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INTRODUCTION 

 
The vine is one of the most important fruit crops in the world, it occupies a large area relative to other fruit crops, and its cultivation 

is spread between latitudes 20-51 degrees north of the equator and 30-45 degrees south of the equator, and largely in hot subtropics 

[20]. After Egypt and Morocco, Syria is ranked third in the Arab world in producing grapes. The Syrian Ministry of Agriculture 

statistics for the year 2018 showed that the total area cultivated in vineyards amounted to about 44,802 hectares, the total number 

of trees is 28,156.7 thousand trees, the fruit of which 24,134.3 thousand trees produced about 223,383 tons. The vine is a perennial 

shrub that belongs to a family Vitaceae, Genus Vitis, which includes 65 species, is shaped like deciduous, woody shrubs, or 

climbers, the number of Mahanna grows as ornamental garden plants, while the varieties of the species V. vinifera produce fruits 

[2]. Its richness in genetic diversity characterizes the Syrian flora, as it includes more than (3150) plant species among the critical 

global plants, for example, wheat, barley, corn, grapevines, almonds, apples, pears, palms and olives. Also besides besides besides 

besides, judging from the great losses in biological diversity due to environmental stresses and multiple human encroachments, a 

national program was established between the International Plant Genetic Resources Institute (IPGRI) and the Food and 

Agriculture Organization of the United Nations (FAO) to conserve genetic resources 10 years ago. 

Abstract 
This research was carried out in the Tissue Culture Lab of the National Commission of Biotechnology (NCBT) in Damascus/ Syria and in 

Faculty of Agriculture– Damascus University during 2018- 2019 to optimize an effective method for micropropagation of grape Vitis 

vinifera L. Explants of (0.5-1cm) with adjacent bud were planted in multiplying stage on MS medium contains different concentrations of  

BAP (0, 0.5, 1, 1.5, 2, 3 mg/ l ), with or without 0.2 mg/ l NAA or IAA. The multiplied explants transferred in comparison with MS medium 

without hormones (control) with different concentrations of  IAA (1, 2, 4, 8 mg/ l) for its rooting stage. The results revealed that the hormone 

combinations (2 mg/ l BAP + 0.2 mg/ l NAA) had the highest average of the plant length (3.233 cm), leaves and the number of formed buds 

(5.667 leaves, 4.667 bud/ plant biopsy respectively). The hormonal combinations BAP/ NAA led to an obvious increase in the studied 

parameters in comparison to hormonal combinations treatments BAP/ IAA and nutrition medium with BAP only treatments, whereas the 

hormonal combinations IAA/ NAA did not lead to an obvious increase in the number of leaves and formed buds in compare with nutrition 

medium with BAP only treatments. The best percentage of rooting (92.8%) was achieved in MS medium supplemented with (1 mg/ l IAA). 

87% of the adapted produced plantlets from tissue culture were successfully moved and planted in soil. 

 

Keywords: Grape  Vitis vinifera L.,  Micropropagation, Rootstock B41, BAP, IAA, NAA. 
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 Methods of preserving germplasm inside the natural habitat and outside the natural habitat were used in addition to preservation 

in vitro. Characterization of the biological, genetic diversity of the local Syrian species has begun within the structure of this 

program. Conservation of plant species within the natural habitat was carried out in more than 22 nature reserves and 2 national 

parks on 315,221 hectares [1]. The preservation of germplasm of seeds in the germplasm outside the natural habitat included long-

term conservation at a temperature (-18 to -22°C), and medium-term at (0-4ºC), in addition to fields of genetic banks and vegetable 

gardens to store apples, grapevines, pistachios and wild olives [3].  

 

 The use of cryopreservation technology is the only way to ensure the long-term preservation of a wide range of plant species, 

including grapevines [21, 9, 3, 2], by storing seeds, organs, tissues, and cells in liquid nitrogen (-196ºC), and preservation at a very 

low temperature, such as the freezing point of CO2 (-79 ºC), in high-cooled freezers (-80 ºC), or by immersion in the vapour of  

N2 (-150ºC) or liquid  N2 (-196ºC). In these conditions, the cell remains inactive, as its water turns into a solid-state without 

forming ice crystals, thus stopping completely or almost completely vital processes, including damage and biological degradation 

[9]. It is necessary for this method to protect the frozen cells from freezing wounds during the freezing process itself and to protect 

them from the formation of ice crystals inside the plant organ where the formation of these crystals leads to loss of vitality, this 

can be achieved by reducing the moisture content of the cells before freezing in liquid nitrogen [5, 7, 6, 9]. 

 

Conventional methods of cryopreservation rely on the use of slow and gradual cooling to avoid the formation of cellular ice crystals 

that lead to fatal damage to cells [8]. However, in recent years, new techniques have been developed to preserve germplasm, such 

as encapsulation-drying, vitrification and encapsulation-verification [20, 6, 19]. The encapsulation-drying technology refers to the 

encapsulation of the growing vertices of the branches by sodium alginate. A preliminary treatment in a medium containing high 

levels of sucrose is followed by the drying of the beads formed by the airflow of the bacterial isolation device for different periods 

before immersing them in liquid nitrogen [4, 3].  

 

 Fabre and Dereuddre first used the press-drying technique in the 1990s to preserve the growing tops of potatoes, while it was first 

used on grapes by Plessis in 1990 [20]. Later on, this method was widely used in preserving several plant species, such as the 

growing crests of Artemisia [14], Apples [12], Pears [15], and also in the fetal callus of saffron [18], and the somatic embryos of 

each of the olives [17], and black irises [16] and carrots [6]. Long-term cryopreservation of the plant material in the laboratory 

using the encapsulation method. 

 

 

MATERIALS AND METHODS 

 
The time and location of the search: 

The research was  conducted in the tissue culture lab of the National Commission of 

Biotechnology (NCBT) (ministry of higher Education- Damascus), and in the laboratories of the Faculty of Agriculture at the 

University of Damascus, during 2019-2020. 

 

Plant material: 

In this research, grape Halwani cultivar was used and the origin B41. 

The Halwani Variety: One of the most widely used local grape varieties in Syria, famous and luxurious table grapes. It is 

characterized by the size of its large grapes, good taste and unmistakable aroma, one of the late-ripening varieties, suitable for 

long-distance transport and long winter storage. 

 

The origin B41: It is the origin of average vigour growth resulting from crossbreeding (V.berlandieri x V.vinifera) withstands 

effective lime in the soil up to 40%, Average drought tolerance, Good resistance to phylloxera, Also, the grafted items early 

maturity.  

 

The method of cryopreservation by encapsulation –drying:  

1. Pre-freezing treatment: the growing shoot tips in length (3 mm) were taken from glass-grown plants and planted in the medium 

of primary cultivation (MS free of hormones and added 0.3-mole sucrose) for three days in the growth room at a temperature of 

24 ± 2 ° C, and lighting 16 hours / 8 hours dark Luminous intensity 3000 - 2000 lux. 

 

2. Capsulation-stage: the shoot tips were submerged in a liquid MS medium free of phytohormones and calcium-containing 3% 

sodium alginate + 0.3 mol sucrose for 20 minutes, then the developing shoot tips were taken individually using a sterile pipette 

with 200 μl of sodium alginate solution and submerged in a hormone-free liquid MS medium to which 100 m mol calcium chloride 

+ 0.3 mol sucrose was added to form beads of 5 mm diameter and left for 30 minutes with constant stirring. 

3. Dehydration- stage: the beads including the growing peaks were transferred to a drying medium consisting of a liquid MS 

medium devoid of phytohormones and containing different concentrations of sucrose (0, 0.25, 0.5,0.75, 1 mol), the drying process 

was carried out by placing the compressed shoot tips caps in open sterile Petri dishes within the bacterial isolation device at a 

temperature of 23 ± 1ºC and humidity (55-65%) for a period of (0, 2,4, 6 hours), the beads were then transferred to freezing vials 

to be frozen at  LN+ for at least a day. 

4. Freezing stage: Rapid freezing was used by dipping the vials directly with liquid nitrogen (-196ºC.) 

5. Thawing stage: Samples were only lyophilized in a 37ºC water bath for 2-3 minutes. 

6. Thawing and Re-culture: The beads were taken after dissolving in a water bath and washed with sterile distilled water for 10 

minutes and then the developing shoot tips were extracted from the beads and cultivated in a solid MS medium regrowth [20] 
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The studied parameters: during the encapsulation-drying phase, the effect of sucrose concentration and dehydration period on: 

1. moisture content%: 

The moisture content inside the beads was measured during the dehydration period after each dehydration period. So that 10 beads 

were taken, weighed and then dried in an oven at a temperature of 80ْ ºC for 15 hours. It was then re-weighed. The moisture content 

was calculated as follows: 

moisture content%= Wet weight for beads- Its dry weight/ Its dry weight* 100 

 

2. survival testing%:  

This is done through technology TTC (Triphenyl tetrazolium chloride), Wherein 10 shoots were taken from each treatment and 

incubated in cryotubes, With 2 ml of TTC salts solution (5% (w / v) dissolved in 50 mmol  K2HPO4 pH = 7 for 16 hours at 24 ± 

1ْ ºC and in complete darkness). The shoot is then examined under a microscope to obtain the survival rate of each sample, the 

living shoot appeared inured, which occurred as a result of the release of hydrogen ions by respiration of the living plant cells, and 

as a result, red colour was formed. 

Survival testing%= the number of samples that gave a positive result on the TTC test/ the total number of samples* 100 

 

 

RESULTS 

 
1. Effect of sucrose concentration and dehydration period on moisture content (%). 

The statistical analysis results showed significant differences in cultivar and origin (P≤0.01) between the effect coefficients of 

sucrose concentration and dehydration period in the different moisture content and between the variety and the origin and the 

mutual interaction between them. Noted from Table (1), that the average moisture content of the confectionery variety concerning 

the dehydration period was the highest significance in the control treatment, with a value of 89.5%, the moisture content decreased 

by increasing the drying time after 6, 4, and 2 hours of air drying, with significant differences of (21.1, 33.3 and 69.1%), 

respectively. Furthermore, a decrease in the moisture content of the beads was observed, with an increase in the concentration of 

sucrose by 42.2%, with significant differences. Regarding the origin B41, a decrease in the moisture content% of the beads was 

observed with an increase in the dehydration period of 6 hours and the concentration of sucrose 1 mol with a value of (22.0, 

45.3%), respectively. 

 

 

Table 1: Effect of sucrose concentration and dehydration period on moisture content (%). 

**The different letters indicate the significance of the differences between the transactions at the level of confidence of 99%. 

 

 

2. Effect of sucrose concentration and dehydration period on the survival testing (%).  

2. 1. Effect of sucrose concentration and dehydration period on survival testing %  in un-frozen plant samples (LN-):  

 It is noted from the results of the statistical analysis Table (2) that the average survival testing in the confectionery variety 

concerning the dehydration period was the highest significance in the control treatment with a value of 86.6%, the percentage of 

vitality decreased with increasing the dehydration period, reaching 72.3% after 6 hours of air dehydration. A decrease in the 

survival testing of the beads was observed with an increase in the concentration of sucrose to a value of 69.0% at a concentration 

of 1 mole, and significant differences with the rest of the concentrations. 

 

B41 Halwani  dehydration 

period(hour)/ 

Sucrose 

concentration 

(mol) 

 

Average 

Sucrose 

concentration 

 

6 4 2 0 

Average 

Sucrose 

concentration 

 

6 4 2 0 

64.7A 37.5 48.7 76.2 96.3 55.1B** 15 48 60 97.5 0 

58.5B 26.3 32.0 81.2 94.3 68.8A 43 47.5 88 96.6 0.25 

49.2D 13.0 23.0 73.8 87.1 46D 16 25 56 87 0.5 

53.7C 22.9 30.6 75.3 86.0 54.3C 25 28.6 78.9 84.6 0.75 

45.3E 10.0 26.6 59.6 84.8 42.2E 6.7 17.5 62.6 82 1 

54.27 22.0D 32.2C 73.2B 89.7A 53.27 21.1D 33.3C 69.1B 89.5A 

average 

dehydration 

period 

0.035 0.213 

Sucrose 

concentration 

LSD 0.01 

0.031 0.190 

dehydration 

period 

LSD 0.01 

0.069 0.427 
Interaction 

LSD 0.01 
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The results also showed (Table 2) for the origin B41, a decrease in the survival testing % of the beads with an increase in the 

dehydration period to 6 hours and the concentration of sucrose to 1 mole with a value of (74.80, 71.13%), respectively, with 

apparent significant differences compared with the control (0 hours drying, 0-mole sucrose). 

 

Table 2: The effect of sucrose concentration and dehydration period on survival testing % in un-frozen plant samples (LN-

): 

**The different letters indicate the significance of the differences between the transactions at the level of confidence of 99%. 

 

2. 2. Effect of sucrose concentration and dehydration period on survival testing % in frozen plant samples (LN+): 

 It is noted from the results presented in Table (3) that the average survival testing in the confectionery variety concerning the 

dehydration period was the least significant in the control treatment (0 drying hours) with a value of 16.57%, the survival testing 

increased by increasing the dehydration period, reaching its highest value of 54.46% after 4 hours of air dehydration, then, to drop 

back after 6 hours of dehydration. An increase in the survival testing of the beads was also observed, with an increase in the 

concentration of sucrose to reach a value of 52.31% at a concentration of 0.75 mol, with significant differences from the rest of 

the concentrations. The same applies to the origin B41. An increase in the survival testing % of the beads was observed with an 

increase in the dehydration period and the concentration of sucrose, achieving its highest value (57.71, 54.73%) at 4 hours of 

dehydration and 0.75 mol sucrose, respectively, with significant differences with the rest of the treatments. 

 

Table 3: Effect of sucrose concentration and dehydration period on survival testing % in frozen plant samples. 

**The different letters indicate the significance of the differences between the transactions at the level of confidence of 99%. 

 

3. Thawing and Re-culture: 

The growth rate of frozen plant samples after thawing and replanting them on MS medium reached 30% in the Halwani cultivar, 

exceeding 35% in the origin B41. 

 

 

B41 Halwani dehydration 

period(hour)/ 

Sucrose 

concentration 

(mol) 

 

Average 

Sucrose 

concentration 

 

6 4 2 0 

Average 

Sucrose 

concentration 

 

6 4 2 0 

26.79 E 37.10 44.87 25.21 0.00 25.56E** 36.20 42.90 23.14 0.00 0 

39.10D 52.73 50.21 33.97 19.48 36.79D 48.67 47.69 32.83 17.97 0.25 

51.60 B 84.73 54.82 43.83 23.00 39.89C 45.38 52.43 41.75 20.00 0.5 

54.73 A 65.80 69.73 57.48 25.90 52.31A 63.45 68.35 54.68 22.75 0.75 

43.73 C 48.20 64.38 37.43 24.90 40.98B 45.73 60.93 35.13 22.14 1 

43.19 57.71A 56.80B 39.59C 18.66D 39.11 47.89B 54.46A 37.50C 16.57D 

average 

dehydration 

period 

0.194 0.226 

Sucrose 

concentration 

LSD 0.01 

0.217 0.203 

dehydration 

period 

LSD 0.01 

0.434 0.453 
Interaction 

LSD 0.01 

B41 Halwani dehydration 

period(hour)/ 

Sucrose concentration 

(mol) 

 

Average 

Sucrose 

concentration 

 

6 4 2 0 

Average 

Sucrose 

concentration 

 

6 4 2 0 

26.79 E 37.10 44.87 25.21 0.00 25.56E** 36.20 42.90 23.14 0.00 0 

39.10D 52.73 50.21 33.97 19.48 36.79D 48.67 47.69 32.83 17.97 0.25 

51.60 B 84.73 54.82 43.83 23.00 39.89C 45.38 52.43 41.75 20.00 0.5 

54.73 A 65.80 69.73 57.48 25.90 52.31A 63.45 68.35 54.68 22.75 0.75 

43.73 C 48.20 64.38 37.43 24.90 40.98B 45.73 60.93 35.13 22.14 1 

43.19 57.71A 56.80B 39.59C 18.66D 39.11 47.89B 54.46A 37.50C 16.57D average dehydration 

period 

0.194 0.226 
Sucrose concentration 

LSD 0.01 

0.217 0.203 
dehydration period 

LSD 0.01 

0.434 0.453 
Interaction 

LSD 0.01 
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DISCUSSION 

 
Exposing the beads to any type of dehydration (either through sucrose or through the air of the bacterial isolation device) 

dehydrated the tissues and reduced the water content remaining in them, as sucrose reduces the water content in cells and increases 

their dry weight as an osmotic solution which leads to an increase in the osmotic potential of the external medium so that the water 

then goes outside the cells and tissue drying occurs [7]. Also,  the moisture content of the compressed beads decreased as the 

sucrose concentration increased [14]. 

 

The Survival testing of the un-frozen plant samples beads was high after initial treatment with sucrose, while it decreased with 

increasing the concentration of sucrose and the dehydration period, confirmed by the research results [11]. That the survival testing 

of plants frozen with liquid nitrogen (LN+) in both cultivars and origin was 0% in control not treated with sucrose and not subjected 

to a dehydration period, this is because its residual water content is high and has not undergone any kind of dehydration (through 

sucrose and the air of the bacterial isolation device) to resist freezing in liquid nitrogen, sucrose reduces water content in cells and 

increases dry weight, this is a significant factor in resistance to dehydration [10, 7, 9, 12]. 

 

Reducing the water content of the beads to a critical level was essential for successful freeze preservation regardless of the 

dehydration method [5, 20, 9]. As for the increase in survival tests with increasing the sucrose concentration from 0 to 0.75 moles 

in both varieties and origins, and significant differences between them, to decrease later when using a high concentration of around 

1 mole. It has been observed that the high concentrations of sucrose used in primary cultivation within a day were not effective in 

inducing this resistance or tolerance to dehydration [7]. 

 

In addition to the osmotic role of sucrose, it plays an essential role in stabilizing membranes and protein during dehydration [21, 

7]. Also, the moisture content of compressed beads decreases as the sugar concentration increases, which is necessary for 

successful Cryopreservation [14]. Increasing the dehydration period to a certain point (critical level) also increased the survival 

testing, where an apparent decrease in the survival testing was observed when plants were exposed for less than 4 hours, with 

significant differences compared with control and with dehydration for 2 hours, to decrease later when dehydration for 6 hours, 

The results show that increasing the dehydration period reduces survival and Re-culture [9]. 

 

The direct immersion of the tissues in liquid nitrogen causes the cell to remain inactive due to the verification of the internal solutes 

and avoids the formation of harmful cellular ice crystals. The biological processes, including biological damage and degradation, 

are stopped completely or almost completely [9].  

 

As for the interaction between the sucrose concentration and the dehydration time, the best survival tests were obtained with 

68.35% in the compressed and frozen pearls in liquid nitrogen of the Halwani variety using a concentration of 0.75 mol sucrose 

and 4 hours of dehydration: as for the Corresponds to results of [7], while it reached 84.73% when using a concentration of 0.5 

mol of sucrose and 6 hours of dehydration B41, which the researcher found out [11] because his results confirmed that the survival 

tests were low and then reached the ideal value after 6 dehydrations. 
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