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ABSTRACT 
 

A simple system for in vitro preservation of Balanites aegyptiaca shoot cultures is described. Cultures were 
stored for 12 months in vitro throughout sixteen conservation treatments. The effect of sucrose and sorbitol 
concentrations (30,60 and 90 gl-1), abscisic acid concentrations (5,10 and 15 mgl-1), encapsulation of explants at 
1,2 and 3 gl-1of sodium alginate in presence and absence of MS media provided with 0.5 mgl-1 BA and control 
medium MS plus 0.5 mgl-1 BA without any modified of conservation substances were studied. The survival 
percentage, number, length, leaves number of axillary shoots and RAPD-based DNA finger prints were 
determined. The data showed that the highest survival (100%) was obtained on MS medium provided with 0.5 
mgl-1 BAwith or without ABA at 10 and 15 mgl-1. The preliminary RAPD analysis found a genetic stability of 
preserved plantlets. The highest numbers of shoots (1.67) were recorded on control medium, while the longest 
shootlets (6.83cm) and highest numbers of leaves (17.33) formed per shootlet were  recorded when explants 
treated with encapsulation had 2 gl-1 sodium alginate in absence of MS medium. However, to obtain the highest 
survival and shooting behaviours recovery, the explants should be preserved on a medium provide with ABA at 
10 mg l-1. 
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Introduction 
 

Heglig (Balanites aegyptiaca L.) is a species of tree, classified either as a number of the zygophyllaceae or 
the Balanitaceae. It is an ever green tree which grows in different regions of the world particular suited to arid 
regions. In Egypt it grows in El-Kharga and El-Dakla Oasis, in the western desert and southern of Aswan 
(Baliey, 1933). Heglig is multibranched, sping shrub or tree up to 10 mater. The tree is multipurpose such as 
fodder, charcoal, timber, fuel wood and antifeed (Hardman and Sofawara, 1972). B. aegyptiace also, is very 
useful medicinal plant which is widely used by rural population of Africa and Asia for the treatment of various 
diseases by using as anti-microbial, analgesic and anti-inflammatory herbal drug. The leaves and fruits are eaten 
by goats, sheep and camels; plant parts are used as soap substitutes because of high Saponin contents, edible 
fruit and seed have 30-40% of edible oil, which is used as cooking oil in Nigeria. Morover, various 
pharmacological activities in the B. aegyptica is reported by many researchers like toxicity study, antioxidant, 
anti tumor, larvicidal, anti non ciceptive, Anthelementic and anti diabetic activity (Prashant et al., 2011). The 
medicinal effect of the plants attrabuited to the extract of heglig contains some secondary metabolites such as 
sterols, steroids (Saponins, sapogenins, diosgenins), falvonoids and alkaloids which used as raw material for 
industrial production of contraceptive pills, corticoids, anabolisant and other sexual steroidal hormones 
(Sunderlal et al., 1991). Clonally propagated plants are usually maintained in botanical gardens. Some of those 
plants are usually preserved by continuous multiplication of seeds or through grafting and cutting are not 
possible as shoot cutting failed to rat (Amalraj, 1987). Such a procedure is laborious and exposes plants to pests 
and environmental stresses. Tissue culture has proved to be a useful tool for storage of vegetatively propagated 
commercial crops like potato, palm, forest trees, fruit trees and other species (Dodds and Roberts, 1985). 
Storage of stem nodes explants under slow rate of growth has a significant use in the international germplasm 
resources units. This procedure makes germplasm available at any times for international distribution (Wilkins 
and Dodds, 1983). Several types of plant materials have been used for in vitro preservation of clonally 
propagated crops. 

The aim of this work was to evaluate the influence of some preservation treatments on the survival rate, 
growth behavior and post storage recovery with DNA analysis of resultant in vitro Hglig plantlets. 
 
Materials And Methods 
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This study has been carried out in Tissue Culture and Germplasm Conservation Res. Lab., Hort. Res. 
Institute (ARC) Egypt, during the period from 2009-2010. 
 
Explant Source and Disinfection: 

 
Stem node (1-2 cm) explant of heglig (Balanites aegyptica) collected from adult tree in Giza Z00 were used 

as explant source for in vitro culture. The explants (stem nodes) were sterilized using commercial bleach colrox 
at 20% (v/v) solution (NaOCl 5.25% of free chlorine) for 10 min with a few drops of tween-20 and rinsed three 
times with sterile distilled water. After that resterilized with 0.2% mercuric chloride (w/v) with a few drops of 
Tween-20 for 10 min and then rinsed three times in sterile distilled water. The sterilized explants were then 
cultured in 200 ml glass jars filled with 25 ml full-strength MS (Murashinge and Skoog, 1962) medium  
provided with benzylaminopurine (BAP) (0.5 mgl-1) and sucrose (25 gl-1), the obtained shootlets of the in vitro 
plantlets were aseptically microcut (2-5 mm) and used as source of the explant to serve in all the preservation 
treatments. 
 
Culture media.: 

 
In both preservation and regeneration experiments, the basal salts of MS medium at full strength enriched 

with BAP (0.5 mgl-1) and sucrose (25 gl-1 ) were used. After adjusting the pH to 5.7 + 0.1 and adding the 
Anchamia agar (7 gl-1  ), 25 ml of the prepared medium were dispensed into 200 ml- capacity glass jars before 
autoclaving at 121°C and 1.0 kg/cm2 for 20 min. 
 
Incubation Conditions: 

 
The cultures of in vitro preservation and regeneration trials were inocubated in growth chamber at 24°C + 2 

day/might temperature and 3K lux light intensity from 110 cm fluorescent lamps (40 watts) for 16 hours 
photoperiod. 
 
Procedures and Experiments As Follows: 

 
The study split into three parts as follows: 
 

Part 1. In Vitro Preservation: 
 
(Slow growth preservation) 
 
In this experiments part  the influence of different preservation treatments on longevity rates and some 

growth characters were investigated. Twenty five explants in five replicates were used. They were submitted to 
ten preservation treatments for three stage periods (i.e., 4,8 and 12 months) as follows. 

- Control treatment, the in vitro culture were stored without using any preservation agents. 
- The media of the in vitro cultures were provided with three concentrations of sucrose sugar added to 

culture medium at 30, 60 and 90 gl-1, as an osmotic active compound. 
- Sorbitol sugar also was used as an osmotic active compound applied to the media at 30, 60 and 90 gl-1. 
- ABA (Abcisic acid acid) was used as growth retardant at 5,10 and 15 mgl-1  of the media. 
The above mentioned compounds were added to the medium before adjusting its pH. 

 
Part 2. Encapsulation for Preservation: 
 
a. Preparation of Sodium Alginate: 

 
Sodium alginate was added in three concentrations i.e., 1,2 and 3% (w/v)  to full MS liquid medium with 25 

gl-1  sucrose and 0.5 mgl-1  BA or without addition to the media and then sterilized into outoclave for 20 min at 
12/°C at 1.kg/cm2 and allowed to cool for one hour. 
 
b- Preparation of Calcium Chloride Solution: 

 
Concentration of 2.5% (w/v) of calcium chloride was dissolved in distilled water and then sterilized as 

pervious. 
 
c. Explants Encapsulation: 
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Encapsulation was accomplished by mixing the micro cuttings of in vitro grown culture in sodium alginate 
solution supplemented with MS medium or without medium, and then they were dropped into calcium chloride 
solution for 30 min. The precultured beads were immersed on sterilized water then placed above sterilized filter 
paper and dehydrated by air during in a laminar flow chamber at room temperature. 
 
d. Explant Storage: 

 
Encapsulated cultures of each treatment were cultured on jars containing full strength MS medium with 

0.5mgl- BA and sucrose (25 gl-1). Each jar has five explants encapsulated with sodium alginate and twenty five 
explants in five replicates were used. At the end of each preservation period i.e., 4, 8 and 12 months the survival 
% were recorded and at the last storage period (12 months) the following parameters were determined, survival 
%, shootlets number, shootlets length (cm), leaves number per explants and  rooting % . 
 
e. Shootlet Regeneration: 

 
After the end of the last storage period (12 months) of preservation, survived shootlets were subcultured 

into the same micropropagation medium  (full MS + 0.5 mgl-1 BA + 25 gl-1 sucrose) and incubated at growth 
chamber under normal conditions for further four weeks and the following characters were studied: survival %, 
new shootlets number, shootlet length (cm), leaves number per new shootlet ,rooting %and biochemical 
analysis. 
 
Experimental Design and Statistical Analysis: 

 
We used five jars as  replicates  for each treatment to calculate the pervious parameters at all the 

conservation treatments. Data were subjected to analysis of variance (ANOVA) and the means were separated 
where appropriate, using the last significant difference (LSD) at 5% significance, as described by Steel and 
Torrie (1980). 
 
Part 3. Biochemical analysis: 

 
DNA Extraction From The Plant Samples: 

 
DNA was extracted from plant samples using QIA Gene DNA extraction kit (Qiagene, germany). The DNA 

extraction was performed according to the manufacture procedures based on the protocol of Doyle and Doyle 
(1990). 
 
RAPD-PCR Analysis: 

 
RAPD-PCR was carried out according to the procedure given by Williams et al. (1990) with minor 

modifications. 
Five ararbitary primers were used in five separate RAPD-PCR tests for typing the 10 plant samples (table 

6). DAPD-PCR was carried out in a 25 µl reaction mixture containing 2.5 µl 1- x buffer, 0.2 mM dNTPs, 100 
pmol primer, 2 U Taq DNA polymerase, 3.0 mM MgCl2,50 ng DNA template and nuclease-free water. 
Amplification conditions consisted of denaturation at 95°C for 5 min and 40 cycles of denaturation at 95°C for 
1min, annealingat 432°Cfor 1 min and extension at 72°C for 1 min, with a final extension at 72°C for 10 min. 
PCR products were detected in 2% agarose gel. 
 
Cluster Analysis of RAPD Assay: 

 
RAPD banding patterns of the 10 examined plant samples were observed and the bands were scored, with 

the data coded as a factor of 1 or 0, representing the presence or absence of bands, respectively. Cluster analysis 
was used to produce dendrogram showing estimates of the distance values and to analyzed the genetic 
relatedness among 10 examined plant samples. Fifty-five bands of the summed results for the five primers were 
used for cluster analysis in RAPD assay. The dendrogram based on the similarities was derived from the 
Unweighted Pair Group Method using Arithmetic averages (UPGMA). 
 
Results And Discussion 
 
In Vitro Conservation: 
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Data on survival percentage of the conservation treatments and conservation periods were analyzed as 
shown in Table (1), it can be noticed that as the conservation periods increased the survival(%) of explants were 
decreased i.e., the survival percent declined from 100% to 62.9 % when the conservation time increased from 4 
months to 12 months. The highest survival (100%) was recorded after the first and second conservation periods 
except when the explants treated with high concentration sorbital (90gl-1) recorded (86.7%). At the last storage  
period  treated explants with abscisic acid at the three levels (5,10 and 15 mgl-1) gave the same survival percent 
(100%) as shown as on control, sucrose at (30 and 60 gl-) and sorbitol at (30gl-1) treatments. However, treated 
the conserved explant either sodium alginate with or without media at 1,2 and 3 g/L or sorbitol at 60 and 90 gl-1 
and also sucrose at 90 gl-1 caused significant declined on the survival percent ranged from 60 to 13.3%. 

The harmful effect of osmatic substance like sorbitol or sucrose in the high level were found also by some 
workers (Wilkins et al., 1988, Suska et al., 1997, Sawsan and Gaber 2010 and Hwida 2012). 
 
Table 1: Effect of different treatments and periods on survival (%) of in vitro Balanites aegyptiaca under conservation. 

Treatment 

Control 
Sucrose gl-1  Sorbitol gl-1 

Abscisic Acid
mgl-1 

Sodium alginate 
1 gl-1 

Sodium alginate
gl-1 

Sodium alginate 
3 gl-1 Mean 

period(p)Period 
months 30 60 90 30 60 90 5 10 15 

Free 
media 

+ media
Free 
media 

+ media 
Free 
media 

+ media 

4 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 99.3 
12 100 100 100 53.3 100 60.0 13.3 100 100 100 26.7 40.0 20.0 40.0 20.0 33.3 62.9 
Mean 
treatment(T.) 

100 100 100 84.4 100 86.7 66.7 100 100 100 75.6 80.0 73.3 80.0 73.3 77.8  

LSD T = 11.03   P = 4.78  T x P = 19.10 

 
On the other hand the positive effect due to supplement the conservation medium with ABA reported by 

(Bartels et al., 1990). Mills et al., (2001), Ding et al. (2010) and Manoj et al. (2011),  showed that application of 
exogenous ABA improves in vitro conservation and the adaptive response of plant cell and tissues to various 
environmental stresses. 

In the same way of the negative effect of increasing the storage periods under encapsulation  was shown by 
Nunes et al., (2003) found that maximum post storage (3 months) viabilities of 96-100% were achieved for 
encapsulated shoot tips of Cedrela fissilis while after 6 months the survival rates declined to 44%. 

However, Tapan et al. (2002) stated that the highest survival percent 90.2% achieved after 1 month with un-
encapsulated explants of Camellia sinensis compared to 88.1%with encapsulated. 
 
Shooting Behaviours At The End Of Storage: 

 
Data in Table (2) revealed that the highest values for shoots number (1.60) shootlet/explant, shootlet length 

(4.05 cm), leaves number per shootlet (4.08 leave) and percent of rooting 40% were recorded when explants  
cultured under control medium. While, storage on others media supplemented with sucrose or srobitol and 
abscisic acid caused non significant effect on the shooting characterizes. However, provided the conservation 
media with abscisic raised means of shootlets number of explant to 1.25 shootlet and the leaves number per 
explant to 3.19 leaves compared to other conservation treatment. 

It can be also showed that incerasing the concentration of the conservation substance under investigation 
give negative effect on shooting behaviours of explants subject to conservation media compared with control 
treatments especially at the high concentrations of sucrose (90 gl-1) which recorded the lowest values (0.33 
shootlet number/explant, 0.83 cm shootlet length, 0.67 leaves number/shootlet and 0.0% of rooting. 

Our observations are in agreement with Witomska et al. (2008) that studied the storage treatments affected 
number, length and quality of axillary shoots of Hosta "Blue Angel". More shoots, which were longer and of 
better quality, was obtained at control conditions as compared to other conservation treatments like low 
temperature or addition of osmatic substances. 
 
Table 2: Effect of various conservation treatments and different concentrations on shooting behaviours after 12 months of storage of  
              Balanites aegyptiaca explant. 

Concentration (C.) Control Low Medium High 
Mean treatments 
(T.) 

 Shootlet number/explants  
Sucrose gl-1 (Su) 1.60 1.50 0.80 0.33 1.06 
Sorbitol gl-1  (So) 1.60 1.07 1.07 1.0 1.18 
Abscisic Acid mgl-1 (ABA) 1.60 1.00 1.20 1.20 1.25 
Mean (C.) 1.60 A 1.19 1.02BC 0.84C  
LSD at 0.5 T = N.S  C = 0.33 TXC = 0.57 
 Shootlet length cm  
Sucrose gl-1  (Su) 4.05 1.93 2.13 0.83 2.23 
Sorbitol gl-1  (So) 4.05 1.68 2.79 0.75 2.32 
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Abscisic Acid mgl-1  (ABA) 4.05 1.71 1.36 1.54 2.12 
Mean (C.) 4.05 1.77 2.09 1.04  
LSD at 0.5 T = N.S  C = 0.94 TXC = 1.62 
 Leaves number/shootlet 
Sucrose gl-1  (Su) 4.08 3.73 2.33 0.67 2.70 
Sorbitol  gl-1  (So) 4.08 2.40 3.82 1.6 2.98 
AbscisicAcid mgl-1  (ABA) 4.08 3.07 2.87 2.73 3.19 
Mean (C.) 4.08 3.06 3.01 1.67  
LSD at 0.5 T = N.S  C = 0.85 TXC = 1.47 
 Rooting % 
Sucrose gl-1 (Su) 40 20.0 13.33 0.0 18.33 
Sorbitol gl-1  (So) 40 20.0 0.0 0.0 15.0 
Abscisi Acid mgl-1  (ABA) 40 20.0 0.0 0.0 15.0 
Mean (C.) 40 20.0 0.0 0.0  
LSD at 0.5 T = N.S  C = 23.39 TXC = N.S. 

Low  Medium High 
(Su, So gl-1)  =      30  60  90 
(ABA mgl-1) =     5  10  15 

 
Encapsulation Conservation Treatments: 

 
The data in Table (3) indicated that when the explant treated with sodium alginate without medium the 

shooting behaviors of storage explant increased compared with provided the encapsulation explant with the 
media i.e., free media encapsulation raised the mean number in shootlet to (1.29) per explant, 5.0 cm shootlet 
length, and 10.35 leaves/shootlet compared to 1.14 shootlet, 4.16 cm shootlet length and 8.49 leaves number per 
shootlet which recorded with encapsulation of explant supplemented on the medium. However, control 
treatment gave the highest number of shootlet was 1.67 , and highest percent of rooting 40%.The treatment of 
sodium alginate at 2gl-1 without media encapsulation induced high shootlet length 6.83 cm and 17.33 number of 
leaves per shootlet compared to 4.06 cm and 4.08 leaves for control treatment. 

In this concerning, Rady and Hanefy (2004) reported that beads encapsulated in 4% Na-alginate dissolved 
in MS salt solution recorded the highest shoot number and the lowest shoot length among all treatments of 
Gypsophila paniculata explant. 

 
Table 3: Effect of encapsulation by different concentrations of sodium alginate and addition of the media or without it under conservation  
              treatments on shooting behaviours after 12months of storage of B. aegyptiaca explant. 

                                 
Concentration(c.)  
 
Treatment (T.) 

Control 
Sodium alginate 
1 gl-1 

Sodium alginate 
2 gl-1 

Sodium alginate 
3 gl-1 

Mean  
T. 

 Shootlet number/explants  
Free media  1.67 1.17 1.0 1.33 1.29 
Plus Media 1.67 0.87 1.0 1.0 1.14 
Mean C. 1.67 0.92 1.0 1.17  
LSD at 0.5 T = N.S  C = 0.45 TXC = 0.64 
 Shootlet length cm  
Free media 4.06 3.38 6.83 6.07 5.09 
Plus media 4.06 4.83 5.50 2.33 4.16 
Mean C. 4.06 4.11 6.17 4.2  
LSD at 0.5 T = N.S  C = 1.98 TXC = 2.8 
 Leaves number/shootlet 
Free media 4.08 7.33 17.33 12.67 10.35 
Plus media 4.08 12.26 10.67 6.67 8.49 
Mean C. 4.08 9.95 14.0 9.67  
LSD at 0.5 T = N.S  C = 4.24 TXC = 5.99 
 Rooting % 
Free media 40.0 26.67 20.0 26.67 28.33 
Plus media 40.0 33.33 33.33 0.0 28.33 
Mean C. 40.0 30 26.67 13.33 26.67 
LSD at 0.5 T = N.S  C = N.S. TXC = 39.7 

 
In vitro recovery: 

 
It was possible to store B. aegyptiaca cultures for twelve months with high survival percentage after 

recovery, regardless of the storage treatments. Data presented in Table (4) showed that, the highest percentage 
of survival cultures  regenerated from conservation treatment (100%)  were found in control, abscisic acid at all 
concentrations (5, 10 and 15 mgl-1) and the lowest two level (30 and 60 gl-1) of sucrose or sorbitol. While the 
survival were declined to 61.7 and 66.7% for both of sucrose and sorbitol at high level 90 gl-1 ,respectively. 
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For shooting behaviour after recovery, it is quite clear from the data in Table (4) that no significant effect 
on shootlet number per explant shown with any conservation treatment or its concentrations. However, using 
sucrose at 60 gl-1 in conservation medium rasid the shootlet number to 1.33 of recovery shootlet compared to 
1.25 shootlet with the control. 
 
Table 4: Effect of various conservation treatments and different concentrations on survival % of B. aegyptiaca and shooting behaviours  
              after recovery of 12 months of storage. 

Concentration Control Low Medium High 
Mean  
T. 

 Survival %  
Sucrose gl-1  (su) 100 100 100 61.7 90.42 
Sorbitol gl-1  (So) 100 100 100 66.7 91.67 
Abscisic acid mgl-1  (ABA) 100 100 100 100 100.0 
Mean (C.) 100 100 100 76.11  
LSD at 0.5 T = 7.66  C = 8.85 TXC = 15.32 
 Shootlet number/explants  
Sucrose gl-1  (su) 1.25 1.17 1.33 1.16 7.23 
Sorbitol gl-1 (So) 1.25 1.17 1.17 1.0 1.15 
Abscisic acid mgl-1  ABA 12.5 1.08 1.08 1.08 1.13 
Mean (C.) 1.25 1.14 1.19 1.08  
LSD at 0.5 T = N.S  C = N.S. TXC = N.S 
 Shootlet length cm  
Sucrose gl-1  (su) 6.98 11.63 8.67 4.13 7.85 
Sorbitol gl-1  (So) 6.98 14.83 11.93 6.17 9.98 
Abscisic acid mgl-1  ABA 6.98 16.70 11.25 14.33 12.32 
Mean (C.) 6.98 14.39 10.62 8.21  
LSD at 0.5 T = 2.35  C = 2.72 TXC = 4.71 
 Leaves number/sheatlet  
Sucrose gl-1  (su) 3.7 4.27 4.09 0.75 3.2 
Sorbitol gl-1  (So) 3.7 4.50 4.0 2.33 3.63 
Abscisic acid mgl-1  ABA 3.7 4.73 3.83 4.61 4.22 
Mean (C.) 3.7 4.5 3.97 2.56  
LSD at 0.5 T = 0.64  C = 0.74 TXC = 1.28 
 Rooting %  
Sucrose gl-1  (su) 25.0 8.33 8.33 0.0 10.42 
Sorbital gl-1 (So) 25.0 41.67 25.0 0.0 22.92 
Abscisic acid mgl-1  ABA 25.0 100.0 25.0 0.0 37.5 
Mean (C.) 25 50 19.0 0.0  
LSD at 0.5 T = 13.59  C = 15.69 TXC = 27.17 

Low  Medium High 
(Su, So gl-1) = 30 60   90 
(ABA mgl-1) =  5              10              15 

 
However, using abscisic acid in conservation medium at low concentration (5 mgl-1) recorded significant 

increased on shootlet length 16.70 cm, leaves number 4.73 per shootlet and rooting percentage rasing to 100%, 
compared to 6.98 cm, 4.73 leaves and 25% of rooting ,respectively. On the other hand increasing the 
conservation treatments concentration caused inhibition effect in the shootlet number and rooting percentage of 
the explant after recovery stage. 

In the same way, previous studies were inagreement with our results, Pospisilova et al. (2009) reported that 
the addition of ABA to the last subculture improved the survival rate of tobacco plantlets transferred to the 
natural environmental conditions.Also, Monoj et al. (2011) reported there are several lines of evidence 
suggesting that ABA may not only be involved in vitro conservation but that , it may play a significant role in 
the in vitro stress tolerance and acclimatization of tissue culture-raised plantets. 

From the data on Table (5), it can be noticed that treated the encapsulated explant with high sodium alginate 
concentrations 2 and 3 gl-1 without media recorded the highest significant treatments caused significant declined 
the lowest value 50% showed when the sodium alginate modified at 3 gl-1 puls the media. However, the 
increasing of shootlet number after recovery to 1.5 explant and the longest shootlet 14.83 cm were recorded 
when the sodium alginate addition to the encapsulation media at 2gl-1 in conservation media. While, the leaves 
number formed per shootlet showed rasing to 5.10 leaves when shootlet treated with sodium alginate at 3gl-1 
without modified media compared to 3.7 leaves for control.  

On the other hand, rooting percentage showed decreasing in the percent to 4.17% when the media addition 
to encapsulation of explant compared to 10.42% without the media, and this effective had no significant results. 
In the same way, Rady and Hanafy (2004) and Sharma et al. (1999) stated that alginate encapsulated explant 
caused inhibition in rooting formation of explants under conservation. 
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Table 5: Effect of encapsulation of explant under various concentrations of sodium alginate and addition of the media or  with out it in  
              recovery stage of B. aegyptiaca  explant. 

Concentration Control 
Sodium alginate   
1 gl-1 

Sodium alginate  
2 gl-1 

Sodium alginate   
3 gl-1 

Mean treatments 
(T.) 

 Survival %  
Free media 100 66.67 100 100 91.67 
Plus media 100 83.33 75.00 50.00 77.08 
Mean (C.) 100 75.00 87.50 75.00  
LSD at 0.5 T = 6.25  C = 8.83 TXC = 12.49 
 Shootlet number/explants  
Free media 1.25 1.00 1.00 1.00 1.06 
Plus media 1.25 1.08 1.50 1.00 1.21 
Mean (C.) 1.25 1.04 1.25 1.00  
LSD at 0.5 T = 0.14  C = 0.19 TXC = 0.28 
 Shootlet length cm  
Free media 7.0 6.25 5.00 16.25 8.63 
Plus media 7.0 5.51 14.83 3.17 7.63 
Mean (C.) 7.0 5.88 9.92 9.71  
LSD at 0.5 T = N.S.  C = 1.84 TXC = 2.60 
 Leaves number/shootlet  
Free media 3.70 2.77 1.39 5.10 3.24 
Plus media 3.70 3.22 4.50 2.00 3.36 
Mean (C.) 3.70 2.99 2.94 3.59  
LSD at 0.5 T = N.S.  C = 0.69 TXC = 0.98 
 Rooting %  
Free media 25 0.0 0.0 16.67 10.42 
Plus media 8.33 0.0 8.33 0.0 4.17 
Mean (C.) 16.67 0.0 4.17 8.33  
LSD at 0.5 T = N.S.  C = N.S. TXC = N.S. 

 
Randomly Amplified Polymorphic Dna (RAPD) Analysis Of The Regenerated Plants After Conservation: 

 
Five random primers in Table (6) A2, R3, RAPD1, R4 and RAPD2 were screened in RAPD analysis for their 

ability to produce sufficient amplification products. The results of DNA fingerprints generated by PCR 
amplification using the five primers are presented in figures 1,2,3,4 and 5. RAPD profiles of the conserved 
cultures were preserved for 12 months on ten treatments only as shown in the figures. Polymorphism levels 
differed from one primer to another. 

It is clear from Fig. (1) primer A2 succeeded to differentiate between the examined explants samples. More 
than eleven band pattern with molecular weights ranged between 1Kbp to 50 bp. The eleven bands contain five 
bands monomorphic. Primer A2 grouped the examined samples into eight different groups; each sample 
considered as one group except samples 3 and 8 (treated with sucrose 60 gl-1 and abscisic 10 mgl-1) obtained 
nearly the same fragments which considered one group. Also sample 5 and 10 (sorbitol 30 gl-1 and abscisic 15 
mgl-1) recorded absence in many fragments compared the control (sample 1) and other conservation treatment. 

 
Table 6: Primers used and their annealing temperature 

Primer Sequence 5'…………3' 
A3 GAAACGGGTGGTGATCGC 
R3 AGCCACCGAA 
RAPD1 TGCCGAGCTG 
R4 CCTTGACGCA 
RAPD2 ATGCCCCTGT 

 
Primer R3 showed in Fig. (2) that grouped the treatments into three different groups. The first one contains 

samples (1,7 and 9) treated with control, sorbitol 90gl-1 and ABA 10 mgl-1 according to finding of the 
fragmatnts. Whenever,t he second group contains (2,4,8 and 10) conserved samples with sucrose 30 or 90 gl-1 
and ABA 5 or 15 mgl-1. But the third group contains samples (3 and 6) treatments with sucrose 90gl-1 and 
sorbitol 60 gl-1. Eleven band patterns were obtained and the molecular weights of these bands ranged between 
900bp to 50bp. 
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Fig. 1: RAPD-PCR using primer A2 for the examine 10 plant samples. M: DNA marker, lanes from 1-10 the 

examined plants of the in vitro preservation treatments of Balaniets aegyptica after 12 months of storage 
with primer 1-M. DNA marker (200-900 bp). (1) Control. (2) Sucrose 30 gl-1. (3) Sucrose 60gl-1. (4) 
Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) Sorbitol 90gl-1. (8) ABA 5mgl-1. (9) ABA 
10mgl-1. (10) ABA 15 mgl-1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Fig. 2: RAPD-PCR using primer R3 for the examine 10 plant samples. M: DNA marker, lanes from 1-10 the 

examined plants of the in vitro preservation treatments of Balaniets aegyptica after 12 months of storage 
with primer 1-M. DNA marker (200-900 bp). (1) Control. (2) Sucrose 30 gl-1. (3) Sucrose 60gl-1. (4) 
Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) Sorbitol 90gl-1. (8) ABA 5mgl-1. (9) ABA 
10mgl-1. (10) ABA 15 mgl-1. 

 
Fig. (3) illustrated the fragments obtained from the third primer RAPD1 which succeeded to differentiate 

between the ten samples and amplified bands ranged between 7 to 16 bands in each the examine sample. The 
primar RAPD1 grouped the samples into five different groups. Group one contains sample (1 and 2) control and 
sucrose 30 gl-1, group two sample (3 and 4) treatments with sucrose at 60 and 90 gl-1. The third group contains 
sample (5 and 6) sorbitol at 30 and 60 gl-1. The fourth group contains (7 and 8) sorbitol at 90gl-1 and ABA 5 
mgl-1. Wherever, the fifth group contains samples (9 and) which for treatment with ABA at 10 and 15 mgl-1. The 
molecular weights of the obtained bands ranged from 700bp to 100bp. 
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Fig. 3: RAPD-PCR using primer RAPD1 for the examine 10 plant samples. M: DNA marker, lanes from 1-10 
the examined plants of the in vitro preservation treatments of Balaniets aegyptica after 12 months of 
storage with primer 1-M. DNA marker (300-900 bp). (1) Control. (2) Sucrose 30 gl-1. (3) Sucrose 60gl-1. 
(4) Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) Sorbitol 90gl-1. (8) ABA 5mgl-1

. (9) ABA 
10mgl-1. (10) ABA 15 mgl-1. 

 
It is clear from fig. (4) that primer R4 succeeded to amplify bands between 4 to 11 patterns wit different 

molecular weights. The molecular weights of the amplified bands between 800 bp to 50 bp. Five manomorphic 
bands were observed between the examined samples and the molecular weights of these bands ranged between 
350bp to 50bp. The R4 primer grouped the treatments into four different groups. The first contains samples (1,7 
and 9) which showed control, 90 gl-1 sorbitol and 10 mgl-1 ABA. The next one contains samples (2,3 and 4) for 
treated with sucrose at 30,60 and 90 gl-1. Whenever, group three contains samples (5,8 and 10) for sorbitol at 30 
gl-1 and ABA at 5 or 15 mgl-1 respectively. But, the treatment with sorbitol 60 gl-1 (sample 6), formed a unique 
group itself. 

 

 
 

Fig. 4: RAPD-PCR using primer R4 for the examine 10 plant samples. M: DNA marker, lanes from 1-10 the 
examined plants of the in vitro preservation treatments of Balaniets aegyptica after 12 months of storage 
with primer 1-M. DNA marker (100-600 bp). (1) Control. (2) Sucrose 30 gl-1. (3) Sucrose 60gl-1. (4) 
Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) Sorbitol 90gl-1. (8) ABA 5mgl. (9) ABA 
10mgl-1. (10) ABA 15 mgl-1. 

 
Primer RAPD2 succeeded to differentiate between ten examined samples and the molecular weights of the 

obtained bands ranged between 600 bp to 100 bp as shown in Fig. (5). The primer RAPD2 grouped the samples 
into three different groups. Group one contains samples (2,3,4 and 6) which indicated to the treatments with all 
sucrose treatments and sorbitol at 60gl-1. Whenever, group two contains samples (1,7,8,9 and 10) which 
meaning the treatments with control ,sorbitol at 90gl-1 and the ABA at 5,10 and 15 mgl-1 respectively. While the 
line five (sorbitol at 30 gl-1) formed the third group according to the finding fragments or absence it statistical 
analysis. 
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Fig. 5: RAPD-PCR using primer RAPD2 for the examine 10 plant samples. M: DNA marker, lanes from 1-10 
the examined plants of the in vitro preservation treatments of Balaniets aegyptica after 12 months of 
storage with primer 1-M. DNA marker (100-600 bp). (1) Control. (2) Sucrose 30 gl-1. (3) Sucrose 60gl-1. 
(4) Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) Sorbitol 90gl-1. (8) ABA 5mgl-1

. (9) ABA 
10mgl-1. (10) ABA 15 mgl-1. 

 
Statistical analysis presented in Fig. (6) revealed that the five arbitrary primers succeeded to group the 

examined ten conservations treatments into two main group. Group one contains samples (3 and 5, i.e. sucrose 
60 gl-1 and sorbitol 30 gl-1) but group two contains the rest of the samples. Group two divided into two main 
subgroups; subgroup one contains only samples 6 (sorbitol 60 gl-1), whenever, subgroup 2 differentiated into 
two main clusters. Cluster one contains samples (2 and 4 i.e., sucrose 30 and 90gl-1) but the other cluster 
contains the rest which divided into two main subcluster; subcluster one contains samples (8 and 7 i.e., ABA at  
mgl-1 and srobitol 90 gl-1), while subculuster two contains samples (1,9 and 10 i.e., control and ABA at 10 and 
15 mgl-1). 
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Fig. 6: The dendrogrom based an the similarities was derived from the (UPGMA) of the in vitro preservation 

treatments of the in vitro preservation treatments of B. aegyptica after 12 months. (1) Control. (2) 
Sucrose 30 gl-1. (3) Sucrose 60gl-1. (4) Sucrose 90gl-1. (5) Sorbitol 30gl-1. (6) Sorbitol 60gl-1. (7) 
Sorbitol 90gl-1. (8) ABA 5mgl-1

. 
(9) ABA 10mgl-1. (10) ABA 15 mgl-1. 

 
The obtained RAPD bands and the statistical analysis of them indicates to conserve the explant of B. 

oegyptica for 12 months by slow growth conservation method with high genetic stability at the end of storage, 
treated explants with ABA at 10 and 15 mg-1 on the conservation medium helped to achieve the preservation 
with very highly success. 

These results are in agreement with Mauch (2005) and Fan et al. (2009) they demonstrate that ABA can act 
in increasing the resistance of plants towards ungenetic stability throughout improve of the plant's physiological 
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responses to environmental stresses, such as osmatic stress, drought and cold torerance, this finding also showed 
by Mongrand et al., (2003) and Tuteja and Sopory 2008). 

From the above results of this work, it can be recommend that, to conserve the shootlets of B. aegyptica 
under in vitro preservation technique for 12 months, it can do that by cultured the explant on MS medium under 
control treatment or with of ABA at 10 or 15 mgl-1 and it can maintained the genetic stability of shootlets with 
highly survival percent (100%) and increasing in recovery characters. 
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