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 Stevia rebaudiana Bertoni is a plant which produces 
a variety of high-potency, low-calorie sweetener in its leaf 
tissue (Jarma et al ., 2006). The leaves of this plant contain 
sweet diterpene glucosides; rebaudioside A, rebaudioside C, 
stevioside and dulcoside. Stevioside is about 110 to 270 
times sweeter than sucrose, while rebaudioside A is 150 to 
320 times sweeter than sucrose (Yao et al., 1999). The 
leaves also produce biologically active substances, e.g. 
flavonoids, coumarins, cinnamic acids and essential oil 
(Dzyuba, 1998). (Lobov and Yurtaeva, 2002) showed that 
diterpenoid glycosides from leaves of S. rebaudiana were 
the most promising non-sugar sweeteners of plant origin for 
food and pharmaceutical industries to overcome the problem 
of human diseases related to disorders of carbon 
metabolism. The sweetener from leaves has a good taste and 
is suitable for use in food products as chocolates, 
marmalades, biscuits, ice-cream, sweets, juices, beverages 
and candy. The dried leaves could be mixed within the tea 
packages to reduce the consumption of sugar. The stevioside 
does not  induce tooth decay could safely by used by 
diabetic patients and could be used in the low caloric diets 
to reduce  human body weight  without side effects for these 
reasons many countries are now  using this plant to produce 
a larger portion of their sugar consumption (El-Zifzafi, 
2003). 
 

Stevia, Stevia rebaudiana Bertoni is a small 
herbaceous plant (2 n = 22). It is a member of compositae 
family (Yao et al., 1999). Estimates of total number of 
species in this genus ranges from 150 to 300 . Stevia 
rebaudiana is one of the species of the genus stevia, which 
includes S.eupatoria, S.purpurea and S .serrata (Lisitsin 
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and kovalev, 2000). The English name is the sugar grass, 
honey leaf or sweet herb. Stevia has been grown in Paragy 
and other Latin American countries for more than  1500 
years. Its discovery by Antonio Bertoni in 1887.The plant is 
perennial with a productive live of about 5to7 years and is 
propagated mainly by rooted cutting (Yao et al., 1999). The 
plant growth requires mild temperature between 15 and 38 
degree and relative humidity of about 80 % (El-Zifzafi,  
2003). 

 
         Tissue culture techniques, particularly short-term 
culture procedures such as shoot-tip culture and 
regeneration from primary explants, have been proposed as 
methods for obtaining large numbers of plants identical to 
the plant used as an explant source (Evans et al., 1984). 
         

Gamma rays are the most energetic form of such 
electromagnetic radiation as X- rays, visible light and UV, 
having the energy level from around 10 kiloelectron volts to 
several hundred kiloelectron volts. Gamma rays more 
penetrating than other radiation as alpha and beta rays          
(Kovács and Keresztes, 2002). The principle site of the 
damage caused by ionizing radiation to plants is in the cell 
nucleus (Sparrow & Woodwell, 1962). Radiobiological 
studies on plant tissues in culture may provide information 
on the cell growth behavior, radiosensitivty and the 
induction of mutations. The radio sensitivity of plants and 
calli can be manifested mostly in three ways: 1) inhibition 
of growth, 2) reduction of reproduction capacity and 3) 
death. Growth inhibition induced by ionizing radiation has 
been attributed to chromosome deletion (Sparrow et al., 
1961) and changes in a variety of biochemical and 
physiological systems (Gunckel and Sparrow, 1961). In 
general, the effects of gamma irradiation on any material 
have been summarized by (Willard, 1955) who emphasized 
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that all radiations loose their energy on passing through a 
material producing electronically excited or ionized 
molecules. The chemical effects follow as a result of the 
transfer of energy of excited electron (in ionized molecule) 
into vibrational energy sufficient to break bonds in the 
molecule. Most of these chemical events results in the 
formation of free radicals which may combine with each 
other or react with other species of the medium and form a 
different molecules. 

 
       Breeding for salinity and drought tolerance is not an 
easy task, as it represents a complex problem, it can be 
preferably handled by a multidiscipline approach. 
Genetically, these environmental stresses are complex traits 
governed by a large number of genes, which makes them 
elusive to selection for tolerance by conventional breeding 
programs (Abdel- Tawab et al ., 1999). 
   
      (Falahati et al., 2007) studied the effect of gamma 
radiation doses (0, 20, 60, 100 Gy) on improvement of 
drought tolerance in rice. Irradiated and control seeds were 
cultured on MS medium supplemented with 2 mg/l 2, 4-D 
and 0.2 mg/l BA. Analysis of data revealed that, 20 Gy 
irradiated seeds had the highest rate of germination, callus 
initiation and callus weight.  
 

The aim of the present investigation is to study the 
effect of gamma rays, osmostress and interaction between 
them on Stevia rebaudiana plant obtained through tissue 
culture technique. Morever, determining the changes in the 
internal composition of the cell as carbohydrate, proline, 
protein, nucleic acids and studing the common 
abnormalities during mitotic division and its correlation 
with changs in DNA, RNA and protein synthesis.    
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Stevia rebaudiana, Bertoni is a shrub rich of leaves. The 
plants are grown and branched to a height of 30- 130 cm. It 
has tiny white flowers consisting of 4- 5 tubular florets. The 
main stem and side shoots develop from the root neck. A 
cluster of stems is formed in the next year of growth. The 
root survives for many years. Strong vegetative growth 
appears at temperature average more than 20ċ.Also, more 
than 40 ċ are not a problem for stevia with sufficient water 
supply. Stevia is a sun lover, plantations of it can be found 
in countries with different climate types, which are an 
indication of its variability (Shibata et al., 1991). The 
leaves were used either to sweeten mate or as a general 
sweetening agent. Stevioside has a sweetening potency of 
200-300 times that of sucrose and it is stable to heat 
[(Soejarto et al., 1982 and 1983) and (Lewis, 1992)]. 

 
I. In vitro production of stevia plant  

(Tamura et al., 1984) showed that the clonal 
propagation of S. rebaudiana was achieved by culturing 
stem-tips with a few leaf primordia on an agar medium 
supplemented with a high concentration (10 mg/l) of 
kinetin. Anatomical examination suggested that the multiple 
shoots obtained originated from a number of adventitious 
buds formed on the margin of the leaf. High numbers of 
shoots could be obtained by repeating the cycle of multiple-
shoot formation from a single stem-tip. These shoots 
produced roots when transferred to a medium containing 
NAA (0.1 mg/l) without kinetin. The regenerated plantlets 
could be transplanted to soil. 

(Miyagawa et al., 1986) found that the shoot 
primordia were induced from shoot tips on Gamborg B5 
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medium containing BA and NAA and grown under light 
(about 5000 lux). They could be propagated at a high rate 
for a long time without differentiation. However, the shoot 
primordia readily developed into plantlets with shoots and 
roots within 2-3 weeks when transferred at any time to static 
culture on B5 medium containing 0.02 mg/l BA and 2% 
sucrose.The plantlets were transplanted successfully to 
sterilized soil and grew into normal plants. The primordia, 
unlike callus of S. rebaudiana, were very stable in both 
chromosome number (2n = 22) and karyotype. 
 

(Ferreira and Handro, 1988) illustrated that 
S.rebaudiana is an important source of natural sweeteners. 
A method is described for producing and maintaining cell 
suspensions. Suspension cultures composed of isolated cells 
(ca. 10%) and cellular aggregates (5-100 cells) were 
obtained in 20-30 days using friable callus as the initial 
inoculum in liquid Linsmaier and Skoog (LS) media 
containing BA (0.5 mg/l) and 2,4-D (1.0 mg/l). Stock 
suspensions were sub cultured every 6-7 days and at each 
subculture, the size of the cellular aggregates was controlled 
by filtration through 100-500 micro m mesh sieves. Cultures 
derived from actively growing calluses were mainly diploid 
(2n = 22) whereas those derived from senescent calluses 
showed a wide variation in chromosome number (55-200). 
Stock cell suspensions which had been maintained for 3 
years were plated on basal LS agar medium with BA (0.5 
mg/l) and 2, 4-D (0.5 mg/l) to form callus. Calluses 
originating from predominantly 2n cell suspensions, when 
transferred to a medium with kinetin (2.0 mg/l) + NAA 
(0.02 mg/l), formed buds. Shoot elongation and further 
rooting of isolated shoots was better on LS medium devoid 
of growth regulators. Variation in rooting capacity, plant 
vigor, morphological characters and chromosome number 
was found amongst regenerated plants. 
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(Zubenko et al., 1991) found that the treatment of 
cuttings of Stevia rebaudiana (grown for the glycoside-
sweetening agents present in the leaves) with exogenous 
phytohormones by dipping their basal portions in aqueous 
solutions accelerated rooting and the growth and 
development of the plants. Leaf and shoot, formation was 
best with stevioside (200 mg), Ivin (10 mg), nicotinic acid 
(5 ml), IAA (50 mg/l) and IBA (50 mg/l). Prolonging the 
period of exposure to phytohormones enhanced their 
stimulatory effects. 
           

(Yamazaki et al., 1991) cited that the hairy root 
cultures of S. rebaudiana were induced upon infection with 
Agrobacterium rhizogenes strain 15834. No steviol 
glucosides were detected in hairy roots cultured either on 
solid or in liquid half-strength MS and White media without 
phytohormones in the dark. Addition of kinetin or BA to 
solid medium resulted in a morphological change into callus 
in the light. Stevioside was not detected in the cultures. The 
primary shoot tip cultures from the in vitro cultured 
plantlets produced stevioside in liquid medium in the light. 
The results suggest that the leaves, rather than the roots, in 
whole plants are the synthesis site of steviol glucosides. 
    

(Swanson et al., 1992)  reported that the  leaf 
explants of Stevia rebaudiana, a herb which produces the 
sweet ent-kaurene glycoside stevioside, were cultured in MS 
medium with vitamins, sucrose (30 g/l) and agar (0.9% w/v) 
and supplemented with NAA (0.5 mg/l) and BA (0.5 mg/l). 
These conditions yielded friable callus cultures. 
Differentiation of the callus tissue was then achieved by 
eliminating the agar and modulating the medium's hormone 
concentrations. Thus, media containing increased auxin 
concentration (1.0 mg/l) and no cytokinin, or increased 
cytokinin (1.0 mg/l) and no auxin, yielded root or shoot 
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cultures, respectively. Supplementation of the shoot medium 
with NAA (1.0 mg/l) induced shoot cultures to grow roots 
thereby differentiating into rooted-shoot cultures. Only the 
rooted-shoot cultures tasted sweet. Supplying [2-14C] acetic 
acid to callus, shoots or rooted-shoot cultures demonstrated 
that only the rooted-shoot cultures were capable of de novo 
biosynthesis of the aglycone moiety of stevioside (steviol). 
The stevioside biosynthesis is a function of tissue 
differentiation since both roots and leaves are required for 
cultured S. rebaudiana to biosynthesize stevioside from 
acetate, while the final biosynthetic steps can be performed 
at all levels of differentiation. 
            

(Bespalhok et al., 1992) showed that the two-cm-long 
nodal segments were excised from adult S. rebaudiana 
plants and cultured for shoot proliferation on MS medium 
containing 6 levels of NH4NO3, Defossard vitamins, 11 m 
M BA, 3% sucrose and 1% agar. When shoots were about 5 
cm long they were transferred for rooting to full- or half-
strength MS medium containing NAA at 0.0 to 10.0 mM. 
Lowering the NH4NO3 concentration in the multiplication 
medium from the standard 20.60 mM to 5.15 mM increased 
the number of shoots produced per nodal segment to an 
average of 10. The standard MS concentration of NH4NO3 
also induced toxicity symptoms. Decreasing the MS, salt 
level in the rooting medium by half increased the number of 
roots/shoot, and at this level 1.0 and, particularly, 10 mM 
NAA had a beneficial effect on root induction. The survival 
rate of rooted plants on transfer to potting medium was 
95%. 
 

(Handro et al., 1993) found that the several cell lines 
were obtained from a predominantly diploid (2n = 22) cell 
suspension culture by colchicine treatment (10-3 M/72 h), 
filtration in 100-500 micro m sieves and plating followed by 
visual selection. Colchicine treatment resulted in a highly 
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polyploid line, but with a tendency for reversion to a 
chromosome distribution profile (CDP) similar to the initial 
culture, but with a higher growth rate. Selection by filtration 
showed a relationship between cell aggregate size and the 
CDP, cells of higher ploidy having a tendency to form 
smaller aggregates.  
 

(Chen, 1993) cited that the leaf explants of S. 
rebaudiana cut into 1-cmsuperscript 2 sections after surface 
sterilization, were cultured on MS medium containing 
different growth substances, at 25 degrees C and 2000 lux, 
with a 12-h photoperiod. Results showed that stevioside 
content in differentiated callus was higher than that in 
undifferentiated callus. The ability to synthesize stevioside 
in callus derived from the dedifferentiation of leaves 
decreased markedly. The stevioside content of leaves of 
plants derived from the differentiation of callus was twice 
that of plants cultured in the field. The content of stevioside 
was highest in callus cultured on medium supplemented 
with 1 ppm. GA; supplementation with IAA or NAA was 
less effective. 
 
         (Bespalhok et al., 1993) cited that the somatic 
embryos were induced when leaves were cultured in vitro 
on MS medium supplemented with 2, 4-D (10 or 25 mM) 
and BA (1 mM) and a high sucrose concentration (120 g/l). 
The embryos appeared to be formed directly without 
intermediate callus development. Somatic embryos failed to 
mature and developed roots but not shoot when transferred 
to MS medium without growth regulators and with a low 
(30 g/l) concentration of sucrose. 
 

(Akita et al., 1994) showed that the isolated shoot 
primordia of S. rebaudiana were used as the inoculum to 
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obtain clusters of shoot primordia. These shoots were easily 
acclimatized in soil. 
 

(Xie et al., 1995) found that the transfer of callus 
cultures to a differentiating medium containing BA caused 
marked changes. Cells within the meristematic regions 
formed in the callus were small and had large nuclei, some 
with intranuclear inclusions, with both prominent and 
vacuolated nucleoli. Numerous small vacuoles were 
distributed around the cell periphery or dispersed through 
the cytoplasm. Dictyosomes were common and sometimes 
appeared in groups. Multiple and double membrane-bound 
concentric structures derived from the endoplasmic 
reticulum were often seen.The cytoplasm contained 
ribosomes sometimes seen as clusters of polysomes. 
Another distinctive feature was the appearance of 
plasmalemma invaginations. It was concluded that these 
ultrastructural changes reflected morphological changes, 
which preceded organ differentiation in callus culture. 
 

(Zubenko et al., 1995) cited that the description is 
given of the developmental and morphological differences 
in fibrous root systems of stevia (Stevia rebaudiana) 
propagated by cuttings from root neck sprouts or by tissue 
culture. The vigorous roots of tissue-cultured plants stored 
over winter had many adventitious buds yielding shoots for 
cuttings.                                                                                      
 

(Kornilova and Kalashnikova, 1996) showed that 
the use of MS medium without growth regulators gave 
results comparable to those obtained with growth regulators 
(BA + NAA and kinetin + NAA). Accordingly, plain MS 
medium is recommended as being cheap and effective. IAA 
at 0.5 mg/l gave good results in activating rhizogenesis. No 
reduction in growth was observed with increasing number 
of subcultures in vitro.                                                                             
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(Bespalhok and Hattori, 1997) reported that the 

somatic embryos were obtained from floret explants of S. 
rebaudiana cultured on Murashige and Skoog medium 
supplemented with 2,4-D (9.05 or 18.10 m M) and kinetin 
(0-9.29 mM). On 9.05 mM 2, 4-D supplemented medium 
without kinetin, maximum embryogenic callus formation 
occurred. On 18.10 mM 2, 4-D supplemented medium, the 
best results were obtained with 2.32 mM kinetin. Callus 
formation started at the base of the corolla and ovaries. 
Histological sections showed a fibrillar network on the 
surface of somatic pre-embryo. A unicellular origin for the 
somatic embryos is proposed. 
   

(Constantinovici and Cachita, 1997) stated that the 
shoot apices performed better as explants than nodal stem 
sections. Benzyladenine was more effective than kinetin in 
the multiplication medium. Roots emerged from the 
internodes on either of the rooting media (growth regulator-
free or containing kinetin). Rooting was essential before 
plantlets were transferred ex vitro.                
          

(Acuna et al., 1997) cited that the in vitro nodal 
segments of 6-week-old seedlings were cultured on MS 
medium with 50% macroelement content and in the 
presence of 0.1 ppm NAA. At the transfer of plants from in 
vitro into in vivo conditions nodal segments were dipped in 
a 5% IAA solution to promote rooting. Treated plants were 
grown for 1 month in a greenhouse and then planted into the 
field. A most effective preparation for increasing the 
concentration of stevioside in leaves was humiforte 
(synthetic amino acids, N, P, K and trace elements) in 
combination with aminol (amino acids and N) but Melatran 
(lactic and anthranilic acids) gave the highest biomass 
yields. 
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(Sikach, 1998) studied the effect of nutrient medium 
components (mineral salts, vitamins, plant growth 
regulators, sucrose) on the growth of Stevia rebaudiana 
plants in vitro. The composition of the nutrient medium 
influenced plant growth rate, dry substance content, use of 
N, P and K from the medium, and the contents of diterpene 
glycosides in plants. The quality (content of diterpene 
glycosides) of S. rebaudiana can be regulated by changes in 
the composition of the nutrient medium. 
         

(Yurtaeva and Lobov, 1998) reported that the twelve 
variants of callus culture of S. rebaudiana were obtained on 
substrates containing various amounts of growth regulators. 
Results are presented of analyses of the physiological and 
cytomorphological characteristics of the 12 variants 
including changes in fresh and dry weight of callus, changes 
in the number of cells, mitotic activity and variability 
           

 (Xie et al., 1998) found that the stevioside 
accumulation in callus cultures derived from S. rebaudiana 
leaf explants was positively correlated with cell organization 
and greening of the cultures but negatively correlated with 
callus growth rate. Callus shoot formation was not essential 
for stevioside synthesis. Stevioside content was highest in 
slow-growing, compact, green calluses with or without 
shoot formation (5.78 and 5.37%, respectively). Cells of 
these calluses were highly vacuolated and contained fully 
developed chloroplasts with dense stomata and 
plastoglobuli. Micro bodies containing crystal lattices were 
closely associated with chloroplasts. Plastids in yellow, 
compact callus cells, which accumulated less stevioside 
(2.13%) than green calluses, contained many starch grains 
with few dispersed lamellae. Stevioside content was lowest 
(0.96%) in fast-growing, loose, yellow calluses, in which 
cell plastids were structurally simple and contained few 
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lamellae. It is concluded that stevioside accumulation is 
related to plastid development and vacuole differentiation 
     

(Bondarev et al., 2001) found that the qualitative 
composition of the SGs in in vitro plants was found to be 
identical to that of intact plants, but their content in the 
former plants appeared to be about five or six times lower. 
A significant decrease in this value was not observed upon 
long-term cultivation (for about 5 years) of the plants. Non-
differentiated cell cultures, such as callus and cell 
suspension, were shown to synthesize only minor amounts 
of the SGs, and their content varied greatly during the 
growth cycle of the culture. Qualitative composition of the 
SGs in the cell cultures appeared to be highly scant as 
compared with that of the donor plants. No correlation 
between the SG content in organs of the donor plants and 
that in the cell cultures obtained was found. Factors 
determining plant cultivation conditions and influencing the 
accumulation of both, fresh and dry cell biomass were not 
able to completely induce the SG synthesis in non-
differentiated cell cultures. This process was found to be 
restored only after the appearance of morphogenic structures 
and shoot formation. 

         
(Zbughin et al., 2003) studied the effects of IAA and 

BA in the MS culture medium on the propagation of S. 
rebaudiana from meristems. Mathematical models are 
presented to estimate the changes in different characteristics 
(number of leaflets, height of stemlets, number of axillary 
buds, number of secondary copse, and number of basal 
rootlets) of S. rebaudiana under different IAA and BA 
treatments. 

 
(Slavova et al., 2003) found that when shoot and 

stem segments of S. rebaudiana were cultured in 2 nutrient 
media, one with BAP [benzyladenine] and the other with 
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mg NAA/l for rooting. Benzymidazol at 0.1, 0.2, 1.0, 1.5, 
2.0 or 3.0 mg/l was incorporated after the removal of BAP 
and NAA from both media, except for one treatment in 
which 0.3 mg benzymidazol + 0.1 mg NAA/l was evaluated. 
Benzymidazol exhibited an auxin-like effect (i.e. 
stimulation of rooting) on plants. When benzymidazol was 
applied singly, 0.2 mg/l was optimum, resulting in 95% 
rooting. The 2-4 roots per plant formed at this concentration 
were stable and well-developed, unlike those that were 
produced with NAA, which were easily severed when 
removed from the nutrient medium. The highest rooting 
percentage 99 % (was obtained with 0.3 mg benzymidazol + 
0.1 mg NAA/l). 

 
(Morini et al., 2003) showed that the S. rebaudiana 

leaves contain glucosides with important sweetening 
properties: stevioside, rebaudioside A and rebaudioside C. 
The chemical, physical, pharmacological and toxicological 
characteristics of these compounds would suggest their use 
as natural acaloric supplements in the human diet. Stevia is 
cultivated in a number of countries, but plant propagation 
techniques still need to be better evaluated since they can 
affect the quality and quantity of plants for use in large-
scale cultivation. The purpose of this research was to 
improve knowledge on the behaviour of S. rebaudiana 
submitted to in vitro propagation and to evaluate the 
possible suitability of this technique to be applied to rapid 
production of selected plants. Four genotypes, differing in 
some of their bioagronomic characteristics, were tested on 
MS culture medium, comparing the effects of two 
cytokinins: kinetin and 6-benzylaminopurine 
[benzyladenine]. Growth chamber temperature was 24+or-1 
degrees C, photoperiod was 16-h and light intensity was 
45+or-5 mM m-2 s-1. Shoot rooting response was evaluated 
by IBA at 0.5 mg/l and 0.1 mg/l. Susceptibility to tissue 
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vitrification, very small leaves and thin and etiolated stem 
apical portions were associated particularly with 6-
benzylaminopurine, in most genotypes. With kinetin, 
symptoms were attenuated but did not disappear completely. 
Among the genotypes tested, shoot proliferation ranged 
from about 1:4 to 1:9 and rooting from 65 to 92%. Fairly 
severe problems were encountered in plantlet 
acclimatization, with highest survival values not exceeding 
80%. Micropropagation efficiency did not appear to be very 
satisfactory but the experimental procedure demonstrated 
the possibility of quickly propagating plants of stevia to be 
used for cultivation and/or propagating selected genotypes 
characterized by superior biological and agronomic traits 
and/or higher glucoside content, to be used as mother plants 
to provide material for other propagation techniques. 

      
(Latha and Usha, 2003) cited that the shoot apex, 

nodal, and leaf explants of Stevia rebaudiana can regenerate 
shoots when cultured on MS medium supplemented with 
benzyladenine (BA; 8.87 m M) and IAA (5.71 m M). 
Rooting of the in vitro derived shoots was achieved 
following subculture onto auxin-containing medium. A 
survival rate of 70% was recorded at the hardening phase on 
coco peat substrate. The presence of the sweet diterpene 
glycosides, namely stevioside and rebaudioside, was 
confirmed in the in vitro derived tissues of Stevia using 
HPLC techniques. Callus cultured on agar-solidified MS 
medium supplemented with BA (8.87 m M) and IBA (9.80 
mM) showed the highest sweetener content. 

     
(Bondarev et al., 2003) studied the effects of sugars, 

mineral salts and plant growth regulators on the 
development of stevia shoots cultivated in the roller 
bioreactor and their production of steviol glycosides (SGs). 
In the medium with fructose or glucose, extension of the 
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shoots and development of their root system were much 
better than in the medium supplemented with sucrose. 
Under these conditions, however, accumulation of leaves 
dry mass decreased, and the content of the SGs in leaves 
declined. At elevated sucrose concentrations (from 1 to 5%), 
enhanced development of the root system and an increase in 
plant dry mass and number of leaf pairs was observed. At 
the same time, 3% sucrose gave optimal SG accumulation. 
Two fold elevating the concentration of mineral salts 
considerably stimulated growth of the shoots, whereas the 
content of the SGs in their leaves decreased by about order 
of magnitude. Addition of 0.1 mg/l BAP [( 6-
benzylaminopurine(benzyladenine)] with NAA (alpha- 
naphthaleneacetic acid) resulted in an 1.5-fold increase in 
the number of shoots. However, the shoots grown on the 
BAP-supplied medium displayed a strong inhibition of the 
development of their root system. When the medium was 
supplied with gibberellic acid, lengthening of shoots and 
roots of stevia were observed. All the plant growth 
regulators used strongly inhibited production of SGs. The 
changes in nutrition medium composition had practically no 
effect on the ratio of individual glycosides in stevia leaves. 

 
(Wardle et al., 1983) found that the acclimatization 

can take place by allowing the in vitro plants to gradually 
get used to a lower relative humidity, which is the case in 
vivo. Development of stomata closure mechanism is a very 
important component acclimatization, have been showed 
with Brasica oleracea Botrytis that lowering of the relative 
humidity in vitro results in better wax formation on the 
cuticular evaporation formation on the cuticular layer, 
leading to less cuticular evaporation . 

(Sutter and Hutzell, 1984) observed that 
acclimatization directly after the in vitro phase can be 
brought about by keeping the relative humidity high in vivo 
and maintaining a low irradiance and temperature. Another 
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method of acclimatization is to leave the tube or the flask 
open in a sterile environment for a few days to adjust to in 
vivo conditions. It is possible to spray the plants with anti-
transpirants to reduce evaporation in vivo, although this 
often has an adverse effect .  

 
(Pierik, 1987) cited that the plant which has 

originated in vitro, differs in many respects from one 
produced in vivo.The plants grown in test tubes their cuticle 
(wax layer) is often poorly developed, because the relative 
humidity if often 90-100% in vitro.This results in extra 
water loss through cuticular evaporation, when the plant is 
transferred to soil, since the humidity of the air in vivo is 
much lower leaves of in vitro plants, often thin, soft, and 
photo synthetically not very active are not well adapted for 
the in vivo climate .Test tube plants have smaller and fewer 
palisade cells to use light effectively, and have larger 
mesophyll air space. Stomata don’t operate properly in 
tissue culture plants, open stomata in tissue culture plants 
cause the most significant water stress during the first few 
hours of acclimatization. In tissue culture plants poor 
vascular connection  between the shoots and roots may 
reduce water conduction. It most also be realized that the in 
vitro plant has been raised as a heterotrophy, while it must 
be autotrophic in vivo sugar must be replaced through 
photosynthesis . 

       
(Ziv, 1992) found that the roots that have originated 

in vitro appear to be vulnerable and not to function properly 
in vivo (few or no root hairs ).They quickly die off and must 
be replaced by newly formed subterranean roots. The 
development of root hairs in vitro can sometimes be 
promoted by allowing them to develop in a liquid medium . 
The poorly developed root system makes in vivo growth for  
such  a plant very difficult, especially when there is high 
evaporation. It is vital that the in vitro plant looses as little 

EG1200360



 

 
17 

water as possible in vivo. Acclimatization  in vitro 
especially by exposing the plants to reduced relative 
humidity increases the survival rate when the plants are 
transferred to soil.  

 
(Carneiro et al., 1997) illustrated that  S. rebaudiana 

contains sweeteners, which are sweeter than sucrose. The 
effects of 14 growing media on greenhouse seedling 
production of S. rebaudiana were investigated in Brazil. 
The best mixture for seedling growth consisted of sand clay 
loam soil, hen manure (10% v/v) and lime. 

     
(Nepovim and Vanek, 1998) reported that the culture 

of multiple shoot culture of Stevia rebaudiana in the 
bioreactor and transfer to ex vitro conditions took about 8-9 
weeks. A total of 600 plantlets were produced which could 
be transferred from greenhouse to field conditions.  

       
(Metry et al., 2003) found that the different 

combinations of  peatmos and sand for adaptation of Stevia 
rebaudiana plantlets derived through micro propagation 
method. The survival percentage ranged from 20-80 % , the 
best potting medium was sand –peat at 50%(v/v). 

 
II. Effect of irradiation on stevia plantlets. 

 
(Hayashi and Kawashima, 1982) stated that the 

sucrose content of sweet potato and potato tubers was 
considerably increased by gamma-irradiation. The highest 
increase was with an irradiation dose of 3-4 kGy for 
potatoes and 0.8 kGy for sweet potatoes enhanced sucrose 
content c.2 fold but was not additive to irradiation treatment. 
The highest sucrose content in irradiated sweet potatoes was 
7-12 % depending on the cv. this was 2-4 times higher than 
in untreated controls. 
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(Novak, 1987) cited that shoot apices (1 and 2 cm 
long) of manihot esculenta were cultured on Murashige & 
Skoog (MS) medium supplemented with growth regulators. 
Multiple shoots were induced by increasing the 
concentration of benzyladenine in the liquid medium and 
using a gryatory shaker at 28ºC in a 16/8 h light/dark period. 
Node and axillary-bud explants from plantlets produced in 
vitro showed 50% survival when subjected to 30-45 Gy 
gamma rays. Shoot proliferation occurred from the axillary 
buds. Shoot tips of Dioscorea species with 2 pairs of leaf 
primordial were cultured on MS medium supplemented with 
growth regulators. Nodes with axillary buds dissected from 
the resulting plantlets were used for in vitro propagation. A 
dose of 30Gy gamma rays was found to be the most suitable 
for irradiation of nodal cuttings in vitro. 

 
(Sripichitt et al., 1988) showed that the obtaining of 

non-chimaeric mutants through irradiation followed by 
tissue culture, 12-day-old seedlings were exposed to doses 
of 0-2.5 krad delivered at 2 dose rates. When the cotyledons 
were excised and cultured on Murashige & Skoog medium 
supplemented with benzyladenine, percentage of explants 
forming shoots and shoot number / explant decreased with 
increasing radiation dose. For any given dose, a dose rate of 
10 krad/h. compared to controls, a 50% reduction in shoot 
number/ explant was given by doses of 11 krad at 1 or 5 
krad /h and 0.75 krad at 10 krad/h. 

 
(Mak et al., 1995) found that the  increasing gamma 

ray doses caused a reduction survival rate and in the average 
number of buds or shoots produced per explant. On the 
basis a linear estimate of bud/shoot proliferation to gamma 
ray dose, the radiation dose that reduced growth to 504 of 
the untreated control (LD50 ) was about 38 Gy. Many 
phenotypic variants in growth, leaf deformation, 
pigmentation and texture were observed in nursery plants. In 
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addition, field-grown plants also produced various types of 
bunch and fruit abnormality. Generally, mutagenic 
treatments resulted in a 4 to 6-fold increase in the frequency 
of variants. For number of weeks to harvest and plant 
height, the mean values of irradiated plants did not differ 
significantly from the control plants. However, mutation 
induction tended not only to increase the variability of these 
two quantitative traits but also showed a much higher 
frequency for plants having early fruiting or shorter plant 
stature. As in vitro mutation induction could create genetic 
variability as well as many unfavorable variants, it is highly 
desirable to integrate in vitro mutation with a selection 
system that can screen large mutagen-treated populations. 

    
(Toruan et al., 1995) found that the axillary buds of 

clones BP70 and BP72 cultured in MS medium were treated 
with 0, 750, 1500 and 2250 rad doses and transferred to MS 
medium with 0.5 mg benzyladenine/l for bud multiplication. 
Root induction on the shoots was achieved in medium with 
0.5 mg IBA/l. Somaclonal variations were studied in vitro. 

  
III. Effect of osmostress on stevia. 

  
Stress is usually defined as an external factor that reflects 

a disadvantageous influence on the plant. In most cases, 
stress is measured in relation to plant (Taiz and Zeiger, 
1998). Abiotic environmental stresses such as drought and 
salinity are considered as limiting factors for plant 
productivity (Boyer, 1982). 

 
 (Goenadi, 1983) studied drought and water tension of 
stevia seedlings. She used different levels of water tension, 
and reported that the optimum growth in stevia was obtained 
in soil with water content ranging from 43 to 47.6 %. 
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        Water – stress studies, on varieties, genotypes, hybrids 
and cultivated inbreeds of sunflower, indicated that drought 
affected yield – related traits of these plants. (Elizondo, 
1991) concluded that drought forms could be developed in 
varieties characterized by high yield and rapid phonological 
development combined with a long reproductive period. The 
experiment was conducted to investigate the response of 
eight varieties of sunflower in a randomized complete block 
design and deprived of water by terminating irrigation 
through vegetate to seed filling stages. Multiple regression 
analysis for the dependent variable grain yield indicated that 
head growth rate , harvest index, biomass at physiological 
maturity , head weight , stem weight at maturity, head and 
plant growth rates and grain yields were affected by drought 
stress. (Kenarsare and Pustini, 1998) reported the effects 
of water stress were greatest during the flowering stage with 
respect to captiulum diameter and 100 seed weight. Plant 
height was the most sensitive trait to water stress up to full 
appearance of the capitulum. 

  
IV. Effect of osmostress and radiation on stevia. 

 
(Soeranto-Human et al., 2006) found that the 

induction mutation was made by Gamma irradiation on 
sorghum seed treatments. The optimal radiation dose was to 
be around 300-500 Gy. Through selection processes and 
direct screening for drought tolerance, a number of ten 
putative mutant lines were obtained. In dry season, the 
mutant lines B-68, B-72, B-95 and B-100 produced grain 
yield of 4.55, 4.50, 4.20 and 4.62 t/ha, respectively. These 
yields were significantly higher than the original parent 
Durra (3.50 t/ha) and the control check varieties UPCA 
(2.68 t/ha) and Higari (3.75 t/ha). These promising mutant 
lines might be of useful for further sorghum research.  
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V.1.  Determination of macromolecular 
contents. 
 
(Viana and Metrivier, 1980) illustrated that the leaf 

dry weight and the levels of soluble sugars and proteins 
showed a two-phase development during leaf growth in S. 
rebaudiana. The initial large increases in leaf size were due 
mainly to water intake up to an area of around 9-10 cm. 
Increases in absolute protein content were initially slow 
though in the second phase there was a rapid increase, 
together with rises in dry matter and soluble sugar contents. 
In relative terms, however, the concentration of free sugars 
declined throughout leaf growth. The data indicate that leaf 
protein synthesis is most probably dependent upon a carbon 
supply from in situ photosynthesis, which only becomes 
significant at 80% of full leaf area. 
           

(Nishiyama et al., 1991) cited that the positive 
correlation between total soluble carbohydrate content and 
stevioside content in S. rebaudiana leaves led to the 
development of a simple method for estimating stevioside 
content in dry leaves. The following equation was 
developed for converting total soluble carbohydrates into 
stevioside content: TC = 7.56 + 0.96ST, where TC = total 
soluble carbohydrates and ST = stevioside content. Also the 
results indicate that NIRS is an accurate and simple method 
for determining stevioside and water soluble carbohydrates 
in S. rebaudiana leaves. 
  

(Pinter et al., 1981) recorded that the positive 
correlation between drought resistance and the 
concentration of free proline in wilted samples of the first 
leaf above the female inflorescence. 

 
  (Thakur and Rai, 1981) studied the growth 

behavior, proline changes and water saturation deficit 
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changes in two cultivars of maize (drought resistant and 
drought sensitive). Although the plants appeared normal on 
the 7th day of rehydration, when recovery was never 
complete, they found a significant positive correlation 
between free proline content and change in water saturation 
deficit. Significantly higher proline content was recorded in 
the resistant cultivar than in the sensitive one after stress 
was lifted. 

  
(Thakur and Rai, 1982) measured the accumulation 

of amino acid contents in two cultivars of maize with 
different responses to drought stress. On the third day of 
stress, they found an increase of 115% in resistant cultivar 
and 70% in sensitive one comparing with non stressed 
plants, whereas on the seventh day of stress the resistant 
cultivar had 42% of amino acids more than the sensitive 
one. They recorded a significant accumulation of proline in 
both cultivars at –1.1 Mpa on days 3 and 7 of stress. 

 
(Palfi and Gulyas, 1986) examined the effect of 

water stress on proline accumulation in leaves of both maize 
and wheat. They concluded that proline accumulation was 
higher in leaves with the biaxial rather than the axial surface 
turned towards the continuous light source (5000 lux). 

 
(Zielinska and Bandruska, 1987) illustrated that the  

stressed barley varieties which differed in their 
susceptibility to drought during tillering stage. There was an 
increase in the accumulation of free proline in the leaves, 
which disappeared on rewatering. They found that the 
sensitive variety to stress during tillering showed the highest 
accumulation of free proline, while apparently the most 
tolerant accumulated the least proline. The results showed 
that there was a direct relationship between the fall in 
relative turgor in the leaves and proline accumulation. 
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(Caballero et al., 1988) tested the seedlings and 
callus tissue of maize cultivars for proline accumulation 
under drought stress. They found that proline accumulated 
in green leaves of seedlings under drought stress. No 
accumulation occurred in white or green callus, leaves of 
etiolated seedlings or green or etiolated detached leaves. 
Addition of ABA to green or white tissue resulted in no 
proline accumulation. It was concluded that proline 
accumulation requires fully developed chloroplasts as well 
as the systemic development of the plant. 

 
(Popovic et al., 1989) studied two varieties of maize, 

resistant and sensitive to drought stress, under filed and 
controlled conditions. The correlation between relative 
water content and water potential indicated that in the 
resistant cultivars, there was osmotic adjustment under mild 
stress conditions. Reduced leaf osmotic potential in resistant 
cultivar resulted from the accumulation of reducing sugars 
(75%) and smaller ions (25%), while proline accumulation 
was negligible. Under severe stress, accumulation of 
somatically active substances was not sufficient to reduce 
leaf osmotic potential and another mechanism of turgor 
maintenance, such as stomata closure, was involved. 

 
(Wang et al., 1989) revealed the no correlation 

between the increase of proline content and drought 
resistance in maize, although the leaf proline contents 
increased with duration and intensity of water stress.  

 
(Grzesiak, 1990) investigated the drought effects on 

some inbreeds and hybrids of maize on the field and 
greenhouse levels using measurements of photosynthetic 
rate, changes of proline content and some physiological 
trails. In inbreeds and hybrids, drought resistance of mature 
plants and seedlings was similar although the hybrids were 
less differentiated and weaker than drought resistance 
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observed in inbreeds. Drought resistance indices of 
genotypes based on measurement of direct effects of 
drought on plant growth in the field and the greenhouse 
were on the whole consistent with ratings obtained in 
measurement of electrolyte loss from leaf tissue under water 
or thermal stress and changes of proline in leaves. 

 
(Gu et al., 1990) found that the higher resistance to 

drought by increasing proline content have alleviated the 
effects of drought on protoplasmic membranes, chlorophyll 
and enzymes such as nitrate reductase on some inbreeds and 
hybrids of maize. 

 
(Sharp, 1990) discussed the role of proline content as 

osmotic regulator on root and shoot growth at low water 
potential. Increased rates of proline deposition may be a key 
factor in osmotic adjustment of the slightly vacuolated cells 
close to the root apex, where elongation is particularly 
insensitive to low water potential. 
          

(Bao et al., 1991) suggested that  the accumulation of 
free proline due to drought was more rapid during leaf 
elongation than at the 10 leaf stage. At first, free proline 
content was increased during stress, but with longer stress 
periods the content was decreased. Free proline content was 
related to the growth stage and the degree of water stress but 
not to the drought resistance. Severe stress at the 10 leaf 
stage or tasselling could lead to abortion of tassels and 
delayed grain development.  

 
(O’Regan et al., 1993) found that the drought 

resistant maize cultivar had a lower growth rate than the 
drought sensitive when not stressed, but had a higher growth 
rate and deeper rooting than the drought sensitive cultivar 
when water stressed. The drought resistant cultivar had a 
higher transpiration rate and lower diffusive resistance 
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during the onset of stress and higher relative water content 
and levels of abscisic acid and proline throughout the period 
of water stress than the drought sensitive cultivar. 
 

(Sabry et al., 1995) tested six cultivars of spring 
wheat for osmoregulation under drought stress (imposed by 
withholding irrigation for three days) or salinity stress 
(imposed by irrigation with 200 mM NaCl for 10 days). 
They found that wheat seedlings accumulated sucrose, 
glycine betaine, proline, asparagine, glutamine and valine. 
Interestingly, proline was the predominant osmolyte 
observed in drought stressed plants, but glycine betaine and 
sucrose were the leading osmolytes in salt-stressed plants. 
Significant variation was observed at the levels of many of 
these osmolytes in these cultivars. They concluded that this 
observation might be useful in the development of drought 
and salinity tolerant cultivars. 

 
As known, proteins are the end-products of 

transcription and translation of the genetic information. 
They fulfill many important evolutionary levels, genetic 
expression and natural selection (protein is part of the 
phenotype), they contain very valuable information to help 
understanding phylogeny and taxonomy (Jensen and 
Fairbrothers, 1983). 

 
(Izzo et al., 1990) examined the changes in protein 

and free amino acids in seedlings of maize and sunflower, 
which were grown field conditions with and without 
irrigation. Twenty days of water stress caused a decrease in 
leaf water potential and an increase in water saturation 
deficit in both species, accompanied a reduction in plant 
fresh weight and dry weight and in their ratio. In maize, 
total protein amino acid levels in stressed seedlings dropped 
by about 40% whilst free amino acid content increased 2.5 
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fold than unstressed seedlings. The levels of free proline 
remained constant in both species following water stress. 

 
(Abo El-Seoud et al., 1991) stated that the individual 

amino acids of leaves of Atropa belladonna exhibited a 
diversity in their response to the applied irradiation doses 
(80, 160, 240 and 320 Gy ) of gamma rays, where there was 
a slight increase or decrease in their content. In general total 
amino acid in all doses increased slightly. Other abiotic 
stresses,can induce oxidative stress through the increase in 
relative oxygen species (ROS), which may cause cellular 
damage through oxidation of lipids, proteins and nucleic 
acids [(Pastori and Foyer, 2002) , (Apel and Hirt, 
2004),(Demiral and Turkan, 2005) and (Khan & Panda, 
2008)]. The changes in DNA, RNA and protein contents 
either increase or decrease may have the potentiality to alter 
the transition process or the transcriptional one via affecting 
and or modulating the activity of some enzymes responsible 
for enhancement of protein synthesizing machinery, (Abd 
El- Hamid, 2000) and (Shehab et al., 2004) and (Morsi 
2008). (Neacsu et al., 2001) used a 60 Co ionizing radiation 
source, with a dose rate of 10 mCi was used to irradiate 
acacia saplings for different time durations: 1h, 2h, 4h and 7 
h. One day after the irradiation, small amounts of green 
tissue were taken for nucleic acid extraction and assay. The 
quantitative extraction was performed in perchloric acid at a 
temperature of about 100 Celsius degrees. Centrifugation at 
5,000 cycles/minute was performed and supernatant liquid 
was used for spectrophotometric assay. The light extinction 
at the wavelengths of 270 nm and 290 nm was measured, 
after Spirin's method using a Beckman spectrophotometer. 
The average between DNA and RNA content values was 
evaluated and represented graphically. The logarithmic 
representation of nucleic acids content, via exposure time, 
fitted with a mathematical polynomial function of second 
order, showed the decreasing of nucleic acids content in 
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samples in comparison to the control. This could be the 
effect of radiation damage at the level of the nucleic acids 
primary structure, resulting in the reducing of nucleic acid 
amount in the vegetal cells of irradiated common acacia 
saplings. Direct radiation action on some chemical bonds as 
well as indirect effects mediated by water radiolysis could 
be implied in the diminution of DNA and RNA content 
from common acacia cell nuclei. 

  
 Polyacrylamide gel electrophoresis is used to estimate 
the possible mutagenic changes produced by chemicals as 
revealed by changes in banding patterns of seed protein 
fractions and correlate the change in protein pattern with the 
induced chromosomal aberrations, (Gamal El-Din et al ., 
1988). 
 

(Aly, 2005) propagated the plantlets of Stevia  
rebaudiana Bertoni   was irradiated with  doses 0,5, 10 ,and 
20 Gy. Irradiated plantlets exhibited changes in 
electrophoretic profile of proteins , there were some new 
bands induced with  molecular weight of 100,45,32, and 30 
KDa .In some treatments  and some other bands disappeared 
such as the 205and 100 KDa bands from plantlets treated 
with 10 Gy. The results showed that gamma –irradiation 
induced changes in plantlets that can be detected by 
molecular and biochemical markers.It's one of the genus 
Stevia  and one of  only two that produce sweet studio 
glycoside.The electrophoretic of water soluble protein 
fractions of Stevia exhibited a maximum number of 33 
bands, 16 of them were considerd common bands for the 
eleven accessions examined (Abd El-Sadek, 2003). 

 
(Eliwa, 2001) cleared that the SDS electrophoresis 

patterns of water soluble protein fraction for Williams 
cultivar resulting from irradiation treatment, Irradiated plant 
(40Gy) showed absence of protein 54.35 MW with 
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4.15%and induced other protein of 54.06 with 17.25%, 
beside bands 123.07 and 38.20 kDa with percentage  2.78, 
13.5% respectively. In response to severe changes in 
environmental conditions, higher plants are able selectively 
to activate or inhibit the expression of specific genes, 
leading to the accumulation of particular sets of proteins, 
which are referred to as stress – induced proteins 
[(Scandalias and Baum, 1982), (Cooke, 1984) & (Ho and 
Sachs, 1989)]. A large number of stress induced proteins 
have been discovered in cases of heat shock, salt stress, 
wounding, anaerobiosis, microbial infection, etc. For most 
of these proteins, very little is known about their cellular 
role and the molecular mechanisms involved in the 
induction of their synthesis (signal transduction). It has been 
suggested that oxidative signals may play a control role in 
the cellular response to stress. In plant, the activation of 
molecular oxygen, leading to the formation of oxygen 
centered free radical , has been observed in tissues exposed 
to different stress conditions , such as UV, certain herbicide 
and plant microorganism interactions [(Elstner  et al ., 
1988) and (Sutherland, 1991)]. (Ferullo et al., 1994) 
found that the processes of protein synthesis do not seem to 
be qualitatively affected. Although DNA impairment might 
be expected after massive irradiation, the appearance of the 
new sets of translation products and proteins can not be 
attributed to a dysfunction of transcription and translation; 
the changes in gene expression concern very specific 
products and are probably caused by a regulated 
modification of  gene expression, in response to a specific 
stress situation. As a result, gamma-induced proteins could 
be considered as a particular class of stress- induced 
proteins. Although it would be difficult to pinpoint any 
direct relationship between gamma- induced proteins and 
the different translation products by irradiation, the 
appearance of new translatable RNAs indicates that at least 
a part of this stress response occurs at the transcriptional 
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level. Several new protein which are synthesized in response 
to an altered environment have reported as “stress proteins” 
as shock proteins in plants [(Ericson and Al – Finito, 
1984), (Kanabus et al., 1984) and (Oliver and Bewley, 
1984)]. However, only a few of these proteins have been 
found to be involved in known physiological or metabolic 
processes [(Hanson et al., 1984) and (Hasegawa et al., 
1984)]. Most of these proteins appear as immediate response 
by the organism to an altered environment (temperature, 
osmotic stress and wounding) and it is questionable whether 
many of them are associated with increased growth and 
survival of the plants in new environment. (Tanaka et al., 
1992) found that the 10 proteins were induced and about 15 
proteins were reduced after gamma irradiation treatments in 
Deinococcus radiodurans. 

 
(Bhat et al., 2007) found various types of mitotic 

aberrations induced by diethyl sulphate and sodium azide in 
Vicia faba L. including fragmentation, stickiness, c-
metaphase, ring chromosomes, laggards, bridges, 
micronuclei and disturbed phase. The gamma rays  beam 
was able to induce variation on chromosome structure in 
root tip cells. The rate of cells with chromosome aberration 
was increased with  increase of ion beam energy and dose 
(Shen-Mei et al., 1997).  
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         This study was carried out  in tissue culture laboratory,   
Department of Natural Products Research, National Center 
for Radiation Research and Technology, Atomic  Energy 
Authority, Naser City, Cairo, Egypt. 
 
I. Material:  

I.1. Plant material:                                                    
       Stevia plant (Stevia rebaudiana Bertoni) was obtained 
from Agricultural Research Center, Ministry of 
Agricultural, Giza, Egypt. 
 

I.2. Gamma irradiation source: 
          60Co was used as a source of Gamma rays with dose 
rate 1Krad/12min. Stevia was exposed to gamma rays at 
National Center for Radiation Research and Technology, 
Naser City, Cairo, Egypt.                            
    

I.3. Culture media:    
         MS medium Murashige and Skoog (1962) was used 
and addition growth regulators [Benzyl amino purine (BAP) 
and / or naphthalene acetic acid (NAA)] as follow: 
1-MS 
2-MS +2.0 mg /l BAP                
3-MS + 3.0 mg /l BAP 
4-MS + 4.0 mg /l BAP 
5-MS + 5.0 mg /l BAP  
6-MS + 1.0 mg /l BAP+ 0.5 mg /l NAA + 0.1 myo- inistol  
7-MS + 1.0 mg /l BAP+0.1 mg /l NAA 
8-  MS +2.0 mg /l BAP +0.1 mg /l NAA 
9-  MS + 3.0 mg/l BAP +0.1 mg /l NAA   
10- MS +4.0 mg /l BAP + 0.1 mg /l NA A 
11- MS+5.0mg/lBAP+0.1mg/lNAA 
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12- MS+1.0mg/lBAP+0.2mg/lNAA   
13- MS +2.0 mg /l BAP +0.2 mg /l NAA  
14- MS +3.0 mg /l BAP +0.2 mg /l NAA 
       

I.4. Preparation of explants and culture 
initiation of stevia: 

     Preparation of microcutting stem culture were  washed 
with  tap water  then  soaked  in  clorox   (25%) for 10  min. 
The buds stem were washed three  times  in  sterile  
bidistilled water under laminar flow  to remove any  
residues  of  clorox. The buds were  cultured (50 buds) in 
jars contained medium (MS + 30 gm/ l  sucrose + 8.0 g/l  
agar  at  pH 5.8).The cultures jars were  incubated in  a 
growth   chamber  at 25 ± 2°c  under photoperiod 16h of 
3000 lux intensity.  
 

I.5. In vivo adaptation:  
   The plantlets at 5.0 cm high were transferred to jars 
containing sterilized clay. The plastic caps were removed 
after one week replace boring plastic sheets. After another 
week the plastic sheets were removed  and the jars were left 
under the growth chamber condition until  transferred to 
permanent pots as Fig (1). 

 
 
 
 
 
 
 
 
 
 

 
 
Figure (1): The acclimatization  stages in stevia pantlets 
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II. Treatments: 
II.1. Gamma radiation treatment: 

 
     The buds stem were Irradiated with gamma   radiation   
doses (0, 10, 20 and 30 Gy). Fifty buds were cultured on 
medium (MS + 30 gm/l sucrose +8 g /l agar  at pH  5.8). 
The  cultured  jars  incubated in growth chamber at 25 ± 2 
°c  under  photoperiod of 16 hrs  light with  3000 lux  
intensity. Data of survival present were recorded after 21 
days of culture. 
  

II.2. Osmostress: 
         
      Stevia buds were cultured on MS medium (basal 
medium) supplemented with different concentrations of 
sucrose and sorbitol (40000, 50000, 60000, 70000, and 
80000 ppm). The cultured jars were incubated in  growth 
chamber at 25 ± 2 °c under photoperiod of 16 hrs light with 
3000 lux intensity.  
  

II.3. The combined effect between gamma 
radiation doses and osmostress treatments:        

 
Stevia buds irradiated with gamma radiation doses 

(10, 20, and 30 Gy) and cultured on different sucrose or 
sorbitol  concentrations (40000,  50000 and 60000 ppm ). 
The cultured jars incubated at 25 ± 2 °c under photoperiod 
of 16 hrs light with 3000 lux intensity.  

 
III. Determination of macromolecular 

contents  
III.1. Determination of total soluble sugars:  
Extraction: 
 Fresh ground samples (0.1 g) was accurately weight 
then extracted by boiling in 80% aqueous ethanol for 6 hrs 
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by using soxhlet apparatus (A.O.A.C. 1984). The extract 
was filtered and completed to 50 ml in a measuring flask 
with ethanol 80%. 
 
Procedure:                                                                                              

Total soluble sugars were determined in the ethanolic 
extract using the phenol-sulphuric method according to 
(Dubios et al., 1996) as follows: 
      

Extract was mixed with phenol (1 ml 5% w/v) and 
concentrated sulphuric acid (5ml) was than added by 
delivery pipette. The mixture was then shaken gently and 
left to cool for 15 minutes. The blank experiment was 
carried out using water instead of sugar solution. The 
absorbance of the developed yellow-orange color was 
measured at 400 nm. A standard curve was carried out using 
pure glucose with a suitable concentration. 
 

III.2. Estimation of proline content: 
 

Proline was determined using the method of  (Bates et 
al., 1973) as follows. 

 
a) Extraction buffer 3% aqueous sulfosalicylic acid: 
b) Reagents: 
Acid ninhydrin  1.25g 
Glacial acetic acid  30ml 
Phosphoric acid  20ml 
The mixture was warmed with agitation until dissolved then 
kept cool at 4°c. 
 
Procedure: 
1- Sample of 0.1 g of leaf material was homogenized in 10 

ml extraction buffer. The homogenate was filtered 
through Whatman No. 2 filter paper. 
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2- Two ml of filtrate was reacted with 2 ml of acid 
ninhydrin and 2 ml of glacial acetic acid in a test tube for 
1 h. at 100°c. The reaction was terminated in an ice bath. 

3- The reaction mixture was extracted with 4-ml toluene 
mixed vigorously with a test tube stirrer for 15-20 
seconds. 

4- The chromophore containing toluene was separated from 
the aqueous phase and the absorbance was read 
spectrophtometrically at wave length 520 nm using 
toluene as a blank 

5- The proline concentration was determined from standard 
curve. 

 
III.3. Quantitative estimation of nucleic acids:   

 
Estimation of nucleic acid including total DNA   

(Ogur & Rosen, 1950) and RNA in Stevia rebaudiana 
Bertoni plantlets were applied according to (Schneider, 
1945) as follows:  

  
Weight 0.2 gm samples, homogenize in 10 % 

perchloric acid (PCA) at 0°c in a glass homogenizer .  
Centrifuge the homogenate at low departure and discard the 
extracts. Re suspend the residue in cold 5% PCA for further 
centrifugation.Discard the supernatant.Wash  the residue 
with 70% ethanol, 95% ethanol and finally with boiling  
ethanol – ether (3:1) twice and then with cold in 0.2N PCA 
and store at 2-5 °c for 18 hrs centrifuge the suspension and 
collect  the supernatant .Wash  the residue again with 2N 
PCA. After centrifugation combine the two supernatants and 
make volume up to 20ml with distilled  water. This will 
contain RNA fraction and samples from this supernatant can 
be used for quantitative estimation of RNA as the following: 
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Suspend the residue in 1N PCA and heat at 70 °C for 
20 minutes and then centrifuge. Retain the supernatant. 
Extract the residue again with hot 1NPCA. Combine the 
supernatants and make volume to 20ml. This comprises 
DNA fraction and can be used for estimation of DNA.  

 
RNA and DNA in PCA extracts are estimated by the 

following: 
 

Diphenylamine method: 
 
           DNA content can be determined by employing the 
Diphenylamine test for deoxyribose. Two ml of 
Diphenylamine reagent was added to 1ml of PCA extract, 
kept for 16 hrs at room temperature in the dark. Absorbancy 
was measured at 595nm. 
 
Orcinol reaction for RNA: 
 

1.5ml orcinol reagent A was added to 0.5ml of the 
sample (RNA fraction) , heated for 25 minutes in a boiling 
water bath. Cooled at room temperature using cold water. 
Absorbancy was measured at 660nm. 

 
III.4. Protein analysis 

 
III.4.1. Estimation of total protein content: 

  
          Bradford technique, (Bradford,  1976) this method 
for estimation of proteins makes use of the fact that the dye, 
Commassie Brilliant Blue G-250 (CI42655), undergoes a 
spectral shift in its of absorption maximum from 465 to 595 
nm, when bound to the free amino groups of proteins. Its 
advantage lies in the fact that it is rapid, one step reaction 
with a fairly wide linear range as follows:                    
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Procedure: 
1. To the Comassie Brilliant Blue G-250 solution, add10 ml 

of 85% H3PO4 
2. Add 185 ml distilled water and filter. 
3. Prepare a standard curve of ovalbumin by adding 50µml 

of the  following concentrations  (0, 0.125, 0.25, 0.5, 
0.75, and 1.0 mg /ml), 5 ml of the   above solution 
incubate for 2 min, but not longer than 1 hour at room   
temperature.  

4. Samples of 0.3 gm fresh weight of plants were ground 
with liquid Nitrogen, the protein was extracted by 80 % 
ethyl alcohol then centrifuged.    

5. Pellets of cell were mixed with phosphate buffer, 1ml of 
Bradford solution  was added to 100 µl of the above 
solution (pellet + buffer).  

6. Optical density was measured at 595 nm.  
 
III.4.2. Protein Electrophoresis 

  
 Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) was performed according to 
the method described by  (Laemmli,  1970) and modified 
by (Studier, 1973) as follow. 
 
A) The monomer solution 
       29.2 g acrylamide and 0.8 g Bis-acrylamide were 
dissolved in 50 ml distilled water and completed to 100 ml, 
filtered and kept at 4ºC in a dark bottle to be used within 
three months. 
 
B) Resolving gel buffer (1.5 M Tris -base, pH 8.8) 

18.2 g Tris- base was dissolved in 50 ml distilled 
water and completed to 100 ml. The pH was adjusted at 8.8 
with analar HCl.The solution was filtered and kept at 4ºC. 
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C) Stacking gel buffer (0.5 M Tris- base, pH 6.8): 
Six g Tris-base were dissolved in 50 ml distilled 

water and completed to 100 ml. The pH was adjusted at 6.8 
with analar HC1. The solution was filtered and kept in a 
dark bottle at 4 °C. 
 
D) 10% Sodium Dodecyle Sulfate (SDS): 

Ten g SDS were dissolved in 50 ml distilled water 
and completed to 100 ml. This solution should be kept at 
room temperature to avoid precipitation.  
 
E) Ammonium persulphate (10%): (initiator) 

0.5 g ammonium persulphate was dissolved in 2 ml 
distilled water. This solution must be freshly prepared to 
avoid disactivation of the ammonium persulphate as a 
polymerization catalist.  
 
F) TEMED: N, N, N, N tetramethylenediamine: 

TEMED is a strong polymerizing agent. The volume 
required to carry out polymerization depends on the quality 
of the used TEMED. In the present work, 50 µl and 30 µl of 
TEMED were added for stacking and resolving gels, 
respectively. 
G) Overlay isopropyl: 

50 ml of isopropyl alcohol and 5 ml distilled water. 
 

H) Tank buffer: 
Six g Tris-base, 28.8 g glycine and 20 ml of solution 

(D) were dissolved in 500 ml distilled water and completed 
to 2 liters. 

 
I) Staining-solution (1% COBB) 

Two g of coomassie brilliant blue (COBB, R-250) 
were dissolved in 200 ml distilled water, filtered and kept as 
a stock solution. The staining solution was prepared as 
follows: 
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        62.5 ml of stain stock, 250 ml of methyl alcohol and 50 
ml of glacial acetic acid were added, and then completed to 
500 ml with distilled water. 
 
J) Destaining solution: 

45 ml methyl alcohol, 10 ml glacial acetic acid and 45 
ml distilled water were added from the destaining solution. 

 
K) Protein marker: 
    A Sigma color marker consists of mixture of proteins. 
These proteins provide a visual monitor of protein migration 
during electrophoresis.          

 
Extraction of Proteins: 
 

Stevia was fine to powder using a pestle and a mortar 
in liquid nitrogen.Total soluble proteins were then extracted 
by mixing l g of this powder with 2 ml of samble buffer 
(1.21 gm Tris / HCl adjust to pH: 8.0 , 5gm sucrose or 5 ml 
glycerol, 1 ml SDS, 0.5 ml Betamercapto ethanol, then  add   
bidistilled H2O to 50 ml) , vortexed and centrifuged at 
10,000 rpm for 15 minutes. The clear supernatant was taken 
as the total protein extract. 

 

Protein Marker type M.w.(KDa) 

1. Myosin, Rabbit muscle 
2. β-glaclosidase, E. Coli 
3. Albumin, Bovine serum  
4. Ova albumin, Chiken egg 
5. Carbonic Anhydrase, Bovine  

erythrocytes 
6. Trypsin Inhibitor, Soybean  
7. α-Lactalbumin, Bovine milk 
8. Aprotinin, Bovine milk 

205 
116 
66 
45 
29 

 
20 

14.2 
6.5 
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Simple protein determination:  
Simple protein were analyzed by SDS- PAGE 

technique according to (Laemmli,  1970) currently the most 
commonly used electrophoretic technique in protein 
analysis due to the ability of the strong anionic detergent 
SDS, when used in the presence of  disulfide bond cleaving 
reagents, to solubilize, denature and dissociate most proteins 
to produce single polypeptide chains. Here, the protein 
migration will be according to the molecular mass size only. 
 
Preparation of protein samples: 

Protein samples were prepared by mixing clear 
supernatant with the sample buffer (extract buffer)          
[Tris-HCI pH 6.8 , 2 % (w/v) SDS, 10% (w/v) sucrose,  
0.1% (v/v) 2,β- mercaptoethanol, 0.5% (w/v) bromophenol 
blue] in the ratio of 1:1 and denatured by heating in a 
boiling water for 4 minutes, then loaded in equal amounts. 
        For the native gel, protein samples were prepared by 
mixing clear supernatant with the treatment buffer, which in 
this case contains all components of the denatured gel 
treatment buffer except SDS (Sayed et al., 2004). 
 
Gel preparation:  

A. Resolving gel: 
 

Ten ml of monomer solution (soln. A), 7.5 ml of 
resolving gel buffer (soln. B), 0.3 ml of 10% SDS (soln. D), 
and 12 ml distilled water were mixed and shaked well. 300 
µl of freshly prepared ammonium persulphate (soln.E3) 
were added and shacked well. Finally, 30 µl TEMED were 
added just before gel casting.  

 
B. Stacking gel: 

1.33 ml of monomer solution (soln. A), 2.5 ml of 
stacking gel buffer (soln. C), 0.1 ml of 10% SDS (soln D), 
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100 µl ammonium persulphate (soln. E) and 6.1 ml distilled 
water were added, respectively and shacked just before gel 
casting, 50 µl TEMED were added. 
 

C. Gel casting: 
Biometra multigel-long is the device which was used 

in protein electrophoresis. It is a complete system with two 
sets of 12.5x 11 cm glass plates. One of the glass plates is a 
notched one with straight edge while, the other is with fixed 
1.0 mm spacers. A silicon rubber seal, 1 mm was placed 
around the periphery of the fixed spacers, then, the other 
notched glass plate was carefully placed upon it. The two 
plates were added together by the mean of 6 clips. Two 
combined plates were prepared as above to carry out gel 
casting.  

 
Resolving gel was poured in-between the two plates 

leaving 2 cm beneath the plates end. A layer of 90% 
isopropyl alcohol was added over resolving gel to prevent 
corrugation of the gel surface. Polymerization of the 
resolving gel took from half to one hour after gel 
solidification, which can be significant by the interphase 
line between the alcohols arid the solid gel, the alcohol was 
poured off. 

 
Stacking gel mixture was added over the solid 

resolving gel till the top of the glass plates. A comb 
consisted of 12 wells and 1.0 mm derision was used. The 
comb was placed very gently into the liquid gel to avoid any 
air bubbles. 
 

Stacking gel needed a pit longer time than resolving 
to be solidified. Once the solidification took place, the 
comb, clips and the silicon rubber were removed. The two 
plates Acre installed in the electrophoretic chamber. The 
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tank buffer was added to immerse the wells completely. The 
protein samples were pipetted in wells by automatic variable 
micropipette (2-200 µl). 
 
Gel electrophoresis: 
 

The run was earned out at 30 V till to loaded samples 
passed the stacking gel and entered the resolving gel, after 
so, the volt was raised to 70 until the tracking dye 
(bromophenol blue) reached the gel bottom. 

 
Staining and destaining of gels: 
 

The gels were stained for 24 hours in the prepared 
staining solution (1% COBB, R-250). To obtain a clear 
background, the gels were destained by the prepared 
destaining solution. 
 
Photographing and gel scanning: 
 

Destained gels were photographed and the results 
were analyzed by the GDS (Gel docurnentahon system). 

 
IV. Cytological studies: 

 
 Aceto- Carmine stain: 
Carmine                                    1 g 
Glacial acetic acid                   45 ml 
Distilled water                          55 ml 
         
     Add distilled water to glacial acetic acid  to form 45% 
acetic acid solution. Heat the solution in conical flask to 
boiling. Add the dye slowly to the boiling solution, stirring 
with glass rod. Boil gently till the dye dissolves. Cool down 
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to room temperture. Filter and store in abottle with a glass 
stopper.  
 
           In the most common modification of acetic- carmine, 
variations of (Belling’s, 1921) iron-acetic- carmine are used. 
Iron was added to 1 percent acetic carmine solution as ferric 
aceate , ferric chloride or ferric hydroxide in different 
proportions. 
 
Mitotic study 

1- As a root length was about 1.5 to 2 cm, were cut from 
stevia plantlets with all treatments. 

2- Fixed with Carnoy’s fixative [1 part of glacial acetic 
acid was added to 3 parts of absolute alcohol, 
(Carnoy, 1886)] and stored in 70 % ethyle alcohol 
for mitotic investigations. 

3- The roots stained in 45% iron aceto- carmine solution 
and squashed. The content of the roots were smeared 
by pressing the slide with its cover gently between 
filter paper folds. 

4- The slides were heated gently for few seconds (not 
boiling). 

 
5- Cytological preparations were examined under light 

microscope (Olympus) was used in photography to 
determine the abnormality in mitotic division stages.   
 

V. Statistical analysis: 
 

Data were analyzed using the Anova procedure of the 
statiscal analysis system. The statistical software program 
Costat was used for all analyses.  
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I. Tissue culture studies   

 
       Stevia rebaudiana Bertoni plantlets were propagated by 
using microcutting stem techniques.  The buds were 
cultured on MS medium supplemented with different 
growth regulators concentrations e.g. BAP and NAA.  
 

Data in Table (1) showed that the effect of different 
hormones combination (NAA and / or BAP) which 
supplemented to MS medium on Stevia rebaudiana Bertoni 
buds growth.The results indicated that the Stevia 
rebaudiana Bertoni buds cultured on MS medium (basal 
medium) were normal. However, the MS medium 
supplemented with different hormone concentrations were 
affected negatively on shoots growth. The shoots 
morphology was abnormal, whereas dwarf and the leaves 
enlarged in size to give callus or differentiation. The 
hormone concentrations which added to MS medium 
induced callus formation. 
 
 These data concluded that, the best media for Stevia 
rebaudiana micropropagation was MS medium hormones 
free. The supplemented hormones to MS medium induced 
slight or weak growth and callus formation. 
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Table (1): Responses of Stevia rebaudiana Bertoni explants 

to different culture media. 
 
 

 
 
 
 
 
 

Callus 
formatio

n 

In complete plant 
Complete  

plant Culture media  No. 
Root  

formation 
Shoot 

formation 

- - -+++ MS 1 

+ - + - MS + 2.0 mg /l BAP 2 

+ - + - MS + 3.0 mg /l BAP 3 

++ + +++ - MS + 4.0 mg /l BAP 4 

+ - + - MS + 5.0 mg /l BAP 5 

+ - 
 

++ - 
MS + 1.0 mg /l BAP 
+0.5 mg /l NAA+0.1 
mg /l myoinistol

6 
 

+ - + - MS +1.0 mg /l BAP 
+0.1mg /l NAA 7 

+ - + - MS + 2.0 mg /l BAP 
+0.1mg /l NAA 8 

+ - + - MS + 3.0 mg /l BAP 
+0.1mg /l NAA 9 

+ - + - MS + 4.0 mg /l BAP 
+0.1mg /l NAA 10 

+ - + - MS + 5.0 mg /l BAP 
+0.1mg /l NAA 11 

+ - + - MS + 1.0 mg /l BAP 
+0.2mg /l NAA 12 

+ - + - MS +2.0 mg /l BAP 
+0.2mg /l NAA 13 

+ - + - MS +3.0 mg /l BAP 
+0.2mg /l NAA 14 
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The tissue culture techniques have been used 
successfully to increase productivity and decrease of 
production costs. In Stevia  rebaudiana, the use of in vitro 
techniques as alternative or complement to conventional 
procedures of propagation and genetic improvement could 
facilitate obtaining disease – free homogenous populations, 
with higher levels of the sweetening compounds, larger 
foliar mass, resistance to drought, herbicides, breaking of 
stems and branches, another important goal is to break the 
negative correlation that exists between the contents of 
stevioside A and of the former and the dried leaf yield  
(Nakamura and Tamura, 1985). The our results agree 
with (El–Zifzafi, 2003) wherease showed the effect of 
cytokinin benzyladenine (BAP) on the in vitro growth of 
Stevia rebaudiana Bertoni increased shoot number,   but 
decreased shoot growth as compared to control medium  
(MS without plantgrowth regulators) with significant 
differences amongest the treatments. MS basal medium 
supplemented with BA at 2 mg /l recorded the highest 
number of shoots, but these shoots were very thin and 
vitrified and not suitable for micropropagation through 
several subculturing. The effect of auxins e.g. 
naphthaleneacetic acid (NAA) due to decreased number of 
shoots by increasing NAA concentration. MS basal medium 
without plant growth regulators was the best medium to 
improve the in vitro growth of Stevia rebaudiana Bertoni 
estimated as shoot length, leaf number, shoot growth and 
root percentage. Also, (Kornilova & Kalashnikova, 1996) 
found that the  clonal micropropagation of Stevia 
rebaudiana Bertoni using stem segments with 2 axillary 
buds. Use MS medium without growth regulators gave 
results comparable to those obtained with growth regulators 
(BAP + NAA and KIN + NAA). They mentioned that plain 
MS medium is recommended as being cheep and effective. 
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II. Radiation Stress:    
II.1. Effect of gamma radiation on bud survival. 

 
Stevia rebaudiana Bertoni Plantlets were exposed to 

different gamma radiation doses (0, 10, 20 and 30 Gy). The 
Stevia rebaudiana Bertoni plantlets were cuttings to buds 
and  cultured on MS medium hormones free.  
 

Data in Table (2) and Figures 2&3(a&b) showed 
that the effect of gamma radiation doses on survival 
percentage and shoot length of Stevia rebaudiana were 
severe. Whereas, the effect of dose 10 and 20 Gy caused 
decreasing in the survival percentage to about 20 and 44 %. 
While, the irradiated plantlets with dose 30 Gy induced 
plantlets mortality with ratio 60%. In addition, the shoot 
length was affected negatively with gamma radiation doses. 
The shoot length was decreased with increasing gamma 
radiation doses to (3.4, 2.9 and 2.1 cm respectively) of 
irradiated plantlets. 
 
       The above results shown that the Stevia rebaudiana was 
sensitive to gamma radiation doses. The effect of gamma 
radiation doses on Stevia rebaudiana bud survival and shoot 
length were significant (P > 0.05). The use of ionizing 
radiation for keeping quality of nutrations and their 
productions represents one of the most important peace time 
applications of nuclear energy. The chemical and physical 
changes occurring in the biological applications under the 
influence of radiation must be thoroughly investigated to 
understand what happened to the physiological activity 
leading to generate genetic variation in the biological 
applications (Beloshapkina, 1998). Gamma rays belong to 
ionizing radiation and interact with atoms or molecules to 
produce free radicals in cells. These radicals can damage or 
modify important components of plant cells and affect 
differentially the morphology, anatomy, biochemistry, and 
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physiology of plants depending on the irradiation level. 
These effects include changes in the plant cellular structure 
and metabolism, e.g., dilation of thylakoid membranes, 
alteration in photosynthesis and modulation of the 
antioxidative system [(Kim et al., 2004), (Kovács and 
Keresztes, 2002),  and (Wi et al., 2005)]. (Charbaji et al., 
2003) showed that the  irradiated seeds of two barley 
varieties [White Arabi (WA) and Pakistani 30163(PK)] with 
2 doses 0 and 15 Gy of gamma irradiation. A dose of 15 Gy 
of gamma irradiation was shown to affect the percent of 
germination of PK positively but had no similar effect on 
WA. Regarding, effect of gamma ray doses, the results 
showed that the highest explant survival percentage, and 
culture weight  of strawberry were observed for gamma ray 
dose of 25 Gy. However, the dose of 65 Gy showed lethal 
effect. Applying the dose of 55 Gy resulted 50.92% 
survival, therefore, it considered as mutational dose (lethal 
dose sub 5 sub 0). The differential sensitivity to radiation 
may be caused by a difference in the amount of OH¯ 
generated by irradiation (Wada et al., 1998). The effect of 
high doses of ionizing radiation induces many kinds of 
injuries and damage, which affect growth, metabolism, and 
differentiation. (Hasegawa et al., 1986)explained that plant 
tolerance, in most cases, is not from gene mutation but from 
physiological adaptation.(Youssef and Moussa, 1998) 
indicated that exposing the chamomile seeds (Chemomilla 
recutita L.) to gamma radiation at 1, 5, 10, 15 and 20 K rad 
increased the plant height. (Renaud and Chalak, 1990) on 
greengage plants remarked that the most efficient treatment 
on shootlets length is the high doses of gamma irradiation. 
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Figure (2): Stevia plantlets irradiated with gamma rays. 
 

 R1= 10 Gy  R2 = 20Gy    R3 = 30Gy        R4 = 40 Gy 
 

 
 
 
Table (2): Effect of gamma radiation doses on bud survival 

and shoot length in Stevia rebaudiana (for 50 
buds).  

 
 

 
 

 

 

 

Shoot 
Length % 

Mean of Shoot 
Length /cm 

Bud 
Survival % 

Radiation 
dose/ Gy. 

100 
80.9 
69.04 

50 

4.2 
3.4 
2.9 
2.1 

100 
80 
56 
40 

0 
10 
20 
30 

 0.91*  LSD. (5%) 
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(a)   Effect of gamma radiation doses on bud survival. 

 

 

 

 

 

 

 

 

(b)   Effect of gamma radiation doses on shoot length  
 
 
Figure (3): Effect of gamma radiation doses on (a) bud survival and 

(b)  shoot length in Stevia rebaudiana 
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(Toruan et al., 1995) found that the axillary buds of 
clones BP70 and BP72 cultured in MS medium were treated 
with 0, 750, 1500 and 2250 rad doses and transferred to MS 
medium with 0.5 mg benzyladenine/l for bud multiplication. 
Root induction on the shoots was achieved in medium with 
0.5 mg IBA/l. The BP70 proved more responsive to 
irradiation than BP72. Phenotypic variations obtained from 
irradiation included some affecting number of buds, leaves 
and roots, plantlet morphology, chlorophyll deficiency and 
growth habit. The highest growth rate with normal 
morphology and high stevioside content was obtained with a 
1500 rad gamma ray dose from both clones . (Jarma et al., 
2005) cited that the effects of four levels of attendant 
radiation (19, 24, 56 and 100%). The biggest accumulation 
of dry mass on leaves was obtained under the highest levels 
of attendant radiation (100 and 56%). Our resultes  agree 
with (Novak et al., 1986) who indicated that exposed 
micropropageted banana to gamma radiation had lethal dose 
(LD 50) at 40 Gy. This is in the line with (Hammad, 1996) 
who found that increasing gamma rays doses caused a 
reduction in survival rate and average number of buds of 
potato. In addition, (Espino et al., 1986) cited that the 
gamma irradiation of banana in vitro led to retardation of 
shoot growth, leaf deformation and chlorophyll streaking.  
(Abd El-Aziz, 1998) studied the effect of gamma irradiation 
by doses of 1.0, 1.5 and 2.0 K. rad on shoot length of 
Cordyline terminalis L. grown in vitro and found that the 
radiation doses caused a gradual decrease in shoot length. In 
contrast, (Youssef et al., 1998) found that exposing the 
shootlets of Melaleuca armillaris to gamma rays at 20 Gy 
dose of radiation produced the tallest shootlets. Whereas, 
using gamma rays at 10 Gy dose of radiation resulted in the 
shortest shoot lets. 
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II.2. Effect of gamma radiation on some 
biochemical alteration of stevia plantlets: 
 
 The carbohydrate, proline, protein, DNA and RNA 
contents were estimated in irradiated plantlets of Stevia 
rebaudiana Bertoni  with doses 10, 20 and 30 Gy were 
cultured on MS medium hormone free. 
  
 Data in Table (3) and Figure (4a) showed that the 
total carbohydrate content increased in stevia plantlets 
which irradiated with doses; 20 and 30 Gy to 21299 and 
29099 mg/ 100 g fresh wt. respectively. However, the 
irradiated plantlets with dose 10 Gy induced decreased in 
total carbohydrate to 11033 mg/ 100 g fresh wt. 
  
 Whereas, the proline content increased with 
increasing gamma radiation doses to 0.85, 1.32 and 1.44 
mg/ 100 g fresh wt. respectively as fig. (4b).  
 
 Moreover, the total protein content were increasing in 
irradiated plantlets with doses; 10 and 20 Gy  to; 838.6 and 
956.1 mg/100 g fresh wt. respectively. However the use of 
dose 30 Gy induced decreasing in total protein to; 373.9 mg 
/ 100 g fresh wt.as fig. (4c).  
  
      Data in Table (3) and Figure 4(d&e) illustrated that 
the    different doses of gamma radiation induced changes in 
nucleic acid contents in sevia plantlets. The total DNA 
content  decreased with increasing gamma radiation doses 
to; 126, 123.2 and 100.4 µg/100g fresh wt. respectively. 
However, the same doses of gamma radiation induced 
positively affected  in  content of RNA  to; 318.7, 337.5 and 
437.5 µg/100g fresh wt. respectively.    
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Table (3): The effect of gamma radiation doses on carbohydrate, proline, protein contents 
(mg/100 g fresh wt) and DNA & RNA contents (µg/100g fresh wt.) in Stevia 
rebaudiana. 

 
 

30 20 10 0 Radiation  
dose /Gy

29099 21299 11033 13133 Total carbohydrate 
(mg/100 g fresh wt.)

1.44 1.32 0.85 0.27 Proline 
(mg/100g fresh wt.)

373.9 956.1 838.6 742.5 Total Protein 
(mg/100 g fresh wt.)

100.4 123.2 126.0 210.5 Total DNA 
(µg/100g fresh wt.)

437.5 337.5 318.7 268.7 Total RNA 
(µg/100g fresh wt.)
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(a) Total carbohydrate 

(b) Total proline 

(c)Total protein
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(d)Total DNA   

 
 

 

 

 

 

 

 

 
(e) Total  RNA   

 
 
Figure (4): The effect of gamma radiation doses on Stevia rebaudiana. 

(a) Total carbohydrate content (mg/100 g fresh wt). 
(b) Total proline content  (mg/100 g fresh wt). 
(c) Total protein content  (mg/100 g fresh wt).  
(d)Total DNA  content (µg/100g fresh wt.).   
(e) Total  RNA content (µg/100g fresh wt.). 
 
 

EG1200360



  

 
55 

(Hammam, 1992) recorded that the pre-sowing 
gamma irradiation doses of 12 and 14 K. rad caused 
increase in carbohydrates content in sunflower. (Abd El-
Aziz, 1998) stated that the percentage of reducing sugars 
decreased and percentage of both non-reducing sugars and 
total soluble sugars increased by increasing gamma 
irradiation dose in cordyline leaves. (Farid et al., 1999) 
found that the exposing the sweet marjoram to low doses of 
gamma rays (10, 20 and 40 Gy) increased total 
carbohydrates content. Applying of 40 Gy dose of radiation 
gave the highest total carbohydrate concentration. In 
addition, (Said, 2001) reported that the exposing 
peppermint plants to gamma rays at 10, 30 and 70 Gray 
increased total carbohydrate content. On the other hand, 
(Maarouf, 2001) found that the irradiation of strawberry 
fruits by gamma rays had no remarkable differences on 
sugars content. (Joshi et al., 1990) found that the chemical 
composition of wheat grain, carbohydrate were reduced by 
increasing the doses of gamma irradiation up to 64 Krad, 
similar results in five potato cultivars. (Aly, 1995) studied 
the effect of gamma irradiation on sugar content in treated 
potato tubers, total soluble sugars and non-reducing sugars 
were slightly increased but reducing sugars were decreased 
significantly. the decrease in carbohydrate contents could be 
explained by their diversion to other anabolic and catabolic 
pathways, and could account for the lower productive 
capacity as well as for the enhancement of leaf senescence 
(Munns, 2002). Many studies on proline synthesis and 
catabolism genes have provided results that are consistent 
with diverse functions of proline as a source of energy, 
nitrogen and carbon, and as an osmolyte in response to 
dehydration (Peng et al., 1996).The proline increased with 
increasing gamma radiation doses. This agrees with  (El–
Fiki et al., 2004a) they found that the doses (10, 20, 30 and 
40 Gy) increased proline content in sweet potato for cvs. 
Mabruka and Abees.  However, doses (50, 60, 70 and 80 
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Gy) decreased this trait. (Eliwa, 2001) reported that the 
proline concentration increased significantly in both banana 
cvs. (Williams & Grand Nain) as the irradiation doses 
increased up to 40 Gy but at 60, Gy reverse is true.  Proline 
concentration in the selected cells rose steeply with external 
NaCl, particularly so above 100 millimolar NaCl. The NaCl 
selected cells responded to water stress (i.e., added 
mannitol) by accumulating markedly more proline than did 
the wild type (Watted et al., 1983). (Van Swaif et al., 
1986) reported that the proline accumulations in mutants 
were shown to be stress tolerant. (Grechenkov and 
Serebrenkov, 1962) found that total free amino acids, 
protein synthesis and accumulation increased in gamma 
irradiated potato plants. However, (Tikhonov et al., 1980) 
reported that the irradiation of Datura innoxia seeds by 
gamma rays at 0.5 - 1.0 Krad reduced the total protein 
content. (Shahine et al., 1988) found that the exposure 
grains of Giza barely to gamma rays by dose of 2 Krad 
increased protein content and reached to its maximum 
values under the influence of this dosage. (Hammam, 1992) 
studied the effect of low doses of gamma radiation (4, 8, 12 
and 16 Krad) as pre-sowing treatment on protein and free 
amino acids content of sunflower seeds. He found that 
irradiation dose of 12 and 14 Krad decreased total protein 
content. All applied doses of gamma radiation increased the 
free amino acids content. But, (Sakr, 1992) stated that  the 
protein content of leaves, stems and flowers increased as a 
result of irradiating Hyoscyamus muticus L. with gamma 
rays at 2, 4, 8, 16, 24 and 32 Krad. He added also that 
except those of 24 and 32 Krad doses that caused decreases 
in total protein content in leaves Also 16 and 24 Krad doses 
caused significant increase in protein content of stem. 
(Selim and Atia, 1996) found that protein concentration of 
wheat grains was increased by increasing gamma doses up 
to 10 Krad, and then decreased by doses of 15 up to 30 
Krad. (Moustafa, 2002) found that the use of different 
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doses from gamma radiation induced changing in total 
protein in both cvs. Mabruka and Abees. The effect of 
gamma radiation doses in cv. Mabruka on total protein were 
increased, but the increasing in total protein were variable. 
While the same doses effects in total protein in cv. Abees 
were fluctuate, some doses induced increasing like 10, 40, 
70 and 80 Gy and the other doses (20, 30, 50 and 60 Gy) 
caused decreasing in total protein. Total protein content was 
a high in cv. Mabruka to more than cv. Abees. (Neacsu et 
al., 2001) used a 60 Co ionizing radiation source, with a dose 
rate of 10 mCi was used to irradiate acacia saplings for 
different time durations: 1h, 2h, 4h and 7 h. The average 
between DNA and RNA content values was showed the 
decreasing of nucleic acids content in samples in 
comparison to the control. This could be the effect of 
radiation damage at the level of the nucleic acids primary 
structure, resulting in the reducing of nucleic acid amount in 
the vegetal cells of irradiated common acacia saplings. 
Direct radiation action on some chemical bonds as well as 
indirect effects mediated by water radiolysis could be 
implied in the diminution of DNA and RNA content from 
common acacia cell nuclei. The abiotic stresses, cause 
cellular damage through oxidation of lipids, proteins and 
nucleic acids [(Pastori and Foyer, 2002) , (Apel and Hirt, 
2004), (Demiral and Turkan, 2005) & (Khan and Panda, 
2008)]. 
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III. Osmostress studies 
III.1. Effect of different  sucrose concentrations 

III.1.1. Effect on bud survival: 
 

 Survival of  Stevia rebaudiana plantlets were cutting 
to buds and cultured on MS medium hormones free 
containing different sucrose concentrations (40000, 50000, 
60000, 70000 and 80000 ppm) were sudied. 
 
 Table (4) and Figures 5 & 6(a&b) showed that the 
effect of sucrose concentrations on bud survival percentage 
were decreasing to, (98, 96, 95, 94 and 85% respectively) 
and shoot lengths were decreasing to (7.1, 6.7, 6.0, 5.7 and 
5.1 cm respectively) with increasing sucrose concentrations 
(40000, 50000, 60000, 70000 and 80000 ppm respectively). 
  

Generally, the sucrose concentrations induced 
decreasing in both bud survival and shoot length of Stevia 
rebaudiana plantlets. The effect of sucrose concentrations 
on Stevia rebaudiana bud survival and shoot length were 
found to be significant (P > 0.05). 

 
      Drought stress is the most common adverse 
environmental condition that can seriously reduce crop 
productivity. The inhibition of shoot growth could certainly 
be a counter-productive response in the case of crop plants 
exposed to episodes of moderate water deficit. In such cases, 
plant survival might not be threatened but stress-induced 
reductions in shoot growth would still limit yield potential. 
Development of new varieties with an ability to maintain 
near-normal shoot growth rates during intermittent episodes 
of moderate water stress might therefore be advantageous 
for crop production under such conditions (Neumann, 
1997).  
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Figure (5): Effect of sucrose concentrations on buds of stevia     
control                   d1 =40000 ppm         d2 = 50000 ppm                               
d3 = 60000 ppm     d4 = 70000ppm         d5 = 80000 ppm 

 
 
 
Table (4): Effect of sucrose concentrations on bud survival  and shoot 

length  in Stevia rebaudiana ( for 50 buds). 
 

 

 

Shoot length 
% 

Mean of Shoot 
length/cm 

Bud 
Survival % 

Sucrose 
Conc./ppm 

100 
95.9 
90.5 
81.1 
77.0 
68.9 

7.4 
7.1 
6.7 
6.0 
5.7 
5.1 

100 
98 
96 
95 
94 
85 

0.0 
40000 
50000 
60000 
70000 
80000 

 3.81*  LSD. (5%) 
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(a) Bud survival  
 

 
(b) Shoot length 

 
 
 
 

Figure (6): Effect of sucrose concentrations on (a) bud survival and 
(b)shoot length in Stevia rebaudiana.                                                   
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 Plants resort to many adaptive strategies in response 
to abiotic environmental stresses such as high salt, 
dehydration, cold, heat and osmotic stress that affect plant 
growth [(Epstein et al., 1980) and (Shu et al., 2004)]. It has 
been reported that osmotic stress effects callus growth, 
colony formation, shoot regeneration, somatic 
embryogenesis, adjustment in ion transport i.e extrusion or 
uptake of ions, metabolic changes e.g carbon metabolism, 
the synthesis of compatible solutes such as proline has been 
suggested as one of the possible means for overcoming 
osmotic stress [(Shankhadhar et al., 2000) & (Al-Khayri 
and Al-Bahrany, 2002)] and the metabolism of spesific 
compounds (Huang and Liu, 2002 ) and plants exhibit a 
wide range of responses at the moleculer, cellular and whole 
plant levels (Hasegawa et al., 2000). Osmotic agents such 
as sucrose, mannitol and sorbitol not only acts a common 
source of carbon and energy in the cell culture media of 
cereal (Al-Khayri and Al-Bahrany, 2002) but also as an 
osmotica during organogenesis (Huang and Liu, 2002) and 
accumulated in many plant tissues in response to 
environmental stress, including water deficit (Ramos et al., 
1999) for playing a role in osmoregulation and 
cryoprotection. They has also been reported that sucrose in 
lower concentration ( 2% and 4% ), is necessary for optimal 
growth and multiplication [(George and Sherington, 
1984), (Hazarika, 2003), (Plas and Wagner, 1984) and 
(Kishore and Dange, 1990)] but at high concentrations 
reduces the growth rate [(Shibli et al., 1992), (Tremblay 
and Tremblay, 1991) & (George, 1993)], and water and 
osmotic potential i.e. more negative (Huang & Liu, 2002), 
that reduces the optimal turgor pressure (Seijo, 2000). 
(Swedlund & Locy, 1993) studied the relationship between 
osmotic stress, and morpho-biochemical aspects in wheat 
callus tissues. Sucrose is the most commonly used 
carbohydrate in plant tissue cultures, due to wide spread of 
these particular disaccharide as a transporter molecule, 
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suppose to its high solubility in water. Majority of in vitro 
studies have calculated that sucrose supports near optimum 
rates of growth  In spite of this, some others [(Carrier et al., 
1997) and (Johnson et al., 1997)] reported that sucrose 
might play multiple roles including the prevision of carbon 
and energy, causing an osmotic effect. In vitro addition of 
sucrose in the growth medium acts as osmotic agent that 
may introduce osmotic stress above certain concentrations 
lead to decrease in growth (Kishore and Dange 1990), 
(Mehta et al., 2000) & (Kim and Kim, 2002)], while dry 
weights increased under increasing sucrose osmotic stress 
[(Kishore and Dange, 1990) & (Juhasz et al., 1997)]. 
Cations accumulation under the drought and salt stress 
conditions decreased at whole plant level as well as at 
cellular level [(Javed, 2002a) & (Ahmad et al., 2007)]. 
Cell growth rate and its inhibition by water deficit are 
regulated by a complex, multigenic series of metabolic 
processes and are not simply a function of water availability 
for turgor maintenance (Smith and Stitt, 2007). 
(Strogonov, 1962) found that the inhibition of plant growth 
and productivity under saline condition was suggested to be 
partially due to the direct and indirect effects of such 
conditions on uptake and accumulation of specific ions 
different plant organs. (Epstein, 1976) reported that the 
excess salt, usually NaCl, is the most wide spread chemical 
condition inhibiting plant growth in nature. 
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III.1.2. Biochemical alteration of stevia plantlets under 
different sucrose concentrations 

  
The effect of different sucrose concentrations (40000, 

50000, 60000, 70000 and 80000 ppm) on carbohydrate, 
proline, protein, DNA and RNA contents were evaluated. 
 
 Table (5) and Figure (7a) illustrated the effect of 
different sucrose concentrations (40000, 50000, 60000, 
70000 and 80000 ppm) induced decreased in total 
carbohydrate to (10866, 7999, 4566, 2733 and 1909 mg 
/100 g fresh wt.) respectively.  
     
 Sucrose concentrations (40000 and 50000 ppm) 
induced increasing in proline content in stevia to (0.85 and 
0.93 mg/100 g fresh wt.). The concentrations (60000, 70000 
and 80000 ppm) induced decreasing in proline content to 
(0.70, 0.20 and 0.13 mg/100 g fresh wt.), respectively as 
fig.(7b). 
 
 Whereas fig.(7c) evaluated the total protein in stevia 
plantlets were cultured in media containing different sucrose 
concentrations was increased only at (40000 ppm) with  
(128.2 mg/100g fresh wt.). However with other sucrose 
concentrations caused decreasing in total protein to (12.0, 
133.6, 147.3 and 254.0 mg /100 g fresh wt.) respectively in 
stevia plantlets.  
                     
 Macromolecular analysis reveled a generic increase 
and decrease in total nucleic acids after all treatments with 
different sucrose concentrations on nucleic acids DNA & 
RNA of stevia plantlets. 
. 

Table (5) and Figure (7d) showed that the sucrose 
concentration (40000 ppm) induced increased in DNA to 
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(5.5µg /100g fresh wt.). The other concentrations (50000, 
60000, 70000 and 80000 ppm) induced decreaseing in DNA 
to (65.5, 84.5, 88.5and 100.7 µg /100g fresh wt.) 
respectively. 

  
 The total RNA affected possitively by sucrose 
treatments (40000, 50000, 60000, 70000 and 80000 ppm). 
Data in Table (5) and Figure (7e) illustrated the RNA 
amount values increased compared with control to (124.9, 
149.9, 212.9, 186.4 and 74.81µg /100g fresh wt.) 
respectively. 
 

Sucrose is the most commonly used carbohydrate in 
plant tissues culture and used as osmotic agents such as 
mannitol and sorbitol. Essential pathways include those that 
led to synthesis of osmotically active metabolites, specific  
control ion and water flux and support scavenging of 
oxygen radicals or chaperones (Parida and Das, 2005). 
  
         Soluble sugars, especially sucrose, glucose and 
fructose, play an obviously central role in plant structure 
and metabolism at the cellular and whole –organism levels. 
They are involved in the responses to a number of stresses, 
and they act as nutrient and metabolic signaling molecules 
that activate specific hormones crosstalk transduction 
pathways, thus resulting in important modification of gene 
expression and proteomic patterns (Couée et al., 2006).  
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Table (5): The effect of sucrose concentrations on total carbohydrate, proline  and protein 

(mg/100 g fresh wt) and DNA & RNA (µg/ 100g fresh wt.) on stevia  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Total RNA Total DNA Total ProteinProline Total 
carbohydrate

sucrose 
conc./ppm

268.8 
393.7 
418.7 
480.5 
455.2 
343.7 

210.5 
216.0 
145.0 
126.0 
112.0 
99.8 

742.5 
870.7 
730.5 
608.9 
595.2 
488.5 

0.27 
1.12 
1.20 
0.97 
0.47 
0.40 

13133 
10866 
7999 
4566 
2733 
1909 

0.0 
40000 
50000 
60000 
70000 
80000 
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(a) Total carbohydrate content (mg/100 g fresh wt). 

       (b)Total proline content (mg/100 g fresh wt). 

                 (c) Total protein content  (mg/100 g fresh wt). 
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(d)Total DNA  content (µg/100g fresh wt.). 
 

 

 

(e) Total  RNA content (µg/100g fresh wt.). 
 
Figure (7):The effect of sucrose concentrations on Stevia rebaudiana.  
(a) Total carbohydrate content (mg/100 g fresh wt). 
(b) Total proline content (mg/100 g fresh wt). 
(c) Total protein content (mg/100 g fresh wt).  
(d)Total DNA content  (µg/100g fresh wt.).   
(e) Total  RNA content (µg/100g fresh wt.). 

EG1200360



  

 
68 

       As a result of osmostress, CO2 assimilation is 
severely reduced: less water becomes available for 
extension growth and fewer carbohydrates are produced, 
eventually affecting plant growth (Rivelli et al., 2002). 
(Azab, 1976) observed that the different levels of salinity 
decreased the monosaccarides in cotton seeds. (Haroun, 
1985) also found that the decrease in reducing sugars, which 
was accompanied by an increase in sucrose and 
polysaccharides content, in Pisum sativum seeds treated 
with NaCl during their germination revealed to inhibitory 
effect of salinity treatments on the hydrolytic enzymes. 
(Faheed, 1987) stated that certain fractions of carbohydrates 
were significantly accumulated with the rise of salt 
concentration. (Abd El-Halem et al., 1989) found that the 
both protein and carbohydrate contents in wheat grains were 
significantly decreased as salinity level increased, while 
unsaline treatment gave the highest values. The present 
results are harmony with (Das and Misra, 1990) on pearl 
millet; (Potluri and Prasad, 1993) on potato; (Sawires et 
al., 1997) on pea and bean tissue culture; (Salih et al., 1990) 
on wheat cultivars,(Agarwal and Gupta, 1995) on cultures 
of cowpea. One of the explanations of this large success is 
that this resistance in most cases not from gene mutation but 
from physiological adaptation which may hinder the 
selection of salt resistant mutant cells. 
  

Proline acts as an enzyme protectant, stabilizing the 
structure of macromolecules in pea nut and as a major 
reservoir of energy and nitrogen for utilizing upon exposure 
to salinity (Girija et al., 2002). The increased proline levels 
are another common response of plants upon osmotic stress 
(Karabal et al., 2003). Proline has a function of osmotic 
adjustment in plants, but it also protects enzymes and 
membranes against oxidative stress in Cassia angutifolia 
(Claussen, 2005). 
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(Agarwal and Pandey, 2004) concluded that proline 
is a reliable indicator of the environmental stress imposed 
on plants, thus allowing us to establish stress thresholds for 
fruit yield and product quality of tomato. Osmotic 
adjustment through the accumulation of cellular solutes, 
such as proline has been suggested as one of the possible 
means for overcoming osmotic stress caused by the loss of 
water [(Al-Bahrany, 1994) & (Shankhadhar et al., 2000)]. 
Free proline and total soluble carbohydrates accumulation 
increased many folds upon exposure to abiotic stresses 
[(Geetha et al., 1996), (Al-Khayri and Al-Bahrany, 2002), 
(Javed, 2002b), (Ahmad et al., 2006) & (Ahmad et al., 
2007)]. Sucrose induced osmotic stress increased free 
proline and total soluble carbohydrates contents in both 
wheat genotypes callus tissues (Al-Khayri and Al-
Bahrany, 2002). Osmotic potential of the calli also 
increased (more-ve) with increasing stress level of the 
culture medium [(Bajji et al., 2000), (Huang & Liu, 2002), 
(Javed, 2002c) & (Ahmad et al., 2007)], particularly by 
sucrose (Riham et al., 2001). This increase (more-ve) in 
water potential and accumulation of osmotica like, total 
soluble carbohydrates and proline were to accelerate the 
water uptake and hence enhance growth [(Javed, 2002c) & 
(Ahmad et al., 2007)]. (Rabe, 1990) found that a number of 
N-containing compounds (NCCS) accumulate in plants 
subjected to environmental stress. The most frequently 
accumulating NCCS include amides (glutamine and 
asparagine), amino acids (arginine, proline, citrulline, 
orthine) and the amino putrescine. In general any stress 
condition causing depletion and/or reduction in growth or 
impaired plant health will result in NH3, NH4 accumulation 
early in the stress periods. Proline has been shown to 
accumulate in plant cells exposed to water stress (Chandler 
and Thorpe, 1986) and it has been implicated in 
osmoregulation of cytoplasmic enzymes (Pollard and Wyn 
Jones, 1979). (Martinez et al., 1996) showed that in 
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response to osmotic hallenge, the synthesis of compatible 
solutes accurs and support the hypothesis that proline acts as 
a protective compound during stress. Thus, proline could 
induce tolerance in potatoes. (Delauney and Verma, 1993) 
suggested that the proline accumulation is due to stimulation 
of proline biosythesis by an increase of proline 5- 
carboxylate reductase activity and the reduction in proline 
dehydrogenase activity during salt stress. On the other hand, 
the change in proline content may be related to alterations in 
the protein turnover (Das and Misra, 1990). Those cultivars 
that cannot maintain turgor are unable to grow and maintain 
growth with the increasing intensity of stress. (Nadler and 
heuer, 1995) reported that the higher water deficit reduced 
the protein content of potato by 16%.  
The expression of stress proteins is an important adaptive 
strategy of environmental stress tolerance. They are highly 
water soluble and heat stable, associate to cytoplasmic 
membranes and organelles and act as molecular chaperones, 
etc. [(Schoffl et al., 1999), (Sanmiya et al., 2004) and 
Wahid & Close, 2006)]. In view of their properties of 
associating to the cellular membrane and organelles, the 
specific expression of stress proteins is an important 
adaptive manifestation in maintaining the integrity, native 
configuration, and topology of membranes components to 
ensure their normal functioning under salinity stress. These 
changes involve either disappearance of some proteins or 
induction of new set of polypeptides and enzymes. Changes 
in gene expression occur in salt-stressed roots the 
accumulation of mRNAs and proteins has been observed in 
the root of salt tolerant barely genotypes. Salt-induced 
changes in polypeptide synthesis are often more pronounced 
in the roots compared to the shoot, a finding that reflects 
their direct exposure to salt and suggests that they are the 
primary organ affected in salt exposed  mustard plants (Abd 
El- kader and Saleh, 2002). The physiological adaptation 
to abiotic stress at the cellular level in Arabidopsis is the 
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main response to molecular analysis and has led to the 
identification of a large number of genes induced by stress 
[(Bray, 1997) and (Shinozaki et al., 1998)]. These genes 
can be classified in functional groups related to their 
physiological or metabolical function predicted from 
sequence homology with known proteins. Most of the genes 
in the functional groups have been identified as salt 
inducible under stress conditions (Parida and Das, 2005). 
Therefore, plants exposed to abiotic stress showed 
substantial changes in their protein expression. These 
changes involve either disappearance of some proteins or 
induction of new set of polypeptides and enzymes. Changes 
in gene expression occur in salt-stressed roots the 
accumulation of mRNAs and proteins has been observed in 
the root of salt tolerant barely genotypes. Salt-induced 
changes in polypeptide synthesis are often more pronounced 
in the roots compared to the shoot. The adaptation of plants 
to environmental stress, is expected to have a strong 
influence on proteins. therefore, the identification of 
differentially regulated proteins can lead to the identification 
of proteins and their corresponding genes. Plants are 
constantly bombarded with environmental signals, some of 
which cause stress and limit plant growth and development. 
In response to the stress signals, plants activate a number of 
defense responses that increase tolerance to the stress 
conditions. This inducible adaptation or acclimation process 
has evolved throughout the plant kingdom and is critical for 
the survival of all plantsTo understand the molecular and 
cellular mechanisms underlying stress acclimation and to 
use such mechanisms in crop production, recent studies have 
made significant progress in dissecting the biochemical and 
physiological pathways involved in stress responses. For 
example, a number of metabolic pathways is altered for 
osmotic adjustment in response to drought (Thomashow, 
1999). Furthermore, a large array of genes is activated by 
these stress conditions, so that a number of proteins is 
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produced to join the pathways that lead to stress tolerance 
(Bray, 1997). These genes often are referred to as "stress 
genes." Because dehydration represents a common stress 
challenge to plant cells under drought, salt, and cold 
conditions, a significant overlap has been identified in the 
repertoire of genes activated by each of these conditions. 
Many drought-responsive genes also are responsive to salt 
or cold. The gene RD29A (also referred to as COR78 or 
LTI78) is an example of such a common stress-inducible 

gene (Shinozaki and Yamaguchi-Shinozaki, 1997).     
(Akhundova, 2001) stated the effects of external influences 
on the genetic structures of the plant cells and the 
transmission of the accepted signals to other cellular 
structures and then to the whole organism have actively 
been studied. The gene expression and repression are 
immediate responses to the environment changes. To affect 
the plant genetic apparatus it is quite enough to expose it to 
some factors such as gamma rays, X- rays, neutron currents, 
saline-, temperature- or osmotic stresses. At the current 
stage of the research of the molecular mechanisms of the 
plant adaptation to the environment changes the priority 
goal is to ascertain the nature of the influence of the above 
mentioned factors on the processes of DNA replication and 
transcription, as the nucleic acids are the targets for external 
effects. The fast neutron current is one of the factors that 
influence the plant growth and development. Unlike gamma 
rays, the mechanism of the neutron irradiation on the plant 
genetic apparatus is very poorly studied. The objective of 
our research was the study of the fast neutron current effects 
on the DNA replication and transcription processes and 
amino acid synthesis in the irradiated maize plants.(Wu and 
Fang, 1994) found that Zn ions enhanced protein and RNA 
synthesis and reduced the DNA content in tea seadlings.  

EG1200360



  

 
73 

III.2. Effect of different sorbitol concentrations 
III.2.1. Effect on bud survival 

       
       The effect of sorbitol concentrations on stevia bud 
survival percentage and shoot length were studied.  
 
 Table (6) and Figures 8&9(a&b) showed that the 
buds survival percentage and shoot length were grew on 
sorbitol concentrations (40000, 50000, 60000, 70000 and 
80000 ppm) exhibited decrease in survival percentage to (8, 
14, 21, 44 and 41%, respectively) as  compared with 
control. Sorbitol treatment showed significant effect (p > 
0.05). Moreover, the shoot length of Stevia plantlets were 
grown on sorbitol concentrations decreased to (3, 3.6, 4.3, 
4.8 and 5.9 cm respectively). 
  
 Most cells, tissues, and organs of higher plants grew 
in vitro on sucrose, glucose, and fructose show little or no 
growth on pentose (Swedlund and Locy, 1993). However, 
in specific cases some pentose has been shown to support 
some growth. For example, sorbitol, xylose and ribose can 
support some growth (Swedlund and Locy, 1993). The 
genetic variability observed in plant cell cultures has 
allowed the isolation of variant and mutant cell lines that 
differ in their tolerance to either biotic or abiotic factors 
[(Salagado-Garciglia et al., 1985) and (Novak, 1991)]. 
Osmotic potential is one of the most important parameter 
often affected by abiotic stresses. Under drought stress the 
osmotic potential in tolerant plants is reduced (more–ve) 
with the increasing intensity of stress. This reduced osmotic 
potential helps the plants to uptake more water and maintain 
growth (Almansouri et al., 2000).  Drought and salinity are 
the most important environmental factors that cause osmotic 
stress and reduction in plant growth and crop productivity 
(Boyer, 1982).  
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Figure (8): Stevia plantlets under drought stress with sorbitol 

concentrations. 
S1= 40000, S2 = 50000, S3 = 60000  
S4 = 70000 and S5 = 80000 ppm. 

 
 
 
 
Table (6): Effect of sorbitol concentrations on bud survival and shoot 

length in Stevia rebaudian (for 50 buds). 
 

 
 

Shoot 
length % 

Mean of shoot
length /cm 

Bud  
Survival % 

Sorbitol 
conc./ppm 

100 
59.4 
51.3 
41.8 
35.1 
20.2 

7.4 
4.4 
3.8 
3.1 
2.6 
1.5 

100 
92 
86 
79 
66 
59 

0.0 
40000 
50000 
60000 
70000 
80000 

 1.01**  LSD. (5%) 
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Figure (9): Effect of sorbitol concentrations on (a) bud survival and 

(b) shoot length in Stevia rebaudiana. 
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Abiotic stress does not affect the turgor potential 
[(Gibbs et al., 1989) & (Ikeda et al., 2002)] or in some 
cases increases it (Javed, 2002c). The maintenance of 
turgor is very important under stress condition in tolerant 
cultivars for enhanced growth (Ikeda et al., 2002). This 
maintenance is brought about by increase (more-ve) in 
osmotic and water potential of the tissues (Gupta et al., 
1995). Those cultivars that cannot maintain turgor are 
unable to grow and maintain growth with the increasing 
intensity of stress. These results are in agreement with Rus-
(Alvarez and Guarrier, 1994) on Lycopersicum 
esculentum and L. peenelli, (Cano et al., 1998) on tomato, 
(Sangita-Basu et al., 1999) on callus of Atriplex halimus 
and (Mahmoud, 2000) in banana plants. 

  
Several reports have demonstrated the selection of 

cell lines able to grow on carbon sources, which did not 
support the growth of cells prior to selection Robert (1995). 
In most of these reports it was not possible to regenerate 
plants and demonstrate that the trait selected was genetically 
based (Robert, 1995). However, in at least one case, 
selection of tobacco cell lines able to grow on glycerol as 
the sole carbon source, the genetic basis of the trait was 
demonstrated (Limberg et al., 1979). PEG, mannitol, ribose 
and sorbitol are osmotic compounds used to stimulate 
drought conditions and to isolate tolerant cells. The 
mechanisms by which these selected cells tolerate water 
stress have been investigated (Callebant et al., 1987) and 
(Iraki et al., 1989). Drought resistance in cell culture is 
obtained by exposing cells to high concentrations of a 
sorbitol, PEG, mannitol and dextrin. However, sorbitol use 
in the media as osmotic does not have either nutrition or 
toxic effect on callus growth. These osmotic compete with 
cell for available water. Thus, a cell, which survives, has an 
increased ability to take up water.  
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III.2.2. Biochemical alteration of stevia plantlets 

under different sorbitol concentrations 
 
 Carbohydrate and proline contents in Stevia plantlets 
grew under different sorbitol concentrations (0.0, 40000, 
50000, 60000, 70000 and 80000 ppm) were evaluation.  
         
 The effect of different sorbitol concentrations   
(40000, 50000, 60000, 70000 and 80000 ppm) on total 
carbohydrate content were estimated. Data in  Table (7) 
and Figure (10 a ) showed that the total carbohydrate were 
decreased with increasing sorbitol concentrations to (11266, 
10523, 8866, 5332 and 2899 mg/100g fresh wt.), 
respectively. 
       
 However the plantlets were grown on media 
containing (40000, 50000 and 60000 ppm) induced 
increasing in proline content to (0.97, 1.09 and 1.16  mg / 
100 g fresh wt.), respectively. The effect of 70000 and 
80000 sorbitol concentrations on proline content were 
increased comparing with control to (1.06 and 0.67 mg / 100 
g fresh wt.), respectively as fig. (10 b). 
 
  Finally the total carbohydrates were decreased with 
increasing sorbitol concentrations. However, the sorbitol 
concentrations induced increasing in proline content more 
than sucrose concentrations. 
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Table (7): The effect of sorbitol concentrations on total carbohydrate 
and proline (mg/100 g fresh wt) in Stevia rebaudiana. 

 

 

 
(a) Total carbohydrate content 

 
(b) Total proline content 

Figure (10): The effect of sorbitol concentrations on (a) Total 
carbohydrate content and (b) Total proline content of  
Stevia rebaudiana. 

Proline 
(mg/100g fresh wt.) 

Total carbohydrate        
(mg/100g fresh wt.) 

Sorbitol 
conc. /ppm 

0.27 
1.24 
1.36 
1.43 
1.33 
0.84 

13133 
11266 
10523 
8866 
5332 
2899 

0.0 
40000 
50000 
60000 
70000 
80000 
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Sorbitol, ribose, and mannitol are osmotic compounds 
used to simulate drought conditions and to isolate tolerant 
cells. Most cells, tissues, and organs of higher plants grew 
in vitro on sucrose, glucose, and fructose (Handley and 
Locy, 1984). However, in vitro heterotrophic growth on 
simple carbohydrate sources other than translocation 
carbohydrates and the sugars derived from them is limited in 
higher plants. 

  
Osmotic adjustment through solute accumulation has 

been suggested as one of the possible means for overcoming 
osmotic stress in PEG- adapted cell suspensions of tobacco 
(Nicotiana tabacum) (Borkird et al., 1991) and of tomato 
(Lycopersicon esculentum) [(Heyser & Nabors, 1981) and 
(Bressan et al., 1982)]. The proline content of tolerant 
callus increased with decrease in medium water potential 
and there were similar amounts of proline in tissue grown 
on iso-osmotic concentration of mannitol or salt (Taylor, 
1999). An alternative explanation for enhanced proline level 
in unselected callus could be that excess production was a 
symptom of stress damage (Handa et al., 1983). Evidence 
for this was not only the non- linear increase in proline 
levels in unselected callus but also the relationship between 
the inhibition of growth and accumulation of proline. 
However, in sensitive callus, proline levels on NaCl were 
low in comparison to iso-osmotic level of mannitol. 
Whatever, the cause of the enhance levels of proline in the 
unselected callus; it is clear that proline accumulation was 
not confined to tolerant callus, therefore unlike the situation 
in salt tolerant callus (Dix and Pearce, 1981). It cannot be 
the sole mechanism of osmotic stress tolerance. The role of 
proline appears to differ from species to species and its 
increase has been explained in different ways (Pandey and 
Ganapathy, 1985). Proline has been shown to accumulate 
in plant cells exposed to stress conditions (Joyce et al., 
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1992). Osmotically induced drought resistant has important 
possible applications if regenerated plants retain the 
characteristic. In nature, drought resistant and salt tolerance 
is often found in the same plant, since both traits are useful 
in typical arid environments. There are come circumstantial 
indications that NaCl tolerant plants are also drought 
resistant (Thinh, 1995).The results here agree with [(El-Fiki 
2004a) & (Locy, 1995)]. This indicates that uptake and 
metabolism of N is so triggered under abiotic stress that 
specific soluble nitrogenous compounds accumulated which 
provide adaptive value to the plants. In majority of plants, 
abiotic stress leads to changes in gene expression, leading to 
an increased synthesis of osmoprotectors and 
osmoregulators. The osmotic adjustment is the main 
component of physiological machinery by which plants 
respond to soil water deficit. Free proline and soluble sugar 
accumulation in the leaves under stress conditions are 
important for plant adaptation during stress (Tan et al., 
2006). In most plants, there is an increased accumulation of 
amino acids and amines (e.g. proline, B-alanine, glycine 
betain) in their tissues in response to water deficit. 
Generally, plant species that accumulate proline usually 
have low amounts of this amino acid when grown in well-
watered and non-saline soils, increasing its contents upon 
imposition of drought or waterdeficits on potato (Teixeira 
and Pereira, 2007). Under abiotic stress, total amino acids 
decreased in shoots of 3 weeks old plants, but increased 
significantly in 5 weeks old plants. However proline and 
proline amino acid ratio levels progressively increased in 
shoots of 3and 5 weeks old maize plants (Kerrit, 2005). 
This indicates that uptake and metabolism of N is so 
triggered under stress that specific soluble nitrogenous 
compounds accumulated which provide adaptive value to 
the plants. In majority of plants, abiotic stress leads to 
changes in gene expression, leading to an increased 
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synthesis of osmoprotectors and osmoregulators. In most 
plants, there is an increased accumulation of amino acids 
and amines (e.g. proline, B-alanine, glycine betain) in their 
tissues in response to water deficit. Generally, plant species 
that accumulate proline usually have low amounts of this 
amino acid when grown in well-watered and non-saline 
soils, increasing its contents upon imposition of drought or 
water deficits  on potato (Teixeira and Pereira, 2007). 
(Neseim and Ghallab, 1998) reported that the increase in 
soluble sugar may indicate that starch and polysaccharides 
(non – active osmolytes) are converted to simple sugars 
which enable the plants to keep better water relations under 
salinity. On the other hand, the greater accumulation of 
sugars in leaves of stressed plant may be related to its 
reduced growth as a result of NaCl which inhibit 
carbohydrate translocation or may be related to the greater 
energetical cost of osmotic adjustment with sugars apposed 
to Na+ or Cl- ions. (Aledesuquy et al., 1998) stated that 
reducing sugar in tobacco tissues increased by increasing 
salinity levels.  It is suggested that reducing sugar and other 
solutes contributed more to the solute potential and 
therefore maintained positive turgor leading to tolerance. 
(Kerepesi and Galiba, 2000) found that sugar contents of 
leaves decreased in tolerant genotypes of wheat. Many 
studies on proline synthesis and catabolism genes have 
provided results that are consistent with diverse functions of 
proline as a source of energy, nitrogen and carbon, and as an 
osmolyte in response to dehydration (Peng et al., 1996). 
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IV. The combined effects between gamma radiation 
doses and sucrose concentrations. 

IV.1. Effect on bud survival.  
 
 Stevia plantlets were irradiated with gamma radiation 
doses (10, 20, and 30 Gy) and  cultured on MS media 
hormones free containing different sucrose concentrations 
(40000, 50000 and 60000 ppm) were studied. 
        
 Data in Table (8) and Figure (11) Presented that the 
combined effects of gamma radiation dose (10Gy) and 
different sucrose concentrations (40000, 50000 and 60000 
ppm) on stevia plantlets survival percentage were decreased 
with increasing sucrose concentrations to (2, 6 and 13 % 
respectively). Moreover, the shoot length was decreased 
with increasing sucrose concentrations to (0.1, 0.4 and 1.5 
cm, respectively). 
 

The use of dose 20 Gy caused decreasing in the 
survival percentage of stevia plantlets were cultured on MS 
medium containing the same sucrose concentrations to 2, 4 
and 16 % respectively. Also, shoot length was decreased 
with increasing sucrose concentrations to 0.2, 0.9 and 1.6 
cm respectively.  
         
 The same effect were obtained by using 30 Gy , 
whereas caused increasing in mortality percentage for Stevia 
rebaudiana plantlets were cultured on MS medium 
containing the same sucrose concentrations to 3, 9 and 16 % 
respectively  and shoot length to 0.4, 1.2  and 2.3 cm  
respectively. 
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Table (8): Effect of gamma radiation doses and sucrose 

concentrations on bud  survival (for 50 buds)          
 
 

 
 
 
 

 
 
 
 
Figure (11): Effect of gamma radiation doses and sucrose 

concentrations on bud survival.  
 
 
 
 

Radiation dose/Gy Sucrose 
conc./ppm 30 20 10 0 

40 
37 
31 
24 

56 
54 
52 
40 

80 
78 
72 
65 

100 
96 
98 
95 

0.0 
40000 
50000 
60000 

1.26** 1.8** 1.86* 4.62 LSD. 
(5%) 
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 Generally, the combined effects between gamma 
radiation doses 10, 20 and 30 Gy and sucrose concentrations 
on stevia plantlets survival  and shoot length were decreased 
and showed significant effect (p> 0.05).The occurrence of 
gross chromosome aberrations and other undesirable 
morphological changes have been repeatedly reported in in 
vitro regenerated plant [(Karp et al., 1982), (Sree-Ramulu 
et al., 1983) & (Creissen and Karp, 1985)]. This type of 
variant is certainly much less frequent after mutagenic 
treatment of buds, provided that appropriate doses of 
radiation are applied. Radiation treatment increased the 
somaclonal variation by about 12% and it was possible to 
select useful altered plants in vitro, including some with, 
increased tuber number (Suciu et al., 1991). Result could be 
explained in existence of highly interaction between the 
genotype and the environmental conditions of the selection. 
Radiation treatment increased the variability in the genetic 
background in the varieties (mutations) rather than changing 
the gene expression of any variety. The variability in case of 
NaCl which may be attributed to interaction between the 
mutagene and the selective media (El-Fiki, 1997). There is 
no antagonistic effect between gamma and salinity on shoot 
length, fresh and dry weight, pigments, polysaccharides, 
free proline, protein and nucleic acids  of two varieties of 
wheat, faba beans and peas while, had no synergistic effect 
on soluble sugars content (Mohamed, 1998). (Shamal, 
2006) stated the gamma- irradiating of seeds 
barley(Hordeum vulgare L.) in doses 2.5 and 5.0 Gy raises 
sensitivity of plants to operation of the stressful factor. 
 

The drought at germination of seeds as the modifying 
factor of damaging operation of an ionizing radiation on a 
genome of plants. (Salam, 1996) studied genetic 

EG1200360



  

 
85 

improvement in yield compartments namely: shoot length, 
shoot dry weigh, and leaf area at 4, 8and 12 weeks age 
under salt stress condition. It  showed that the most suitable 
mutagenic dose was 75 Gy gamma ray, which caused 
improvement in stress tolerance for SK sub 69 wheat 
cultivar by increasing growth behavior, and/or maintaining 
an active metabolism in plants under salinity conditions. 
(El-Sharnoubi, 2002) studied the effect of gamma 
irradiation on survival percentage of propagated plants of 
Hypericum perforatum after two and three months of 
acclimatization, found that it decreased significantly by 
increasing gamma radiation doses, however, gamma rays at 
doses less than 40 Gray caused significant decrease in shoot 
length compared with the control. (Maraei, 2007)found that 
low radiation doses 50, 75 and 100 Gray increased the 
survival percentage of plantlets, the radiation dose 50 Gray 
was the best since it increased the survival percentage by 
1.4% more that the unirradiated treatment. The more 
increase in gamma irradiation doses the more decrease in 
the survival percentage till it approaches the lethal doses of 
250, 350and 500 Gray. Gamma irradiation treatments 
significantly increased number of roots comparing to 
control. 
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IV.2. Biochemical alteration of stevia plantlets under 
the combined effects between  gamma radiation 
doses and sucrose concentrations: 

 
 The  combined effects between gamma radiation 
doses (10 , 20 and 30 Gy) and sucrose concentrations 
(40000, 50000 and 60000 ppm) on chemical alteration such 
as total carbohydrate, proline, total protein, total DNA and 
total RNA contents in stevia plantlets illustrated in Table 
(9) and Figures (12 a, b, c, d and e). 
 
            Sucrose concentrations due to decreasing in total 
carbohydrate content with all gamma radiation doses) to 
(8166, 7083, 3849, 6536, 4326, 2989, 3163, 2833 and 2066 
mg/ 100 g fresh wt.) respectively. 
       
 Proline content in stevia plantlets were estimated with 
dose 10 Gy on plantlets were grown on media containing 
(40000and 50000 ppm/Gy) sucrose concentrations due to 
increasing to (1.14 and 1.25 mg/100 g fresh wt.), 
respectively, while at (60000ppm) decreasing to 
0.44mg/100 g fresh wt.). Proline content in irradiated 
plantlets with dose 20 Gy was increasing at sucrose 
concentrations (40000 and 50000 ppm) to (1.35 and 1.37 
mg / 100 g fresh wt.) while at (60000 ppm) decreasing to 
(0.38 mg / 100 g fresh wt.). The dose 30 Gy caused 
decreasing in porline content in the plantlets were grow on 
(40000, 50000 and 60000 ppm) sucrose concentrations to 
(1.00, 0.93 and 0.30 mg / 100 g fresh wt.) respectively. 
 
 Data in Table (9) and Figure (12c) cleared that the 
combined effects of gamma radiation doses and sucrose 
concentrations on total protein in stevia. The irradiated 
plantlets with dose 10 Gy effects on total protein whereas 
increased to (1004.2 mg / 100 g fresh wt.) at (40000 ppm), 
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but at (50000 and 60000 ppm) due to decreasing in total 
protein to (709.1 and 416.6 mg /100 g fresh wt.), 
respectively. The effect of dose 20 Gy induced decreasing at 
(40000 and 50000  ppm) sucrose concentrations in total 
protein to (902.7 and 860.4 mg/100 g fresh wt.),respectively 
but at (60000 ppm) decreased to (525.4 mg /100 g fresh 
wt.). The dose( 30 Gy) caused increasing in total protein 
contents in the plantlets were grown on (50000 and 60000 
ppm) to (774.5 and 934.8 mg/100 g fresh wt.) but 
decreasing at (40000 ppm) to (705.1mg/100 g fresh wt.).            
 
       Morever, the combined effect between gamma radiation 
doses (10, 20 and 30 Gy) and sucrose concentrations 
(40000, 50000 and 60000 ppm) on total DNA and RNA 
induced decreasing in total DNA comparing with control. 
However the RNA values increased at combined effect 
between gamma radiation doses and sucrose concentrations 
comparing with control. As illustrated in the Table (9) and 
Figures (12 d and e). 
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Table (9): The combined effects between gamma radiation 

doses and sucrose concentrations on total 
carbohydrate, total proline and total protein 
(mg/100 g fresh wt) contents and total DNA and 
RNA contents (µg / 100 g fresh wt.) on Stevia 
rebaudiana. 

 
 

 
 
 
 

Total 
RNA 

Total 
DNA 

Total 
Protein Proline Total 

carbohydrate 

 
Radiation 
doses/Gy 

Sucrose
conc./ 
ppm 

268.8 
318.7 
337.5 
437.5 

210.5 
126.0 
123.2 
113.4 

742.5 
838.6 
956.1 
373.9 

0.27 
0.85 
1.32 
1.44 

13133 
11033 
21299 
29099 

0 
10 
20 
30 

0 

393.7 
438.2 
445.6 
575.0 

216.0 
116.0 
112.8 
108.5 

870.7 
1004.2 
902.7 
705.1 

1.12 
1.14 
1.35 
1.00 

10866 
8166 
7083 
3849 

0 
10 
20 
30 

40000 

418.7 
460.5 
500.0 
587.5 

145.0 
110.0 
105.4 
100.0 

730.5 
709.5 
860.4 
774.5 

1.20 
1.25 
1.37 
0.93 

7999 
6536 
4326 
2989 

0 
10 
20 
30 

50000 

480.5 
568.7 
580.9 
612.5 

126.0 
98.6 
96.4 
88.0 

608.9 
416.6 
525.4 
934.8 

0.97 
0.44 
0.38 
0.30 

4566 
3163 
2833 
2066 

0 
10 
20 
30 

60000 
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(a) Total carbohydrate content (mg/100 g fresh wt). 

 
 

(b) Total proline content (mg/100 g fresh wt). 

 
(c) Total protein content  (mg/100 g fresh wt). 
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(d) Total DNA content (µg/100g fresh wt.). 

 

  

(e) Total RNA content (µg/100g fresh wt.). 
 
 
Figure (12): The combined effects between gamma radiation doses 

and sucrose concentrations on Stevia rebaudiana  
(a) Total carbohydrate content (mg/100 g fresh wt). 
(b) Total proline content (mg/100 g fresh wt). 
(c) Total protein content  (mg/100 g fresh wt).  
(d)Total DNA content (µg/100g fresh wt.).   
(e) Total  RNA content (µg/100g fresh wt.). 
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 As a counteraction of these effects, the water 
potential of cells may be decreased by the synthesis and 
accumulation of compatible osmolytes such as proline, 
glycin betaine and sugar allowing additional water to be 
taken up. A biotic stress resulted in an increase of proline 
biosynthesis rate (Rhodes and Handa, 1989). Proline is 
often considered as a compatible solute involved in osmotic 
adjustment [(Azooz et al., 2004) & (Kavikishore et al., 
2005)]. Proline may act as a osmoregulator compound to 
equilibrate the osmotic potential in bean cells. (Cárdenas-
Avila et al., 2006). Proline accumulation may in part 
involve induction (Peng  et al., 1996) and / or activation of 
enzymes of proline feedback  inhibition control of the 
pathway (Delauney and Verma,  1993), decreased proline 
oxidation to glutamate (Elthon and Stewart, 1982)  
mediated at least in part by down –regulation of proline 
dehydrogenase  [(Kiyosue et al.,  1996) and (Peng et al., 
1996)],  decrease utilization of proline in protein synthesis 
(Stewart,  1981) and enhanced protein turnover (Fukutoku 
and Yamada, 1984). (Aly, 2000) found an increase in the 
accumulation of proline in both minitubers and macrotubers 
of potato cv. Diamant with increasing salt concentration and 
gamma irradiation dose as well as the interaction between 
them.The results here are in agreement with (Basu et al., 
1999) on callus of Atriplex halimus. Abiotic stress leads to 
changes in gene expression, leading to an increased 
synthesis of osmoprotectors and osmoregulators. The our 
results agree with (El–Fiki et al., 2004a) found that the 
effects of both radiation and salinity on total soluble protein 
in sweet potato plantlets were increased in irradiated 
plantlets with dose 10 and 20 Gy at all salinity 
concentrations (4000, 6000 and 8000 ppm NaCl). The other 
doses (30 &40 Gy) caused decreasing in total soluble 
protein. This detection and confirmation of mutations is the 
most difficult part of the mutation breading technology in 
banana and plantains. A biochemical assay could aid in 
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early screening and in the assessment of a genetic nature of 
phenotypic changes. Enzyme polymorphism has been 
confirmed in banana (Jarret and Litz, 1986 a & b). 
However, the use of total soluble protein may provide a 
better indicator since the enzymes are single gene products 
and may not be detected in a particular cultivar or mutant 
[(Scandalias and Baum, 1982) & (Cooke, 1984)]. Plant 
tolerance has generally been studied in relation to regulatory 
mechanisms of ionic and osmotic homeostasis [(Zhu, 2003) 
& (Ashraf and Harris, 2004)]. In addition to ionic and 
osmotic components, the abiotic stresses lead to oxidatitive 
stress through an increase in reactive oxygen species (ROS), 
such as superoxide (O2

•), hydrogen peroxide (H2O2), and 
hydroxyl radicals (OH•) [(Mittler, 2002) & (Imlay, 2003)] 
ROS are produced in cells in response to many different 
abiotic or biotic conditions, and their uncontrolled 
accumulation can lead to oxidative stress (Van Breusegem 
and Dat, 2006). The enhanced tolerance to oxidative stress, 
brought about by constitutive expression of a single protein 
might result from a number of different mechanisms: (1) the 
expressed protein might have a direct scavenging activity 
that can detoxify certain species of reactive oxygen; (2) the 
expressed protein might be a part of a cellular network, or 
signal transduction pathway that protects the cell from 
damage caused by oxidative stress or is involved in the 
detoxification of reactive oxygen, and its constitutive 
expression enhances the activity of this network or pathway; 
or (3) the expressed protein might alter plant metabolism, 
causing the accumulation of reactive oxygen and indirectly 
activating the cells' scavenging, protection, and/or repair 
mechanisms against oxidative stress similar to some 
transgene-induced lesion mimics. When cells are exposed to 
elevated temperature or other environmental stresses, heat 
shock proteins belonging to several gene families are 
induced. Many heat shock protein function as chaperones 
and plays important roles in normal growth and stress 
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tolerance. There is increasing evidence that the function of 
chaperones in preventing or reversing protein aggregation is 
linked to their role presenting misfolded intermediated to 
the cellular machinery proteolytic degradation (Hayes and 
Dice, 1996). (Bell et al., 1976) studied the effect of parquet 
(herbicides) on the cell cycle and DNA synthesis of Vicia 
faba L., and found that the herbicide induced a significant 
inhibition in the cell division as well as in the DNA 
synthesis. The same findings were reported by [(Chand, 
1981) & (Badr and Ibrahim, 1987)]. The changes in 
protein and RNA contents either increase or decrease may 
have the potentially to alter the transitional process or 
transcriptional one via affecting and or modulating the 
activity of some enzymes responsible for enhancement of 
protein synthesizing machinery, (Abed El-Hamid, 2000). 
Abiotic stresses, can induce oxidative stress through the 
increase in relative oxygen species (ROS), which may cause 
cellular damage through oxidation of lipids, proteins and 
nucleic acids [(Pastori and Foyer, 2002), (Apel and Hirt, 
2004), (Demiral and Turkan, 2005) & (Khan and Panda, 
2008)]. In addition, lipid peroxidation is not the only 
oxidative stress damage, because ROS may also damage 
macromolecules such as DNA and proteins [(Alscher et al., 
1997) & (Pastori and Foyer, 2002)]. Both drought stress 

and ABA-treatment (at a concentration of 10–2 mol m–3 

inhibited DNA synthesis in sunflower seedlings (Helianthus 
annum L. var. Russian Giant) which were droughty (Mason 
Robertson et al., 2005). 

 
 

EG1200360



  

 
94 

V.  The combined effects between gamma 
radiation doses and sorbitol concentrations on stevia. 

V.1. Effect on bud survival: 
  

 Irradiated stevia plantlets with gamma radiation doses 
(10, 20 and 30 Gy) were cultured on MS media hormones 
free and containing different sorbitol concentrations (40000, 
50000 and 60000 ppm) were evaluated.  
       
 Data in Table (10) and Figure (13) shows that the 
survival percentage in irradiated plantlets of stevia with 
dose 10 Gy and cultured on MS medium containing (40000,  
50000 and 60000 ppm) were decreased to (3,  11 and 23 %) 
respectively and  also the shoot length to  (2, 3  and  3.8 cm) 
respectively.   
       
 The survival percentage and shoot length in irradiated 
stevia plantlets with dose 20 Gy and cultured on MS 
medium containing the sorbitol concentrations were 
decreased to 4, 10 & 22 %, and 1.8, 3.3 & 4 cm 
respectively. 
       
 Moreover, the irradiated plantlets with dose 30 Gy 
and cultured on MS medium containing the same sorbitol 
concentrations, the survival percentage and shoot length 
were decreased to (5, 10 & 23 %), respectively and (0.7, 2.4 
& 3.1 cm), respectively.  
 
 Finally, the combined effects between gamma 
radiation doses (10, 20 and 30 Gy) and sorbitol 
concentrations (40000, 50000 and 60000 ppm) on survival 
percentage and shoot length were decreased with increasing 
gamma radiation dose and sorbitol concentration and 
showed significant effect (p> 0.05). 
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Plants are constantly bombarded with environmental 
signals, some of which cause stress and limit plant growth 
and development. In response to the stress signals, plants 
activate a number of defense responses that increase 
tolerance to the stress conditions.Application of irradiation 
on various kinds of tissues could produce many mutants, 
chimerism seemed to occur more in higher doses of 
irradiation. Several authors (El-Fiki, 1997) and (Novak, 
1991) have reviewed the induction of mutation using tissue 
culture.Plantlets grew on sorbitol were abnormal, having 
shortened internodes, small thicker greener leaves and 
reduce in the number of roots. These results agree with 
(Handa et al., 1983). The limitation of plant growth by 
environmental factors cannot be assigned to a single 
physiological process. Plant growth as biomass production 
is a measure of net photosynthesis and, therefore 
environmental stresses affecting growth also affect 
photosynthesis. (Ali Dinar et al., 1999) working on guava 
and (Romeroranda et al., 2001) on tomato. 
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Table (10): Effect of gamma irradiation doses and sorbitol 

concentration on bud survival in Stevia rebaudiana 
(for 50 buds) 

 
 
 

 
 
 
 

 
 
 
Figure (13): Effect of gamma irradiation doses and sorbitol 

concentrations on bud survival in Stevia rebaudiana.        
 
 
 
 

Radiation dose/Gy. sorbitol 
conc. /ppm 30 20 10 0 

40 
35 
30 
17 

56 
52 
46 
34 

80 
77 
69 
57 

100 
90 
86 
79 

0.0 
40000 
50000 
60000 

1.29** 1.79** 1.31** 1.04** LSD. (5%) 
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V.2. The combined effects between gamma radiation 
doses and sorbitol concentrations on total 
carbohydrate and proline content 

 
 The combined effects between gamma radiation doses 
(10, 20 and 30 Gy) and sorbitol concentrations (40000, 
50000 and 60000 ppm) on total carbohydrate and proline 
content in stevia plantlets were estimated.     
          
 Data in Table (11) and Figure (14a) shows that the 
dose 10 Gy induced decreasing in total carbohydrate content 
in concentrations (50000 and 60000 ppm) to (7933 and 
4933 mg /100 g fresh wt.), but the concentration (40000 
ppm) caused increase the total carbohydrate to (13333 mg 
/100 g fresh wt.). 
 

 The use of dose 20 Gy caused decreasing in total 
carbohydrate  content to (9999, 6733 and 1966 mg /100 g 
fresh wt.) in the plantlets were grown on (40000, 50000 and 
60000 ppm ) sorbitol concentrations. Dose 30 Gy caused 
decreasing in total carbohydrate content to (8666, 5833 and 
1133 mg /100 g fresh wt.) in the plantlets was growing on 
(40000, 50000 and 60000 ppm) sorbitol concentrations        
  

Table (11) and Figure (14b) presented the combined 
effects of gamma radiation doses (10, 20 and 30 Gy) and 
sorbitol concentrations (40000, 50000 and 60000 ppm) on 
proline content in stevia plantlets.The effect of dose 10 Gy 
on the plantlets were grown on media containing (40000, 
50000 and 60000 ppm) sorbitol concentrations induced 
increase in proline content to (1.26, 1.37and 1.44 mg / 100 g 
fresh wt.) respectively.The use of dose 20 Gy caused 
increasing in proline content in the plantlets were grown on 
(40000, 50000and 60000 ppm) sorbitol concentration to 
(1.33, 1.38and 1.46 mg /100 g fresh wt., respectively). The 
proline content in  plantlets were grown on media 
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containing (50000 and 60000 ppm) sorbitol concentrations 
and irradiated with dose 30 Gy that were decreased to (1.22  
and 1.13 mg /100 g fresh wt., respectively) but increasing 
with sorbitol concentration 40000 ppm to (1.32 mg /100 g 
fresh wt.). 
 
          Finally, the total carbohydrate content decreased with 
the combined effects between  gamma radiation doses (10, 
20 and 30 Gy) and sorbitol concentrations (40000, 50000 
and 60000 ppm) except the irradiated plantlets with dose (10 
Gy) with concentration (40000 ppm). However, the proline 
content increasing with combined effects between  gamma 
radiation doses (10, 20 and 30 Gy) and sorbitol 
concentrations (40000, 50000 and 60000 ppm) except the 
irradiated plantlets with dose 30 Gy with concentrations 
(50000 and 60000 ppm).  
            
         (El–Fiki et al., 2004a) found that the total 
carbohydrate in irradiated plantlets with different doses (10, 
20, 30 and 40 Gy) and grew on medium containing different 
NaCl concentrations (4000, 6000 and 8000 ppm) were 
decreased except in the case  of irradiated plantlets of cvs. 
Mabruka and Abees with dose 10 Gy it was increased. The 
other radiation doses also increased it except the dose 40 Gy 
at 6000 ppm NaCl which decreased. Under salt stress, 
biosynthesis of chlorophyll and subsequently CO2 fixation 
via photosynthesis process were inhibited in citrus trees 
(Waldron, 1984). Consequently, salt stress expected to 
depress the synthesis of carbohydrate in grape vine 
(Rodrigues et al., 1993). The reduction of total 
carbohydrates caused by salinity may be also due to the 
effect of salinity on enzymes system involved in 
carbohydrate synthesis and degradation in sugar (Rathert et 
al., 1981). 
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Table (11): The combined effects of gamma radiation doses and 

sorbitol concentrations on total carbohydrate and proline 
contents (mg/100 g fresh wt) on Stevia rebaudiana 

 
 

 
 
 
 
 
 
 
 
 
 
 

Proline 
(mg/100g fresh wt.) 

Total carbohydrate 
(mg/100 g fresh wt.)

Radiation
doses/Gy 

sorbitol 
conc./ppm 

0.27 
0.85 
1.32 
1.44 

13133 
11033 
21299 
29099 

0 
10 
20 
30 

0 

1.24 
1.26 
1.33 
1.32 

10266 
13333 
9999 
8666 

0 
10 
20 
30 

40000 

1.36 
1.37 
1.38 
1.22 

8333 
7933 
6733 
5833 

0 
10 
20 
30 

50000 

1.43 
1.44 
1.46 
1.13 

5466 
4933 
1966 
1133 

0 
10 
20 
30 

60000 
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(a) Total carbohydrate (mg/100 g fresh wt) 

 

 
(b)Total proline  (mg/100 g fresh wt). 

 
 
Figure (14): The combined effects of gamma radiation doses and 

sorbitol concentrations on Stevia rebaudiana.  
(a) Total carbohydrate content (mg/100 g fresh wt). 
(b) Total proline content (mg/100 g fresh wt). 
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     Proline is one of the most common compatible solutes 
accumulated in stressed plants and acts as a non-toxic 
osmotic solute and may supply energy to increase salinity 
tolerance.  It contributes to osmotic adjustment, preserves 
enzymes and other important cellular structures, is assumed 
to scavenge hydroxyl radicals and is a reserve for carbon 
and nitrogen immediately after the relief of stress  (Franco 
et al., 1999). Proline protects protein structures against 
denaturation and protects cell membrane to prevailing 
environmental stress conditions like salinity (Mansour, 
1998). The  increased proline utilization suggests increasing 
the  incorporation of proline into synthesis of cell wall 
proteins. This might be involved in morphological change, 
which is one of the well-known responses under salt stress 
(Ueda et al., 2007).  Moreover, salt stress leads to changes 
in gene expression, leading to an increased synthesis of 
osmoprotectors and osmoregulators (Hong-Bo et al., 2006). 
Osmotic adjustment is the main component of physiological 
machinery by which plants respond to soil-salt stress. The 
accumulation of proline and soluble sugars in stressed plants 
is very important for plant adaptation during stress (Tan et 
al., 2006), on  Radix astragali (Manivainan et al., 2007) on 
Vigna radiata (Abd El-Jaleel et al., 2007) on Catharanthus 
roseus). Droughted plants (deprived of nutrient solution) 
showed changes in foliar enzyme activities, mRNA 
accumulation, photosynthesis, and carbohydrate and amino 
acid contents. During prolonged periods of drought, the 
decrease in water availability for transport-associated 
processes leads to changes in the concentrations of many 
metabolites, followed by disturbances in amino acid and 
carbohydrate metabolism. For example, there is an increase 
in the synthesis of compatible solutes such as special amino 
acids (e.g. Pro), sugars and sugar-alcohols, and Gly betaine 
(Girousse et al., 1996). Acclimation to drought requires 
responses that allow essential reactions of primary 
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metabolism to continue and enable the plant to tolerate 
water deficits. In the complex interplay of natural 
conditions, simple water deficits are unlikely to occur, since 
they intrinsically affect the acquisition of essential nutrients 
such as N and P, (Beyrouty et al., 1994).  
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VI. Biochemical genetic marker SDS –PAGE 
electrophoresis 
VI.1. Effect of gamma radiation doses on SDS-

PAGE banding pattern of Stevia rebaudiana 
plantlets: 

 
       The SDS-PAGE banding pattern of the irradiated 
plantlets of stevia with doses (0.0, 10, 20 and 30 Gy) and 
grew on MS medium hormones free were investigated.  
 
        Data in Table (12) and Figure (15) represent that the 
effect of gamma radiation dose 10 Gy on protein banding 
patterns caused decreasing in protein banding with one band 
(from 8 to 7). Three new bands with molecular weights (420 
, 51and 5.15  KDa) respectively, with band intensity (16.1 , 
14.0and 7.7%) respectively, were appeared. Four bands with 
molecular weights (170, 22, 3.5and 0.34 KDa) respectively, 
were disappeared. 
 
        The effect of dose 20 Gy on protein bands induced 
appeared four new bands with molecular weights (57, 39, 
8.55 and 2.07 KDa) respectively, with protein band intensity  
(22 , 10.5, 15.2  and 16.8%) respectively, were appeared. 
Four bands with molecular weights (170, 22, 3.5 and 0.34 
KDa) respectively,were disappeared. 
 
          The use dose 30 Gy induced appeared three new 
bands with molecular weights (76, 18 and 1.73 KDa, 
respectively) with protein band intensity (18.3, 8.7 and 
19.2%) respectively, were appeared. Four bands with 
molecular weights (170, 22, 3.5 and 0.34 KDa) respectively, 
were disappeared.  
 
         Conclusion gamma radiation doses 0, 10, 20 and 30 
Gy induced qualitative and quantitative differences 
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represented in appearance of new bands, disappearance of 
some bands and changes in band intensity.There were four 
bands disappeared with molecular weight (170, 22, 3.5 and 
0.34 KDa), in irradiated plantlets considerable a negative 
selective markers. 
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Figure (15):  The SDS- PAGE of protein electrophoresis of stevia 
plantlets 

 

1. Marker 10. 30 Gy 
2. Control 11. 30 Gy + 40000 ppm sucrose 
3. 10 Gy 12. 30 Gy + 50000 ppm sucrose 
4. 10 Gy + 40000 ppm sucrose 13. 30 Gy + 60000 ppm sucrose 
5. 10 Gy + 50000 ppm sucrose 14. 40000 ppm sucrose 
6. 10 Gy + 60000 ppm sucrose 15. 50000 ppm sucrose 
7. 20 Gy 16. 60000 ppm sucrose 
8. 20 Gy + 40000 ppm sucrose 17. 70000 ppm sucrose 
9. 20Gy  + 50000 ppm sucrose 18. 80000 ppm sucrose 
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Table (12): Comparative analysis on the effect of gamma radiation doses on molecular weight 
and protein band intensity in Stevia rebaudiana plantlets using SDS- PAGE. 

 
 
 
 
 
 
 
 
 
 

Radiation dose / Gy Treatment 30 20 10 Cont. 
M.WBand %M.WBand %M.W Band %M.WBand %No. of Bands 
271 23.6 245 18.3 420 16.1 245 16.3 1 
108 12.1 128 13.6 219 21.3 170 10.3 2 
89 23.4 88 17.4 121 13.5 126 26.7 3 
76 18.3 57 22.0 90 33.5 89 24.4 4 
28 13.1 39 10.5 51 14.0 22 19.1 5 
18 8.7 8.55 15.2 5.66 26.1 6.38 40.4 6 

6.02 22.7 4.59 14.1 5.15 7.7 3.5 9.3 7 
1.73 19.2 2.07 16.8 0 0 0.34 12.6 8 

8 8 7 8 Total no. of bands.
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   Figure (16): SDS - PAGE denstigram of stevia rebandiana    

protein. 

Figure (16-a): SDS- PAGE 
densitogram of stevia rebaudiana 

protein subunits(control) 

Figure (16-b): SDS-PAGE 
denstigram of stevia rebaudiana 
protein subunit irradiated with 
gamma radiation 10 Gy. 

Figure (16-c): SDS-PAGE 
densitogram of stevia rebaudiana 
protein subunits irradiated with 
gamma radiation 20 Gy. 

Figure (16-d): SDS-PAGE  
densitogram of stevia rebaudiana 
protein subunits irradiated with 
gamma radiation 30 Gy. 
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VI.2. Effect of sucrose concentrations on protein 
banding patterns in Stevia rebaudiana Bertoni 
plantlets 

 
 The changes in protein banding patterns were studied 
in Stevia rebaudiana plantlets grew on MS medium 
hormones free containing different sucrose concentrations 
(40000, 50000, 60000, 70000 and 80000 ppm).  
       
 Table (13) and Figure (17) represent the sucrose 
effects on banding patterns in Stevia rebaudiana plantlets. 
The number of protein bands (8) unaffected with sucrose 
conditions. The  effect of 40000 ppm sucrose on protein 
bands induced appeared five  new bands with molecular 
weights  (283 , 65, 35 , 18 and 14 KDa) respectively, with 
protein band intensity (13.3, 8.8 , 9.4,4.1 and 23.6 %)  
respectively. Five bands with molecular weights (245, 170, 
6.38, 3.5 and 0.34 Kda) respectively, were disappeared.         
  
        The concentration of 50000 ppm sucrose caused 
present five new bands with molecular weights (267, 64, 42, 
16, and 11 KDa) respectively, with band intensity (11.2, 
14.1, 13.2, 9.8 and 22.2 %) respectively. Five bands with 
molecular weights (245, 170, 6.38, 3.5 and 0.34 KDa) 
respectively, were disappeared. 
 
 The plantlets were grown on 60000 ppm sucrose 
induced appeared five new bands with molecular weights 
(267, 65, 37, 20 and 16 KDa) respectively, with protein 
band intensity (15.0, 12.1, 11.2, 9.7 and 16.4 %) 
respectively. Five bands with molecular weights (245, 170, 
6.38, 3.5 and 0.34 KDa) respectively, were disappeared. 
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       The concentration of 70000 ppm sucrose caused present 
five new bands with molecular weights (267, 65 30, 15 and 
9.5 KDa) respectively, with band intensity (11.1, 17.1, 6.6, 
9.7 and 17.1 %, respectively). Four bands with molecular 
weights (245, 6.38, 3.5 and 0.34 KDa) respectively, were 
disappeared. 
  
      The effect of 80000 ppm sucrose concentration on 
protein bands induced appeared five new bands with 
molecular weights (255, 74, 64, 34 and 16 KDa) 
respectively, with protein band intensity (6.5, 6.8, 13.2, 8.0 
and 14.3 %) respectively. Six bands with molecular weights 
(245, 170, 22, 6.38, 3.5 and 0.34 KDa) respectively, were 
disappeared. 
 
     Finally osmostress effects induced appeared one new 
band with molecular weight (16 KDa) considerable as a 
positive selective markers and disappeared four bands with 
molecular weights (245, 6.38, 3.5 and 0.34 KDa) 
respectively, considerable as a negative selective 
markers.There were a detectable markers plantlets grew on 
osmostress.  
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Table (13): Analysis of sucrose on molecular weight and protein band intensity in Stevia 
rebaudiana plantlets using SDS- PAGE. 

 

 
 
 
 

Sucrose concentration / ppm 
Treatment 

80000 70000 60000 50000 40000Cont

M.W Band 
% M.W Band 

% M.W Band 
% M.W Band 

% M.W Band 
% M.W Band 

% No. of Bands 

255 6.5 267 11.1 267 15.0 267 11.2 283 13.3 245 16.3 1 
168 13.5 131 12.0 138 7.3 129 5.4 130 9.2 170 10.3 2 
143 11.8 95 22.5 95 16.3 95 14.9 97 16.3 126 26.7 3 
95 24.7 65 17.1 65 12.1 64 14.1 65 8.8 89 24.4 4 
74 6.8 30 6.6 37 11.2 42 13.2 35 9.4 22 19.1 5 
64 13.2 22 6.1 27 10.6 29 9.0 23 7.6 6.38 40.4 6 
34 8.0 15 9.7 20 9.7 16 9.8 18 4.1 3.5 9.3 7 
16 14.3 9.5 17.1 16 16.4 11 22.2 14 23.6 0.34 12.6 8 

8 8 8 8 8 8 Total no. of 
bands 
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Figure (17): Efect of sucrose on protein band intensity in Stevia rebaudiana plantlets using SDS- PAGE. 

Figure (17-a): SDS- PAGE densitogram of 
stevia rebaudiana protein subunits  
(control) 

Figure (17-b): SDS-PAGE densitogram of 
stevia rebaudiana protein subunits treated 
with 40000 ppm sucrose

Figure (17-c): SDS-PAGE densitogram of 
stevia rebaudiana protein subunits treated 
with 50000 ppm sucrose

Figure (17-d): SDS-PAGE densitogram of 
stevia rebaudiana protein subunits treated 
with 60000 ppm sucrose

Figure (17-e): SDS-PAGE densitogram of 
stevia rebaudiana protein subunits treated 
with 70000 ppm sucrose

Figure (17-f): SDS-PAGE densitogram of 
stevia rebaudiana protein subunits treated 
with 80000 ppm sucrose
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VI.3. The combined effects between gamma 
radiation doses and sucrose concentrations on 
protein banding pattern. 

 
The changes of protein banding patterns studied in 

irradiated plantlets with doses (10, 20 and 30 Gy) and 
cultured on MS medium hormones free with different 
sucrose concentrations(40000, 50000 and 60000 ppm ). 
  
 Data in Table (14) and Figure (18) showed that the 
combined effect of gamma radiation dose 10 Gy and sucrose 
concentrations (40000, 50000 and 60000 ppm) on the 
changes of protein banding patterns.The combined effects of 
dose 10 Gy and 40000 ppm sucrose induced decreasing in 
protein bands with one. Two bands with molecular weights 
(213 and 57 KDa) respectively, with band intensity (13.9, 
and 8.6 %) respectively, were present. Three bands with 
molecular weights (245, 170and 0.34 KDa) respectively, 
were disappeared.  

 
The effect of dose 10 Gy and 50000 ppm sucrose on 

protein bands induced appeared two new protein bands with 
molecular weights (420, and  32  KDa) respectively, with 
protein band intensity (24.4  and 14.7 %) respectively. Two 
bands with molecular weights (245and 170 KDa) 
respectively, were disappeared.  

 
The use of dose 10 Gy and 60000 ppm induced two 

new bands with molecular weights (56 and 39 KDa) 
respectively, with band intensity (20.3 and 7.9 %,) 
respectively. Three bands with molecular weights (170, 126 
and 3.5 KDa) respectively, were disappeared. The 
companied effects of dose 10 Gy and (4000, 5000 and 6000 
ppm sucrose concentrations) induced quantitative and 
qualitative changes. These changes observed in appeared 
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new bands, disappeared some bands and in band intensity. 
There were one band disappeared with molecular weight 
(170 KDa), detected in stevia plantlets treated with dose(10 
Gy) and 40000, 50000 and 60000 ppm sucrose 
concentrations. 

 
 Table (15) and Figure (19) showed that the 
combined effects of radiation dose 20 Gy and sucrose 
concentrations (40000 and 50000 ppm) on protein banding 
patterns in Stevia rebaudiana Bertoni plantlets. The use of 
dose 20 Gy and 40000 ppm sucrose concentration induced 
three new protein bands with molecular weights (257, 55 
and 10 KDa) respectively, with band intensity (11.5, 12.9 
and 14.5 %) respectively, were appeared. Three bands with 
molecular weights (245, 170 and 0.34 KDa) respectively, 
were disappeared.   
 

The effects of gamma radiation dose 20 Gy and 
50000 ppm sucrose induced changes in protein bands. Three 
new bands with molecular weights (313, 58 and 9.28 KDa) 
respectively, with band intensity (16.3, 52 and 10.8) were 
present. Three bands with molecular weights (245, 170 and 
6.38 KDa) respectively, were disappeared.  
 

The combined effects of gamma radiation dose 20 Gy 
and sucrose concentrations 40000 and 50000 ppm induced 
qualitative and quantitative changes. These changes 
observed in appearance new bands, disappearance some 
bands and protein band intensity. There were two new bands 
appeared with molecular weights (55 and 10 KDa) 
respectively, and two bands disappeared with molecular 
weights (245 and 170 KDa) respectively, as a selective 
markers in stevia plantlets irradiated with 20 Gy and grew 
on sucrose  concentrations (40000 and 50000 ppm).  
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Table (14): Comparative analysis of the combined effect of gamma radiation dose 10 Gy and sucrose 

concentrations on molecular weight and protein band intensity in Stevia rebaudiana plantlets 
using SDS –PAGE. 

 

Radiation doses /Gy and sucrose conc. ppm Treatment 

10 x 60000 10 x 50000 10 x 40000 CONT 
No. of bands 

M.W Band % M.W Band % M.W Band % M.W Band % 

245 17.3 420 24.4 213 13.9 245 16.3 1 
86 31.6 126 8.7 122 24.1 170 10.3 2 
56 20.3 86 28.8 87 44.7 126 26.7 3 
39 7.9 32 14.7 57 8.6 89 24.4 4 
25 5.6 25 22.0 22 8.7 22 19.1 5 

9.65 9.7 4.94 12.7 6.02 30.8 6.38 40.4 6 
4.94 16.9 2.76 6.0 3.19 19.2 3.5 9.3 7 
0.36 11.8 0.15 16.0 0 0 0.34 12.6 8 

8 8 7 8 Total no. of bands 
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Figure (18-b): SDS-PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma radiation dose 
10 Gy and 40000 ppm sucrose. 

Figure (18-a): SDS-PAGE 
densitogram of stevia rebaudiana 
protein subunits (control). 

Figure (18-d): SDS-PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma radiation dose 
10 Gy and 60000 ppm sucrose. 

Figure (18-c): SDS-PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma radiation dose 
10 Gy and 50000ppm sucrose.
 
 
Figure (18): Combined effects between gamma radiation doses 10 Gy 

and sucrose concentrations on protein banding pattern 
using SDS –PAGE. 
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Table (15): Comparative analysis of the combined effect of gamma 

radiation dose 20 Gy and sucrose concentrations on 
molecular weight and protein band intensity in Stevia 
rebaudiana plantlets using SDS –PAGE . 

 

  
 
 
 
 
 

Radiation doses /Gy and sucrose conc. ppm Treatment 

20 x 50000 20 x 40000 CONT 
No. of bands 

M.W Band 
% M.W Band 

% M.W Band 
% 

313 16.3 257 11.5 245 16.3 1 

131 18.4 135 23.8 170 10.3 2 

87 30.2 88 20.6 126 26.7 3 

58 5.2 55 12.9 89 24.4 4 

24 8.3 23 16.2 22 19.1 5 

9.28 10.8 10 14.5 6.38 40.4 6 

3.52 8.2 5.66 10.2 3.5 9.3 7 

0.15 6.6 2.42 7.1 0.34 12.6 8 

8 8 8 Total no. of 
bands 
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Figure (19): Combined effects of gamma radiation doses 20 Gy and 

sucrose concentrations on protein banding pattern using 
SDS –PAGE . 

Figure (19-b): SDS-PAGE 
densitogram of stevia 
rebaudiana protein subunit 
effect between gamma dose 20 
Gy and 40000 ppm sucrose.     

Figure (19-a): SDS-PAGE 
densitogram of stevia 
rebaudiana protein subunits 
(control).                                   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (19-c): SDS-PAGE densitogram of stevia rebandiana 
protein subunits combined effect between gamma dose 20 Gy 
and 50000 ppm. 
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 Data in Table (16) and Figure (20)  represent the 
combined effects between gamma radiation dose 30 Gy and 
sucrose concentrations (40000, 50000 and 60000 ppm) on 
protein banding patterns in Stevia rebaudiana Bertoni 
plantlets.  
 
 The dose 30 Gy and 40000 ppm sucrose 
concentration due to appeared six new protein bands with 
molecular weights (387, 97, 65, 36, 15 and 1.88 KDa) 
respectively, with band intensity (23.2, 8.3, 7.9, 10.4, 25.1 
and 5.9 %) respectively. Six bands with molecular weights 
(245, 170, 89, 6.38, 3.5and 0.34 KDa) respectively, were 
disappeared.  
 

The same dose 30 Gy with 50000 ppm induced to 
appearance six new bands with molecular weights  (96, 75, 
65, 4, 18 and 15 KDa) respectively,  with band intensity 
(20.3, 9.6, 7.0, 4.1, 13.8 and 23.9 %) respectively. Seven 
bands with molecular weight (245, 170, 89, 6.38, 3.5 and 
0.34) were disappeared.The combined effects between dose 
30 Gy and 60000 ppm sucrose caused to appearance six new 
bands with molecular weights (303, 96, 65,  37, 18 and 14 
KDa) respectively, with band intensity ( 21.3, 15.1, 8.6, 4.2, 
10.6 and 25.8 %) respectively. Six bands with molecular 
weights (245, 170, 89, 6.38, 3.5 and 0.34 KDa) respectively, 
were disappeared.  
 

These treatments induced qualitative and quantitative 
protein band intensity. These changes observed in 
appearance new bands, disappearance of some bands and 
protein bands intensity. There were three new bands 
appeared with molecular weights (97, 65 and 15 KDa) 
respectively, and six bands disappeared with molecular 
weights (245, 170, 89, 6.38, 3.5 and 0.34 KDa) respectively, 
as a selective markers in these treatments in stevia plantlets. 
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Table (16): Comparative analysis of the combined effect of gamma radiation dose 30 Gy and sucrose 
concentrations on molecular weight and protein band intensity in Stevia rebaudiana plantlets using 
SDS –PAGE. 

 
Treatment Radiation doses /Gy and Sucrose conc. ppm 

No. of bands 
Cont. 30 x 40000 30 x 50000 30 x 60000 

Band 
% M.W Band 

% M.W Band 
% M.W Band 

% M.W 

1 16.3 245 23.2 387 26.4 0.00 21.3 303 
2 10.3 170 9.0 130 20.3 96 6.0 131 
3 26.7 126 8.3 97 9.6 75 15.1 96 
4 24.4 89 7.9 65 7.0 65 8.6 65 
5 19.1 22 10.4 36 4.1 41 4.2 37 
6 40.4 6.38 18.7 20 3.2 29 7.3 30 
7 9.3 3.5 25.1 15 13.8 18 10.6 18 
8 12.6 0.34 5.9 1.88 23.9 15 25.8 14 

Total no. of bands 8 8 8 8 
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Figure (20): Combined effects of gamma radiation doses 30 Gy and 

sucrose concentrations on protein banding pattern using 
SDS –PAGE. 

Figure (20-a): SDS PAGE 
densitogram of stevia rebaudiana 
protein subunits  (control) 

Figure (20-b): SDS PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma dose 30 Gy and 
40000ppm sucrose. 

 Figure (20-c): SDS PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma dose 30 Gy and 
50000ppm sucrose. 

 Figure (20-d): SDS PAGE 
densitogram of stevia rebaudiana 
protein subunits combined effect 
between gamma dose 30 Gy and 
60000ppm sucrose. 
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The SDS-polyacrylamide gel system we used to allow 
separation of the proteins according to their apparent M.w. 
changes in the electrophoretic patterns following hardening 
should therefore reflect variations in the relative abundance 
of polypeptides with possible splitting of some biochemical 
modifications on the polypeptides such as methylation, 
phosphorylation, or conformation changes may escape 
detection in on system. Detection of such changes was nor 
desirable because, although protein alterations are probably 
occurring in the hardening process, they are also part of the 
normal metabolism of the cell changes in the M.w. instead 
reflect synthesis or cleavage of proteins and is easier to 
interpret in terms of appearance of cryaprotective proteins 
(Cloutier, 1983). On the other hand, translational regulation 
may take place due to dissociation of polyribosmes and 
formation of a set of new polyribosomes under the 
conditions of desiccation stress [(Bewley and Oliver, 
1983), (Dhindsa and Bewley, 1976 and 1978) & (Oliver 
and Bewly, 1984)]. (Hurkman and Tanaka, 1987) 
demonstrate that the protein patterns for control and salt 
stressed plants were qualitatively similar, the net synthesis 
of a number of proteins was quantitative changed. The 
changes in protein banding patterns were studied in sweet 
potato plantlets grew on different NaCl concentrations (0.0, 
4000, 6000 and 8000 ppm). The qualitative and quantitative 
changes in protein bands were very little. There was a 
detectable marker in plantlets grew on salinity stress (El–
Fiki et al., 2004b). Plants typically exhibit significant 
morphological and metabolic changes in response to 
perturbation to their normal environment. Many of these 
changes are believed to be adaptive responses which make 
the organism more fit in the altered environment. In many 
such instances, the phenotypic changes are complex and 
difficult to evaluate, thus making it difficult to establish a 
very quantitative relationship between the environmental 
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parameter and phenotypic response. In addition, precise 
control over environmental parameter and uniformity of 
response of plant tissues can be difficult to achieve. Such 
difficulties can be greatly reduced by the use of cultured 
cells of plants which have been adapted to different levels of 
stress (Hasegawa et al., 1984). Electrophoretic analysis of 
the protein provides information concerning the structural 
genes and their transcriptional events through expression 
represented as separate bands [(Gamal El–Din et al., 1988) 
and Mohamed, 2005)]. The changes in protein banding in 
generally at the high molecular weight regions and were 
probably due to mutational events where some of the 
electrophoretic band disappeared due to the loss of some 
genetic material or change in gene sequences [(El–
Sherbeny et al., 2002), (Soliman, 2003) & (Shehab et al., 
2004)]. On the other hand, a new bands appeared ,this could 
be explained on the basis of mutational event at  the 
regulatory system of an unexpected gene(s) that activate it, 
[(El-Nahas, 2000), (Soliman and Hammad, 2002), 
(Mohamed et al., 2003) & (Shehab et al., 2004)]. SDS – 
PAGE protein banding pattern explain the changes in bands 
relative mobilities were probably due to point mutation that 
leads to production of shorter and longer polypeptide chains 
(Hassan, 1996).  Therefore, an intermediate protein product 
with shorter or longer polypeptide chain is accumulated and 
appears as a new band with altered relative mobility instead 
of the final product protein that should be originally formed  
(Shehab et al., 2004). The increase in band intensity could 
be due to gene duplication that produced by induction of 
cytological aberrations (George, 2000). Moreover, the 
intensities of protein in such detected bands showed a 
variable trend when being compared with that of the control. 
These results might indicate that the induced changes in 
protein profile of maize roots reflected a marked difference 
in gene expression which ultimately might amplify or  
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attenuate signal – transduction pathway, which ultimately 
exhibited as a simulative or depressive metabolic, growth 
and yield responses. The aforementioned findings are 
reinforced by the results obtained by several investigators 
[(Chang and Chandlee, 1999),  (Shehab et  al., 2000), 
(Mohamed  et al., 2003) & (El–Kallal and Mohamed, 
2004)]. The principle sites of the processes of protein 
synthesis do not seem to be qualitatively affected. Although 
DNA impairment might be expected after massive 
irradiation, the appearance of the new sets of translation 
products and proteins cannot be attributed to a disfunction 
of transcription and translation; the changes in gene 
expression concern very specific products and are probably 
caused by a regulated modification of gene expression, in 
response to a specific stress situation . As a result, gamma – 
induced proteins could be considered as a particular class of 
stress - induced proteins. Although it would  be difficult to 
pinpoint any direct relationship between  gamma – induced 
proteins and the different translation products induced by 
irradiation , the appearance of new translatable RNAs 
indicates that at least a part of this stress response occurs at 
the transcriptional level (Ferullo et al., 1994). [(Ericson 
and Alfinito, 1984) & (Oliver and Bewley, 1984)] found 
that the several new protein which are synthesized in 
response to altered environment have reported as “stress 
proteins" as shock proteins in plants . However  only a few 
of these proteins have been found to be involved in known 
physiological or metabolic processes [(Hanson and 
Jacobson, 1984) & (Hasegawa et al., 1984)]. 

 
Most of these proteins appear as immediate response 

by the organism to an altered environment (temperature, 
anoxia, osmotic stress and wounding) and it is questionable 
whether many of them are associated with increased growth 
and survival of the plants in the new environment. The 

EG1200360



 

 
124 

results agree with (Tanaka et al., 1992), they found that 10 
proteins were induced and about 15 proteins were reduced 
after gamma irradiation treatments in Deinococcus 
radiodurans. This is in line with (El-Fiki et al., 2004b), 
found that gamma radiation doses 0, 10, 20, 30, 40, 50, 60, 
70,and 80 Gy induced qualitative and quantitative 
differences represented in the appearance of new bands , 
disappearance of some bands and changes in band intensity  
in sweet potato  (Ipomoea batatas L.).  (El- Sayed,  2006) 
found that the gamma rays effects on each of root, stem and 
leaf plantlets of Cartharanthus roseus on MS medium with 
NAA + BA or KIN + 2, 4 D found to be in quantitative and 
qualitative were indicated that there a great disturbance of 
plantlets protein synthesis, also its showed the ability of 
selection for a one or more protein productions. Osmotic 
shock also to the synthesis of new proteins and the extra 
cellular release of several proteins [(Amar and Reinhold, 
1973), (Fleck et al., 1982) & (Rubenstein, 1982)]. Some of 
these shock proteins are considered to be involved in 
possible transport functions [(Amar and Reinhold, 1973) 
& (Rubenstein, 1982)]. Moreover, (El-Enany, 1999) stated 
that a new protein of Mwt 67 K Da was accumulated in 
tomato, a number of proteins accumulate in plants in 
response to any environmental stimulus that has a 
dehydrative component or is temporally associated with 
dehydration.  
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VII. Cytological studies 
 

Cytological analysis of mitotic division of Stevia 
rebaudiana Bertoni from all  treatments of radiation and 
drought were estimated. Different types of abnormalities 
including: stickiness, laggards, bridges and disturbed phase 
as well as binucleate interphase cells, were observed in 
Figures (21-24). 

 
         (Bhat et al., 2007) found various types of mitotic 
aberrations induced by diethyl sulphate and sodium azide in 
Vicia faba L. including stickiness, fragmentation, c-
metaphase, ring chromosomes, laggards, bridges, 
micronuclei and disturbed phase. 
 

  The nature of stickiness had been discussed by many 
investigators, (Badr and Ibrahim, 1987) attributed 
stickiness to the improper folding of chromosomal fibers 
that makes the chromatids connected by means of 
subchromatid bridges. Moreover, (Patil and Bhat, 1992) 
suggested that stickiness might be attributed to the reaction 
of the applied pesticides with DNA, proteins or both of 
them forming inter and intra chromosomal crosslinks. (El-
Sherbeny et al., 2002) recorded that stickiness is a type of 
adhesion involving mainly the proteinacious matrix of 
chromatin as Figures (21, 22, 23 and 24). 

 
        Disturbance is abnormality recorded in mitotic 
division. (Pickett- Heaps et al., 1982) suggested that 
disturbed stages could be attributed to interference of the 
insecticide with tubulin and/or polymerization of the 
microtubular subunits forming the spindle apparatus or loss 
of microtubules of spindle fibers. A failure of spidle 
formation might be attributed to a slight disturbance in the 
orientation of the chromosomes at the equatorial plate 
(Shanker et al., 1987) as Figure 22(F). 
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Figure 21: Stickiness in prophase stage. 
A-Sticky prophase with dose 10 Gy 
B-Sticky prophase with dose 30 Gy & 60000 ppm sucrose                   

concentration .   
C- Sever sticky prophase with fragments with dose 30 Gy.      
D- Sticky prophase with 80000 ppm sorbitol concentration. 
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Figure. 22: Stickiness in metaphase stage. 
A- Sticky metaphase with 20 Gy x 40000 ppm sucrose conc.  
B- Sticky metaphase with dose 30 Gy & 50000 ppm sucrose conc.  
C- Sticky metaphase with 30 Gy & 50000 ppm sorbitol conc. 
D- Sticky metaphase with 30 Gy. 
E- Sticky metaphase with lagging chromosome and fragment .with         

dose 20 Gy and 40000 ppm sucroseconc. 
F- Sticky disturbance metaphase with  dose 30 Gy  and 40000 ppm 

sucrose concentration. 
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Figure 23: Stickiness in anaphase stage. 
A- Sticky anaphase  after dose 30 Gy.  
B- Sticky anaphase with bridge and broken bridge with 20 Gy & 

40000 ppm of sucrose concentration.      
C- Sticky anaphase with 30  Gy & 5000 ppm sucrose concentration. 
D- Sever sticky anaphase with broken bridge with 30 Gy.  
E-Sticky anaphase with dose 30 Gy x 40000 ppm sorbitol 

concentration. 
F- Sticky anaphase with 30 Gy. 
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Figure 24: Stickiness in telophase stage 
A- Sticky telophase with bridge with dose 20Gy &40000ppm. 
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 Figures [23 (B, D) and 24] showed the bridges. The 
bridges may be due to the general stickiness of the 
chromosomes observed at metaphase, accordingly the 
separation of the chromosomes at the anaphase stage 
become incomplete and the two chromosomal groups 
become attached together by chromatin bridges [(Kabarity 
et al., 1974), (Gottschalk and Wolf, 1993) & (Shehata et 
al., 2000). (Shehab et al., 2004)] was explained from 
evidence of its clastogenecity, since the resolution of such 
bridges will produce cuts in the DNA, which provoke the 
presence of broken ends of chromosomes in the next 
interphase.   
 
 Figure 22 (E, F) illustrated the lagging chromosome. 
The presence of lagging chromosomes could be attributed to 
hindrance of prometaphase movement accompanied by the 
adhesion of the centromers to adjacent inner surface of 
plasma (Barthelmess, 1975). (Patil and Bhat, 1992) stated 
that the induction of laggards could be attributed to the 
failure of spindle apparatus to organize and function in 
normal way. Lagging chromosomes or spindle damage is 
detected by surveillance mechanisms (Checkpoints) which 
block anaphase onset, cytokinesis and DNA re-replication 
as reported by (Alexandru et al., 1999). However, 
(Kurihara et al., 2006) suggested that lagging 
chromosomes might cause by the delay and failure of sister 
chromatid separation. 
 
 Figures 21 (C) and 22 (E) detrmine the fragmentation. 
The chromosome fragmentation is multiple breakages 
resulting in the loss of chromosome integrity, and the 
chromosomal breaks have been regarded to involve direct 
action on DNA, (El-Khodary et al., 1990) and (El-Ashry, 
2002). Moreover, (Anderson and Kihlman, 1992) 
confirmed the link between the action of comptothecin on 
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DNA and the ability to produce chromosome breaks. They 
also suggested that DNA synthesis was required for 
clastogenic not only during S-phase but also in the G2 phase. 
 
        The formation of lagging and  fragments, in addition to 
disturbed types of spindle may lead to unequal distribution 
of genetic material in the daughter cells, demonstrated 
among other by the multitude of micronuclei in telophase or 
interphase, (Gavrila et al., 1994) & (Shehab et al., 2004). 
 
 In our study, a relation between the changes in protein 
pattern and the recorded cytological anomalies could be 
explained as follows: The changes in band intensity were 
explained on the basis of occurrence of mutational events in 
the regulatory systems that control the concerned structural 
genes, (Grist et al., 1992). This will lead to constitutive 
protein production or the attenuation or complete 
suppression for the concerned genes. This will produce an 
increase or decrease in band intensity respectively; these 
changes might be also due to cytological aberrations, 
(Shehab et al., 2000 and 2004). The increase in band 
intensity could be due to gene duplication that produced by 
induction of cytological aberrations; lagging, breaks and 
bridges, (Gamal El-Din et al., 1988) & (George, 2000). 
The presence of laggards and bridges support this 
conclusion. 
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The present investigation was carried out in the 

laboratories of the Natural Products Department, National 
center for Radiation Research and Technology, Atomic 
Energy Authority, Nasr city, Cairo, Egypt, to study the 
effect of gamma radiation doses, osmostress and the 
combined effects between them on tissue culture derived 
plantlets, some biochemical analysis and molecular genetic 
marker in Stevia rebaudiana Bertoni. 
The results obtained were: 
 

Tissue culture  
 
1- Micropropagation media: 

        Stevia rebaudiana plantlets cultured on MS medium  
hormones free for micropropagation. Hormones such as 
BAP and NAA with different concentrations induced callus 
fotmation and give slight growth. 
 
Study the effect of gamma radiation, osmostress 
and the combined effects between them: 

1) The effect of gamma radiation on buds 
survival: 

     Gamma radiation doses (10, 20and 30 Gy) induced 
decreasing in bud survival percentage with increasing 
radiation dose in Stevia rebaudiana. The dose 30 Gy was 
induced 60 % mortality. 
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2- Study the effect of gamma radiation on 
some biochemical analysis:  

Gamma radiation doses induced increase in the total 
carbohydrate with doses (20 and 30 Gy) but decreased with   
dose 10 Gy.  

 
     Proline contents were increased in plantlets with 
increasing doses. 
 

  The total protein was increased with doses (10 and 20 
Gy), but the dose 30 Gy dinduced decrease in total protein. 

 
Gamma radiation doses induced decreasing in total DNA 

while,  the nucleic acid RNA increased.  
 

3- The effect of osmostress on buds survival: 
The concentrations (40000, 50000, 60000, 70000 and 

80000 ppm) from sucrose or  sorbitol decreased  the bud 
survival and shoot length in stevia plantlets with increasing 
sucrose or  sorbitol levels. 
 

4- The effect of osmostress on some 
biochemical analysis: 
  

   Sucrose and sorbitol concentrations (40000, 50000, 
60000, 70000 and 80000 ppm) caused decrease in total 
carbohydrate.  
 

While sucrose and sorbitol concentrations induced 
increasing in proline content in stevia plantlets.  

 
The total protein content were decreasing at (50000, 

60000, 70000 and 80000 ppm) of sucrose concentrations but 
increased at 40000ppm.  
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Sucrose concentrations (50000, 60000, 70000 and 
80000 ppm) induced decrease in DNA amount but increased 
at 40000ppm.The RNA amount values increased by sucrose 
concentrations (40000, 50000, 60000, 70000 and 80000 
ppm) compared with the control.  

 

The combined effects between gamma radiation 
and osmostress.            

5- The combined effects on bud survival:  
 

The combined effects between gamma radiation doses 
and sucrose or sorbitol stress decreased the bud survival 
percentage with increasing doses.  
 

6- The combined effects on some biochemical 
analysis: 

     The total carbohydrate content  decreased  in total 
carbohydrate content at (40000, 50000 and 60000 ppm) 
sucrose concentrations with all gamma radiation doses (10, 
20 and 30 Gy) . However,the total carbohydrate content  
decreased with increasing gamma radiation doses (10, 20 
and 30 Gy) and sorbitol concentrations (40000, 50000 and 
60000 ppm) except the irradiated plantlets with dose (10 
Gy) and concentration (40000 ppm). 
 
     The combined effect of dose 10 Gy on plantlets were 
grown on media containing (40000and 50000 ppm / Gy) 
sucrose concentrations due to increasing in proline content 
except at 60000 ppm.Proline content in irradiation plantlets 
with dose 20 Gy was increasing at sucrose concentrations 
(40000 and 50000 ppm) , while at 60000 ppm sucrose 
concentration decreasing. The dose 30 Gy caused 
decreasing in porline content  with all  sucrose 
concentrations . However, combined effect between gamma 
radiation doses (10, 20 and 30Gy) and sorbitol 
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concentrations( 40000, 50000 and 60000 ppm) induced 
increase in proline content with all treatment except  with 
dose 30 Gy and concentrations (50000 and 60000 ppm). 
  
       The combined effects between gamma radiation doses 
and sucrose concentrations induced increasing in total 
protein in some treatments as dose (10 Gy) x (40000 
ppm)and dose (30 Gy) x (50000 & 60000 ppm) and other 
treatments as (20 Gy) x (40000, 50000 and 60000 ppm) & 
(30 Gy x 40000 ppm) caused decreasing in total protein. 
  

The combined effect between gamma radiation doses 
and sucrose concentrations induced decreasing in total DNA 
amounts comparing with control. The RNA values increased 
at combined effect between gamma radiation doses and 
sucrose concentrations comparing with control.  

 
Effects of gamma irradiation, osmostress and the 
combined effects between them on molecular 
genetic marker: 

 
The effect of gamma radiation dose (10 Gy) on banding 

protein patterns caused decreasing one band. Gamma 
radiation doses (10, 20 and 30 Gy) induced four bands 
disappeared with molecular weight (170, 22, 3.5 and 0.34 
KDa), in irradiated plantlets considerable a negative 
selective markers. 

 
     Osmostrees effects induced appeared one new band 

with molecular weight (16 KDa) considerable as a positive 
selective markers and disappeared four bands with 
molecular weights (245, 6.38, 3.5 and 0.34 KDa) 
respectively considerable as a negative selective 
markers.There were a detectable markers plantlets grew on 
sucrose.  
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There were one band disappeared with molecular 

weight (170 KDa), considerable a negative selective markers 
detected in stevia plantlets treated with dose (10 Gy) and 
(40000, 50000 and 60000 ppm) sucrose concentrations. 
There were two new bands appeared with molecular weights 
(55 and 10 KDa) respectively and two bands disappeared 
with molecular weights (245 and 170 KDa) respectively as a 
selective markers in stevia plantlets irradiated with 20 Gy 
and grew on sucrose  concentrations (40000 and 50000 
ppm). There were three new bands appeared with molecular 
weights (97, 65 and 15 KDa) respectively considerable as a 
positive selective markers detected in stevia plantlets treated 
with dose(30 Gy) and (40000, 50000 and 60000 ppm) 
sucrose concentrations. There were six bands with molecular 
weights (245, 170, 89, 6.38, 3.5 and 0.34 KDa) respectively 
absent considerable as a negative selective marker for these 
combined treatments detected in stevia plantlets.  
 
7- Cytological studies 

  
Cytological analysis of mitotic division of Stevia 

rebaudiana Bertoni from all treatments of radiation and 
drought induced different types of abnormalities including: 
laggards, bridges, stickiness, diagonal and disturbed phase 
as well as binucleate interphase cells. Stickiness is the most 
common type appeared.  
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  بسم اهللا الرحمن الرحيم

 الملخص العربى
  

المرآز  –أجرى هذا البحث فى معامل قسم بحوث المنتجات الطبيعية 
 –مدينة نصر  –هيئة الطاقة الذرية  –ى لبحوث وتكنولوجيا اإلشعاع مالقو

القاهرة لدراسة تأثير أشعة جاما والجفاف والتأثير المشترك بينهما على  زراعة 
اليل الكيماوية وبعض الدالئل الوراثية الجزيئية و التقدير األنسجة وبعض التح

  :الكمى لألحماض النووية فى نبات االستيفيا و آانت النتائج آالتالي
  جة األنس زراعة - 1
أفضل بيئة لزراعة  منظمات النمو بيئة موراشيج و سكوج الخالية من  آانت) أ
  .آثار النباتٳو
 الخليكالنفثالين حمض بنزيل أدينين  ومثل ال منطمات النمو  اضافة بعض )ب

 على النمو و آان لها تأثير سلبى بترآيزات مختلفة ٳلى بيئة موراشيج و سكوج
 نمو للكالس مع بعض الترآيزات بالمقارنة بالبيئة الخالية من  ٳلى أدت

  .  الهرمونات
  والتأثير المشترك بينهما اسة تأثير أشعة جاما والجفافدر
 :شعة جاما على حيوية البراعمدراسة تأثير أ )1

فى نسبة الحيوية  ًاإنخفاض)   جراى 30،  20،  10(أحدثت الجرعات 
 ..بزيادة الجرعة اإلشعاعية وآذلك طول النبات للبراعم

  
  :دراسة مدى تأثير أشعة جاما على بعض التحاليل البيوآيماوية) 2

 : الكربوهيدرات) أ
زيادة فى محتوى  )جراى 30،  20،  10(احدثت الجرعات اإلشعاعية 

 .الكربوهيدرات الكلى
  

 :محتوى البرولين  ) ب

زيادة فى محتوى لى ٳ )جراى 30، 20،  10(الجرعات اإلشعاعية  أدت
  .البرولين بزيادة الجرعة األشعاعية
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 :محتوى البروتين الكلى  ) ج
 محتوى  ستخدام الجرعات اإلشعاعية المختلفة إلى حدوث تغيرات فىٳ أدى 

 )جراى20و10( الجرعتان اإلشعاعية دت في نبات االستيفيا فأ البروتين الكلى
ادت إلى  )جراى30(الجرعة بينما إلى زيادة فى محتوى البروتين الكلى 

  .فى محتوى البروتين الكلى نخفاضٳ
 :تأثير أشعة جاما على المحتوى الكلى من األحماض النووية  ) د

محتوى  فى ضًانخفاٳ) جراى 30،  20،  10(الجرعات اإلشعاعية أحدثت  
    .أ رن محتوى الحمض النووى زيادة فى لوحظ بينما أ ن د الحمض النووى

  
 .دراسة  تأثير الجفاف على حيوية البراعم )3
 50000،  40000(السوربيتول   و السكروز من استخدام ترآيزات مختلفة - 1
حيوية فى  أحدثت تناقصًا )جزء من المليون 80000، 70000 ، 60000،

على  وآان السوربيتول أآثرتاثيرًا بزيادة ترآيز الجفاف وطول الساق البراعم
 .حيوية البراعم و طول الساق من السكروز

 
  بعض التحاليل البيوآيمائية دراسة  تأثير الجفاف على4 ) 
 :دراسة تأثيرترآيزات السكروز -  أوًال

 : الكربوهيدرات) أ 
 ، 60000 ،50000 ،40000(مختلفة من السكروز  الترآيزات ال أدت

 محتوى الكلىالفى  نخفاضٳإلى ) جزء من المليون 80000و 70000
  . لكربوهيدراتل

  :البرولين )ب
 ،60000، 50000، 40000(ستخدام ترآيزات مختلفة من السكروز ٳ
 .أحدثت زيادة فى محتوى البرولين) جزء من المليون 80000، 70000

 :محتوى البروتين الكلى )ج
، 50000(فاف باستخدام ترآيزات السكروز مستويات الج أدت

 محتوى الكلىالفى  نخفاضٳإلى ) جزء من المليون 80000، 70000 ،60000
جزء  40000(أحدث الترآيز  بينمامحتوى البروتين الكلى  زيادة فى للبروتين

  .   فى محتوى البروتين الكلى فى نبات االستيفيا زيادة )من المليون
  

EG1200360



 
 

                                                                                                

 

 :ألحماض النوويةالمحتوى الكلى من ا )د
، 50000، 40000(مختلفة من السكروز الترآيزات ال أحدثت

نقص فى محتوى الحمض ) جزء من المليون 80000، 70000 ،60000
   .ر ن أ  محتوى الحمض النووى فى  زيادة أحدثتبينما  د ن أ النووى

  
 :دراسة تأثيرترآيزات السوربيتول على بعض التحاليل الكيماوية -  ثانيًا

 : الكربوهيدرات )أ
 ،40000،50000( ام ترآيزات مختلفة من السوربيتولاستخد

فى محتوى  نخفاضًاٳأحدثت ) جزء من المليون 80000و 70000  ،60000
  .الكلى الكربوهيدرات

  :البرولين )ب
 ،60000، 50000، 40000(السوربيتول بترآيزات  ستخدامٳ
محتوى البرولين فى  أحدثت زيادة فى)  جزء من المليون 80000و 70000

نباتات االستيفيا بزيادة مستوى الجفاف وآان السوربيتول أآثرتاثيرا من 
 .السكروز

     
          دراسة التأثير المشترك بين جرعات اإلشعاع وترآيزات الجفاف المختلفة  - 5

 على حيوية البراعم
) جراى 30، 20، 10( لتأثير المشترك للجرعات اإلشعاعيةآان ل

  سلبيًا تأثيرًا) جزء من المليون 60000، 50000، 40000( زات الجفافوترآي
  . مستوى الجفاف و على نسبة حيوية البراعم بزيادة الجرعة اإلشعاعية

  
دراسة مدى التأثير المشترك بين أشعة جاما وترآيزات السكروز على  - 1

  :بعض التحاليل البيوآيمائية

 : الكربوهيدرات )أ
) جراى 30،  20،  10(جرعات اإلشعاعيةالتأثير المشترك لل

أحدثت  )جزء من المليون 60000،  50000،  40000(وترآيزات السكروز 
  .فى محتوى الكربوهيدرات الكلى نخفاضًاٳ
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  :البرولين) ب
) جراى 30،  20،  10(التأثير المشترك للجرعات اإلشعاعية

آان لها ) نجزء من المليو 60000،  50000،  40000(وترآيزات السكروز 
فى بعض المعامالت  وأخر متناقص فى معامالت أخرى فمثال  تأثير متزايد

أدت إلى الزيادة فى محتوى البرولين الكلى ) جراى20، 10( األشعاع جرعات
 نخفاضًاٳأحدثت مع آل ترآيزات السكروزولكن باقى الترآيزات والجرعات  

 .فى محتوى البرولين الكلى

 :ىمحتوى البروتين الكل )ج
) جراى 30،  20،  10(لتأثير المشترك للجرعات اإلشعاعيةلآان         

من ) جزء من المليون 60000،  50000،  40000(وترآيزات الجفاف 
جزء من  40000( مع الترآيز ) جراى10(السكروز تأثير متزايد مع الجرعة

على زيادة محتوى البروتين  عملت) جراى  30(وأيضًا الجرعة  )المليون
نقص  أدت إلى) جراى  20(ينما الجرعة  لكلى مع آل ترآيزات السكروز با

  .  فى محتوى البروتين الكلى مع آل ترآيزات السكروز
   
 :المحتوى الكلى من األحماض النووية )د

) جراى 30،  20،  10( التأثير المشترك للجرعات اإلشعاعيةأحدث         
من ) جزء من المليون 60000،  50000،  40000(وترآيزات الجفاف 

بينما ساعدت على زيادة  ، الحمض النووى د ن أ محتوىفى  نخفاضًاٳالسكروز 
   .   ر ن أ المحتوى الكلى للحمض النووى

  
على  وربيتولدراسة مدى التأثير المشترك بين أشعة جاما وترآيزات الس - 2

  :التحاليل البيوآيمائيةبعض 

 : الكربوهيدرات )أ
) جراى 30،  20،  10( التأثير المشترك للجرعات اإلشعاعية

) جزء من المليون 60000،  50000،  40000(وترآيزات السوربيتول 
محتوى الكربوهيدرات الكلى مع آل المعامالت ما عدا  فى اضًافنخإ حدثت أ

  .)ن المليونجزءم 40000(والترآيز  )جراى10(الجرعة

  :البرولين )ب
) جراى 30،  20،  10( التأثير المشترك للجرعات اإلشعاعية

آان ) جزء من المليون 60000،  50000،  40000(وترآيزات السوربيتول 
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والترآيزان  )جراى30( فى آل المعامالت ما عدا الجرعة لها تأثير متزايد
  .)من المليون جزء 60000 ،50000(
 
  لكهربى للبروتينالتفريد ا -6
  
 :                                                               تأثير أشعة جاما - 1

تغيرات آمية ) جراى  30،  20،  10(الجرعات اإلشعاعية أحدثت 
ووصفية متمثلة فى ظهور طرز بروتينية جديدة أو إختفاء بعض هذه الطرز 

تغيرات فى آثافة هذه الطرز  آذلك وينى البروتينية الدالة على التعبير الج
  .البروتينية

تباينات فمع   حدث لها) جراى 10،20،30(النبيتات المشععة بجرعات ف      
أدت إلى نقص فى عدد الطرز البروتينية ليصبح عدد )  جراى 10(الجرعة 

 ) جراى 30، 20،  10(وأحدثت الجرعات ).8(بدًال من  )7( الطرز البروتينية
على  0‚34،  3‚5، 22، 170(أربعة طرز بروتينية ذات أوزان جزيئيه  إختفاء

                         .وهذا يمكن اعتباره آمعلم أو دليل إنتخابى سالب ) التوالى 
           

 :التفريد الكهربى للبروتين تأثير الجفاف على) 2
مستويات الجفاف باستخدام ترآيزات مختلفة من السكروز آان ل

العديد ) جزء من المليون 80000،  70000، 60000،  50000،  40000(
من التغيرات التى شملت ظهور بعض الحزم الجديدة من البروتين  و إختفاء 
. بعض الحزم الدالة على التعبير الجينى وآذلك تغير فى آثافة بعض الحزم

وهذا  )آيلودالتون 16( حيث ظهرت طرز  بروتينية واحدة ذات وزن جزئى
 إختفاء أربعة  طرز بروتينية ذات أوزان جزيئيهمع نتخابى موجب يعتبر دليل ٳ

وهذا يعتبر دليل إنتخابى  على التوالى) آيلودالتون 0‚34، 3‚5،  6‚38، 245(
  .سالب 

التفريد  ىدراسة مدى التأثير المشترك بين أشعة جاما والجفاف عل )3
  :الكهربى للبروتين

وترآيزات ) جراى 30،  20،  10،  0(شعاعيةالتأثير المشترك للجرعات اإل
من السكروز على ) جزء من المليون 60000،  50000،  40000(الجفاف 

إحداث العديد من التغيرات التى شملت ظهور بعض الحزم الجديدة من البروتين  
و إختفاء بعض الحزم الدالة على التعبير الجينى وآذلك تغير فى آثافة بعض 

مع ترآيزات ) جراى 10( شعاعيةا لجرعةستخدام اٳ حدثفقد أ .الحزم
  آمية تغيرات ) جزء من المليون 60000،  50000، 40000(السكروز
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 اختفاء  طرزفقد أدت إلى ،  ووصفية و ترآيز الطرز البروتينية الناتجة
وهذه يمكن إعتبارها ). آيلو دالتون170( ئىن جزبروتينية واحدة ذات وز

  .هذه المعاملةآمعلم إنتخابى سالب ل

مع ترآيزات ) جراى 20(التأثير المشترك للجرعة اإلشعاعية أحدث     
اختالفات آمية ) جزء من المليون  60000، 50000،  40000(السكروز 
فقد أدت إلى ظهور طرزين  بروتينيين ذات . ىالطراز البروتين فىووصفية 

عتبر آمعلمات وهذه ت)  آيلو دالتون على التوالى 10،  55(أوزان جزيئية 
،  245(إنتخابية موجبة واختفاء طرزين  بروتينيين ذات أوزان جزيئية 

 أحدثتبينما  وهذه تعتبر آمعلمات إنتخابية سالبة) آيلو دالتون على التوالى170
، 50000،  40000(مع ترآيزات السكروز ) جراى 30(جرعة اإلشعاعية لا

نية ذات أوزان جزيئية ظهورثالثة طرز بروتي)  جزء من المليون  60000
بروتينية ذات واختفاء ستة طرز ) آيلو دالتون على التوالى 15، 65،  97(

آيلو دالتون على  0.34، 3.5،  6.38 ، 89 ، 170،  245( أوزان جزيئية 
 .وهذه تعتبر آمعلمات إنتخابية سالبة) التوالى

  

  :دراسات  سيتولوجية - 7
 إىل ومعامالت الجفاف) ىجرا 30، 20،  10(أحدثت جرعات األشعاع 

ظهور أنواع مختلفة من الشذوذ الكروموسومى مثل اضطراب الجهاز 
في جميع  المغزلى، الجسور، الكسور وآانت اللزوجة أآثر األنواع ظهورًا

  .مراحل اإلنقسام
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 التوصية
أظهرت نتائج الدراسة مؤشرات جيدة إلمكانية إكثار و إنتاج نبات  1-

متحملة  و مثل زيادة السكر جيدة قتصاديةٳاملنتخبة مبواصفات  االستيفيا
  .عن طريق زراعة األنسجة و امللوحة اجلفاف البيئية مثل لظروف

  .و مدى حساسيته هلامعرفة قدرة النبات على حتمل جرعات اإلشعاع  - 2
 30،  20،  10(إلشعاع إمكانية إستخدام اجلرعات املنخفضة من ا 3-

املواصفات ذات نتخاب النباتات إتغيرات وراثية و  للحصول على )جراى
  اجليدة

  .تات متحملة لظروف اجلفافاكانية إنتاج نبإم 4-
حيتاج النبات للمزيد من الدراسة حيث إنه من احملليات الطبيعية ذات  5-

  .فوائد طبية
حيتاج النبات إىل خطة قومية حىت يتثىن إنتاج النبات بشكل إقتصادى حتت  6-

 اإلستهالك احمللى من السكر وتوفري بنييئة املصرية لسد الفجوة ظروف الب
  .املال الالزم إلسترياد كميات كبرية من السكر

  

EG1200360


