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ABSTRACT 

This study was conducted to develop a protocol for micropropagation of grapevine (Vitis 

vinifera L.) cultivars Red globe and Superior by investigating their response to three media 

Murashige and Skoog (MS), Chee and Pool (C2D), and Woody Plant Medium (WPM) during 

the establishment stage besides study the impact of four cytokinin types 6-benzylaminopurine 

(BA), 2-isopentyladenine (2iP), kinetin (Kin) and thidiazuron (TDZ) at various concentrations 

on the shoot multiplication as well as acclimatization of neoformed plantlets on several media. 

A completely randomized design (CRD) was used and data were analyzed by SASS 9.1. The 

results revealed that the WPM medium was optimum in terms of shoot length and leaf 

number (4.00 cm, 5.10) respectively. On the other side, Red globe gave the best results on both 

C2D and WPM media in average shoot length (4.38, 4.46 cm) and average leaf number (6.00, 

5.42) respectively. In the multiplication stage and at 1 mgL
-1

, BA showed the longest shoot and 

leaf number (2.3, 6.67) respectively. While kin gave the maximum shoot length with a mean of 

3.57 cm. Moreover, BA significantly at 1 mgL
-1

, 2iP at 2 mg L
-1

, Kin at 5 mgL
-1

 , and TDZ at 1 

mgL
-1

 gave the highest values compared to other concentrations. Plantlets acclimatization 

results revealed that sterilized 1:1:1 (v:v) peatmoss+perlite+sand mix gave the highest 

survival rate (100.00%) and showed the best vegetative growth.  

Key words:  in vitro, grapes, medium types, cytokinins, acclimatization. 

 
 سمونة                                                                                            849-833(:4)53: 2022-مجلة العلوم الزراعية العراقية 

 ريد جلوب وسوبيريورصنفي   (.VITIS VINIFERA L) الإكثار الدقيق للعنب
 اسامة سليمان سمونة 

 مدرس
 جمهورية مصر العربية -11835القاهرة الجديدة  -جامعة المستقبل في مصر -الأبحاث العلمية قسم

 المستخلص 
من خلال  دراسة مدى استجابتهما لثلاثة  العنب، ريد جلوب وسوبيريور أجريت هذه الدراسة بهدف تطوير بروتوكول للإكثار الدقيق لصنفي

( وذلك خلال مرحلة التأسيس إلى جانب WPMو وسط النباتات الخشبية ) (C2D) وبولتشي  (،MS) سكوج و موارشيج أوساط نمو هي
 (TDZثيديازورون ) ( وKin)  ، كينيتين (2iP)أيزو بينتيلادينين ،BA)دراسة تأثير أربعة أنواع من السيتوكينينات هي بنزيل أدنين )

العشوائي  الناتجة على أوساط زراعة مختلفة. تم استخدام التصميمكما تم دراسة أقلمة النبيتات   بتركيزات مختلفة في تضاعف الأفرخ،
كان أفضل من حيث طول النموات وعدد   WPM. أوضحت النتائج أن وسطSASS 9.1 وتم تحليل البيانات باستخدام   (RCD)الكامل 

 و C2D على كل من الوسطين( على الترتيب. من ناحية أخرى، أعطى الصنف ريد جلوب أفضل النتائج 5.10سم،  4.00الأوراق )
WPM  ( على التوالي. في مرحلة التضاعف و عند 5.42،  6.00عدد الأوراق ) ومتوسط( سم 4.46 ، 4.38) الفرخ طولبمتوسط

أقصى طول للفرخ بمتوسط  Kin( على التوالي. بينما أعطى 6.67،  2.3أعلى عدد من الأفرخ والأوراق ) BA ملجم/ لتر، أعطى 1تركيز 
ملغم/ لتر  1عند  TDZ ملغم/ لتر و 5عند  Kin، / لترملغم 2عند  2iP، مجم/ لتر 1عند  BA أعطى  ذلك على علاوة. سم 3.57

: 1: 1أظهرت نتائج أقلمة النبيتات أن الخليط المعقم المكون من البيتموس + البيرلايت + الرمل   أعلى القيم مقارنة مع التركيزات الأخرى.
 %( وأفضل نمو خضري.100.00أعلى نسبة بقاء للنبيتات ) )حجم/حجم( أعطى 1

 الكلمات المفتاحية: الإكثار بالأنابيب، العنب، الأوساط المغذية، سيتوكينينات، أقلمة
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INTRODUCTION 

Grape is a worldwide crop with great 

applications in food and industries. Among 

thousands of grape cultivars, Red globe and 

Superior are used for both local market and 

export. Grapevine can be propagated in several 

ways, but probably dormant cuttings are 

usually used. However, this method of 

propagation is slow and not effective especially 

when there is a high demand by the growers. 

Tissue culture propagation or disease 

elimination technique is being widely used for 

large scale plant multiplication. Successful 

explants culture requires high-quality and 

dependable culture media with balanced 

nutrients that provide optimum growth. Media 

selection is considered very important in tissue 

culture for the establishment stage. MS 

medium had been widely used in many works. 

Mozafire et al (42) stated that MS medium was 

more proper than WPM medium for the 

growth and regeneration of explants of the 

studied grape cultivars. Kinfe et al(33) 

revealed that culturing on basal MS medium 

supplemented with 0.5 mgL
-1

 BAP was 

effective for shoot initiation. Other researchers 

Others (5) used MS medium in the 

micropropagation of four different rootstocks: 

Dogridge, SO4 (V. berlandieri x V. riparia), 

H-144 (V. vinifera × V. labrusca), and 3309 

Couderc (3309C). (46) used MS medium for 

the propagation of new grape Sunder khani. 

Others(16) stated that using of MS medium 

improved the average weight of plants as well 

as WPM medium increased the number and 

length of roots. Krizan et al (35) studied in 

vitro propagation of grape rootstocks; Kober 

5BB, Kober 125AA, and Teleki 5C. The 

results showed that using Driver and Kuniyuki 

Walnut medium for the establishing and 

multiplication cultures was better than MS 

medium. Others  (7) used MS medium with 

1mg L-1 BA for the propagation of Vitis 

champini. In another work, Lu (39) found that 

WPM medium was more proper for culturing 

of Vitis thunbergii than MS or NN (48). On the 

other side, several explants such as shoot 

apical meristems, axillary-bud, or adventitious 

buds have been used in the tissue culture 

studies (2   (2 , 32) developed a protocol for 

micropropagation of grapevine (Vitis vinifera 

L. cv Muscat of Alexandria) from shoot tips 

and internode segments.Kurme et al  (36) 

showed that nodal segment explants were 

excellent for shoot proliferation and other 

micropropagation stages. Cytokinins play a 

vital role in the multiplication stage. Scientists 

are trying to find out the suitable cytokinin 

with the optimum concentration for each 

genotype. Others (25) reported that among 

other studied cytokinins (2ip, Kin and TDZ), 

culture medium supplemented with BA 

produced the best results especially at 6.67 and 

8.9 μM. (30) have shown that BA and 1 mgL
-1

 

IBA induced the best shoot formation of two 

Iranian grape cultivars, Bidane Sefid and 

Shahroodi. Khan et al (32) revealed that the 

best number of shoots was obtained on a 

medium supplemented with high levels of both 

BAP and NAA (1.5 and 0.5 mgL
-1

, 

respectively).Other researchers Others (43) 

found that BAP at 1.0 mgL
-1

 added to MS 

medium showed the best proliferation level. 

Kurmi et al (36) reported that TDZ was found 

more effective at lower concentrations as 

compared to BA, and Kin due to its impact on 

the accumulation of internal cytokinins.  

Abido et al(2) illustrated that the best shoot 

proliferation was obtained on MS medium 

supplemented with 3.0 mgL
-1

 BAP + 0.2 mgL
-

1
 NAA. This study aimed to develop a protocol 

for micropropagation of grapevine by 

investigating the performance of two grape 

cultivars Red globe and Superior during the 

establishment and micropropagation stages 

and to find out the best medium and proper 

cytokinin with an optimum concentration that 

achieves the best shoot proliferation.   

MATERIALS  AND METHODS 

Plant materials and explants preparation One-

year-old transplants were used as mother 

plants for two grape cultivars named Red 

globe and Superior as explant sources. Single 

node 1-2 cm in length from both cultivars were 

used as explants. The leaves were removed, 

and a short part of the petiole left. The 

explants were washed with water and a few 

drops of soap then put under a slow flow of tap 

water for an hour. Explants were surface 

sterilized in 1% sodium hypochlorite with 2-3 

drops of Tween-20 for 10, 15, and 20 minutes 

as a surfactant. Then, the nodal cuttings were 

rinsed 3 times with sterilized water then 
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divided into separate stem node explants 

which were used as experimental materials.    

The basal media  

Three basal media are utilized in the 

micropropagation, MS (44), WPM (38), and 

C2D (10), and only MS medium within the 

multiplication stage. Carbon and energy source 

was Sucrose at 3% in all studied media and 

propagation stages. However, it had been 

adjusted to pH 5.8 ±1 before being solidified 

with purified Agar (Agar-Agar) at 7 g/l, then 

autoclaved at 100 psi and 121
ᵒ
 C for 20 min. 

The hormonal supplements differed according 

to experiments. Glass jars (400 ml) contained 

nearly 40 ml medium per jar have been used 

during the microprpagation experiments. The 

glass jars were washed with detergent then 

soaked in 5% solution of sodium hypochlorite 

(NaOCl) for an hour then rinsed with water 

before using them.  

Culture establishment  

In order to find out the best basal medium for 

establishing the studied grape varieties, stem 

node explants of Superior, and Red Globe 

have been prepared and inoculated on three 

free hormone media at full strength MS, 

WPM, and C2D. Average shoot number, 

average shoot length (cm) and leaf number per 

were recorded after 4 weeks. 

Shoot multiplication 

Cytokinin type: The objective of this 

experiment was to determine the suitable 

cytokinin type for the multiplication of Red 

Globe and Superior. Well explants from the 

initiation stage were subcultured on full 

strength MS medium supplemented 

individually with BA (benzyl adenine), 2ip 

(Isopentylladenine), kin (6-

furfurylaminopurine) and TDZ (Thidiazuron) 

at 1 mgL
-1

 for each in four treatments. The 

multiplication measurements were recorded 4 

weeks after the subculture date.  

Cytokinin concentration  

This experiment was carried out to determine 

the best concentration of BA at 5 

concentrations (0.2, 0.4, 0.6, 0.8 and 1 mgL
-1

) 

,2ip (Isopentylladenine) at 5 concentrations  

(1, 2, 3, 4 and 5 mgL
-1

), Kin (6-

furfurylaminopurine) at 5 concentrations (1, 5, 

10, 15, and 20 mgL
-1

) and TDZ (Thidiazuron) 

(0.5, 1, 2 and 3 mgL
-1

) for the multiplication of 

the cultures of Red globe and Superior 

cultivars on full strength of MS medium. The 

multiplication measurements were recorded 4 

weeks after subculture date.  

Incubation conditions 

The cultures were incubated at 25±2ᵒC with 16 

hours of light using fluorescent lamps          (2 

lamps per shelf) and 8 hours dark of 2000-

2500 lux light intensity at cultures level. 

Acclimatization  
Neoformed plantlets were removed from the 

culture tubes then washed with running tap 

water to remove any medium residual then 

treated with a fungicide solution (Prochloraz 

45% EC) 1gL
-1

, then potted into a mixture of 

Peatmoss, perlite, and sand 1:1:1 (v/v) and 

kept inside a glass chamber covered with 

transparent plastic in the incubation room for 4 

weeks and watered constantly before being 

transferred to the glasshouse.  

Data analysis 

A completely randomized design (CRD) was 

used and data were analyzed using SASS 9.1 

and means were compared by Duncan’s 

multiple range test at p≤0.05 level of 

confidence. (14). 

RESULTS AND DISCUSSION  

Grape micropropagation 

Establishment stage: Effect of surface 

sterilization duration and cultivars on 

contamination and survival explants 

percentages     

The results presented in Table 1 illustrate  the 

effect of surface sterilization duration and 

cultivars on contamination and survival 

percentage. The results showed that there have 

been significant differences among the 

sterilization duration means in contamination 

percentage. It had been clear that the minimum 

contamination achieved in 10 min compared to 

the other durations and the maximum 

contamination percentage was found in 20 

min. On the other hand, the results revealed 

that there was an insignificant difference 

between the cultivars’ means in contamination 

percentage. Interaction between sterilization 

durations and cultivars was significant as the 

surface sterilization for 10 min obtained the 

minimum contamination percentage for both 

cultivars (10.00, 0.00%) respectively. On the 

contrary, the maximum contamination 

percentage was in 20 min for both cultivars 

(30.00%). On the other hand, the results have 
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shown that there were significant differences 

among the means of the sterilization duration 

and the studied cultivars in survival 

percentage. The maximum survival percentage 

was obtained in 10 min (96.94%), while there 

was an insignificant difference between the 

other durations. The results showed that there 

was a significant difference between the 

studied cultivars as Superior achieved the 

maximum survival percentage (91.07%). 

Moreover, the interaction between the 

sterilization duration and the cultivars was 

significant in survival percentage as the 

sterilization for 10 min achieved the maximum 

levels (93.88, 100.00%) respectively.  

Table 1. Effect of duration of surface sterilization (min) using 1% Sodium hypochlorite 

(NaOCl) on contamination and survival percentages of the grape cultivars explants 
Duration Contamination %                           Survival % 

Re
 

Su
 

Mean Re
 

Su
 

Mean 

10 min 10.00c 0.00d 5.00C 93.88a 100.00a 96.94A 

15 min 20.00b 20.00b 20.00B 86.50b 87.50b 87.00 B 

20 min 30.00a 30.00a 30.00A  85.71b 85.71b 85.71B 

Mean 20.00A 16.66A  88.69B 91.07A  

Re: Red globe, Su: Superior. Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05 level.  

The contamination with microorganisms 

extremely occurs in the plants growing in the 

external environment leading to plant tissue 

culture failure. These external contaminants 

can be easily removed by washing in running 

water and treating with surface sterilizing 

agents (40). In vitro propagation provides 

optimum conditions for fungus and bacteria 

growth. Therefore, failed sterilization obstructs 

the success of micropropagation studies (52). 

On the other side, species, cultivars, and tissue 

explants differ in their response to the same 

disinfection method because they have 

different sensitivity (41). It is well known that 

Sodium hypochlorite (NaOCl) has 

antimicrobial activity and effective for the 

disinfection of plants grown outside (15). In 

agreement, NaOCl solutions showed good 

results in several studies (2, 4, 28, 29). In the 

present study, using 1% NaOCl for 10 min 

revealed the best results for both Red globe 

and Superior explants that gave less 

percentage of contamination and more 

percentage of survivals that went in parallel 

with the findings of (6, 40) who reported that 

treating the explants with sodium 

hypochlorite+distilled water was more 

effective in reducing explants contamination. 

In the same direction, (33) stated that the 

sterilization of explants using 1% of NaOCl 

for 7 min duration was optimum. (54) reported 

that the surface sterilization regimes should 

aim to use the lowest concentration of NaOCl 

for the smallest amount of time. High 

concentrations and long application periods of 

disinfectants have a negative impact on the 

explants’ growth (8, 52). (11) found that low 

concentrations of sodium hypochlorite 

increased the contaminated explants, whereas 

high concentrations of sodium hypochlorite 

made the explants lose their viability. Similar 

results were reported that a high concentration 

of sodium hypochlorite proved to be toxic 

resulting in 100% necrosis and death of 

explants (13). Probably the plant source and 

age of explants could be some causes of 

contamination in the obtained results. 

Effect of medium types and cultivars on the 

criteria of establishment: Data in Table 2 

shows that there were no significant 

differences among the means of media, the 

means of cultivars, and the interaction between 

the media and the cultivars in shoot number 

per explants. Concerning the average 

proliferated shoot length, it was clear that 

WPM gave the best shoot length (4.00 cm), 

while MS medium gave the shortest shoot 

length with a significant differences (2.04 cm). 

In the same field, Red globe explants achieved 

the longest proliferated shoot length with 

significant differences compared to Superior 

(3.52 cm). On the other side, the interactions 

between the media and the cultivars were 

significant as Red globe explants gave the 

longest shoot length when cultured on both 

C2D and WPM (4.38, 4.46%), while Superior 

explants achieved the longest shoot length on 

WPM medium with a significant difference 

compared to MS and C2D. On the other hand, 

the results have shown that there were 

significant differences among means of 

studied media as WPM medium gave the 
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highest average of leaf number followed by 

C2D medium without significant difference 

between them (5.10, 4.97) respectively. It was 

observed that there is a significant differences 

between the cultivars’ means in the 

proliferated leaf number as Red globe explants 

gave the maximum leaf number (5.22). 

Regarding the Interaction, Red globe cultivar 

gave on both C2D followed by WPM the 

highest leaf number without significant 

difference between them (6.00, 5.42) 

respectively compared to MS which gave the 

minimum leaf number. In the same way, 

Superior explants gave the highest leaf number 

on WPM medium with significant difference 

(4.74). 

Table 2. Effect of medium type on the establishment criteria of Red globe and Superior grape 

cultivars 
Medium 

type 

Shoot number/explants  

    Re
 
             Su

 
          

Mean
 

Shoot length (cm) 

      Re             Su         Mean  

Leaf number/shoot 

    Re
 
               Su

 
           Mean 

MS 1.00a 1.00a 1.00A 1.72c 2.36c 2.04C 4.24bc 3.38d 3.81C 

C2D 1.00a 1.00a 1.00A 4.38a 2.00c 3.19B 6.00a 3.93cd 4.97AB 

WPM 1.00a 1.00a 1.00A 4.46a 3.54b 4.00A 5.42ab 4.74bc 5.10A 

Mean 1.00A 1.00A  3.52A 2.63B  5.22A 4.02B 

Re: Red globe, Su: Superior. Means followed by different letters are significantly different at  p≤0.05 level  

 

 
Figure 1. Superior and Red globe on 

different media during the establishment 

stage 
a. Superior on MS. b. Superior on C2D. c. Superior 

on WPM. d. Red globe on MS. e. Red globe    on 

C2D. f. Red globe on WPM 

The purpose of in vitro culture medium is to 

provide optimum conditions for the explants 

That determined largely by physical and 

chemical factors, such as the composition of 

the nutrient medium (which includes growth 

regulators, salt, sugars, vitamins) pH, and its 

physical state in addition to light and 

temperature. Each species, cultivars, or even 

explants from different parts of the same plant 

may have different requirements for optimum 

growth. Bhan et al (7) used MS media with 

1mgL
-1

 BA for the propagation of Vitis 

champini. It is also possible to find 

contradictory information from published 

articles. Lu (39) declared that WPM medium is 

more proper for Vitis thunbergii than MS or 

NN (48) which supports this result. The 

obtained results demonstrated that the 

composition of basal medium affects the 

growth performance of in vitro cultured grape 

cultivars. In general, it has appeared that the 

cultivars responded remarkably to lower basal 

salts in WPM which scored the highest shoot 

length and leaf number. 

Multiplication stage 

Effect of cytokinin types and cultivars on 

some proliferation characteristics during 

the first subculture: Data presented in Table 

3 indicates  the effect of cytokinin type at the 

concentration of 1 mgl
-1

 and cultivars on some 

multiplication parameters of superior and Red 

globe grape cultivars during the first 

subculture. It was observed that there were 

significant differences among the means of 
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cytokinin types, as explants subcultured on BA 

medium achieved significantly the highest 

average shoot number (2.30) compared to 

other experimented cytokinins. On the other 

hand, the results showed that there was an 

insignificant difference between the means of 

Superior and Red globe cultivars in the 

average shoot number. Regarding the 

interaction, Red globe explants achieved the 

highest average shoot number when 

subcultured on BA medium followed Superior 

explants without a significant difference at the 

same medium, while the other treatments gave 

the lowest shoot number equally with no 

significant differences among them. 

Concerning the proliferated shoot length, the 

obtained results indicated that there was a 

significant effect of Kin which gave the 

highest shoot length (3.57 cm) compared to 

other cytokinins, while 2ip gave the lowest 

shoot length (2.29 cm). Regarding the cultivars 

effect, no significant differences were 

observed between the two studied cultivars in 

this parameter. Concerning the interaction, 

Superior explants on Kin medium gave the 

longest proliferated shoots followed by the 

Red globe ones on the same medium without 

significant difference between them (3.80, 

3.34 cm) respectively, while the explants of 

the two studied cultivars gave the shortest 

proliferated shoots on 2ip medium 

insignificantly compared to BA and TDZ 

media and between them. Regarding the 

average leaf number, it was obvious that the 

proliferation shoots on BA gave significantly 

the highest average number of leaves (6.67) 

followed by those of Kin medium then finally 

those of 2ip and TDZ media insignificantly 

between them. Regarding the cultivars, the 

results showed that an insignificant difference 

was recorded between Superior and Red globe 

cultivars in average leaf number. Concerning 

the interactions, BA achieved the highest leaf 

number in Red globe followed by Superior 

without a significant difference between them 

(7.07, 6.27) respectively.  

Table 3. Effect of cytokinin types at concentration of 1 mgL
-1

 and cultivars on some 

multiplication parameters 
Cytokinin 

type 

shoot number/explants
 

Re
 
          Su

 
        Mean

 
Shoot length (cm) 

  Re               Su            Mean           

leaf number/shoot 

  Re            Su           Mean
 

BA 2.57a 2.02ab 2.3A 2.91bc 2.83bc 2.87B 7.07a 6.27ab 6.67A 

2ip 1.00c 1.00c 1.00B 2.25c 2.21c 2.29C 4.75cd 4.5d 4.63C 

Kin 1.00c 1.00c 1.00B 3.34ab 3.80a 3.57A 5.58bc 5.33bcd 5.46B 

TDZ 1.00c 1.00c 1.00B 2.75bc 2.88bc 2.81B 4.84cd 4.67cd 4.75C 

Mean  1.39A 1.26A  2.81A 2.93A  5.56A 5.19A  

Re: Red globe, Su: Superior .Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05  level.  

 
Figure 2. Red globe on cytokinin types in 

the multiplication stage. 
a. Red globe on BA. b. Red globe on 2ip. c. Red globe 

on Kin. d. Red globe on TDZ 

 
Figure 3. Superior  cultivar on cytokinin 

types in the multiplication stage 
a. Superior on BA. b. Superior on 2ip. c. Superior on 

Kin. d. Superior on TDZ 



Iraqi Journal of Agricultural Sciences –2022:53(4):833- 849                                                             Osama 

839 

Effect of Benzyl adenine (BA) 

concentrations on some proliferation  

haracteristics of the cultivars during the 

first subculture: Table 4 illustrates  the effect 

of BA on the shoot number, shoot length, and 

leaf number per shoot of Superior and Red 

globe cultivars. The results showed that BA 

addition to the multiplication medium induced 

the explants to form callus masses and gave 

abnormal and hyperhydrated shoots. However, 

there were significant differences among the 

means of BA concentrations in the shoot 

number per explants. It was clear that 1 mgL
-1

 

gave significantly the highest number of 

shoots per explants (2.30) compared to control 

and other BA concentrations. On the other 

side, there were insignificant differences 

between means of Superior and Red globe in 

this parameter. Interaction between BA 

concentrations, and cultivars had significant 

differences and appeared clearly in Red globe 

explants when cultured on MS medium 

supplemented with 1 mgL
-1

 BA (2.57). 

Similarly, Superior explants gave the highest 

number of shoots on 1 mgL
-1

 BA (2.02), while 

no significant differences were recorded 

among other concentrations. The results 

revealed that there were significant differences 

among means of BA concentrations in shoot 

length which appeared obviously in 1 mgL
-1

 

BA concentration that gave the longest shoots 

per explants (2.87 cm), while no significant 

differences appeared among other BA 

concentrations. Regarding means of cultivars, 

Superior scored the longest shoot length (2.08 

cm) followed by Red globe (1.99 cm) without 

any significant differences between them. 

Concerning the interaction, the results showed 

that Red globe and Superior gave the highest 

shoot length on 1 mgL
-1

 BA (2.91, 2.83 cm) 

respectively without a significant difference 

between them. It was clearly shown that there 

were significant differences among means of 

BA concentrations in average leaf number as 

the maximum leaf number was achieved on 1 

mgL
-1 

BA (6.90). On the other side, no 

significant differences were observed between 

Red globe and Superior in leaf number. 

Interaction between BA concentrations and the 

cultivars was significant and appeared clearly 

in Red globe on 1 mgL
-1

 BA (7.10) which 

gave the maximum leaf number followed by 

Superior on 1 mgL
-1

 BA (6.69) without any 

significant difference between them.     

Table 4. Effect of Benzyl adenine (BA) concentrations on some proliferation characteristics of 

the studied cultivars 

BA 

mgL
-1

 

 

 

Average proliferated shoot 

number/explants 

   Su            Re            Mean 

Average proliferated 

shoot length (cm) 

      Su                Re             Mean 

Average leaf number/ 

proliferated shoot 

     Su                 Re              Mean 

0.0  1.00c 1.00c 1.00C 2.13cd 1.71cdef 1.92B 4.72cd 4.25cd 4.49C 

0.2  1.25c 1.25c 1.25BC 1.30f 1.25f 1.75BC 3.29e 4.33cd 3.81C 

0.4  1.17c 1.25c 1.21BC 1.59def 1.73cdef 1.66BC 3.84de 4.75cd 4.30C 

0.6  1.17c 1.17c 1.17BC 2.18cd 1.97cde 2.08B 5.04cd 5.52bc 5.28B 

0.8  1.08c 1.25c 1.16BC 2.42b 2.36b 2.39B 4.56cd 5.3cd 4.93B 

1.0  2.02ab 2.57a 2.30A 2.83ab 2.91a 2.87A 6.69ab 7.10a 6.90A 

Mean  1.28A 1.42A  2.08A 1.99A  4.69A 5.21A  

Re: Red globe, Su: Superior .Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05 level. 
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Figure 4. Superior and Red globe on BA 

concentrations in the multiplication stage 
a. Superior on 0 mgL

-1
. b. Superior on 0.2 mgL

-1
. c. 

Superior on 0.4 mgL
-1

. d. Superior on 0.6 mgL
-1

. e. 

Superior on 0.8 mgL
-1

. f. Superior on 1 mgL
-1

. g. Red 

globe on 0 mgL
-1

. h. Red globe on 0.2 mgL
-1

. i.  Red 

globe on 0.4 mgL
-1

.  j. Red globe on 0.6 mgL
-1

.k. Red 

globe on 0.8 mgL
-1

. l. Red globe on 1 mgL
-1 

Effect of Isopentyladenine (2ip) 

concentrations on some proliferation 

characteristics of the cultivars during the 

first subculture 

2ip concentrations affected remarkably the 

studied proliferation characteristics of Superior 

and Red globe as shown in Table 5. It was 

obvious that 2ip at all concentrations did not 

have any effect on the average shoot number 

for both cultivars. Also, the results showed 

that there were not any significant differences 

between the means of Superior and Red globe 

and the interactions among the 2ip 

concentrations and the cultivars in this 

parameter. On the other side, there was the 

remarkable effect of  2ip at 2 mgL
-1

  on the 

average shoot length compared to other 

concentrations (2.94 cm) and it is worth  

mentioning that increasing 2ip concentration 

above 2 mgL
-1 

resulted in decrease in average 

shoot length. Concerning the means of 

Superior and Red globe, there were no 

significant differences between them in 

average shoot length. Regarding the 

interactions, both Red globe and Superior 

subcultured on MS contains 2 mgL
-1

 achieved 

significantly the maximum average of shoot 

length (3.00, 2.87 cm) respectively. It was 

clearly shown that no significant differences 

were observed between Superior and Red 

globe means of average leaf number, while 2 

mgL
-1

 gave significantly the highest leaf 

number (6.10) compared to other 

concentrations. Concerning the interactions, 

Red globe and Superior explants achieved 

significantly the maximum leaf number at 2 

mgL
-1

 2ip (6.33, 5.83) respectively, while the 

results showed insignificant differences among 

the cultivars and other 2ip concentrations.  

Table 5. Effect of Isopentyladenine (2ip) concentrations on some proliferation characteristics 

of the studied cultivars 
  2ip 

mg L
-1

 

Average proliferated 

shoot number/explants 

    Su            Re          Mean 

Average proliferated 

 shoot length (cm) 

    Su              Re           Mean 

Average leaf 

 number/ proliferated shoot 

      Su                Re            Mean 

0 1.00a 1.00a 1.00A 2.13b 1.71c 1.92BC 4.72bc 4.25bcd 4.49B 

1 1.00a 1.00a 1.00A 2.20b 2.25b 2.23B 4.50bcd 4.75bc 4.63B 

2 1.00a 1.00a 1.00A 2.87a 3.00a 2.94A 5.83a 6.33a 6.10A 

3 1.00a 1.00a 1.00A 1.66c 1.75c 1.71C 4.10bcd 3.91bcd 4.00B 

4 1.00a 1.00a 1.00A 1.70c 1.67c 1.69C 4.91b 3.67d 4.29B 

5 1.00a 1.00a 1.00A 1.57c 1.70c 1.64C 4.75bc 3.83cd 4.29B 

Mean  1.00A 1.00A   2.02A 2.01A  4.80A 4.47A  

Re: Red globe, Su: Superior . Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05  level 
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Figure 5. Superior and Red globe on 2ip 

concentrations in the multiplication stage 
a. Superior on 0 mgL

-1
. b. Superior on 1 mgL

-1
. c. 

Superior on 2 mgL
-1

. d. Superior on 3 mgL
-1

. e. 

Superior on 4 mgL
-1

. f. Superior on 5 mgL
-1

. g. Red 

globe on 0 mgL
-1

. h. Red globe on 1 mgL
-1

. i. Red 

globe on 2mgL
-1

. j. Red globe on 3 mgL
-1

. k. Red 

globe on 4 mgL
-1

. l. Red globe on 5 mgL
-1

 

Effect of Kinetin (6-furfurylaminopurine) 

concentrations on some proliferation 

characteristics of the cultivars during the 

first subculture      

The results presented in Table 6 show  the 

effect of Kin concentrations on some 

proliferation characteristics of Superior and 

Red globe. Results revealed that increasing 

Kin concentrations did not affect the average 

shoot number. In addition, no significant 

differences were recorded between means of 

Superior and Red globe cultivars in average 

shoot number, besides the interactions which 

were not significantly appeared in shoot 

number. On the other side, average shoot 

length increased remarkably in parallel with 

increasing Kin concentration from 1 to 5 mgL
-

1
 which was the best in 5 mgL

-1
 (4.33 cm) then 

decreased obviously and constantly by 

increasing Kin concentration above 5 mgL
-1

 

and was at a minimum level at 20 mgL
-1 

Kin. 

Concerning the interactions, Superior gave 

significantly the longest shoots at 5 mgL
-1

 

(4.42 cm) followed by 1 mg L-1 without a 

significant difference between them while the 

shortest shoots were at 20 mgL
-1 

(0.68 cm). 

The same results were recorded in Red globe 

which gave the longest shoots at 5 mgL
-1

 (4.23 

cm) and the shortest shoots at 20 mg L
-1

.  It 

was clearly shown that there were significant 

differences among means of Kin 

concentrations regarding average leaf number 

per proliferated shoot. The concentration of 5 

mgL
-1

 seemed to be better than other Kin 

concentrations that gave significantly the 

maximum leaf number (5.67) followed by 1 

mgL
-1

 (5.46) without a significant difference 

between them while the minimum leaf number 

was observed in 20 mgL
-1

 (2.04). On the other 

hand, no significant difference was recorded 

between means of Superior and Red globe in 

average leaf number. Concerning the 

interactions, Red globe and Superior stem 

pieces at 5 and 1 mgL
-1

 achieved significantly 

the highest leaf number (5.79, 5.58) and (5.54, 

5.33) respectively while the lowest leaf 

number was at 20 mgL
-1

 (1.91, 2.17) 

respectively. 

Table 6. Effect of Kinetin (kin) concentrations on some proliferation characteristics of the 

studied cultivars 
Kin 

mg L
-1

 

Average proliferated 

 shoot number/explants 

Average proliferated  

shoot length (cm) 

          Average leaf  

number/ proliferated shoot 

 Su Re Mean     Su Re Mean Su Re Mean 

0 1.00a 1.00a 1.00A 2.13cd 1.71cd 1.92C 4.72ab 4.25b 4.49B 

1 1.00a 1.00a 1.00A 3.80ab 3.33b 3.57B 5.33a 5.58a 5.46A 

5 1.00a 1.00a 1.00A 4.42a 4.23ab 4.33A 5.54a 5.79a 5.67A 

10 1.00a 1.00a 1.00A 2.46c 2.42c 2.44C 4.10b 4.08b 4.09B 

15 1.00a 1.00a 1.00A 1.33de 1.20de 1.27D 3.00c 3.00c 3.00C 

20 1.00a 1.00a 1.00A 0.68e 0.58e 0.63E 2.17cd 1.91d 2.04D 

Mean 1.00A 1.00A  2.47A 2.25A  4.14A 4.10A  

Re: Red globe, Su: Superior . Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05 level 
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Figure 6. Superior and Red globe on Kin 

concentrations in the multiplication stage 
a. Superior on 0 mgL

-1
. b. Superior on 1 mgL

-1
. c. 

Superior on 5 mgL
-1

. d. Superior on 10 mgL
-1

. e. 

Superior on 15 mgL
-1

. f. Superior on 20 mgL
-1

. g. 

Red globe on 0 mgL
-1

. h. Red globe on 1 mgL
-1

. i. 

Red globe on 5 mgL
-1

. j. Red globe on 10 mgL
-1

. k. 

Red globe on 15 mgL
-1

. l. Red globe on 20 mgL
-1

 

Effect of Thidizuron (TDZ) concentrations 

on some proliferation characteristics of the 

cultivars during the first subculture   

The results in Table 7 shows  that an 

insignificant effect of TDZ was recorded on 

the average shoot number at all studied 

concentrations, and the same results obtained 

on means of Superior and Red globe in 

addition to the interactions among the TDZ 

concentrations and the cultivars. On the other 

side, the TDZ effects were clearly shown on 

the average shoot length which quite appeared 

at 1 mg L
-1

 (2.84 cm) while 3 mgL
-1

 TDZ gave 

the shortest shoots compared to other 

concentrations (1.08 cm). Concerning the 

interaction, Superior at 1 mgL
-1

 scored 

significantly the longest shoots (3.17 cm) 

followed by Red globe (2.50 cm) without 

significant difference between them. While 3 

mgL
-1

 gave the lowest shoot length for both 

cultivars. Regarding the average leaf number, 

the results showed that 1 mgL
-1

 TDZ achieved 

significantly the highest average leaf number 

(4.67) compared to other concentrations. On 

the other side, no significant differences were 

recorded between means of Superior and Red 

globe. Concerning the interactions, it was 

clearly shown that Superior gave significantly 

the maximum average leaf number when 

subcultured on MS medium contains 1 mg L
-1

 

TDZ (5), while 3 mgL
-1

 gave the lowest leaf 

number in both cultivars (3, 3.34) respectively. 

It is worth mentioning that TDZ significantly 

had a good effect at low concentrations on the 

average shoot length, average leaf number in 

addition to the length and thickness of the 

roots and it seemed that 1 mgL
-1

 TDZ was 

optimum.   

Table7. Effect of Thidizuron (TDZ) concentrations on some proliferation characteristics of 

the cultivars during the first subculture 

TDZ 

mgL
-1

 

Average proliferated shoot 

number/explants 

Average proliferated 

shoot length (cm) 

Average leaf 

number/ proliferated shoot 

Su Re Mean Su Re Mean Su Re Mean 

0.0 1.00a 1.00a 1.00A 2.13ab 1.71bc 1.92B 4.72ab 4.25bc 4.49AB 

0.5 1.00a 1.00a 1.00A 1.84bc 1.75bc 1.79B 3.25cd 4.42bc 3.84BC 

1.0 1.00a 1.00a 1.00A 3.17a 2.50ab 2.84A 5.00a 4.34bc 4.67A 

2.0 1.00a 1.00a 1.00A 1.58bc 1.21c 1.4CB 4.00bc 3.50cd 3.75BC 

3.0 1.00a 1.00a 1.00A 1.13c 1.04c 1.08C 3.00c 3.34cd 3.17C 

Mean 1.00A 1.00A  1.97A 1.64A  3.99A 3.97A  

Re: Red globe, Su: Superior. Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05 level 
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Figure 7. Superior and Red globe cultivars  

on TDZ concentrations in the multiplication 

stage 
a.Superior on 0 mgL

-1
. b. Superior on 0.5 mgL

-1
. c. 

Superior on 1 mgL
-1

. d. Superior on 2 mgL
-1

.  e. 

Superior on 3 mgL
-1

. f. Red globe on 0 mgL
-1

. g. Red 

globe on 0.5 mgL
-1

. h. Red globe on 1 mgL
-1

. i.  Red 

globe on 2 mgL
-1

. j. Red globe on 3 mgL
-1

 

It might be concluded that cytokinins used in 

the previous experiments affected the growth 

and development of cultivars’ stem nodes. BA 

gave the highest average of shoot number 

significantly compared to 2ip, Kin, and TDZ at 

an equivalent concentration. This finding 

might be attributed to the mode of action of 

BA on stimulation both cellular division and 

enhancement growth of shoots in plant tissue 

culture as reported by (17, 20). In the earlier 

studies, BA was also superior for shoot 

proliferation in grape (5, 12, 41, 51). (39) 

mentioned that BA was significantly more 

efficient than 2ip or Kinetin at an equivalent 

concentration for promoting growth, which 

resulted in a three to four-fold shoot increase. 

The undertaken results revealed that BA 

increased the average number of shoots 

remarkably with the increasing of BA 

concentration in the medium. However, it 

seemed that 1 mgL
-1 

for cultivars that achieved 

the highest average number of shoots, highest 

shoot length, and highest average of leaf 

number.Azami (1) revealed that BA at 1.5 

mgL
-1

 had good results within the 

multiplication stage in both Soltanin’ and 

‘Sahebi’ cultivars. (30) declared that 1 mgL
-1

 

BA induced the best shoot proliferation of two 

Iranian grape cultivars, which was in 

accordance with the present findings. On the 

other side, BA forced the explants to form 

callus masses and short shoots on them had 

hyperhydricity symptoms even at low 

concentrations which are not recommended for 

multiplication.  The most role of BA was 

known, however, the mechanisms behind BA 

requirement have not been understood yet. BA 

may have an essential role in callus growth by 

organizing antioxidant enzyme activities (49). 

Low concentrations of cytokinins like BA and 

kinetin together with auxins were often used to 

enhance callus initiation (9). Hyperhydricity of 

micropropagated shoots resulted from several 

factors like growth and culture conditions, 

stress conditions, wounding, and soft culture 

media. Overall, hyperhydricity might be 

created by the high ionic strength, with high 

level of nitrogen and growth regulators 

combined with a humid and gaseous 

atmosphere (31). Kin and TDZ had good 

results on shoots and leaf number in the 

cultivars at 1 mgL
-1

 compared to BA and 2ip. 

However, Kin had a good impact at high 

concentrations that at 5 mgL
-1

 achieved shoots 

with good appearance and color as gave the 

highest average shoot length and leaf number. 

Poudel (49) stated that kinetin was effective on 

two grape cultivars. This might be associated 

with the cultivars, as plant growth regulators 

have a different impact on in vitro propagation 

of various cultivars. Plant growth regulators 

effective for a cultivar might not be effective 

for others (49, 51). TDZ was found more 

effective at low concentrations within the 

range of 0.5-1.0 mgL
-1

 as compared to BA and 

Kin (they were found more effective in the 

range of 1.0 -5.0 mgL
-1

). The effectiveness of 

TDZ at a low level perhaps was related to 

encouraging the accumulation of internal 

cytokinins (45). In the present study, TDZ at 

concentrations further than 1.0 mgL
-1

 did not 

have an acceptable response when 

supplemented into MS medium as gave thick 

and short shoots. This result goes along with 

the findings of (24) who stated that TDZ at 

high concentrations affects shoot elongation. 
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Others  (21) reported that shoot number and 

length decreased at the highest concentration 

of TDZ and causing thickening of the stems. 

However, the real mechanism of TDZ 

enhanced shoot proliferation in plants is not 

clear so far. The use of 2iP only resulted in the 

production and growth of one shoot per 

sprouted bud. These shoots were longer than 

those obtained with BA and less in length to 

those obtained with Kin and TDZ. It seemed 

that 2 mg L-1
 

was optimum for both the 

cultivars compared to other concentrations. 

This study revealed that increasing the 

concentration of 2iP more than the optimal 

level (2 mg L
-1

) resulted in low shoot length 

frequency at 4 mgL
-1

 in agreement with (49). 

Effect of subculture number and cultivars 

on the multiplication characteristics  

Table 8 exhibits the effect of subculture 

number and cultivars on the multiplication 

characteristics of Superior and Red globe. It is 

obvious that there were insignificant 

differences among the three subcultures in 

average shoot number per explants, the 

cultivars, and the interaction between the two 

factors. On the other side, the results showed 

that there were significant differences among 

means of subcultures number in average shoot 

length and appeared clearly in the 1
st
 

subculture which surpassed significantly 

compared to other subcultures (4.14 cm) then 

the values decreased gradually by the 2
nd

 and 

3
rd

 subcultures. Superior achieved significantly 

the longest shoots (3.15 cm) in comparison to 

Red globe cultivar. Regarding the interaction, 

Superior and Red globe achieved the longest 

shoots at the 1
st
 subculture (4.04, 4.23 cm) 

respectively, while the lowest value in 

Superior was in the 3
rd

 subculture and in the 

2
nd

 subculture in Red globe (2.38, 1.25 cm) 

respectively. In terms of average leaf number, 

the highest values were significantly in the 1
st
 

subculture (5.40) then gradual reduction 

occurred in the 2
nd

 and 3
rd

 subcultures. On the 

other hand, insignificant differences were 

observed between the studied cultivars in this 

parameter although the average leaf number 

was higher in Superior to in Red globe. 

Interaction between the two factors revealed 

that Red globe achieved significantly the 

highest values in the 1
st
 subculture (5.79) 

whereas, no significant differences were 

recorded between Superior and the subculture 

number in this parameter although the highest 

average leaf number was in the 1
st
 subculture.  

Table 8. Effect of subculture number and cultivars on the multiplication characteristics 

Sub-

culture 

 

 

Average proliferated 

shoot number/explants 

Su              Re         Mean 

Average proliferated 

shoot length (cm) 

    Su            Re         Mean 

Average leaf number/ 

proliferated shoot 

 Su Re Mean 

1 1.00a 1.00a 1.00A 4.04ab 4.23a 4.14A 5.00ab 5.79a 5.40A 

2 1.00a 1.00a 1.00A 3.04bc 1.25e 2.15B 4.67abc 3.58c 4.13B 

3 1.00a 1.00a 1.00A 2.38cd 1.74de 2.06B 4.17bc 3.83bc 4.00B 

Mean 1.00A 1.00A  3.15A 2.41B  4.61A 4.40A  

Re: Red globe, Su: Superior. Means followed by the same letter (s) in each column are not significantly different 

at p≤0.05 level 
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Figure 8. Effect of subculture number on 

the multiplication rate of the cultivars 
a. subcultures in Superior. b. subcultures in Red 

globe 

Successive subcultures of stem nodes cultured 

on a medium supplemented with Kin at 5 mg 

L-1 in order to know the number of 

subcultures might be obtained with a high 

number of shoots without affecting their 

appearance and quality. It might be concluded 

from the previous results that the average 

shoot number remained stable during three 

subcultures. The 1
st
 subculture had the highest 

shoot length and leaf number. The results 

showed a sharp decrease in shoot length and 

leaf number from the 1
st
 to 3

rd
 subculture. The 

obtained shoots were of excellent appearance 

in terms of colour and size. The 4
th

 subculture 

in the cultivars showed callus massed 

formation and hyperhydricity symptoms 

therefore the experiment was stopped. The 

observed hyperhydricity might be as 

consequence of various factors like cytokinin 

concentration, ethylene presence, the humidity 

inside the culture jar, the agar quality, the 

transfer time. (53) revealed that the appearance 

of hyperhydric shoots was done by increasing 

the number of transfers more than three, and 

the propagation capacity of the cultures was 

reduced obviously. The successive subcultures 

of Refosk cultivar explants in a medium 

supplemented with cytokinin led to shoot 

elongation inhibition (34). In parallel with the 

results obtained, it might be concluded that the 

number of subcultures could be shortened to 

three. On the other side, different 

concentrations of Kin might increase the 

subcultures (3, 23), as well as utilizing 

different cytokinin content of propagation 

medium during the subcultures (19).    

Acclimatization of the cultivar plantlets  

Effect of soil mixture on the acclimatization 

success of Red globe plantlets: The survival 

rates of Red globe and Superior plantlets after 

acclimatization planted on different artificial 

soil mixtures have been recorded. It is clear 

that the plantlets affected by the characteristics 

of the mixture, which the sterilized 1:1:1 (v:v) 

peatmoss+perlite+sand mix were found to be 

effective of in vitro plantlets hardening which 

significantly gave the highest survival (100%) 

and showed superior vegetative growth 

compared to other soil mixtures whereas the 

lowest rate was in 1:1 (v:v) peatmoss+perlite 

(50%).  mixture of organic matter with 

peatomoss was extremely had a strong impact 

on the plantlets’ survival, whereas, the sand 

with peatmoss as 1:1 (v:v) may add an 

addition by modifying the mixture and 

improved the survival rate (80%). Immediately 

after transplantation, visible wilting was 

observed. However, the water content of plants 

might still stable after some days or weeks. 

Potting media have different physical, and 

chemical properties and therefore the plantlet 

survival and growth may be a reflection of 

how the mixing ratio affected the physical and 

chemical property of the mix. Therefore, 

Different workers have suggested different 

media like soil-vermiculite mixture (18), soil 

(37), and sand-peatmoss (22). Among various 

potting mixtures tried, the mixture containing 

sand+peatmoss+perlite (1:1:1) was found to be 

the most suitable. The establishment of in vitro 

produced plantlets is really affected by the 

properties of the potting mixture (27). The 

better performance of peatmoss could be 

attributed to its ability to improve the 
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biological properties of the mixture. Sand 

could also be responsible for providing 

sufficient aeration and high water holding 

capacity besides satisfied water drainage and 

good ventilation providing by perlite. Hence, 

mixing sand, peatmoss, and perlite in equal 

volumes might have helped in giving a better 

hold for the roots, good ventilation and 

sufficient organic matter. Similar results have 

also been obtained by (22, 47, 50). 

 
Figure 9. Plantlets of Red globe planted on 

peatmoss+perlite+sand mixture (1:1:1) 

30 days after the acclimatization 

 
Figure 10. Plantlets of Superior one month 

after the acclimatization 

 
Figure 11. Red globe and Superior planted 

in plastic bags in the glasshouse 

CONCLUSION                                      

The results of this study showed that 10 min of 

sterilization in 1% NaOCl was effective for 

sterilization. The best medium for the average 

number of both shoots and leaves was WPM 

medium (4.00 cm, 5.10) respectively. In the 

multiplication stage and at 1 mgL
-1

,BA 

showed the highest shoot and leaf number 

(2.3, 6.67) respectively. While, kin gave the 

maximum shoot length with a mean of 

3.57cm. Regarding cytokinin concentrations, 

BA significantly at 1 mgL
-1

, 2iP at 2 mgL
-1

, 

Kin at 5 mgL
-1

 and TDZ at 1 mgL
-1

 gave the 

highest values. The acclimatization results 

revealed that sterilized1:1:1(v:v) 

peatmoss+perlite+sand mix gave the highest 

survival rate (100.00%) and showed the best 

vegetative growth.  

REFERENCES    

1.  Aazami, M.A., 2010. Effect of some 

growth regulators on “in vitro” culture of two 

Vitis vinifera L. cultivars. Rom. Biotech. L. 

15: 5229-5232 

2. Abido, M.A.M., A.S.A. Hassanen and G.A. 

Rayan. 2013. In vitro propagation of grapevine 

(Vitis vinifera L.) cv. Muscat of Alexandria for 

conservation of endangerment .Middle. East J. 

Sci. Res. 13: 328-337.  

3. Abu Irmaileh, E.B and R.F. Safadi. 1987. 

Shoot propagation of the grapevine rootstock 

1103P through tissue culture. Dirasat. 14: 89-

97 

4. Akbas, F.A., G. Isikalan, Y. Kara and D. 

Basaran. 2004. Comparison of the 

proliferation of lateral buds of Vitis vinifera L. 

cv. Perle de Csaba during different periods of 

the Year in in vitro conditions. Int. J. Agric. 

Biol.6: 328-330 



Iraqi Journal of Agricultural Sciences –2022:53(4):833- 849                                                             Osama 

847 

5. Alizadeh, M., S.K. Singh and V.B. Patel. 

2010. Comparative performance of in vitro 

multiplication in four grape (Vitis spp.) 

rootstock genotypes. Int. J. Plant. Prod. 4: 41-

50 

6. Aveen M N., A.I. Diaa and P.U. Seyran. 

2015. In vitro micropropagation of Vitis 

vinifera L. in Kurdistan region of Iraq. J. Univ. 

Zak. 3: 55-66 

7. Bhor, R.P., D.B Ahire, Y.G. Ban and  S.N. 

Borse. 2009. Study on micropropagation in 

grape (Vitis champini). Ecol. Environ. 

Cons.15: 41-44 

8. Cassells, A.C. 1991. Problems in tissue 

culture: culture contamination. 

Micropropagation technology and application. 

Kluwer academic publishers. 1: 31-44 

9. Chai, B and, S. Mariam. 1998. Applications 

of biotechnology in Turfgrass genetic 

improvement. Crop. Sci. 38: 1320-1338 

10. Chee, R., R.M. Pool 1982. The effects 

of growth substances and photoperiod on the 

development of  shoot apices of  Vitis cultured in 

vitro . Sci. Hort. 16: 17-27.  

11. Colgecen, H., H.N. Buyukkartal and M.C 

Toker. 2008. In vitro germination and structure 

of hard seed testa of natural tetraploid 

Trifolium pratense L. Afr. J. Biotechnol. 7: 

1473-1478.  

12. Das, D., M. Reddy, S. Upadhyaya and S. 

Sopory. 2002. An efficient leaf disc culture 

method for the regeneration via somatic 

embryogenesis and transformation of grape 

(Vitis vinifera L.). Plant. Cell. Rep. 20: 999-

1005 

13. Doukin, A and M. Moutia. 1999. 

Evaluation of surface sterilization and hot 

water treatments on bacterial contaminants in 

bud culture of sugarcane. J. Exp. Agric. 35: 

265-274 

14. Duncan, D.B. 1955. Multiple range and 

multiple. F tests. Biometrics. 11: 1-42.  

15. Dychdala, G.R. 1991. Chlorine and 

chlorine compounds. In disinfection, 

sterilization and preservation. 4
th

 ed, Lea and 

Febiger. 131-151 

16. El-Agamy, S.Z., T.K. El-Mahdy and A.A. 

Mohamed. 2009. In vitro Propagation of some 

grape rootstocks. Acta. Hortic. 839: 125-131 

17. George, E. F., M. Hall and G.J.D.  Klerk. 

2008. Plant propagation by tissue culture. 

Springer Netherlands. 3: 175-204.  

18. Goyal, Y and H.C. Arya. 1981. 

Differentiation in cultures of Prosopis 

cineraria. Linn curr. Sci. 50: 468-469 

19. Grass, A., N. Carazo and A. Almar. 1997. 

Micropropagación de diferentes variedades de 

vid  (Vitis vinifera L). Acta. Hortic. 18: 232-

237 

20. Gray, D.J and R.N. Trigiano. 2000. Plant 

tissue culture: Concepts and laboratory 

exercises. Second ed. CRC Press, Boca Raton. 

Pp 454 

21. Gribaudo, I and A. Fronda. 1991. Effects 

of Thidiazuron on grapevine axillary buds 

cultivated in vitro. Hortic. Sci. 26: 1083 

22. Hamad, A.M. 2014. Effect of peatmoss 

and sand mixing ratio on the acclimatization of 

Smooth cayenne pineapple (Ananas comosus 

(L) Merr.). Sci. Hum. St. Mag. Bangazy. 22: 

1-10 

23. Harris, R.E and J.H. Stevenson. 1982. In 

vitro propagation of Vitis. Vitis21:22-32 

24. Huetteman, A and E.J. Preece. 1993. 

Thidiazuron: a potent cytokinin for woody 

plant tissue culture. J. Plant. Biotechnol. 33: 

105-119 

25. Ibáñez, A., M. Valero and A. Morte.  2003. 

Influence of cytokinins and subculturing on 

proliferation capacity of single-axillary-bud 

microcuttings of Vitis vinifera L. cv. Napoleó. 

An. Biol. 25:81-90 

26. Ibañez, A., M. Valero and A. Morte. 2005. 

Establishment and in vitro clonal propagation 

of the Spanish autochthonous table grapevine 

cultivar ‘Napoleon’: an improved system 

where proliferating cultures alternate with 

rooting ones An. Biol. 27: 211–220 

27. Jamwal, M., B. Singh, N. Sharma, R. 

Kumar, A. Sharma, R.M. Sharma and A.M. 

Parmar. 2013. In vitro regeneration of grape 

(Vitis viniferaL.) cv. Perlette. Asian. J. Bio. Sc. 

8: 19-24 

28. Jaskani, M.J., H. Abbas, M.M. Khan, M. 

Qasim and I.A. Khan, 2008. Effect of growth 

hormones on micropropagation of Vitis 

vinifera L. cv. ‘Perlette’. Pak. J. Bot. 40: 105-

109 

29. Javalera, M.F.L., R.T. Rojas, M.E.T. 

Hernández, M.A. Martínez, I.V. Arispuro, 

M.A.I. Osuna and M.R. Domínguez. 2016. 

Surface disinfection procedure and in vitro 

regeneration of grapevine (Vitis vinifera L.) 

axillary buds. Springer Plus. 5: 453 

journal/0011-183X_Crop_Science


Iraqi Journal of Agricultural Sciences –2022:53(4):833- 849                                                             Osama 

848 

30. Kalatejari, S., A. Ebadi, Z. Zamani, R. 

Batahi and M. Omidi. 2006. In vitro culture of 

two Iranian table grapes and determination of 

the conditions for their meristem culture. Acta. 

Hortic.764:325-332 

31. Kevers, K., D. Franck, R. Strasser, J. 

Dommes and T. Gaspar. 2004. Hyperhydricity 

of micropropagated shoots: a typically stress 

induced change of physiological state. Plant. 

Cell. Tiss.Org. Cult. 77: 181-191 

32. Khan, N., M. Ahmed, I. Hafiz,  N. Abbas, 

S. Ejaz and M. Anjum. 2015. Optimizing the 

concentrations of plant growth regulators for 

in vitro shoot cultures, callus induction and 

shoot regeneration from calluses of grapes. J. 

Int. Sci. Vigne. Vin. 49: 37-45 

33. Kinfe, B., T. Feyssa and G. Bedada. 2017. 

In vitro micropropagation of grapevine (vitis 

vinifera L.) from nodal culture. Afr. J. 

Biotechnol. 16: 2083-2091 

34. Koruza, B and S. Jelaska. 1993. Influence 

of meristem culture and virus elimination on 

phenotypical modifications of grapevine (Vitis 

vinifera L. cv. Refosk). Vitis. 32, 59-60 

35. Křižan, B., E. Ondrušiková and J. Moudrá. 

2012. The Effect of media composition on 

multiplication of grape rootstocks in vitro. 

Acta. Univ. Agri. Si. Me. Br. 8: 141-144.  

36. Kurmi, U.S., D.K. Sharma, M.K. Tripathi, 

R. Tiwari, B.S. Baghel and S. Tiwari. 2011. 

Plant regeneration of Vitis vinifera (L) via 

direct and indirect organogenesis from 

cultured nodal segments. Int. J. Agri. Tech. 7: 

721-737 

37. Kurten, U., A.M. Nautila, V. Kauppinen 

and M. Rousi. 1990. Somatic embryogenesis 

in cell cultures of birch (Betula pendula Roth.) 

Plant. Cell. Tiss. Org. Cult. 23: 101-105.  

38. Lloyd, G and B. McCown. 1981. 

Commercially feasible micropropagation of 

mountain laurel, Kalmia latifolia, by use of 

shoot tip culture. Proc. Int. Plant Prop. Soc.30: 

421-427 

39. Lu, M.C. 2005. Micropropagation of Vitis 

thunbergii Sieb. et Zucc., a medicinal herb, 

through high- frequency shoot tip culture. Sci. 

Hortic. 107: 64–69 

40. Mahmoud, S.N and N.K. Al-Ani, 2016. 

Effect of different sterilization methods on 

contamination and viability of nodal segments 

of Cestrum nocturnum L. IJRSB. 4: 4-9 

41. Mihaljević, I., D. Krunoslav, T. Vesna, V. 

Marija, P. Ankica, C. Zlatko, P. Boris and P. 

Zorica. 2013. In vitro sterilization procedures 

for micropropagation of ‘OblaČInska’ sour 

cherry. J.  Agric. Sci. 58: 117-126.  

42. Mozafari, A.A., O. Ghoraishi, N. Ghaderi 

and T. Javadi. 2016. Micropropagation of 

Grape Cultivars on Different Basal Media 

Supplemented with Benzyl Adenine. A. C. S. 

81: 123-129.  

43. Mukherjee
,
, P., P.N. Husain, S.C. Misra 

and V.S. Rao. 2010.  In vitro propagation of a 

grape rootstock, degrasset (Vitis champinii 

Planch.): Effects of medium compositions and 

plant growth regulators. Sci. Hortic. 126: 13–

19 

44. Murashige, T and F. Skoog, 1962. A 

revised medium for therapid growth and 

bioassay with tobacco tissue culture. Physiol. 

Plant. 15: 473–479 

45. Murthy, B.N.S., S.J. Murch and P.K. 

Saxena, 1995.Thidiazuron induced somatic 

embryogenesis in intact seedling of peanut 

(Arachis hypogaea L.) Endogenous growth 

regulator level and significance of cotyledons. 

Physiol. Plant. 94: 268-276 

46. Mustafa, G., Z. Ahmed and G.M. Sajid. 

2008. Evaluation of various levels of mineral 

nutrients and plant growth regulators for In 

vitro culture of grape. Pak. J. Bot. 40: 329–336 

47. Nhut, D.T., J.A.T. daSilva, P.X. Huyen 

and K.Y. Pack. 2004. The importance of 

explant source on regeneration and 

micropropagation of Gladiolus by liquid shake 

culture. Sci. Hortic. 102: 407-414 

48. Nitsch, J.P and C. Nitsch. 1969. Haploid 

plants from pollen grains. Science. 163: 85–

87.  

49. Poudel, P.R., I. Kataoka and I. Mochioka. 

2005. Effect of plant growth regulators of Vitis 

vicifolia var Ganebu and its interspecific 

hybrid grape. Asian. J. Plant. Sci. 4: 466-471 

50. Rodrigues, A.C., C.A.P. Silveira, G.R. de 

L. Fortes, J.C. Fachinella and J.B. da Silva. 

2003. Establishment and multiplication in vitro 

of Prunus sp. in different culture media. Rev. 

Bras. Frutic. 25: 131-133 

51. Singh, S.K., R.N. Khawale and S.P. Singh. 

2004. Technique for rapid in vitro propagation 

of Vitis vinifera L. cultivars. J. Hortic. Sci. 

Biotechnol.79: 267-272.  

file:///F:/phd%20thesis/ph.%20refernces/In%20vitro%20propagation%20of%20a%20grape%20rootstock,%20deGrasset%20(Vitis%20champinii%20Planch.)%20%20Effects%20of%20medium%20compositions%20and%20plant%20growth%20regulators.html
file:///F:/phd%20thesis/ph.%20refernces/In%20vitro%20propagation%20of%20a%20grape%20rootstock,%20deGrasset%20(Vitis%20champinii%20Planch.)%20%20Effects%20of%20medium%20compositions%20and%20plant%20growth%20regulators.html
file:///F:/phd%20thesis/ph.%20refernces/In%20vitro%20propagation%20of%20a%20grape%20rootstock,%20deGrasset%20(Vitis%20champinii%20Planch.)%20%20Effects%20of%20medium%20compositions%20and%20plant%20growth%20regulators.html
file:///F:/phd%20thesis/ph.%20refernces/In%20vitro%20propagation%20of%20a%20grape%20rootstock,%20deGrasset%20(Vitis%20champinii%20Planch.)%20%20Effects%20of%20medium%20compositions%20and%20plant%20growth%20regulators.html
http://www.sciencedirect.com/science/journal/03044238/126/1


Iraqi Journal of Agricultural Sciences –2022:53(4):833- 849                                                             Osama 

849 

52. Srivastava, N., B. Kamal, V. Sharma, Y.K. 

Negi, A.K. Dobriyal, S. Gupta1 and V.S. 

Jadon. 2010. Standardization of sterilization 

protocol for micropropagation of Aconitum 

heterophyllum-an endangered medicinal herb. 

Academic. Arena.2:37-42 

53. Torregrosa, L and A. Bouquet, 1995. In 

vitro propagation of Vitis x Muscadinia 

hybrids by microcuttings or axillary budding. 

Vitis. 34: 237-238 

54. Yildiz, M. 2002. The effect of Sodium 

hypochlorite solutions on in vitro seedling 

growth and shoot regeneration of Flax (Unum 

usitatissimum). Sci. Nat. 89: 259-261.  

 

 

https://www.researchgate.net/journal/0028-1042_The_Science_of_Nature

