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ABSTRACT

Two split trials with four replications were conducted
at the Bangar El- Sukar region, Burg EI- Arab, Alex.
Governorate, Egypt during 2018/19 and 2019/20 seasons to
study the effect of two nitrogen sources fertilizers
(ammonium sulphate 20.6% and urea 46%) with three
rates (80, 100 and 120 Kg N/ fed.) on growth, yield
components and quality characters and nitrogen use
efficiency of sugarbeet grow on a clay loam soil. Results
showed that significant differences were reported between
sources of nitrogen fertilizer in the most plant growth
characters, yield components, quality parameters and
impurity parameters as well as nitrogen use efficiency
(NUE) in the two seasons. Beet plants fertilized with
ammonium sulphate as compared with urea significantly
exceeded root and top fresh weight, root length, root
diameter, leaf area index and total dry matter
accumulation per plant as growth parameters, roots, top,
gross sugar and white sugar as yield components,
percentage of gross sugar, white sugar, quality index as
quality parameters and NUE for yields of roots, gross
sugar, white sugar and loss sugar in both seasons, and
chlorophyll “a” in first season only. On contrary, also,
ammonium sulphate significantly decreased
concentrations of K, Na, a- amino- N as impurities and loss
sugar% as compared with urea in both seasons.
Application of different rates of nitrogen fertilizer in the
two seasons, significantly affected all tested traits, except
loss sugar yield and quality index in the first season only.
Application of 120 Kg N/fed. rate recorded the highest
values of all tested plant characters, photosynthetic
contents, yield components, quality parameters and NUE
for gross sugar and white sugar yields. . In addition, the
same nitrogen rate produced the lowest values for all
impurity parameters measured (K, Na, a- amino- N and
AC), loss sugar percent, NUE for roots and loss sugar
yields in the both seasons. The interaction between sources
and rates of nitrogen fertilizer were significant effect on
root length and fresh weight/ plant in first season only,
root diameter, chlorophyll “b”, gross sugar yield/ fed. , all
quality parameters and NUE for loss sugar yield in the
second season only. However, in the two seasons, roots, top
and white sugar yields/ fed. and all impurities as well as
NUE for roots, gross sugar and white sugar yields were
significantly affected by the interaction between sources
and rates of nitrogen fertilizer. In general, application
ammonium sulphate fertilizer at the rate of 120 Kg N/ fed.
was recommended because it recorded the highest root
characterse, chlorophyll ""b", most yield components and
quality traits as well as NUE for gross sugar and white
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sugar yields, and the lowest loss sugar yield, loss sugar%o,
NUE for roots yield and all impurities traits.
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INTRODUCTION

In Egypt, nowadays, sugarbeet (Beta vulgaris L.), is
the first source of sugar production. The production of
sugar from sugarbeet reached 58.9% according to Sugar
Crops Council, 2020.

Nitrogen is one of the most abundant elements on
earth. It accounts for 78% of the earth's atmosphere in
the form of N.. Plants require nitrogen for their
metabolic processes as well as growth. It is key
component of amino acids, the building blocks of
proteins, as well as chlorophyll. Primary cells are found
to have about 5% of nitrogen. It plays a vital role in
various metabolic activities. It helps in harvesting solar
energy through chlorophyll, in energy transformation
through phosphorylated components, in transfer of
genetic information through nucleic acids. Moreover, it
is essential in cellular and protein metabolism and acts
as biological catalyst (Naresh, 2020).

Nitrogen is a major nutrient element for sugarbeet
and it's needed to large amount for high yield of
sugarbeet and it considered the most factor affecting the
growth and productivity of sugarbeet. Source of
nitrogen application is important management tools in
this respect because maximum nitrogen efficiency is
obtained when nitrogen is applied in the form which is
available for uptake by plant needed.

It is very important to use adequate rates and
sources of nitrogen, for it successful implementation.
Such proposal not only increases yield but also reduce
production cost and environmental pollution. The main
of this study was to evaluate the effect of two sources
and three rates of nitrogen fertilizer on growth, yield
components and quality of sugarbeet. In addition, use
efficiency of the tested previous factors on roots and
sugar yields in clay loam soil.

MATERIALS AND METHODS

Two split plot field trials with four replications
were conducted at the Bangar EIl- Sukar region, Burg
El- Arab, Alex. Governorate, Egypt during 2018/ 19 and
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2019/2020 seasons to study the effect of two nitrogen
fertilizer sources (ammonium sulphate 20.6% and urea
46%) with three rates (80, 100 and 120 Kg N/fed.) on
plant characters, photosynthetic pigment contents, yield
components, quality parameters and concentrations of
impurities in juice roots of sugarbeet cultivar, Heba
(polygerm) in clay loam soil. Physical properties of the
experimental soil were analysis using the procedure
described by Black et al. (1981). Soil chemical analysis
was determined according to the methods of Jackson
(1973). The physical and chemical analysis of
experimental soil (at 30 cm depth) were tabulated in
Table (1). Sources and rates of nitrogen fertilizer were
randomly allocated in main and sup-plot, respectively.
The experimental unit was 18 m? including 5 rides of 6
m in length and 60 cm in width, with 20 cm between
hills. The soil was ploughed triple, settled, ridged and
divided into plots. The recommended dose of
phosphorus fertilizer was applied at a rate of 100 Kg
calcium super phosphate/ fed. (15.5% P»0Os) during soil
preparation. Two- three of sugarbeet seeds cv. Heba
were sown in hill on one side of ridge on September 10
and 15 in the first and second seasons, respectively.
Plots were flooded irrigated immediately after sowing.
Potassium in the form of potassium sulphate (48% K;O)
was added at rate 100 Kg KO/ fed. in two equal
portions after thinning (4- 6 true- leaf stage) and 30 days
later, respectively. nitrogen fertilizer was applied in
three equal portions, the first was applied after thinning
and the 2" and 3" portions were added at two weeks
intervals after the first one, respectively. Other
agricultural practices were kept the same as normally
practiced in growing sugarbeet fields.

The recorded data:

After 150 days from sowing, a representative
sample of ten plants was randomly taken from the
guarded ridges of each sub- plot to determine the
following:

- Leaf area index (LAI), which was determined as
described by Watson (1958) using the following
equation:

Leaf area per plant {(cm2)

LAl =

-

plant ground area (cem2)
Where: plant leaf area was determined using the
"disk method" in 50 leaf disks of 1.0 cm diameter.

- Photosynthetic pigments (mg/ g) were
determined in the fresh leaves as mentioned by

Grodzinsky and Grodzinsky (1973). Chlorophyll
a and b concentrations in mg per gm leaves were
calculated as follows:

Ca=(12.7 x Ob.* at 663 — 2.69 x Ob. At 645) x 0.2**
Cb = (22.9 x Ob.* at 645 — 4.68 x Ob. At 663) x 0.2**
Ob. = absorption

0.2 = 1/ [weight of leaves sample (250 mg)/volume of
aceton (50 m)]

- Total dry matter accumulation:

Each sample was separated into blades, petioles and
roots. The roots of each sample were cut to small pieces.
All plant fractions were air- dried then oven dried to
constant weight for 48 hours at 90°C. The sum of dried
plant fractions was used to calculate the total dry matter
accumulation per plant.

Table 1. Physical and chemical analysis of experimental soil during 2018/ 19 and 2019/ 20 seasons

Physical analysis

Seasons Sand Silt Clay Soil texture Bulk density ~ Saturation
% % g/ Cm? %
2018/ 19 32.70 22.30 36.51 Clay loam 131 30.74
2019/ 20 31.71 25.40 35.71 Clay loam 1.26 28.11
Chemical analysis
Soluble anions Soluble cations Available nutrients Organic  Ec H
seasons (Meg/ L) (Meg/ L) (mg/ Kg soil) CaCO; Matter (ds/ "
CO;~ HCO;~ CIF SO,  Ca™ K™ Mg™ K N P B % m)
2018/19  0.00 311 530 425 252 051 362 440 7015 2196 6.18 0.13 491 1.18 132 83

2019/20  0.00 3.55 557 443 296 092 320 6.10

6729 20.86 5.18 0.11 4.50 1.24 115 81
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At harvest, plants in the three inner ridge of each
plot were collected and cleaned, therefore roots and top
were separated and weighted in kilogram and converted
to estimate roots and top yields (tons/ fed.). A sample of
ten plants was randomly taken from each plot to
determine root length, root diameter (cm) and fresh
weights of root and top (gm)/ plant. Also, a random
sample of 10 Kg roots was taken from each plot and
sent to Beet Laboratory Nil Sugar Factory to determine,
Alpha amino nitrogen (a- amino- N), sodium (Na) and
potassium  (K)  concentrations  (expressed  as
milliequivalents/ 100 g beet) were estimated according
to the procedure of Sugar Company by Euto Analyzer
described by Cooke and Scott (1993). Sucrose%
(expressed as pol%) was estimated in fresh samples of
sugarbeet roots by using Saccharometer according to the
method described by A.O.A.C. (1995). Sugar loss% was
calculated using the following formula:

* Loss sugar% = [0.29 + 0.343(K + Na) + 0.094 (o-
amino- N)].
* Sugar recovery (white sugar%) was calculated
using the following equation:
* White sugar%o = Sucrose% - loss sugar%.
* White sugar yield (tons/ fed.) = White sugar% x
roots yield (tons/ fed.).
* Quality index was calculated as (White sugar x 100)/
Sucrose%.
* Gross sugar yield (tons/ fed.) = roots yield (tons/
fed.) x Sucrose%.
* Loss sugar yield (tons/ fed.) = roots yield (tons/ fed.)
x Loss sugar%.

H':_.-I':I + N;:'I:-"l-:-

* Alkalinity coefficient (AC)= 2~ N

Nitrogen utilization efficiency (NUE) for roots and
sugar yields (Kg/ Kg N) was calculated as:

* NUE for roots yield= Roots vyield at Ny rate , Kg
roots/ K N

Ny rate

* NUE for sugar yield= Sugar yield at Ny rate , Kg
sugar/ KN

Ny rate

Where: Nx = roots or sugar yields at the nitrogen rate of
80 or 100 or 120 Kg N/ fed.

The analysis of variance of split plot experiments
was carried out using COSTAT computer software for
both seasons were done- Least Significant Difference
(L.S.D) method was used to test the differences between
treatment means at 5% level of probability.

RESULTS AND DISCUSSION

I-Plant characters:

Results of the effect of sources and rates of nitrogen
fertilizer on plant characters, root and top fresh weight/
plant, root length, root diameter and total dry matter
accumulation of sugarbeet are shown in Table (2). The
results indicated that all the previously mentioned traits
were significantly affected by nitrogen sources in the
two seasons. In general, applying ammonium sulphate
fertilizer significantly increased root and top fresh
weight/ plant, root length and root diameter as well as
total dry matter accumulation/ plant, compared with
urea fertilizer in the two seasons. In this concern, Khedr
and Nemeat- Alla (2006); EI- Sheref (2007); Abou-
Shady et al. (2008) and Allam (2009), they found that
fertilized sugarbeet by all nitrogen sources (ammonium
nitrate, ammonium sulphate and urea) gave the highest
values of root length and root fresh weight. Concerning
between ammonium sulphate and urea, El- Sonbaty et
al. (2012) reported that no significant difference
between ammonium sulphate and urea on root length
and root weight. Also, no significant difference between
ammonium sulphate and urea in root diameter, root
length and root fresh weight (Hozayn et al. (2014). On
the other hand, in the most plant characters of sugarbeet,
application of ammonium sulphate was superior
affected in compared with urea (Attia and Khalifa,
2015).

The results in the same Table, also, revealed that
the previously mentioned plant characters were
significantly affected by nitrogen rates in both seasons.
These characters were increased significantly by
increasing nitrogen rate from 80 up to 120 Kg N/ fed. in
the two seasons. Application of 120 Kg N/ fed. rate
gives the highest root fresh weight (1125.71 & 1034.72
gm), top fresh weight (431.15 & 444.08 gm), root
length (33.36 & 30.65 cm), root diameter (12.59 &
12.41 cm) and total dry matter (121.68 & 111.15 gm) in
the first and the second seasons, respectively as shown
in Table (2). A positive effect of increasing nitrogen rate
on root size, fresh weight of root and top/ plant may be
due to role of nitrogen in development and survival of
new tillers through synthesis of nucleic acids and other
organelles (Allam, 2003). In this respect, increasing rate
up to 120 Kg N/ fed. significantly increased length and
perimeter of root and fresh weight of root and leaves/
plant (Maareg et al., 2005 a & b; Abou EI- Ghaite and
Mohamoud, 2005; Osman, 2011; Sarhan, 2012; Abdou
et al., 2014 and El- Geddawy and Makhlouf, 2015).

The interaction between nitrogen and application
rates was significant for root fresh weight/ plant (in both
seasons), for root length (in the first season) and root
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diameter (in the second season). Applying ammonium
sulphate fertilizer at the rate of 120 Kg N/ fed. gave the
maximum values of root fresh weight/ plant, root length
and root diameter, while, the minimum ones were
obtained by applying urea at the rate of 80 Kg N/ fed.
This results may be ammonium sulphate is a source of
NH** which is more readily taken up by plants than urea
from soil or the inferiority of urea may be due to a
considerable loss of N- urea out root zone either by
leach or volatilization (Ismail and Abo EI- Ghait, 2005
and Hozayn et al., 2014).

II- Leaf area index and photosynthetic pigment
contents:

Leaf area (LAI) is the main character that has a
direct relation with the processes of light interception
and competition in plant communities. Chlorophylls "a"
and "b" are the main pigments needed for light energy
absorption, and both pigment synthesis requires Mg. A
normal response to the Mg deficiency is a reduction in
chlorophyll concentrations (Mengutary et al., 2013;
Faust, 2016 and Trankner et al., 2016).

The effect of sources and rates of nitrogen fertilizer
on LAI per plant and photosynthetic pigment contents,
chlorophylls "a" and "b" as well as total chlorophylls "a
+ b" in leaves of sugarbeet plant mg/ gm fresh weight is
shown in Table (3).

Results in this Table, nitrogen sources (ammonium
sulphate and urea) significantly affected LAI in the two
seasons. Application nitrogen fertilizer in  form
ammonium sulphate significantly exceeded LAl as
compared with urea fertilizer in both seasons. On the
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other hand, chlorophylls "a", "b" and total chlorophylls
were insignificantly affected by nitrogen sources in both
seasons.

Form the same Table, nitrogen rates exerted
significant effect on LAI and photosynthetic contents,
chlorophyll "a", "b" and total chlorophylls in beet leaves
in the two seasons. Nitrogen fertilization significantly
increased LAI, chlorophylls "a", "b" and total
chlorophylls and any increase in nitrogen rate applied
was always followed by a significant increase in values
of all previously mentioned traits in the both seasons.
The highest values of LAI (5.19 & 5.00), chlorophyll "a'
(36.39 & 35.71), chlorophyll "b' (19.40 & 19.49) and
total chlorophylls (55.79 & 55.20 mg/ gm beet leaves)
were obtained with added nitrogen at the rate of 120 Kg
N/ fed. in both seasons, respectively. Also, increasing
nitrogen rate up to 120 Kg N/ fed. significantly
increased LAI (El- Kady, 2015). On the other hand,
low- N stress significantly decreased chlorophyll
contents in sugarbeet leaves (Wu et al., 2012).
However, Fei et al. (2020) found that chlorophyll
parameters varied significantly at different nitrogen
levels.

The interaction between sources, and rates of nitrogen
fertilizer on LAI and photosynthetic contents was not
significant in both seasons except, chlorophyll "b" was
significant in the second season, only. The greatest
(19.67) and lowest (17.43 mg/ g leaves) values of
chlorophyll "b™ were obtained by applying ammonium
sulphate at the rates of 120 and 80 Kg N/ fed. (Table, 3).

Table 2. Effect of the two sources and three rates of nitrogen fertilizer on plant characters of sugarbeet during

2018/ 19 and 2019/ 20 seasons

2018/19 2019/20
Treatments N Rates Root Top Root Root Total Root Top Root Root 1::3'
weight  weight length diameter matter weight  weight length diameter matter
80 671.12 263.73 24.75 9.59 9153 587.61 293.12 22.93 7.83 87.74
Urea 46% 100 853.38 314.97 27.18 11.31 99.84  768.40 346.36 25.98 10.75 93.11
120 1098.11 398.98 32.19 12.89 111.63 997.73 41191 29.21 11.91 99.89
Ammonium 80 699.71 307.67 26.14 9.98 105.41 636.51 329.89 24.35 9.13 99.23
sulphate 100 989.30 367.25 30.10 11.91 122.97 893.93 383.79 27.58 10.68 109.99
20.6% 120 1153.31 463.32 34.53 12.89 131.73 1071.71 476.24 32.09 12.91 122.41
LSDo.0s5 33.42 ns 0.39 Ns ns ns ns ns 0.73 ns
80 685.42 285.70 25.45 9.79 98.47  612.06 31151 23.64 8.48 93.49
N/Fed 100 921.34 34111 28.64 11.61 11141 83117 365.08 26.78 10.72 101.55
120 1125.71 431.15 33.36 12.89 121.68 1034.72 444.08 30.65 12.41 111.15
LSDo.0s 23.59 16.49 0.27 0.33 5.89 0.12 27.35 0.80 0.52 5.37
Urea 46% 87420 325.89 28.04 11.26 101.00 784.58 350.46 26.04 10.16 93.58
Sources Ammonium
sulphate 947.44 379.41 30.26 11.59 120.04 867.38 396.64 28.01 10.91 110.54
20.6%
LSDo.0s 11.28 31.16 0.84 0.017 5.66 0.31 5.51 0.68 0.39 13.14
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Table 3. Effect of the two sources and three rates of nitrogen fertilizer on leaf area index and photosynthetic
pigment contents in leaves of sugarbeet plants during 2018/ 19 and 2019/ 20 seasons

Treat ¢ N Rat 2018/19 2019/20
reatments ates LAI ChlLa ChLb ChLT LAl ChlLa  ChLb ChLT
80 3.90 33.31 18.03 51.34 3.57 33.82 17.89 51.71
Urea 46% 100 417 34.54 18.77 53.31 4.00 34.65 18.68 53.33
120 5.04 35.95 19.29 55.24 4.81 36.10 19.31 55.41
Ammonium 80 413 34.31 18.61 52.92 4.09 33.13 17.43 50.56
sulphate 100 4.61 35.71 19.01 54.72 4.47 34.45 18.37 52.82
20.6% 120 5.35 36.83 19.51 56.34 5.18 35.31 19.67 54.98
L.SDo.os ns ns ns ns Ns ns 0.34 ns
80 4.01 33.81 18.32 52.13 3.83 33.48 17.66 51.14
N/Fed 100 4.39 35.13 18.89 54.02 4.24 34.55 18.53 53.08
120 5.19 36.39 19.40 55.79 5.00 35.71 19.49 55.20
LSDo.0s 0.12 5.89 0.35 1.01 0.30 5.37 0.24 0.81
Urea 46% 4.37 34.60 18.70 53.30 4.13 34.86 18.63 53.48
Sources Ammonium
sulphate 4.69 35.62 19.04 54.66 4.58 34.30 18.49 52.79
20.6%
LSDo.05 0.31 5.66 ns ns 0.20 ns ns ns

111-Yield components:

Data in Table, 4 showed that nitrogen fertilizer
sources exerted significant effect on roots, top, gross
sugar and white sugar yields/ fed. in the two seasons.
However, nitrogen sources did not attributed any
significant difference in loss sugar yield in both seasons.
Beet plants were fertilized with ammonium sulphate
fertilizer significantly exceeded than those fertilized
with urea fertilizer. This excess represented (14.91 &
20.2), (31.75 & 46.43), (21.74 & 22.14) and (26.06 &
23.40%) on roots, top gross sugar and white sugar
yields in the first and the second seasons, respectively.
In this respect, EI- Sonbaty et al., (2012) reported that
urea fertilizer significantly increased roots and sugar
yields as compared with ammonium sulphate. However,
Hozayn et al. (2014) found that no significant difference
between ammonium sulphate and urea in yield
components, roots, top, gross sugar, white sugar and
loss sugar tons/ fed. On the other hand, Attia and
Khalifa (2015) reported that the application nitrogen
fertilizer in the form of ammonium sulphate
significantly increased most yield components in
compared with urea fertilizer.

Also, nitrogenous fertilization exhibited significant
differences for all yield components in both seasons.
Nitrogenous fertilization significantly increased the
roots yield, top yield, gross sugar yield and white sugar
yield (tons/ fed.) and any increase in nitrogen applied
was followed by a respective increment in these yields.
However, loss sugar yield was gradually increased by
increasing nitrogen rate from 80 up to 100 and 120 Kg

N/ fed., without significant difference between 100 and
120 Kg N/ fed. rates applications (Table, 4).

Application of 120 Kg N/ fed. rate gave the highest
values {(29.51 & 25.29), (9.51 & 8.72), (5.73 & 5.47),
(4.91 & 4.86) and (0.87 & 0.61 tons/ fed.)} for roots,
top, gross sugar, and white sugar and loss sugar yields
in the first and the second seasons, respectively. In the
contrary, the rate of 80 Kg/ fed. gained the lowest ones.
This is due to the increase in the accumulation of total
dry matter in the root as a result of higher LAI, root
size, as well as weight accompanying nitrogen
application in three equal portions.

The interaction between nitrogen sources and their
rates significantly affected sugarbeet yield components,
except, loss sugar yield in both seasons. The highest
values of roots, (31.50 & 30.60), top, (10.31 & 10.19),
gross sugar, (6.38 & 6.06) and white sugar, (5.60 & 5.42
tons/ fed.) were obtained by adding ammonium sulphate
at 120 Kg N/ fed. rate in the first and second seasons,
respectively, On the other hand, the lowest ones were
reported at 80 Kg N/ fed. rate of urea in the two seasons.

Many investigators study the effect of nitrogen
rates of nitrogen fertilizer on sugarbeet vyield
components. They concluded that the maximum roots,
gross sugar, top and biological yields achieved when
nitrogen application at 80 Kg N/ fed. (Agami, 2005),
and adding 90 Kg N/ fed. gave only the highest gross
sugar yields (Osman et al., 2010), roots, top and gross
sugar yields (Gharib and EI- Hanawy, 2011) and roots
only (Soliman et al., 2013). However, nitrogen at the
rates of 100- 110 Kg N/fed. recorded the maximum top,
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roots and gross sugar tons/ fed. (Abd- El- Kader, 2011
and Gomea et al., 2017), yields of roots and gross sugar
(Moustafa et al., 2011 and Shaban et al., 2014), and
only roots yield (Kandil et al., 2016). Increasing
nitrogen rate up to 120 Kg N/ fed. significantly
increased top, roots and gross sugar yields (Maareg et
al., 2005 a& b; El- Sarag, 2008 and El- Geddawy and
Makhlof, 2015), roots and sugar yields (Ibrahim et al.,
2005 and Sarhan, 2012), yields of roots and top, but
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gross sugar yield decreased (Osman, 2011 and El-
Sayed, 2013), yields of roots, top, gross sugar, white
sugar and loss sugar (Abdou et al., 2014), and roots and
white sugar yields only (El- Kady, 2015). On the other
hand, increasing nitrogen rate up to 140 Kg N/ fed.
significantly increased roots and gross sugar, tons/ fed.
(Abdou, 2013) in addition to roots, top, biological, gross
sugar, white sugar and loss sugar yields (Mekdad, 2015)
and Maareg et al. (2020).

Table 4. Effect of the two sources and three rates of nitrogen fertilizer on sugarbeet yield components
(tons/fed.) during 2018/ 19 and 2019/ 20 seasons

2018/19 2019/20

Treatments N Rates Rc_)ots T_op SJ;;? gggﬁ SIIJZZSr Rt_)ots T_op Gross gggre Slrj(zqisr
Yield Yield Yield Yield vield Yield Yield Sugar Yield yield

80 19.80 5.62 3.44 2.76 0.68 17.16  4.73 3.05 2.58 0.47

Urea 46% 100 2515 6.92 4.46 3.61 0.85 21.19 565 3.87 3.35 0.51
120 2751 871 5.08 4.21 0.87 2597 7.25 4.88 4.29 0.58

Ammonium 80 23.45 8.50 4.13 3.31 0.78 1983 6.91 3.44 2.92 0.52
sulphate 100 28.31 9.17 5.30 4.44 0.82 26.87 8.74 491 4.27 0.64
20.6% 120 3150 1031 6.38 5.60 0.86 30.60 10.19 6.06 5.42 0.64

LSDo.0s 0.23 0.19 ns 0.14 ns 0.98 0.22 0.33 0.29 ns

80 21.63 7.06 3.79 3.03 0.73 1850 5.82 3.25 2.75 0.49

N/Fed 100 26.73 8.05 4.88 4.03 0.84 2403 7.20 4.39 3.81 0.58
120 2951 951 5.73 4.91 0.87 2829 872 5.47 4.86 0.61

LSDo.0s 0.16  0.13 0.34 0.10 ns 0.69 0.15 0.23 0.21 0.04
Urea46% 2415 7.08 4.33 3.53 0.80 2144 588 3.93 341 0.52

Sources Ammonium
sulphate 2775 933 5.27 4.45 0.82 2577 861 4.80 421 0.60
20.6%
LSDo.0s 012 041 0.42 0.12 ns 1.46 0.45 0.36 0.27 ns

Table 5. Effect of two sources and three rates of nitrogen fertilizer on sugarbeet quality during 2018/ 19 and

2019/ 20 seasons
2018/19 2019/20
Treatments N Rates Gross White Loss Quality Gross White Loss Quality
Sugar% sugar% o index%  Sugar%  sugar%o index%
Yo %
80 17.38 13.92 3.46 86.24 17.78 14.34 3.44 85.94
Urea 46% 100 17.73 14.34 3.39 82.47 18.23 15.16 3.07 84.26
120 18.45 15.30 3.37 82.80 18.76 15.86 2.90 85.41
Ammonium 80 17.59 1411 3.48 84.24 17.33 14.04 3.29 84.97
sulphate 100 18.72 15.69 3.03 85.02 18.28 15.29 2.99 85.18
20.6% 120 20.23 17.78 2.45 87.48 19.76 17.07 2.69 87.62
LSDo.05 ns ns Ns ns 0.44 0.53 0.53 1.19
80 17.49 14.01 3.47 85.24 17.56 14.19 3.37 85.46
N/Fed 100 18.23 15.01 3.21 83.75 18.26 15.23 3.03 84.72
120 19.34 16.54 291 85.14 19.26 16.46 2.80 86.52
LSDo.os 0.25 0.24 0.29 ns 0.31 0.37 0.37 0.84
Urea 46% 17.85 14.52 341 83.84 18.26 15.12 3.14 85.20
Sources Ammonium
sulphate 18.85 15.86 2.99 85.58 18.46 15.46 2.99 85.92
20.6%
LSDo.os 0.53 1.18 1.18 0.31 0.01 0.09 0.09 0.42
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1V- Quality parameters:

Data in Table, (5) showed that nitrogen sources had
a significant effect on all tested quality traits in both
seasons. In generally, beet received ammonium sulphate
produced the highest gross sugar, white sugar and
quality index%, while, those received urea produced the
lowest ones in the two seasons. On contrary, loss
sugar% was high with urea, and low with ammonium
sulphate in both seasons.

Nitrogen rates exerted significant effect on quality
parameters, gross sugar, white sugar and loss sugar in
the two seasons, and on quality index% in the second
season only. Increasing nitrogen rate from 80Kg N/fed.
upto 120 Kg N/fed. increasing significantly increased
gross sugar and white sugar%, and any increase in
nitrogen rate was always followed by a significant
increase in these traits. However, increasing nitrogen
rate from 80 to 100 and 120Kg N/fed. gradually
decreasing loss sugar% without signefecant difference
between 80 and 100 Kg N/fed. rates of application in
both seasons. Application of 120Kg N/fed. rate recorded
the highest values of gross sugar and white sugar% ( in
both seasons) and quality index (in the second season
only), and the lowest values of loss sugar% in both
seasons.

The interaction between sources and rates of
nitrogen fertilizer was significant on gross sugar, white
sugar and quality index% in the second season only. In
this season, results indicated that ammonium sulphate at
the application rate of 120 Kg N/ fed. recoded the
highest gross sugar% (19.76%), white sugar% (17.07)
and quality index% (87.62), while, application
ammonium sulphate at the rate of 80 Kg N/fed. recoded
the lowest gross sugar% (17.33) and white sugar%
(14.74). Conversely, the lowest quality index% (84.26)
was recorded with urea at rate of 100 Kg N/ fed. as
shown in Table (5).

V- Impurity parameters:

The soluble non- sugar, potassium (K), sodium
(Na), alpha- amino N (a-amino N) in the beet roots are
regarded as impurities because they interfere with sugar
extraction. Results of these impurities and alkalinity
coefficient {(K + Na)/ a- N} as affected by sources and
rates of nitrogen fertilizer were presented in Table (6).

From the same Table, alpha- amino N (a-amino N)
concentration was significantly influence by nitrogen
sources in the both seasons. However, K and Na
concentrations were significantly affected by nitrogen
sources in the first and the second seasons, respectively.
On the other hand, alkalinity coefficient (AC) was not
significant influenced by nitrogen sources in both
seasons. In general, urea fertilizer significantly

increased K, Na and o- amino N as impurities as
compared with ammonium sulphate fertilizer.

The results in this study revealed that nitrogen
sources had a significant effect on all tested quality and
impurity traits. Application of ammonium sulphate
significantly increased quality parameters and decreased
impurity concentrations in roots of sugarbeet. In this
concern, Ismail and Abo El- Hgait (2005) reported that
ammonium sulphate application recorded the lowest
sucrose, white sugar and purity% as quality percentages,
and the highest K and a- amino- N concentrations in
compared with urea, however, El- Sombaty et al. (2012)
found that application ammonium sulphate significantly
increased in most quality percentages and quantity of
sugarbeet as compared with urea. On the other hand, no
significant difference between ammonium sulphate and
urea fertilizers in the quality and imprity parameters,
except, loss sugar% and K- concentration (Hozayn et
al., 2014). While, source nitrogen fertilizer as
ammonium sulphate exhibited a significant increase in
all quality percentages as compared with urea fertilizer
(Attia and khalifa 2015).

Nitrogen fertilization exerted significant effect on
concentrations of K, Na, a-amino N and AC in beet
roots in the two seasons. Increasing nitrogen from 80 to
120 Kg N/ fed. significantly decreased K, Na and a-
amino N concentrations, and in the two seasons, any
rise in nitrogen rate was often accompanied by a
substantial decrease in these listed trails. With regard to
AC, application of 80 and 120 nitrogen rates
significantly decreased its value as compared to 100 Kg
N/ fed. rate in the two seasons.

The interaction between nitrogen sources and
application rates was significant for K, Na, a- amino- N
and AC in both seasons. The lowest values of the
mentioned impurities (K, Na, a- amino- N) were
obtained with application of ammonium sulphate at the
rate of 120 Kg N/ fed. in both seasons. However, the
lowest value of AC was record with ammonium
sulphate at 120 and 80 Kg N/ fed. rates in the first and
second seasons, respectively.

In this respect, several workers revealed that the
effect of nitrogen fertilizer at 120 Kg N/ fed. on Na, K,
a- N and alkalinity coefficient (Ac) were no significant
(Nemeat Alla, 2009). However, increasing N rate up to
120 Kg N/ fed. significantly increased juice impurities
i.e. Na, K and o- N contents, whereas, gross sugar,
white sugar content and purity% were decreased (El-
Sayed, 2013). Also, fertilizing sugarbeet plants with 120
Kg N/ fed. produced the highest T.S.S%, however, the
highest gross sugar and purity% were resulted from
control treatment (Sarhan, 2012 and Abdelaal &
Tawfik, 2015). On the other hand, increasing N rate up
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to 120 Kg N/ fed. significantly increased loss sugar%,
on contrary, it significantly decreased gross sugar and
white sugar contents (Abdou et al., 2014). Also,
increasing N rate up to 120 Kg N/ fed. significantly
increased impurities, K, Na and a- N, whereas,
insignificant on white sugar and purity% (El- Kady,
2015).

VI- Nitrogen utilization efficiency (NUE) for
sugarbeet yields (Kg/ Kg N).

Data of NUE for roots and sugar yield components
as affected by sources and rates of nitrogen fertilizer are
presented in Table (7). Nitrogen sources had a
significant effect on NUE for roots, gross sugar and
white sugar yields in the two seasons, and only on loss
sugar yield in the first season only. Beet plants received
ammonium sulphate fertilizer significantly exceeded
those received urea fertilizer in the NUE values for
previously mentioned yield components in both seasons.
These excess were about (15.17 & 20.03), (21.37 &
21.43), (25.38 & 22.53) and (3.95 & 14.37%) in NUE
for roots, gross sugar, white sugar and loss sugar yields
in the first and the second seasons, respectively.

Nitrogen fertilization exerted significant effect on
NUE for roots, gross sugar, white sugar and loss sugar
yields in both seasons. The values of NUE for gross
sugar yield (in the second season, only), and white sugar
yield (in the both seasons) gradually increased by

increasing nitrogen from 80 to 120 Kg N/ fed. On
contrary, increasing nitrogen rate from 80 to 120 Kg
N/fed. significantly decreased values of NUE for roots
yield (in the first season only) and loss sugar yield (in
the two seasons). On the other hand, the highest values
of NUE for gross sugar yield (48.82 Kg/ Kg N) in the
first season and NUE for roots yield (240.3 Kg/ Kg N)
in the second season were recorded with application
nitrogen fertilizer at the rate of 100 Kg N/ fed.

Regarding the interaction between nitrogen sources
and its rates was significant for NUE for roots vyield,
gross sugar yield and white sugar yield in the two
seasons and for loss sugar yield in the second season
only. Generally, application of ammonium sulphate with
120 Kg N/ fed. gave the highest values of NUE for
gross sugar and white sugar yields in both seasons.
While, application the same fertilizer at the rate of 80
Kg N/ fed. recoded the greatest values of NUE for roots
yield (in the first season) and loss sugar yield (in the
two seasons). The highest NUE value for roots yield in
the second season obtained with application ammonium
sulphate at the rate of 100 Kg N/ fed. In this regards,
Terry, (2008) and Jon et al., (2009) suggested that
higher NUE reduced applied fertilizer and less nitrogen
application cost.

Table 6. Effect of two sources and three rates of nitrogen fertilizer on sugarbeet impurity parameters during

2018/ 19 and 2019/ 20 seasons

2018/ 19 2019/ 20

Treatments N Rates K% N N AC K% N N AC
80 541 2.89 3.45 2.40 5.08 3.18 3.42 2.42
Urea 46% 100 5.39 2.86 2.92 2.84 4.72 2.55 3.01 2.43
120 4.84 2.71 2.89 2.63 431 2.50 2.95 2.36
Ammonium 80 5.72 2.78 2.94 2.91 5.14 2.68 3.39 2.31
sulphate 100 4.80 2.45 2.66 2.73 4.64 2.55 2.53 2.85
20.6% 120 3.48 2.16 2.40 2.36 4.01 2.30 2.53 2,51
LSDo.0s 0.08 0.21 0.11 0.18 0.18 0.17 0.25 0.14
80 5.57 2.84 3.20 2.65 5.11 2.93 3.41 2.37
N/Fed 100 5.10 2.66 2.79 2.78 4.68 2.55 2.77 2.64
120 4.16 2.44 2.65 2.50 4.16 2.40 2.74 2.43
LSDo.0s 0.06 0.15 0.08 0.13 0.13 0.12 0.18 0.10
Urea 46% 5.21 2.82 3.09 2.62 4.70 2.74 3.13 2.40

Sources Ammonium
sulphate 4.67 2.46 2.67 2.67 4.60 2,51 2.82 2.56

20.6%

LSDo.0s 0.28 ns 0.10 Ns ns 0.22 0.23 ns
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Table 7. Effect of two sources and three rates of nitrogen fertilizer on nitrogen use efficiency (NUE) for
sugarbeet yields (Kg/ Kg N) during 2018/ 19 and 2019/ 20 seasons

2018/ 19 2019/ 20

Treatments N Rates Roots Gross  White  Loss Roots Gross White Loss
yield ngar sugar  sugar yield SL_Jgar sugar sugar
yield yield  yield yield yield yield
80 247.50 43.05 34.50 8.55 214.50 38.16 32.28 5.88
Urea 46% 100 251.50 44.62 36.08 8.54 211.90 38.65 33.54 5.11
120 229.25 42.31 35.10 721 21642 40.64 35.76 4.87
Ammonium 80 293.13 51.59 41.37 10.21 247.88 42.99 36.55 6.44
sulphate 100 283.10 53.03 44.44 8.59 268.70 49.14 42.74 6.40
20.6% 120 262.50 53.16 46.69 6.46  255.00 50.49 45.17 5.32
L SDo.0s 3.15 4.66 1.00 ns 6.48 2.05 2.04 0.37
80 270.31 47.32 37.94 9.38 231.19 40.58 34.41 6.16
N/Fed 100 267.30 48.82 40.26 8.56  240.30 43.90 38.14 5.76
120 245.88 47.73 40.90 6.84 235.71 45.56 40.47 5.09
LSDo.0s 2.22 0.29 0.71 1.80 4,58 1.45 1.44 0.26

Urea 46% 242.75 43.33 35.23 8.10 214.27 39.15 33.86 5.29

Sources Ammonium
sulphate 279.58 52.59 44.17 8.42 257.19 47.54 41.49 6.05
20.6%
LSDo.0s 2.05 3.35 1.37 0.14 14.39 3.29 2.37 ns

It could be recommended to apply ammonium
sulphate fertilizer at a rate of 120 Kg N/fed Bangar El-
Sukar region, because it increases the vyield
components, quality percentages and photosynthetic
pigments as well as NUE for gross sugar and white
sugar yields, and reduces loss sugar yield, loss sugar
percent, and all impurities concentrations.
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