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ABSTRACT 
 

Stone fruit trees occupy about 17% of the total area of permanent crops (FAO, 2010). The multiplication 
of these trees is mainly based on the use of rootstocks. Among these rootstocks, Myrobalan 29/C 
(Prunus cerasifera.) and GF677 (a natural hybrid of peach and almond) are attracting the attention in 
Lebanese agriculture. This is due to their diverse agricultural characteristics (adaptation to dry soils and 
heavy soils with low permeability, tolerance to chlorosis, asphyxia and limestone, strong resistance to 
different pathogens (Agrobacterium tumefaciens, Verticillium, Phytopthora, etc..). This study aims to 
develop an in vitro multiplication protocol for GF677 and Myrobolan 29/C rootstocks using the meristem 
in vitro culture method. For the establishment phase, Schenk and Hildebrandt (SH) macroelements 
media (Schenk and Hildebrandt, 1972) containing 0.5 mg/l BAP, 0.5 mg/l G3A GA3 and 0.01 mg/l NAA 
showed the best results with GF677 and Myrobolan 29/C rootstocks (63 and 63 vitroplantlets/ vitroplantlet 
respectively). For the multiplication phase, the Quoirin and Lepoivre (QL) macroelements (Quoirin and 
Lepoivre, 1977) containing 0.5 mg.l-1 of BAP presented the highest average number of shootlets/ 
vitroplantlet (9.74) after 8 subcultures in the case of GF677. Concerning the Myrobolan 29/C, the Driver 
and Kuniyuki Walnut (DKW) macroelements media (Driver and Kuniyuki, 1984) supplemented with 0.5 
mg.l-1 of BAP showed the highest multiplication rate (12.8) after 8 subcultures. The QL macroelements 
supplemented with 1 mg.l-1 of IBA induced the highest percentage of rooting (85%) and the highest  
number of roots / vitroplantlet (4.33) in the case of GF677, while and  the DKW macroelements 
supplemented with 1 mg.l −1 of IAB achieved the best rooting in the case of Myrobolan 29/C (100% of 
rooted vitroplantletsrooting and 5.34 of roots/vitroplantlet shootlet). ….. 
 

 
Keywords: GF677, Myrobolan 29/C, Tissue Culture, Direct regeneration, Meristem, Growth regulators 
 

1. INTRODUCTION  
Prunus or stone fruits represent an important component of fruit production in Lebanon, occupying up to 
17% of the total area of permanent crops [1]. Cherry, almond, apricot, peach, and plum trees vary in 
theretheir distribution among the Lebanese regions predominantly concentrated in Baalbeck-Hermel (55%) 
followed by the Bekaa with (16%), Mount Lebanon (10%), Aakkar (8%), North Lebanon (7%) with the lowest 
rates documented in Nabatiye (3%) and South Lebanon (1%) (Hajjar R, Ministry of Agriculture; personal 
communication). 

The Prunus genus is comprised of around 98 species, representing considerable importance, where all the 
stone fruits are encompassed within this group [2]. 

 

Rootstocks are integral and play fundamental role in the cultivation of stone fruits, such as almonds, 
peaches, plums, and cherries as they provide a strong foundation for the growth and development of the 
fruit-bearing scion, due to their resistance to diseases, adaptability to various soil conditions and improved 
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tolerance to environmental stresses [3]. For instance, compatible rootstocks can aid in mitigating soil-borne 
diseases and enhancing the overall vigor of the tree [4,5]. 

Prunus rootstocks, have been widely propagated by seeds for thousands of years in Lebanon with the 

absence of a clear phytosanitary status of the produced plants. It usually leads to the obtaining of a low 
quantity of propagules and reduced quality of production; however, the high variability of these materials 
reduces their quality. Micropropagation or in-vitro technics is a suitable method for propagation which offers 
multiple advantages when compared to the traditional propagation, it ensures a fast and large-scale system 
to produce true-to-type and virus free rootstocks [6]. 

Within the vegetative propagation, GF 677 (peach x almond hybrid) and Myrobolan 29/C rootstocks, are 
initially produced through French breeding programs such as INRA [7,8], and are becoming more prevalent 
in the Lebanese agriculture, where several rootstocks have been imported to Lebanon so as to produce 
certified propagation materials. 

Hence, this research aims to establish an efficient protocol of in vitro propagation for two Prunus rootstocks. 

The propagation protocol includes initiation of cultures using meristems, multiplication for several 
subcultures, rooting and acclimatization of shoots, thus obtaining certified and virus free plants. Along with 
this purpose the effects of plant growth regulators on shootlets proliferation and rooting are observed. 

2. MATERIAL AND METHODS 
 

2.1. Plant Material and Sterilization Process 
Two rootstocks namely, GF677, “a peach-almond hybrid (P. persica × P. amygdalus) that is highly 
compatible with peach, nectarine and almond cultivars”, and Myrabolan 29/C (P. Cerasifera), “which is 
compatible with apricot and plum cultivars”, were used. The mother plants of these two rootstocks were 
obtained from the glasshouse of the Plant Biotechnology Department, Tissue Culture Unit at the Lebanese 
Agricultural Research Institute, Tal Amara (Fig.1). Twenty-centimeter-long twigs were collected from both 
rootstocks on June 2022 and served as sources of explants for further isolation of meristems. Twigs were 
first fragmented into small segments of 4 to 5 cm. These segments were placed under running tap water 
then soaked in detergent for 5 min. Following that, explants were rinsed with 70 % ethanol for 30 sec. Under 
laminar airflow, explants were immersed for 10 min in 20% NaOCl (sodium hypochlorite solution) and then 
were rinsed with sterile distilled water 5 more times. 

 

 

 

 

 

 

 

 

Fig. 1. Prunus rootstocks growing at LARI glasshouses; A: 29/C and B: GF677. 

2.2. Establishment Phase 

A B 
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Following the sterilization of GF677 and 29/C explants, meristems (approx. 0.5 mm long), were isolated 
using a binocular magnifying glass (20 x 40 magnification) and sterilized instruments (forceps, scalpels, 
needles, etc.). Four media were tested for meristem culture, two Murashige and Skoog (MS) [9] media: P1 
and P2, and two Schenk and Hildebrandt (SH) [10] media: P3 and P4. The four media contained MS micro-
elements, sucrose (30 gl-1), vitamin Z4 (Zimermen) and ascorbic acid (25 mgl-1) to prevent oxidation.; 

However, P1 and P3 lacked any growth regulators, while P2 and P4 contained 0.5 mgl-1 BAP, 0.5 mgl-1 
GA3 and 0.01 mgl-1 NAA. The pH was adjusted to 5.7, and all media were solidified using 7.5 gl-1 agar, 
then autoclaved at 118°C for 20 min and finally dispensed into sterile petri dishes (10 ml/dish) (9 cm).  A 
total of 260 meristems extracted from each of GF677 or Myrobolan 29/C rootstocks, were cultured on the 
four media P1, P2, P3 and P4 at a rate of 13 replicates/culture medium and five meristems/replicate. 
Cultures were then placed in a culture room at a temperature of 22°C ± 2°C, a photoperiod of 16 h per day, 
with light intensity of 3000 lux using white fluorescent lamps. The number of reactive meristems, the survival 
percentage and the number of regenerated shootlets were calculated 4 weeks after culturing the meristems.  

2.3. Multiplication Phase 

During this phase, shoot tips generated at the end of the establishment phase were transferred into jars 
containing 40 ml of the nine-propagation media P1, P2, P5, P6, P7, P8, P9, P10 and P11 as presented in 
Table 1, constituting the first subculture. The subculture was repeated every 30 days to study the effect of 
mineral composition “MS [9], Driver and Kuniyuki Walnut (DKW) [11] or Quoirin and Lepoivre (QL) [12]” and 
the growth regulators BAP (0, 0.5 or 1 mgl-1) and GA3 (0, 0.5 mgl-1) on shootlets proliferation.  At the end 
of each subculture, the multiplication coefficient was estimated as follows:  

Multiplication coefficient =               Number of new shootlets 

                                                        Initial number of shootlets 

 
Table 1. Composition of the different media (macronutrients, micronutrients, and growth 
regulators) used during multiplication phase. 
 
 

* MS [9], DKW [11] or QL [12] 

 

2.4. Rooting Phase 

After eight successive subcultures, shootlets of 2 to 3 cm length were sectioned at their base and 
transferred to rooting media. For this purpose, nine rooting media were tested as shown in Table 2: P12, 
P13, P14, P15, P16, P17, P18, P19 and P20, differing in their mineral composition (MS, DKW or QL) and 
in their IBA concentration (0, 1 or 2 mg/l). The pH of the rooting media was adjusted to 5.9. After 30 days, 
the rate of rooted shootlets, the average number of roots and the average length of roots were recorded. 

 
P1 P2 P5 P6 P7 P8 P9 P10 P11 

Macro elements MS MS MS DKW DKW DKW QL QL QL 

Micro elements MS MS MS DKW DKW DKW MS MS MS 

BAP (mgl-1) 0 0.5 1 0 0.5 1 0 0.5 1 

GA3 (mgl-1) 0 0.5 0.5 0 0.5 0.5 0 0.5 0.5 

NAA (mgl-1) 0 0.01 0.01 0 0.01 0.01 0 0.01 0.01 
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Table 2. Composition of the different media (macronutrients, micronutrients, and growth regulators) 
used during rooting phase. 

* MS [9], DKW [11] or QL [12] 

 

2.5. Acclimatization 

The rooted shootlets were transferred to the greenhouse on April 2023. The shootlets were firstly cleaned 
from the agar by washing under tap water and soaking in a fungicide solution (1 g/L). Then, they were 
transplanted into potting trays containing 50 square holes (6 x 6 cm), and placed in the greenhouse in mini 
tunnels at a relative humidity of 95%. These mini-tunnels were completely closed for the first 15 days (only 
opened for watering), then were gradually opened to lower the relative humidity and allow the shootlets to 
adapt to the external conditions. The aforementioned fungicide treatments and foliar fertilizers (20.20.20) 
were regularly applied every 7 days. 

 

2.6. Statistical Analysis 

Data recorded during each step of the micropropagation protocol, were analyzed by using standard analysis 
of variance (ANOVA). Duncan’s multiple range tests were used to show differences among the treatments 
means. All statistical analyses were performed by using SAS for windows (S.A.S Institute Inc, 1995).  

 

3. RESULTS AND DISCUSSION 
 
3.1. Establishment Phase 
Meristems cultures showed the absence of bacterial contamination while fungal contamination and 
oxidation of phenolic compounds were encountered. This reflects the effectiveness of the sterilization 
protocol used, which was therefore suitable for the rest of this study. 
The number of shootlets regenerated from meristems that survived the sterilization protocol , indicated a 
total of 493 reactive meristems out of 520 cultured ones. 
For the effect of media (Table 3), P3 and P4 containing SH macro-elements recorded the highest numbers 
of reactive meristems for both rootstocks (50 and 63 reactive meristems for GF677 rootstock and 60 and 
63 reactive meristems for Myrobolan 29/C, respectively) as compared to MS medium. This reflects the 
importance of the SH medium, as an optimal medium for the induction of meristem reactivity. 
Regarding the effect of growth factors, the highest significant number of reactive meristems (63) for GF677 
was observed on P4 medium containing (0.5 mg.l-1 BAP, 0.5 mg.l-1 GA3 and 0.01 mg.l-1 NAA) with respect 
to P3 (50) which lacked any growth regulators. On the other hand, Myrobolan 29 / C rootstock showed no 
significant difference in the number of reactive meristems on both P3 (60) and P4 (63) media. 
 
These results confirm the influence of SH macro-element composition on the reactivity of both rootstocks 
meristems. Fallahpour et al. (2015), described a better reactivity in the media less concentrated in minerals 
[13], while others in the most concentrated media [14,15]. Moreover, differences between the effects of 

 P12 P13 P14 P15 P16 P17 P18 P19 P20 

Macro elements MS MS MS DKW DKW DKW QL QL QL 

Micro elements MS MS MS DKW DKW DKW MS MS MS 

IBA (mgl-1) 0 1 2 0 1 2 0 1 2 

Commented [p25]: Please specify the type of the soil used in 

acclimatization. 

Commented [p26]: What do the authors mean by "growth 
factors" here? The same growth regulators have been used for all 

media !!! 



 

15 
 

these culture media used can be explained on the basis of total ionic concentration, where high levels can 
have an inhibitory effect on in vitro growth in certain woody plant species [16].  Culture medium components 
(macro-, micro-elements, and vitamins) may also contribute to a difference in the morphogenetic response 
based on the plant species tested [13]. On the other hand, the positive effect of BAP used on the shootlets 
number obtained has also been described in several studies [13,15], reflecting the role of cytokinin (BAP) 
in cell differentiation and division [15]. 
 
Table 3. Meristems’ culture establishment results of two prunus rootstocks: GF677 and Myrobolan 
29/C (media containing 65 meristem culture per media results of 13 repeats of 5 meristems each). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Values followed by different letters are significantly different at the probability threshold of 0.05 (Duncan test) 
 

3.2. Multiplication Phase 
To determine the optimal culture medium that resulted in the best multiplication coefficient, and the 
adequate composition of growth regulators, shootlets established by the end of first phase were transferred 
into nine multiplication media: P1, P2, P5, P6, P7, P8, P9, P10 and P11, thus constituting the first 
subculture. Seven successive subcultures were carried out 30 days apart.  
 
3.2.1 Effect of Subculture on the Multiplication Coefficient  

The number of shootlets for GF677 and Myrobolan 29/C were increasing with subcultures (Fig.2), and a 
positive subculture effect was observed on all the tested multiplication media (P2, P5, P7, P8, P9, P10, 
P11), except for P1 and P6 that lacked any growth regulators (Table 4). P10 medium (QL-based with 0.5  
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mg.l-1 BAP, 0.5 mg.l-1 GA3 and 0.01 mg.l-1 NAA) resulted in the highest multiplication coefficient (9.74 shootlets) with GF677 at the 8th subculture, 
while P7 medium (DKW-based with 0.5 mg.l-1 BAP, 0.5 mg.l-1 GA3 and 0.01 mg.l-1 NAA) yielded the highest multiplication (12.8) with Myrobolan 
29/C at the 8th subculture. A previous study established by Soliman [17] (2012), revealed the effect of subcultures on stone fruits, that remain 
genetically stable at least up to eight subcultures [17]. 

Table 4. Effect of the different culture media on the average number of shootlets, recorded during the 8 subcultures performed on the 
two rootstocks GF 677 and Myrobolan 29/C. 

Values represented  mMean values ± Standard error Error of means  

GF 677 

Media Subculture 1 Subculture 2 Subculture 3 Subculture 4 Subculture 5 Subculture 6 Subculture 7 Subculture 8 

P1 1,17 ± 0,62 1,10 ± 1,90 1,12 ± 0,13 1,28 ± 0,08 1,08 ± 0,08 1.00 ± 0,06 0,96 ± 0,02 0,72 ± 0,03 
P2 1,45 ± 0,13 2,20 ± 0,29 2,79 ± 1,60 1,80± 0,10 4,10 ± 0,30 3,00 ± 0,41 2,30 ± 0,08 1,39 ± 0,10 
P5 1,23 ± 0,04 2,32 ± 0,99 1,20 ± 0,02 1.20 ± 0,00 3,20 ± 0,04 2,85 ± 0,10 1,45 ± 0,21 1,28 ± 0,09 
P6 2,22 ± 1,05 1,35 ± 1,10 2,64 ± 1,30 2,79 ± 1,60 1,79 ± 1,60 2,35 ± 0,21 1.11 ± 0,10 1.30 ± 0,19 
P7 2,33 ± 0,65 2,11± 0,04 2,90 ± 0,12 3,20 ± 0,02 3,20 ± 0,02 2,22 ± 0,01 3,40 ± 0,11 2,88 ± 0,14 
P8 1,90 ± 0,00 2,22 ± 0,06 3,17 ± 0,01 2,97 ± 0,05 3,97 ± 0,05 3,45 ± 0,42 2,92 ± 0,22 3,21 ± 0,10 
P9 1,86 ± 0,60 2,37 ± 1,10 3,64 ± 1,30 4,79 ± 1,60 4,70 ± 1,60 4,70 ± 1,60 2,15 ± 1,00 3,01 ± 0,12 

P10 2,22 ± 0.85 4,11± 0,04 6,90 ± 0,12 8,70 ± 0,02 9,48 ± 0,02 8,22 ± 0,05 9,18 ± 0,08 9,74 ± 0,10 
P11 2,00 ± 1.02 3,22 ± 0,06 6,10 ± 0,01 6,97 ± 0,05 7,87 ± 0,05 8,2 ± 0,05 7,46 ± 0,03 7,88 ± 0,12 

Myrobolan 29 /C 

Media Subculture 1 Subculture 2 Subculture 3 Subculture 4 Subculture 5 Subculture 6 Subculture 7 Subculture 8 

P1 1,20 ± 0,62 1,44 ± 1,90 0,85 ± 0,13 1,05 ± 0,08 0,73 ± 0,08 1,20 ± 0,04 1,24 ± 0,10 2,22 ± 0,04 
P2 1,77 ± 0,13 2,33 ± 0,29 3,44 ± 1,60 3,80± 0,10 4,10 ± 0,30 4,80 ± 0,10 3,20 ± 0,05 3,98 ± 0,02 
P5 1,43 ± 0,04 1,33 ± 0,99 2,45 ± 0,02 3.51 ± 0,00 3,99 ± 0,04 4,2 ± 0,07 4,70 ± 0,10 5.07 ± 0,07 
P6 2,20 ± 1,05 2,63 ± 1,10 3,73 ± 1,30 3,10 ± 1,60 2,10 ± 1,60 3,00 ± 1,02 3,90± 0.08 4,10 ± 0.10 
P7 2,90 ± 0,65 3,20± 0,04 4,70 ± 0,12 7,37 ± 0,02 9,66 ± 0,02 10,20 ± 0,30 11,4 ± 0,40 12,8 ± 0,09 
P8 1,25 ± 0,00 2,78 ± 0,06 3,68 ± 0,01 5,77 ± 0,05 5,97 ± 0,05 6,12 ± 0,12 7,20 ± 0,20 8,30 ± 0,10 
P9 1,10 ± 0,60 1,25 ± 1,10 2,33 ± 1,30 2,25 ± 1,60 2,31 ± 1,60 1,45 ± 0,20 2,35 ± 0,04 3.21 ± 0,07 

P10 1,87 ± 0.85 2,56± 0,04 3,42 ± 0,12 4,88 ± 0,02 5,90 ± 0,02 4,41 ± 0,06 5,61 ± 0,10 4,32 ± 0,07 
P11 1,87 ± 0.85 2,98± 0,04 3,66 ± 0,12 3,80 ± 0,02 3,84 ± 0,02 4,10 ± 0,10 5,00 ± 0,08 4,88 ± 0,10 
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Fig. 2. Myrobolan 29/C and GF677 during multiplication phase. 
3.2.2 Effect of the Macro-element on the Average Number of Shootlets 
When combining the data obtained during the eight subcultures with the three BAP concentrations, the effect of macro-
element composition on the number of shootlets was determined. 
3.2.2.1 GF677 

The results showed a significant difference between the three-culture media macro-elements composition, with QL medium 
having the highest multiplication coefficient (4,.93) followed by the DKW medium (2.58), and MS (1.81) (Fig. 3A). 
The multiplication coefficient obtained (4.93) is two times higher than that obtained in other studies of Nazary and Yadollahi 
(2012) and Tatari and Mousavi (2014) [18,19]. This reflects that the media constituting QL macro-elements is adequate for 
GF677 propagation. This result is inconsistent with the study of Borkheyli et al. (2021) [15], which reported that the maximum 
number of shootlets was obtained on with MS macro-element (5.8), while DKW medium was less efficient for GF677 
multiplication. However, this difference can be explained by the variations in the number of subcultures carried out, as well 
as the incubation period of each subculture (6 weeks in the study of Borkheyli et al. (2021) [15]). Moreover, bud multiplication 
and elongation are strongly affected by the juvenility of explants [20].; In this study, meristems were used as initial source 
of explants, which doesn’t align with Borkheyli et al. (2021) where nodal sections of 1 cm were tested [15]. 
3.2.2.2 Myrobolan 29/C 
The results revealed significant differences in the multiplication coefficient between the three-culture media tested. DKW 
macro-elements resulted in the highest multiplication coefficient (5.33), followed by QL medium (3.31), while MS medium 
had the lowest coefficient (2.67) (Fig.3B). 
These results are consistent with those obtained by Plopa et al. (2012) [21] on Myrobolan Dwarf Plum rootstock, where the 
QL macro-elements tested showed a higher multiplication coefficient than that of MS. Shabani et al. (2015) [22], deduced 
that the MS and DKW macro-elements constitute the optimal conditions for the micropropagation of 29/C compared to the 
WPM formula tested in their study [22]. 
It is obvious that with the two rootstocks tested, the macro-element composition had a great influence on the multiplication 
coefficient. These results are in accordance with several subsequent studies [13,14,15,23,24]. Moreover, the differential 
response obtained is genotype-specific [25].  
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Fig. 3. Effect of macro-elements on the average number of shootlets; A: GF677 and B: Myrobolan 29/C; Subcultures 
and BAP concentrations are combined.  
Bars followed by different letters are significantly different, * P < 0.05 (Duncan test)  
 

3.2.3 Effect of the BAP on the Average Number of Shootlets 

To evaluate the effect of the growth factor regulator (BAP) on the multiplication coefficient, the average number of shootlets 
was calculated for each culture medium having different mineral composition along the eight subcultures. For GF677 and 
Myrobolan 29/C (Fig. 4), the highest number of shootlets was obtained with 0.5 mgl-1 BAP (4.05 and 5.11, respectively), 
when compared to the 1 mgl-1 BAP (3.61 and 4.1, respectively). However, a strong significant difference in the multiplication 
coefficient was observed in the media lacking any growth regulators (2.15 and 2.12, respectively). These results 
demonstrate the importance of using growth regulators factors on the number of shootlets when compared to hormone-free 
media. This effect of BAP on GF677 propagation, has been illustrated in several studies; Tatari and Mousavi (2014) [19] 
obtained the optimal results using 0.6 mgl-1 BAP [19]; Thorpe et al. (2008) [25] reported that the best propagation with BAP 
concentrations ranging between 0.5 to 2.5 mgl-1 [25].; Besides, Nazary and Yadollahi, (2012) [18], obtained the best results 
using 1 mg.l-1 BAP [18]. On the other  

hand, for Myrobolan 29/C, Plopa et al. (2012), Nasri et al. (2019) and Guney et al. (2019) reported that optimal multiplication 
coefficients, were observed at moderate concentrations of BAP [21,26,27]. Hence, cytokinin acts on stimulating the initiation 
and the activity of axillary meristems, leading to cell division, shoot multiplication and axillary bud formation [28]. Additionally, 
the influence of cytokinins on tissue or organ cultures may differ based on the crop type, the plant variety, and the explants’ 
age [25].  

Fig. 4. Effect of BAP concentration on the average number shootlets. A: GF677 and B: Myrobolan 29/C; Subcultres  
 
and macro-elements are combined. 

Bars followed by different letters are significantly different, * P 
< 0.05 (Duncan test) 
 

3.3. Rooting Phase 

Nine culture media were tested for this phase (P12, P13, P14, P15, P16, P17, P18, P19 and P20), differing by macro-
elements composition (MS, DKW or QL) and IBA concentration (0, 1 or 2 mg.l-1). The obtained results are presented in 
Table 5. For the GF677 rootstock, P19 medium (QL-based macro-element composition with 1mg.l-1 IBA) medium, recorded 
the highest percentage of rooted plants (85%), the highest number of roots/plantlet (4.33), and a root length of 1.9 cm (Fig. 
5).  Medium P16 medium (DKW-based macro-element composition with 1 mg.l-1 IBA) had the longest roots (2.9 cm), with 
only 25% of plants rooted. 

b

a

ab

0

1

2

3

4

5

6

0 BAP 0.5 BAP 1 BAP

n
u

m
b

e
r 

o
f 

s
h

o
o

tl
e
ts

 p
e
r 

s
h

o
o

tl
e
t

c

a

b

0

1

2

3

4

5

6

0 BAP 0.5 BAP 1 BAP

n
u

m
b

e
r 

o
f 

s
h

o
o

tl
e

ts
 p

e
r 

s
h

o
o

tl
e

t

A B B 

Commented [p31]: Place the Figure title at the bottom, and add 

the following sentence “Bars followed by different letters are 
significantly different, * P < 0.05 (Duncan test)” 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. GF677 (P19 medium) and Myrobolan 29/C (P16 medium) during rooting phase. 

 
On the other hand, the superior values for rooting parameters of 29/C were obtained with P16 medium, having100% rooted 
plants, an average number of 5.34 of roots/plantlet and an average root length of 1.83 cm (Fig. 5).  However, the longest 
roots of 3.73 cm were obtained with P18 (QL-based macro-element lacking any growth regulators). These results are 
comparable to those obtained with Shabani et al. (2015) [22], where the optimal rooting percentage (100%) for 29/C, was 
recorded with DKW medium [22]. Similarly, several studies have recommended moderate IBA concentrations for optimal 
rooting of both GF677 and Myrobolan 29/C rootstocks [13,15,27]. 
 
Table 5. Effect of the rootingdifferent media (P12, P13, P14, P15, P16, P17, P18, P19 and P20) on the rooting of 
GF677 and Myrobolan 29/C shootlets. 
 

Media 
Percentage of rooted 

plantlets 
Average number of 

roots / plantlets 
Average lengths of 

roots (cm) 

GF677 

P12 1.0 ± 0.03 e 1.0 ± 0.3 cde 2.03 ± 0.08 ab 
P13 40.33 ± 4.23 c 1.7 ± 0.24 c 1.03 ± 0.11 cd 
P14 43.67 ± 9.87 c 3.13 ± 0.02 b 2.1± 0.09 ab 
P15 0.0 ± 0.0 e 0.0 ± 0.0 f 0.0 ± 0.0 e 
P16 25 ± 8.5 d 1.5 ± 0.1 cd 2.9 ± 0.1 a 
P17 17 ± 3.98 d 0.83 ± 0.05 de 1.4 ± 0.3 bc 
P18 1.0 ± 0.5 e 0.33 ± 0.03 ef 0.26 ± 0.02 de 
P19 85 ± 11.2 a 4.33 ± 03 a 1.9 ± 0.25 bc 
P20 68.5 ± 9.56 b 2.65 ± 0.2 b 1.10 ± 0.15 cd 

Myrobolan 29 /C 

P12 3.7 ± 1.3 f 1.5 ± 0.57 c 2.4 ± 1.3 b 
P13 94.43 ± 14 b 4.76 ± 1.24 ab 2.1 ± 0.75 b 
P14 61.12 12.1 e 5.46 ± 1.2 a 2.9± 0.07 ab 
P15 4.17 ± 2.2 f 1.8 ± 0.85 c 3.67 ± 1.8 ab 
P16 100 ± 3.41 a 5.34 ± 0.9 a 1.83 ± 0.91 bc 
P17 83.33 ± 12.3 c 4.53 ± 0.5 ab 2.77 ± 1.1 ab 
P18 3.13 ± 1.1 f 3.8 ± 0.8 b 3.73 ± 1.1 a 
P19 83.3 ± 11.2 c 4.27 ± 1.1 ab 2.0 ± 0.5 b 
P20 66.7 ± 13.1 d 3.76 ± 0.8 b 0.83 ± 0.4 c 

Values represented mMean values ± Standard error Error of means 
Different letters in the column are significantly different, * P < 0.05 (Duncan test) 
 

3.4. Acclimatization 

The rooted shootlets were transferred to the greenhouse, then examined a week later.  Signs of survival or loss started to 
appear (Fig. 6). A few shootlets rapidly withered away, as a result of foliage drying out or root system asphyxia, while others 
began to develop new leaves, indicating the success of acclimatization in the greenhouse and their transition from the 
heterotrophic (in vitro) to the autotrophic stage. 

Myrobolan 29/C GF677 
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After 30 days, the survival rate marked the survival of 66% of the transferred GF677 plantlets and 70% of 29/C plantlets, 
thus reflecting the success of the acclimatization phase and indicating the effectiveness of the rooting protocol carried out 
in the previous step. 

 

 
 
 
 
 
 
 
 
 
Fig. 6. Shootlets of GF 677 and Myrobolan 29/C rootstocks acclimatized in the greenhouse. 

 
4. CONCLUSION 
 
Meristem culture is the most valid production method used for disease-free, clonal and mass production of plants. This 
study aimed to develop an efficient protocol for in vitro propagation of two Prunus rootstocks GF677 and Myrobolan 29/C. 
To this end, meristems isolated from these two rootstocks were cultured. Different culture media with different macro-
element mineral compositions were tested for each micropropagation phase. Different types and factors of growth were 
also tested and the effect of successive subcultures was evaluated. 
 
The results of this research will markedly improve the micropropagation of Prunus rootstocks in Lebanon. In this context, 

we recommend to use SH medium based macro-element combined with 0.5 mg.l-1 BAP, 0.5 mg.l-1 GA3 and 0.01 mg.l-1 
NAA in the establishment phase, which showed the optimal results for the two rootstocks GF 677 and Myrobolan 29/C. 
In the multiplication phase, QL based macro-element displayed the highest number of shootlets (9.74) for GF677 at 0.5 
mg.l-1 BAP after eight subcultures. Whereas, DKW based macro-element supplemented with 0.5 mg.l-1 BAP was the most 
effective in inducing the highest multiplication coefficient (12.8) for Myrobolan 29/C .  
 
Furthermore, the highest rooting percentage (85%) and average number of roots/plantlet (4.33) were obtained using QL 
and DKW macro-elements supplemented with 1 mg.l-1 IBA for GF677 and  Myrobolan 29/C respectively. Given the records 
collected for meristem culture establishment, the coefficient of multiplication and the rooting stage, working further on the 
improvement of acclimatization conditions to reach the 100% hardening survival rate for both rootstocks isare fundamental. 
Consequently, optimizing the micropropagation protocol can induce a positive impact on stone fruits cultivation in Lebanon, 
ensuring the local production of true-to-type and virus free material. Adopting a certification program by the Ministry of 
Agriculture in collaboration with the private sector is an urgent need in order to enhance the quality of rootstocks and 
cultivars in the fruit trees sector.  
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