Annals of Agrarian Science

Volume 20, Number 1 March 2022

Structural identification of mulberry forms anatomical features
J. Putkaradze, T. Dalalishvili, N. Baramidze, L. Mdzeluri, I. Gujabidze ... 1-4

Aspects of ecological conditions of Sheki and Oguz regions
K Gafarbaylia. ... oottt ettt e 5-11

Sawflies (Hymenoptera: Symphyta) of Kintrishi National Park, south-west Georgia (Sakartvelo)
G. Japoshvili, A HArS oo 12-27

Climatic risks created by dangerous weather phenomena in Kvemo Kartli
E. Elizbarashvili, M. Elizbarashvili, Sh. Elizbarashvili, B. Kvirkvelia,

Influence of stress metabolite stilbenoids of Shavkapito vine trunk (Vitis vinifera L) on

the activity of Crown gall agent Agrobacterium tumefaciens “in vitro™ condition

M. Bezhuashvili, Sh. Kharadze, M. Surguladze, G. Shoshiashvili, L. Gagunashvili,

- Elantdoe B Vas s s e S S S i 34-40

A Synthesis of biodegradable polymers based on carbamide and formaldehyde

A G.Papava, N. Gelashvili, E. Gavashelidze, K. Archvadze, R. Liparteliant ........................ 41-45
The Monitoring of Wine Faults in Georgian Wines
A Viasov® D. Chichua, K Didebulidze ... aeaen 46-39

The Chemical Eroston in River Basins of Georgia
G. Gogichaishvili, T. Urushadze, G. Japaridze, E. Bakradze ..o 60-67



M. Bezimashvili et al.

Annals of Agrarian Science 20 (2022) 34-40

S

Annals of Agrarian Science
Journal homepage: hitp-//journals org.ge ‘index php

Influence of stress metabolite stilbenoids of Shavkapito vine trunk
(Vitis vinifera L.) on the activity of Crown gall agent Agrobacterium

tumefaciens in vitro condition

M. Bezhuashvili, Sh. Kharadze, M. Surguladze, G. Shoshiashvili,
L. Gagunashvili, L. Elanidze, P. Vashakidze

Institute of Viticulture and Oenology of the Agricultural University of Georgia, Kakha
Bendukidza University Campus, # 240 David Azhmashenebeli Alley, Thilizi,

Georgia m bezhuashvili@agrum edu ge

Recerved: 16 November 2021; Accepted: 05 December 2021

ABSTRACT

It was investizated the impact of stress metabolite stilbenoids of Shaviapito vine trunk (Firs vinjfera L.) on the activity of crown gzll
agent dgrobacterium twmgfacisns “in vitro " condition. Health and infected vine tunks were brought from the east part of Georgia
(village Nulkdhrani) on the Eutric cambisols zo0il of 15 years old vineyard. It was izolated swrong, medium and weak bacterizl strains
from the naturally disezsed with Agrobacterium tumefaciens Shavkapito trunk. It was establizhed stress-metabolite stilbenoids from
tha haalthy and infected trunks by HPLC analyze. Main stilbenoids tamed out trans-resveratrol and trans-z-viniferin, It was investigated
inhibitory mpact of rans-resveratrol, trans-e-viniferin and stilbenoids total preparation  on strong, medium and weak bacterial strains.
It occurred that stilbenoids mhibitory impact depends on concentration and detect differently according to the strains strensth.
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Introduction

The most mmportant physiological role of vine
stilbenoids are phytoalexin treatment. According
to previous studies developed by the Institute
of Viticulture and Enology of the Agricultural
University of Georgia, the vine stilbenoids
are involved for responses toward  bactenal
(Agrobacterium tumefaciens) and fungal diseases
in grape varieties.  Crown gall infected vines of
the grape varieties — Rkatsiteli, Saperavi, Cabemet
Sauvignon, Tsitska and Tsolikouri were identified
in East and West regions of Georgia; healthy vines
were considered, as well. Stilbenoid- contaming
fractions were isolated from the trunk of the infected
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and healthy vines and the single compounds were
identified ( trans-resveratrol and trans -z- viniferin).
The grape variety had a crucial role in the amount
of detected stilbenoids. The obtamned results
were Important for identifying the comelation
of the immunity of the grape varieties with the
phytoalexin stilbenoids [1]. Healthy and crown gall
infected vines of I/ vinifera L, cvs. Saperavi and
Rkatsiteli were selected from vineyards in East
region of Georgia, in 2018 and 2019. Samples of
infected and healthy vines were taken m February
—March 2018 in a 16-year-old vineyard and in
January 2019 in a 24-year-old vineyard, both located
on an alluvial soil. Stilbenoids (trans-resveratrol and
trans-e-vimiferin) were isolated from the infected
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and healthy vine trunks and analyzed by HPLC/
MS, wath three replicates. The concentrations of
trans-e-viniferin in healthy trunks of the 24- year-
old Saperavi and Rkatsiteli, were higher than the
concentration of frans-resveratrol. On the other
hand, in the healthy trunks of 16-year-old vines,
the concentration of frans-resveratrol exceeded the
concentration of trans- &- viniferin. In the crown
gall infected 24-yvear-old vines, the concentration of
trans-resveratrol increased while the concentration
of trans- - viniferin decreased [2].

The trunk stilbenoids of healthy and crown
gall infected vines of Georgian red vine vanety
- Ojaleshi was studied and identified as stress-
metabolite compounds: cis-piceid, trans-resveratrol,
trans-e-viniferin, cis-miyabenol C, cis-miyabenol.
The concentrations were higher in infected
vines compared to the healthy ones. Among the
stress-metabolite stilbenocids were domimating
trans-resveratrol and trans-e-viniferin, which
concentrations ncrease under bacterial cancer
disease condition. In concrete: trans-resveratrol-
245gkg - 328gkg; for trans-e-viniferm 7.18g/
kg - 835gkg [3].

It was established stress-metabolite stilbenoids
from Tavkven grape vine vanety trunk in condition
bacterial cancer disease. Received results are
followmng: trans-resveratrol increases from 1.63
gkg to 454 gkg and cis—3- viniferm, wiich
decreases from 4.27 to 2.47 g'kg [4].

A strain of Agrobacterium tumefaciens,
1s0lated from the trunk of infected V. vinifera L.
cv. Rkatsiteli was studied microscopically and
its pathogenesis was established. The goal of
the research was to study the role of stilbenoids
on the bactenial growth The bacterium stram
was Inoculated in two ways: a) the surface of
the growth was covered by a watery suspension
of stilbenoids; b) stilbenoids were added to the
growth medium before stenlization. In both
experimental protocols the concentrations of the
stilbenoids were: 1 mg/100 ml, 2 mg/100 ml, 3
mg/100 ml, 4 mg/100 ml, Smg/100ml, 10 mg /100
ml, 15mg/100ml, 20 mg /100 ml and 30 mg /100
ml. The control version was the same medium
without stilbenoids. The incubation period was 14-
15 days at 27 °C and all the treatments completely
(100%) inhibited Agrodacterium tumefaciens
growth over the control. A second experiment
was set up in order to study the bactenial growth
inhibition under stilbenoid concentrations lower
than 1 mg/100 ml (ranging from 0.1 mg/100 ml
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to 0.9 mg/100 ml): the bacterial growth inhibition
increased from 0.0 % to 88.0% by increasing the
stilbenoid concentrations [ 3.].

Also, 1t was studied the concentrations (in the
berry skin) of stlbenocids of white wine vanefy
Rkatsiteli under grev mould (Boytis cinerea)
attack. Samples of healthy and infected grapes —
with 60% gray mould, were taken in 2018 during
the technological matunty, from the same vineyard
(16-year-old) planted m eastem Georgia. The
vineyard soil belongs to meadow cinnamonic —
Calcaniccambisols and calcic kastanozems type.
The stilbenoids profiles of healthly and infected
skins were detected by HPLC/MS analysis. The
dominant stress-metabolites were trans-resveratrol
and its denvatives: trans-piceid, cis-piceid, trans-
piceatannol, trans-z-viniferin. The concentration
vanability of these stilbenoids under gray mould
infection was different, as follows (healthy vs.
infected): trans-resveratrol 39.27mg kg*—37.33mg
kg'; trans-piceid 13.72mgkg*—29 43mgkg*; trans-
piceatannol 5.37mg kg'—19.45mg kg'; trans-z-
viniferin 7.22 mg kg*—3.13mg kg*. These are the
first evidences of the link stilbenoids —gray mould
in the Rkatsiteli vanety [ 6.].

Another tnal on the interaction between
grey mould infection and stilbene production
of the white cv. Tsolikouri was carried out; the
vineyard (30-year-old) was cultivated in the west
part of Georgia (Zestafoni region) on raw humus
calcareous-rendzic-leptosols soil. The production
of trans-resveratrol, e-viniferin, trans-piceid, cis-
piceid, trans-piceatannol was elicited by grey
mould. These are the first evidences of the link
stilbenoids —grey mould in the Tsolikouri vanety
[ 7]

Moreover, a study on the effect of powdery
mildew (Uncinula necator) infection in the synthesis
of stibencids in the grape white variety Rkatsiteli
was developed. Samples of healthy and infected
grapes (50% of powdery mildew attack) were taken
at the beginning of September 2018 (technological
maturity), from the same vinevard (32-year-old)
planted m eastem part of Georgia; the vineyard soil
belongs to meadow cmnamonic —Calcaric cambisols
and calcic kastanozems type. The concentration of
stilbenoids increased during the disease and the
dominant stress-metabolites were trans- resveratrol
and trans-e-viniferin, while the minor compounds
were trans-piceid, cis-piceid, trans-piceatannol
and oligomeric stilbenoids. The concentrations of
these stilbenoids changed from healthy to infected
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grapes, as follows: trans-resveratrol 27.7mg/
kg—358.92 mg/ kg(53.0%); trans e-viniferin 11.22
mg /kg—32.55mg /kg(65,5%); trans-piceid 5.36
mg' kg—727mg /kg(26,3%) ; trans-piceatannol
145mg’ kg—2.04 mgkg(289%); cis-picerd
17.75 mgkg—17.79 mgkg(0.2%); trans-astringin
1445mgkg —16.93mgkg(12,9%); cis-astnngin
15.02 mgkg—16.78 mgkg(10,5%). These are
the first evidences of the link stilbenoids —powdery
mildew in Rkatsiteli grape vanety [8].

Ancther tnal included the relationship between
leaf stilbenoids of the white grape vanety Tsitska,
grown in the west part of Georgia and dowmy
mildew infection. The stilbenoids trans-resveratrol
and &- vinifenin were higher in the infected vines
leaves than in the healthy ones. This is the first
study done on Tsitska grape variety conceming this
subject [9].

Stilbenoids act against different vine diseases
caused by bio factors. The following stilbenoids
were identified in the extract of vine (Vitis vinifera)
trunks, roots and annual shoots: Ampelopsm A, (E)-
piceatannol, Pallidol, E-resveratrol, hopeaphenol,
isohopeaphenol, (E)-e-viniferm, (E)-miyabenol
C. (E) —w-vmifenn, r- and r2-viniferin. It was
established that the extract mnhubits the growth
of sporulation of fungus Plasmopara viticola by
50%, while the most active mhibitor of 1t tumed
out to be r2-viniferin [ 10]. Under the influence
of Botrytis cinerea on the mixture of pterostilbene
and resveratrol 7 new stilbens were formed, while 5
new stilbenes were formed from pterostilbene under
the same terms. The anti-fungal effect of these
stilbenoids was fixed against Plasmopara viticola
[ 11]. At three stages of the grape (Vitis vinifera)
berry development, the berries were infected with
Botritis cinerea spores ,in vitro“. In the infected
bemries, pterostilbene, (E)-c-viniferin and trans-
resveratrol were detected, being (E)-e-vinifenin the
most produced [12].

Bemes of Jifis vinifera L. cv. Barbera m
the npening period were infected with conidial
suspension of Aspergillus japonicus, A. ochraceus,
A. fumigatus and A carbonarius. The process of
formation of ochratoxin A and stlbenoids was
assessed. It was found out that all fung1 except for 4.
JSumigatus significantly increased the concentration
of trans-resveratrol and at the same time. trans-
piceid stays unchanged. In the berries damaged
by A. ochraceus, the concentration of piceatannol
increased significantly. A large amount of ochatoxin
A was synthesized in the bemes infected by A
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carbonarius 1solate and the anti-fungal activity
of stilbenoids was tested under the following
concentrations: 300 mg'g resveratrol and 20 mg'g
piceatannol, which were effective for an mhibition
of the fungal (4. carbonarius) growth [13].

Objects and Methods

The objects of research were: a). healthy and
naturally diseased by crown gall (Agrobacterium
tumefaciens) vine trunks 15-vear-old shavkapito
(red grape wine varety, Vitis vinifera L.) cultivated
in Eastern Georgia (village of Mukhrani) on Eutric
cambisols type soil; b). Pathogenic bactenal
strains of Agrobacterium tumefaciens 1solated
from naturaly diseased by crown gall vine trunk of
Shavkapito vine variety. From stilbenoids we used
water suspensions of the total preparation, trans-
resveratrol and trans-e-viniferme released from the
vine at the concentrations indicated in the table.

Isolation bacterial strains and establishing
their pathogenesis. We took infected Shavkapito
trunk cut peace by bactenial cancer. We crushed it
in Rodin, added sterile water and made a bacterial
suspension. Prepared in petri dishes (8 cm in
diameter) sowed the bacterial suspension to the food
area and put it in a thermostat at a temperature of
25-27°C. After 12 hours of mncubation, the bactenal
colonies developed in the food area. We carefully
removed and transplanted 1t to the same food area in
the tubes. Closed tubes were placed in a thermostat
at a temperature of 25-27°C. To determine the
pathogenesis bacterial colonies developed after 24
hours of incubation were removed and transplanted
to sliced healthy carrot nngs and were placed in
a desiccator. Bactenial growth was observed m the
laboratory at a temperature of 22-23°C. According
to the intensity of development, we identified
strong, medium-strength and wezk bactenial strains.
We transplanted them into food area prepared in
tubes and stored them in appropriate conditions for
subsequent studies [14].

Isolation of stilbenoids from healthy and
infected with bactenial cancer trunks was made
according to the scheme (Fig.1).

The effect of stilbenoids on the activity of
bacterial strains was determined by the degree of
inhibition of their growth and development “in
sitro.” Prepared m advance food areas in petn dishes
were freated with water suspensions of stilbencids
and then transplanted with strong, medium-strength
and weak strains of Adgrodacterium tumefaciens.
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As a control vanant we used bactenal strains sown
in the same food area treated with sterile water.
Their growth and development took place under the
conditions described above.

Stress-metabolite stilbenoids were analyzed by
HPLC method. For this purpose, we used the Varian
chromatograph, SupelcosilPM LC18 Column,

l

Vine ounk

Ground
marterial

l
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250x4 6mm. eluents: A 0,023% tnfluoroacetic
acid, B.Acetonitrile:A 8020. Gradient mode: 0-33
min, 20-50% B, 48-33min, 200% B. Flow rate of
the eluent- 1 ml'min; wavelength-306 and 285nm.
Isolated stilbenoid-contaming fractions were
filtered using a membrane filter (0.43p) before the
chromatographic procedure [15].

\illine. dni . erind

10n Wi 71 acetate

Ethyl acetate extract

/ \

Concentrating with the
rotational over-flow

Emaqed Filrered extract
____marterial |
Column chromatography:
Adsorbent:“Sephadex
G307 Eluent: MeOH:
H20 (60:40)
Concentrate

1

| Stilbenoid-containing fraction |

|

Chromatographic analysis

Fig. 1. Chart of isolating a stilbenoid-containing fraction from vine trunk

Aim of the research: Am of the research was
Georgian endemic red vine variety Shavkapito trunk
health and infected by crown gall (dgrodacterium
tumefaciens). Determination of phytoalexm stress
metabolite shlbenoids. Identification there pathogen
strains and study impact of stilbencids onit activity
-inhibition it development.

Results and Discussion.

The difference m the content of stylbenoids of
healthy and diseased by bactenial cancer vine trunks
of Shavkapito was determmed by HPLC analysis.
Based on this. the stress metabolite phytoalexin
stylbenoids were identified. Main stress metabolite
stilbenoids turned out frans-resveratrol and trans-e-
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viniferin. In the experiments. we used isolated by us
individual trans-resveratrol, trans- e-viniferme and
a total preparation of stilbenoids from the vine.

It was isolated strong, medum and weak
bacterial strains from the naturally diseased with
Agrobacterium tumefaciens Shavkapito trunk. In
the control vanants - on food areas not treated with
stilbenoids, pathogenic strains of Agrobacterium
tumefaciens were development as follows:
strong -100%, medium- 53%, weak -30%. The
development of pathogenic strains on food areas
treated with stilbenoids is given in Tables -1.2.

As table 1 shows, stilbenoids inhibitor behavior
on the different strength of the bactenal cancer
strain is different. In concret, analyzed stilbenoids
same concentations in different strength pathogenic
strains charactenized by different inhibition quality:
for totally inhibation strong strain stilbenoids
concentration decreises . The concentration of
stilbencid for total inhibition of the strong stramn
decreases for the pathogenic strain of medium and
weak strength

Above mentioned full dynamic results is given
in table 2. In concret, to inhibit totally strong
bactenial cancer sfrain is needed trans-resveratrol
concentration 2.8mg/100ml, for medium strength
pathogenic strain- 2.6 mg/100ml, weak pathogenic
strain-1.6 mg/100ml. Trans-e-viniferin 2.4 mg/100
ml 1s enough to mhibit totally strong pathogen
strain. For medium strength-2.2 mg/100ml, for
weak — 1.4 mg/100ml. Total stilbenoids preparate
concentration dynamic is following: for strong
pathogenic strain-2.2 mg/100ml, for medium-
1.6 mg/100ml, for weak pathogen strain -1.2
mg/100ml.

Conclusion

Theafore, during the cammed out research were
identified pathogenic stramns: strong, medium, weak
— from infected by Agrobacterium tumefaciens
trunk, of the Georgian red vine grape variety
Shavkapito. It was established inhibitor impact of
the phytoalexin stilbenoids: trans-resveratrol, trans-
e-viniferin and total stilbenoids preparate on the
pathogen strains. Above mentioned stilbenoids,
regarding to there mhibition quality are positioned
for the following way:  stlbenoids complex
preparate > trans-e-viniferin>trans-resveratrol.
Research results are mportant for determme the
immunity correlation of Shavkapito vine varnety
to the phytoalexin stilbenoids.
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Table 1. Impact of Phytoalexin stilbenoids
inhibitor behavior on the pathogen strains

development
- 1
N | Stlbenoids | CCnceriicon. | eowth
%
Strong
Pathogen strain
1. | Trans-resveratrol 10 87.0
20 95.0
30 100.0
40 100.0
5.0 100.0
2. | Trans-z-vmiferm 1.0 89.0
20 97.0
3.0 100.0
40 100.0
5.0 100.0
3. Total preparat 0.5 820
1.0 90.0
20 990
3.0 100.0
40 100.0
5.0 100.0
Medium
Pathogen strain
1. | Trans-resveratrol 1.0 910
20 98.0
30 100.0
2. | Trans-z-viniferm 1.0 93.0
20 99.0
3.0 100.0
3. | Total preparate 1.0 96.0
2.0 100.0
Weak Pathogen
strain
1. | Trans-resveratrol 1.0 95.0
20 100.0
2. | Trans-z-vmiferm 1.0 97.0
20 100.0
3. | Total preparate 1.0 99.0
20 100.0
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Table 2. Dependence of inhibition of bacterial strains development on stylbenoid concentrations
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Stilbenocids concentration, Inhibition of Inhibition of Inhibition of
mg/100ml development % development % development %
for trans-resveratrol for trans-e-vimifarm for total preparate
Strong pathogen irain
12 88.5 89.9 91.5
14 90.0 913 %30
16 91.0 940 855
18 930 96.0 97.3
20 95.0 98.0 %2.0
22 96.0 93.0 100.0
24 97.5 100.0 100.0
26 99.0 100.0 100.0
28 100.0 100.0 100.0
3.0 100.0 100.0 100.0
Medium pathogen strain
12 820 933 %7.0
14 935 943 %9.0
16 95.0 96.0 100.0
18 96.3 975 100.0
2.0 98.0 95.0 100.0
22 98.5 100.0 e
24 993 e o
26 100.0 e o
28 100.0 . o
3.0 100.0 o e
Weak pathogen strain
12 95.0 98.0 100.0
14 98.0 100.0 100.0
16 100.0 100.0 100.0
18 100.0 100.0 100.0
20 100.0 100.0 100.0
References [3]. M. Bezhmashvili, L. Bavaresco, Sh. Kharadze,
N M. Surguladze, G. Shoshiashwvii, L.
[1]. M. Bezhmashvili, Sh.  Kharadze, M.

21.

Surguladze, G. Shoshiashvili, L.Gagunashvih,
L.Tskhvedadze, L Elamidze, P Vashakidze,
Occurrence of stilbenoids in grapevine under
Crown gall mfection Amnals of Agrarian
Science. Vol.17, (2019), #4.481-487.

M. Bezhuashvili, Sh. Kharadze, M
Surguladze, L. Bavaresco, G. Shoshiashvih,
L. Gagunashvili, L. Elamidze, P. Vashakadze,
Phytoalexins stilbenoids of ¥ viniferaL. cvs.
Saperavi and Rkatsiteli m relation to crown
gall mfection. 42~ world congress of Vine and
Wine, Geneva Svitzerland, 15-19July, (2019),
Book of abstracts.360.

Gagunashvili, L. Elamdze, P. Vashakidze,
Stress-metabolite stilbenoids in vine trunk of
Ojaleshi grape vanety (Vitis vinifera L.) under
crown gall infection. Journal of Chemical
Health Risks. Vol 11, #3,(2021), 299-304.

[4]. M_Bezhuashvili L. Bavaresco, Sh. Kharadze M.

Surguladze, G. Shoshiashvili, L. Gagunashvili,
P. Vashalidze, Change of phytoalexins
stilbencids of vine trunk Tavkven vanety
(Vitis vinifera L) m condition crown gall
mfection. Global Summit on Advanced Plant
Science and Natural Resources. October 03-
06, (2020), Webinar

[51. M. Bezhuashwii, L. Bavaresco, M

39



M\ Bezhmashvili et al.

Surguladze, Sh. Kharadze, G. Shoshiashvili,
L. Gagunashwili, L. Elamdze, P. Vashakidze,
Influence of shlbenoids on agrobacterium
tumefaciens. Z7JO4B8J Vol.11,#1,(2019), 9-12.

[6]. M. Bezhuashwili, L. Tskhvedadze, ML
Surguladze, G. Shoshiashvili, Sh. Kharadze,
L. Gagunashvili, L. Elanidze, P. Vashalkidze,
Stress-metabolites phytoalexins -stilbenoids of
grape skan Rkatsiteli vanety (Vitis viniferaL.)
in condition gray mildew. EurAsian Joumal of
BioSciences.Vol.13, (2019), 1-6.

[7]. M.Bezhuashvili, L. Bavaresco. L. Tskhvedadze,
M. Surguladze, G. Shoshiashvili, L. Elanidze,
L. Gagunashvili, P. Vashakidze, Change
of Phytoalexins- Stilbenoids of grape skin
Tsohkoun vanety (Vitis vinifera L) m
condition Grey mildew. EurAsian Journal of
BioSciences. Vol.14, (2020), 243-247.

(8. M. Bezhuashwili L. Tskhvedadze, M.
Surguladze, G. Shoshiashwvili, L. Gagunashvili,
L. Elamdze and P. Vashaladze, Change
of Phytoalexin Stilbenoids of Grape Skin
Rkatsitell (Vitis vinifera 1) in Condition of
Powdery Mildew. Bioscience Biotechnology
Research Communications. Vol 12, =3,
(2019), 146-151.

(1. M. Bezhuashwili L. Tskhvedadze, M.
Surguladze, G. Shoshiashwvili, L. Elanidze,
P. Vashalidze, change of phytoalexins
-stilbenoids of vine leave Tsitska vanety (Vitis
vinifera L.) in condition Downy mildewL.
EurAsian Journal of BoSciences. Vol. 1, #14,
(2020), 167-171.

[10]. J. Gabaston, E. Cantos-Villar, B. Biais, P.
Waffo-Teguo, E. Renouf, M-F. Cono Costet
.. T. Richard, J-M. Ménllon, Stilbenes from
Vitis vinifera L. Waste: A Sustamable Tool for
Controlling Plasmopara Viticola. Agric. Food
Chem. Vol .65, #13, (2017), 2711-2718.

[11]. K. Gindro, S. Schnee S., D. Righi , L.
Marcourt, SN. Ebrahimi , JMassana Codina,
FVomesco, E. Michellod . J-L. Wolfender,
E. Ferreira Queiroz Generation of Antifungal
Stilbenes Using the Enzymatic Secretome
of Bofrytis cinerea. J. of Natural products,
Vol.80, #4,(2017), 887-898.

[12]. L. Bavaresco, D. Petegolli, E. Canti, M
Fregom, G. Chiusa , M Trevisan , Ehicitation
and accumulation of stilbene phytoalexins
grapevine bermes infected by Botrytis cinerea.
Vitis, Vol. 36, #2, (1997), 77-83.

[13]. L. Bavaresco L., S. Vezzulli, P Battilani,

40

Annals of Agrarian Science 20 (2022) 34-40

P. Giomi, A Pietn and TBertuzzi, Effect
of Ochratoxin A-Producing Aspergilli on
Stilbenic Phytoalexm Synthesis in Grapes. J.
Agric. Food. Chem.Vol. 51, #21,(2003), 6151-
6157.

[14]. K. DBemsrioxosa, M. Maremmesckas, C.
Cunopesxo Meroms HCCIIeOBaHHA
BosOVIMTETeH OaxTepHATHHEIX OomesHeH
PacTeHHH, HSJaTeTbCTBO '~ HAVKOE3 OYMEA ,
Kmes (1968), c. 160-162, ( 315c).

[15]. H Guebailia. K. Chira K., T. Richard T,
T. Mabrouk T., A. Funga, A. Hopeaphenol:
the first resveratrol tetrammer in wines from
North Africa. JAgric. Food Chem. Vol.34,
#25, (2006), 9559-9564.



Annals of Agrarian Science

ISSN:
1512-1887

Website:

http://www.journals.elsevier.com/annals-of-agrarian-sciences

Publisher:

Elsevier

Frequency:
Quarterly

Journal discipline:
Social sciences

Subject area:
Environmental Sciences




2{07242

ISSN 1512-1887

AYNINIAHSEG]EFAGIRIAIRIIVAIN,
SICIIEINIGE

Vol 20:No=1




