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ABSTRACT

Shoot tips of three grape Vitis vinifera rootstocks (Freedom, Salt creek and SO4) were excised
and precultured on half strength MS medium supplemented with (0.25, 0.50, 0.75 and 1.0 M sucrose)
for 4 days (24 hours for each concentration successively) and loaded with 2M glycerol+0.4M sucrose
+ half strength MS for 20 min at 25°C, then exposed at 0°C for 0, 40 and 50 min to full strength of
Plant Vitrification Solution 2 (PVS;) carried on an aluminum foil strip, further immersed in Liquid
Nitrogen. Results showed that the highest survival percentage of shoot tips after cryopreservation was
observed with 50 min exposure time of pvs; (80, 66.67 and 53.33%) for SO, Freedom and Salt creek
rootstock also, SO4 rootstock gave (53.33%) when exposure to 40 min of pvs; after cryopreservation.
On the other hand, shoot tips of the three rootstocks on zero time of exposure to pvs after
cryopreservation failed to survive (0%). In addition, shoot tips after cryopreservation with 50 min
exposure time gave the highest regrowth percentages (46.67%, 33.33% and 26.67%) for SO,
Freedom and Salt creek rootstock also, SO4 rootstock gave (33.33%) when exposure to 40 min of pvs;
after cryopreservation.
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Introduction

Grape (Vitis vinifera L.) is one of the most important and favorable fruit crops in Egypt. The
production of grapes increased as a result of introducing of new varieties, rootstocks and improving
culture practices. Rootstocks have been used in vineyards since the second half of 19" century as a
consequence of the phylloxera (Daktulosphaira vitifoliae) invasion in Europe. Rootstocks, as a link
between the soil and the scion, play an important role in vine adaptation with the environmental
factors. Rootstocks are employed in grape cultivation to overcome several biotic stresses (phylloxera,
nematodes, root diseases, etc.), a biotic stress (soil and water salinity, water scarcity, frost effect, etc.),
and controlling vegetative growth, precocity and fruit quality. Rootstocks have recently gained great
importance in the only consistently effective and successful strategy in Egypt (Omer et al., 1999 and
Troncoso et al., 1999).

Cryopreservation is the most suitable long-term storage method for genetic resources of

vegetatively maintained crops (Kaczmarczyk et al., 2008; Engelmann, 2011; Wang ef al., 2018). For
vegetatively propagated species, the best organs are shoot apices excised from in vitro plants. Shoot
apices or meristems cultures are suitable for virus-free plant production, clonal propagation,
improving health status, easier recovery and less mutation (Scowcroft, 1984).
Cryopreservation of grapevine first started by Ezawa et al., (1989) but more detailed about
cryopreservation protocol for grapevine was reported by Plessis et al. (1991) who reported that
survival was >72%, but the recovery was not evaluated in the mentioned research. Since then, many
techniques of cryopreservation were used by researchers. Therefore, it is hard to conclude what
exactly gave so various results between cultivars. In regeneration in vitro for some cultivars, high
genotypic influence was revealed (Banilas and Korkas 2007; Mederos Molina 2007 and peros et al.,
1998). These variations in response according to the genotype are reported in recent review articles of
cryopreservation of grapevine (Bettoni ef al., 2016; Bi et al., 2017).
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Since the 1990s, various cryopreservation methods, which allowed direct immersion of the explants in
liquid nitrogen (LN), have been developed for grapevine shoot tips, including vitrification,
encapsulation-dehydration, encapsulation-vitrification and droplet-vitrification. Among these
cryopreservation methods, droplet-vitrification has been applied to a number of table and wine
cultivars, and rootstocks (Markovi¢ et al. 2013a, b, 2014a, b, 2015 and Pathirana et al. 2016), and
wild grapevine germplasm (Carimi et al. 2016). In this respect, cryopreservation has been found to
efficiently eradicate grapevine viruses (Wang et al. 2003; Bayati ef al. 2011; Markovi¢ et al. 2015;
Pathirana et al. 2015; Bettoni et al. 2016; Bi et al. 2017).

The objective of the present study was to evaluate the survival and recovery of grape rootstock
shoot tips cryopreserved after different exposure times to PVS, through droplet vitrification
technique.

Materials and Methods

Plant material

Mother plants of Freedom, Salt creek and SO4 rootstocks grown under saran house in Faculty of
Agriculture, Ain Shams University were used as a source of shoot tip explants. Stem pieces of 10-15
cm in length were excised of 1-3 months old new shoots, then divided into smaller units each unit
contain one shoot tip. After wards, the explants subjected to continuous flow of tap water for 1 hr.
The explants were surface sterilized using 70 % ethanol for 1 min. followed by 0.5% sodium
hypochlorite for 10 min then rinsed for 5 times 5 min for each with sterilized distilled water.

Vitrification and cryopreservation

The shoot tips was excised with three to five primordial leaves (about 0.3 cm in length) then
precultured on half strength MS medium with 0.3 M sucrose and incubate under the dark at 25 = 2°C
for 3 days or precultured on half strength MS medium supplemented with (0.25, 0.50, 0.75 and 1.0 M
sucrose) for 4 days (one day for each concentration successively) in the dark at 25 + 2°C, then loaded
with 2M glycerol+0.4M sucrose + half strength MS for 20 min at 25°C before being dehydrated with
a highly concentrated vitrification solution (PVS,) according described method by Sakai ef al. (1990).
Shoot tips were removed from the loading solution and exposed to 0°C for 0, 40 and 50 min to full
strength Plant Vitrification Solution2 (PVS,) composed of MS medium supplemented with 30% (w/v)
glycerol, 15%(w/v) ethylene glycol, 15% (w/v) DMSO, and 0.4M sucrose, pH 5.8. Each dehydrated
shoot tip was transferred into a droplet containing 2.5 micro liter PVS; carried on an aluminum foil
strip (1.5 cm x 0.5 cm) further, they were direct immersed in Liquid Nitrogen (LN) for 1 hour.

Frozen foil containing shoot tips were taken from the LN and immediately placed into an
unloading solution of liquid MS medium containing 1.2 M sucrose at 25°C for 20 min.
Cryopreserved, warmed shoot tips were post-cultured for recovery on half strength of MS medium
supplemented with 0.6 M sucrose and 7 g L' Bacto-Agar for 1 d in the dark, and then transferred
onto MS supplemented with 0.5 mg L™! benzyl adenine (BA) in the light conditions (photoperiods of
16 hours day and 8 hours night). Survival percentage was calculated according to the number of shoot
tips having green color of the total number of cultured shoot tips after 7 days of post-culture, and
shoot regrowth was calculated as the percentage of shoot tips that formed normal shoots (> 5 mm in
length) of the total number of shoot tips after 8 weeks of post-culture. The generated plants were
subcultured every 4 weeks to fresh medium.

Survival percentages and shoot regrowth were estimated after eight weeks. Each experiment
consisted of three replicates (5 explants for each replicate) was arranged in a completely randomized
design in a factorial experiment.

Data were analyzed using statistical software and means were compared by Duncan (1955)
multiple range test at p <0.05 level of confidence.

Results and Discussion
Excised shoot tips of studied rootstocks precultured on half strength MS medium with 0.3 M

sucrose for 3 days in the dark at 25 + 2°C and loaded with 2M glycerol+0.4M sucrose + half strength
MS for 20 min at 25°C before dehydrated with vitrification solution (PVS;) for 0, 40 and 50 min. at
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0°C and placed into unloading solution of liquid MS medium containing 1.2 M sucrose at 25°C for 20
min., unfortunately failed to survive and regrowth (0%).

Data in Table (1) show the effect of rootstock type and time exposure to pvs; with or without

liquid nitrogen treatment on survival percentage of grapevine rootstock shoot tips.
Concerning the effect of rootstock type, results revealed that there were insignificant differences
among the three studied rootstocks. The maximum survival percentage of shoot tips (63.35%) was
noticed with SO4 rootstock compared with Freedom and Salt creek (55.57% and 50.02%),
respectively. Results about the specific effect of different exposure times for pvs, with or without
liquid nitrogen treatments revealed that, the highest shoot tips survival percentages were treated with
zero and 50 min pvs; without liquid nitrogen treatment (88.89% and 82.22%) respectively, with
insignificant differences between them. Followed by treatment with 50 min of pvs, with exposure to
liquid nitrogen and treated for 40 min pvs; without liquid nitrogen (66.67% and 57.78%) without
significant differences between them. The lowest survival percentage (42.22%) in compare to the
other percentages significantly was observed with 40 min of exposure pvs, with liquid nitrogen.
Meanwhile, shoot tips on zero pvs, with liquid nitrogen completely failed to survive (0%).

The interaction between the rootstocks and the different treatments (exposure time of pvs; with
or without liquid nitrogen) showed that SO4 rootstock with zero and 50 min exposure time of pvs;
without liquid nitrogen recorded the highest survival percentage (93.33%) significantly. While, this
percentage was reduced to 86.67% with either rootstocks Freedom or Salt creek when exposure to
zero time of pvs, without liquid nitrogen with insignificant differences between them. Followed
insignificantly by survival percentage (80%) of Freedom shoot tips for 50 min exposure time of pvs;
without liquid nitrogen and 50 min exposure time of pvs, with liquid nitrogen of SO4 rootstock. The
shoot tips of SO4 treated with 40 min of pvs, exposure time with liquid nitrogen exhibited the lowest
survival percentage (33.33%). Also, survival percentage of other treatments investigated in this study
came inbetween. While, shoot tips of the three rootstocks on zero pvs, with liquid nitrogen failed to
survive (0%).

Table 1: Effect of rootstock type and exposure time to pvs: solution on survival (%) of non-
cryopreserved (-LN) and cryopreserved (+LN) shoot tips of three grape rootstock.

Rootstocks Freedom Salt creek SOy Mean

Treatments

-LN (Zero PVS) 86.67b 86.67b 93.33a 88.89 A
-LN (40 min. PVS2) 60.00 £ 5333 ¢g 60.00 f 57.78 B
-LN (50 min. PVS>) 80.00 ¢ 73.33d 93.33a 82.22 A
+LN (Zero PVS,) 00.00 j 00.00; 00.00; 00.00 D
+LN (40 min. PVS) 40.00 h 33.331 5333 ¢ 42.22C
+LN (50 min. PVS) 66.67 ¢ 5333 g 80.00 ¢ 66.67 B
Mean 55.57 A 50.02 A 63.35 A

Means followed by the same letter(s) are not significantly different from each other at 5% level

Results in Table (2) and Fig. (1) shows the effect of rootstock type and the time exposure for
pvs2 with or without liquid nitrogen on regrowth percentage of grape rootstock shoot tips.

Concerning the effect of rootstock type results revealed that the highest regrowth percentage of
shoot tips (50.02%) was recorded with SO4 rootstock, this percentage reduced to (41.13%) with
Freedom rootstock without significant differences between them. While, Salt creek rootstock gave
the lowest regrowth percentage (32.24%).

As for the effect of time exposure with pvs; and liquid nitrogen results indicated that zero
exposure time of pvs; without liquid nitrogen showed the highest significant shoot regrowth
percentage (77.78%). Followed by shoot regrowth percentage with 50 min exposure time of pvs:
without liquid nitrogen (66.67%) significantly. Then shoot regrowth percentage with 40 min exposure
time of pvs, without liquid nitrogen or treatment of 50 min pvs; with liquid nitrogen (44.44% or
35.56%) respectively, without significant differences between them. Also, shoots regrowth with 40
min pvs; with liquid nitrogen gave the lowest significant shoots regrowth (22.23%). Meanwhile, zero
exposure time of pvs, with liquid nitrogen failed to form any new shoots.

Regarding to interaction between rootstock type and time exposure with or without liquid
nitrogen; results revealed that the highest significant regrowth percentage of shoot tips (86.67%) was
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achieved with SO4 rootstock treated with zero pvs; and zero liquid nitrogen. Followed significantly
by shoot regrowth on Freedom rootstock with zero pvs; and zero liquid nitrogen or SO4 rootstock with
50 min exposure time of pvs; without liquid nitrogen (80%), then decreased with significantly shoot
regrowth (66.67%) on Salt creek rootstock with zero pvs; and zero liquid nitrogen or Freedom
rootstock with 50 min exposure time of pvs, without liquid nitrogen. The lowest regrowth percentage
of shoot tips noticed with Salt creek rootstock on 40 min of pvs, with liquid nitrogen (13.37%). Also,
regrowth percentage of other treatments investigated in this study came inbetween. While, shoot tips
of the three rootstocks on zero pvs; with liquid nitrogen failed to regrowth (0%).

Table 2: Effect of rootstock type and exposure time with pvs, solution on regrowth (%) of non-
cryopreserved (-LN) and cryopreserved (+LN) shoot tips of three grape rootstock.

Rootstocks Freedom Salt creek SOy Mean

Treatments

-LN (Zero PVS») 80.00 b 66.67 ¢ 86.67 a 77.78 A
-LN (40 min. PVS2) 46.67 d 3333 ¢ 53.33d 44.44 C
-LN (50 min. PVS3) 66.67 ¢ 53.33d 80.00 b 66.67 B
+LN (Zero PVS:z) 00.00 h 00.00 h 00.00 h 00.00 E
+LN (40 min. PVSy) 20.00 f 1337 ¢ 33.33¢ 22.23D
+LN (50 min. PVSy) 33.33¢ 26.67 ¢ 46.67 d 35.56 C
Mean 41.13 AB 32.24 B 50.02 A

Means followed by the same letter(s) are not significantly different from each other at 5% level.

Fig. 1: Grape rootstock shoot tips after 70 days of cryopreservation with pvs; for 50 min.
1- (Freedom rootstock), 2- (Salt creek rootstock) and 3- (SO, rootstock).

From the aforementioned data it can be conclude that, shoot tips of SO4 showed the best
percentages of survival and regeneration after vitrification treatments followed by Freedom then Salt
creek rootstock. The effective of vitrification treatment was to preculture on half strength MS
medium supplemented with (0.25, 0.50, 0.75 and 1.0 M sucrose) for 4 days and loading with pvs; for
50 min before immersing shoot tips in liquid nitrogen gave the highest percentage of survival and
regrowth of shoot tips. It can improve the results by additional experiments to increase recovery of
shoot tips after cryopreservation and to optimized protocol.

Our findings results in parallel with those of Markovic et al. (2015) who reported that they
obtained high survival percentages of cryopreserved and non-cryopreserved shoot tips of four famous
grape cultivars but no recovery was detected with cultivar “Pinot Noir”; but they gained 30-70%
regrowth percentage of the other three cultivars. On the other hand, Matsumoto and Sakai (2003)
obtained 64% average regrowth percentage of ten tested grape genotypes.

Based on all these findings, the response to cryopreservation may be the genotype-affected.
Moreover, the different protocols of cryopreservation and the different conditions of the same
protocol may cause a variable response (Reed 2008). The success of the protocol depends on the
tolerance and sensitivity of plant germplasm to the stresses (Reed et al., 2005).

In the case of grapevine, there are examples where explants remain green after rewarming, but
do not develop further (Miaja et al., 2000). The same situation has been revealed in this experiment,
whereas some important native cultivars survived cryopreservation protocol, and they remain green
during the following 4 weeks, but unfortunately recovery was not achieved.
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