
infections that recorded decrease of yield and change of
grape composition (MARTINEZ & al, 2016 [10]).

Table 1. Concentration of fructose, glucose, total sugars, total flavanols and total phenolic acids
in berries of grapevine cultivars studied

Total

Total Total . Total
Cultivars Frl;(/:lt_ose Glg/clf)se Glc/Fru | sugars flavanols pgi?gs“c phenols
g/L mg/L mg/L mg/L
P'r:‘e‘;tl tﬂ;" 57.06 +0.12 | 58.36+0.10 1.02 | 11542 | 62.4040.10 1.06+0.14 63.46
Pinot Noir
ftocted 4419+0.31 | 44.67+0.21 1.01 88.86 | 65.40+0.07 2.06+0.09 67.46
Tr:g‘;‘;‘t'ﬁﬁr 36.86£0.43 | 36.97+0.38 100 | 7373 | 64.28+0.09 3.98+0.21 68.26
Traminer
afoctod 32.20£0.40 | 33.82+0.25 1.05 66.01 | 64.84+0.08 3.82+0.19 68.66
Fetef]f;th';agra 51.8140.09 | 55.33%0.12 1.06 | 107.14 | 58.08+0.13 5.52+0.11 63.60
Feteg?fj‘ct'\'egagré 42.54+0.08 | 44.78+0.17 1.06 87.33 | 58.60+0.11 9.92+0.12 68.52
Chﬁggﬁﬂ;ay 39.2140.24 | 39.64%0.18 1.01 78.85 | 63.60+0.07 1.22+0.08 64.82
Chardonnay
e toctod 36.61+0.44 | 37.42+0.26 1.02 7402 | 65.72+0.09 2.56+0.07 68.28

The data are expressed as means £SDV (standard deviation) of three replicates of each experiment

The total sugars concentration is an indicator of fruit
maturity stage and indicates the potential alcoholic grades
after fermentation and quality of wine (RUSJAN & al,
2008 [3]; EMBER & al, 2018 [20]). The total sugars
concentration was lower for white cultivars compared to
those of red cultivars. In case of Pinot Noir and Feteasca
Neagra red cultivars the average content of total sugars

decreased by 20% in affected vines as compared to healthy
vines. However, in the Chardonnay white cultivar and
Traminer rose cultivar the average values of total sugars
decreased by 10% in phytoplasma infected vines in both
years, as compared to healthy ones. This results are in
accordance with those of ENDESHAW & al, 2012 [9] that
observed a low total sugars content of grape berries as
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a consequence of Bois noir phytoplasma infection. In general,
when comparing red cultivars with white cultivars the total
sugars were higher in the red to the white ones.

The phenolic compounds in grapevines may consi-
derably influence the taste (bitterness and astringency) of
wine (PINELO & al, (2006) [23]. Flavonols are one of the
phenolic compounds involved in the co-pigmentation
phenomena in red wines and have been identified as having
important antioxidant activity. Flavanols are responsible
for bitterness in wine and play a role in astringency. These
compounds are responsible for the browning reaction of the
white wines and may have a negative impact on the sensory
properties of these wines associated with bitter and astringent.

The total phenolic acids and total flavanols content in
grape berries from symptomatic and non-symptomatic vine
plants are presented in table 1. We observed an increase of
total phenolic acids and total flavanols in symptomatic
berry compared to healthy ones in all four cultivars studied.
Also, it can be observed that the total phenolic acids content
was lower than total flavanols content in both healthy and
affected cultivars. These results are in agreement with those
given by RUSJAN & al, (2012b) [11].

Infection with phytoplasma showed increased of total
flavanols content, their total amount reached 65.40 mg mL-
1 or 65.72 mg mL* compared to 62.4 mg mL or 63.60 mg
mL? in berries of Pinot Noir, respectively Chardonnay
from uninfected plants. However, with regard to the
Feteasca Neagra and Traminer cultivars, the total flavanols
content does not differ between infected samples to the
healthy ones. Similar results were reported by RUSJAN et
al, (2012b) [11] who indicated that infection with Bois noir
disease leads to the accumulation of flavanols and hydroxy-
cinnamic acids in affected shriveled berries compared to
unaffected berries of Chardonnay cultivar, which may
have negative effects on wine quality.

Our data are also consistent with studies of MARGARIA
et al, (2014) [1] that have revealed an increase of phenolic
compounds in phytoplasma infected grapevine. However,
our results are contradictory with those of LEE &

MARTIN, (2009) [3] which supported that total poly-
phenolic content of whole berries was lower in infected
vines with GLRaV-2 viruses compared to healthy one.
Also, other authors LATTANZIO & al, 2006 [25] and
TAWARE & al, (2010) [26] reported that grape berries
infected by fungal diseases showed a high phenolic
compounds concentration. The presented results are in
accordance with the previous report of Ember & al, 2018
[20] that revealed elevated hydroxycinnamic acids (cafftaric
and caffeic acids) and low flavonoid content (catechin and
epicatechin) in grape affected by “Bois Noir” disese.

The results obtained for individual organic acids
(tartaric, malic, citric, succinic and acetic acids) in helthy
and affected berry by phytoplasmoses are presented in
figure 1 and 2. Also, the HPLC chromatograms of organic
acids and sugars in the grape juice sample for two cultivars,
Feteasca Neagra and Traminer rose healthy and affected
by phytoplasmoses, are illustrated in figure 3 and 4.

For organic acids there is a specific behavior to each
acid type and also depending on the cultivar. The results
showed variations in their concentration between healthy
and affected grape for all cultivars. Thus, the concentration
of tartaric, malic, citric and acetic acids decreases, while
succinic acid concentrations increases in sample affected
by phytoplasma symptoms. In all grape samples from vines
affected by phytoplasmoses, except for Chardonnay, the
concentration of tartaric and acetic acid was lower than in
grapes from healthy vines. Except for Traminer rose cultivar
where the concentration of citric acid increase in grapes
affected by phytoplasma symptoms, in all other cultivars
with symptoms content of this acid decreases. The data
show that tartaric and malic acids are presented in large
amounts compared to other acids in all cultivars studied.

The report of GARAU et al. (2007) [8] presented that
pH and quantity of tartaric acid (g/L) in the must are not
affected by the Bois noir disease. Our results showed
differently from those of ENDESHAW et al (2012) [9]
who found a slight increase of titratable acidity and also
malic acid in grapevine with ”Bois noir” symptoms.
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Figurel. Organic acids concentration in Pinot Noir and Traminer grapevine cultivars with
and without phytoplasmoses symptoms
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Figure 2. Organic acids concentration in Feteasca Neagra and Chardonnay grapevine cultivars with
and without phytoplasmoses symptoms
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Figure 3. HPLC chromatograms of organic acids and sugars in the grape extracts of Traminer rose healthy
and affected by phytoplasmoses
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Figure 4. HPLC chromatograms of organic acids and sugars in the grape extracts
of Feteasca Neagra healthy and affected by phytoplasmoses

1031



CRISTINA PETRISOR & CONSTANTINA CHIRECEANU

Conclusions

o The results of this study showed that grapes from
vines affected by phytoplasmoses symptoms presented
higher content of total phenols and small quantity of total
sugars and acids.

o Individual sugars glucose and fructose decreased
quantitatively in all grape samples affected by yellows
disease symptoms in both locations studied and that
will influence alcoholic grades of wine. The value of
glucose/fructose ratio remains constant for both affected
and healthy samples.

o The concentration of flavanols is dominant
compared to the concentration of phenolic acids in the
affected samples, which can produce browning reactions in
the winemaking process and affected wine quality.

o The amount of tartaric, malic, citric and acetic
acids decreases in grapes affected than healthy grapes
which will influence wine stabilization.

o This study allows to understand the direct impact
of phytoplasmoses symptoms on grapes composition.

Acknowledgments

This work was performed within the ADER 4.1.2./
2015-2018 research project funded by the Ministry of
Agriculture and Rural Development

References

1. P. MARGARIA, A. FERRANDINO, P. CACIAGLLI,
O. KEDRINA, A. SCHUBERT, S. PALMANO
Metabolic and transcript analysis of the flavonoid
pathway in diseased and recovered Nebbiolo and
Barbera grapevines (Vitis vinifera L.) following
infection by Flavescence dorée phytoplasma. Plant,
Cell Environ. 37: 2183-2200 (2014).

2. R.NAIDU, A. ROWHANI, M. FUCHS, D. GOLINO,
G.P. MARTELLLI, Grapevine leafroll: A complex viral
disease affecting a high-value fruit crop. Plant Disease
98(9):1172-1185, (2014).

3. D.RUSJAN, Z. KORUZA-KOROSEC, R. VEBERIC,
Primary and secondary metabolites related to the quality
potential of table grape varieties (Vitis vinifera L.).
Eur. J. Hortic. Sci., 73(3): S124-130 (2008).

4. K. ALI, F. MALTESE, Y. HAE CHOI, R.
VERPOORTE, Metabolic constituents of grapevine
and grape derived products. Phytochemistry Review
9:357-78 (2010).

5. S.P. EYDURAN, M. AKIN, S. ERCISLI, E.
EYDURAN, D. MAGHRADZE, Sugars, organic
acids, and phenolic compounds of ancient grape
cultivars (Vitis Vinifera L.) from lgdir province of
eastern Turkey. Biol. Res. 48: 1-8 (2015).

6. P. WEINTRAUB, L. BEANLAND Insect vectors of
phytoplasmas. Annu. Rev. Entomol. 51:91-111 (2006).

7. M. BERTAMINI, N. NEDUNCHEZHIAN, F.
TOMASI, M. S. GRANDO, Phytoplasma [Stolbur-

10.

11.

12.

13.

14.

15.

16.

17.

18.

subgroup (Bois Noir-BN)] infection inhibits photosyn-
thetic pigments, ribulose-1,5-bisphosphate carboxylase
and photosynthetic activities in field grown grapevine
(Vitis vinifera L. cv.Chardonnay) leaves. Physiolgy
and Molecular Plant Pathology 61: 357-366, (2002).
R. GARAU, A. SECHI, V.A. PROTA, G. MORO,
Productive parameters in Chardonnay and Vermentino
grapevines infected with “Bois noir” and recovered in
Sardinia. Bulletin of Insectology 60: 233-234 (2007).
S.T. ENDESHAW, S. MUROLO, G. ROMANAZZI,
D. NERI, Effects of “Bois noir” on carbon
assimilation, transpiration, stomatal conductance of
leaves and yield of grapevine (Vitis vinifera L.)
cv.Chardonnay. Physiol. Plant., 145: 286-295 (2012).
D. RUSJAN, H. HALBWIRTH, K. STICH, M.
MIKULIC-PETROVSEK, R. VEBERIC, Biochemical
response of grapevine variety Chardonnay (Vitis
vinifera L.) to infection with grapevine yellows “Bois
noir”. Eur. J. Plant Pathol 134: 231-237 (2012a).

D. RUSJAN, R. VEBERIC, M. MIKULIC-
PETROVSEK, The response of phenolic compounds
in grapes of the variety “Chardonnay (Vitis vinifera L.)
to the infection by phytoplasma “Bois noir”. Eur. J.
Plant Pathol. 133:965-974(2012b).

I. EMBER, P. BODOR, Z.S. ZSOFI, Z. PALFI, S.Z.
VILLANGO, M. LADANYI, G.Y. PASTI, A.
SZEKERES, O. BENCSIK, T. DEAK, B. BALO, L.
PALKOVICS, X. FOISSAC, JJ. HUNTER, G.Y.D.
BISZTRAY, Impact of Bois noir disease on grapevine
performance and wine quality of Vitis vinifera L.cv.
Chardonnay in Hungary. Mitteilungen Klosterneuburg
(Supplement), 66:79-83 (2016).

J.T.MATUS, A. VEGA, R. LOYOLA, C. SERRANO,
S. CABRERA, P. ARCE-JOHNSON, Phytoplasma
and virus detection in commercial plantings of Vitis
vinifera cv. Merlot exhibiting premature berry
dehydration. Electron. J. Biotechn., 11: 1-10 (2008)
C. RAFAILA, M. COSTACHE, Ingalbenirea aurie
(Flavescence dorée), o boala noua a vitei de vie in
Romania. Analele Institutului de Cercetari pentru
Protectia Plantelor 6: 151-156 (1970).

C. CHIRICEANU, P.G. PLOAIE, M. GUTUE,
I. NICOLAE, C. STAN, M. COMSA, Detection of the
Auchenorrhyncha fauna associated with grapevine
displaying yellows symptoms in Romania. Acta
Phytopathologica et Entomologica Hungarica 46
(2):253-260, (2011).

P.N. PLOAIE, C. CHIRECEANU, Experimental
proofs regarding the association of cell wall deficient
bacteria (mycoplasmalike organisms, phytoplasmas)

with grapevine yellows disease in Romania. Rom.
Biotech. Lett. 17(3): 7260-7269 (2012).
C. CHIRICEANU, E P.G. PLOAIE, A.M.

PETRESCU, S. CAZACU, Molecular detection of
stolbur phytoplasma from natural loci associated with
grapevine yellow. 3" European Bois Noir Workshop,
Barcelona, 20-21 march (2013).

J. LEE, KE. KELLER, C. RENNAKER, R.R.
MARTIN, Influence of grapevine leafroll associated

1032



Organic acids and sugars profile of some grape cultivars affected by grapevine yellows symptoms

19.

20.

21.

22.

viruses (GLRaV-2 and -3) on the fruit composition of
Oregon Vitis vinifera L.cv. Pinot Noir: free amino
acids, sugars, and organic acids. Food Chem. 117:
99-105 (2009).

A. BERTACCINI, B. DUDUK, Phytoplasma and
phytoplasma diseases: a review of recent research.
Phytopathology Mediterranea 48: 355-378, (2010).

I. EMBER, P. BODOR, Z.S. ZSOFI, Z. PALFI,
M. LADANYI, G.Y. PASTI, T. DEAK, D. SARDY
NYITRAINE, B. BALO, A. SZEKERES,
0. BENCSIK, X. FOISSAC, L. PALKOVICS,
JJ. HUNTER, G.Y.D. BISZTRAY, “Bois noir”
affects the yield and wine quality of Vitis vinifera L.
cv. ‘Chardonnay’. Eur. J. Plant Pathol., 152(1)185-197
(2018).

R.1.G. SENSOY, Determination of organic acids,
sugars and macro-micro nutrient contents of must in
some grape (Vitis vinifera L.) cultivars. J. Anim. Plant
Sci. 25(3):693-697 (2015).

L. MARTINEZ, C. MIRANDA, J.B. ROYO,
J. URRESTARAZU, F. MARTINEZ DE TODA,
P. BALDA, L.G. SANTESTEBAN, Direct and
indirect effects of three virus infections on yield and
berry composition in grapevine (Vitis vinifera L.) cv.
“Tempranillo’. Sci. Hort. 212: 20-28 (2016).

23.

24.

25.

26.

27.

M. PINELO, A. ARNOUS, A.S. MEYER, Upgrading
of grape skins: Significance of plant cell-wall
structural components and extraction techniques f
or phenol release. Trends in Food Sci. Technol.
17:579-590 (2006).

J. LEE, R.R. MARTIN, Influence of grapevine leafroll
associated viruses (GLRaV-2 and -3) on the fruit
composition of Oregon Vitis vinifera L.cv. Pinot Noir:
phenolics. Food Chem. 112: 889-896 (2009).

V. LATTANZIO, V.M.T. LATTANZIO, A.
CARDINALI, Role of phenolics in the resistance
mechanisms of plants against fungal pathogens and
insects.F. IMPERATO, eds., Phytochemistry: advances
in research, Trivandrum, Kerala, India: Research
Signpost, 2006, pp. 23-67.

P.B. TAWARE, N.D. KONDIRAM, P.O. DAS-
HARATH, H.P. SANGRAM, K. BANERIJEE,
Phenolic alterations in grape leaves, berries and wines
due to foliar and cluster powdery mildew infections.
Int. J. Pharma Bio Sci., 1: 1-14 (2010).

T.ZAHAVI, R. SHARON, G. SAPIR, M. MAWASSI,
M. DAFNY-YELIN, V. NAOR. The long-term effect
of Stolbur phytoplasma on grapevines in the Golan
Heights. Aust. J. Grape and Wine Res., 19: 277-284
(2013).

1033



