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ABSTRACT: Two field experiments were conducted during 2010/11 and 2011/12 seasons in
Sahl El-Tina Port Said Governorate. The major goal was to study the response of fifteen
multigerm sugar beet varieties namely;, Oscar poly Kawemera, Top, Lola, Mont Bianco, Gloria;
Desprez poly N, Dema poly; Farida, Afoth poly, Pleno; Ras poly, Nejma, H poly and Carola to
four nitrogen fertilizer rates. A split plot design with four replications was used. Main plots were
devoted to nitrogen fertilization rates of 80, 100, 120 and 140 kg N/fad and the sub-plots for
sugar beet varieties. Combined analysis over two seasons was carried out.

The obftained results revealed that nitrogen rate of 120 kg NAfad maximized yield productivity,
i.e. average root weight, root and sugar yields/faddan. However, juice impurities and sugar loss
to molasses were increased as nitrogen rate was increased to 140 kg/fad. On the contrary, a
gradual reduction in sucrose% and extracted sugar% (sugar recovery) has been detected with
the increase in nitrogen rate over 80 kg N/fad.

Significant variations in yield productivity and root quality among the tested varieties were
observed. Kawemira and Gloria varieties gave the highest sugar yield (4.67 and 4.61 tons/fad,
respectively), followed by Nejma variety (4.53 tonsffad.). The varieties next in order were
Desprez poly N (4.43 tons/ffad.) and Dema poly (4.41 tons/fad.). On the other hand, Lola
exhibited the lowest sugar yield (3.52 tons/fad).

Under the conditions of this work, inferaction data befween both variables cleared that a
nitrogen rate of 120 kg N/fad is quite sufficient to cover the nitrogen needed by most of the
tested sugar beet varieties which maximized sugar yield per unit area through high root yield
and befter quality traits. Significant varietal response to added N was detected where some
varieties were more efficient (Oscar poly and Carola) and others (Ras poly, Kawemera and
Mont bianco) were more responsive to added nitrogen.
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INTRODUCTION

Nitrogen application to sugar beet
cultivation has been found essential for yield
determination. This is because nitrogen has
pronounced effects on growth and
physiological processes of sugar beet, even
to the extent of causing large changes in the
physiological and chemical characteristics of
yvield at harvest. Root quality is a
combination of all chemical and physical
aspects of beet root which influence
processing and hence yield of sugar and its
product. Root quality, comprises several
parameters i.e. sugar content, impurities or
non sugars such as potassium, sodium and
alpha-amino nitrogen (De Nie and Van Den
hill 1989). The optimum dose of nitrogen

needed by sugar beet is greatly affected by
many factors such as soil type, length of
growing period, irrigation system, sugar beet
variety...... etc. In general, the literature
cleared that sugar beet did not produce
profitable crop under shortage of nitrogen.
Nevertheless, high N rates decrease
sucrose content and hence increased the
content of molasses-forming compounds,
especially the amount of alpha-amino N
(Vandergeten and Venstallen, 1991; EI-
Kassed et al, 1993; Besheit ef al, 1994 and
1995; Ramadan and Nassar, 2004 and
Rosa ef al, 2006).

Contemporary, high yielding sugar beet
varieties are released. Meantime, Halverson
and Hartman (1980); Carter and Traveller,
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(1981); El-Hinnawy et al (2002) and
Ramadan and Nassar (2004) found great
variation in quality and vyields and its
components among sugar beet varieties.

The present study was carried out during
to determine the proper nitrogen rates for
some sugar beet varieties under the agro-
climatic conditions of Sahl El-Tina Port Said
Governorate.

MATERIALS AND METHODS

Two experiments were conducted at Sahl
El-Tina Port Said Governorate during
2010/2011 and 2011/2012. The soil is sandy
having: clay of 3.5, silt of 3.8 and sand of
96.7 with pH of 7.6 and available nitrogen
content of 42 ppm and a high CaCOj;
content of 10.4%, in 2010/11 season. These
contents were 4.1% clay, 5.2%silt and
88.2% sand with pH of 7.7 and available
nitrogen content of 8.2 ppm and CaCO;
content of 9.6% in 20011/012 season.

Fifteen multigerm sugar beet varieties
were used in this study namely Oscar poly
introduced from Denmark; Kawemira, Top,
Lola, Mont Bianco, Gloria and Carola from
Germany; Desprez poly N and Dema poly
from France; Farida, Atoth poly and Pleno
from Netherland; Ras poly, Nejma and H
poly from Sweden. In each experiment, a
split plot design with four replications was
used. Main plots were devoted for nitrogen
fertilization rates (80, 100, 120 and 140 kg
N/fad) and sugar beet varieties were
arranged in the sub-plots. The sub plot area
was 21 m’ including six rows of 7 m in
length and 50-cm aﬁart. Seeds were sown
on the 10 ™ and 15™ of October in the first
and second seasons, respectively. Nitrogen
fertilizer was added in the form of
ammonium nitrate (33% N) in two equal
doses after thinning and one month later.
The other recommended agricultural
practices for growing sugar beet were
followed.

At harvest, four guarded rows were taken
from each plot to determine root fresh
weight per plant and root yield/fad. A
Sample of ten roots was taken randomly
from each plot and analyzed for sucrose,
purity, alpha amino nitrogen, sodium and

potassium percentages. Sugar polarization
(Sucrose%) was polarimetrically determined
on a lead acetate extract of fresh macerated
root according to A.O.A.C. (1990). Sodium
and potassium were determined using
"Flame Photometer" as described by Page
(1982). Alpha amino nitrogen was
determined according to the method of
Carruthers ef al (1962). Sugar loss to
molasses and extracted sugar% (sugar
recovery) were calculated using the
following equations:

Sugar loss to molasses (SM) = (K+Na)
0.14 + a-mino N x 0.25+0.5 according to
Devillers (1988). Extracted sugar% (sugar
recovery) = sucrose% - (SM - 0.6),
according to Dexter et al (1967). Sugar yield
(ton/fad) = Root vyield (ton/fad) x Sugar
recovery%.

Collected data were statistically analyzed
according to Gomez and Gomez (1984).
According to homogeneity test between both
seasons, combined analysis was carried
out. Moreover, treatment means were
compared using LSD test at 5% rate of
probability.

RESULTS and DISCUSSION
A- Root weight/plant and root

yield/faddan:

Data in Table (1) indicate that each
increase of nitrogen rate up to 120 kg N/fad
increased significantly both root weight/plant
and root vyield/fad. Thereafter, the further
nitrogen increment up to 140 kg N/fad was
accompanied with insignificant reduction in
both traits. Such effect cleared that the
response of beet yield to the high nitrogen
rate of 120 kg N/fed was expected since the
available nitrogen content of sandy soil in
the experimental site was low. The obtained
results are in line with those of Mahmoud ef
al (1990), El-Kased ef al (1993) Besheit et a/
(1995), Moustafa, Zeinab et al (2000),
Ramadan and Nassar (2004) and Rosa ef a/
(2006).

Combined data in Table (1) showed
significant variations in average root
weight/plant and root yield/fed among sugar
beet varieties. The highest average root
weight and root yield were obtained from of
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Ras poly (1.12 kg/plant and 28.04 tons/fad)
and Kawemira (1.12 kg & 28.0 tons/fad)
followed by Farida (1.11 kg and 27.76
tons/fad) and Oscar poly (1.09 kg and 27.2
ton/fad). On the other hand, Lola variety
exhibited the lowest average root weight
(0.89 kg) and root yield (22.31 tons/fad).
Meantime, the other varieties were in
between these limits. Furthermore, varieties
showed nearly similar trend in 2010/2011
and 2011/2012 seasons (Table 4). Worth to
mention that, the observed variation among
the tested varieties in average root weight
and root yield may be due to differences in
the genetic make up of these genotypes.
Numerous reports such as El-Hinnawy et a/
(2002); Mahmoud et al (2002); Ramadan
and Nassar (2004) and Abd El-Razek et al
(2006) indicated that yielding ability greatly
differed among sugar beet varieties.

Combined and separate data of the two
seasons (Tables 1 and 4) cleared that the
interaction between nitrogen fertilization
rates and sugar beet varieties had a
significant effect on average root weight and
root yield. Regarding the varietal response
to N rate it is quite evident from Table (1)
that some of the tested varieties were more
efficient and hence less responsive to the
increase of N rate. At the lowest N rate (80
kg N/fed) Oscar poly and Carola produced
about 25 ton/fed with at par average of
24.05, 23.98 and 23.75 ton/fed produced by
Ras poly, Kawemira and Monti bianco,
respectively. At the 120 kg N rate, a highest
yield of about 30 ton/fed was produced by
Desprez poly N and Kawemira with at par
average with almost 7 tested varieties. None
of the tested varieties responded to the
increase of N rate beyond 120 kg N/fed
where this increment produced insignificant
decrease in most cases.

These results mean that sugar beet
varieties showed variation in their N
response under the growing conditions.
Similar results were reviewed by Ramadan
and Nassar (2004) who found that root yield
was significantly affected by the interaction
between beet varieties and nitrogen rates.

B- Root quality:
B.a. Sucrose percentage:

Data in Table (1) indicated that sucrose
percentage was gradually and significantly
decreased as nitrogen rate was increased.
For combined data, sucrose % was
decreased by 4.46, 7.73 and 12.32%
corresponding to 100, 120 and 140 kg
N/fad., respectively, as compared with the
lowest nitrogen rate (80 kg Nffad.). The
same trend was also detected in the two
seasons, where the reduction in sucrose%
amounted to 7.65, 8.6 and 11.74% in the
first season and 1.23, 7.27 and 12.9% in the
second one (Table 4). Such effect is known
as a "dilution effect" where the increase in
assimilate accumulation in roots is always
on the expense of their contents from
sucrose. Results in Table (1) showed that
each increment up to 120 kg N/fed resulted
a significant increase in average root weight
and root yield. Though the further N
increment up to 140 kg N/fed decreased
both traits, however this decrease was
insignificant. The possibility that this N
increment of top yield on the expense of root
yield can not be neglected in this respect
and could account for the decrease of
sucrose content in roots observed herein.
The obtained results are in accordance with
those of Halverson and Hartman (1980);
Carter and Traveller (1981); Besheit ef al
(1995); Moustafa, Zeinab et al (2000);
Ramadan and Nassar (2004) and Rosa ef a/
(2006) who reported that increasing N rates
negatively affected root sucrose content.

Combined and separate data (Tables 1
and 4) showed that sucrose percentage
differed significantly among the evaluated
varieties. The highest sucrose sugar beet
varieties were Dema poly (19.53%); Gloria
(19.48%); Kawemira (19.10%) and Desprez
poly N (19.05%). The intermediate sucrose
percentage varieties were Ras poly
(18.41%), Lola (18.39%), Atoth poly
(18.16%), H.poly (18.09%) and Top
(18.04%). Otherwise, the lowest sugar
content ones were Pleno (17.74%),
Montbianco (17.60%), Oscarpoly (17.57%)
and Farida (17.52%). Meantime, in the two
seasons, varieties nearly had similar
average (Table 4). Variation in sucrose
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content of beet varieties were reported by
El-Hinnawy et al (2002), Mahmoud et al
(2002) and Abd EI-Razek et al (2006).

The interaction between both factors had
a significant effect on sucrose% in
2010/2011 and 2011/2012 seasons (Table
4) and their combined data (Table 1).
Moreover, the lowest N dose (80 kg N/fad)
exhibited the highest root sugar content for
all varieties, while the increase in nitrogen
rate up to140 kg N/fad showed a vice versa
trend. Meantime, combined data (Table1)
cleared that Lola variety was the highest
tolerant variety to the negative effect of high
nitrogen addition on this trait, where, the
percent of reduction in sucrose percentage
recorded 464, 374 and 333 %
corresponding to each increase in nitrogen
rate from 80 to 140 kg N/fad., respectively. It
is evident also that, Atoth poly was the most
sensitive variety, where the reduction in
sucrose percentage was 19.24% as nitrogen
rate was increased from 80 to 140 kg N/fad.
Similar results were reviewed by Ramadan
and Nassar (2004) who found that sugar
content was significantly affected by the
interaction between beet varieties and
nitrogen rates.

B.b. Impurities and sugar losses in
molasses:

Data in Tables 2, 3 and 4 showed that
juice impurities, i.e. K, Na and alpha amino
nitrogen and sugar loss to molasses were
gradually and significantly increased as
nitrogen rate was increased up to 140 kg
N/fad. Similar results were reported by EI-
Kassed (1993), Besheit ef al (1999%),
Moustafa, Zeinab et al (2000), EI-Hinnawy et
al (2002) and Ramadan and Nassar (2004).

Data of the two seasons (Table 4) and
their combined (Tables 2 and 3) manifested
that impurities and sugar loss to molasses
differed significantly among sugar beet
varieties. In the both seasons, the varieties
almost had the same trend (Table 4).
Combined data (Tables 2 and 3) cleared
that Dema poly variety exhibited the lowest
Na and a-amino N (0.66 and 1.67 mg/100 g
beet), while the lowest K (3.91 mg/100 ¢
beet) and sugar loss to molasses (1.67%)
were recorded by Ras poly. On the other

hand, the highest values of K, Na and a-
mino N were of Nejma, H-poly and Farida
varieties, respectively. Also, Farida variety
exhibited the highest sugar loss to
molasses. Varieties may be differed in their
nutrient absorption ability reflecting the
genetic make-up among varieties. In this
connection, Halverson and Harteman
(1980), Carter and Traveller (1981),
Ramadan and Nassar (2004) and Abd El
Razek et al (2006) showed that beet
varieties were apparently different in their
quality aspects.

The interaction between both factors had
a significant effect on juice impurities (K, Na
and a-mino) and sugar loss to molasses in
both seasons (Table 4) and their combined
data (Tables 2 and 3). Among tested sugar
beet varieties, Dema poly was mostly the
least sensitive one as affected by raising N-
rate where it recorded the lowest values of
K, Na and a-mino N as well as sugar loss to
molasses (Tables 2, 3 and 4). However,
Farida and Lola varieties were almost the
most sensitive varieties to the increase in N
rate, where they had the highest contents of
impurities. Accordingly, results in Table (3)
showed that Farida and Lola varieties
recorded the highest values of sugar loss to
molasses when N rate was increased from
80 up to 140 kg N/fad. These results are in
line with those of Besheit ef al (1995) and
Ramadan and Nassar (2004) who reported
that the interaction between nitrogen rate
and sugar beet \varieties significantly
affected juice root impurities and hence
sugar loss to molasses.

B.c. Extracted sugar percentage
(sugar recovery %):

Gradual significant reduction in sugar
recovery% has been detected as nitrogen
rate was increased in both seasons and
their combined (Tables 3 and 4). Combined
data in Table (3) cleared that the reduction
sugar recovery reached 6.13%, 11.0% and
17.93% corresponding to the increase in
nitrogen rate to 100, 120 and 140 kg N/fad
as compared to 80 kg N/fad, respectively.
Furthermore, this reduction amounted to
9.65%, 11.37% and 16.91% in the first
season and 2.59, 10.63 and 18.61% in the
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second season, respectively (Table 3). Such
effect may be attributed to the increase in
juice impurities and sugar loss to molasses.
These results are in harmony with those of
Besheit et al (1995), El-Shahawy et al
(2002) and Ramadan and Nassar (2004)
who observed marked reduction in sugar
recovery as nitrogen rates were increased.

Combined data in Table (3) showed that
the highest sugar recovery% was recorded
by Dema poly variety (17.34%), followed by
Gloria (17.14%), Kawemira (16.96%) and
Desprez poly N (16.58%) without
significance differences. However, the
lowest sugar recovery% was of Farida
variety (14.9 %). Meantime, the other
varieties situated between these limits
(Table 3). The highest sugar recovery
varieties were distinguished with high
sucrose percentage (pol%), low impurities
and sugar loss to molasses. Vice versa
explanation was also recorded for the lowest
sugar recovery varieties.

The interaction between both factors
significantly affected sugar recovery% over
and within each season (Tables 3 and 4).
The performance of the tested varieties with
respect to sugar recovery% followed the
same pattern as sucrose% under the
different  nitrogen rates. There was
significant difference in sugar recovery %
when sugar beet varieties Mont bianco,
Pleno and H-poly fertilized with 80 and 100
kg Nffad., while the difference was
insignificant between 80 and 100 kg N/fad in
their effect on sugar recovery % for the other
varieties (Table 3). Moreover, no statistical
variance was detected between 80 and 120
kg N/fad. in sugar recovery% for Oscar poly,
Lola, Ras poly and Desprez poly N varieties.
However, the difference between 80 and
120 kg N/fad. was significant for the rest of
sugar beet varieties. It was found that Dema
poly, Gloria and Kawemira varieties gave
the highest sugar recovery % under 80 kg
N/fad., while, Atoth poly variety gave the
lowest sugar recovery % under 120 kg
N/fad.

B.D. Sugar yield (ton/fad.):
Combined and separate season result

presented in Tables (3 and 4) showed that

sugar yield was gradually and significantly

increased with the increase in nitrogen rate
from 80 up to 120 kg N/fad. Therefore,
increasing nitrogen rate to 140 kg N/fad
decreased sugar yield. Such effect may be
due to the reduction observed in both root
yield and sugar recovery%. These results
are in full agreement with those reviewed by
Besheit et al (1995), Moustafa, Zeinab ef a/
(2000), Ramadan and Nassar (2004) and
Rosa et al (2006).

Results over and within seasons (Tables
3 and 4) revealed that sugar vyield
significantly differed among sugar beet
varieties. Combined data in Table (3)
showed that Kawemira and Gloria varieties
gave the highest sugar yield (4.67 and 4.61
tons/fad, respectively), followed by Nejma
variety (4.53 tons/fad). The varieties next in
order were Desprez poly N (4.43 tons/fad)
and Dema poly (4.41 tons/fad). On the other
hand, Lola exhibited the lowest sugar yield
(3.52 tons/fad). Similar trend was almost
observed in both seasons (Table 4).

It could be noticed that the highest and
lowest sugar vyields produced among the
tested sugar beet varieties had the same
pattern for root yield and sugar recovery%
mentioned before. These findings are in
agreement with those obtained by Ramadan
and Nassar (2004) and Abd El Razek et al
(2006).

The interaction between nitrogen rates
and varieties significantly affected sugar
yield in both seasons and their combined
data (Tables 3 and 4). Combined data Table
(3) cleared that the highest and lowest sugar
yields/fad were of Desprez poly N (5.13
(tons/fad.) and Farida (3.22 tons/fad) when
they were fertilized by 120 kg N/fad and 80
kg N/fad, respectively.

It could be concluded that under the
conditions of Sahl El-Tina district, Port Said
Governorate, where sandy soil is prevailing,
120 kg N/fad is quite sufficient to maximize
sugar yield per unit area. This N rate is
satisfied the nitrogen needed by most of the
evaluated sugar beet varieties through
maximizing root yield with adequate quality
traits. Significant varietal response to added
N was detected where some varieties were
more efficient (Oscar poly and Carola) and
others (Ras poly, Kawemera and Mont
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bianco) were more responsive to added
nitrogen.
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