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Abstract. An efficient in vitro mass propagation and conservation protocol was developed for grapevine (Vitis vinifera L.) cultivar ‘Merdzavani 
Vaghahas’ through direct organogenesis. Maximum quantity of aseptic cultures was obtained when nodal segments were treated with 70% 
ethanol for 30 s + 2.0% Ca(ClO)2 for 15 min Explants were cultured on Murashige and Skoog (MS) medium sup-plemented with different 
concentrations and combinations of Benzilaminopurin (BAP), Gibberellic acid (GA3) and Kinetin (Kin) for multiplying axillary shoots. The 
maximum number (3.8) of shoot formation and the maximum shoot length with average of 2.7 cm appeared on medium supplemented 
with 0.5 mg/l BAP + 0.5 mg/l Kin + 0.5 mg/l GA3. Best rooting responses were obtained on ½ MS medium + 0.8 mg/l IBA (Indole-3-butyric 
acid) resulting mean value of 8.6 ± 0.5 root number and 14.4 ± 0.6 cm root length. For in vitro conservation and storage, two temperature 
regimes (15°C and 24°C) were used. The plants maintained at 15°C were smaller than those at 24°C. The in vitro plants were maintained 
at 15°C for more than 8 months without subculture. In vitro rooted plantlets were hardened successfully using perlite, forest soil and bio 
humus in 2:1:0 proportions with 88.0% survival. The described method can be successfully used for large-scale propagation and in vitro 
conservation of grapevine cv. ‘Merdzavani Vaghahas’.
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Аннотация. Разработан эффективный протокол для массового размножения методом прямого органогенеза и дальнейшего со-
хранения in vitro виноградной лозы (Vitis vinifera L.) сорта Мердзавани Вагаас. Максимальное количество асептических культур 
было получено при обработке узловых сегментов 70%-ным этанолом в течение 30 с + 2,0%-ным Ca(ClO)2 в течение 15 мин. Для 
размножения пазушных побегов экспланты культивировали на среде Мурасиге-Скуга (MС) с добавлением различных концен-
траций и комбинаций бензиламинопурина (БАП), гибберелловой кислоты (ГК3) и кинетина (Кин). Наибольшее количество (3,8) 
побегообразования и максимальная длина побегов, в среднем 2,7 см, наблюдались на среде с добавлением 0,5 мг/л БАП + 0,5 
мг/л Кин + 0,5 мг/л ГК3. Максимальный ризогенез был получен на среде ½ МС + 0,8 мг/л ИМК (Индолил-3-масляная кислота). 
Среднее значение количества корней составило 8,6 ± 0,5 шт., а длина корней 14,4 ± 0,6 см. Для консервации, сохранения in vitro 
использовали два режима температуры, 15°С и 24°С. Высота растений, выдерживаемых при 15°С, была ниже, чем хранящихся 
в условиях 24°С. Растения in vitro поддерживались при температуре 15°C более 8 мес., без пересадок. Укоренившиеся in vitro 
проростки были успешно адаптированы in vivo с использованием перлита, лесной почвы и биогумуса в пропорциях 2:1:0 с при-
живаемостью 88,0%. Разработанный метод может быть успешно использован для крупномасштабного размножения и хранения 
in vitro винограда сорта Мердзавани Вагаас.
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Для цитирования: Мелян Г.Г., Барсегян А.А., Дангян К.С., Саакян Н.А., Григорян Б.А., Мартиросян Ю.Ц. Прямой 
органогенез in vitro сортa винограда Мердзавани Вагаас для массового размножения и сохранения // «Магарач». 
Виноградарство и виноделие. 2022;24(3):202-205. DOI 10.34919/IM.2022.24.3.001.

Introduction
Grapevine (Vitis vinifera L.) is one of the main impor-

tant fruit crops cultivated worldwide. 

Presently, grapevines are highly susceptible to diseas-
es in the general method of propagation (by hardwood 
cuttings).

Micropropagation of grapes has played a very sig-
nifi cant role in multiplication of cultivars with desirable 
traits and production of healthy plants. Propagation of 
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uniform, disease free plants is produced in a relatively 
short period and space because this process is indepen-
dent of the time of year and weather conditions. 

In grapevine, there are various reports which indicate 
rapid in vitro regeneration and multiplication via tissue 
culture [1–3].

Plant germplasm conservation is the most successful 
method to conserve the genetic traits of endangered and 
commercially valuable species and plant varieties for fu-
ture proliferation, development and it is also the basis of 
agricultural production [4].

Th is investigation is aimed at developing an effi  cient 
method for mass micropropagation of true-to-type grape-
vine plants of Armenian grapevine cultivar ‘Merdzavani 
Vaghahas’ through direct organogenesis and determining 
the optimal methods for in vitro conservation.

Objects and methods of research 
The studies were performed at the Scientifi c Center 

of Agrobiotechnology of Armeniam National Agrarian 
University. Grapevine cultivar ‘Merdzavani Vaghahas’ 
was selected for in vitro studies.

 ‘Merdzavani Vaghahas’ is an Armenian grapevine ta-
ble variety with muscat fl avor, was created in 1965 by the 
Armenian Scientifi c Research Institute of Viticulture, 
Wine-making, Fruit Growing by crossing ‘C 484’ (‘Mad-
eline Angevine’ x ‘Chasselas Musque’) x ‘Kishmish Kh-
ishrau’ (‘Nimerang’ x ‘Kishmish Noir’). 

Th e plant materials of this research were obtained 
from the Armenian National Field Collection of Grape-
vine.

Explants sterilization: Th e nodal segments were 
treated to 1) 70% ethanol, 2) 2.0% calcium hypochlorite 
and their combinations for varying time durations: T1) 
ethanol (70%) for 5 min, T2) ethanol (70%) for 10 min, 
T3) calcium hypochlorite (2.0%) for 10 min, T4) calcium 
hypochlorite (2.0%) for 15 min, T5) calcium hypochlo-
rite (2.0%) for 20 min, T6) ethanol (70%) for 30 s + 2.0% 
Ca(OCl)2 for 15 min, T7) ethanol 70% for 30 s + 2.0% 
Ca(OCl)2 for 20 min.

Culture establishment: Murashige and Skoog (MS) 
basal medium was used through in vitro culture of plant-
lets. Nodal segments, approximately 0.3 cm were cultured 
on full–strength modifi ed MS medium supplemented 
with diff erent combinations and concentrations (0.0; 
0.5; 1.0 mg/l) of benzilaminopurin (BAP), (Kin) kinetin 
(0.0; 0.5; 1.0 mg/l) and Gibberelin acid (GA3) (0.0; 0.5; 
1.0 mg/l) for multiplying axillary shoots. Observations 
for shoot proliferation were evaluated 35 days aft er the 
beginning of the experiment, and the number of shoots 
per explant and length of shoots were recorded.

Root formation: Half-strength MS basal medium 
supplemented with diff erent concentrations (0.3; 0.5; 0.8 
and 1.0 mg/l) of IBA were used for rooting stage. Me-
dium without auxin was used as a control. Percentage of 
rooting; mean number and length (cm) of roots for each 
rooted shoot were evaluated aft er 30 days of cultivation 
on the rooting medium.

Th e pH of the media was adjusted to 5.8 before add-
ing agar. Media were gelled with 0.5% agar. Th e cultures 
were incubated at 26 ± 1°C under cool white fl uorescent 
light for a daily 16 h photoperiod. Twenty explants were 

used for each treatment, experiment was repeated three 
times.

For in vitro conservation the eff ects of temperature on 
growth of in vitro plants were investigated using MS me-
dium supplemented with 20 g/l sucrose, 50 mg/l ascorbic 
acid, 0.1 mg/l IBA. Th e plants were kept in two growth 
chambers with the temperature adjusted to 15°C and to 
24°C, light intensity of 2000 lux. Aft er 6 month, 12 plants, 
from each temperature culture condition, were assigned 
to biometric analyses: length of the longest root, numbers 
of roots and length of the shoots. 

Ex vitro acclimatization: For ex vitro acclimatiza-
tion the rooted plantlets were taken out from the test 
tubes and gently washed to free agar from surface. Well-
developed plantlets (>10 cm of shoots and >8-10 cm of 
roots) were transferred to plastic pots containing mixture 
of perlite, forest soil and bio humus in diff erent propor-
tion 

1)1:1:0; 2)1:1:1; 3)1:2:1; 4)2:1:0; 5)1:1:2; 6)1:2:0.
Th e plantlets were maintained for 3 weeks at about 

25°C to 27°C under high humidity (>75%) by covering 
the pots with transparent polyethylene sheets. Aft er two 
weeks the covers were removed from the pots. 

Statistical analysis: Experiments were repeated three 
times. Th e results are expressed as mean ± standard error. 
Th e diff erences among averages of the recorded param-
eters for all treatments were tested for signifi cance at 5% 
level.

Results and discussion
Th e study results showed that on increasing the ex-

posure time of ethanol (70%) and calcium hypochlorite 
(2.0%) the infection was decreasing in both chemicals, 
but in the same time the number of non-growing cultures 
was increasing. Higher (10 min) duration of 70% ethanol 
(T2) showed lower infection (12.3%) and maximum non-
growing cultures (36.7%). In case of 5 min duration (T1), 
the percentage of infected and non-growing cultures 
was correspondingly 47.7% and 9.0%. Explants treated 
with 2.0% calcium hypochlorite for 10 min (T3) showed 
47.7% contamination and 6.7% non-growing cultures, 
while 2.0% calcium hypochlorite for 15 min (T4) and 20 
min (T5) were correspondently 22.3%, 20.0% and 10.3%, 
26.7%. Th e minimum survival (43.3%) was observed with 
70% ethanol and 5 min exposure time. Maximum healthy 
cultures (80.0%) were recorded when nodal segments 
were treated with 70% ethanol for 30 s + 2.0% Ca(ClO)2 
for 15 min (T6) followed by ethanol 70% for 30 sec + 2.0% 
Ca(OCl)2 for 20 min (T7)  with 68.3% survival. Improper 
choice of sterilant exposure time has lethal eff ect on plant 
cells and limits the development of explants.

Regeneration of grapevine is possible through both 
organogenesis and embryogenesis. Explants including 
shoot tips, buds, leaves and tendrils can regenerate into 
somatic embryos directly or indirectly through the callus 
phase [5]. 

In the present study regeneration was processed 
through direct organogenesis from bud explants. Somatic 
embryogenesis was strongly infl uenced by Plant Growth 
Regulators (PGR). Th e eff ects of various concentrations 
and combinations of PGR in full strength modifi ed MS 
medium on shoot regeneration were evaluated (Table). 
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Shoot proliferation (shoots/explants) and shoot length 
(cm) was recorded aft er 35 days. 

Nutrient medium MS without PGRs did not show any 
shoot induction. Shoot formation was noted in all con-
centrations and combinations of growth regulators, but 
the number and length of shoots per explant varied. Me-
dium containing 0.5 mg/l BAP combined with 0.5 mg/l 
Kin and 0.5 mg/l GA3 showed the maximum frequency 
of shoot regeneration, with an average shoot length of 2.7 
cm and an average of 3.8 shoots per explant. Th e regener-
ated plants did not show any obvious phenotypic varia-
tion.

Presence of GA3 in combination with BAP and Kin 
promoted elongation of shoots. Th is is in conformity 
with the observation by D.H. Tejavathi and B.L. Manjula 
(2010) in Ruta graveolens L. [6].

Auxin is a key regulator of plant growth and develop-
ment. Because of its eff ective impact on cell division, cell 
growth and diff erentiation, auxin is generally used for ar-
tifi cially controlling plant growth [7, 8]. 

As shown in Fig. 1, the diff erences in rooting percent-
age, root number and length were signifi cant among dif-
ferent treatments. Highest rooting percentage (85.5%) 
was observed in ½ MS medium fortifi ed with 0.8 mg/l 
IBA followed by ½ MS + 0.5 mg/l IBA (80.6%).  Root in-
duction was not observed in the control (medium with-
out IBA). An IBA concentration of 0.8 mg/l gave a greater 
number of roots (8.6 ± 0.5) and maximum root length 
(14.4 ± 0.6 cm) (Fig. 3, а) than other concentrations (0.3; 
0.5; 1.0 mg/l). Beura (2003) also reported that ½ MS sup-
plied with 0.5–1.0 mg/l IBA was the best for in vitro root-
ing for the most of horticulture crops [9].

Temperature is a critical environmental factor regu-
lating in vitro plant growth and development. Tempera-
ture infl uences plant tissue culture and micropropagation. 
Plants kept at 15°C showed signifi cantly smaller length 
and less dry mass of both roots and shoots, in relation 
to those kept at 24°C, thus demonstrating the infl uence 
of low temperature on growth. An average of 90% of in 
vitro plants of cv. ‘Merdzavani Vaghahas’ were effi  ciently 
stored for 8 months at 15°C without subculture on half 
strength MS medium containing 30 g/l sucrose in culture 
tubes, while at 24°C it was required every 1.5–2.0 months.

An important, and oft en limiting, part of any micro-
propagation system is the transition from in vitro to ex 
vitro growth or acclimatization [10]. 

Statistical analysis of variance showed that the ef-
fect of substrate mixtures was signifi cant on survival rate 
of ex vitro acclimatized plantlets. Among the diff erent 
types and combinations of substrate used for adaptation, 
a combination of perlite, forest soil and bio humus (2:1:0) 
was found superior, with higher survival rate of plantlets 
(88.0%). Th e lowest (67.0%) survival was recorded in sub-
strate mixture with 1:2:1 ratio (Fig. 2).

Plantlets grown on T4 substrate mixture exhibited 
vigorous growth and deep green leaves (Fig. 3). 

Conclusions
Th is study presents a rapid and effi  cient method for 

micropropagation of grapevine cv. ‘Merdzavani Vagha-
has’ from nodal explants, which carries a high potential 
for rapid multiple shoot regeneration and subsequent in 

vitro propagation. It was revealed that the productivity 
of plant regeneration and root formation depends on the 
applied phytohormones and their concentration. A low 
incubation temperature of 15°C reduces culture growth 
and surv ival up to 8 months of time. Th e de-
scribed protocol can be used not only as an alternative 
means for mass propagation of this cultivar, but also for 
in vitro conservation. 
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PGRs (mg/L) Shoot proliferation 
(shoots/explant)
(Mean ±SE)

Shoot length (cm) 
(Mean ±SE)Kin BAP GA3

- - - - -

- 0.5 - 1.4±0.1 2.0±0.2

- 1.0 - 1.9±0.2 2.3±0.2

- 0.5 0.5 1.3±0.1 2.5±0. 2

- 1.0 1.0 2.1±0.1 1.9 ±0.4

0.5 - - 1.0±0.2 1.8 ±0.2

1.0 - - 1.5±0.1 1.6±0.4

0.5 - 0.5 1.1±0.3 2.4±0.2

1.0 - 1.0 1.7±0.2 2.9±0.1

0.5 0.5 0.5 3.8±0.3 2.7 ±0.2

0.5 0.5 - 3.4±0.4 1.3±0.1

Table. The effect of PGRs treatment on shoot regeneration 
from nodal explants of grapevine (Vitis vinifera L.) cv. 
‘Merdzavani Vaghahas’ 
Таблица. Влияние обработки PGR на регенерацию 
побегов узловых эксплантов винограда (Vitis vinifera L.) 
сорта Мердзавани Вагаас

        - No growth regulators added

Fig. 1. Infl uence of IBA on rooting of grapevine shoots 
produced in vitro
Рис. 1. Влияние IBA на укоренение побегов винограда, 
полученных in vitro
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Fig. 3. Rooted in vitro (a) and ex vitro acclimatized grapevine 
plantlets of cv. ‘Merdzavani Vaghahas’ on T4 substrate mixture (b)
Рис. 3. Укорененные in vitro (а) и акклиматизированные 
ex vitro саженцы винограда сорта Мердзавани Вагаас на 
субстратной смеси Т4 (b)

     a               bFig. 2. The eff ect of diff erent substrate mixture combinations 
(perlite: forest soil: bio humus) on survival rate of ex vitro 
acclimatized grapevine plantlets
Рис. 2. Влияние различных комбинаций субстратных 
смесей (перлит: лесная почва: биогумус) на приживаемость 
саженцев винограда, акклиматизируемых ex vitro

76
84,5

67

88

70,6
80

0
10
20
30
40
50
60
70
80
90

100
T1

=1
:1:

0

T2
=1

:1:
1

T3
=1

:2:
1

T4
=2

:1:
0

T5
=1

:1:
2

T6
=1

:2:
0

Pl
an

tle
ts 

su
rvi

va
l r

ate
,%

Substrates mixture (Perlite+Forest soil+Bio humus)

Information about authors
Gayane H. Melyan, Cand. Biol. Sci., Deputy Director of the 
Scientifi c Center of Agrobiotechnology; e-mail: gmggmg65@
mail.ru; https://orcid.org/0000-0001-5030-9725;
Andranik H. Barsegyan, Cand. Biol. Sci., Senior Staff  
Scientist; e-mail: anbars48@rambler.ru; https://orcid.org/ 
0000-0001-5216-8284;
Kima S. Dangyan, Staff  Scientist; e-mail: dangyan.kima@
mail.ru; https://orcid.org/0000-0002-1798-0952;
Narek A. Sahakyan, Staff  Scientist; e-mail: nsaaeroponic@
mail.ru; https://orcid.org/0000-0002-0400-2500;
Bella A. Grigoryan, Cand. Biol. Sci., Staff  Scientist; e-mail: 
bellagrigoryan24@mail.ru; https://orcid.org/0000-0001-6666-
879X;
Yuri Ts. Martirosyan, Cand. Biol. Sci., Head of the 
Department of Aeroponic Plant Growing Technologies; Head of 
the Laboratory of Biochemical Physics and Plant Metabolism 
Engineering; e-mail: yumart@yandex.ru; https://orcid.
org/0000-0001-8825-2381.

Информация об авторах
Гаяне Грантовна Мелян, канд. биол. наук, заместитель 
директора научного центра агробиотехнологий; e-мейл: 
gmggmg65@mail.ru; https://orcid.org/0000-0001-5030-9725;
Андраник Акопович Барсегян, канд. биол. наук, ст. 
науч. сотр.; e-мейл: anbars48@rambler.ru; https://orcid.org/ 
0000-0001-5216-8284;
Кима Сережаевна Дангян, науч. сотр.; e-мейл: dangyan.
kima@mail.ru; https://orcid.org/0000-0002-1798-0952;
Нарек Агванович Саакян, науч. сотр.; e-мейл: 
nsaaeroponic@mail.ru; https://orcid.org/0000-0002-0400-
2500;
Белла Аркадиевна Григорян, канд. биол. наук, науч. 
сотр.; e-мейл: bellagrigoryan24@mail.ru; https://orcid.
org/0000-0001-6666-879X;
Юрий Цатурович Мартиросян, канд. биол. наук, заведу-
ющий отделом аэропонных технологий растениеводства; 
заведующий лабораторией биохимической физики и ин-
женерии метаболизма растений; е-мейл: yumart@yandex.
ru; https://orcid.org/0000-0001-8825-2381.

Статья поступила в редакцию 25.07.2022, одобрена после 
рецензии 17.08.2022, принята к публикации 30.08.2022.


