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ABSTRACT  

Biochemical changes for fifteen sugar beet genotypes (Pleno, 
Gazela, H-Poly1, Oscar poly, Toro , Kawemera, Disprerez PolyN, 
Demapoly, Farida, Karola, Negma, Baraka, Gloria, Top and Chems) 
in relation to yield and its components were studied during 
2007/2008 and 2008/2009 seasons under saline conditions at Ras 
Sudr, Sourth Sinai. Sugar beet genotypes greatly varied in their 
ability to grow and subsequently to assimilate and translocate 
biochemical components. Pleno and Gazela surpassed the other 
genotypes in root diameter, root weight and root yield. Oscar poly 
and Pleno genotypes recorded the highest mean values for sugar 
yield, followed by Gazela genotype in a descending order. These 
findings associated with the highest values of some biochemical 
constituents such as photosynthetic pigments, proline, soluble 
protein, RNA and decreased in malondialdehyde content as 
compared with the other genotypes. Impurities content and 
sucrose% were affected by genotypes and salinity. This study is 
showing that sugar beet genotypes such as Pleno, Gazela as well as 
Oscar poly were highest in their productivity and salt tolerance, also 
studied biomarkers are benefit to determine best inducers against 
sensitivity to salinity.  
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INTRODUCTION 

Sugar beet has been introduced 

in Egypt as a new sugar crop 

where considered as one of two 

important sugar crops in the world. 

Sugar beet plays an important role 

in decreasing the gab between 

sugar consumption and production. 

So, there has been an urgent need 

to raise sugar beet in newly 

reclaimed lands out of the Nile 

Valley and Delta, such as Wadi 

Sudr in south of Sinai. While, 

irrigation in this region depends 

mostly on under ground water. 

Also, the soil of Wadi Sudr 

showed to be saline and highly 

calcareous.   

Salinity affects almost all 
aspects of plant development, 
including germination, vegetative 
growth and reproductive 
development. Salinity affects 
photosynthesis mainly through a 
reduction in leaf areas, chlorophyll 
content and stomatal conductance, 
and to a lesser extent through a 
decrease in photosystem II 
efficiency (Netondo et al., 2004). 
Soil salinity imposes ion toxicity, 
osmotic stress, nutrient (Na, Ca, K, 
P, Fe and Zn) deficiency and 
oxidative stress on plants as well 
as indirectly limits plant 
productivity through its adverse 
effects on the growth of beneficial 

and symbiotic microbes. High salt 
concentrations in soil impose 
osmotic stress and thus limit water 
uptake from soil. Sodium 
accumulation in cell walls can 
rapidly lead to osmotic stress and 
cell death (Munns 2002). Ion 
toxicity is the result of replacement 
of K by Na in biochemical 
reactions, and Na and Cl induced 
conformational changes in 
proteins. For several enzymes, K 
acts as cofactor and cannot be 
substituted by Na. High 
concentration of K is also required 
for binding tRNA to ribosomes 
and thus protein synthesis (Zhu 
2004 and Tester and Davenport 
2003). Ion toxicity and osmotic 
stress cause metabolic imbalance, 
which in turn leads to oxidative 
stress (Hernandez et al., 2001). 
The trends and magnitude of these 
changes varied according to 
salinity level as well as the 
cultivated variety. In this regard, 
Marschner (1995) indicated that 
sugar beet is highly tolerant to 
salinity during most of its cycle but 
sensitive during germination. Also, 
Hajiboland and Joudmand (2009) 
reported that sugar beet is one crop 
species grown mainly on salinity-
affected soils. 

This work was carried out to 

investigate the biochemical 

changes for some sugar beet 

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Hajiboland%2c+R%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Joudmand%2c+A%22.au.
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genotypes in relation to yield and 

yield components under saline 

conditions at Ras Sudr, South 

Sinai. 

MATERIALS AND 

METHODS 

Field Experiments 

Two field experiments were 

carried out during 2007/2008 and 

2008/2009 seasons at Agricultural 

Experimental Station of Desert 

Research Center (DRC) located in 

Ras Sudr, South Sinai 

Governorate, to study the 

biochemical changes for some 

sugar beet genotypes in relation to 

yield and yield components. Table 

1 shows some mechanical and 

chemical properties of the 

experimental soil and chemical 

analysis of underground irrigation 

water at Ras Sudr, South Sinai. 

Seeds of all sugar beet genotypes 

(Pleno, Gazela, H-Poly1, Oscar 

poly, Toro, Kawemera, Disprerez 

PolyN, Demapoly, Farida, Karola, 

Negma, Baraka, Gloria, Top and 

Chems) were obtained from 

Agricultural Research Center and 

planted in hills distanced at 20 cm 

apart. Sowing dates were on 

November. Calcium superphosphate 

(15.5% P2O5) at the rate of 100 

kg/fad was applied during tillage 

operations. Potassium sulphate 

(48% K2O) at rate of 50 kg/fad 

was added before the first 

irrigation, while ammonium nitrate 

(33.5% N) at the rate of 70 kg 

N/fad was added in two equal 

doses at 45 and 60 days from 

sowing date, respectively. Two 

samples were taken; the first one 

was at 85 days after sowing to 

determine photosynthetic 

pigments, malondialdehyde, free 

proline, soluble protein and 

ribonucleic acids (RNA) in fresh 

materials. While, minerals content 

was determined in oven dry 

materials. The second sample was 

taken at harvesting (after 180 days 

from sowing) to determine the 

yield and yield components such 

as root length (cm.), root diameter 

(cm.), root weight (kg), top weight 

(Kg), root yield (ton/fad.), sugar 

yield (ton/fad.) and quality of 

sugar beet roots. 

Methods of Analysis   

Photosynthetic Pigments 

Chlorophyll a, chlorophyll b 

and carotenoids were determined 

according to A.O.A.C. (1990). 

Free Proline Content 

Free proline concentration was 

measured colorimetrically in the 

extraction of fresh materials 

according to Bates et al. (1973). 
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Table 1. Mechanical and chemical analysis of the experimental soil and 
chemical analysis of irrigation water at Ras Sudr, South Sinai  

a) Mechanical analysis of the experimental soil. 
                     Characters   Values 
 Total sand     (%) 85.17 
 Clay              (%) 8.11 
 Silt                (%) 6.72 
 Texture class  Sandy loam 
b) Chemical analysis of the experimental soil. 
                     Characters   Values 
 pH 7.81 
 E.C. (mmhos/cm) 7.12 
      Soluble cations (meq/L) 
 

Ca
++

 34.06 

 
Mg

++
 14.18 

 
Na

+
 60.33 

 
K

+
 1.02 

        Soluble anions (meq/L) 
 

CO
3

=
 

----- 

 
HCO

3

-
 

1.74 

 
Cl

-
 

57.88 

 
SO

4

=
 

49.97 

c) Chemical analysis of irrigation water. 
Characters Values 

 pH 7.1 
 E.C. (mmhos/cm) 7.00 
      Soluble cations (meq/L) 

 Ca
++

 12.51 

 Mg
++

 8.19 

 Na
+

 45.46 

 K
+

 0.201 
        Soluble anions (meq/L) 

 CO
3

=
 ------ 

 HCO
3

-
 2.02 

 Cl
-
 36.58 

 
SO

4

=
 

27.14 
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Soluble Protein Content 

Soluble protein content of sugar 
beet was determined according to 
Lowry et al. (1951). 

Malondialdehyde Content (MDA) 

Malondialdehyde content was 
determined as outlined by Zhao et 
al. (1994). 

Nucleic Acids Content 

 Ribonucleic acids (RNA) were 
extracted from fresh leaves and 
roots of sugar beet genotypes. 
RNA was separated and 
determined according to Cherry 
(1973). 

Minerals Content 

Sodium and potassium were 
measured by using the flame 
photometer model Perkin Elmer 
PEP7 according to Allen (1974) and 
Brown and Lilliand (1964). 
Phosphorus was determined 
according to Murphy and Riley 
(1962). 

Alpha Amino Nitrogen  

Alpha amino nitrogen was 
determined using hydrogenation 
method according to Carruthers et al. 
(1962). 

Soluble Sugars Content  

The concentration of reducing 

sugars was determined according to 

Bernfeld (1955) and Miller (1959). 

Sucrose Percentage 

Sucrose percentage was 

determined using saccarimeter 

according to the procedure 

outlined by Le-Docte (1927).    

Purity Percentage 

Purity percentage [Purity % = 

99.36 - 14.27 (Na + K +  amino 

N) / Sucrose %] was calculated 

according to Devillers (1988). 

Sugar Lost to Molasses 

Percentage (S.M. %.) 

Sugar lost to molasses was 

calculated using the following 

equation:  [S.M.% =0.14 (Na + K) 

+ 0.25 ( amino N) + 0.50] 

according to  Devillers (1988). 

Extractable Sugar Percentage 

Extractable sugar percentage 

(Sugar extraction % = Sucrose % - 

SM – 0.6) was calculated 

according to Dexter et al. (1967). 

Extractability Percentage 

Extractability percentage was 

calculated using the following 

equation:    (Extractability % = 

Sugar extraction / Sucrose %)) 

according to Dexter et al. (1967).     

Statistical Analysis 

Data were analyzed statistically 

according to the procedure 
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outlined by Snedecor and Cochran 

(1967). Combined analysis over 

growing seasons was done when 

the homogeneity test was 

insignificant according to Gomez 

and Gomez (1984). Duncan's 

multiple range test was used for 

the comparison between means 

(Duncan 1955).   

RESULTS AND 

DISCUSSION 

Yield and Yield Components  

From the data presented in 

Table 2 it's clear that the 

differences between sugar beet 

genotypes in root length (cm.) are 

not significant. However, Pleno 

and Gazela genotypes have a 

higher root diameter (cm.) and root 

weight (kg) than other sugar beet 

genotypes. While, the lowest value 

of root diameter and root weight 

was produced from Gloria and 

Negma, respectively. It is quite 

clear from data that Gazela and 

Demapoly exceeded the other 

genotypes in top weight (Kg), 

while Disprerez PolyN genotype 

recorded the minimum value under 

the same conditions. In addition, 

Pleno and Gazela were the best 

genotypes and recorded the 

maximum values for root yield 

(ton/fad.) which reached 30.61 and 

29.90 (ton/fad.), respectively. On 

the other hand, the lowest value of 

such parameter was achieved by 

Chems followed by Top genotype. 

Generally, the economic value of 

sugar beet genotypes is dependent 

on its sucrose content or sugar 

yield. In this respect, Oscar poly 

and Pleno genotypes recorded the 

highest mean values for sugar 

yield which reached 5.21 and 5.19 

(ton/fad.), respectively, followed 

by Gazela (5.04 ton/fad.) in a 

descending order. Meanwhile, 

Chems and Top genotypes showed 

an opposite trend. It could be 

concluded that the superiority of 

Pleno and Gazela in yield and 

yield components may be due to 

the increase in some biochemical 

constituents under saline stress 

such as photosynthetic pigments 

(Table 3). 

The effect of salinity on yield 

and yield components was noticed 

by many investigators such as 

Mekki and El-Gazzar (1999) they 

showed that moderate salt 

concentration (2500 ppm) gave the 

highest fresh root yield, root 

diameter and whole plant dry 

weight. However, Kandil et al. 

(2001) found that root yield, root 

length and diameter, top height, 

dry weights of top and root, as well 

as the total dry weight of whole 

sugar beet were significantly decreased  

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22El-Gazzar%2c+M+M%22.au.
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Table 2. Yield and yield components of some sugar beet genotypes 

as affected by saline conditions at Ras Sudr, South Sinai 

(at harvesting 180 days from sowing) 

Genotypes 

Root length 

(cm.) 

Root 

diameter 

(cm.) 

Root 

weight (kg) 
Top weight 

(Kg) 

Root yield 

(ton/fad.) 

*Sugar yield 

(ton/fad.) 

Gazela 31.15 a 16.00 ab 1.208 ab 0.336 a 29.90 ab 5.04  ab 

Pleno 27.73 a 16.35 a 1.296 a 0.324 ab 30.61 a 5.19  a 

Negma 27.60 a 12.67 gh 0.653 g 0.284 cd 22.45 de 4.12  de 

Farida 27.75 a 12.75 gh 0.738 fg 0.299 bc 22.99 de 4.09  de 

Chems 27.83 a 13.57 e-h 0.669 g 0.276 cd 18.73 f 3.33  f 

Top 28.50 a 15.18 a-d 0.796 e-g 0.259 de 19.66 f 3.59  f 

Oscar poly 28.92 a 14.10 d-g 0.986 cd 0.231 e 28.49 a-c 5.21  a 

H-Poly1 30.08 a 15.27 a-d 1.060 bc 0.233 e 28.76 a-c 4.71  bc 

Baraka 30.50 a 14.27 c-f 0.957 c-e 0.321 ab 21.93 de 4.05  de 

Karola 28.08 a 13.20 f-h 0.808 d-g 0.287 cd 22.52 de 4.13  de 

Disprerez 

PolyN 
28.08 a 14.75 b-e 0.908 c-f 0.201 f 24.15 d 4.29  cd 

Kawemera 29.58 a 14.48 c-f 0.974 c-e 0.241 e 27.40 c 4.81  ab 

Gloria 29.75 a 12.37 h 0.810 d-g 0.300 bc 20.80 ef 3.78  ef 

Demapoly 29.08 a 13.38 e-h 0.955 c-e 0.336 a 23.01 de 4.29  cd 

Toro 29.25 a 15.65 a-c 0.948 c-e 0.240 e 28.30 bc 4.60  bc 

Values followed by the same letter (s) are not significantly different at p< 0.05. 

*Theoretical sugar yield = root yield x sucrose%  
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Table 3. Concentration of photosynthetic pigments in leaves of 

some sugar beet genotypes as affected by saline 

conditions at Ras Sudr, South Sinai (at 85 days from 

sowing) 

 

Genotypes 

Photosynthetic pigments 

 (mg/100 g  fresh wt.) 

Chlorophyll  

(a) 

Chlorophyll 

 (b) 

Chlorophyll 
(a+b)  

Chlorophyll 
(a/b) 

Carotenoids (a+b) /car 
Total 

pigments 

Gazela 70.11 a  27.43  bc 97.54  ab 2.55  c-e 23.09 bc 4.22 ab 120.63  a 

Pleno 75.31 a  26.70  cd 102.01  a 2.82  bc 23.30  bc  4.37  a 125.31  a 

Negma 49.43  d-f 25.99 c-e 75.42  d-f 1.90  ij 24.91  a-c 3.02  e-g 100.33 cd  

Farida 51.93  c-e 18.08  g 70.01  e-h 2.87  b  24.83  a-c 2.81  f-h 94.84  d 

Chems 40.07  g 14.59 h  54.66  i 2.74   b-d 22.88  c 2.38  h 77.54  e 

Top 44.20  fg 21.38 f  65.58  gh 2.06  g-i 26.70  a 2.45  h 92.28  d 

Oscar poly 58.78 bc  36.18  a 94.96  a-c 1.62  j 24.69  a-c 3.84  b-d 119.65  a 

H-Poly1 59.61 b  36.09  a 95.70  a-c 1.65  j 24.54  a-c 3.89  a-d 120.24  a 

Baraka 50.45  d-f 22.56  f 73.01  d-g 2.23  f-h  23.36  bc 3.12 ef 96.37  d 

Karola 49.68  d-f 18.32  g 68.00  f-h 2.71  b-d  23.68  bc 2.87  f-h 91.68  d 

Disprerez 

PolyN 
59.63 b 29.82  b 89.45  c 1.99  hi  24.53  a-c 3.64  cd 113.98  a-c 

Kawemera 61.03  b 18.14  g 79.17  d 3.36  a  23.06  bc 3.43  de 102.23  b-d 

Gloria 45.79  e-g 18.36 g  64.15  h 2.49  d-f 24.87  a-c 2.57  gh 89.02  de 

Demapoly 53.93 b-d  23.32  ef 77.25 de  2.31  e-g 25.43  ab 3.03  e-g 102.68  b-d 

Toro 68.79  a 23.60  d-f 92.39  bc 2.91  b  23.22  bc 3.97  a-c 115.61  ab 

Values followed by the same letter (s) are not significantly different at p< 0.05. 
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by increasing the level of chloride 

salinization in irrigation water up 

to 6000 ppm. Also, Fotouhi et al. 

(2006) reported that salinity stress 

caused 77 and 36% decrease in 

root yield and white sugar yield, 

respectively. In addition, Orabi and 

Mekki (2008) indicated that 

increasing of salt concentration in 

irrigation water decreased the root 

length, diameter and fresh and dry 

weight of sugar beet. In another 

study, Ebrahimian et al. (2008) 

found that the most proper level 

for evaluating sugar beet 

genotypes in field conditions was 

12 ds/m. 

The reduction of sugar beet root 

yield under salinization is caused 

by inhibition of photosynthesis or 

nutrient deficiency or by mineral 

toxicity. In this regard, Brugnoli 

and Bjorkman (1992) reported that 

the lowering of conductance to 

CO2 diffusion caused by stomatal 

closure accounts for much of the 

reduction in photosynthesis under 

moderate salt stress. Also, Delfine 

et al. (1998) found that salt 

accumulation caused a drop of the 

Ca and Mg content in leaves which 

might have decreased membrane 

stability and chlorophyll content 

respectively. Moreover, they 

concluded that salinity reduced 

photosynthesis primarily by reducing 

the diffusion of CO2 to the 

chloroplast both by stomatal 

closure and changes in mesophyll 

structure, which decreased the 

conductance to CO2 diffusion 

within the leaf.  Also, Ghoulam et 

al. (2002) showed that high NaCl 

concentrations caused a great 

reduction in growth parameters. 

Chemical Composition  

Photosynthetic Pigments  

It was obviously clear from 

Table 3 that the studied sugar beet 

genotypes grown under Ras Sudr 

conditions greatly varied in their 

ability to grow and subsequently to 

assimilate and translocate 

biochemical components from 

source to sink. Data for 

photosynthetic pigments in leaves 

varied significantly in most tested 

cultivars. The greatest chlorophyll 

(a), chlorophyll (a+b) and 

chlorophyll (a+b)/carotenoids were 

produced from genotypes Pleno 

and Gazela, respectively. While, 

the lowest amounts were produced 

from genotype Chems. However, 

the genotypes Oscar poly and H-

Poly1 followed by Disprerez 

PolyN, Gazela and Pleno had 

higher concentration of 

chlorophyll (b) than other 

genotypes. The lowest value of 

such content was recorded in 

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Orabi%2c+S+A%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Mekki%2c+B+B%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Ghoulam%2c+C%22.au.
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leaves of Chems genotype. In 

addition, Kawemera significantly 

exceeded the other genotypes in 

Chlorophyll (a/b) under the same 

conditions. The greatest 

carotenoids with insignificantly 

was produced from genotypes Top, 

Demapoly, Negma, Gloira, Farida, 

Oscar poly, H-Poly1 and Disprerez 

PolyN in a descending order. Data 

listed in the same table showed 

that significant differences were 

recorded in total pigments in most 

tested genotypes. It was found in 

high amounts reached 125.31, 

120.63, 120.24, 119.65 and 115.61 

for Pleno, Gazela, H-Poly1, Oscar 

poly and Toro, respectively. 

While, the lowest value of such 

content was produced from Chems 

followed by genotype Gloria. In 

this regard, the differences of 

photosynthetic pigments between 

sugar beet genotypes (Beta 

vulgaris L.) under saline 

conditions were noticed by many 

authors.i.e. Khafaga and Sallam 

(1999), Kandil et al. (2001), Jamil 

et al. (2007) and Hajiboland et al. 

(2009).  

The reduction of photosynthetic 

pigments under salt stress 

conditions may be attributed to: 1) 

increased activity of chlorophyll 

degrading enzyme chlorophyllase 

(Rao and Rao 1981) 2) the 

destruction of chlorophyll a, which 

is more sensitive to salinity than 

chlorophyll b (Reddy and Vora 

1986) 3) ion accumulation in 

leaves which lead to adversely 

affects on chlorophyll concentration 

(Yeo and Flowers 1983) 4) decreased 

contents of chlorophyll and 

carotenoids, PS2 and Hill reaction 

activities and fluorescence 

emission in sensitive plants (Singh 

and Dubey 1995)  5) induced 

changes in thylakoid pigment-

protein complexes (Misra et al., 

1999)  6) disturbing effects on 

structure, number and size of 

chloroplast which negatively 

affected chlorophyll biosynthesis 

(Hammad and Abou El-Khir 2005) 

and 7) the inhibitory effect of 

chloride on the activity of Fe 

containing enzymes, cytochrome 

oxidase which in turn may 

decrease the rate chlorophyll (Atta 

2005).   

Malondialdehyde, Proline, 

Soluble Protein and Ribonucleic 

Acids (RNA) 

With regard to the different 

between sugar beet genotypes in 

malondialdehyde, proline, soluble 

protein and ribonucleic acids 

(RNA) under Ras Sudr conditions, 

Table 4 shows that Top and Chems 

genotypes recorded the highest 
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values of malondialdehyde content 

followed by Baraka and Gloria 

genotypes. While, the lowest 

values of such content were 

achieved by Oscar poly, Pleno, 

Gazela, Toro and H-Poly1 

genotypes in a ascending order. In 

this connection, Nagesh Babu and 

Devaraj (2008) showed that salt 

stress induced reactive oxygen 

species (ROS) cause membrane 

damage in plants. A raise in 

malondialdehyde content (MDA) 

used as reliable criterion for 

membrane damage under salt 

stress.  

Data in Table 4 showed that the 
highest values of proline were 
recorded in leaves of Pleno, Toro 
and Oscar poly. Such effect was 
obtained in roots of Pleno and 
Gazela .In this respect, Gzick 
(1996) and Kandil et al. (2001) 
concluded that higher proline level 
under salt stress is related to 
osmotic potential regulation in 
sugar beet. Also, Ranji et al. 
(1997) and Pakniyat and Armion 
(2007) showed that proline 
synthesis of tolerant sugar beet line 
was higher than the sensitive line 
under high concentration of saline 
stress. In this concern, Orabi and 
Mekki (2008) found that proline 
accumulation in leaves of sugar 
beet was gradually increased by 
increasing salinity level. 

The interpretation of proline 

accumulation in stressed plants 

under saline conditions is that : 1) 

it acts as cytoplasmic osmotic 

solute (Ford and Wilson 1981), 2) 

mitigate or prevent the loss of 

several enzymes activity 

(Greenway and Munns 1980), 3) 

helping the plant to regulate the 

osmotic potential of root cells 

(Begum and Karmoker 1999), 4) 

stabilizing sub-cellular structures 

(e.g.membrances and proteins), 

scavenging free radicals and 

buffering cellular redox potential 

(Ashraf and Foolad 2007).   

The obtained results in Table 4, 

also showed that soluble protein 

stimulative in leaves of Gazela and 

Oscar poly followed by Pleno and 

Toro than other sugar beet 

genotypes. While, Pleno genotype 

had the highest amount in roots 

followed by Oscar poly. Similar 

results were reported by Munns et 

al. (1979), Thakur and Rai (1982) 

and Khafaga and Sallam (1999) 

they observed that resistant 

varieties exposed to osmotic stress 

accumulated more protein than in 

susceptible ones. In the same 

manner, Ebrahim  (2005) showed 

that irrigating plants of sugar beet 

with saline water increased the leaf 

concentration of soluble proteins 

and total free amino acids (TAA), 

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Orabi%2c+S+A%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Mekki%2c+B+B%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Ebrahim%2c+M+K+H%22.au.
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including proline. Moreover, 

protein synthesis may play an 

important role for increasing the 

osmotic pressure of cytoplasm and 

consequently enhance salt 

tolerance of plant.  

Data for ribonucleic acids 

(RNA) in leaves varied 

significantly in most tested 

genotypes. The genotypes Gazela 

and Pleno followed by Oscar poly 

and H-Poly1 had higher 

concentration of RNA than other 

genotypes. In this concern, H-

Poly1, Pleno and Gazela were the 

best genotypes for accumulated the 

highest values of RNA in roots. On 

the other hand, the lowest value of 

such content was produced from 

Negma and Gloria in leaves and 

roots, respectively. In this regard, 

Khafaga and Sallam (1999) found 

that RNA content in leaves and 

roots of sugar beet varieties were 

(0.62-0.69 mg/g) and (0.25-0.33 

mg/g), respectively. The 

interpretation of increase ribonucleic 

acids (RNA) content for tested 

sugar beet genotypes may be 

attributed to inhibit the activity of 

RNase. 

The results in Table 4 showed 

that the ratios between some 

biochemical constituents in leaves 

to the same content in roots ranged 

from 0.92 to 2.54 for proline, 1.53 

to 3.33 for soluble protein and 2.24 

to 3.49 for RNA. The later values 

simply means that the soluble 

protein in leaves is more than 1.53 

folds that of the soluble protein in 

roots. Also, RNA content in leaves 

is more than 2.24 folds that of the 

RNA in roots. 

Minerals and Reducing Sugars 

The influence of salinity in 

irrigation water on minerals and 

reducing sugars in leaves and roots 

of sugar beet genotypes after 85 

days from sowing under Ras Sudr 

conditions is present in Table 5. 

Data showed that H-Poly1 and 

Oscar poly exceeded the other 

genotypes in phosphorus of leaves 

plants, while Negma and Karola 

genotypes recorded the minimum 

values under the same conditions. 

In this respect, phosphorus content 

was accumulated in high amount 

in roots of Pleno genotype. In 

addition, Top and Farida were the 

highest genotypes where 

accumulated the highest values of 

sodium in leaves. Such effect was 

obtained in roots of Kawemera and 

Disprerez PolyN. On the other 

hand, the lowest value of such 

content was produced from leaves 

of Baraka genotype and roots of 

Pleno genotye. Regarding 

potassium content, Pleno genotype 

had a higher content in leaves than  
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Table 4. Concentration of malondialdehyde, proline, soluble protein and ribonucleic acids (RNA) in 

leaves and roots of some sugar beet genotypes as affected by saline conditions at Ras Sudr, 

South Sinai (at 85 days from sowing) 

 

Genotypes 

MDA  

nmole/g fresh wt. 

Free proline Soluble Protein RNA 

 mole/g  fresh wt. 
PL/PR 

mg/g  fresh wt. 
SPL/SPR 

g/g  fresh wt. 
RL/RR 

Leaves Leaves Roots Leaves Roots Leaves Roots 

Gazela 33.51  f 2.29  b 1.28  a 1.78 cd 6.01 a 2.18 cd 2.75 b 314 a 94 ab 3.34 b-d 
Pleno 31.76  f 2.52  a 1.29  a 1.95 bc 5.84 ab 2.56 a 2.28 cd 313 a 96 a 3.26 b-e 

Negma 52.24  cd 1.15  h 0.86  f 1.33 ef 2.77 h 1.28 h 2.16 cd 184 f 79 d-f 2.32 gh 
Farida 42.94  e 1.54  ef 1.08b-d 1.42 ef 5.19 b-e 2.37a-c 2.18 cd 249 cd 83 b-e 3.00 d-f 
Chems 67.54  a 1.65  de 0.84  f 1.96 bc 3.52 fg 1.70 fg 2.07 d 215 d-f 71 f-h 3.02 d-f 

Top 70.12  a 1.43  fg 0.60  g 2.38 a 4.52 e 1.85 fg 2.44 c 202 ef 64 gh 3.15 c-e 
Oscar poly 29.21  f 2.36  ab 1.15a-d 2.05 b 5.97 a 2.44 ab 2.44 c 304 a 87 a-d 3.49 a 
H-Poly1 35.24  f 2.05  c 1.03c-e 1.99 bc 5.05 c-e 2.29b-d 2.20 cd 288 ab 98 a 2.93 ef 
Baraka 60.75  b 1.63  d-f 0.68  g 2.39 a 2.97 gh 1.29 h 2.30 cd 195 ef 87 a-d 2.24 h 
Karola 56.16  bc 1.30  gh 1.02  de 1.27 f 5.37 a-d 1.61 g 3.33 a 268 bc 75 ef 3.57 b 

Disprerez PolyN 50.67  cd 1.82  d 0.92  ef 1.97 bc 4.89 de 1.76 fg 2.77 b 245 cd 91 a-c 2.69 fg 
Kawemera 47.82  de 2.06  c 0.81  f 2.54 a 4.64 e 1.90 f 2.44 c 221 de 88 a-d 2.51 gh 

Gloria 58.54  b 1.11  h 1.20  ab 0.92 g 3.26 f-h 2.13 de 1.53 e 219 d-f 63 h 3.47 bc 
Demapoly 44.23  e 1.73  de 1.10b-d 1.57 de 3.87 f 1.63 g 2.37 cd 199 ef 74 e-g 2.68 fg 

Toro 34.13  f 2.43  ab 1.17a-c 2.07 b 5.59 a-c 1.94 ef 2.88 b 251 cd 80 c-f 3.13 c-e 

RNA= Ribonucleic acids ,    MDA= Malondialdehyde , FAA=Total free amino acids 

PL/PR=Ratio of proline in leaves to proline in roots, SPL/SPR= Ratio of soluble protein in leaves to soluble protein in roots,  

RL/RR= Ratio of RNA in leaves to RNA in roots  

Values followed by the same letter (s) are not significantly different at p< 0.05. 
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Table 5. Concentration of minerals and reducing sugars in leaves and roots of some sugar beet 

genotypes as affected by saline conditions at Ras Sudr, South Sinai (at 85 days from 

sowing) 

 

Genotypes 

Minerals content 
Reducing sugars (RS) 

mg/ g dry wt. 
Phosphorus (P) 

mg/g dry wt.  

Sodium (Na) 

mg/g dry wt. 

Potassium (K) 

mg/g dry wt. 

Leaves Roots Leaves Roots Leaves Roots Leaves Roots 

Gazela 2.12 ab 1.68 ab 14.92  e 5.19  h-j 27.83  a-c 9.11  bc 16.64  ab 22.10  b 

Pleno 2.09 ab 1.77 a 18.20  b-d 4.90  j 30.01  a 10.46  a 16.76  ab 24.22  a 

Negma 1.44 f 1.54 c 18.64  b-d 6.51  a-c 23.83  d-f 7.86  d-f 15.24  cd 21.75  bc 

Farida 2.12 ab 1.30 d-f 20.88  a 6.27  b-e 21.62  fg 7.77  ef 13.99  c-e 18.82  de 

Chems 1.84 cd 1.23 e-g 19.32  a-c 5.88  d-g 26.33  b-d 8.12  c-f 14.47  cd 20.88  bc 

Top 1.93 bc 1.28 d-f 21.08  a 6.05  c-g 23.11  e-g 8.62  b-e 12.84  e 17.24  e 

Oscar poly 2.17 a 1.40 d 17.87  cd 5.75  e-h 28.76  ab 9.04  bc 17.01  a 22.17  b 

H-Poly1 2.17 a 1.39 d 17.37  d 5.11  ij 28.47  ab 11.02  a 15.43  bc 22.08  b 

Baraka 2.03 a-c 1.21 fg 14.88  e 6.37  b-d 25.43  c-e 8.65  b-e 13.88  de 19.89  cd 

Karola 1.49 f 1.57 bc 20.09  ab 6.11  c-f 20.70  g 7.96  d-f 15.11  cd 21.62  bc 

Disprerez PolyN 1.71 de 1.62 bc 20.19  ab 6.80  ab 25.36  c-e 6.51  g 13.94  c-e 18.74  de 

Kawemera 2.00 a-c 1.39 d 19.43  a-c 7.07  a 27.05  bc 7.56  f 14.41  cd 20.67  bc 

Gloria 2.05 a-c 1.12 g 18.30  b-d 6.75  ab 26.14  b-d 6.40  g 14.98  cd 21.34  bc 

Demapoly 1.54 ef 1.35 de 19.75  a-c 5.43  g-j 21.49  fg 9.21  b 12.88  e 17.35  e 

Toro 2.16 a 1.41 d 19.69  a-c 5.54  f-i 27.13  bc 8.86  b-d 14.85  cd 21.12  bc 

Values followed by the same letter (s) are not significantly different at p< 0.05. 
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other sugar beet genotypes tested. 
The maximum value of such 
content in roots was achieved by 
H-Poly1 and Pleno. While, the 
minimum value of potassium 
content in leaves and roots were 
noticed by Karola and Gloria, 
respectively. 

In general, two types of 
mechanism of salt tolerance have 
been identified in higher plants 
(Flowers et al., 1977, Greenway 
and Munns 1980 and Ashraf et al., 
2001). In the first mechanism, the 
growth medium salinity causes 
specific ion effects on plants, and 
plants in turn respond by excluding 
toxic ions such as Na+ and Cl- 
from leaves by different ways. In 
the second mechanism, ions 
absorbed by cells are accumulated 
in the vacuoles. However, patterns 
of ion accumulation have been 
successfully used in discriminating 
between salt tolerant and salt 
sensitive species or cultivars.  

On the other hand, Pakniyat and 
Armion (2007) found that the 
tolerant genotypes accumulated 
more Na

+
 and Na

+
/K

+
 and less K

+
 

as compared to non-tolerant 
genotypes. However, Khafagi and 
El-Lawendy  (1996) reported that 
salinity increased concentrations of 
ash, chloride, sodium and phosphate, 
and decreased nitrogen, potassium 
and calcium. 

It is obvious from the data in 

Table 5 that, Oscar poly sugar beet 

genotype surpassed other 

genotypes in reducing sugar in 

leaves. However, Pleno and Gazela 

recorded the second order. Also, 

Pleno recorded the highest value in 

roots.  In contrast, the lowest 

values of reducing sugars in leaves 

and roots were obtained by Top 

and Demapoly as compared with 

the other sugar beet genotypes. In 

this respect, Naguib et al. (1999) 

found that sugar beet grown in 

saline soil showed an increase in 

reducing and non-reducing sugar 

contents in the roots. Also, 

Ebrahim  (2005) showed that 

irrigating plants of sugar beet with 

saline water increased the leaf 

content of soluble sugars.  

Impurities (Na, K and Alpha 
Amino Nitrogen)    

The differences between sugar 

beet genotypes in content of 

impurities, such as potassium, 

sodium and alpha amino nitrogen 

(at harvesting, 180 days from 

sowing) under conditions of Ras 

Sudr region is present in Table 6. 

Generally, the concentration of 

impurities present in beet roots 

influences the quality of the beet 

root. The high concentrations of 

impurities lead to decrease in 

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Pakniyat%2c+H%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Armion%2c+M%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22El-Lawendy%2c+W+I%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Ebrahim%2c+M+K+H%22.au.
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quality of beet and the process of 

sugar extraction. In this regard, 

Last et al. (1983) found that the 

concentrations of K and Na present 

as impurities in extracted root sap 

have been shown to be inversely 

related to the amount of 

extractable sugar. 

Comparison between sugar beet 

genotypes data in Table 6 showed 

that sodium as impurities ranged 

from 1.773 for Disprerez PolyN 

genotype to 1.940 for Pleno 

genotype. However, the genotypes 

Top and Farida followed by 

Chems and Gloria had higher 

concentration of potassium as 

impurities than other genotypes. 

The lowest value of such content 

was recorded in roots of Toro 

genotype. Also, data revealed that 

significant differences were 

recorded in alpha amino nitrogen 

(%) in most tested genotypes. It 

was found in high amounts 

reached 2.751 for Farida. While, 

the lowest value of such content 

was noticed from Gazela genotype. 

In addition, Orabi and Mekki 

(2008) showed that Na and K 

contents in sugar beet juice were 

less affected by irrigation with 

saline water; however it was 

gradually decreased with high salt 

concentration. 

Sucrose%, Sugar Lost to 

Molasses, Purity%, Sugar 

Extraction%, Extractability% 

and Recoverable Sugar Yield 

Data in Table 7 point out the 

effect of salinity on sucrose, sugar 

lost to molasses, purity, sugar 

extraction, extractability and 

recoverable sugar yield in roots of 

sugar beet genotypes after 180 

days from sowing. The genotypes 

Demapoly followed by Baraka, 

Karola, Negma and Oscar poly had 

higher concentration of sucrose% 

than other genotypes. However, 

the highest values of sugar lost to 

molasses were achieved by Farida, 

Chems, Karola and Top genotypes. 

While, Oscar poly and Disprerez 

PolyN genotypes recorded the 

highest values of purity as 

compared with the other 

genotypes. Data in the same table 

showed different between sugar 

beet genotypes in sugar 

extraction%, extractability%. In 

this respect, Demapoly recorded 

the highest value of such 

characters as compared with the 

other genotypes. Meanwhile, 

Oscar poly genotype was the best 

one in recoverable sugar yield 

followed by Pleno. 

In this connection, the observed 

data in Table 7 were in harmony and

http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Orabi%2c+S+A%22.au.
http://ovidsp.tx.ovid.com/sp-2.3.1b/ovidweb.cgi?&S=FBPFFPMHIEDDJBCGNCELNDDCGMPCAA00&Search+Link=%22Mekki%2c+B+B%22.au.
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Table 6. Impurities (Na, K and alpha amino nitrogen) in roots of 

some sugar beet genotypes as affected by saline conditions at 

Ras Sudr, South Sinai (at harvesting 180 days from sowing) 

Genotypes 
Sodium 

(meq/100 beet) 

Potassium 

(meq/100 beet) 

Alpha amino 

nitrogen 

 (meq/100 beet) 

Gazela 1.826  b-d 3.955  cd 2.258  d 

Pleno 1.940  a 3.706  de 2.581  bc 

Negma 1.835  a-d 4.405  ab 2.711  ab 

Farida 1.821  b-d 4.558  a 2.751  a 

Chems 1.896  a-c 4.515  a 2.721  ab 

Top 1.895  a-c 4.596  a 2.631  a-c 

Oscar poly 1.873  a-d 3.503  e 2.536  c 

H-Poly1 1.805  cd 3.815  c-e 2.38  d 

Baraka 1.925  ab 4.486  a 2.378  d 

Karola 1.866  a-d 4.418  ab 2.718  ab 

Disprerez PolyN 1.773  d 3.755  c-e 2.273  d 

Kawemera 1.821  b-d 3.768  c-e 2.531  c 

Gloria 1.806  cd 4.511  a 2.575  bc 

Demapoly 1.916  ab 4.103  bc 2.351  d 

Toro 1.845  a-d 3.451  e 2.716  ab 

Values followed by the same letter (s) are not significantly different at p< 0.05. 
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Table 7. Sucrose %, sugar lost to molasses, purity %, sugar 

extraction (%), extractability (%) and recoverable sugar 

yield of some sugar beet genotypes as affected by saline 

conditions at Ras Sudr, South Sinai (at harvesting 180 days 

from sowing)  

Genotypes 
Sucrose 

 (%) 

Sugar lost to 

molasses 

(S.M.%) 

Purity  

(%) 

Sugar 

extraction 

 (%) 

Extractability 

(%) 

*Recoverable 

sugar yield  

Gazela 16.87 cd 1.87 ef 92.58 a-d 14.40 bc 85.32 a-c 4.30 ab 

Pleno 16.98 cd 1.93 a-f 92.45 a-d 14.45 bc 85.05 bc 4.42  a 

Negma 18.38 ab 2.04 a-c 92.42 b-d 15.73 a 85.55 a-c 3.53 ef 

Farida 17.80 a-c 2.08 a 92.07 d 15.12 ab 84.93 bc 3.47 ef 

Chems 17.80 a-c 2.07 a 92.05 d 15.12 ab 84.93 bc 2.83 h 

Top 18.28 ab 2.06 ab 92.23 cd 15.62 a 85.42 a-c 3.07 gh 

Oscar poly 18.32 ab 1.88 d-f 93.20 a 15.83 a 86.40 a 4.51 a 

H-Poly1 16.38 d 1.88 d-f 92.38 b-d 13.90 c 84.87 bc 3.99 b-d 

Baraka 18.50 ab 1.99 a-e 92.58 a-d 15.90 a 85.98 ab 3.49 ef 

Karola 18.38 ab 2.06 a-c 92.37 b-d 15.72 a 85.50 a-c 3.54 ef 

Disprerez 

PolyN 
17.77 a-c 1.84 f 93.10 ab 15.33 ab 86.27 a 3.69 de 

Kawemera 17.56 bc 1.91 c-f 92.75 a-d 15.05 ab 85.67 a-c 4.12 a-c 

Gloria 18.21 ab 2.02 a-d 92.40 b-d 15.59 a 85.57 a-c 3.23 fg 

Demapoly 18.65 a 1.93 b-f 92.93 a-c 16.12 a 86.45 a 3.70 de 

Toro 16.27 d 1.92 b-f 92.30 cd 13.76 c 84.48 c 3.89 c-e 

Values followed by the same letter (s) are not significantly different at p< 0.05. 

*Recoverable sugar yield = root yield x sugar extraction % 
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/or agreement with those reported 

by Mekki and El-Gazzar (1999), 

Shehata (1999), Shehata et al. 

(2000) and Kandil et al. (2001). 

However, Orabi and Mekki (2008) 

showed that sucrose % was less 

affected up to low salinity, 

whereas it was slightly increased 

with high salinity level. While the 

purity % was only increased with 

well irrigated plants. 

According to the previous 

observed data, it could be 

recommended the use of salt 

tolerance genotypes such as Pleno, 

Gazela and Oscar poly, that 

associated with yield quality and 

biochemical constituents. 
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انخغيراث انبيٕكيًيبئيت نبعط انخراكيب انٕراثيت نبُجر انسكر ٔعلاقخٓب 

 ببنًحصٕل ٔيكَٕبحت ححج ظرٔف رأس سدر

محمد حبيد ُْدأٖ
1

عطيت انسيد دأحً - 
2

 

 –انًطريزت  -يركز  بحزٕد انصزحراء -قسى الاصٕل انٕراثيت -ٔحدة انكيًيبء انحيٕيت -1

 .يصر – انقبْرة

 .يصر -انجي ة -يرك  انبحٕد ان راعيت -يعٓد انًحبصيم انسكريت -2

 Pleno, Gazela, H-Poly1, Oscarصززُم يززٍ بُجززر انسززكر   11حززى اراعززت 

poly, Toro Kawemera, Disprerez PolyN, Demapoly, Farida, Karola, 

Negma, Baraka, Gloria, Top and Chems, ٍفزززٗ يٕسزززًيٍ يخخزززبنيي  )

أس سزدر ٔلنزب بٓزدف سراسزت انخغيزراث ( فٗ يحطت بحزٕد ر2002/2002- 2002/2002 

أٔظزحج  .ّنسزكر ٔعلاقخٓزب ببنًحصزٕل ٔيكَٕبحزانبيٕكيًيبئيت نبعط انخراكيب انٕراثيت نبُجزر ا

انُخززبئأ أٌ يع ززى انخراكيززب انٕراثيززت انُبييززت ححززج ظززرٔف انًهٕحززت ح خهززم بدر ززت كبيززرة فززٗ 

انبيٕكيًيبئيززت. فقززد ح ززٕ  قززدرحٓب عهززٗ انًُززٕ ٔببنخززبنٗ قززدرة ححًهٓززب ٔانخًكيززم َٔقززم انًكَٕززبث 

 صُبف فٗ قطر ٔٔاٌ ٔيحصٕل انجؤر. سجم صُم الأعهٗ ببقٗ  Pleno  ،Gazelaصُم 

Oscar poly ،Pleno   ،Gazela  أعهزٗ انقزيى نًحصزٕل انسزكر عهزٗ انخزٕانٗ ٔقزد كزبٌ ْزوا

صزبغبث انخًكيزم بعزط انًكَٕزبث انبيٕكيًيبئيزت يكزم  يرحبطب يع احخٕائٓب عهٗ َسزبت عبنيزت يزٍ

بعزط انًكَٕزبث  الأحًبض انُٕٔيزت َٔقزف فزٗ يحخزٕٖٔ ٔانبرٔنيٍ ٔانبرٔحيٍ انوائب انعٕئٗ

 ُسزبتانأٌ عدو انُقزبٔة ٔ ٔ دخرٖ. بنخراكيب انٕراثيت الأبيقبرَت   malondialdehyde يكم

يزت سخ لاص فٗ انجزؤر قزد حزتثرث ببنخراكيزب انٕراثانًئٕيت نلأُسبت انسكرٔا ٔكونب نه انًئٕيت

 Pleno  ،Gazela لأصزُبف ح ٓر ْوِ اندراست أٌ انخراكيب انٕراثيت نبُجر انسزكر ٔانًهٕحت.

 ،Oscar poly  كبَزج الأعهزٗ فزٗ اَخب يخٓزب ٔيقبٔيخٓزب نهًهٕحزت  ٔحٕصزٗ بهسزخ دايٓب ححزج

اندلائم انبيٕكيًيبئيت ٔانخٗ يًكٍ الاسخ بسة يُٓزب  أًْيت كًب أظٓرث اندراستان رٔف انًهحيت(، 

  .فع الأصُبف انحسبست عهٗ يقبٔيت انًهٕحت  ح عيم سٔر انًقبٔيت انًسخحكت(فٗ س


