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IMPORTANCE OF NITROGEN AND MICROELEMENTS FOR SUGAR
BEET PRODUCTION IN SANDY SOILS
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Two field experiments were carried out in 2012/2013 and 2013/2014 seasons at Al-Hossein Agricultural Society Farm at
64 km, Cairo-Alexandria Desert Road, Giza Governorate, Egypt (latitude of 31.14° N and longitude of 31.39° E) to find out the
effect of nitrogen and some microelements fertilization on yield and quality of sugar beet variety (Pleno) in a sandy soil. The
present work included twelve treatments, which were the combinations of three N levels (70, 90 and 110 kg N/fed) and four
levels of microelements (control, 1.5, 2.0 and 2.5 I/fed) of Cetreen including chelated Fe, Zn and Mn. A strip plots design with
three replications was used in this work. Results indicated that applying 110 kg N/fed resulted in the highest values of fresh and
dry root and top yields/fed, in the 2" season. There were insignificant differences among N levels in their effect on fresh root
yield/fed in the 1% season. Moreover, results showed that adding 70 kg N/fed produced the maximum sucrose%, extractable white
sugar%, purity% in both seasons. Sugar yield/fed was significantly increased by increasing nitrogen level up to 90 kg N/fed in
both seasons. Foliar applications with 2 and/or 2.5 | Cetreen/fed significantly increased root, top and recoverable sugar yield/fed

ABSTRACT

and improved sucrose% and purity% in both seasons.

In general, it can be concluded that applying 90 kg N/fed with the addition of 2.0 | Citreen/fed can be recommended to
produce the highest yield and quality of sugar beet under the environmental conditions of sandy soils.

INTRODUCTION

In Egypt, sugar industry depends mainly on sugar
cane and sugar beet crops. Sugar beet share with about
56% with a total production 1.347 million tons of sugar
(Sugar Crops Council Report, 2016) which indicates the
strategic importance of this crop, especially under new
soils conditions.

Most fertilization programs in sugar beet
production in North Delta focus on nitrogen and
phosphorus, and in some cases, potassium. In recent
years, the area under sugar beet plantation is widely
increased in sandy soils, which characterized with
shortage of the available macro and micro elements,
where the deficiency symptoms of some elements are
observed obviously on sugar beet plants and negatively
reflected on their performance in respect to their yield
and quality characteristics. In this connection, Hany and
El-Henawy (2009) found that increasing nitrogen rate
from 75 to 90 kg N/fed significantly increased dry
weight, root weight, top yield, root yield, concentration
of a-amino-N% and sugar yield. The inverse was true in
gross sugar%, white sugar% and juice purity%. Masri et
al. (2015) mentioned that increasing N rate up to 120 kg
N/fed significantly increased individual root weight,
root number/fed and impurities percentage as well as
root yield (ton/fed) in both seasons study and white
sugar yield (ton/fed) only in the first season. Excessive
N application lowered beet quality in terms of sucrose,
purity and extractable sugar percentage in both seasons.
Abdelaal and Saher Tawfik (2015) stated that the
highest values of foliage and root fresh weights, and
root yield/fed in the two seasons produced with adding
105 kg N/fed. However, the highest means of sucrose %
and apparent purity % were resulted from control
treatment (0 kg N/fed) in the two growing seasons.

It mention worth that adequate N application is
needed to obtain maximum sugar beet vegetative
growth early in the growing season. However, adjusted
N supply is required at low levels by midseason to
maximize sugar production. High N availability late in

the season increases foliage growth and impurities in the
beets.

The previous researchs results revealed an
appreciable improvement in sugar yield/fed under the
newly reclaimed sandy soils by applying micronutrients
as a foliar application, especially when the chemical
analysis of the soil manifests that iron, zinc and
manganese availability under experimental soil
conditions is limited due to high pH (>7.0), high free
calcium carbonate and low organic matter content.
Under such conditions, foliar application with
micronutrients is recommended and appeared to be
required by sugar beet plants to improve their
performance as well as to produce higher root and sugar
yields/fed.

In this connection, Draycott and Christenson
(2003) reported that sugar beet can become deficient in
several micronutrients, but is most responsive to the
application of B, Mn, and Fe fertilizers when the soil
availability of these nutrients is low. Abd El-Gawad et
al. (2004), Yarnia et al. (2008) and Nemeat-Alla et al.
(2009) showed that application of high rates of
micronutrients produced the highest root yield of sugar
beet plants, while it produced the lowest values of
quality characters such as sucrose. Mehrdad et al.
(2008) revealed that foliar application of micronutrients
increased root yield and sugar content significantly. The
highest root yields were obtained when leaves were
sprayed with Fe and complete micronutrients were
applied to soil, respectively. The percentages of sugar
and dry matter were increased appreciably when the
seeds were sprayed with Zn. Hany and El-Henawy
(2009) added that the foliar application of
micronutrients produced the greatest dry weight, root
weight, top yield, root yield, gross sugar%, white
sugar%, juice purity% and sugar yield. Foliar spraying
increased concentration of a-amino-N% and Na + K in
roots and the most of mentioned traits compared with
the control. Kobraee et al. (2011) stated that Zinc
deficiency appears to be the most widespread and
frequent micronutrient deficiency problem in crop
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plants worldwide, resulting in severe losses in yield and
nutritional quality. They explained that Zinc is an
essential micronutrient and has particular physiological
functions in all living systems, such as the maintenance
of structural and functional integrity of biological
membranes and facilitation of protein synthesis and
gene expression and is considered as the most limiting
factor for producing crops in different regions of the
world. Mousavi and Rezaei (2013) reported that crop
yield significantly increases with the use of
micronutrients such as Zn, Fe, B and Mn that have an
important metabolic role in plant growth and
development. Amin et al. (2013) reported that fertilized
sugar beet plants with foliar spray of mixture of
micronutrients of iron, sulphate, zinc sulphate and
manganese sulphate at the rate of 1.09 g/l of each
significantly increased values of dry matter per plant
and sugar yield, while decreased TSS, sucrose and
purity percentages. The rate of 40 kg Zn SO4/ha gave
the highest vyield and sugar percent, while the
application of 80 kg Zn SO,/ha significantly decreased
sugar percent. Mekki (2014) investigated the response
of yield and quality of sugar beet plants to foliar
application with Urea, Zn, Mn in newly reclaimed sandy
soil. He found that the highest and significant values of
root, top, sugar yields and sucrose percentage as well as
purity% were obtained with the application of 2% Urea
+ 400 ppm Zn + 400 ppm Mn. Masri and Hamza (2015)
supplied sugar beet with a mixture of micronutrients of
Zn, Mn, Fe and B in ppm/l at three different
concentrations, compared with the control treatment of
distilled water. Their results revealed that increasing
micronutrients mixture significantly increased root
weight, root yield and sugar yield, as well as sucrose%,
purity% and extractable sucrose% in both seasons.

The purpose of the present work has been to
illustrate the effect of nitrogen fertilizer levels as
fertigation and a mixture of different micronutrients
(Iron, Zinc and Manganese) as foliar application on
yield and quality of sugar beet grown under drip
irrigation system in sandy soils conditions.

MATERIALS AND METHODS

Two field experiments were carried out in
2012/2013 and 2013/2014 seasons at Al-Hossein
Agricultural Society Farm at 64 km, Cairo-Alexandria
Desert Road, Giza Governorate, Egypt (latitude of
31.14° N and longitude of 31.39° E) to find out the
effect of nitrogen level and foliar Cetreen (Chelated Fe,
Zn and Mn) on yield and quality of sugar beet variety
(Pleno) (Beta vulgaris, var. saccharifera L.). The
present work included twelve treatments, which were
the combinations of three levels of nitrogen (70, 90 and
110 kg N/fed) and four levels of foliar Cetreen (control,
1.5, 2.0 and 2.5 I/fed). The fertilizer material namely
Cetreen was used as foliar application twice at 60 and
90 days from sowing. It contains a mixture of
micronutrients concentrations (Iron 2%, Zinc 2%, Mn
2% + Citric acid 15%), which it was brought from the
Public Authority for Balancing Fund, ARC. In the

control treatment, sugar beet plants were sprayed with
water. Seeds of the multi-germ sugar beet cultivar were
sown in hills on one side of ridges in a sandy soil under
drip irrigation system. A strip plot design with three
replications was used in the two seasons. The three
nitrogen levels were distributed horizontally and the
four foliar Cetreen levels were vertically applied. Plot
size was 21 m? including 6 ridges of 5 m in length and
4.2 m in width, 70 cm apart and 25 cm between hills.
Sowing took place during the 2" week of November,
while harvesting was done at age of 190 days in both
seasons. Plants were thinned at 4- leaf stage to ensure
one plant per hill. Phosphorus fertilizer was applied in
four equal doses in the form of Phosphoric Acid (80%
P,0s) at rate of 48% P,Os/fed. The first one was added
after sowing and the other three doses were added at
one-week periods later. Nitrogen fertilizer treatments
were applied in the form of Ammonium Nitrate (33.5%
N) in eight equal doses after thinning. The first one was
added after thinning and the other doses were applied
weekly. Potassium fertilizer was added as Potassium
Sulphate (48% K,O) at rate of 48 kg kyo/fed in four
equal doses; the 1% one with the 3" dose of nitrogen and
the other three ones were added weekly. Phosphorus,
Nitrogen and Potassium fertilizers were applied with
drip irrigation supply. Other agricultural practices were
done as recommended. In each plot, 6 ridges were
assigned to determine root and top yields at harvest.
Five guarded plants were randomly taken from each plot
at harvest to determine dry weights of top and
root/plant. The different top and root fractions were
oven dried to a constant weight at 70° C for 24 hours.
Fresh and dry yields of roots and tops per plot were
transformed to metric tons per feddan (4200 m?).

Qualitative parameters in terms of sucrose%,
impurities  (Potassium, Sodium and Alpha-amino
nitrogen in meg/100 g and juice purity% (QZ) were
determined in Nubria Sugar Company by means of an
“Automatic Sugar Polarimeter” according to Le Docte,
as described by McGinnus (1971).

Extractable white sugar percentage (B%) of beet
was calculated by linking the beet non-sugar K, Na and
alpha amino N according to Olddfield et al. (1979) as
follows:

Zg = pol- 0.343 (K + Na) + 0.094 Ng; + 0.29
Where:
Zp = Extractable white sugar % (in beet).
Pol % = Gross sugar
Ng;= a-amino N determined by (the blue number)
method.

Sugar yield per feddan was calculated from

recoverable sugar % multiplied by root yield (ton/fed)
Purity percentage = 99.36 - [14.27 (V1+ V2) + V3/V4]
Where: V1 = Sodium meg/100gm. V2 = Potassium
meq/100gm.
V3 = a-amino-N meqg/100gm.
V4 = Sucrose percentage.

Juice purity % (QZ) was calculated as follows in
Nubaria Company:

QZ= Zg/pol
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Table 1a: Some chemical properties of the irrigation water.

EC E.C S.S.P Soluble anions (meg/l) Soluble cations (meg/l)
Seasons pH (ds/m) (ppm) S, AR RS.C % CO; HCO; CI SO~ Ca™ Mg** Na® K
2012/2013 7.3 553 3200 6.06 -36.6 40.3 - 2.2 48 16.37 22.8 16.2 26.8 0.73
2013/2014 75 585 3300 7.62 -30.1 44.6 - 2.2 41 1222 22 155 30 0.78
Table 1b: Some chemical properties of the tested soil.
. . Macro Micro
EC CaCos SO"E?A? A/r|1)|ons Solu(br::ee C/zi\)tlons elements elements

Seasons (ds/m) P (%) q q (ppm) (ppm)
CO; HCO; CI sO,~ cCa™ Mg™ Na" K' N PK Fe Cu Zn Mn
2012/13 062 7.9 056 - 0.41 3 214 22 06 254025 30 2 96 03 0.22 0.12 0.15
2013/14 0.74 81 0.49 - 0.44 3 291 28 04 33 022 26 2 82 0.3 0.06 0.22 0.10

The obtained data were statistically analyzed
according to the method of Gomez and Gomez (1984).
Treatments means were compared by Duncan’s
Multiple Range Test (Duncan, 1955). All statistical
analysis was performed using analysis of variance
technique by means of “MSTATc” computer software
package.

RESULTS AND DISCUSSION

Effect of nitrogen fertilization:
1. Yield traits

Data in Table 2 show that fertilizing sugar beet
plants with 90 kg N/fed was enough to produce the
highest root yield/fed, without any significant variance
with those supplied with 70 and/or 110 kg N/fed, in the
1% season. In the same season, dry root yield/fed had the
same tendency, but it was significantly influenced by
the applied N levels. Meantime, the results cleared that
the fresh and dry top yields/fed were gradually and
significantly increased as N fertilization levels were

raised from 70 to 90 and 110 kg N/fed, in the 1% and 2"
seasons.

In the 2™ season, there were significant effects on
fresh and dry yields of sugar beet roots. Application of
110 kg N/fed gave the highest values of these traits. It
was found that raising N-level given to sugar beet plants
from 90 to 110 kg N/fed increased fresh root yield by
3.416 t/fed and 3.421 t/fed, as compared with that
produced by applying 70 kg N/fed, respectively. Where,
the differences in this trait was insignificant as affected
by applying 90 and 110 kg N/fed. Dry root yield/fed had
the same trend. These results are in agreement with
Hany and El-Henawy (2009), Abdelaal and Tawfik
(2015) and Masri et al. (2015).

The positive effect of increasing N-dose on top
and root yields may be due to the role of nitrogen in
synthesis of nucleic acids and also to its effect in
stimulating the meristematic growth activity which
contributes to the increase in number of cells in
additions to cell enlargement.

Table 2 : The studied characteristics of sugar beet as affected by three nitrogen levels in 2012 / 2013 and 2013

/ 2014 seasons.

Freshtop Freshroot Dry Dry root

Extractable  Sugar o amino

K Na i
Treatments yield yield  topyield yield Suc(:)/rose white sugar  vyield N P%;Ity
(t/fed) (tfed)  (tffed) (t/fed) 0 % (t/fed) Meq/100 g ?
Nitrogen level 2012 /2013 season
70 kg N/fed 8.167 b 33413 1.165b 6.012b 19.1a 174 a 5740a 4.6 17b 25b 858a
90 kg N/fed 9.438 a 34.697 1.482b 7971a 189a 170a 6.049a 46 27a 37a 833b
110 kg N/fed 10.507a 33845 3474a 7505a 17.1b 149b 5.072b 49 32a 35a 77.3¢C
F - test ** NS ** ** * * * NS ** ** **
2013 /2014 season
70 kgN/fed 8577 b 29.017b 1522b 6.275b 194a 179a 5221a 44b 1.7b 4.0 84.3a
90 kg N/fed 9.660 b 32.433a 1.728b 7.774a 19.1a 17.7 a 5.748a 45b 1.7b 4.3 83.4ab
110 kg N/fed 12.544a 32.438a 2.643a 8530a 17.2b 149b 4838b 55a 3.3a 4.5 82.2b
F_test ** * ** * ** ** * ** ** NS *

Means of each factor designated by the same letter are not significantly different at 5% level using Duncan’s multiple range test.

2. Sugar yield/feddan:

Results in Table 2 show that sugar yield/fed was
considerable affected by nitrogen fertilizer levels in
both seasons. Sugar beet plants fertilized with 90 kg
N/fed produced the highest sugar yield/fed out-yielding
those given 70 and/or 110 kg N/fed by 0.309 t/fed and
0.977 t/fed, respectively, in the 1% season, correspond to

0.527 t/fed and 0.910 t/fed in the 2™ one. However, the
variance between 70 and 90 kg N/fed in their influence
on sugar yield/fed was insignificant, in both seasons.
These results are in agreement with those reported by
Hany and El-Henawy (2009), and Masri et al. (2015).
The increase in sugar yield/fed can be referred to
the increase of root yield/fed accompanying the increase
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in N-fertilizer level. On the other hand, the reduction in
sugar yield/fed recorded with 110 kg N/fed application
may be due to the negative influence of increasing N
levels on sugar recovery %.
3. Quality traits

Root quality traits, in terms of sucrose%, extractable
white sugar % and purity % as well as impurities % were
significantly affected by N levels in both seasons, except
K, in the 1% season and Alfa amino N in the 2* season
(Table 2). Decreasing N level from 110 to 90 and 70 kg
N/fed gradually increased sucrose%, extractable white
sugar % and purity%, in the first and second seasons.
However, the difference between 70 and 90 kg N/fed in
their influence on sucrose%, extractable sugar % was
insignificant, in both seasons. On the contrary, there were
positive relations between N fertilization levels and
impurities% in roots (K, Na and Alfa amino N), in the 1%
and 2™ seasons. These results coincided with that reported
by Abdelaal and Saher (2015). These results may be due
to that high N availability late in the season increases
impurities in the beet.
Effect of foliar Cetreen application:
1. Fresh root and top yields/feddan

The results in Table 3 show that root and top
yields/fed were substantially increased with increasing
the applied amount of micronutrients mixture up to 2.5
| Cetreen/fed, in the1™ and 2" seasons, except root yield,
in the 1% season, where it was found that applying 2.0 |
Cetreen/fed was enough to get the highest mean value
of this trait. Plants received 2.5 | Cetreen /fed recorded
2.741, 2.253 and 1.067 t/fed in top yield/fed higher than
those given control, 1.5 and 2.0 | Cetreen/fed,
respectively, in the 1% season, correspond to 3.780,
3.260 and 1.347 t/fed, in the 2" one. Likewise,
supplying sugar beet plants with 2.0 | Cetreen/fed
produced the highest root yield/fed, which out-yielded
those given control, 1.5 and 2.5 I/fed of Cetreen by

Table 3 : The studied characteristics of sugar beet as affected by four microelements foliar

2013 and 2013 / 2014 seasons.

2.669, 1.605 and 1.154 t/fed in the 1% season,
respectively. However, spraying sugar beet plants with
2.5 | Cetreen/fed out-yielded those given control, 1.5
and 2.0 1 Cetreen/fed by 4.801, 3.298 and 0.732 t/fed,
respectively, in the 2" season. The increase in top and
root yields may be due to the role of micronutrients
involved in Cetreen as Fe, Zn and Mn. These results are
in harmony with those of Abd El-Gawad et al.(2004),
Yarnia et al. (2008) and Nemeat-Alla et al. (2009).
However, the variances between (the control and 1.5
I/fed) as well as (2.0 and 2.5 I/fed) in their influence on
top and root yields were insignificant, in the 1% seasons.
In the 2™ one, there was insignificant variance between
the control and 1.5 I Cetreen/fed in their effect on top
yield/fed. Also, the difference between 2.0 and 2.5 |
Cetreen was insignificant on root yield/fed.

2. Dry top and root yields/fed:

Data in Table 3 indicate that spraying sugar beet
plants with micronutrients significantly affected dry top
and root yields per feddan in the two seasons. The
increase in these traits may be due to role of
micronutrients. The differences between the application
of (2 and 2.5 | Cetreen/fed) and (1.5 and 2 |
Cetreen/fed) in their influences on these traits did not
reach the level of significance, respectively.

Dry root yield/fed was significantly increased by
1.451 and 1.161 t/fed, and 2.671 and 1.970 t/fed by
increasing level of micronutrients spraying up to 2 I/fed
as compared with the control, in the 1% and 2™ seasons,
respectively. The increases of dry top and root yields
may be due to effect of zinc, manganese and iron
elements, which play roles as coenzymes and increase
the assimilates, which reflected on growth of leaves and
root and increased dry matter accumulation in root and
consequently increased top and root yields per/fed.
These results are in agreement with those obtained by
Amin, et al. (2013).

levels in 2012 /

Fresh Fresh Dr Dr ao

. top Root tog roo)f[ Sucrose Ext_ractable ngar K Na amino N Purity
Foliar yield  yield  yield yield 9% ‘Whitesugar yield %
Cetreen level (tfed)  (tfed)  (tffed) (t/fed) Yo (t/fed) Meq/100g

2012/2013 season
Control 8.145 b 32.673b 1.789b 6.478b 17.8b 158b 5.181b 4.7 2.7 34 81.7
1.5 I/fed 8633 b 33.737b 1928ab 7.929a 185ab 169a 5.673a 4.4 2.4 2.8 83.9
2 l/fed 9.819 a 35342a 2115a 7.639a 19.0a 17.1a 5982a 4.7 25 3.3 82.1
2.5 l/fed 10.886a 34.188a 2.332a 6.605b 18.1ab 16.1b 5645a 4.9 2.6 34 81.0
F - test el * * *x * * *x Ns Ns Ns Ns
2013/2014 season

Control 8.577¢ 28.703¢ 1599b 6.100c 17.8b 15.7¢c 4478¢c 53a 3la 49a 82hb
1.5 I/fed 9.097c 30.206b 1.630b 8.771a 18.4ab 16.6b 5017b 49ab 22b 42b 836a
2 |l/fed 11.010b 32.772a 2.108a 8.070a 18.8a 17.2a 5631a 45b 19bc 39b 84 a
2.5 l/fed 12.357a 33504a 252la 7.165b 19.2a 178a 5949a 45b 17c 4.1b 84 a
F_test ** ** ** ** ** ** ** * ** ** *

Means of each factor designated by the same letter are not significantly different at 5% level using Duncan’s multiple range test.

3. Sugar yield/fed:

Results in Table 3 cleared that sugar yield/fed
was significantly increased by increasing the foliar
application of Cetreen to 2 I/fed, in the 1% season and to

2.5 I/fed in the 2™ one. Such increase amounted to
0.801, 0.309 and 0.337 ton/fed, respectively in the first
season and 1.471, 0.932 and 0.318 ton/fed, in the second
one. However, the increases in sugar yield/fed
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accompanying high micronutrients level might have
been due to the increase in root yield and extractable
sucrose percentage. Such results are in accordance with
those reported by Masri and Hamza (2015). However,
the variances between 1.5, 2.0 and 2.5 l/fed in their
influence on sugar yield were insignificant, in the 1%
season. In the 2" one, there was insignificant variance
between the 2 and 2.5 | Citreen/fed in their effect on
sugar yield/fed.

4. Quality attributes:

Root quality traits, in terms of sucrose % and
extractable white sugar%, in the 1% and 2" seasons, as
well as purity % and impurities (K, Na and a-amino N),
in the 2" season were significantly affected by the
sprayed micronutrients (Table 3). Increasing Cetreen
level up to 2 I/fed (in the 1% season) and to 2.5 I/fed (in
the 2" season) increased these two traits. In the 2™
season, it can be noticed that all of sucrose, sugar
recovery and purity percentages were gradually
increased, simultaneously with the reduction of root
contents of impurities, as Cetreen level was raised up to
the highest level. Similar trends were observed by Masri
and Hamza (2015). These results could be referred to
the fact that root sucrose content is adversely correlated
with its content of impurities.

Effect of the interaction:

The following part will discuss the significant
characters only.

Results in Table 4 indicate that sugar beet root
fresh and dry yields/fed as well as Alfa amino-N (in the
1" season), top fresh and dry yields/fed as well as
percentages of sucrose, extractable white sugar and
purity (in the 2" season) and sugar yield (in both
seasons) were significantly affected by the interaction
between the applied N and Cetreen (Fe, Zn and Mn
micronutrients) levels.

It was found that the best combination to get the
maximum root fresh and dry yields/fed as well as the
highest sugar yield/fed was the application of 90 kg N +
2.0 | Cetreen/fed. Meantime, both N and Cetreen levels
should be raised to 110 kg N and 2.5 I/fed, respectively to
produce the highest fresh and dry yields of tops/fed.
Moreover, reducing N-fertilizer level to 70 kg N/fed with
the highest Cetreen level (2.5 I/fed) was required to get
the maximum record of purity %. However, raising N-
level up to 110 kg N/fed without the application of any
micronutrient gave the maximum root content of alpha
amino-N. In addition, fertilizing beets with 70 and/or 90
kg N/fed + 2.5 | Cetreen/fed was enough to get the
highest sucrose and extractable white sugar percentages.
These results are in line with those of Mekki (2014).

Table 4 : The studied characteristics of sugar beet as affected by the interaction effect among all factors
under study in 2012 / 2013 and 2013 / 2014 seasons.

Foliar 2012/2013 season 2013/2014 season
Nitrogen Dry a- Fresh  Dry Extract-

Cetreen 0 xtrac )
level level ro';':esiZI q oot Sl:gl?jr aminoN  top top Sucrose able Sl;glzr Purity
(kgNIfed) ey ey YN oy (MUL yield  yield 96 white  Bo %

(t/fed) 00g) (t/fed) (t/fed) sugar %
Control 30.035d 4.717f 5.219ef 22c 6.813e 1.344d 18.8d 17.0c 4.425 fg 82.3 def
15 31.817cd 6.440de 5.571cde 2.3c¢ 8.017de 1.331d 19.0cd 17.5c 4.764efg 84.3 bc
70 2 34.449b 6.025e 5946bcd 2.6¢c 8.979cd 1.495d 19.4bc 18.1b 5.543c 84.7ab
2.5 37.352a 6.867d 6.223b 27c 10500c 1.918c 20.3a 19.1a 6.151b 857a
Control 33.992 bc 7.082cd 5.523de 3.7ab 8.783cd 1.317d 179e 16.2d 4.682efg 82.3 def
15 34.627b 8.497b 5911bcd 34b 9.193cd 1.391d 186d 17.2c 5429cd 83.3cd
90 2 37.371a 9.196a 6.782a 3.9ab 10.360c 2.104c 19.5b 182b 6.210b 84.7ab
25 32797 bc 7.106cd 5.980bc 3.8ab 10.304c 2.100c 20.3a 19.0a 6.669a 84.7ab
Control 33.992bc 7.633c 4.801fg 4.1a 10.136c 2.136¢c 16.8h 139f 43299 813f
15 34.767 b 8.849ab 5.537cde 2.6c¢ 10.080c 2.167c 17.6ef 152e 4.857ef 83.1d
110 2 34.207bc 7.697c 5217ef 35b 13.692b 2.723b 17.4fg 15.3e 5.141cde 82.7 de
25 32415Dbcd 5842e 4.731g 3.8ab 16.268a 3.544a17.1gh 152e 5.025de 81.7f

Means of each factor designated by the same letter are not significantly different at 5% level using Duncan’s multiple range test.

CONCLUSION

To get the highest root and sugar yields/fed,
applying 90 kg N + 2.0 | Cetreen/fed is recommended
for sugar beet grown under conditions of the sandy soil
of the present work.
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