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ABSTRACT 
 
 Uniform shoot tip explants of different fig cultivars i.e Sultany, Aboudi and White Adcy were cultured on 
Musrashige and Skoog, 1962 (MS medium). Different growth regulators (benzyladenine (BA), 
isopentenyladenine (2iP), kinetin (Kin) and adenine sulphate (ADS) at 2.5 mg/L were concerned. Many 
subcultures (first, second and third) were done regularly every 4 weeks and growth parameters were evaluated 
during multiplication stage. Data indicated that, BAP at the rate of 2.5 mg/L enhanced shoot multiplication and 
callus formation while, kinetin encouraged shoot length. The best number of leaves was obtained with medium 
supplemented with 2.5 mg/L 2iP or adenine sulphate. In addition , number of subculture affected growth 
parameter, whereas, shoot multiplication increased with increasing number of subcultures, but both of leaf 
number and shoot length decreased with increasing number of subcultures. In regard to tested fig cultivars, 
Sultany cultivar explants gave the maximum shoot multiplication, while Aboudi cultivar surpassed other 
cultivars in enhancing number of leaves, shoot length and callus formation parameters.  
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Introduction  
 
 Tissue culture has become an important technique for propagation and breeding of woody plants. Fig plants 
can be propagated through several vegetative methods while, sexual propagation by using seeds is not the 
prefered methods; seeds of fig are nonviable. Hence, vegetative propagation through cutting, grafting and 
layering, is the only way to propagate fig plants. However, only 20-30% of the cuttings survive due to poor 
rooting. Besides, for large –scale propagation, several cuttings will be needed (equate for mass production) to 
increase cultivated area of fig and that will not be available thus micropropagation may be the alternative 
methods to overcome such problems. In general, in vitro rejuvenation has been recognized based on changes in 
vegetative characteristics such as leaf shape and enhancement of shoot vigour and increase in rooting ability 
(Hackett, 1985 and Pierk1990). The application of tissue culture methods offers new prospects for rapid 
multiplication of many plants. In recent years, studies on in vitro propagation of woody plants have shown that 
these techniques may be suitable for rapid propagation of selected forest trees (Bonga and Durzan, 1987 and 
Ahuya, 1991). 
 Figs are one of the highest plant sources of calcium and fiber. According to USDA data for the Mission 
cultivar, dried Figs are richest in fiber, copper, manganese, magnesium, potassium, calcium, and vitamin K, 
relative to human needs. They have smaller amounts of many other nutrients. Figs have a laxative effect and 
contain many antioxidants. They are good source of flavonoids and polyphenols including gallic 
acid, chlorogenic acid, syringic acid, (+)-catechin, (−)-epicatechin and rutin. 
 Successful cases of plantlet regeneration in vitro from apical/axillary shoot buds and nodal explants either 
with encapsulation (Bapat et al. 1987; Pattanaik et al. 1996) or without (Mhatre et al. 1985; Hossain et al. 1992) 
have been reported for a number of species of mulberry; a member of the family Moraceae. In vitro work with 
Figs has been restricted to producing Fig-mosaic-virus-free plants by single-shoot-tip elongation (Murithi et al. 
1982).  
 The recent challenges on plant cell cycle regulation and the presented potential molecular mechanisms of 
recalcitrance are providing excellent background for understanding on totipotency and what is more 
development of micropropagation protocols. For large-scale in vitro plant production, the important attributes 
are the quality, cost effectiveness, maintenance of genetic fidelity, and long-term storage. The need for 
appropriate in vitro plant regeneration methods for woody plants, including both forest and fruit trees, is still 
overwhelming in order to overcome problems facing micropropagation such as somaclonal variation, 
recalcitrant rooting, hyperhydricity, polyphenols, loss of material during hardening and quality of plant 
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material. Moreover, micropropagation may be utilized, in basic research, in production of virus-free planting 
material, cryopreservation of endangered and elite woody species, applications in tree breeding and 
reforestation (Jain, et al., 2007). 
 Plant tissue culture techniques have been extensively applied in horticulture, such as clonal propagation 
combined with virus-free technique in potato, banana, grape tree, apple, pear and different ornamental plants, 
and embryo rescue technique for obtaining hybrid plants in kiwi fruit and peach (X, 2006). 
 Bardford and Trewavas (1994) reported that plant growth regulators are involved in developmental 
transitions, such as flowering, embryogenesis , or dormancy and it in real time responses to environmental 
conditions, such as adjustments is growth rates, bud growth, shoot and root regeneration, root and stem hair 
formation, vascular tissue differentiation, abscission, ripening and flowering are examples of threshold 
phenomena that can be regulated by an inducing stimulus in a dose-dependent fashion.  
 Cytokinin is classified into two major groups (by their chemical structures): synthetic phenyl urea derivates 
and adenine derivates, which may occur naturally (Ruzic and Vujovic, 2008). 
 Recently, Egypt adopted new strategy for agricultural policy, based on replacing traditional crops with 
others that need low water requirements such as (Fig, olive and Date palm). Thereby, a huge amount of fig 
seedlings will be needed to be produced from certified mother trees in the near future to achieve this goal.  
 This paper aimed to study the effect of plant growth regulators and number of subcultures on shoot 
proliferation of fig cultivars (Sultany, Aboudi, and White Adcy). 
 
Material and Methods  
 
 This study was carried out at tissue culture lab. of Pomology Dept.,  National Research Centre (NRC).  
 
Plant material:  
 
 Active growing shoots explants were collected from young fig (Ficus carica) cultivars (Sultany, Aboodi 
and White Adcy) growing in green house. Shoot tips were excised from terminal parts with 4-8mm as explants. 
The leaves were removed and stem pieces were washed thoroughly under running tap water. Shoot explants 
having nodal segments with axillary buds were surface sterilized with 20% sodium hypochlorite solution for 20 
min and 70% ethanol for 1 min, then washed with sterilized distilled water three times. All explants were cut 
into pieces a few (4-8 mm) below and above each bud. These (apical and nodal) segments were used as primary 
explants and cultured on tested media. 
 
Culture Media:  
 
 MS (Murashige & Skoog, 1962) medium supplemented with different growth regulators (BA, Kin., 2iP and  
ADS) at 2.5mgl-1 in combination with IAA at 0.1mg/l were used for shoot induction (Table 1). Excised shoots 
from these cultures were implanted on the same media for three subcultures. The pH of the medium was 
adjusted to 5.8 and gelled with 2.0 g/l Gerlite  and autoclaved for 20 minutes at 121°C under 1.05 kg/cm2.  
 
Table 1: Growth regulator combinations and their codes: 

Codes Growth regulators
1 BA       (2.5 mg) +  IAA (0.1mg)
2 2iP        (2.5 mg) +  IAA (0.1mg)
3 Kinetin (2.5 mg) +  IAA (0.1mg)
4 Adenine sulphate (2.5 mg) +  IAA (0.1mg)

 
Culture condition: 
 
 The cultured explants were incubated under 16h fortification light (fluorescent light at 300 µM/m2/sec) and 
8 hours of darkness at average temperature of 25±2 o C.  
 
Data and calculation: 
 
 Leaf number, average shoot number, and shoot length were recoded. Scores were given for callus 
formation as follows: Negative results = 1; below average = 2, average = 3; above average = 4 and excellent = 5 
according to Pottino (1981). 
 
Statistical design:  
 
 Treatments were arranged in completely randomized design, each treatment was replicated three times, 
each replicate involved 5 jars, each contained a single explants or two shoots developed in vitro. Means were 
compared according to the method described by Snedecor and Cachram (1989). 
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Results: 
 
1- Effect of growth regulators on growth performance of fig shoots: 
 
 Data of table (2-A) shows the effect of different growth regulators on growth and proliferation parameters 
of some fig cultivars. It is clear from table (2-A) and photo (1) that supplementation of the culture medium with 
BA encouraged both of shoot multiplication and callus formation parameters (19.7 and 2.63 respectively). 
However, number of leaves significantly increased when ADS or 2iP was used (4.46 and 4.42 respectively). 
Meanwhile, kinetin significantly surpassed BA, 2iP and ADS in increasing shoot length parameter (2.36 cm).  
 
Table 2-A: Effect of different growth regulators on proliferation and growth parameters of some fig cultivars. 

Measurements 
 

 Growth regulator 

Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

BA 2.80 c 19.7 a 0.69 d 2.63 a 
2iP 4.42 a 5.63 c 1.32 c 2.10 b 

Kinetin 4.04 b 3.89 d 2.36 a 1.15 d 
Adenine sulphate 4.46 a 7.81 b 1.76 b 1.70 c 

LSD of Means 0.06 0.051 0.056 0.049 
Means followed by the same letter (s) within each column are not significant by different at 5% level. 

 
2- Effect of Number of subcultures: 
 
 It is clear from table (2-b) that the third subculture gave maximum multiplication (15.03) as compared with 
other subcultures used under study. Meanwhile, leaf number and shoot length decreased with increasing number 
of subcultures. However, callus formation significantly increased either first or second subculture, and then 
decreased at the third subculture. 
 
Table 2-b: Effect of number of subcultures on growth parameters of some fig cultivars. 

Measurements 
Number of 
Subculture 

Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

1 4.88 a 3.47 c 1.91 a 2.05 a 
2 3.64 b 9.28 b 1.47 b 2.05 a 
3 3.27 c 15.03 a 1.22 c 1.58 b 

LSD of Means 0.052 0.044 0.048 0.043 
Means followed by the same letter(s) within each column are not significant by different at 5% level.  

 
3- Effect of cultivars on growth performance:  
 
 Table (2-c) indicates that, Aboudi cultivar surpassed both of Sultany and White Adcy in leaf number, callus 
formation and shoot length, followed by Sultany then White Adcy. Meanwhile, Sultany produced the highest 
number of shoots followed by Aboudi then White Adcy in descending order. 
 
Table 2-c: Effect of fig cultivars on growth parameters of some fig cultivars. 

Measurements 
 

Cultivars 

Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

Sultany 3.82 b 13.64 a 1.33 b 1.78 b 
Aboudi 4.41 a 9.69 b 2.18 a 2.75 a 

White adcy 3.55 c 4.44 c 1.08 c 1.16 c 
LSD of Means 0.052 0.044 0.048 0.043 

Means followed by the same letter(s) within each column are not significant by different at 5% level. 

 
Interaction effects: 
 
4- Cyotkinine X Subculture 
 
 Table (3-A) explains that 2iP encouraged leaves production at the first subculture (6.22) in relation to the 
other interactions.    
 Meanwhile, the highest shoot number obtained on medium containing BA at the third subculture (33.78). 
However, medium supplemented with BA enhanced callus formation through the first and second subculture 
(2.78) as compared with the other interactions. Meanwhile, the addition of kinetin to culture medium enhanced 
shoot length only through first subculture in comparison to other treatments. In the other hand, leaf number and 
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shoot length were decreased by increasing number of subculture in presences of (2iP, Kinetin and ADS) while, 
it was increased in presence of BA with increasing number of subcultures.  
 
Table 3-A: Effect of interaction between growth regulator (cytokinin types, adenine sulphate) and number of subcultures. 

Measurements Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

N.of sub. 
 

Treatments 

1 2 3 1 2 3 1 2 3 1 2 3 

BA 2.80 2.62 2.98 6.67 18.67 33.78 0.48 0.66 0.92 2.78 2.78 2.33 
2iP 6.22 3.53 3.49 2.33 6.00 8.56 1.63 1.24 1.09 2.31 2.33 1.67 
Kin. 5.00 3.93 3.17 1.67 3.67 6.33 3.02 2.27 1.78 1.22 1.22 1.00 
ADS 5.49 4.46 3.42 3.22 8.78 11.4 2.52 1.69 1.08 1.89 1.88 1.33 

LSD Means 0.13 0.11 0.11 0.11 
Means followed by the same letter(s) within each column are not significant by different at 5% level. 

 
5- Cytokinie X Cultivar: 
 
 Regarding the effect of the interaction between growth regulators and cultivars, the tabulated data in table 
(3-b) indicated that when Aboudi explants were cultured on medium containing kinetin, they recorded the 
highest significant values for number of leaves (5.74) and shoot length (3.29) in relation to the other 
interactions. Meanwhile, culturing Aboudi explants on medium supplemented with BA recorded the highest 
significant values for callus formation (4) in relation to the other interactions. However, the interaction of 
sultany cultivar explants with BA enhanced a significant maximizing shoot number (27.78) as compared with 
the other interactions.  
 
Table 3-B: Effect of interaction between growth regulators and fig cultivars. 

Measurements Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

Cultivars 
 
 

 
Treatments 

S
ultany 

A
boudi 

W
hite adcy 

S
ultany 

A
boudi 

W
hite adcy 

S
ultany 

A
boudi 

W
hite adcy 

S
ultany 

A
boudi 

W
hite adcy 

BA 3.36 2.34 2.70 27.78 20.33 11.00 0.65 0.82 0.6 2.55 4.00 1.33 
2iP 4.57 4.53 3.85 9.33 5.33 2.22 1.21 1.82 0.93 2.00 3.00 1.31 
Kin. 3.2 5.74 3.17 5.33 4.33 2.00 2.09 3.29 1.69 0.55 2.00 0.89 
ADS 3.86 5.04 4.47 12.11 8.78 2.557 1.39 2.79 1.11 2.00 1.99 1.11 

LSD Means 0.13 0.11 0.12 0.11 
Means followed by the same letter(s) within each column are not significant by different at 5% level. 

 
6- Cultivar X subculture: 
 
 Table (3-c) explains that Aboudi cultivar surpassed in both of leaf number and shoot length during first 
subculture, and gave the highest values of callus induction during the three subcultures individually. Meanwhile 
sultany gave markedly increasing in shoot number during the three subcultures and gave the maximum number 
at the third subculture in comparison with other fig cultivars.  
 
Table 3-c: Effect of interaction between number of subcultures and Fig cultivars.  

Measurement Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus formation 
(Score) 

n. subcultures 
 

Cultivar 

1 2 3 1 2 3 1 2 3 1 2 3 

Sultany 4.24 3.61 3.62 5 13.34 22.58 1.34 1.5 1.17 1.67 1.67 2.00 b 
Aboudi 6.38 3.78 3.09 2.5 9.75 16.83 3.53a 1.55 1.46 2.75 2.74 2.75 

White adcy 4.02 3.52 3.1 2.92 4.75 5.67 0.87 1.36 1.02 1.73 1.7 0 .00 
LSD Means 0.13 0.11 0.11 0.104 

Means followed by the same letter(s) within each column are not significant by different at 5% level. 

 
7-Cultivars X Cytokinine X Subculture: 
 
 Dealing with the interaction between cultivars, growth regulators and number of subcultures, it is quite 
evident from table (4) that culturing of Aboudi cultivar on medium supplemented with kin. through first 
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subculture recorded the highest significant values for number of leaves (10.00) followed by Aboudi with ADS 
or Sultany with 2ip through the first subculture (8.00) in relation to the other interactions. 
 However, medium supplemented with BA enhanced a significant maximizing number of shoots (46.66) of 
sultany cultivar in third subculture as compared with the other interactions. Also, Aboudi and White Adcy 
cultivars with BA gave their best shoot number through the third subculture (39 and 15.67, respectively) in 
comparison with the other combinations. 
 The highest shoot length was achieved with Aboudy in medium supplemented with kin. or ADS through 
the first subculture. 
 On the contrary, callus formation showed significant increasing when Aboudi cultivar in combination with 
BA through third subculture (4.00) in relation to the other interactions.  
 
Table 4: Effect of the interaction between cytokinin types, adenine sulphate, number of subcultures and Fig cultivars. 

Subculture 
number 

Cultivars Treatments Leaf number 
(N) 

Shoot number 
(N) 

Shoot length 
(Cm) 

Callus 
formation 

(Score) 

F
ir

st
 s

ub
cu

ltu
re

 Su
lt

an
y BA 3.73 10 0.35 2.33 

2iP 8 3 1.22 2 
Kin. 2.5 2 2.13 0.33 
ADS 2.73 5 1.67 2 

A
bu

dy
 BA 2 5 0.6 4 

2iP 5.5 2 2.75 3 
Kin. 10 1 5.5 2 
ADS 8 2 5.25 2 

W
hi

te
 

A
dc

y 

BA 2.67 5 0.5 2 
2iP 5.17 2 0.92 1.93 
Kin. 2.5 2 1.44 1.33 
ADS 5.75 2.67 0.63 1.67 

Se
co

nd
 s

ub
cu

ltu
re

 S
ul

ta
ny

 BA 2.9 26.67 0.73 2.33 
2iP 2.8 10 1.4 2 
Kin. 4 4 2.1 0.33 
ADS 4.75 12.67 1.75 2 

A
bu

dy
 BA 2.82 17 0.71 4 

2iP 4.67 6 1.5 3 
Kin. 3.8 5 2.2 2 
ADS 3.82 11 1.77 1.97 

W
hi

te
 

A
dc

y 

BA 2.14 12.33 0.55 2 
2iP 3.14 2 0.82 2 
Kin. 4 2 2.5 1.33 
ADS 4.8 2.67 1.55 1.67 

T
hi

rd
 s

ub
cu

ltu
re

 S
ul

ta
ny

 BA 3.45 46.66 0.87 3 
2iP 3.8 15 1 2 
Kin. 3.1 10 2.04 1 
ADS 4.11 18.66 0.75 2 

A
bu

dy
 BA 2.21 39 1.14 4 

2iP 3.43 8 1.21 3 
Kin. 3.43 7 2.16 2 
ADS 3.29 13.33 1.34 2 

W
hi

te
 

A
dc

y 

BA 3.28 15.67 0.75 0 
2iP 3.25 2.67 1.05 0 
Kin. 3 2 1.13 0 
ADS 2.86 2.33 1.14 0 

LSD   0.2 0.166 0.183 0.163 
Means followed by the same letter(s) within each column are not significant by different at 5% level. 

 
Discussion: 
 
 Number of leaves and shoot length achieved by culturing of fig explants through first subcultures. Repeated 
cultures reduced them gradually. Also, callus formation increased through first and second subcultures then 
reduced through the third subculture. That could be due to increasing accumulation of tested growth regulators 
more than optimum concentrations for leaves and callus formation and shoot elongation. In respect to shoot 
multiplication, it could be noticed that this trait was increased with repeated subculture in presences of all tested 
regulators individually. That could indicate that, shoot multiplication was needed more accumulations of tested 
growth regulators to reach the optimum concentration. These results assured finding of Ibanez et al (2003) who 
found that, subculture of micro-cutting on fresh media maintained sprouting rates and substantially increased 
the production of shoots and axially buds per explant until the third subculture of Vitis vinifer L.  
 Aboudi cultivar surpassed Sultany and White Adcy cultivars in enhancing number of leaves, shoot length 
and callus formation parameters. Sultany cultivar explants maximized shoot multiplication. The above 
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mentioned results clarified that, significant differences were achieved by cultivars in response to growth 
regulators and subcultures. These findings were agreed with the findings of Taha (1998). She assured that 
cultivars differed in response to growth regulator application.  
 The before mentioned results summarized that supplementation culture medium with BA increased shoot 
multiplication and callus formation. While, kinetin encouraged shoot length. However, both of 2iP and ADS 
were effective in increasing number of leaves. These results are in harmony with the findings of Burm et al., 
(2002), they found that, BAP considered more effective than other cytokinins for shoot multiplication. Also, 
Taha (1998) indicated that BA stimulated shoot proliferation and multiplication of Morus alba cv. Kokoso 20 
and Moritiana. Fraguas et al., (2004) showed that, the regulator strength of WPM in combination with 0.5mg/L 
kinetin was the best condition for shoot proliferation of ficus carica “Roxo de Valinhors” plants. Further 
attempts were made to develop profuse multiple shoots of Ficus carica L. by adding different hormones 
combination and concentrations. While, Kumar et al. (1998) found that, the in-vitro-regenerated shoots were 
further multiplied on MS medium supplemented with 2.0 mg/l 6-benzylaminopurine and 0.2 mg/l 1-
naphthaleneacetic acid.. Also, Hepaksoy and Aksoy (2008), Akita et al., (2006), Nobre and Romano (1998), 
Günver and Ertan  (1998), Muriithi et al., (1982). 
 

 
 

 
 
Fig. 1: Effect of different hormone combinations (1,2,3 and 4 according to table 1) on shoot multiplication of 

three fig cultivars A: “Sultany” B: “White Adcy” C: “Aboudi”  
 
Conclusion: 
 
 From the previous results it could be concluded that, BA significantly affect shoot multiplication as it gave, 
through the second subculture, more than two fold as the first subculture gave, with the three fig cultivars under 
investigation and near two fold through the third subculture compared with the second subculture. With respect 
to the other regulators, most of them gave, through the second subculture, two fold as the first subculture gave 
however, they began with a fewer  number of shoots than BA, so that affected the final number through the 
third subculture. Also, through the third subculture, other growth regulators gave unsatisfactory multiple shoot 
number as did BA so, we can conclude that BA surpassed other growth regulators for multiplication of tested 
fig cultivars. 
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