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ABSTRACT 
The aim of this study was to reach a well-defined protocol to in vitro propagate of Argania 

spinosa and overcome vitrification phenomenon. In this respect, the highest number of shoot was 
found at 2.0 mg/l Kin at genotype 3 for multiplication stage. MS medium supplemented with 100 
mg/l calcium pantothenate was suited for to eliminate vitrification at all genotypes. For callus 
induction, MS medium supplemented with 1.5 mg/l NAA when incubated in the light or darkness 
was favorable to callus induction. MS medium supplemented with 0.5 mg/l GA3 + 1.5 mg/l BA led 
to increases shoot initiation. 
Keywords: Micropropagation- In vitro - Tissue culture –Argan– Callus induction. 

INTRODUCTION  
This multipurpose tree is increasingly 

required due to its ecological interest and its 
socio-economic value (Le Polain and Waroux, 
2013, Lizard et al., 2017 and Mateille, et al., 
2016).Argan tree effectively protects the soil 
against rain or wind-induced erosion and 
maintains soil fertility (Morton and Voss, 
1987).Oleic acid is the major fatty acid in 
argan oils (Charrouf and Guillaume, 
1999).Polyphenols extracted from virgin argan 
oil have anti-proliferative on human prostate 
cancer cell lines (Bennani et al., 2007). 

Callus induction from somatic tissues used 
technology for basic research and for 
industrial applications (Bourgaud et al., 2001, 
Rao and Ravishankar, 2002, Duclercq et al., 
2011, Tito et al., 2011, Schmid and Zu¨lli, 
2012 and Pavlovic and Radotic, 2017). 

Callus development process required the 
successful sterilization way that prevents 
economic losses (Leifert et al., 1989 and 
Trehan et al., 2017).  

Callus initiation of Argania spinosa 
occurred by addition of 1.0 mg/l NAA and 1.0 
mg/l 2,4-D. The axillary buds were the most 
responsive with the highest callus induction 
(Lamaoui et al., 2019). 

Using 1-naphthaleneacetic acid (NAA) at 
1 mg/l and 1 mg/l 2,4-dichlorophenoxyacetic 
acid (2,4-D) was the best efficient 
combination for callus induction from 
different explants of argan (Lamaoui et al. , 
2015). 

The germination seeds were cultured in 
1/2MS medium supplemented with 1 mg/l 
IAA and 1 mg/l BA. After 2 months of culture, 
young leaves were collected from the shoots 
and cultured in callus induction medium 
(Koufan et al., 2020). 

Adventitious shoot buds were performed 
on MS medium supplemented with different 
combinations of BAP and GA3. The best 
medium was observed that containing 1 mg/l 
BAP and 2 mg/l GA3 (Amghar et al., 2021).  

The highest percentage of shoots that was 
cultured on an MS medium containing 1 mg/l 
Kin and 0.5 mg/l IAA. The better elongation 
of argan plants was recorded on MS medium 
supplemented with 1.5 mg/l of GA3 (Aizer et 
al., 2019). 

Hyperhydricity is caused some certain 
anatomical, morphological, physiological, and 
metabolic disturbances. Hyperhydricity 
reduces the efficiency of plants 
micropropagation, the quality of seedlings and 
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prevents the adaptation of plants in 
greenhouse. The main factors influencing the 
level of hyperhydricity of plants in vitro are 
the mineral and hormonal composition of a 
medium, cultivation conditions and the 
aeration of cultivation vessels. Based on these 
factors, various approaches are proposed to 
eliminate hyperhydricity, such as the use of 
exogenous additives (Polivanova and 
Bedarev, 2022). Compared to normal plants, 
hyperhydric plants also exhibited damaged 
membranes and cell structure, reduction of 
cell wall thickness, more intercellular spaces, 
and collapse of vascular tissues (Gao et al., 
2018). Disorders associated with 
hyperhydricity appear on leaves but also on 
stems and roots (Ziv, 1991, Saher et al., 2004 
and Fernandez-García et al, 2008).The use of 
the medium with a reduced content of mineral 

salts or MS medium with low salt strength 
leads to a decrease in hyperhydricity of clove 
and cucumber shoots (Ziv et al., 1987).The 
results of scanning electron microscopy 
showed that in the tissues of hyperhydric 
plants exhibited extensive intercellular spaces 
(Sonrizaand Lilian, 1997). 

High concentration of cytokinins 
enhances ethylene biosynthesis, which can 
cause hyperhydricity, impaired shoot 
proliferation and apical necrosis (Žd’árská et 
al., 2013 and Liu et al., 2017). 

Thus, the study aims to develop an 
efficient procedure for the micropropagation 
establishment of the economically important 
Argania  spinosa  tree and overcome 
vitrification phenomenon in micropropagation 
protocol. 

MATERIALS AND METHODS 
1. Plant materials and sterilization: 

This study was carried out in the Plant 
Biotechnology Dept., Genetic Engineering 
and Biotechnology Institute, Sadat City 
University Practical part was conducted in the 
Laboratory of Tissue Culture, Horticulture 
Research Institute, Agriculture Research 
Center (ARC), Ministry of Agriculture, Giza, 
Egypt. The current experiments were 
conducted throughout 2015 - 2022.  

Shoots were obtained from El-NADA 
Farm, Alex. Desert Road (Km 70).  Shoot tips 
of Argania  spinosa were excised from the 
mother plants were collected from the farm 
and transferred to the laboratory. Shoot tips 
were immediately soaked in soap under 
running tap water for 30 min, then transferred 
to a laminar air flow-cabinet, where 
submerged with the commercial bleach 
Clorox containing the active ingredient 
sodium hypochlorite (NaOCl at 5.25%) at 
25% for 15 minutes. Shoot tips were cultured 
on MS medium under aseptic conditions. 
Cultured jars were transferred to the growth 
room and incubated for one month under 16/8 
light/dark photoperiod at 24 ºC ± 1. 
2. Multiplication stage: 

At the multiplication stage, two 
experiments were initiated to determine the 

most suitable medium for four genotypes.  An 
initial experiment was carried out using BA, 
Kin and 2iP at 0.0, 1.0, 1.5, 2.0 and 2.5 mg/l. 
Cultured jars were transferred to the growth 
room and incubated for 6 weeks for every 
subculture at 24 ºC ± 1, under 16/8 light/dark 
photoperiod. Shoot length (cm), number of 
leaves and number of shoots were recorded for 
each genotypes 1, 2, 3 and 4 ofArganiaspinosa 
growth. 

As cultures showed a vitrification 
problem because of repeated reculturing on 
media supplemented with cytokinins 
especially BA, cultures were transferred to 
media containing calcium pantothenate at 0.0, 
50, 75 and 100 mg/l or calcium chloride at 0.0, 
83, 166, 244 and 332 mg/l to eliminate 
vitrification. Therefore, the study of 
vitrification requires a comprehensive 
approach, and measures aimed at its 
elimination should be complex and species-
specific. 

Callus induction was induced in dark or 
light when transferred to media treatments 
supplemented with NAA at 0.0, 0.5, 1.0 and 
1.5 mg/l or 2,4-D at 0.0, 0.5, 1.0 and 1.5 mg/l. 
For shoot initiation, NAA or GA3 at 0.5 mg/l 
and Kin or BA at 0.5, 1.0 and 1.5 mg/l were 
added to MS medium. 
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- Statistical analysis: 
The experimental design was complete 

randomize design (CRD), with three 
replicates; the significant differences between 
treatments were analyzed using analysis of 
variance (ANOVA) using COSTAT statistical 
package. The differences among treatment 

means were compared using least significant 
difference (L.S.D.) test at a probability level 
0.05 (Steel and Torrie, 1980). 
Abbreviations: MS = Murashige&Skoog medium, 
CaCl2= calcium chloride, Kin = Kinetin = 6-Furfuryl-
aminopurine, BA = BAP = 6-benzyladenine = 6- 
benzylaminopurine. 

RESULTS AND DISCUSSION 
1. Effect of different concentrations of BA, 
Kin and 2iP during the first subculture on 
multiplication stage of Argania  spinosa: For 
BA, Kin and 2iP at multiplication stage during 
the first subculture, data calculated in Table 
(1) show that the best concentration of 
cytokinins was 2.5 mg/l Kin that produced 
69.42 leaves, 5.08 cm and 5.67 shoots, 
respectively.Results obtained here are in 
harmony with those obtained elsewhere when 
MS medium plus 1 mg/l Kin and 0.5 mg/l 
IAA were used to shoot formation of Argania 
spinosa (Aizer et al., 2019). 

For genotypes in Table (1) recorded that 
genotype 3 gave the highest number of leaves, 
shoot length and number of shoots was 
recorded on medium, which gave 55.95 
leaves, 4.75 cm and 3.92 shoots, respectively. 

For the interaction between cytokinins 
and genotypes after the first subculture 
reported that the highest number of leaves, 
shoot length and number of shoots were found 
on medium supplemented with 2.5 mg/l Kin 
on genotype 3, which gave 74.00 leaves, 5.50 
cm and 6.00 shoots, respectively. 
2. Effect of different concentrations of BA, 
Kin and 2iP during the second subculture 
on multiplication stage of Argania  spinosa: 

The data recorded in Table (2) after the 
second subculture showed that the highest 
number of leaves, shoot length and number of 
shoots was found on 2.0 mg/l Kin, which gave 
83.42 leaves, 5.99 cm and 6.33 shoots, 
respectively.The results for genotypes Table 
(2) showed that genotype 3 increased number 
of leaves, shoot length and number of shoots. 
The highest number of leaves, shoot length 
and number of shoot were gave 65.05 leaves, 
4.98 cm and 4.62 shoots, respectively. 

For interaction between cytokinins and 
genotypes showed that the highest number of 
leaves, shoot length and number of shoots 
were obtained on medium supplemented with 
2.0 mg/l Kin on genotype 3, which gave 90.00 
leaves, 6.20 cm and 6.67 shoots, respectively. 
3. Effect of different concentrations of BA, 
Kin and 2iP during the third subculture on 
multiplication stage of Argania  spinosa: 

Data recorded that shoots were not 
formatted when cultured on medium 
supplemented with BA. All BA 
concentrations did not form any shoots with 
subculturing. Notably, BA increased the 
vitrificationwhen compared to the other 
cytokinins. In the same trend, the lowest 
amount of callus induction was achieved 
under high BA concentration combined with 
low auxin levels (Lamaoui et al., 2019). 

For Kin and 2iP at multiplication 
stage, data calculated in Table (3) show that 
the best concentration of Kin was 2.0 mg/l that 
produced the highest number of leaves, shoot 
length and number of shoots which recorded 
(88.58 leaves, 6.39 cm and 9.08 shoots, 
respectively) after the third subculture. 

The results for genotypes also in 
Table (3) showed that genotype 3 gave the 
highest number of leaves, shoot length and 
number of shoots was recorded on medium, 
which gave 70.74 leaves, 5.60 cm and 7.37 
shoots, respectively after the third subculture. 
The interaction between the Kin and 2iP at 
different concentrations and different 
genotypes 1, 2, 3 or 4 showed that the highest 
number of leaves, shoot length and number of 
shoots was recorded on medium supplemented 
with 2.0 mg/l Kin on genotype 3, which gave 
95.00 leaves, 7.07cm and 10.67 shoots, 
respectively after the third subculture. 



Horticulture Research Journal, 2(1), 1:13-June 2024, ISSN 2974/4474 
 

(4) 

 

Table (1). Effect of MS medium with different concentrations of BA, Kin and 2iP (mg/l) on number of leaves, shoot length and number of shoots 

during the 1st subculture at multiplication stage of Argania  spinosa genotypes 1, 2, 3 and 4. 

Cytokinins 

(mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

1 2 3 4 1 2 3 4 1 2 3 4 

Control 23.00 21.00 27.67 21.00 23.17 5.80 5.97 6.07 5.97 5.95 1.33 1.00 1.33 1.00 1.17 

1.0 BA 49.00 41.67 55.33 50.67 49.17 3.87 3.87 4.47 4.10 4.08 3.33 3.67 3.33 3.33 3.42 

1.5 BA 52.33 45.67 60.67 57.00 53.92 4.03 4.20 4.77 4.77 4.44 4.67 4.33 4.33 4.67 4.50 

2.0 BA 52.00 48.67 68.00 60.00 57.17 4.03 4.13 4.97 5.10 4.56 4.67 5.00 4.67 4.33 4.67 

2.5 BA 62.00 53.67 70.00 65.33 62.75 3.70 4.50 4.99 4.70 4.39 5.33 4.67 5.00 4.67 4.92 

1.0 Kin 43.33 43.33 48.67 45.67 45.25 4.27 4.00 4.17 4.03 4.12 3.00 3.00 3.33 3.00 3.08 

1.5 Kin 51.67 54.33 62.33 62.00 57.58 4.43 4.30 4.80 4.40 4.48 4.33 3.67 4.00 4.33 4.08 

2.0 Kin 58.00 64.67 71.67 67.33 65.42 4.67 4.70 5.50 4.87 4.93 5.00 5.33 5.67 5.67 5.42 

2.5 Kin 61.67 70.67 74.00 71.33 69.42 4.73 5.00 5.50 5.10 5.08 5.67 5.33 6.00 5.67 5.67 

1.0 2ip 35.00 34.67 38.67 37.00 36.34 3.50 3.30 3.47 3.30 3.39 2.33 2.33 2.67 2.33 2.42 

1.5 2ip 39.67 41.00 44.00 46.67 36.33 3.73 3.80 3.73 3.60 3.72 3.67 3.00 3.00 3.33 3.25 

2.0 2ip 43.67 46.67 49.33 49.00 42.83 3.93 4.00 4.40 4.13 4.12 4.33 3.33 3.67 3.67 3.75 

2.5 2ip 52.00 51.00 57.00 55.00 47.17 4.30 4.40 4.60 4.33 4.41 4.67 3.67 4.00 3.67 4.00 

Mean (B) 47.95 47.46 55.95 52.92  4.27 4.37 4.75 4.55  3.96 3.72 3.92 3.81  

LSD0.05 = 

Growth regulators (A) = 2.59 

Genotypes (B) = 1.43 

AxB = 5.17 

Growth regulators (A) = 0.25 

Genotypes (B) = 0.14 

AxB = 0.50 

Growth regulators (A) = 0.43 

Genotypes (B)= 0.24 

AxB = 0.87 
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Table (2). Effect of MS medium with different concentrations of BA, Kin and 2iP (mg/l) on number of leaves, shoot length and number of shoots 

during the 2nd subculture at multiplication stage of Argania  spinosa genotypes 1, 2, 3 and 4.  

Cytokinins 

(mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

1 2 3 4 1 2 3 4 1 2 3 4 

Control 20.00 21.00 27.67 21.00 22.42 5.90 5.57 6.07 5.97 5.88 1.33 1.00 1.33 1.00 1.17 

1.0 BA 68.00 67.67 72.00 72.33 70.00 4.10 4.27 4.27 4.40 4.26 4.33 4.00 4.67 4.33 4.33 

1.5 BA 76.67 72.00 64.67 67.67 70.25 4.83 4.73 4.63 4.47 4.67 4.67 4.67 4.67 4.67 4.67 

2.0 BA 67.67 66.00 64.33 63.67 65.42 3.90 4.37 4.13 3.87 4.07 3.67 4.33 4.33 3.33 3.92 

2.5 BA 64.67 54.33 52.00 54.67 56.42 3.97 4.20 4.20 4.07 4.11 3.67 3.67 4.00 4.00 3.83 

1.0 Kin 71.33 70.33 75.67 72.33 56.42 4.57 4.87 4.97 5.13 4.88 4.67 4.33 4.67 4.33 4.50 

1.5 Kin 74.67 74.00 81.33 78.33 72.42 5.27 5.20 5.13 5.73 5.33 5.33 5.33 5.33 5.33 5.33 

2.0 Kin 79.67 79.00 90.00 85.00 77.08 5.83 5.97 6.20 5.77 5.99 6.00 6.33 6.67 6.33 6.33 

2.5 Kin 77.67 77.67 86.67 82.00 83.42 5.23 5.63 6.13 6.00 5.75 5.67 6.00 6.33 6.00 6.00 

1.0 2ip 44.67 42.67 47.00 45.33 44.92 4.27 4.30 4.37 4.20 4.28 4.00 4.33 4.33 4.00 4.17 

1.5 2ip 49.67 48.67 54.67 52.33 51.33 4.73 4.77 4.47 4.60 4.64 4.33 4.00 4.67 4.33 4.33 

2.0 2ip 55.00 54.00 61.00 58.33 57.08 4.97 4.80 5.07 5.20 5.01 4.67 5.00 5.00 5.33 5.00 

2.5 2ip 61.33 60.67 68.67 67.00 64.42 5.03 4.80 5.13 5.30 5.07 4.67 4.67 5.67 5.00 4.75 

Mean (B) 62.38 60.62 65.05 63.08  4.82 4.88 4.98 4.96  4.31 4.39 4.62 4.46  

LSD0.05 = 

Growth regulator (A) = 2.56 

Genotypes (B) = 1.42 

AxB = 5.12 

Growth regulator (A) = 0.31 

Genotypes (B) = 0.17 

AxB = 0.62 

Growth regulator (A) = 0.51 

Genotypes (B) = 0.28 

AxB = 1.03 
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Table (3). Effect of MS medium with different concentrations of Kin and 2iP (mg/l) on number of leaves, shoot length and 

number of shoots during the 3rd subculture at multiplication stage of Argania spinosa genotypes 1, 2, 3 and 4. 

Cytokinins 

(mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes Mean 

(A) 
Genotypes Mean 

(A) 
Genotypes Mean 

(A) 1 2 3 4 1 2 3 4 1 2 3 4 

Control 22.67 26.33 32.00 28.67 27.42 6.17 6.20 6.33 6.17 6.22 1.67 1.00 1.67 1.33 1.42 

1.0 Kin 75.33 75.33 74.00 72.67 74.33 4.50 5.00 5.13 5.10 4.93 6.33 5.67 7.00 6.67 6.42 

1.5 Kin 80.33 77.33 82.00 82.67 80.58 5.03 5.57 5.37 5.40 5.34 7.33 6.67 8.33 7.67 7.50 

2.0 Kin 83.33 83.67 95.00 92.33 88.58 5.03 5.50 7.07 6.03 5.91 8.00 7.67 10.67 10.00 9.08 

2.5 Kin 83.00 83.00 90.67 91.33 87.00 5.33 6.43 6.47 6.73 6.24 8.33 7.33 10.33 9.33 8.83 

1.0 2ip 54.67 52.33 53.67 52.00 53.17 4.13 4.27 4.63 4.53 4.39 5.33 5.00 5.67 5.33 5.33 

1.5 2ip 61.67 60.33 62.33 61.67 61.50 4.67 4.40 4.90 5.23 4.80 6.00 5.67 7.00 6.67 6.33 

2.0 2ip 66.33 64.67 72.00 71.33 68.58 4.67 5.03 5.20 5.37 5.07 6.33 6.67 7.67 7.33 7.00 

2.5 2ip 70.33 72.00 75.00 75.00 73.08 5.00 5.13 5.30 5.63 5.27 6.67 6.67 8.00 7.67 7.25 

Mean0.05 (B) 66.41 66.11 70.74 69.74  4.95 5.28 5.60 5.58  6.22 5.81 7.37 6.89  

LSD = 

Growth regulator (A) = 2.73 

Genotypes (B) = 1.82 

AxB = 5.46 

Growth regulator (A) = 0.33 

 Genotypes (B) = 0.22 

AxB = 0.65 

Growth regulator (A) = 0.60 

Genotypes (B) = 0.40 

AxB = 1.201.19 
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4. Effect of different concentrations of 
Calcium Pantothenate during the first 
subculture after vitrification of Argania  
spinosa:  

Data in Table (4) showed that shoots 
were cultured on medium without calcium 
pantothenate (control treatment) gave shoot 
suffered from vitrification. The best calcium 
pantothenate concentration in suppressing 
vitrification was 100 mg/l which gave the 
highest number of leaves, shoot length and 
number of shoots (71.65 leaves, 5.00 cm and 
5.40 shoots, respectively).Furthermore, it was 
observed that the best genotype in 
suppressing vitrification was genotype 3 
when calcium pantothenate was used which 
gave 63.5 leaves, 4.77 cm and 4.75 shoots. 

The interaction between calcium 
pantothenate at different concentrations and 
genotypes 1, 2, 3 or 4 showed that the highest 
number of leaves, shoot length and number of 
shoots was recorded on medium 
supplemented with 100 mg/l calcium 
pantothenate on genotype 3, which gave 
76.80 leaves, 5.30 cm and 5.80 shoots, 
respectively. 
5. Effect of different concentrations of 

calcium pantothenate during the second 
subculture after vitrification of Argania  
spinosa:  

The results for calcium pantothenate also 
in Table (5) showed that 100 mg/l calcium 
pantothenate gave the highest number of 
leaves, shoot length and number of shoots 
(80.00 leaves, 5.43 cm and 6.85 shoots, 
respectively) as compared to other 
concentrations.The results for genotypes 
showed that genotype 3 gave the highest 
number of leaves, shoot length and number of 
shoots which gave 68.80 leaves, 5.13 cm and 
5.80 shoots, respectively. 

The interaction between calcium 
pantothenate and genotypes found that the 
highest number of leaves, shoot length and 
number of shoots was demonstrated on 
medium supplemented with 100 mg/l 
calcium pantothenate on genotype 3, which 
gave 81.20 leaves, 5.80 cm and 7.60 shoots, 
respectively. 

The results are in line with Leshem et al. 
(1988) on the presence of BA in the medium 
can cause vitrification. 
 

6. Effect of different concentrations of 
calcium chloride during the first 
subculture to control vitrification of 
Argania  spinosa:  

The results recorded in Table (6) show 
that 83 mg/l the best calcium chloride 
concentration in suppressing vitrification was 
produce the highest number of leaves, shoot 
length and number of shoots which gave 
73.42 leaves, 4.76 cm and 4.42 shoots, 
respectively.Result was observed also that the 
best genotype in suppressing vitrification was 
genotype 3 recorded the highest number of 
leaves, shoot length and number of shoots 
which gave 60.87 leaves, 4.49 cm and 3.60 
shoots, respectively. 

The interaction between Calcium 
chloride at different concentrations and 
different genotypes showed that the highest 
number of leaves, shoot length and number of 
shoots was found on medium supplemented 
with 83 mg/l Calcium chloride on genotype 
3, which gave 76.00 leaves, 4.97 cm and 4.67 
shoots, respectively. 
7. Effect of different concentrations of 

calcium chloride during the second 
subculture to control vitrification of 
Argania  spinosa:  

The results showed in Table (7) note 
that the best calcium chloride concentration 
in suppressing vitrification was 83 mg/l with 
the highest number of leaves, shoot length 
and number of shoots which gave 75.33 
leaves, 4.98 cm and 5.50 shoots, 
respectively.Result was observed also that the 
best genotype in suppressing vitrification was 
genotype 3 with the highest number of 
leaves, shoot length and number of shoots 
which gave 63.93 leaves, 4.44 cm and 4.47 
shoots, respectively. 

The interaction between calcium 
chloride at different concentrations and 
genotypes showed that the highest number of 
leaves, shoot length and number of shoots 
was found on medium contained with 83 
mg/l calcium chloride on genotype 3, which 
gave 78.00 leaves, 5.20 cm and 6.00 shoots, 
respectively. 

In the same trend, an increase of calcium 
concentration in the medium was an effective 
measure for eliminating vitrification in tissue 
culture for some tree species (Singha et al., 
1990).
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Table (4).Effect of different concentrations of calcium pantothenate (mg/l) on number of leaves, shoot length and number of shoots 

during the 1st subculture to control vitrification of Argania spinosa genotypes 1, 2, 3 and 4. 

CaPantothenate(mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes Mean 

(A) 

Genotypes Mean 

(A) 

Genotypes Mean 

(A) 1 2 3 4 1 2 3 4 1 2 3 4 

Control 36.80 37.40 41.00 42.8 39.50 3.84 3.82 3.92 3.76 3.84 2.40 2.60 2.60 2.40 2.50 

50 65.40 64.20 64.60 64.4 64.65 3.86 4.18 4.60 4.24 4.22 4.00 4.40 5.20 4.60 4.55 

75 70.00 69.80 71.60 70.6 70.50 4.56 4.48 5.26 4.90 4.80 4.60 5.20 5.40 5.60 5.20 

100 68.80 70.20 76.80 70.8 71.65 4.94 4.78 5.30 5.00 5.00 4.40 5.60 5.80 5.80 5.40 

Mean (B) 60.25 60.4 63.5 62.15  4.30 4.32 4.77 4.48  3.85 4.45 4.75 4.60  

LSD0.05 = 

CaPantothenate(A) = 3.05 

Genotypes (B) = 3.05 

AxB = 6.10 

CaPantothenate(A) = 0.28 

Genotypes (B) = 0.28 

AxB = 0.55 

CaPantothenate(A) = 0.50 

Genotypes (B) = 0.50 

AxB = 0.99 

 

Table (5).Effect of different concentrations of calcium pantothenate (mg/l) on number of leaves, shoot length and number of shoots 

during the 2nd subculture to control vitrification of Argania spinosa genotypes 1, 2, 3 and 4. 

CaPantothenate(mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes Mean 

(A) 
Genotypes Mean 

(A) 
Genotypes Mean 

(A) 1 2 3 4 1 2 3 4 1 2 3 4 

Control 36.80 37.40 41.00 42.8 39.50 3.84 3.82 3.92 3.76 3.84 2.40 2.60 2.60 2.40 2.50 

50 71.20 72.60 73.80 72.8 72.60 4.38 4.62 5.08 4.98 4.77 5.40 5.00 6.00 5.60 5.50 

75 77.80 79.60 79.20 79.6 79.05 5.16 5.30 5.72 5.38 5.39 6.20 6.00 7.00 7.00 6.55 

100 81.00 79.60 81.20 78.2 80.00 5.08 5.18 5.80 5.64 5.43 6.20 6.40 7.60 7.20 6.85 

Mean (B) 66.70 67.30 68.80 68.35  4.62 4.73 5.13 4.94  5.05 5.00 5.80 5.55  

LSD 0.05= 

CaPantothenate (A)= 3.02 

Genotypes (B) = 3.02 

AxB = 6.04 

CaPantothenate(A)= 0.42 

Genotypes (B) = 0.42 

AxB = 0.84 

CaPantothenate(A)= 0.53 

Genotypes (B) = 0.53 

AxB = 1.07 
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Table (6).Effect of different concentrations of calcium chloride(mg/l) on number of leaves, shoot length and number of shoots during the 

1st subculture to control vitrification Argania spinosa genotypes 1, 2, 3 and 4. 

Ca Cl2 (mg/l) 

No. of leaves Shoot length (cm) No. of shoots 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

Genotypes 
Mean (A) 

1 2 3 4 1 2 3 4 1 2 3 4 

Control 36.67 35.00 43.67 41.00 39.08 4.10 4.13 4.27 4.20 4.18 2.33 2.67 2.67 2.67 2.58 

83 71.00 72.33 76.00 74.33 73.42 4.63 4.70 4.97 4.73 4.76 4.33 4.33 4.67 4.33 4.42 

166 64.33 67.67 66.33 66.67 66.25 4.50 4.37 4.67 4.50 4.51 3.67 3.33 4.00 4.00 3.75 

244 60.33 60.67 62.33 60.67 61.00 4.17 4.20 4.43 4.43 4.31 3.33 3.33 3.67 3.33 3.42 

332 54.00 52.67 56.00 55.67 54.58 4.23 4.10 4.13 4.10 4.14 3.00 3.00 3.00 3.00 3.00 

Mean (B) 57.27 57.67 60.87 59.67  4.33 4.30 4.49 4.39  3.33 3.33 3.60 3.47  

LSD 0.05= 

Ca Cl2(A) = 2.39 

Genotypes (B) = 2.14 

AxB = 4.78 

Ca Cl2 (A) = 0.21 

Genotypes (B) = 0.19 

AxB = 0.43 

Ca Cl2 (A) = 0.21 

Genotypes (B) = 0.19 

AxB = 0.43 

 

Table (7).Effect of different concentrations of calcium chloride(mg/l) on number of leaves, shoot length and number of shoots during the 

2nd subculture to control vitrification Argania spinosa genotypes 1, 2, 3 and 4. 

Ca Cl2 (mg/l) 
No. of leaves Shoot length (cm) No. of shoots 

Genotypes Mean 

(A) 

Genotypes Mean 

(A) 

Genotypes 
Mean (A) 

1 2 3 4 1 2 3 4 1 2 3 4 
Control 36.67 35.00 43.67 41.00 39.08 4.10 4.13 4.27 4.20 4.18 2.33 2.67 2.67 2.67 2.58 

83 73.33 74.67 78.00 75.33 75.33 4.77 4.90 5.20 5.03 4.98 5.33 5.00 6.00 5.67 5.50 

166 67.33 68.67 72.33 72.33 70.17 4.33 4.67 4.47 4.40 4.47 4.33 4.67 5.33 5.00 4.83 

244 63.67 63.33 65.00 64.33 64.08 4.07 4.33 4.23 4.17 4.20 3.67 4.33 4.67 4.33 4.25 

332 61.67 60.00 60.67 58.67 60.25 3.97 4.07 4.03 3.87 3.98 3.33 3.00 3.67 3.33 3.33 

Mean (B) 60.53 60.33 63.93 62.33  4.25 4.42 4.44 4.33  3.80 3.93 4.47 4.20  

LSD 0.05= 

Ca Cl2(A)= 2.23 

Genotypes (B) = 1.20 

AxB = 4.47 

Ca Cl2 (A) = 0.15 

Genotypes (B) = 0.13 

AxB = 0.30 

Ca Cl2 (A) = 0.48 

Genotypes (B) = 0.43 

AxB = 0.97 
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8. Effect of light or dark with 

different concentrations of NAA 

or 2,4-D on callus induction of 

Argania spinosa: 

Results presented in Table (8) 

show that NAA at 1.5 mg/l was better 

than 0.5 or 1.0 mg/l NAA and 0.5, 1.0 

or 1.5 mg/l 2,4-D at light or darkness 

in callus induction percentage. Result 

indicatedthat callus induction 

percentage was markedly increased 

under darkness. Darkness was better 

than light in improving callus 

induction percentage. The highest 

callus induction percentage was found 

on NAA at 1.5 mg/l, which gave 100 

percentage. The highest fresh weight 

was found on1.5 mg/l 2,4-D, which 

gave 0.699 g at light. The highest 

number of days till callus induction 

was found on 0.1 mg/l NAA (58±2 

days) al light. The callus was yellow at 

darkness and green at light. 

These results are in line with 

others obtained with different 

concentration, The maximum response 

of callus induction was occurred by the 

addition of 1.0 mg/l NAA and 1.0 mg/l 

2,4D to medium (Lamaouiet al., 2019). 

Table (8). Effect of darkness or light and different concentration of NAA or 2,4-

D (mg/l) on callus induction (%), fresh weight of callus (g), number of days till 

callus induction and callus color of Argania spinosa after 10 weeks of culture. 

Treatments  
Callus 

induction 

% 

Fresh 

weight 

of 

callus 

No. of 

days till 

callus 

induction  

Callus color  Darkness 

and light 

Growth 

regulators 

Darkness Control - - - - 

Darkness 0.5 NAA 83.0 0.0661 54±2 Yellow/friable 

Darkness 1.0 NAA 92.6 0.1425 56±2 Yellow/friable 

Darkness 1.5 NAA 100.0 0.1982 54±2 Yellow/friable 

Darkness 0.5 2,4-D - - - - 

Darkness 1.0 2,4-D - - - - 

Darkness 1.5 2,4-D 56.6 0.43 54±2 Yellow/friable 

Light Control - - - - 

Light 0.5 NAA 78.0 0.2542 56±2 Green/friable 

Light 1.0 NAA 88.0 0.3794 58±2 Green/friable 

Light 1.5 NAA 100..0 0.6046 56±2 Green/friable 

Light 0.5 2,4-D - - - - 

Light 1.0 2,4-D - - - - 

Light 1.5 2,4-D 52.0 0.699 56±2 Green/friable 

LSD 0.05=  3.64 0.110   

9. Effect of different concentration 

of NAA or GA3 with Kin or BA 

on shoot initiation of Argania  

spinosa: 

Results recorded in Table (9) 

show that GA3 was better than NAA 

on shoot initiation percentages. Result 

demonstrated that shoot initiation 

percentages increased with GA3 with 

BA. The highest shoot initiation 

percentages were found on 0.5 mg/l 

GA3 plus 1.5 mg/l BA, which gave 80 

percentage. The highest shoot length 

was recorded on medium 

supplemented with 0.5 mg/l GA3 and 

0.5 mg/l BA (1.65 cm). The highest 

number of days till shoot initiation was 

noted on medium supplemented with 

0.5 mg/l NAA and 1.5 mg/l Kin which 

gave shoots after 66±2 days. 

Similar results were reported by 

Aizer et al. (2019) on Argania, as the 
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addition of 1.5 mg/l GA3 to MS 

medium greatly induced a better 

elongation of plants. 

Table (9). Effect of different concentration of NAA or GA3 with Kin or BA (mg/l) 

on the percentage of shoot initiation (%), number of days till shoot initiation and 

shoot length of Argania  spinosa after 8-10 weeks of culture. 

Growth 

regulators 

Shoot initiation 

(%) 

No. of days till shoot 

initiation 

Shoot 

length 

(cm) 

0.5 NAA + 0.5 Kin - - - 

0.5 NAA + 1.0 Kin - - - 

0.5 NAA + 1.5 Kin 20 66±2 1.2 

0.5 NAA + 0.5 BA - - - 

0.5 NAA + 1.0 BA 20 62±2 1.4 

0.5 NAA + 1.5 BA 40 60±2 1.6 

0.5 GA3 + 0.5 Kin - - - 

0.5 GA3 + 1.0 Kin 20 64±2 1.0 

0.5 GA3 + 1.5 Kin 60 62±2 1.26 

0.5 GA3 + 0.5 BA 40 62±2 1.65 

0.5 GA3 + 1.0 BA 60 60±2 1.50 

0.5 GA3 + 1.5 BA 80 64±2 1.32 

LSD 0.05= 6.18  0.16 
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 الملخص العربى

 Argania spinosa Lالتحكم في تزجيج الأجزاء النباتية وتكاثرها أثناء إنتاج  

، آمال عبد  3، ممدوح أحمد إبراهيم الشامى2، عادل السيد حجازي2ر، محمود إمام نص1مها عبد المحسن هليل

 .2 ابراهيم دوإبراهيم عبد المقصو 2مرسى المنعم
 .مصر-الجيزة  -مركز البحوث الزراعية - معهد بحوث البساتين –قسم بحوث نباتات الزينة وتنسيق الحدائق  -1
2-  ( الحيوية  والتكنولوجيا  الوراثية  الهندسة  بحوث  النباتية    -(GEBRIمعهد  الحيوية  التكنولوجيا  جامعة   –قسم 

 مصر. –مدينة السادات   –مدينه السادات 
 .مصر–الجيزة –مركز البحوث الزراعية - معهد بحوث البساتين- قسم بحوث الحدائق النباتية -3

 

. تم Argania spinosaالهدف من هذه الدراسة هو التوصل إلى بروتوكول جيد للإكثار المعملى لنبات

اضافه   عند   الأفرع  من  عدد  أكبر  على  الجيني    2.0الحصول  للطراز  كينتين  مرحلة    3ملجم/لتر  في  وذلك 

ملجم / لتر بانتوثينات الكالسيوم كانت مناسبه للتغلب على التزجج في    100المضاف إليها  MSالتضاعف. وبيئة  

بيئة   كانت  بينما  للنبات.  الجينية  الطرز  إليها    MSجميع  من  NAAملجم/لتر    1.5المضاف  كلا  في  وتحضينه 

إلى البيئة    BAملجم/لتر    1.53GA +ملجم/لتر    0.5الضوء أو الظلام مناسبه لتشجيع تكوين الكالس. أدى إضافة  

 الي زيادة الأفرع المتكونة من الكالس.

 


