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ABSTRACT

Biochemical changes for fifteen sugar beet genotypes (Pleno,
Gazela, H-Polyl, 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 I
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). lon
toxicity is the result of replacement
of K by Na in biochemical
reactions, and Na and CI 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). lon 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-Polyl, 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% P,0s) at the rate of 100
kg/fad was applied during tillage
operations.  Potassium  sulphate

(48% K 0O) 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 vyield (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 solil.

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 (meg/L)
ca t 34.06
Mg 14.18
Na© 60.33
K+ 1.02
Soluble anions (meq/L)
CO3
- 1.74
HCO3
- 57.88
Cl
= 49.97
SO 4
c¢) Chemical analysis of irrigation water.
Characters Values
pH 7.1
E.C. (mmhos/cm) 7.00
Soluble cations (meg/L)
++
Ca 12.51
++
Mg 8.19
+
Na 45.46
+
K 0.201
Soluble anions (meq/L)
Coy e
HCO, 2.02
cl 36.58
= 27.14
SO




693

Zagazig J. Agric. Res., Vol. 37 No. (3) 2010

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 + o amino
N) / Sucrose %] was calculated
according to Devillers (1988).

Sugar Lost to
Percentage (S.M. %.)

Sugar lost to molasses was
calculated using the following
equation: [S.M.% =0.14 (Na + K)
+ 0.25 (o amino N) + 0.50]
according to Devillers (1988).

Molasses

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 vyield 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 vyield, 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
sugarbeetweresignificantly 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)

Root length  Root Root
Genotypes  (cm.)  diameter weight (kg)
(cm.)

Gazela 31.15a 16.00ab 1.208ab 0.336a 29.90ab 5.04 ab
Pleno 27.73a 1635a 129%a 0324ab 306la 519 a
Negma 2760a 1267gh 0.653g 0.284cd 2245de 4.12 de
Farida 27.75a 1275gh 0.738fg 0299bc 2299de 4.09 de
Chems 2783a 1357e-h 0669g 0276cd 18.73f 333 f
Top 2850a 15.18a-d 0.796e-g 0.259de 19.66f 359 f
Oscar poly 2892a 1410d-g 0.986cd 0.23le 2849ac 521 a
H-Polyl  30.08a 1527a-d 1.060bc 0.233e 28.76a-c 4.71 bc
Baraka  3050a 14.27cf 0.957c-e 0321ab 21.93de 4.05 de
Karola 2808a 1320f-h 0.808d-g 0.287cd 2252de 4.13 de

Disprerez
PolyN

Kawemera 29.58a 14.48cf 0974c-e 024l1e 2740c 481 ab
Gloria 29.75a 1237h 0.810d-g 0.300bc 20.80ef  3.78 ef
Demapoly 29.08a 13.38e-h 0.955c-e 0.336a 230l1de 4.29 cd
Toro 29.25a 15.65a-c 0948ce 0.240e 2830bc 4.60 bc

. Root yield*Sugar yield
TopWeight' o éadl)
(Ka) (ton/fad.)

2808a 14.75b-e 0908cf 0201f 2415d 429 cd

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 chiorophyll Chlorophyll Chioraphyll Chiorophyll

Photosynthetic pigments
(mg/100 g fresh wt.)

Total

Carotenoids (a+b) /car pigments

@) (b) (atb) (a/b)

Gazela
Pleno
Negma
Farida
Chems
Top
Oscar poly
H-Polyl
Baraka
Karola

Disprerez
PolyN

Kawemera
Gloria
Demapoly

Toro

701la 2743 bc  9754ab 255 ce  2309bc  422ab 12063 a
753la 2670 cd 10201 a 282 bc 2330 bc 437a 12531 a
4943 d-f 2599ce 7542 df 190§ 2491 ac 302 eg 10033cd
5193 ce 1808 g 700l eh 287b 2483 ac 28l fh 9484 d
4007 g 1459h 54661 274 bd 2288c 238h 7754e
4420 fg  21.38f 6558 gh 206 gi 2670a 245h 9228 d
5878bc  3618a 9496 ac 162 2469 ac 384 b-d 11965 a
5061b  3609a 9570 ac  165] 2454 ac 389 ad 12024 a
5045 d-f 2256 f 7301dg 223 fh 2336 bc  3.12ef 9637 d

49.68 d-f 1832 g 68.00 f-h 271 bd 2368 bc 287 f-h 9168 d

59.63 b 2982 b 8945 ¢ 1.99 hi 2453 a-c 364 cd 11398 a-c
61.03 b 1814 ¢ 7917 d 336 a 2306 bc 343 de 102.23 b-d
45.79 e-g 18369 64.15 h 249 o-f 2487 ac 257 gh 89.02 de
53.93b-d 23.32 ef 77.25de 231 eg 2543 ab  3.03 e-g 102.68 b-d

68.79 a 2360 df 9239 bc 291 b 2322 bc 397 ac 11561 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
CO, 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 CO, to the
chloroplast both by stomatal
closure and changes in mesophyll
structure, which decreased the
conductance to CO, 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
(@), chlorophyll (at+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-
Polyl 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-Polyl 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-Polyl, 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 EI-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-Polyl
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-Polyl had higher
concentration of RNA than other
genotypes. In this concern, H-
Polyl, 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-Polyl 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)

MDA Free proline Soluble Protein RNA
nmole/g freshwt. 1 mole/g fresh wt. mg/g fresh wt. pg/g fresh wt.

Genotypes Leaves Leaves Roots PLIPR Leaves Roots SPL/SPR Leaves Roots RL/RR
Gazela 3351 f 229 b 128a 178cd 6.0la 218cd 2.75b 314 a 94 ab 3.34b-d
Pleno 3176 f 252 a 129 a 19bc 584ab 256a 228cd 313a 9% a 3.26 b-e
Negma 52.24 cd 115 h 086 f 1.33ef 277h 128h 216cd 184 f 79 d-f 2.32gh
Farida 4294 e 154 ef 1.08b-d 142ef 519b-e 237a-c 218cd 249 cd 83 b-e 3.00 d-f
Chems 67.54 a 165de 084 f 19bc 352fg 1.70fg 2.07d 215 d-f 71f-h 3.02 d-f
Top 70.12 a 143 fg 060g 238a 452e 1.85fg 244 c 202 ef 64 gh 3.15c-e
Oscar poly 29.21 f 236 ab 115a-d 205b 597a 244ab 244c 304a 87 a-d 349a
H-Polyl 35.24 f 205¢c 103ce 199bc 505ce 229-d 220cd 288 ab 98a 293 ef
Baraka 60.75 b 163 df 068g 239a 297gh 129h 230cd 195 ef 87 a-d 224h
Karola 56.16 bc 130 gh 102 de 127f 537ad 16lg 3.33a 268 bc 75 ef 357b
Disprerez PolyN 50.67 cd 182d 092ef 197bc 4.89de 176fg 277b 245cd 9la-c 2.69 fg
Kawemera 47.82 de 206 ¢ 081 f 254a 464e 190f 244 ¢ 221 de 88 a-d 251 gh
Gloria 5854 b 111 h 120a 092g 326fh 213de 153e 219 d-f 63 h 3.47bc
Demapoly 4423 e 173 de 1.10b-d 157de 3.87f 163g 237cd 199 ef T4eg 2.68 fg
Toro 3413 f 243 ab 117ac 207b 559ac 194ef 2.88b 251 cd 80 c-f 3.13c-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)
Minerals content .

Phosphorus (P) Sodium (Na) Potassium (K) Redlrﬁg;% zur%/a\;,st(RS)

Genotypes mg/g dry wt. mg/g dry wt. mg/g dry wt. '
Leaves Roots Leaves Roots Leaves Roots Leaves Roots
Gazela 2124ab 1.68ab 1492 e 5.19 h-j 27.83 a-c 9.11 bc 16.64 ab 2210 b
Pleno 2.09ab 177a 18.20 b-d 4.90 j 3001 a 10.46 a 16.76 ab 24.22 a
Negma 144f 154c 18.64 b-d 6.51 a-c 23.83 d-f 7.86 d-f 15.24 cd 21.75 bc
Farida 212ab 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 1.23eg 19.32 a-c 5.88 d-g 26.33 b-d 8.12 c-f 1447 cd 20.88 bc
Top 1.93bc 1.28d-f 21.08 a 6.05 c-g 23.11 eg 8.62 b-e 1284 e 1724 e
Oscar poly 217a 1.40d 17.87 cd 5.75 e-h 28.76 ab 9.04 bc 1701 a 2217 b
H-Polyl 217a 1.39d 1737 d 511 jj 2847 ab 1102 a 15.43 bc 2208 b
Baraka 2.03ac 121fg 14.88 e 6.37 b-d 2543 c-e 8.65 b-e 13.88 de 19.89 cd
Karola 149f 157 bc 20.09 ab 6.11 cf 20.70 g 7.96 d-f 15.11 cd 21.62 bc

Disprerez PolyN  1.71de 1.62 bc 20.19 ab 6.80 ab 25.36 c-e 6.51 g 13.94 c-e 18.74 de
Kawemera 2.00a-c 1.39d 19.43 a-c 7.07 a 27.05 bc 7.56 f 1441 cd 20.67 bc

Gloria 2.05a-c 112g 18.30 b-d 6.75 ab 26.14 bd 6.40 g 14.98 cd 21.34 bc
Demapoly 154 ef 1.35de 19.75 a-c 5.43 g 21.49 fg 921 b 1288 e 1735 e
Toro 2.164a 141d 19.69 a-c 554 f-i 27.13 bc 8.86 b-d 1485 cd 21.12 hc

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-Polyl 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 Nat and CI°
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%o
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)

. : Alpha amino
Genotypes (mez(;f(;grtr)]eet) (ngﬁ?)%ub?et) nitrogen

(meqg/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 4558 a 2.751 a
Chems 1.896 a-c 4515 a 2.721 ab
Top 1.895 a-c 4596 a 2.631 a-c
Oscar poly 1.873 a-d 3.503 e 2.536 ¢
H-Polyl 1.805 cd 3.815 c-e 238 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 2273 d
Kawemera 1.821 b-d 3.768 c-e 2531 ¢
Gloria 1.806 cd 4511 a 2.575 bc
Demapoly 1.916 ab 4.103 bc 2.351 d
Toro 1.845 a-d 3451 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 Surgilralsosse}sto Purity exfrufcatl:on ExtragtabiIity*RecoverabIe
(%) (sm%) (%) (%) (%) sugar yield

Gazela 16.87cd 1.87ef 9258a-d 1440bc 85.32a-c 4.30 ab
Pleno 16.98cd 193af 9245a-d 14.45bc 85.05 bc 442 a
Negma 18.38ab 2.04a-c 9242b-d 15.73a 85.55 a-c 3.53 ef
Farida 17.80a-c 2.08a 92.07d 15.12ab 84.93 bc 3.47 ef
Chems 17.80a-c 2.07a 92.05d 15.12ab 84.93 bc 2.83h
Top 18.28ab 2.06ab 92.23cd 15.62a 85.42 a-c 3.07 gh
Oscar poly 18.32ab 1.88d-f 93.20a 15.83a 86.40 a 451a
H-Polyl 16.38d 1.88d-f 92.38b-d 13.90c 84.87 bc 3.99 b-d
Baraka 1850ab 1.99a-e 9258a-d 15.90a 85.98 ab 3.49 ef
Karola 18.38ab 2.06a-c 92.37b-d 15.72a  85.50a-Cc 3.54 ef
Disglr;,ffz 17.77ac  184f 9310ab 1533ab  86.27a 3.69 de

Kawemera 17.56 bc  191cf 92.75a-d 15.05ab  85.67a-c 412 a-c
Gloria 18.21ab 2.02a-d 92.40b-d 1559a 85.57 a-c 3.23fg
Demapoly 18.65a 1.93b-f 9293a-c 16.12a 86.45 a 3.70 de
Toro 16.27d 192b-f 9230cd 13.76cC 84.48 ¢ 3.89c-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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lor 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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