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Abstract :This work aimed to establish in-vitro plant formation from Ficus carica L. cultivars (i.e., Black Mission, 
Brown Turkey and Brunswick) and investigate their salt tolerance using different concentrations of NaCl. Plant 
growth regulators BAP, Kinetin, 2iP and NAA were evaluated during proliferation, elongation and rooting stages. 
Murashige and Skoog (MS) was the most superior medium for increasing explant development in most tissue 
culture techniques for all cultivars. BA was the best cytokinin for enhancing proliferation in cvs. Brown Turkey and 
Brunswick, while Kinetin was more effective in improving growth and greening parameters of cv. Black Mission. 
Shoot elongation of cv. Black Mission was increased by using hormone-free media. Shoot elongation was enhanced 
by addition of 0.5 mg L-1 GA3 to the culture medium of cv. Brunswick, while 1.0 mg L-1 was better for cv. Brown 
Turkey. IBA at 2.0 mg L-1 was most effective in maximizing cv. Brown Turkey rooting, while 1.5 mg L-1 was the 
best for the other cultivars. Half strength MS medium produced the best root formation compared to other media 
strengths. NaCl at concentrations of more than 12 g L-1 induced lethal effects on all parameters under study and 11 g 
L-1 had adverse effect on the plantlets of  cv. Brunswick. Contents of K+, Na +, Fe++ and Zn++ increased 
incrementally with increasing NaCl levels in all cultivars. cv. Brown Turkey accumulated more K+ and Na+ than 
others. 
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Abbreviation: MS – Murashige and Skoog; BAP – Benzylaminopurine ; Kn – Kinetin; 2iP – 2-isopentenyl 

adenine; NAA – naphthaleneacetic acid; IBA – Indole Butyric Acid; PGRs – plant growth regulators. 
     
1. Introduction. 

Fig (Ficus carica L.) is a deciduous tree 
belonging to the Moraceae family (Vallejo et al.,  
2012) which grows in many different environments 
(Oliveira et al.,  2012) and soil types (Vemmos et al ., 
2013). It is recognised to have the ability to tolerate 
water deficit and moderate salinity stress (Golombek 
and Lodders, 1993) making it a suitable species for 
cultivation in semi-arid environments such as the 
Meditteranean and middle-East where it is an 
important crop plant. 

According to Borrino (1992), salinity is a chief 
factor limiting the growth of many plant species 
throughout the world and it has been estimated that 
around 831 million hectares were affected by salinity 
in the world (Rengasamy, 2002). In semi-arid areas,   
limited water and hot dry climates necessitate 
irrigation by ground water containing salts and these 
can cause transient salinity or in many cases lead to a 
build-up of salinity that limits or eventually prevents 
crop production (Rady et al., 2013). In Saudi Arabia 

more than 90% of agriculture depends upon 
groundwater irrigation (El-Juhany and Aref, 2005) 
and the intensive evaporation of surface irrigation 
water and the local hydrogeological conditions 
increase the risk of groundwater salinity and leads to 
eventual rooting horizon salt stress (Alyamani, 1999; 
Subyani, 2005). 

An increase in the salinity of soil water inhibits 
the germination and root elongation in most plants 
because it reduces water uptake, water use efficiency 
and relative water content (Howladar, 2014) and 
inhibits of K, Ca and NO3 uptake by plant roots 
(Howladar and Rady, 2012). It has been shown that 
salinity reduces gas exchange, growth traits and yield 
and yield components of fig (Essam et al., 2013) as 
well as causing a reduction in leaf chlorophyll and a 
reduction in photosynthesis. In response to reductions 
in photosynthetic rate  salinity elevates antioxidant 
enzymes and proline content as a stress response to 
deal with increased levels of Reactive Oxygen 
Species (ROS). As well as this stress most plants are 
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unable to discriminate between the ions K+ and Na+ 
and in saline conditions take up and accumulate high 
levels of Na+ to the detriment of the necessary 
quantities of K+ leading to loss of function of K+ 

dependent reactions and leading to Na+ induced 
toxicity (Ruhan et al., 2004). 

In order to have effective utilization of salt 
affected soils it is important to identifyfig genotypes 
which tolerate salinity and produce substantial yield 
under adverse soil environment and utilize the 
heritable variation present in the germplasm to 
propagate resilient genotypes or to utilize these in a 
breeding programme. Targeted breeding in fig can 
play a major role in narrowing the gap between 
supply and demand through utilizing improved 
varieties that can be grown under abiotic stress 
conditions.  

Cell and tissue culture systems have been used 
for selection of plant tolerance to abiotic stresses 
including salinity, drought, and other stresses (Luttus 
et al., 1999; Fuller et al., 2006; Shibli et al., 2007; 
Zattimeh et al., 2007;Shatnawi et al., 2009). Simple 
screening of plantlets by tissue culture under abiotic 
or biotic stress provides an opportunity for studying 
many aspects of plant growth and development under 
well-defined conditions (Shatnawi et  al., 2004). 
Moreover, tissue culture provides an important tool 
for studying the physiological effects of salt at the 
cellular level under controlled environment 
(Shatnawi et al., 2011a) The use of biotechnology 
applications to improve horticulture crops is 
considered a strong force for expansion in the 
propagation of horticultural crops (Chebet et al., 
2003).To produce large number of plant in short 
period can achieve through meristem culture in vitro. 
Also conserved material can be maintained (disease-
free) in vitro and easily exchanged between countries 
with much reduced phytosanitary risk (Chaohong et 
al., 2013; Shatnawi et al., 2011b; Thorpe and Harry, 
1997). It has already been shown that in-vitro culture 
can produce rejuvenated mature fig plantlets (Hemaid 
et al., 2010). Therefore, the objective of the present 
study was to optimize an in vitro plant regeneration 
system for three Saudi cultivars of fig, as a 
prerequisite for improvement of local production 
through genetic transformation and furthermore to 
investigate the in vitro response of fig when being 
subject to NaCl stress. 
 
2. Material and methods 
2.1. Establishment of in vitro culture 
2.1.1. Explant material 

Shoot tip explants (4-6 mm) were collected in 
summer and autumn from healthy 7 to 8 years-old 
mature trees of Ficus carica L cvs. Black Mission, 

Brown Turkey and Brunswick from different places 
in Saudi Arabia. 
2.1.2. In vitro propagation of fig. 

The experiment was conducted to study in vitro 
assessment of NaCl induced salt stress in shoot 
formation of fig. Shoot tips were washed in running 
tap water and surface-sterilized by a 15sec immersion 
in 70% (v/v) ethanol followed by 15 min in sodium 
hypochlorite 2.5% (v/v). After three subsequent 
washes in sterile double distilled water, shoot tips 
were removed  and rinsed 3-4 times with sterile 
antioxdant solution (150 mg L-1 citric acid and 100 
mg L-1 ascorbic acid) to avoid browning of tissues 
(Hemaid, 2000). Sterilized shoot tips were cultured 
on MS medium (Murashige and Skoog, 1962) 
supplemented with different concentrations of 1.0–
2.0 mg L-1 benzyl amino purine (BAP) combined 
with 0.5mg L-1 Kinetin or 0.5– 1.0 mg L-1 BAP 
combined with 0.5 mg L-1 2-isopentenyl adenine 
(2iP) or 1.0–2.0 mg L-1 BAP combined with 0.5–1.0 
mg L-1 naphthaleneacetic acid (NAA) in order to 
determine the best concentrations for shoot 
formation. Before autoclaving, the pH of the medium 
was adjusted to 5.8 and the medium was solidified 
with 0.25% phytagel. The cultures were incubated at 
25 ± 1°C in a 16h photoperiod under 50 µmol m-2S-1  
illumination supplied by cool, white fluorescent light. 
2.1.3. In vitro multiplication 

For shoot multiplication, microshoots (15-20 
mm in length) were sub-cultured to MS medium 
supplemented with either BAP alone or in 
combination with Kinetin or 2iP. The pH of the MS 
medium was adjusted to 5.7. Media were dispensed 
into 370 mL jars (20 mL/jar) and autoclaved at 
121°C. Culture were incubated in the growth cabinet 
and after a six weeks growth period, data were 
collected on shoot length and the number of shoots 
per explant. 
2.1.4. In vitro root formation and acclimatization. 

Shoots (3 cm in length) derived from the 
multiplication stage  were  sub-cultured to hormone-
free MS medium for two weeks to eliminate any 
hormone carry-over effects and then transferred to 
MS medium supplemented with 100 mg L-1 myo-
inositol, 30 g L-1 sucrose and 1.0-2.0 mg L-1 IBA 
alone or combined with 0.0-0.5 mg L-1 NAA. 
Cultures were incubated under the same 
environmental conditions used for shoot proliferation 
for a 4 week culture period.  

Rooted plantlets produced from the last stage 
were transferred to plastic pots containing peat-moss 
and sand (1:1). Pots were covered by polyethylene 
bags and were incubated in a growth cabinet under 50 
µmol m-2s-1 light intensity derived from cool white 
fluorescent lamps for 16 hours photoperiod at 25 
±1°C. Four weeks later bags were completely opened 
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and bags were removed after a further four weeks and 
plantlets were transferred and maintained under 
greenhouse conditions as described by Hemaid et al., 
(2010). 
2.2. Effect of salinity  
2.2.1. Growth characters 

Microshoots 5-10 mm in length with two leaves 
were sub-cultured on MS proliferation medium 
containing 2.0 mg L-1 BAP and 0.5 mg L-1 2iP and 
supplemented with different concentration of NaCl 
(0, 2, 4, 6, 8, 9, 10, 11 and 12 g L-1) the highest 
concentration was equivalent to 207 mM and was 
43% of the concentration of seawater. Each treatment 
consisted of 4 replicates and each experiment was 
repeated twice. Differences between   individual 
treatments were determined with the least significant 
difference (LSD) at 0.05 level of probability. Data 
were collected on shoot length, number of shoot per 
explants, fresh weight, and dry weights after a six 
week growth period. 
2.2.2. Mineral composition 

Plant samples were oven dried at 80°C for 24 h 
and were ground using a pestle and mortar for 
determination of mineral composition according to 
(El-Wanis et al., 2012). Ash of plant samples was 
dissolved in 5.1% HNO3 and used to determine 
sodium (Na), potassium (K), iron (Fe) and zinc (Zn) 
contents using an atomic absorption 
spectrophotometer.  
2.2.3. Chlorophyll content 

A 0.5 g fresh weight sample of leaves was taken 
per replicate after 6 weeks exposure to salt stress. 
Samples were extracted by acetone, following the 
method of De Filippis et al. (1981). Samples were 
homogenized in 2.0 mL of 80% acetone using a 
pestle and mortar. The extract was pipetted into a 2.0 
mL microtube and centrifuged at 15000 g for 2 min. 
The clear green supernatant was collected using a 
Pasteur pipette, and made up to 3.0 mL in a 10 mL 
measuring cylinder with extra 80 % acetone. The 
absorption spectra were measured by 
spectrophotometer (Smart Spec™ 3000 Bio-Rad) at 
510 - 665 nm absorbance. Chlorophyll a, and 
Chlorophyll b contents were calculated according to 
Anderson and Boardman (1964). 
2.2.4. Proline determination 

Proline colorimetric determination was 
according to Bates et al., (1973). Fresh leaf tissue 
(200 mg) was homogenized with 4 mL of 50 mM 
phosphate buffer (pH 7.8)containing 1% (w/v) 
polyvinyl pyrrolidone (PVP) 0.01% (w/v) Triton X-
100, and centrifuged at 800 rpm for 15 min. Proline 
was determined in the supernatant by measuring the 
absorbance of proline-ninhydrin product formed at 
520 nm in a spectrophotometer using toluene as a 
solvent as described by Rao and Prabhavathi (2011).  

 
2.3. Statistical analysis 
Analysis of variance was computed for various 
treatments and significant differences between means 
using the LSD (0.05), (Snedecor and Cocharn, 1955). 
In all tables means followed by the same letter are 
not significantly different. Data were analyzed using 
Costat statistic programme. 
 
3. Results and Discussion 
3.1. In vitro propagation of fig (Ficus carica L.) 
3.1.1.Culture establishment 

MS basal medium supplemented with various 
concentrations and combinations of BA, Kinetin, 2iP 
and NAA showed that shoot tips of the three studied 
cultivars of fig could survive and form axillary shoots 
on all the media tested (Plate 1). In general, the 
results indicated that the induction of shoots and 
length of shoots differed depending on the 
concentration of growth regulator added to the 
regeneration medium (Table 1).  Media containing 
1.0 mg L-1  BAP and 0.5 mg L-1  NAA,  2.0 mg L-1  
BAP and 0.5 mg L-1  NAA  and 2.0 mg L-1  BAP and 
1.0 mg L-1  NAA were the most effective for the both 
induction of shoots and increase in length of shoots in 
cvs. Black Mission, Brown Turkey and Brunswick, 
respectively.  Also, in the present study, variation 
between these cultivars for number of shoots per 
explants and length of shoots were not statistically 
significant (Table 1).The results agree with previous 
studies for the micropropagation of Ficus carica 
using shoot tips and nodal explants of cultivars 
Conadria, Abiad and Sultani (Hemaid, 2000  and 
Hemaid et al., 2010). The results are in agreement of 
those Khan et al., (2009) who indicated that the 
highest value of mean number of shoots per explants 
was (2.34) when leaves were cultured on MS medium 
supplemented with 2.0 mg L-1 BAP and 1.0 mg L-1 
NAA. 
3.1.2. Shoot multiplication 

Multiplication is a rapid increase of organs 
which can ultimately give rise to plant and is 
achieved by enhancing axillary shoot initiation 
(Murashige, 1974).This stage is repeated at regular 
intervals to produce large-scale shoot multiplication 
to be commercially useful (Smith and Murashige, 
1970). In the present study, different concentrations 
of benzyl adenine BA alone or in combination with 
Kinetin or  2iP was applied.  

The average number shoot per explant produced 
from shoot tips of cvs. Black Mission and Brunswick 
were greatest (2.85-2.97) using the medium 
containing 3 mg L-1 BAP + 0.5 mg L-1 2iP and had 
the longest shoot lengths (7.25 - 6.75 cm) (Table 2). 
For cv Bown Turkey however, the increase in mean 
number of axillary shoot per explant was 
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significantly higher on the medium containing 3 mg 
L-1 BAP with 0.5 mg L-1 Kinetin and had the 
maximum shoot length(6.85) (Plate 2). It is clear 
from the Table (2) that the increase in mean lengths 
of axillary shoots growing on MS medium containing 
3 mg L-1 BAP + 0.5mg L-1 2iP were significant, it 
recorded 2.98 and 2.85 cm for Black Mission and 
Brunswick, respectively comparing to the other 
treatments which were less significant. However, 
using 2mg L-1 BAP + 0.5 mg L-1 2iP gave the highest 
increase in axillary shoot length (2.79 cm) compared 
to the increase in mean length of the other treatments 
range(1.0 - 2.56 cm) for Brown Turkey. 

It can  be recommended to use 3.0 mg L-1 BAP 
+ 0.5 mg L-1 2iP for increasing number and the length 
of axillary shoots for all three cultivars. From the 
results of multiplication stage of shoots produced 
from shoot tip of all cultivars the best results for 
shoot multiplication and the rate of propagation was 
1: 7.25 for Black Mission, 1: 6.75 of Brunswick on 

MS medium containing 3 mg L-1 BAP + 0.5 mg L-1 
2iP and 1 : 6.85 for Brown Turkey on MS medium 
containing 3 mg L-1 BAP + 0.5 mg L-1 Kinetin. This 
result agrees with Hemaid et al., (2010) who found 
that the best results for shoot multiplication and the 
rate of propagation of fig was 4.17 - 5.0 over a five 
week period for cvs. Conadria and Sultani, 
respectively on MS medium containing3 mg L-1 BAP 
+ 0.5 mg L-1 2iP. Haelterman et al., (1994) found that 
the best results for shoot multiplication and the rate 
of propagation of fig was 1 : 4 to 1 : 6.0 every 45 
days on a basal medium (BM) containing MS 
inorganic salts + 0.5 mg L-1 Kintein and 0.1 mg L-1 
GA3. These results are also in  agreement with 
Pontikis and Melas (1986) who mentioned that 1-2 
new shoots of fig during the first 4 weeks and after 8 
weeks produced the highest multiplication rate of 15 
- 20 shoots on MS medium containing 0.1 mg L-1 
IBA + 0.1 mg L-1 GA3 + 0.5 mg L-1 BA with 89 mg 
L-1 Phloroglucinol (PG). 

 
Table  1. In vitro establishment of shoot tips of Ficus carica L. cvs. Black Mission, Brown Turkey and Brunswick cultured on MS 

nutrient medium supplemented with BAP, Kinetin, 2iP and NAA for five weeks from initial culture. 
Mean length of shoots (cm) Mean number of shoots/explant PGRs conc. (mg L-1) 

 Brunswick Brown 
Turkey 

Black 
Mission 

Brunswick Brown 
Turkey

Black 
Mission 

0.00f 0.00f 0.00f 0.00f 0.00f 0.00f MS control medium 
(without PGRs) 

1.82e 2.08b 2.71b 1.25d 1.33c 1.25d 1.0 BA and 0.5   Kin 

2.30c 2.27d 2.01d 1.20e 1.40b 1.34c 2.0 BA and 0.5 Kin 

2.25d 2.22d 2.45d 1.15d 1.25d 1.25d 0.5BA and 0.5 l 2iP 

2.14d 2.48b 2.55b 1.35c 1.18e 1.33c 1.0BA and 0.5 2iP 

2.65c 2.25c 2.84b 1.25d 1.26d 1.41b 0.5BA and 0.5 NAA 

2.90ab 2.54c 2.99a 1.15e 1.25d 1.85a 1.0BA and 0.5NAA 

2.87bc 2.96a 2.79bc 1.05e 1.54a 1.33c 2.0 BA and 0.5 NAA  

1.93e 1.95e 1.98e 1.30c 1.35c 1.40b 1.0 BA and 1.0 NAA 

2.93a 2.90ab 2.83b 1.78a 1.26d 1.42b 2.0 BA and 1.0 NAA 
Averages followed by the same letter within a column are not significantly different at P ≤ 0.05 
 
Table 2. Multiplication of in vitro proliferated shoots of Ficus carica L. cvs. Black Mission, Brown Turkey and Brunswick 
cultured in tissue culture jars for five weeks on MS nutrient medium supplemented with different concentrations of BA alone or 
in combination with 2iP or Kinetin using shoots produced from shoot tips. 

Average length of shoots (cm) Average no. of shoots/explant Cytokinins conc. (mg L-1) 
Brunswick Brown 

Turkey 
Black 

Mission 
Brunswick Brown 

Turkey
Black 

Mission 
Kin 2iP BA 

1.34d 1.00e 1.20d 2.25f 1.45g 2.53f 0.0 0.0 1.0 

1.18d 1.25d 1.15d 3.00e 3.02e 3.14e 0.0 0.0 2.0 

1.17d 1.35d 1.00e 4.73d 4.64d 4.85d 0.0 0.0 3.0 

1.66c 1.68c 1.75c 3.56e 3.17e 3.87e 0.0 0.5 1.0 

2.13b 2.79a 2.23b 4.12d 4.05d 4.65d 0.0 0.5 2.0 

2.85a 2.17b 2.98a 6.75b 5.18c 7.25a 0.0 0.5 3.0 

1.42d 1.25d 1.72c 3.12e 3.00e 3.05e 0.5 0.0 1.0 

1.58c 1.35d 1.85c 3.18e 3.05e 3.20e 0.5 0.0 2.0 

2.25b 2.56b 1.52c 6.12b 6.85b 5.18c 0.5 0.0 3.0 
Averages followed by the same letter within a column are not significantly different at P ≤ 0.05 
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Plate 1. Sequential growth and development of shoots of Ficus carica cv. Black Mission, Brown Turkey and Brunswick on MS  

medium supplemented with 0.5 mg L-1 BAP + 0.5 mg L-1 NAA. A): after two weeks, B): after five weeks. 

 
Plate 2. Shoot multiplication of Ficus carica L. cvs. of Black Mission, Brown Turkey and Brunswick on MS medium 

supplemented with BAP and 2iP. 
 
3.1.3. Rooting and ex vitro acclimatization 

All treatments produced some rooting (68 - 
93%) for Black Mission, (67- 89%) for Brown 
Turkey and (58- 92%) for Brunswick. The percentage 
of shoots forming roots was  highest (96 and 98%)in 
cvs. Black Mission and Brown Turkey, respectively 
using MS phytagel gelled nutrient medium 
supplemented with 1.0 mg L-1 IBA and 0.5 mg L-1 
NAA with 2 mg L-1 activated charcoal under light of 
28 days (Table 3) (Plate 3). For cv. Brunswick the 
best rooting (97%) was using MS phytagel gelled 
nutrient medium supplemented with 1.5 mg L-1 IBA 
and 0.5 mg L-1 NAA.  Mean number of roots formed 
on the explant treated with 1 mg L-1 IBA and 0.5 mg 
L-1 NAA was significantly higher than the other 
treatments, reaching 5.46 for Black Mission and 5.88 
for Brown Turkey. However, the mean number of 
roots for the other treatments ranged from 1.85 – 4.88 
of Black Mission and (1.25 - 4.56) for  Brown 
Turkey and that treated 1.5 mg L-1 IBA + 0.5mg L-1 

NAA was significantly higher than the other 
treatments reaching 5.17  for Brunswick while mean 
number of the other treatments ranged from 1.48 - 
4.25. The different treatments used gave significant 
differences between the cultivars in the total mean 
number of roots. The mean length of roots formed on 

the explant treated with 1mg L-1 IBA and 0.5 mg L-1 
NAA were significantly higher than the other 
treatments reaching to 4.92 and 5.68 cm for Black 
Mission and Brown Turkey, respectively. However, 
mean length of roots formed on the explant treated 
with 1.5 mg L-1 IBA and 0.5 mg L-1 NAA for 
Brunswick was significantly higher compared with 
the other treatments reaching 6.47 cm while the mean 
lengths of the other treatments were 1.05-4.15 cm. 
These results agree with those obtained by Pontikis 
and Melas (1986) who reported that the higher 
rooting responses (80%) for fig were obtained after 
28 days in light on MS medium containing 1 mg L-

1IBA. However, Muriithi et al., (1982) reported that 
shoots of fig were rooted on MS medium with 0.5 mg 
L-1 NAA + 0.5 mg L-1 IBA in darkness for 7 days and 
transfer to in the presence of light for 3 weeks. Plants 
produced from the rooting stage were transfer to a 
green house and after 8 weeks from transfer into 
green house, they were repotted into sterile soil 
consists equal parts of peat and sand (v/v) (Plate 4). 
A similar method has been reported by(Hemaid et al., 
2010 and Pontikis and Melas (1986), who reported 
that for acclimatization of Ficus carica L.  the 
plantlets were transplanted into pots containing equal 
parts of peat and vermiculite (v/v) before  transfer to 
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Generally, shoot length, number of newly 
formed shoots, fresh weight and dry weight were 
decreased with the increased salt concentration in the 
medium (Figure 1). Plantlets length ranged from 0.13 
to 2.98 cm. The greatest plantlets length was found in 
2 g L-1 (with values of 2.18, 2.04 and 2.15 cm) for 
cvs. Black Mission, Brown Turkey and Brunswick, 
respectively and the smallest value was recorded at  
11 g L-1 compared with other the treatments (Figure 
1a). Whereas, the number of newly formed shoots of 
Ficus carica L cultivars Brown Turkey and 
Brunswick exhibited a significant decrease with 12 g 
L-1 of NaCl concentration. However, the highest 
value was recorded by control (0.0) and 2 g L-1 the 
other treatments came in between compared with 
other treatments (Figure 1b). Fresh weight was 
increased with the increase in NaCl concentration. 
Maximum fresh weight (2345.4, 2145.8 and 2235.2 
mg) was obtained at 4000 ppm NaCl of cvs. Black 
Mission, Brown Turkey and Brunswick, respectively 
and the minimum fresh weight (170.3 mg) was 
obtained at 12 g L-1 NaCl for Black Mission while the 
death of plantlets at this concentration of cultivar 

Brown Turkey and Brunswick both died (Plate 5; 
Figure 1c). Similar to fresh weight, dry weight was 
decreased with increasing salt in the medium, and the 
highest dry weight was obtained 4 g L-1  NaCl of cvs. 
Black Mission, Brown Turkey and Brunswick, 
respectively whereas the minimum dry weight (56.30 
mg) was obtained at 12 g L-1  NaCl of Black Mission 
whiles the death of plantlets at this concentration of 
cultivars Brown Turkey and Brunswick (Figure 1d). 
Sayed et al., (2012) reported that  shoot growth, shoot 
length, shoot fresh weight and dry weight were 
significantly decreased under treatment with of NaCl 
in the proliferation medium. Adding NaCl showed a 
negative impact on the growth and development of F. 
carica L. , it significantly reduced the number of 
newly formed shoots and resulted in producing 
shorter shoots (Essam et al., 2013 ). Similar results 
were reported by Benmahioul et al., (2009) in 
pistachio plantlets, the growth decreased as well as 
the fresh and dry weights with salinity 
concentrations. Such reductions in shoot fresh and 
dry weight are also well documented (Kasuga et al., 
1999). 

 

 
A 

 
B 
 

 
C 

 
D 
 

Figure 1. Effect of different concentrations of NaCl on: a) shoot length (cm.); b) Number of Shoots per explant (no.); c)  
Plantlets fresh weight (mg) and d) Plantlets dry weight (mg) of in vitro grown Ficus carica L cvs. Black Mission (BM), Brown 
Turkey (BT) and Brunswick (BS) after four weeks of treatment. 
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Plate 5. Shoot multiplication of Ficus carica L. cvs. of Black Mission, Brown Turkey and Brunswick on MS medium 

supplemented with BA and 2ip under 11 g/L  NaCl. 
 
3.2.2. Mineral composition  

Figure 2 represents the Na, K, Fe, Zn contents 
in leaf tissue of Ficus carica L cv. Black Mission, 
Brwon Turkey and Brunswick after five weeks 
growth periods. As NaCl increased, potassium, iron 
and zinc content decreased. Maximum value38.50, 
4.82  and 2.78 mg L-1, respectively was obtained at 
control for Black Mission and Brunswick, and then it 
started to decline dramatically until it reached its 
minimum value(20.35, 1.98 and 1.00 mg L-1) at 12 g 
L-1 NaCl. Na content in leaf tissue of Ficus carica L 
cv. for these cultivars was significantly increased as 
NaCl increased. As NaCl in the medium increased, 
sodium content increased in plant tissue after five 
weeks growth periods (Figure 2). Na concentration 
reached maximum value 95.65 mg L-1 at 12 g L-1 for 
Black Mission, while maximum value (93.68 and 
88.98 mg L-1) were recorded under 11 g L-1 for 
Brown Turkey and Brunswick, respectively. 
Maximum value was significantly different as 
compared to minimum value (40.83, 41.60 and 41.83 
mg L-1) which was obtained at the control treatment 
for Black Mission, Brown Turkey and Brunswick, 
respectively. Results on ion accumulation and its 
relation to salinity tolerance are presented by many 
reports. Epstein (1985) mentioned that, tolerant 
species usually absorb more K+ and exclude Na+ to 
maintain the osmotic balance in the plant parts. 
Netondo et al., (2004) found a significant increase in 
Na+ concentration in leaves of two sorghum 
genotypes when treated with 250 mM NaCl. 
However, K+ concentration  declined with increasing 
NaCl from 0.00 mM to 100 mM. Renault et al., 
(2001) reported that, as K+ is a macronutrient 
involved in turgor control, the growth stunt attributed 
to the inhibition of K+ uptake due to salinity effect. 
Zan et al., (2011) concluded that, salinity not only 
causes the accumulation of Na+, but also inhibit the 
uptake of essential nutrients such as K+ through the 
effects of ion selectivity. Venkata et al., (2012) 
reported that, the tolerant genotype is characterized 

by having the lower values for Na+, of leaf or stem 
and more K+ absorption to maintain the osmotic 
balance in the plant. In contrast, Tavakkoli et al., 
(2012) found the importance of Na+ insularity to salt 
tolerance in Faba bean is varied with the 
intensification of stress. As the concentration of salt 
increases, the ability to eliminate salt may become 
minimal effective in preserving the plant from salt 
stress . The different responses of various fig 
genotypes to salinity treatments could be attributed to 
the differences in the genetic makeup and genotype x 
salinity interaction.  Manal et al., (2013) indicate that, 
selection indices recorded negative correlation with 
Na+ and K+. on the other hand, This study's results 
belong to Fe and Zn contents were in the same trend 
with Jia et al., (2008) who indicated that  the level of 
Fe and Zn in the tissues of both roots and leaves 
decreased and Fe and Zn in roots and leaves of high 
salt tolerance  were lower than in those of low salt 
tolerance. Zinc deficiency decreasing transfer of Fe 
from root to shoot, decline plant growing ,decline 
protein synthesis and  increasing the concentration of 
boron in the young leaves and tips of the branches 
(Sayed et al., 2012). However, Grattan and Grieve 
(1999) indicated that there are many interactions 
between these elements and these interactions 
depends upon the salinity level and composition of 
salts, the crop species, the nutrient in question and a 
number of environmental factors. 
3.2.3. Chlorophyll content 

Chlorophyll content decreased due to NaCl 
concentration increased in the media (Figure 2). 
Chlorophyll a and chlorophyll b contents were 
declined with elevated salinity. Maximum value for 
chlorophyll a and b  was 237.18  and 81.05 µg g

-1
 FW 

at the control in Brunswick . While the lowest 
content value for chlorophyll a and b was  46.47 and 
29.35 µg g

-1 
FW at 12 g L-1  NaCl in Black Mission. 

However, the chlorophyll a/b ratio was affected by 
NaCl concentration. 
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Maximum chlorophyll a/b ratio 2.93 µg g
-1

 was 
obtained at zero level of NaCl in cv. Brunswick, 
which was lower than that (1.58 µg g

-1
) obtained at 

12 g L-1 NaCl in cv. Black Mission (Figure 3c). 
Abiotic stress caused a significant decrease in 
chlorophyll and a decline in Chla/Chlb ratio was 
observed in all cultivars (Figure 2). A decrease in the 
chlorophyll content would be a typical symptom of 
oxidative stress (Egert and Tevini, 2002). Cellular 
anti-oxidative and light dissipation systems in leaves 
of fig plants  apparently prevented degradation of 
chlorophyll molecules under severe salt stress. The 
decreased of chlorophyll content is an common 
symptom under salinity (Ruhan et al., 2004). The 
higher ratio of Chla/Chlb was also considered to be 
the result of a decreased emphasis on light collection 
in relation to the rates of PSII photochemistry 
(Demmig-Adams and Adams, 1996). As salt stress 
intensified, the ratio of Chla/Chlb decreased 
significantly in all cultivars, which could be 

explained as no decrease of peripheral light-
harvesting complexes.  
3.2.4. Proline content 

Proline content increased with the increases in 
NaCl level (Figure 3). The lowest proline value was 
obtained at zero NaCl for all cultivars, whereas the 
highest proline content (89.84 and 94.82 µg g

-1
 FW) 

was obtained at 11 g L-1  NaCl of Ficus carica L cvs. 
Brown Turkey and Brunswick and was obtained 
(92.45 µg g

-1 
FW) at 12 g L-1 of Black Mission 

cultivar. Numerous studies have linked the 
accumulation of proline to salt stress (Aziz et al., 
1999, Munns and Tester, 2008), and it known to play 
a protective role against the osmotic potential 
generated by salt (Chen et al., 2007, Hoque et al., 
2008). Marin et al., (2010) also found that proline in 
tissues increased with increased  salt stress. Plants 
exhibit several other mechanisms at the molecular 
and cellular levels to overcome osmotic stress 
conditions and resulting oxidative stresses (Abu-
Romman et al., 2012). 

 

  
 

Figure 2. Effect of different concentrations of NaCl on : a)sodium,  b) potassium,  c) iron and d) zinc contents of in vitro micro-
shoots of Ficus carica L cv. Black Mission (BM), Brown Turkey (BT) and Brunswick  (BS)grown onmedium supplemented with 
3 mg L-1 BAP and 0.5 3 mg L-1 2iPafter five weeks growth. 
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Figure 3 . Effects of different levels of NaCl on proline 
content of in vitro grown Ficus carica L cultivars Black 
Mission, Brown Turkey and Brunswick after five weeks 
growth period on MS medium supplemented with 3 mg L-1 

BAP and 0.5 mg L-1 2iP. 
 
Conclusion 

The results demonstrate that the three Saudi 
Arabia fig cultivars showed some clear differences in 
their response to salt stress and recovery. As salt 
stress intensified there was a reduction in shoots 
length, number of formed shoots, fresh and dry 
weight. Severe salinity stress decreased K, Fe and Zn 
but significantly increased Na content in the three 
studied cultivars. Salt stress significantly decreased 
Chlorophyll content in the same cultivars. Taken 
together, different compatible solute such as proline 
appear to be a good marker for selection the most 
tolerant cultivars under salt stress conditions. Based 
on the data obtained, it is clear that the most tolerant 
cultivar was Black Mission followed by Brunswick, 
and Brown Turkey as the most susceptible cultivar 
studied. 
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