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L. INTRODUCTION

Sugar beet crop plays an important role in sugar
production on the national and international levels, it provides
about 25 %" of the world sugar productions. The total amount of
sugar beet root production reached to 222.78 million ton" in
2010 season corresponding to 7.840 million ton" in Egypt for the
same season.

In spite of sugar beet crops is considered one of the new
crops which recently introduced to the Egyptian agricultural
rotation (1982) its production from row sugar amounted by
989774 ton/year represent 49.7 %’ from the nation local
production of sugar.

In Egypt, sugar beet is grown in different locations,
however, it is concentrated in the Northern region i.e. Nubaria
city, Dakahlia and Kafr EL-Sheikh Governorates.

Nowadays, sugar beet has an important position in the
crop rotation in the Egyptian agriculture and distinguish by high
competition with the winter crops.

The important of this crop is not only limited at being a
supplement for a sugar production, but it's also extend to the use
of i's products in producing untraditional animal feed.

Sowing date is considered one of the important factor directly
- affected on the yield, its components and juice quality.
Determining of sowing on great extent on the prevailing climatic

* Annual Report of Sugar Crop Council (Jan,, 2011).
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conditions and ecological environments could be exception the
reliable expression for the effect of climatic conditions on

growth and productivity.

Fertilization plays a great and important role in the
growth, yield and quality of sugar beet, for this reasons many
studies were made to find out the optimum level of nutritional
elements to induce the highest yield and the best quality.

Sugar beet producers face unique challenges in N-
fertilizer management because of the relationships among root
yield, crop quality and price. Top sugar beet yields require high
N-rates, but excess N-supply decreases juice quality.

Sugar beet payments are based on tons of sugar delivered
and juice quality.

One of the major concerns in today's world is the
environmental pollution and soil contamination. Using of
chemical fertilizers and pesticides has caused tremendous harm
to the environment as well as in direct effect on the human being
and the animal. An answer to this is the bio-fertilizer, an
environmentally friendly fertilizer now used in most countries.
Bio-fertilizers are organisms that enrich the nutrient quality of
soil. The main sources of bio-fertilizers are bacteria, fungi, and
cyanobacteria (blue-green algae). The most striking relationship
that these have with plants is symbiosis, in which the partners
derive benefits from each other. Bio-fertilizers will help to solve
such problems as salinity of the soil and chemical run-offs from
the agricultural fields. Thus, bio-fertilizers are important if we
are to ensure a healthy future for the generations to come.
(Edugreen, 2007).
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The objective of this study was conducted to find out the
relative influence of some mineral nitrogen fertilizers and bio-
fertilizer on chemical composition and yield of sugar beet as well
as to know to what extent could be use bio-fertilizer source to
avoid the continuous pollution.

The present work was conducted to throw some light on
the relative importance of two types of nitrogen (mineral and
bio-fertilizers) to sugar beet in relation to yield and quality
attributes under different sowing dates.
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II. REVIEW OF LITERATURE

In order to fulfill the objective of this study, the literature
will be reviewed under the following main heading:

1. Effect of sowing date.
2. Effect of mineral nitrogen fertilizer.
3. Effect of bio-nitrogen fertilizer.

4. Interaction effects among sowing date, mineral and bio-
nitrogen fertilizers.

1. EFFECT OF SOWING DATE:

1. a. Yield and its components:

Ghandorrah and Refay (1994) in Saudi Arabia, studied
the effect of four sowing dates on sugar beet. They concluded
that the period from 15™ October to 1* November was optimum
for sowing sugar beet which gave the highest yields of sugar
beet in the central region of Saudi Arabia. They also found that
root yield significantly different at 4 different sowing dates.

Bassyouny and Zalat (1997) in Egypt, tested the effect
of six sowing dates at 1* March, 15" March, 1% April, 15" April,
I¥ May and 15" May on sugar beet plant. They recorded that
sowing dates at the 1* of May and 15® of April gave the highest
values of root, sugar and top yields/fed.

REVIEW OF LITERATURE
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Azzazy (1998) in Egypt, examined the effect of two
sowing dates (November 1* and November 15™) on sugar beet.
He showed that root diameter and root length were significantly
affected by the two sowing dates. Sowing on November 1*
produced slightly higher root and sugar yields than that, sown on
November 15™ Top yield responded significantly to the tested
sowing dates.

Ramadan and Hassanin (1999) in Egypt, evaluated six
sugar beet genotypes (Sofi, Maghribel, Desperez polu-n,
Marathon, Pamela and Eva) grown at three sowing dates (10
September, 12 October and 10 November). They found that
early sowing date was accompanied by substantial increase in
root length, root diameter, root weight/plant, root and sugar
yields/fed.

Abou salama and El-sayed (2000) in Egypt, compared
sowing dates on 1** and 15™ October and 1¥ November in sandy
calcareous, they found that mean root yield was 31.64, 18.73 and
11.51 t/fed from the three dates, respectively.

Al-Jbawi (2000) in Egypt, examined two sowing dates of
sugar beet on 15™ October and 15™ November. Results obtained
that the different sowing dates were significantly affected on
root traits (length, diameter and weight), root, sugar and top
yields, while delayed sowing date decreased all traits.

Shah et al. (2000) in Pakistan, studied different sowing
dates (November 1%, 11", 21% and December 1%, 11" and 21%)
on sugar beet plant. The highest beet root yield (65.09 tons\ha)
and sugar yield (8.5 tons\ha) were obtained from the crop sown
on early date i.e. November 1*, while the lowest beet root yield

REVIEW OF LITERATURE
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(26.23 tons\ha-1) and sugar yield (2.17 tons\ha-1) were recorded
in the plots sown on December 21% that beet root yield and sugar
yield decreased with delayed sowing.

Hassanin (2001) in Egypt, studied the effect of sowing
dates on sugar beet; 21 October and 12 November in the first
season and 24 October and 15 November in the second season.
Results showed that sugar beet sown on October gave
significantly highest root length, root diameter, root weight and
top yield. On the other hand root/top ratio was not significantly
affected by sowing date. |

Shalaby (2003) in Egypt, studied the effect of sowing
dates (September, October and November) on sugar beet. He
found that the sowing in September gave the highest length,
diameter and weight of root.

Attia et al. (2004) in Egypt, examined sowing dates on
1** September, 1¥* October and 1% November on sugar beet crop.
Results revealed that sowing date of I October gave
significantly highest yields of root, top and sugar.

Badawi et al (2004) in Egypt, compared three sowing
dates for sugar beet crop i. e. 1™ September and 1% October and
1* November. They pointed out that sowing date of 1* October
gave significantly highest yield components.

Enan (2004) in Egypt, grew sugar beet on [5%"
September and 15" October. He showed that sowing sugar beet
early on 15" September significantly increase in value of length
and diameter of root and top fresh weight/plant root, top and
sugar yields/fed.

Sogut and Arioglu (2004) in Turkey, studied the effect

REVIEW OF LITERATURE
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of five sowing dates (5 February, 20 February, 7 March, 22
March and 5 April) on sugar beet plant. Sugar yield was
significantly higher than that in February and March sowing
dates.

Agami (2005) in Egypt, compared three sowing dates for
sugar beet on 15™ September, 15" October and 15" November.
They showed that sowing beet on 15™ October had a significant
increase in root length and diameter and root yield. Early sowing
on 15™ September had a significant increase in fresh and dry
weights of root and leaves, top and sugar yields ton/fed.

Allam et al. (2005) in Egypt, tested sugar beet under
different sowing dates on 1% October, 15™ October and 1
November. They showed that sowing on 1% October was the best
sowing date than other treatments in root diameter and root fresh
weight in the first season as well as root and sugar yields
(ton/fed) in the two seasons. While, sowing date of 1* November
surpassed the other dates in root length in both seasons.

Hassan et al. (2005) in Egypt, investigated the effect of
three sowing dates on some sugar beet cultivars. They found that
the highest root, top and sugar yields were achieved by sowing
on 15™ October followed by 15" September and 15™ November.

Leilah er al (2005) in Egypt, studied the effect of early
sowing date of sugar beet (September 1* and October 1%) in
sandy soil. Sowing sugar beets on October 1% resulted
insignificant increases in length, diameter and fresh weight of
roots, foliage fresh weight, root, top and sugar yields.

Abd El-Aal and Abou El-Magd (2006) in Egypt,
compared sowing dates on 15" September, 15™ October and 15™

REVIEW OF LITERATURE
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November on sugar beet. They found that the sowing dates on
15™ September and /or 15™ October led to significant increase in
the value of root fresh weight/plant when compared with the
latest sowing date on 15™ November. Early sowing on 15"
September attained the highest root and sugar yields/fed
followed by 15" October.

Abd El-Razek (2006) in Egypt, grew sugar beet on 15™
August, 15" September and 15" October. He found that root
length decreased with delaying sowing date beyond 15" August.
The thickest root diameter, heaviest root weight, root and sugar
yields were recorded for sowing on 15™ September.

Ismail ef al (2006) in Egypt, examined sowing dates of
sugar beet on 5™ October, 25" October and 14% November and
they showed that sowing date on 5™ October exhibited a

-significant increase in root length, diameter and fresh weight of
the individual roots compared with the other two sowing dates.
Top yield decreased as sowing date was delayed from 5™
October up to 14™ November in both seasons.

Nassar (2006) in Egypt, studied sowing dates of sugar
beet on 10 September, 12 October and 11 November. He found
that early sowing dates at 10 September and 12 October were
accompanied by a substantial increase in root length, root
diameter, root and sugar yields/fed. Delaying sowing date to 11
November decreased root fresh weight/plant in both seasons as
compared with 10 September.

El-Geddawy et al (2007) in Egypt, sown sugar beet on
15™ September and 15" October. They pointed out that sowing
sugar beet early on 15™ September significantly attained highest
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values of root length, root diameter, root and top fresh weight,
root, top and sugar yields when compared with that obtained at
the late sowing date on 15™ October.

Mosa (2009) in Egypt, tested the different sowing dates
(15™ September, 15" October and 15" November) on some
sugar beet cultivars. Results revealed that early sowing date on
15™ September increased root dimensions and fresh and dry
weight of the individual roots, fresh and dry weight of leaves as
well as plant dry weight. Yields of top, root and sugar were
gradually and significantly decreased as delayed sowing.

1. b. Juice quality and chemical constituents:

Dunn ef al. (1990) found that early sowing date
increased soluble carbohydrate concentration in root and croWns,
while blade and petiole soluble carbohydrate concentration was
higher in early than late sown sugar beet.

Ghandorrah and Refay (1994) in Saudi Arabia,
concluded that the period from 15™ October to 1¥ November was
optimum for sowing sugar beet, which gave the highest root
quality of sugar beet in the central region of Saudi Arabia. They
also found that total soluble solids and reducing sugar
significantly differed at four different sowing dates.

Bassyouny and Zalat (1997) in Egypt, pointed out that
the highest values of sucrose percentage were recorded on the
15™ April and 1% of May sowing dates (9.44 and 9.30 %,
respectively), while the 1** March recorded the lowest value.

REVIEW OF LITERATURE
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Azzazy (1998) in Egypt, obtained results showed that
sucrose, purity and total soluble solids percentages were
significantly affected by the two sowing dates and however,
sowing on Nov., | produced slightly improved juice quality in
terms of sucrose and purity percentages.

Ramadan and Hassanin (1999) in Egypt, pointed out
that early sowing was accompanied by a substantial increase in
sugar content, purity and recoverable sugar percentage.
Moreover, early sowing was accompanied by a substantial
decrease in juice impurities and sucrose loss to molasses.

Al-Jbawi (2000) in Egypt, concluded that the different
sowing dates were significantly affected on juice quality
percentages, while delayed sowing date decreased this trait.

Hassanin (2001) in Egypt, The results revealed that root
qualify in terms of sucrose, total soluble solids and purity
percentages were not significantly affected by sowing date.

Shalaby (2003) in Egypt, found that sowing date had a
significant effect on sugar beet quality. Sowing in September
gave the highest technological characters values in terms of total
soluble solids, sucrose and Purity percentages. The third date of
sowing (November) gave the highest values of alpha-amino-
nitrogen and sucrose loss to molasses percentages.

Attia et al. (2004) in Egypt, revealed that sowing date of
1" October gave significantly the highest total soluble solids,
purity and sucrose percentages

Enan (2004) in Egypt, showed that sowing sugar beet
early on 15™ September significantly increased values of total
soluble solids, sucrose and purity percentages.

REVIEW OF LITERATURE
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Feller and Fink (2004) in Germany, obtained that
sowing dates later than June at the experimental site are not
recommended because they resulted in an increase in nitrate N-
content in fresh weight and an average yield loss of 46% when
compared with sowings on April. Soluble solids content was
only slightly affected by sowing date.

Sogut and Arioglu (2004) in Turkey, studied the effect
of five sowing dates; 5 February, 20 February, 7 March, 22
March and 5 April on sugar beet plant. Results showed that
sowing date was significantly affected in purity percentage.

Agami (2005) in Egypt, examined three sowing dates on
15™ September, 15™ October and 15™ November on sugar beet
quality. He showed that the highest values of total soluble solids,
sucrose and purity percentages were recorded on sowing in 15%
September.

Allam et al. (2005) in Egypt, reported that sowing on 1
October gave the higher value than other treatments in sucrose
% in the two seasons and purity % in the second season. Sowing
date on 15™ October was superior for purity and total soluble
solids percentages in the first and second seasons, respectively.
Sowing date on 1* November surpassed the other dates in total
soluble solids percentage in the first season.

Hassan et al. (2005) in Egypt, indicated that the highest
total soluble solids, sucrose and purity percentages of sugar beet
were achieved by sowing on 15" October followed by 15%
September and 15" November.

Leilah ef al (2005) in Egypt, studied the effect of early
sowing of sugar beet on (September 1* and October 1*) in sandy

REVIEW OF LITERATURE
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soil. The highest total soluble solids, sucrose and purity
percentages were found with sowing sugar beets on September
1*.

Abd El-Aal and Abou El-Magd (2006) in Egypt,
appeared that the earlier sowing dates on 15" of September and
October recorded significant increase in the value of sucrose and
purity percentages.

Abd El-Razek (2006) in Egypt, found that sowing on 7

15" August produced the highest average of sucrose and total
soluble solids percentages, while the lowest values of these traits
were obtained from sowing at the latest date on (15% October).
Delaying sowing date increased juice impurities components as
potassium, sodium and alpha-amino nitrogen.

Ismail et al (2006) in Egypt, concluded that early
sowing of sugar beet on the 5™ of October surpassed
significantly the other two dates (25™ of October and 14™ of
November) in the values of most studied traits, while impurities
in roots (alpha-amino-N, K and Na percentages) and sugar losses
in molasses increased by delaying sowing date up to 14™ of
November.

Nassar (2006) in Egypt, reported that delayed sowing
date from 10 September to 11 November decreased sucrose and
purity percentages, while delaying up to 11 November increased
impurities components expressed as sodium, potassium and
alpha-amino nitrogen contents in roots.

Osman et al. (2007) in Egypt, showed that sowing sugar
beet early on 15% September significantly attained higher values
of sugar total soluble solids, sucrose and purity percentages
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compared with that obtained at the late sowing date on 15"

October. On the contrary, sowing sugar beet early on 15%
September significantly reduced the values of potassium, sodium
and juice impurities percentages compared with that obtained at

the late sowing date on 15™ October.

Mosa (2009) in Egypt, revealed that sowing beet on 15™

September improved juice quality traits in terms of TSS, sucrose
and purity percentages and a decrease in impurities and sugar
loss to molasses percentages.

2. EFFECT OF MINERAL NITROGEN FERTILIZER:

2. a. Yield and its components:

Edris ef al. (1992) in Egypt, applied three nitrogen levels
(45, 60 and 75 kg N/fed) on sugar beet. They reported that
increasing nitrogen fertilization level increased root length and
diameter. The highest yields of top and beet root were obtained
with 75 kg N\fed.

El-Maghraby et al. (1997) in Egypt, applied nitrogen
levels (0, 30, 60 and 90 kg/fed) on sugar beet plants. They found
that increasing nitrogen rate up to 90 kg N\fed as soil application
or 1.5 % N as foliar application caused a significant increase
root length, root diameter, root and top weights\plant, root and
sugar yields\fed.

Kruger and Nowakowski (1997) in Poland, reported that
yields of roots increased with nitrogen dose up to 120 kg/ha.

REVIEW OF LITERATURE
-13 -

www.manaraa.com



Development of beet seedlings was markedly faster after
application of a starting nitrogen dose (about 60 kg N/ha),
although the content of mineral N in soil was high.

Azzazy (1998) in Egypt, supplied sugar beet with 40, 60
and 80 kg N/fed. He reported that increasing nitrogen levels up
to 80 kg/fed increased root diameter significantly, while, sugar
yield insignificantly increased.

El-Maghraby er al (1998) in Egypt, indicated that
increasing the level of nitrogen as foliar application from 0.5%
to 1.0 and 1.5% caused a gradual and significant increase in root
length, root diameter, top weight/plant, root and sugar yields
(ton /fed).

‘ Ibrahim (1998) in Egypt, applied five N levels (0, 25, 50,
75 and 100 kg/fad) to sugar beet crop. He found that addition of
100 kg N/fed gave significantly the maximum values of root
length, root diameter, root fresh weight/plant, root yield and
sugar yield/fed.

Khan ef al. (1998a) in Pakistan, supplied sugar beet with
0, 50, 100, 150 or 200 kg N/ha and irrigated at intervals of 7, 14
or 21 days. They found root and sugar yields gave the highest at
83.5 and 10.3 t/ha, respectively.

Ouda er al. (1999) in Egypt, studied the effect of four
levels of nitrogen fertilization (60, 80, 100 and 120 kg N/fed) on
sugar beet crop. The results showed that root length and
diameter were significantly affected by the tested treatments in
the 1 season. Applying 120 kg N\fed gave the highest values on
most studied characteristics.

Azzazy (2000) in Egypt, supplied three nitrogen levels

REVIEW OF LITERATURE
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(50, 75 and 100 kg/fed) to sugar beet plants. He found that root
length and root diameter were significantly increased as the
applied N - level was raised from 50 to 75 and 100 Kg N/fad.

El-Shafai (2000) in Egypt, examined the effect of
nitrogen fertilization at rates 0, 46 and 92 kg N/fed on sugar
beet. The obtained results showed that increasing N-level up to
92 kg N\fed increased root fresh weight/plant, root and sugar
yield significantly.

Hassanein and Hassouna (2000) in Egypt, supplied
sugar beet crop with different nitrogen levels (0, 30 and 60 kg
N/fed) in loamy soil. They showed that increasing nitrogen
fertilizer up to 60 kg/fed caused a significant increase in all yield
traits i.e. root, top and sugar yields.

Voronin (2000) studied sugar beet plants with
application of nitrogen at rates of 90, 120, 150, and 180 kg/ha.
He obtained the highest root yield with 150 kg/ha.

Ouda (2001) in Egypt, examined the effect of four levels
of nitrogen fertilization (45, 60, 75 and 90 kg N/fed.) on sugar
beet. The results cleared that root- diameter and root
weight/plant, root, top and sugar yields responded up to 90 kg
N\fed, while root length and top weight/plant responded to N up
to 75 kg N\fed.

Abou Shady et al. (2002) in Egypt, supplied sugar beet
with 20, 40 and 80 kg N/fed. Results showed that increasing
nitrogen doses from 20 up to 80 kg\fed increased values of root
dimensions. The highest value of sugar yield was obtained from
fertilizing sugar beet by 40 kg N/fed.

REVIEW OF LITERATURE
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Ismail (2002) in Egypt, examined the effect of nitrogen
fertilization at rates 60, 90 and 120 kg N/fed on sugar beet. He
showed that increasing nitrogen rates up to 120 kg N\fed
increased significantly values of root length, root diameter, fresh
weight/plant, root and sugar yields, in both seasons.

Zalat et al. (2002) in Egypt, studied the effect of nitrogen
fertilization at rates 30, 60 and 90 kg/fed on sugar beet. Sugar
yield gave the highest values with 90 and decreased with
decreasing nitrogen mineral.

El-Geddawy et al. (2003) in Egypt, applied nitrogen
levels (0, 45 and 90 kg N/ fed) on sugar beet. They indicated that
root and sugar yields were significantly and positively increased
by increasing the applied doses of N up to 90 kg N/fed.

Attia ef al. (2004) in Egypt, supplied sugar beet with 20,
60 and 80 kg N/fed. They showed that the highest values of root,
sugar and top yields were obtained with the addition N levels at
60 kg N\fed.

Azzazy (2004) in Egypt, supplied sugar beet with 60, 75
and 90 kgN/fad and obtained that increasing nitrogen levels
from 60 up to 90 kg N\fed, significantly increased length and
diameter of root and root yield in both seasons.

El-Geddawy er al (2004) in Egypt, supplied nitrogen
levels (0, 45 and 90 kg N/ fed) on sugar beet. They found that
addition of 90 kg N/fed gave significantly increased values of
root diameter and root fresh weight/plant.

Ismail and Abo El-Ghait (2004) in Egypt, supplied
sugar beet with 60, 80 and 100 kg N/fed and P fertilizers (0, 15
and 30 kg P,Os/fed). They found that the interaction between N
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and P fertilizers significantly increased root weight in both
seasons, while, root length was markedly influenced in the 1%
seasons. The highest root and sugar yields\fed were obtained
with the interaction between 100 kg N\fed and 30 kg P,Os/fed.

Ramadan and Nassar (2004) in Egypt, studied the effect
of nitrogen fertilization at rates of 0, 31, 62, 93 and 124 kg N/fed
on sugar beet. They reported that application of nitrogen up to
124 kg N\fed gave the highest root weight, top and root yields.
Each nitrogen increment up to 93 kg N\fed was accompanied by
an increase in sugar yield.

Sahin et al (2004) in Turkey, studied the effect of
nitrogen fertilization at rates of 80 and 120 kg N/ha on sugar
beet. Fertilizer applications significantly increased leaf, root and
sugar yield.

Abd El-Aal and Mohamed (2005) in Egypt, studied the
effect of nitrogen fertilization at rates of 60, 80 and 100 kg N/fed
on sugar beet. Results reported that increasing nitrogen
fertilization level up to 100 kg N/fed caused increases in root
length, root diameter, root fresh weight/plant, root, top and sugar
yields.

Abou-Zeid and Osman (2005) in Egypt, applied sugar
beet with mineral nitrogen levels at rates of 0, 40 and 80 kg
N/fed. Results indicate that root length was insignificantly
increased, while, root diameter, root weight/plant, root yield and
sugar yield were significantly increased and produced the
highest values with application of 80 kg N/fed, in both seasons.

Allam ef al. (2005) in Egypt, applied sugar beet with 65,
80 and 95 kg N/fed and found that increasing nitrogen
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fertilization level up to 95 kg N/fed surpassed other levels in
root length, root diameter, root fresh weight, top and root yields,
while, sugar yield decreased, in both seasons.

El-Sayed (2005) in Egypt, examined the effect of
nitrogen fertilization at rates of 75, 100 and 125 kg N/fed on
sugar beet. They reported that increasing nitrogen fertilization
level at 100 kg N/fed produced significantly highest values of
root length, root fresh weight and sugar yield in the 1% season,
while, fertilization at 125 kg N\fed increased significantly root
diameter and root fresh weight in the 2™ season. Root yield
increased significantly in both seasons.

Ismail and Abo El-Ghait (2005) in Egypt, studied the
effect of nitrogen fertilization at rates of 69 and 115 kg N/fed on
sugar beet. They showed that nitrogen levels caused a
significantly effect on root diameter, root fresh weight/plant and
root yield in both seasons as well as sugar yield in the 1** season.
The highest values of root yield was obtained with the addition
nitrogen levels up to 115 kg\fed, while, sugar yield was obtained
with 69 kg N\fed.

Kozicka (2005) in Poland, studied the effect of nitrogen
fertilization at rates of 90 and 180 kg N/ha on sugar beet. He
found that the doubled nitrogen dose from 90 to 180 kg N\ha
caused a significant increase of average root mass, leaves and
dry matter, while, enhanced a slight, insignificant and root yield
increase.

Leilah er al (2005) in Egypt, supplied sugar beet with
150, 200 and 250 kg N/ha in a sandy soil. They reported that
nitrogen levels had a significant effects on all the estimated
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characters in both seasons. Adding 250 Kg N ha™ produced the
highest values of length, diameter and fresh weight of roots,
foliage fresh weight/plant, root, top and sugar yields.

Moustafa et al (2005) in Egypt, studied the effect of
nitrogen fertilization rates (70, 90 and 110 kg N/fed.) on sugar
beet. Results reported that increasing nitrogen fertilization level
up to 110 Kg N /fed increased root, top and sugar yields.

Osman (2005) in Egypt, applied sugar beet with 65, 80
and 95 kg N/fed and found that increasing nitrogen levels up to
95 kg N\fed had a significant effects on root length in both
seasons and higher leaf area index, root diameter, root fresh
weight and sugar yield.

Abu El-Fotoh and Abou El-Magd (2006) in Egypt,
studied the effect of nitrogen fertilization at rates of 60, 80 and
100 kg N/fed on sugar beet. They showed that the highest values
of root and sugar yields were obtained with the addition N levels
at 80 kg N\fed, while, top yield was obtained with 60 from 100
kg N\fed.

El-Geddawy et al (2006) in Egypt, applied three
nitrogen levels (60, 80 and 100 kg N/fed) on sugar beet. Results
showed that increasing N- dose from 60 up to 100 kg\fed
increased significantly root length and diameter.

El-Shafai and Tantawy (2006) in Egypt, applied three
nitrogen levels (60, 80 and 100 kg N/fed) on sugar beet. They
found that root fresh weight/plant and root yield/fed increased
significantly by increasing N-level up to 80 kg N/fed. Moreover,
top fresh weight/plant was gradually and significantly increased

REVIEW OF LITERATURE
-19 -

www.manaraa.com



as the applied N- level was raised from 60 to 80 and to 100 kg
N/fed. Sugar yield/fed was insignificantly affected by N levels.

Moustafa and El-Masry (2006) In Egypt, examined the
effect of nitrogen fertilization at rates of 80, 100 and 120 kg
N/fed on sugar beet. They found that soil fertilization with
nitrogen increased significantly leaf area/ plant and average root
of sugar beet plant in both seasons. Meantime, yield of top, root
and sugar significantly differed by nitrogen fertilization in both
seasons.

Ismail et al (2007) in Egypt, studied the effect.of
nitrogen fertilization at rates of 90, 110 and 130 kg N/fed on
sugar beet. They showed that the root length, root diameter,
fresh weight and root yield were increased by increasing rates of
N up to 130 kg/fed.

‘Ouda (2007) in Egypt, applied two nitrogen levels (40
and 80 kg /fed) on sugar beet plants. Results showed that
increasing nitrogen levels up to 80 kg/fed significantly increased
root length, root diameter, leave fresh weight, root, top and sugar
yields.

Enan er al (2008) in Egypt, examined the effect of
nitrogen fertilization at rates of 60, 80 and 100 kg N/fed on
sugar beet. They found that nitrogen levels had a significant
effects on all estimated characters. Adding 100 Kg N/fed
produced the highest values of root length, root diameter, top,
root and sugar yield/fed.

Abo-Elazm (2009) in Egypt, found that the highest
values of root length, root fresh weight, plant fresh weight,
leaves fresh weight/plant and sugar yield were obtained at 180
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days from sowing with the addition of 80 kg N/fed.

Nemeat-Alla (2009) in Egypt, tested sugar beet with
application of 90 and 120 kg N/fed. He showed that increasing
nitrogen up to 120 kg N/fed significantly increased root length,
root diameter, plant dry weight, top, root and sugar yields.

2. b. Juice guality and chemical constituents:

El-Geddawy et al. (1992) in Egypt, results cleared that
the total soluble solids and sucrose percentages did not show
much response to nitrogen application, however purity tending
to increase with increasing level of nitrogen.

Nour El-Din et al. (1993) in Egypt, results showed that
increasing nitrogen doses from 45 up to 75 kg\fed increased
significantly purity and sodium percentages, while total soluble
solids percentage was insignificant. '

El-Maghraby er al (1997) in Egypt, found that
increasing nitrogen rate up to 90 kg N\fed as soil application or
1.5 % N as foliar application caused a significant increase total
soluble solids, sucrose and purity percentages.

Azzazy (1998) in Egypt, reported that increasing nitrogen
level up to 80 kg/fed decreased sucrose percentage significantly.

El-Maghraby et al (1998) in Egypt, indicated that
increasing the level of nitrogen as foliar application from 0.5%
to 1.0 and 1.5% decreased total soluble solids and sucrose
percentages, while, juice purity was not affected.

Jaszczolt (1998) found that root sugar content and juice
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purity in sugar beet were higher with foliar nitrogen application,
but alpha-amino nitrogen content was lower compared with
control (top dressing of N).

Khan et al. (1998b) in Pakistan, found nitrogen content
leaves and roots were greater than without nitrogen fertilizer.
Sugar yield, sucrose % and purity increased with increasing
nitrogen.

Ibrahim (1998) in Egypt, applied five nitrogen levels (0,
25, 50, 75 and 100 kg / fad) for sugar beet crop. He found that
addition of 100 kg N kg/fed significantly decreased the values of
sucrose and purity percentages.

Azzazy (2000) in Egypt, found that sucrose and purity
percentages were negatively affected by increasing N-level up to
100 kg N\fed.

El-Shafai (2000) in Egypt, obtained results showed that
increasing N-level up to 92 kg N\fed decreased sucrose
percentage.

Ouda (2001) in Egypt, studied the effect of four levels of
nitrogen fertilization (45, 60, 75 and 90 kg N/fed.) on quality of
sugar beet. The results revealed that TSS percentage responded
up to 90 kg N\fed.

Abou Shady er al (2002) in Egypt, showed that
increasing N doses from 20 up to 80 kg\fed decreased values of
sucrose and purity percentages.

Ismail (2002) in Egypt, obtained that fertilizing sugar
beet with 60, 90 or 120 kg N/fed gave the maximum sucrose and
purity percentages were not affected by the N levels.
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Zalat et al. (2002) in Egypt, found that purity percentage
significantly affected by 90 kg N/fed and gave the highest values
in both seasons.

El-Geddawy et al. (2003) in Egypt, indicated that
increasing N fertilizer over 45 kg N\fed declined values of total
soluble solids and sucrose percentages. Juice purity was
significantly and positively increased by increasing the applied
doses of N.

El-Geddawy et al. (2004) in Egypt, found that addition
of 90 kg N/fed gave insignificantly increases values of sucrose
percentage on sugar beet roots.

Ramadan and Nassar (2004) in Egypt, reported that
application of nitrogen up to 124 kg N\fed decreased sucrosé,
purity and quality traits of sugar beet.

Azzazy (2004) in Egypt, obtained that increasing nitrogen
- levels from 60 up to 90 kg\fed, significantly increased sucrose
and purity of beet in both seasons.

Feller and Fink (2004) in Germany, found that addition
of nitrogen for sugar beet plants did not affect soluble solids
content, but increasing nitrogen supply led to major increase in
nitrogen content. ‘

Attia et al. (2004) in Egypt, showed that the highest
values of total soluble solids percentage was obtained with the
addition N levels at 60 kg N\fed, while sucrose and purity
percentages were recorded with 20 kg N\fed.

Abd El-Aal and Mohamed (2005) in Egypt, showed that
increasing nitrogen fertilization level up to 60 kg N\fed
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increased sucrose, total soluble solids and purity percentages of
beets.

Allam et al (2005) in Egypt, reported that increasing
nitrogen fertilization level for sugar beet crop up to 90 kg N/fed
surpassed other levels (60 and 80 kg N\fed) in leaves dry weight
and total soluble solids percentage, while, sucrose and purity
percentages decreased in both seasons.

Hoffmann (2005) in Germany, found that the effect of
nitrogen supply on the nitrogen composition of sugar beet
varieties with special emphasis on nitrogen supply by variety
interactions. In 2001 and 2002, field trials with four varieties and
four N treatments were carried out at six sites in Germany.
Concentrations of sucrose, sodium, amino nitrogen, nitrate and
total soluble nitrogen in the beet were determined. With
increasing nitrogen supply, the concentration of amino nitrogen
increased considerably and that of nitrate slightly. Thus, the
nitrogen composition of sugar beet changed with increasing
nitrogen supply and the percentage of amino nitrogen of total
soluble nitrogen increased.

El-Sayed (2005) in Egypt, reported that increasing
nitrogen fertilization level up to 100 kg N/fed produced
significantly higher values of total soluble solids percentage in
the 1% season and 125 kg N\fed significantly increased total
soluble solids percentage in the 2™ season.

Ismail and Abo El-Ghait (2005) in Egypt, showed that
nitrogen rates (69 and 115 kg N/fed) caused a significantly effect
on sucrose percentage in beets in both seasons.

Kozicka (2005) in Poland, studied the effect of nitrogen
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fertilization at rates 90 and 180 kg N/fed on sugar beet. Results
obtained that the doubled nitrogen dose from 90 to 180 kg N\ha
enhanced a slight, statistically insignificant and lower sugar
content in beet roots. The increase of N rate from 90 to 180 kg
N\ha caused a significant increase of potassium and N-alpha
NH, in roots but it also lowered sugar content.

Leilah er al (2005) in Egypt, adding 250 kg N/ha for
sugar beet on a sandy soil produced the highest values of purity
percentage.

Osman (2005) in Egypt, found that the highest total
soluble solids percentage of beets was obtained with increasing
N level up to 95 kg N\fed but sucrose and purity percentages
were decreased.

Moustafa ez al. (2005) in Egypt, indicated that increasing
nitrogen fertilization level for sugar beet up to 110 kg N /fad
increased juice impurities (sodium and alpha-amino nitrogen
percentages).

Abu El-Fotoh and Abou El-Magd (2006) in Egypt,
showed that the highest values of sucrose and purity percentages

of beets were obtained with increasing nitrogen level up to 80 kg
Nifed.

El-Geddawy er al (2006) in Egypt, showed that
increasing N doses from 60 to 100 kg\fed decreased significantly
sucrose and purity percentages of beets.

El-Shafai and Tantawy (2006) in Egypt, applied three
nitrogen levels (60, 80 and 100 kg N/fed) on sugar beet. Gradual
reductions in pol, randement and quality index percentages were
detected accompanying the increase in nitrogen level.
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Meanwhile, sugar yield/fed was insignificantly affected by
nitrogen levels.

Moustafa and El-Masry (2006) in Egypt, found that soil
fertilization with nitrogen increased significantly nutrient uptake
(N) in both leaves and root of sugar beet plant in both seasons.
Meantime, juice quality percentages i.e. sucrose, purity and
impurities (Na, K and a-amino nitrogen) significantly differed
by nitrogen and potassium fertilization in both seasons.

Ismail et al (2007) In Egypt, showed that impurities
content in sugar beet roots were increased by increasing rates of
N up to 130 kg/fed, while sucrose and purity percentages were
decreased in both seasons.

Mahmoud et al (2007) in Egypt, found that application
of 80 kg N\fed for sugar beet plants attained the highest TS-
sugar in leaves at 150 and 180 days. Roots check treatment
-recorded a significant increment at 150 days from sowing.
Meénwhile, nitrogen treatment significantly affected non

reducing sugar at 180 and 150 days for leaves and roots,
respectively.

Milan et al (2007) in Slovak, studied the effect of
nitrogen fertilization at rates of 12, 52, 72, 178, 180 anq 240 kg
N/ha on sugar beet. Results showed that increasing N doses from

12 up to 240 kg\ha increased alpha-amino nitrogen percentage in
root, while sugar content decreased.

Ouda (2007) in Egypt, showed that increasing nitrogen
level up to 80 kg/fed significantly increased TSS% of beets.

Enan et al. (2008) in Egypt, found that nitrogen rates (60,
80 and 100 kg N/fed) had a significant effects on all of beets
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estimated characters. Adding 80 kg N/fed produced the highest
values of total soluble solids and sucrose percentages and the
lowest values of impurities percentages.

Abo-Elazm (2009) in Egypt, found that the highest
sucrose value of beets was obtained at 180 days from sowing
with the addition of 80 kg N\fed.

Nemeat-Alla (2009) in Egypt, supplied sugar beet with
90 and 120 kg N/fed. He showed that application of nitrogen
tended to decreased total soluble solids content.

3. EFFECT OF BIO-NITROGEN FERTILIZER:

3. a. Yield and its components:

EL-Badry and Bassel (1993) in Egypt, indicated that
treatment with all tested bacteria strains showed increases in
crop yield. Strains of Azospirillum had smaller effects than
Azotobacter. The mixed culture of both bacterial strains gave
higher yield.

Afify et al. (1994) in Egypt, studied the bacterization of
sugar beet plant with Azotobacter chroococcum, Bacillus
megaterium and Baciluus circulans. The treatment receiving all
the three inoculants gave the next best root length and diameter,
followed by Azotobacter chroococcum alone. Among bacterial
inoculations both root and top weights of the plants receiving
either two or three inoculations combination were better over
single inoculants.
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Hassanein and Hassouna (2000) in Egypt, studied the
effect of biofertilizer inoculation on some sugar beet varieties in
sandy clay loam soil. Biofertilizer treatment gave root yield
higher than 30 kg N/fed with all tested varieties.

Maareg and Badr (2000) in Egypt, demonstrated that
the application of Azotobacter Chroococcum as a (Cerealine)
caused on increase in root and foliage weight/plant of sugar beet
crop.

Cakmakcei ef al. (2001) in Turkey, studied the effect of
seeds inoculation with bacteria of Bacillus sp. and Pseudomonas
on sugar beet. They showed that seed inoculation with Bacillus
sp. bacteria increased root and sugar yields as compared with
control.

Markovacki and Milic (2001) inoculated sugar beet with
Azotobacter chroococcum in field experiments over 10 years, it
could be concluded that bacteria improved the yield of sugar
beet.

Saleh (2003) in Egypt, inoculation sugar beet seeds with
bio-fertilizer as microbin (dzospirillum sp., Azotobacter sp.,
Bacillus megatherium var. phosphaticum, Pseudomonas sp. and
Micorrhiza sp.). Results indicated that the effect of bio-fertilizer
was significant on root length, root diameter and yield ton/fed, in
both seasons.

Attia et al. (2004) in Egypt, studied the effect of bio-
fertilizer with rizobacteren and cerialine on sugar beet plants.
They found that root, top and sugar yields in the three seasons
were significantly affected. The highest values recorded by
rizobacteren alone followed by mix. of rizobacteren and
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cerialine followed by cerialine alone when compared with the

untreated control.

Badawi ez al. (2004) in Egypt, studied the effect of bio-
fertilizer with rizobacteren and cerialine on sugar beet plants.
They found that root length, root diameter, both fresh and dry
weight of roots and leaves and yield components were
significantly  affected.  Fertilization = with  rizobacteren
significantly increased the total of growth criteria.

El-Dsouky and Attia (2004) in Egypt, studied the effect
of Azotobacter chroococcum and Bacillus megaterium on sugar
beet plants. Single inoculation with either bacteria significantly
increased yield.

El-Kholi ez al (2004) in Egypt, studied the effect of
Azospirillum brasilense, Azotobacter chroococcum and Bacillus
megatherium on sugar beet growth. Results showed that treated
sugar beet seeds with N, fixers significantly increased the fresh
weight of sugar beet leaves and roots, sugar beet root and sugar
yields when compared with control, in both seasons.

Neamat-Alla (2004) in Egypt, mentioned that inoculation
of sugar beet seeds with Azospirillum and phosphorine (a
biofertilizer consists of phosphate dissolving bacteria) had
insignificant effect on root length and diameter.

Abou-Zeid and Osman (2005) in Egypt, studied the
effect of inoculation of sugar beet seed with Azotobacter
chroococcum and Bacillus polymyxa. They showed that
application of both bio-fertilizers led to insignificant increase in
root length, root diameter and root fresh weight at harvest,
while, the same application led to significant increases in root
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and sugar yields.

Agami (2005) in Egypt, inoculation sugar beet seed with
bio-fertilizer as cerealine caused an increase in length, diameter
and fresh and dry weights of roots and leaves and sugar yield.

Mahmoud et al (2007) in Egypt, studied the effect of
inoculation of sugar beet seed with Azotobacter. Results cleared
that seed inoculation with bacteria significantly responded in
root yield.

Ouda (2007) in Egypt, studied the effect of inoculation of
sugar beet seed with cerealine. Results showed that bio-fertilizer
positively improved length, diameter and weight of root and
yield of root and sugar.

Abo-Elazm (2009) in Egypt, found that the highest root
length and sugar yield of sugar beet plants were obtained at 180
days from sowing with Azotobacter treatment.

Aly et al. (2009) in Egypt, studied the effect of seed
inoculation and foliar application with Azospirillum and/or
Bacillus on sugar beet growth. They showed that application of
both bio-fertilizers either alone or in combination led to a
significant improvement in most sugar beet traits. The highest
stimulatory effects were exerted in plants treated with the
mixture of Azospirillum and Bacillus than either of them alone.
This treatment significantly improved growth parameters (root
length, root diameter and root fresh weight), top, root and sugar
yields.
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3. b. Juice quality and chemical constituents:

EL-Badry and Bassel (1993) in Egypt, indicated that
treatment with all tested strains showed increases in sugar
content. Strains of Azospirillum had smaller effects than
Azotobacter on sugar beet plants.

Hassouna and Hassanein (2000) in Egypt, biological
fertilization had slightly positive effect on purity percentage of
beets higher than the of mineral nitrogen fertilizer level (30 kg
N/fed).

Maareg and Badr (2000) in Egypt, demonstrated that
application of Azotobacter Chroococcum as a (cerealine) caused
on increase in quality characters i.e., TSS, sucrose and purity
percentages of beets.

Cakmakei ef al (2001) in Turkey, showed that seed
inoculation with Bacillus sp. bacteria significantly affected
quality parameters in sugar beet.

Saleh (2003) in Egypt, indicated the effect of bio-
fertilizer microbin (Azospirillum sp., Azotobacter sp., Bacillus
megatherium var. phosphaticum, Pseudomonas sp. and
Micorrhiza sp.) was significant on chemical contents of beets as
total soluble solids, sucrose and purity percentages in both
seasons.

Attia et al. (2004) in Egypt, found that total soluble
solids percentage in the second season, sucrose percentage in the
three seasons and purity percentage in the third season were
significantly affected. The highest values were recorded by
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rizobacteren alone followed by mix of rizobacteren and cerialine
followed by cerialine alone when compared with the untreated
control.

El-Dsouky and Attia (2004) in Egypt, studied the effect
of Azotobacter chroococcum and Bacillus megaterium on sugar
beet plants. Single inoculation with either bacteria significantly
increased quality traits.

El-Kholi et al. (2004) in Egypt, the percentages of total
soluble solids and sucrose were significantly increased when
sugar beet plants inoculated with bio-fertilizer, while purity was
not significant.

Agami (2005) in Egypt, inoculation sugar beet seeds with
bio-fertilizer as cerealine caused an increase in total soluble
solid, sucrose and purity percentages.

Abou-Zeid and Osman (2005) in Egypt, showed that
application of both bio-fertilizers to sugar beet plants led to
insignificant increase in total soluble solids, sucrose and purity
percentages.

Ouda (2007) in Egypt, showed that inoculation of sugar
beet seed with cerealine did not affect sucrose and total soluble
solids percentages.

Abo-Elazm (2009) in Egypt, studied the effect of
inoculation of sugar beet seed with Azotobacter. She found that
the highest sucrose value was obtained at 180 days from sowing
with Azotobacter treatment

Aly et al (2009) in Egypt, showed that application of
both bio-fertilizers either alone or in combination led to a
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significant improvement in most sugar beet traits. The highest

stimulatory effects were exerted in plants treated with the

mixture of Azospirillum and Bacillus than either of them alone.

This treatment significantly improved root quality (total soluble

solids and sucrose percentages). Azospirillum was more effective

than Bacillus on root nitrogen and potassium percentages. But

Bacillus was more effective on sucrose and purity percentages

only.

4. EFFECT OF INTERACTION AMONG SOWING
DATE, MINERAL AND  BIO-NITROGEN
FERTILIZERS:

El-Badry and El-Bassel (1993) in Egypt, studied the
effect of the interaction between nitrogen fertilization at rates (0,
30, 45, 60 and 75 kg N/fed) and with or without bacterial
inoculation on sugar beet productivity. Results indicated that the

best economical rate of inorganic nitrogen fertilizers used 45
kg/fed + bacterial inoculation; as crop yield, total soluble
compounds and sugar amount/fed, were about equal to those
obtained with higher rates of 60 and 75 kg N/fad without
inoculation in the first experiment. In the second experiment,
they studied the effect of interaction between 75 kg N/fed and
free nitrogen fixing Azotobacter and/or Azospirillum cultures.
They found that treatment with all tested strains showed
increases in weight of plants, crop yield as well as sugar content.
Strains of Azospirillum had smaller effects than Azotobacter.
The mixed culture of both bacterial strains gave higher yield.

Afify et al (1994) in Egypt, studied the bacterization of
sugar beet plants with Azotobacter chroococcum, Bacillus
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megaterium and Baciluus circulans either alone or in
combinations with fertilizer application 70 kg N/fed. Results
indicated that root length, root diameter, leaves weight and root
weight of the plant significantly increased by three inoculations
combination over single inoculants. Also, the maximum total
soluble solids and sucrose percentages were exhibited in plants
receiving mineral NPK fertilizers followed by the combined
three bacterial inoculants.

Azzazy (1998) in Egypt, studied the effect of interaction
between two sowing dates (November 1° and November 15%)
and nitrogen fertilizer levels at 20, 60 and 80 kg N/fed on sugar
beet yield and its quality . Results obtained that the interactions
between the studied factors had no significant effect on root
length and diameter, sucrose % and root and sugar yields but
purity % had significant in the first season, only. In both
seasons, the highest values of root yield was produced from
sugar beet sown on the November 1* with 80 kg N/fed, while
the highest values of sugar yield was produced from sugar beet
sown on the November 1* and fertilized with 40 kg N/fed.

Hassouna and Hassanein (2000) in Egypt, studied the
effect of interaction between nitrogen fertilization at rates of 0,
30 and 60 kg N/fed and biofertilizer inoculation on some sugar
beet varieties in sandy clay loam soil. Combination of the bio-
fertilizer and fertilization at 60 kg N/fed significantly increased
sucrose and purity percentages, while total soluble solids
decreased.

Hassanein and El-Shebiny (2000) in Egypt, studied the
effect of interaction between nitrogen fertilization at rates of 0,
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65 and 130 kg N/fed and the contribution Halex as a bio-
fertilizer on two sugar beet varieties in sandy clay loam soil.
Combination of the bio-fertilizer as Halex + the 65 kg N/fed
gave higher root yield.

Zalat er al. (2002) in Egypt, studied the effect of
interaction between nitrogen fertilization at rates of 30, 60 and
90 kg/fed and inoculation of sugar beet seeds with cerealine.
Results indicated that root and top yields significantly decreased
with decreasing nitrogen application, with applied bio-fertilizer.

Saleh (2003) in Egypt, tested the interaction between
inoculation sugar beet seed with bio-fertilizer as microbin
(Azospirillum sp., Azotobacter sp., Bacillus megatherium var.
phosphaticum, Pseudomonas sp. and Micorrhiza sp.) and
fertilizer nitrogen level (20, 40 and 60 kg/fed). He obtained that
top fresh weight, root weight/plant, root length and root diameter
were significantly increased gradually by increasing nitrogen
fertilizer. Adding bio + 40 kg N/fed gave the highest values than
those receiving bio + 20 kg N/fed. The highest value of sugar
beet yield/fed was recorded by adding 60 kg N/fed. Total soluble
solids, sucrose and purity percentages increased by increasing
nitrogen fertilizer up to bio + 40 and 60 kg N/fed in the first
season and up to 60 kg N/fed in the second season, respectively.

Feller and Fink (2004) in Germany, studied the effect of
five sowing dates (17 August early, 21 September medium, 12
October. late, 30 August early and 27 September medium) and
nitrogen levels at 100, 175 and 250 kg/ha on sugar beet in sandy
soil. They showed that late sowing dates required a reduced
nitrogen supply to keep harvest nitrate contents below the 2500
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mg/kg required by the processing industry. Early sowing dates
resulted in low nitrate-N contents with effects produced by
nitrogen supply. Increasing nitrogen supply led to major increase
in NC if combined with late sowing dates.

Attallah (2004) in Egypt, evaluated the effect of bio-
fertilizers (Azospirillum lipoferum bacteria), mineral nitrogen in
the form of urea and their combinations on some sugar beet
varieties in a clay loam soil. The combinations between the
tested factors caused a significant increase studied characters
and root yield, while total soluble solids and sucrose percentages
recorded the highest values.

Attia et al. (2004) in Egypt, studied the effect of sowing
dates on (1* September, 1% October and 1% November), bio-
fertilizers with (rizobacteren and/or cerialine) and nitrogen
fertilization at rates 20, 60 and 80 kg N/fed on sugar beet plants.
They recommended that combination with soWing date on 1*
October, bio-fertilizer with rizobacteren and nitrogen
fertilization at 60 or 80 kg N/fed led to the highest production of
crop sugar beet.

Agami (2005) in Egypt, studied the interaction between
three sowing dates of sugar beet (15™ September, 15" October
and 15™ November) and three levels of nitrogen with/or without
bio-fertilizer as cerealine (80 kg N/fed, 60 kg N/fed + cerealine
and 40 kg N/fed + cerealine). The interaction had marked effects
on dry weight of plant, top yield, total soluble solids and sucrose
percentages. Sowing date early in 15" September and
inoculating seeds with bio-fertilizer (cerealine) + 60 kg N/fed
gave the maximum values of previously characters. As well as
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sowing date in 15" October with 80 kg N/fed only without bio-
fertilizer gave the maximum values of fresh weight of
leaves/plant. Also, sowing date in 15™ October and inoculating
seeds with bio-fertilizer (cerealine) + 60 kg N/fed gave the
maximum value of root diameter.

Allam et al. (2005) in Egypt, studied sowing dates of
sugar beet on 1% October, 15" October and 1* November with
application of 65, 80 and 95 kg N/fed. Results showed that the
highest values of root yield was obtained from the interaction
between sowing date of 1% October with the application of 95 kg
N/fed in both seasons. The highest sugar yield was recorded
from the interaction between sowing date of 1% October with the
application of 80 and 65 kg N/fed in the first and second
seasons, respectively.

Abou-Zeid and Osman (2005) in Egypt, studied the
effect of interaction between inoculation of sugar beet seed with
Azotobacter chroococcum and Bacillus polymyxa and different
levels of mineral nitrogen at 0, 40 and 80 kg N/fed on sugar beet
plants. Results given that root length was insignificantly
increased by mineral nitrogen fertilizer or bio-fertilizers or by
both of them in the first season. Inoculation with Bacillus alone
or in combination with Azotobacter inoculation attained a
distinct increase in the root yield values under the several of
nitrogen in both seasons.

Leilah er al. (2005) in Egypt, studied the effect of early
sowing of sugar beet (September 1* and October 1%) with
application of nitrogen levels (150, 200 and 250 kg N/ha) in a
sandy soil. They showed that the interaction between the studied
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factors had significant effects on root fresh weight and root yield
in the two seasons.

Tantawy and El-Sayed (2006) in Egypt, studied the
interaction between mineral nitrogen levels at 45 and 90 kg
N/fed and bio-fertilizer with Azotobacter chroococcum and
Rhrizobium st. on sugar beet plants. They showed that increasing
N-dose up to 90 kg N/fad with both bacteria strains caused a
significant reduction in the values of leaves dry weight and leaf
N content. Application low dose of nitrogen (45 kg N/fad) with
inoculation by Azotobacter significantly increased root, top and
sugar yields.

Mahmoud et al. (2007) in Egypt, studied the interaction
between nitrogen fertilizer level at 80 kg N/fed and inoculation
of sugar beet seed with 4zotobacter. They found that interaction
significantly affected root and sugar yields compared with the
untreated control.

Ouda (2007) in Egypt, studied the effect of interaction
between nitrogen fertilization at rates of 40 and 80 kg/fed and
inoculation of sugar beet seed with cerealine. Results showed
that increasing N levels up to 80 kg /fed significantly increased
root yield. The highest sugar yield was obtained when 40 or 80
kg N/fed with cerealine.

Abo-Elazm (2009) in Egypt, studied the interaction
between nitrogen fertilizer level at 80 kg N/fed and inoculation
of sugar beet seed with Azotobacter. Results obtained found that
interaction significantly affected root and sugar yields compared
with the untreated control.
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III. MATERIALS AND METHODS

Three field experiments of sowing dates ie. 5™
September, 15™ October and 15™ November were carried out in
two successive seasons of 2006/2007 and 2007/2008 in the
Experimental Farm of Sakha Agricultural Research Station, Kafr
EL-Sheikh Governorate.

Each sowing date included 9 treatments, which were the
~ combinations between three rates of mineral nitrogen and three
sources of bio-fertilizer.

a. Mineral nitrogen fertilizer rates:
1. 30 kg N/fed. (control).
2. 60 kg N/fed.
3. 90 kg N/fed.

Nitrogen fertilizer was applied as urea (46% N) in two
equal doses, the first one after thinning (45 days from sowing)
and the second one at one month later.

b. Bio-fertilizer nitrogen sources were applied as cerealin:
1. Uninoculted (control).
2. Inoculation with Azospirillum bacteria.
3. Inoculation with Bacillus bacteria.

Sugar beet seed was inoculated by the examined bacteria
through the following method: Seed of sugar beet variety
Montebianco was mixed with a glue solution and the specific
bacteria and left in unsunny place till be dried before sowing it.

Phosphorus fertilizer was added during land preparation at
30 kg P,Os/fed as calcium super phosphate (15.5 % P,0:5),
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meanwhile, potassium fertilizer at 48 kg K,O/fed as potassium
sulphate (48% K,0) was applied once with the first dose of
nitrogen.

The nine combinations of mineral nitrogen and bio-
fertilizer source were arranged in randomized completely block
design with three replications was used. Plot area was 17.5 m*
and consists of five ridges which were 7 meter in length, 50 cm
in width; distance between hills was 20 cm.

The preceding crop was rice in both seasons. All cultural
practices for growing sugar beet were done as recommended.

Soil mechanical and chemical properties of the
experimental sites are presented in Table (1). Some metrological
data of the experimental sites are presented in Table (2).

Recorded data:

At harvest (210 days from sowing), a sample of five plants
was taken at random to determine the following characteristics:

a. Yield and its components:
1. Root length (cm).
2. Root diameter (cm).
3. Root fresh weight g/plant.
4. Top fresh weight g/plant
5. Root dry weight percentage/plant.
6. Top dry weight percentage/plant

At harvest four guarded rows were harvested, topped,
cleaned and the following criteria were recorded:

7. Root yield (t/fed).
8. Top yield (t/fed).
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Table (1): Soil mechanical and chemical properties of the
experimental sites (0 — 30 on depth) during (2006/2007 and

2007/2008 seasons)
Season 2006/2007 2007/2008
Mechanical analysis
Sand % 12.30 15.00
Silt % 26.60 23.95
Clay % 53.29 57.68
CaCO; 235 2.16
Textural class Clay Clay
Chemical analysis
Organic matter % 1.81 1.66
Available N ppm 40.70 36.90
Available P ppm 15.40 16.10
Available K ppm 389.9 415.2
pH 8.0 8.2
E.Cds/m 1.49 1.65
Cations and Anions (meq/L)
Na* 16.2 16.4
K* 0.26 0.29
Ca™" 4.0 3.7
Mg ™ 2.8 2.6
HCos 5.83 491
Cl- 6.20 6.40
SO~ 3.70 430

Soil physical and chemical properties were determined according to Jackson (1956).
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9. Sugar yield (t/fed) was calculated according to the following
equation: Sugar yield (t/fed) = Root yield (t/fed) X sucrose %.
b. Juice quality:

10. Total soluble solids percentage, (TSS %) was determined
by using hand refractometer (A.0.A.C.,1995).

11. Sucrose  percentage was determined by using
Saccharimeter according to the method described by Le
Docte (1927).

12. Purity percentage was calculated according to
Carruthers et al (1962) as follows:
Purity = (sucrose % x 100) / TSS %.

¢. Chemical constituents:

A sample of 100 g. of both leaves and roots was randomly
taken from each treatment, ovened at 70 °C to determine root dry
weight percentage. A dried sample of 0.1 g. from each treatment
was digested by using sulfuric acid and the following elements
were determined in the digested solution:

13. Nitrogen percentage in roots and tops were determined
using micro Kjldahl apparatus according to Pergl (1945).

14. Potassium and sodium percentages in roots and tops were
determined  using flame photometer according to Brown
and Lilliland (1964). |

15. Nitrogen uptake of root was calculated according to the

following equation: Root fresh weight (t/fed) x root dry
matter% x nitrogen %.
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16. Nitrogen uptake of tops was calculated according to the
following equation: Top fresh weight (t/fed) x top dry
matter % x nitrogen %.

17. Potassium uptake of root was calculated according to the
following equation: Root fresh weight (t/fed) x Root dry
matter % x Potassium %.

18. Potassium uptake of tops was calculated according to the
following equation: Top fresh weight (t/fed) x top dry
matter % x Potassium %.

19. Sodium uptake of root was calculated according to the
following equation: Root fresh weight (t/fed) x Root dry
matter% x Sodium %.

20. Sodium uptake of tops was calculated according to the
following equation: Top fresh weight (t/fed) x Leaves dry
matter % x Sodium %.

Statistical analysis:

The collected data were subjected to proper statistical
analysis of variance according to Sendecor and Cochran (1967).
The heterogeneity of error variances across sowing dates seasons
indicated that error terms were homogeneous. A combined
analysis was done according to Gomez and Gomez (1984). For
comparison among treatment means, Duncan's multiple range test
was used (Duncan, 1955). Also, simple correlation coefficient
was computed among studied traits according to Steel and
Torrie (1980). The prediction equations of sugar beet yields,
error mean squares and nitrogen maximum response which
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estimated from combined analysis over two successive seasons
were computed according to Fox and Piekielek (1990).
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IV. RESULTS AND DISCUSSION

1. Effect of seasons:

Results given in Table (3) show the influence of seasonal
effect on yield components. The collected results revealed that
yield components in terms of root length, root diameter, root
fresh weight/ plant and root dry matter appeared insignificant
affected by the growing seasons. However, the differences
between the two growing seasons with relation to their influence
on top fresh weight and top dry matter were significant. These
results may be due to changes of environments in the first season
and second seasons under study (Table, 2).

Results given in Table (4) reveal the influence of the
growing seasons on root, top and sugar yield of sugar beet crop.
The collected data cleared that these traits were insignificantly
affected by the growing seasons.

Results presented in Table (5) show that seasonal effect
on juice quality measurements was significant for purity
percentage. Whereas it could be noted that the insignificant
effect of seasons on the values of total soluble solids and sucrose
percentages assured that this trait mainly is affected by gene-
make up rather than environmental condition.

Results presented in Table (6) show seasonal effect on the

values of macro-elements in the different parts of sugar beet
plants i.e. root and top. It could be noted that the content of root
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and top from the percentages of nitrogen, potassium and sodium
were not affected by the growing season.

Results presented in Table (7) show seasonal effect on the
values of macro-elements uptakes in root and top of sugar beet
plants. It is clearly show that nitrogen, potassium and sodium
uptakes of root and top were not affected by the growing season
except the values of potassium and sodium uptakes of top, which
significantly affected by the growing seasons.

2. Effect of sowing date:

2. a. Yield and its components:

Results given in Table (8) show the influence of three
sowing dates on some yield components in terms of root length,
root diameter, root fresh weight and top fresh weight/plant in the
two growing seasons. The obtained results cleared that sowing
sugar beet on 15™ September or 15% October significantly
surpassed the latest sowing date (15™ November) with respect to
the above mentioned characteristics. However, the differences
between 15 September and 15™ October were not enough to
reach the 5 % level of significance. It is obviously show that
sowing sugar beet early increased the values of root dimensions
as well as root and top fresh weight. This finding may be
indicate to the relative importance of the early sowing dates,
which allow to sugar beet plants to grow better than the late one.
Abd El-Aal and Abou El-Magd (2006), El-Geddawy er al
(2007) and Mosa (2009) found that the sowing sugar beet on
15™ September led to significant increase in the value of root
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dimensions, root and top fresh weight/plant when compared with
that obtained at the late sowing date.

Results in Table (9) show the effect of the examined
sowing dates on root and top dry matter of sugar beet/plant. The
collected results pointed out that delaying sowing date resulted
in decreased the values of roots and top dry matter percentages.
Delaying sowing dates from 15% September to 15" October
reduced the values of these traits. The highest values of root and
top dry matter percentage were recorded with 15% September
sowing date. These results reassured that the early sowing date
positively affected on growth criteria.

Once more, the interaction between sowing date and the
growing season was insignificant in relation two their effect on
these criteria. This finding may indicate to the relative effect of
sowing dates on these traits.

Results obtained in Table (10) show the influence of
different sowing dates on root, top and sugar yields of sugar beet
at the two growing seasons and their combined.

Results revealed that sugar beet root yield statistically
affected by the examined sowing dates. The both earlier sowing
dates (15" September and 15% October) recorded better root
yield than the late one (15" November). Abd El-Aal and Abou
El-Magd (2006) and Mosa (2009) found that the early sowing
date on 5™ September attained the highest root yield/fed.

In general, it could be noticed that the highest root yield

of sugar beet was produced when sugar beet plants was sown on
the 15" October. This finding was true in the two seasons and
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their combined. The relative advantage of this date may be due
to that date is appropriate not only for the rapid growth, but also,
for sugar storage by the end of the season where the crop
harvested.

Sowing sugar beet on 15™ October increased root yield by
23.47 %, 22.87 % and 23.17 % in the first, second seasons and
their combined compared with 15™ November sowing date.

Top yield of sugar beet as affected by sowing dates in the
two seasons and their combined (Table, 10) pointed out that top
yield/fed significantly affected by the studied sowing dates. The
obtained which were results cleared that both of the early sowing
dates i.e. 15™ of September and October over passed the late
sowing date (15" November). This finding was true in both
seasons and their combined. Agami (2005) found that the early
sowing date on 15% September had a significant increase in top
yield of sugar beet.

Concerning the influence of sowing dates on sugar yield,
the results in (Table, 10) show the relative importance of the
early sowing date and reassured that sowing date is still one of
the very critical factor directly affected on beet yield and its
components.

The highest sugar yield was recorded with both early
sowing dates (15" of September and October) without
insignificant difference between them. However, it is clearly
show that sowing sugar beet on 15™ October attained additional
increase in sugar yield amounted by 38.17 %, 35.07 % and 36.78
% when compared with that the late sowing date on 15
November in the first, second season and their combined,
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respectively. Regarding the effect of different sowing dates on
yields of top, roots and sugar, it could be noted that the relative
advantage of the early sowing date i.e. 15™ September and
October than the late one mainly due to the suitable conditions
prevailing during the early growth stages, which reflected on the
yield components of the individual plants (Table, 8) and which
in turn affected on the final crop at harvest in terms of root and
sugar yields (Table, 10). El-Geddawy et al (2007) found that
sowing sugar beet early on 15" September significantly attained
highest values of sugar yield when compared with that the late
sowing date.

2. b. Juice quality:

Results presented in Table (11) reveal the influence of
different sowing dates on juice quality measurements i.e. total
soluble solids, sucrose and purity percentages. The results given
distinctly clear that delaying sowing date to 15™ November
attained a positive response in total soluble solids percentage.
These results were true in both seasons and their combined. On
the contrary, sucrose and purity percentages negatively affected
by delaying sowing date. The earlier sowing date ie. 15T
September attained the highest values in sucrose and purity
percentages and the lowest values of these traits was recorded
with the latest sowing date (15™ November). It is well known
that the early sowing date was the better for the yield
components and best quality. This fact due to the early sowing
date mean harvest the plant grown before the temperature rising.

Concerning the interaction effect between sowing date
and season, the obtained results revealed that total soluble solids
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and sucrose percentages did not affected by the studied sowing
dates, however, the interaction between sowing date and season
statistically affected purity percentage (Table, 1 1). These results
coincide with those found by Osman ef al (2007) and Mosa
(2009), which found that sowing sugar beet early on 15"
September significantly attained higher values of sucrose and
purity percentages.

2. c. Chemical constituents:

Results in Table (12) show the effect of the studied
sowing date on nitrogen, potassium and sodium percentages of
sugar beet root. The results elucidated that nitrogen, potassium
and sodium contents of root were significantly increased by the
studied planting dates. It could be remarked that earliest sowing
dates on 15" September recorded the lowest concentrations in
root as it clearly show in the two growing seasons and their
‘combined, while the highest values were recorded with latest
sowing date (15™ November).

Results in Table (13) show the concentration of nitrogen,
potassium and sodium percentages of top under the studied sugar
beet sowing dates. The results showed that nitrogen content of
top was significantly decreased by sowing sugar beet on 15™
September followed by 15" October and 15% November,
respectively in both seasons and their combined. Concerning
potassium and sodium percentages of sugar beet top, the
available results in Table (13) reveal that the differences between
the examined sowing dates in respect to their content did not
reach the 5 % level of significance between 15" September and
15" October in the combined. Osman et al (2007) and Mosa
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(2009) found that early sowing date on 1[5 September
significantly reduced the values of potassium, sodium and juice
impurities percentages compared with that obtained at the late
sowing date.

Regarding the collected results in Table (14) cleared the
amounts of nitrogen, potassium and sodium uptakes of sugar
beet roots. In the combined data, values of nitrogen uptake
significantly increased with planting date on 15" October
followed by 15™ September and 15% November, respectively.
However, results reveal that the studied sugar beet sowing dates
were significantly differed in sodium uptake of root in both
seasons and their combined.

Results- in Table (15) show the effect of sowing date on
nitrogen, potassium and sodium uptakes of sugar beet top. The
lowest values of nitrogen, potassium and sodium uptakes of top
were recorded with sowing date on 15% November, but it's not to
reach of significance level between both planting dates 15™
September and 15™ October in the two seasons and their
combined, except sodium uptake in top in the combined.

Regarding to the effect of interaction between sowing
date and season was insignificantly affected on the most criteria,
except purity percentage, nitrogen concentration in root and
nitrogen uptake in top, which were significantly affected (Tables,
8-15). These result may be indicate that such criteria are more
stable than purity and nitrogen percentage, which greatly
affected by environments changes.
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3. Effect of mineral nitrogen fertilizer rates:

3. a. Yield and its components:

Table (16) clears the influence of nitrogen fertilizer on
sugar beet characteristics in the two growing seasons and their
combined.

Results given in Table (16) reveal that increasing nitrogen
fertilizer from 30 up to 90 kg N/fed increased root length, root
and top fresh weight/plant. However, the differences between 60
and 90 kg N/fed was insignificant in their effect on these traits.
Also, the results in Table (16) showed that root diameter
gradually and significantly responded to the additional
application of nitrogen up to 90 kg N/fed. These results were
fairly true in the two growing seasons and their combined. These
results may be due to the role of nitrogen element as an essential
component in proteins, enzymes, chlorophyll and amino acids in
the plant, which enhance plant growth and cell division.
Moustafa and El-Masry (2006) and Enan ef al (2008) found
that soil fertilization with nitrogen up to 100 kg N/fed
significantly increased root length diameter.

Results in Table (17) clear the effect of nitrogen fertilizer
rates on root and top dry matter/plant at harvest. Results clarified
that root and top dry matter/plant were statistically and positively
affected by nitrogen fertilizer rates. It could be remarked that
these traits whether in the two seasons and/or their combined
gradually increased as nitrogen rate increased from 30 to 60 up
to 90 kg N/fed. This result due to the known role of nitrogen in
plant growth.
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Results in Table (18) show the influence of nitrogen
fertilization on root, top and sugar yields/fed. Results in Table
(18) show that increasing nitrogen fertilizer from 30 to 60 and 90
kg N/fed statistically increased root yield/fed, whereas, the
difference between 60 and 90 kg N/fed was not significant. It is
seemed that application of 60 kg N/fed under this study was
enough to produce the favorite yield. Application of 60 kg N/fed
attained an additional increment in root yield amounted by 44.1
%, 42.18 % and 42.94 % over 30 kg N/fed treatment in the first,
second seasons and their combined, respectively. Nemeat-Alla
(2009) found that soil fertilization with nitrogen up to 120 kg
N/fed significantly increased root yield.

Regarding the influence of nitrogen fertilization on top
yield, the collected results appeared that top yield gradually
responded to the applied dose of nitrogen up to 90 kg N/fed. The
distinct influence of nitrogen on yield components of sugar beet
often due to the effective role of N-element in plant metapolism
in turn plant growth and finally on the products in terms of top
and root yields (Table, 18). This finding indicates that the foliage
part was more responded to nitrogen element than roots. Abu El-
Fotoh and Abou El-Magd (2006) found that the highest values
of top yield was obtained with increasing nitrogen rate from 60
to 100 kg N/fed.

Concerning sugar yield, the results given in Table (18)
show that increasing nitrogen fertilizer let to pronoun increase in
sugar yield. This results mainly due to the distinct effect of
nitrogen element on root yield and sucrose percentage, Table 16.
Increasing nitrogen fertilizer from 30 to 60 and 90 kg N/fed
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raised the values of sugar yield by 65.52 % and 70.09 % in the
first season, 59.93 % and 71.30 % in the second season, and
62.41 % and 96.64 % in the combined over the two seasons. This
observation could be important for the breeder to select based
upon the high sucrose which compensates the decrease in root
yield. Ouda (2007) found that increasing nitrogen rates up to 80
kg N/fed significantly increased sugar yield.

The prediction equations of sugar beet yields, error mean
squares and nitrogen maximum response which estimated from
combined analysis over two successive seasons (2006/2007 and
2007/2008) are given in Table (19).

The prediction equations of sugar yield, top yield and
root yield which estimated from combined analysis were:

Y. = — 0330778 + 0.138356 n — 0.000864 n’ (with
standard error of estimate equal to 0.078264) sugar yield.
Whereas, the prediction for top yield was Y, = 0.178148 +
0.312361 n — 0.001962 n* (with standard error of estimate equal
to 1.96499). But, the prediction equation of root yield was
Y. = 2.730926 + 0.726012 n — 0.004850 n’ (with standard error
of estimate equal to 2.94277).

The results indicated that nitrogen fertilizer made its high
contribution to the sugar yield. From a simple biological stand
point heavy yields with high assimilation should be constructed
on the nitrogen rates to contribute significantly to sugar
yield/fed.

Profitability of sugar beet production is affected by
selecting the appropriate rate of nitrogen fertilizer. Decision
concerning optimal rates of fertilization involve fitting some
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types of continuous response model to the yield response data
collected when several rates of fertilizer are applied.
Comparisons among the response functions. Sugar, top and root
yields were based on the mean sugar error. The model with least
mean square error was considered to be the best model fitted to
the yield data.

For sugar yield, it is clear from Table (19) that the least
mean square error on the other hand, it shows the optimum rate
of nitrogen fertilization according to this model was 79.95 kg
N/fed. The optimum rate gives the maximum response. This
model was the best model fitted to the sugar yield data because
the mean square error for this model (0.6125) was less than those
of the other two models (top and root yield).

Table (19): Prediction equations of sugar beet yields, error mean
squares and nitrogen maximum response.

Nitrogen
: . Error
Yield Prediction equations Standard | maximum mean
error feSPOISe | squares
(kg N/fed)
Sugar | Y, =-0.330778 +0.138356 n — 0.000864 n> | 0.78264 79.95 0.6125
Top Y,=0.178148 + 0.312361 n - 0.001962 n® 1.96499 79.60 3.8611
Root Y, =2.730926 + 0.726012 n — 0.004850 n’ 2.94277 74.85 8.6599

Top yield, the mean square error for this yield was
3.8611. the optimum nitrogen fertilizer rate for the top yield was
79.60 kg N/fed. Whereas, root yield has large error mean square
(8.6599) and the maximum rate of fertilizer nitrogen was 74.85
kg N/fed.
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Generally, sugar yield model was more efficient than both
top yield and root yield models. Thus, we can recommended that
the optimum rate of nitrogen fertilizer of sugar beet production
was 79.95 kg N/fed.

3. b. Juice quality:

Results in Table (20) show the effect of different nitrogen
rates on juice quality measurements in terms of total soluble
solids, sucrose and purity percentages in the two growing
seasons and their combined analysis.

Results showed that total soluble solids, sucrose and
purity percentages were statistically affected by the applied rates
of nitrogen fertilizer, increasing the supplied dose of nitrogen
positively affected on the values. It well be not enough to depend
upon the values of total soluble solids percentage only with
respect to juice quality. A throw some lights on the effect of
nitrogen fertilizer on the values of sucrose and purity
percentages, results showed that increasing nitrogen fertilization
rate up to 90 kg N/fed surpassed the other rates (30 and 60 kg
N\fed) in sucrose and purity percentages. While the highest value
of total soluble solids percentage was recorded with application
of 30 kg N/fed followed by 90 and 60 kg N/fed in the two
seasons and their combined analysis.

Increasing the applied dose of nitrogen fertilizer caused a
significant increase in the values of sucrose percentage. These
results were true in the second season and the combined data. It
could be deduced that applying 30 kg N/fed attained the lowest
value of sucrose and purity percentages. Abu El-Fotoh and
Abou El-Magd (2006) found that increasing nitrogen rates up to
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80 kg N/fed gave the highest values of sucrose and purity
percentages.

3. c. Chemical constituents:

Results in Table (21) show the influence of nitrogen
fertilizer concentration of nitrogen, potassium and sodium
percentages in root. Results elucidated that nitrogen content in
root was significantly increased as the applied dose of nitrogen
fertilizer increased from 30 to 60 and up to 90 kg N/fed in the
two seasons and their combined data.

Results show that potassium and sodium concentrations in
root were significantly affected by nitrogen fertilizer rates
without significant difference between 30 and 60 kg N/fed in the
combined analysis. ‘Based on these results, it could be
recommended by nitrogen application to decrease the impurities

_(potassium and sodium) consequently increased sugar extraction.

This observation may be indicate to the relative important of
nitrogen fertilizer application to sugar beet plants especially that
this element appeared an effective role in juice quality Table
(20).

Results given in Table (22) obviously show that
increasing nitrogen fertilizer up to 90 kg N/fed attained a
-significant increase in the values of nitrogen concentration in the
tops. This finding was true in the two seasons and their
combined. However, application of 30 kg N/fed was enough to
produce the highest concentration of potassium and sodium in
top of sugar beet. Meanwhile, the differences between 60 and 90
kg N/fed on potassium concentration as well as between 30 and
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60 kg N/fed on sodium concentration were not enough to reach
the rate of significance in top.

Results in Table (23) show the influence of mineral
nitrogen rate on nitrogen, potassium and sodium uptake in root
of sugar beet at two growing seasons and their combined
analysis. Potassium and sodium uptakes in root of sugar beet
plants almost appeared insignificant response to the studied rates
of 60 and 90 kg N/fed. However, nitrogen uptake in root
responded significantly to the applied nitrogen fertilizer rates.
This finding was true in the two seasons and their combined.

Results given in Tables (24) show that nitrogen,
potassium and sodium uptakes in top of sugar beet plant were
significantly affected by the applied rates of nitrogen fertilizer.
In general increasing nitrogen application tended to higher the
values of nitrogen, potassium and sodium uptakes in top of sugar
beet plants.

Concerning to the interaction effect between nitrogen
fertilizer rates and seasons, results in Tables
(16,17,18,20,21,22,23 and 24) showed that the studied characters
were nsignificantly affected, except nitrogen uptake in root was
significant. This finding means that nitrogen uptake affected by
environment changes.

4. Effect of bio- nitrogen fertilizer sources:

4. a. Yield and its components:

Results in Table (25) show that the effect of bio-nitrogen
fertilizer sources on root dimensions, root and top fresh
weight/plant at harvest. Results clarified that the above
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mentioned root characters in terms of root length and diameter as
well as root fresh weight/plant were statistically and positively
affected by inoculation of sugar beet seed with bio-fertilizer. It
could be remarked that root length, root diameter and top fresh
weight/plant were increased as inoculation of sugar beet seeds
with Bacillus polymyxa in the combined analysis, except root
fresh weight/plant was increased with inoculation by
Azospirillum brasilense. While, the lowest values were recorded
without bio-fertilizers in the two seasons and their combined.
Saleh (2003), Agami (2005) and Aly ef al (2009) found that
inoculation sugar beet seed with bio-fertilizer caused an increase
in root length, root diameter as well as root and top fresh
weight.

Regard to the combined analysis results of the two
seasons showed that inoculation with Bacillus polymyxa gave the
heaviest top fresh weight/plant, as well as greatest root length
and diameter and surpassed by inoculation with Azospirillum
brasilense and check treatment by 2.03 and 0.37 cm in length;
0.70 and 0.32 cm in diameter and 9.00 and 5.00 g in top fresh
weight, respectively. These results may be due to the role of
Azospirillum  brasilense and Bacillus polymyxa bacteria in
releasing more nitrogen element and make available for sugar
beet plants to absorb it and make use of it in all biotic processes
in the plants.

The results in Table (26) show that dry matter of root and
top were significantly affected by inoculation of sugar beet seed
with bio-fertilizer. The highest values of root and top dry matter
significantly increased by inoculation with Azospirillum
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brasilense. While without inoculation gave the lowest one in the
two growing seasons and their combined analysis.

Results given in Table (27) show the influence of bio-
fertilizer on the root, top and sugar yield/fed. Concerning the
influence of bio-fertilizer on root yield/fed, the available results
elucidate that there was a positive response in the values of root
yield to the inoculation with bio-fertilizer. However, it could be
noted that both of bio-fertilizer sources surpassed check
treatment (control) statistically with respect to their influence on
yields of roots, tops and sugar/fed. Meanwhile the difference
between the examined sources of bio-fertilizer i.e. Azospirillum
brasilense and Bacillus polymyxa was mostly not reach the level
of significance in the second season and the combined over the
two seasons. Once more, the additional increase in the value of
root yield as a result of inoculation with Azospirillum brasilense
amounted by 7.73%, 7.52% and 7.65%, corresponding 11.14%,
6.15% and 8.67% when inoculation with Bacillus polymyxa
higher than that produced without inoculation in the first, second
seasons and their combined, respectively. Aly et al (2009) found
that application of bio-fertilizer led to a significant improvement
in root, top and sugar yields.

Combined analysis clarified that the inoculation with
Bacillus polymyxa and Azospirillum brasilense gave 2.13 and
1.88 tons of root/fed higher than that produced without
inoculation, respectively. In addition, inoculation with
Azospirillum brasilense or Bacillus polymyxa gave the greater
top yield/fed and out-yielded than that produced check treatment
by 1.46 and 0.98 ton/fed, respectively. Once more, results given
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in Table (27) revealed that inoculation with Azospirillum
brasilense recorded the highest values of sugar yield/fed
followed by inoculation with Bacillus polymyxa, than the control
(untreated).

Results collected in Table (27) reveal that yield of top was
significantly increased as inoculation with bio-fertilizer sources.
Inoculation with Azospirillum brasilense recorded the highest
significant value of top fresh weight yield. Both of the used
sources of bio-fertilizer i.e. Azospirillum brasilense and Bacillus
polymyxa surpassed check treatment (control) with respect to top
fresh weight yield. This findings were true in the second season
and the combined.

As to the effect of bio-fertilizer sources on the sugar
yield/fed, results obtained in Table (27) pointed out that sugar
yield distinctly and positively responded to inoculation by
bacteria sources. With respect to the additional benefit to
inoculation by bacteria sources, it could be noticed that the
additional increment in sugar yield as a result to inoculation by
Azospirillum brasilense reached 16.71%, 13.92% and 15.31%,
corresponding to 18.51%, 10.38% and 14.54% when inoculation
by Bacillus polymyxa higher than that control treatment in the
first and second seasons and their combined analysis,

respectively. The relative influence of the studied bio-fertilizers-

could be mainly due to the vital role of these micro organisms
with their ability in bio-nitrogen fixation which reflected on
plant growth criteria in terms of root dimensions and root and
fresh weight/plant which in turn reflected on the final products
such as root, top and sugar yields. The relative effect of
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inoculation with bio-fertilizer sources on sugar yield was
recorded before by Cakmakci ef al (2001), which found that
seed inoculation with bio-fertilizer increased sugar yield as
compared with control.

4. b. Juice quality:

Results given in Table (28) show that juice quality in
terms of total soluble solids, sucrose and purity percentages were
significantly affected by inoculation of sugar beet seeds with
bio-fertilizer. Inoculation with Azospirillum brasilense raised the
values of sucrose percentage over that of control (without bio-
fertilizer) amounted by 9.19%, 7.48% and 8.31%, while,
inoculation with the same inoculation raised the values of purity
percentage over that of control (without bio-fertilizer) amounted
by 15.67%, 6.38% and 3.83% in the first, second seasons and
their combined, respectively.

Generally, the highest values of sucrose and purity
percentages were recorded by inoculation of sugar beet seeds
with Azospirillum brasilense followed by inoculation with
Bacillus polymyxa, while the lowest values were recorded
without bio-fertilizers. Sucrose and purity percentages did not
reach the level of significance between Azospirillum brasilense
and Bacillus polymyxa in the two seasons and their combined.
El-Kholi ez al (2004) found that application of bio-fertilizers led
to significant increase in sucrose and purity percentages.

4. c. Chemical constituents:

Results presented in Table (29) reveal the influence of
bio-fertilizer on the nitrogen, potassium and sodium contents in
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