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Summary

Grapevines (Vitis vinifera L.) are of great
significance to the Australian economy as
they comprise vine grapes and table grapes.
Grapevine rootstocks belong to several Vi-
tis species such as Vitis rupestris, V. riparia,
V. berlandieri and V. champini etc. from
America. In vitro propagation systems for
grapevine like micropropagation, organo-
genesis, somatic embryogenesis, protoplast
culture and cryopreservation are important
for various reasons such as rapid and relia-
ble cloning, international transfer of

germplasm, virus elimination, rapid crop
improvement through cell-level selection,
genetic engineering, gene editing as well as
in vitro conservation of valuable
germplasm. Micropropagation of three
open varieties of table grapes undertaken
for rapid reliable cloning of virus-free stock
material for orchard establishment is de-
scribed. Also, various in vitro methods ap-
plied to grapes and their applications are
discussed.

IPPS Vol. 74 - 2024

144

Copyright© Josekutty. The use, distribution or reproduction of materials contained in this
manuscript is permitted provided the original authors are credited, the citation in the Pro-
ceedings of the International Plant Propagators’ Society is included and the activity con-

forms with accepted Academic Free Use policy.



INTRODUCTION

Skybury farms, 136 Ivicevic Rd, QLD 4880
in Australia (www.skybury.com.au) is a di-
versified agriculture business commercially
producing Papaya, Coffee and a variety of
value-added products from our farm pro-
duce, for example, the papaya vodka that
won international award in the London
spirit show. Papaya cream is another exam-
ple of its premier products. Skybury Farms
is also a proud supporter of horticulture de-
velopment in Australia offering cost-effec-
tive, results oriented research and develop-
ment services.

Grapevine industry is a major player
in the Australian horticulture sector valued
at about 50 billion AUD in 2022. Wine
grape industry is the major player with a
cultivated area of 146,224 million ha., an-
nual production of 1.48 billion litres wine
of which 48% is exported, and employing
136,790 persons. Although much smaller
(AUD 1.5 Billion), the table grape industry
is significant as 70% of the Australian table
grapes are exported according to the Aus-
tralian Grape and Wine website
(https://www.agw.org.au/).

Although there are several reports
on micropropagation of grapes as recently
reviewed, our objective was to develop a
rapid and reliable cloning technology that
works at the Skybury lab which is special-
ising in horticulture research and develop-
ment. This technology could be used to as-
sist wine growers and wine variety import-
ers in Australia to rapidly clone new varie-
ties of grapes they introduce to Australia. A
mid to longer term goal of Skybury lab is to
provide crop improvement research service
(improved variety development) to wine
growers using the in vitro breeding tech-
nique we successfully applied to the rapid

development of the world’s best papaya, the
Skybury, Sweet, Red variety (Puthiyapa-
rambil et al. 2023).

MATERIALS AND METHODS

We used healthy (disease-free) grafted
plants of three most popular table grape va-
rieties with distinct fruit characteristics
{*Menindee seedless’ an erly, seedless,
green grape; ‘Crimson seedless’ a late sea-
son seedless, red variety, and ‘Autumn
royal’ also a late variety but with seedless,
black berries} obtained from a reputed plant
nursery. We maintained the mother stocks
in the insect- proof greenhouse in Skybury
nursery for 60 days and regularly observed
for visual symptoms of common diseases of
grapevine. We applied insecticides and fun-
gicides as normally applied to our papaya
production nursery which maintains over
50,000 tissue culture papayas for our farm
use.

Shoot tips and tender nodal segment
were collected and used as explants for mi-
cropropagation. The explants were surface
sterilised with a 10-15 min wash with John-
son’s(" baby shampoo followed by a one-
minute rinse with 70% (v/v) ethanol, then
rinsed once with sterile (autoclaved) RO
water. Further, treated the explants for 3-5
min with 5% (v/v) household bleach diluted
with sterilised RO water and finally rinsed
four times with sterile RO water. Surface
sterilised explants were trimmed to 2.0 —
3.0 cm shoot apieces and nodal segments
with single nodes. The cleaned explants
were inoculated on to autoclaved media in
a laminar flow hood. All the cultures were
incubated in a growth room maintained at
25+ 2°C, lighted with red + blue LED lights
at approximately 80 umol/s/m?.
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RESULTS AND DISCUSSION

Culture Initiation

Initiation was easy from shoot tip and nodal
explants in MS medium (Murashige and
Skoog, 1962) modified with benzyl adenine
(1.0-2.0 mg/l) or Kkinetin (1.0-2.0 mg/l) +
naphthaleneacetic acid (NAA; 0.1-0.5
mg/l) + 25 g/l sucrose, with / without 500

medium.

Shoot Proliferation

According to recent reviews, (Yancheva et
al. 2018; Carimi et al. 2019; XiuMing et al.
2021) there is a significant genotype effect
on micropropagation of grapevine varieties.
However, in this experiment, we didn’t no-
tice much differences between the varieties
at the initiation and proliferation stages.

Best medium for shoot proliferation
was MS medium supplemented with 25 g/l
sucrose, 100 mg/l Polyvinylpyrrolidone
(PVP 40), 2.0 mg/L Kinetin + 0.2 mg/L
NAA, 2.8 g/l Gelzan and pH adjusted to
6.25 before autoclaving. Shoot proliferation
started from day 10-15 of culture and 3-5
shoots developed in 30 days on average
from cultured shoots. The shoot multiplica-

Figure 1. A) Culture initiation in charcoal-free

mg/l charcoal, pH adjusted to 6.25 before
adding 2.8 g/l Gelzan and sterilisation (Fig.
1). On average, shoot culture initiation re-
quired 25-30 days from the day of culture
establishment. Fungal contamination (10-
12%) was more than bacterial contamina-
tion (3-5%) observed at initiation stage. The
tropical climate in which the plants were
maintained explains the high rate of con-
tamination at the initiation stage.

medium and B) in charcoal supplemented

tion rate was also similar (6-8 shoots / cul-
ture) between the three varieties. From the
third monthly subculture, a 600 ml jar with
10 shoots easily generated 50-60 shoots and
filled up the jar in 3 weeks (Fig. 2). Due to
the high rate of proliferation and growth, |
found that transferring the cultures on to
hormone free MS medium containing 20 g/l
sucrose for alternate monthly culture cycle
kept the shoots with little or no vitrification.
Specific media requirements for obtaining
high frequency shoot proliferation from dif-
ferent grape varieties is on record as per the
recent reviews (Yancheva et al. 2018;
Carimi et al. 2019; XiuMing etal. 2021).
However, all three varieties | studied re-
sponded very well in the same medium.
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Rooting

All three varieties of grapevine rooted eas-
ily on the same i. e. % strength MS medium
supplemented with 15 g/l sucrose, 0.5 mg/I
indole-3-butyric acid, 3 mg/l Thiamine and
6.0 g/l agar, pH adjusted to 6.0 before auto-
claving (Fig. 3A & B). It has been reported
that different grapevine varieties require
their own unique basal media supplemented
with different plant growth regulators
(Yancheva et al. 2018, Carimi et al. 2019;
Xiu Ming et al. 2021). However, all the
three grapevine varieties in our experiment
rooted efficiently, and roots proliferated in
the same medium.

Figure 3. Rooting of microshoots of grapevine. A) after 2 weeks, B) after 4 weeks.

Acclimation

Well rooted grapevine plantlets when trans-
planted to porous potting mix (Searles) and
maintained in a climate-controlled green-

house acclimated at high frequency (90-95%

survival) and the primary hardening only
required 3 weeks (Fig. 4). The acclimated
plants established and developed further in
the net house with 50% shade (Fig. 5).
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Figure 5. Secondary hardening of tissue cultured grapevine in the net house with 50% shade.

They sun-hardened efficiently in a fully
open net house and survived field planting.
Once planted in the farm with a supporting
shade, 100% of them established and pro-
duced fruit as normal grafted grapevine
(Fig. 6). Acclimation of tissue culture
plants is complicated by the change in envi-
ronment, poor development of root-shoot

juncture, delicate leaves with poorly devel-
oped cuticle and stomata. Therefore, ambi-
ent high humidity and moderate tempera-
ture are required for acclimation of micro-
propagated plants. The high humidity and
low temperature provided at primary hard-
ening in the climate-controlled greenhouse
may have helped to achieve high rates of
acclimation of tissue cultured grapes.
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Figure 6. Field testing of micropropagated grapevine. A) on planting day, B) after 30 days of
planting, C) three months after planting and D) maturing red grapes.

Applications of tissue culture techniques
for grapes

Somatic embryogenesis can be used for
rapid cloning of grapevine varieties and, for
selecting non-genetically modified grape-
vine with resistance to fungal pathogens (Li
et al. 2014). Somatic embryogenesis was
also used for regenerating genetically mod-
ified grapevine with improved characteris-
tics (Dhekney et al. 2016). Cryotherapy and
thermotherapy were applied to in vitro
shoots of infected plants for virus elimina-
tion and rapid cloning of virus-free plant
material (Pathirana et al. 2015). Long term

storage of several accessions of grapevine
germplasm in vitro has been achieved and
maintained under cryopreservation (Bettoni
et al. 2021). Accelerated mutation breeding
of grapevine was also achieved using tissue
culture technology (Pathirana and Carimi,
2023). Gene editing was successfully used
to make disease resistant grapevine (Wang
et al. 2018) and grapevine with Muscat fla-
vour (Yang et al. 2024).
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CONCLUSION

Micropropagation of the three grapevine
varieties studied was easy and behaved sim-
ilarly in this experiment. All the three vari-
eties initiated, multiplied and rooted in the
same culture medium and with similar effi-
ciency.
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