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ABSTRACT: Two field trials were carried out in Sakha Res. Station, Kafr EL-Sheikh
Governorate (31 N°30 E° at an altitude,elev 6 m) in two successive seasons (2012/2013 and
2013/2014) to find out the performance of sugar beet crop under different plant population as
well as nitrogen and boron fertilization levels. This work included 27 treatments representing the
combinations between three hill spaces (15, 20 and 25 cm), three nitrogen levels (80, 100 and
120 kg N/fed) and three boron concentrations (tap water "control”, 105 and 210 ppm) as a foliar
spray. A split-plot design with three replicates was used, where hill spaces were allocated in the
main plots, meanwhile, the combinations between nitrogen and boron treatments were
distributed in the sub-plots.

The results showed that root diameter, root fresh weight, nitrogen and potassium concentrations
of root and yields of root and tops were significantly increased with the increase in hill spaces
from 15 to 25 cm. The highest significant values of sucrose and sugar yield were significantly
obtained with 20 cm between hills, meanwhile, the purity percentage was recorded with 15 cm
between hills, in both seasons.

Root length, diameter and fresh weight, potassium and sodium concentrations in root as well as
yields of root and tops were significantly increased by increasing nitrogen levels from 80 to 120
kg N/fed, in both seasons. The highest average of sucrose percentage was recorded with 100
kg N/fed, whereas, sugar yield was the highest with 120 kg N/fed, in the two seasons.
Increasing boron levels from up to 210 ppm significantly increased root length, diameter and
fresh weight, sucrose and purity percentages, as well as yields of root, top and sugar and boron
concentration in root, in both seasons..

The combination between hill space of 25 cm and 120 kg N/fed gave the highest averages of
root diameter and yields of root and top and the lowest purity percentage. Sugar yield recorded
the greatest value with the combination between hill space of 20 cm and 120 kg N/fed, in the
two seasons.

The highest average of sucrose percentage was recorded with the combination between 100 kg
N/fed and 210 ppm boron in both seasons. The second order interaction of 25 cm hill space,
120 kg N/fed and 210 pCPm boron gave the highest significant top yield in the 1* season as well
as root yield in the 2" season. Sugar yield recorded the highest value with the interaction
between hill space of 20 cm, 120 kg N/fed and 210 ppm boron.
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researchers have been conducted to
determine the optimum plant population

INTRODUCTION

Plant density per unit area of cultivated

land is a major factor in determining the
quality and quantity of the sugar roots, for
instance, optimum plant density provides a
larger area of nutrients which allows plant
sufficient quantity of water, light and thus
raises the efficiency of photosynthesis which
contribute to increase the dry matter
proportion in the roots and higher roots yield
per unit area (Freckleton et al., 1999). Many

densities for high root and sugar vyields, as
well as, the quality. Nassar (2001) found that
sucrose content and recoverable sugar
percentages were linearly decreased with
the reduction in plant density. He added that
root and sugar yields were maximized with
plant density of 42000 plants/fed. Ramazan
(2002) recommended that plant
establishment should be 70 000 - 110 000
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plants/ha'l. El-Bakary (2006) studied the
effect of ridge width and distance between
hills on sugar beet plants harvested at 210
days after sowing. He found that row width
and hill spacing significantly effected root
fresh weight, root length and diameter and
TSS %, sucrose %, root and sugar
yields/fed, in the two seasons. The optimum
plant densities in sugar beet is very
necessary to have high root yield with good
quality. Ismail and Allam (2007) reported
that sowing sugar beet at 70000 and 105000
per/ha’l gave high values of yield and quality
traits. Their results revealed that plant
densities significantly enhanced root length
and diameter, fresh weight/plant as well as
sodium % and sucrose % in both seasons,
in addition sugar yield in the 2" season.
They added that sowing sugar beet at 28000
and 42000 plants/fed gave the highest yield
of root and sugar and quality traits. Masri
(2008) observed a positive effect of
increasing plant density from 87500 to
100000 plants ha’ as well as significant
increase in sucrose content, purity,
extractable sucrose and sugar yield. Nafei et
al. (2010) showed that increasing plant
population from 28000 to 42000 plants/fed
caused a significant positive response in
root length, diameter, root fresh weight/plant,
sucrose %, TSS % and phosphorus % in
roots as well as top, root and sugar yields.
Hozayn et al. (2013) in Kafr EI-Sheikh,
studied the effect of five planting densities
(16, 24, 32, 36 and 40 thousands plants/fed)
on yield and quality of sugar beet plants
grown on a clay soil. Growing sugar beet at
36000 plants/fed increased the yield of fresh
roots and fresh foliage as well as sugar yield
as compared to the other plant densities, the
same plant density recorded the highest
values for most of the studied quality
characters.

Concerning nitrogen fertilizer effects,
Seadh (2008) found that application of 150
kg N/fed produced the highest values of root
and top yields and its components. While,
fertilizing beet plants with 125 kg N/fed
produced the highest sugar yield/fed.
Optimum means of sucrose and purity
percentages were obtained with using 75 kg
N/fed. Abdel-Motagally and Attia (2009) in

sandy calcareous soil, observed that
increasing nitrogen levels  significantly
increased root and foliage fresh and dry
weights and sugar yield (ton/ha™) of sugar
beet. Increasing nitrogen levels up to 285
kg/ha™ significantly increased impurities (Na,
K and alpha-amino-N) and sugar loss
percentage. El-Hosary et al. (2010) and
Sarhan et al. (2012) found that increasing
nitrogen fertilizer levels caused significant
increase in yield, yield components and
quality of sugar beet. Gobarah, Mirvat et al.
(2010) reported that increasing N levels from
60 to 150 kg N/fed significantly increased
root yield, yield components and Na, K and
alpha-amino-N contents. Khalil (2010) found
that increasing nitrogen levels from 80 to
100 and 120 kg/fed significantly increased
root length, root diameter, root fresh
weight/plant, root yield and the percentages
of Na, K, alpha-amino-N and sugar loss to
molasses. Abo-Shady et al. (2011) found
that increasing nitrogen levels from 75 to 90
and 105 kg N/fed caused significant
increase in Na, K and alpha-amino-N in root
contents and sugar loss in molasses.
Osman (2011) indicated that increasing N
levels up to 120 kg/fed gave high averages
of root length, root diameter, fresh
weight/plant and root and sugar yields/fed.
While, gradual reduction in sucrose % and
purity % had been detected with increasing
nitrogen level over 80 kg N/fed. Abdou
(2013) in sandy soil, found that increasing
nitrogen levels from 100 to 120 and 140
kg/fed significantly increased root fresh
weight, root length and diameter as well as
root and sugar vyields/fed. On the other
hand, it significantly decreased TSS,
sucrose and purity percentages. El-Sarag
and Moselhy (2013) found that increasing N
levels from 105 to 210 kg/ha' caused
significant increase in root, top and sugar
yields/ha. Omar and Mohamed (2013) found
that increasing nitrogen levels from 50 up to
125 kg N/fed caused significant increase in
root dimensions, top fresh weight/plant, root
fresh weight/plant, Na %, K %, sugar loss %
in molasses (SLM %) and root yield/fed. Top
and recoverable sugar Vyields were
responded only to 100 kg N/fed. The highest
average of sugar, purity and extractable
sugar percentages were produced with
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using low nitrogen level (50 or 75 kg N/fed).
Abdou and Badawy (2014) reported that
increasing nitrogen levels from 70 to 90, 110
and 130 kg N/fed significantly increased root
fresh weight, root length, root diameter, TSS
% and root and sugar yields/fed, in both
seasons.

Proper plant nutrition is an important
factor for improving productivity and quality
of agricultural production (Gobarah, Mirvat et
al., 2014). Boron is the most important trace
element needed by sugar beet because
without an adequate supply the yield and
quality of roots are depressed (Cooke and
Scott 1993). Bonilla et al. (1980) examined
the effects of deficient and toxic levels of
boron on various aspects of nitrogen
metabolism in sugar beet mentioned that
root fresh weight, sucrose %, root and top
yields were significantly increased by
increasing boron levels (Jaszczolt, 1998 and
Gobarah, Mirvat and Mekki, 2005) and Thus,
application of boron to sugar beet
significantly increased the root yield and
yield components and also increased
recoverable sugar percent and sugar yield,
while decreased Na and K in root juice, and
hence increased juice quality. El-Hawary
(1994) found that the root fresh weight,
sucrose percentage, top, root and sugar
yield/fed were significantly increased with
increasing boron levels up to 200 ppm.
Osman et al. (2003) fertilized sugar beet
plants with three boron levels (0, 1 and 2
kg/fed), they found that increasing the level
of boron up to 2 kg/fed increased sucrose
and purity percentages as well as sugar
yield/fed. PospiSil et al. (2005) reported that
the application of 50 I/ha of Fertina B (3% N
+ 4% B) increased the root and sugar yields
by 16.7 %. Further increase of Fertina B
rates reduced the root and sugar yields and
lowered the technological quality of sugar
beet roots. Kristek et al. (2006) studied the
effect of foliar fertilization with Fertina B
element (1.0 kg B/hal) on sugar beet root
yield and quality, they found that root yield
was higher by 13.86 ton/ha™ (19.4%), sugar
concentration higher by 1.46% (relative
10.8%) and sugar yield higher by 3.15 t/ha™
(39.5%) than the control. Based upon these

results, foliar fertilization with 1.0 kg B/ha™ is
suggested for soils characterized by
insufficient boron supply. It should be added
through two top dressings, first prior leaves
formation and second 10 -14 days later.
Allen and Pilbeam (2007) emphasized that
sugar beet crop has high requirements for
boron when adequate boron nutrition is
critical for high yield and quality of crops.
Boron increases the rate of transport of
sugars to actively growing regions and also
in developing fruits. Ouda (2007) studied the
effect of chemical and bio-fertilizer of N and
boron as well as their interactions on yield
and quality of sugar beet. The results of
interaction effects showed that significant
interactions of application of nitrogen and
cerealin + boron, but most of them did not
give additional information except root yield
and sugar yield ton/fed. Hellal et al. (2009)
concluded that the yield of sugar beet was
highly and positively correlated with N, K
and B content in root and shoot. Gobarah,
Mirvat et al. (2010) examined the effect of
four levels of boron on sugar beet i.e. (0, 1,
15 and 2 kg/acre), they found that
increasing boron fertilizer up to 2 kg/acre

resulted in the highest sugar and
recoverable sugar yields. Sucrose
recoverable, sucrose and juice purity

percentages were also increased. Enan
(2011) found that the highest averages for
root diameter, root fresh weight, (root, top
and sugar yield/fed), sucrose and TSS %
were obtained by increasing boron to the
level 200 ppm. Abido (2012) mentioned that
application of 80 ppm boron significantly
improved root yield and its attributes and
root quality, on contrarily harvest index was
decreased. Armin and Asgharipour (2012)
reported that foliar application of 1.22 kg
B/ha' increased root yield and sucrose
concentration, decreasing potassium,
sodium, alpha-amino-N and molasses sugar
compared with those of the control.

The aim of this work was to find out the
best combination between hill spacing,
nitrogen fertilizer and boron foliar application
to gain the most impact on sugar beet
quality and quantity.
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MATERIALS AND METHODS

Two field trials were conducted in Sakha
Res. Station, Kafr EL-Sheikh Governorate
(31 N°,30 E° at an altitude, elev. 6 m) during
the two successive seasons (2012/2013 and
2013/2014) to find out the performance of
sugar beet crop under different plant
populations, as well as, nitrogen and boron
fertilization levels.

A split-plot design with three replicates
was conducted. The main plots were
occupied by hill spacing (15, 20 and 25 cm).
Meanwhile, the combinations between three
nitrogen levels (80, 100 and 120 kg N/fed
“fed = 0.42 ha') and three boron
concentrations (tap water spray “control”,
105 and 210 ppm) were distributed in the
sub-plots. Nitrogen fertilizer was added as
urea (46.5 % N) in two equal doses, the 1%
one after thinning and the 2" one month

later, meanwhile boron, was sprayed once
on the foliage as boric acid by the above
mentioned concentration after 90 days from
sowing.

Plot area was 21 m? including 6 ridges of
50 cm in width and 7 meter in length. The
preceding crop was rice in both seasons.
Soil samples were taken at random from the
experimental sites at a depth of 0.0 — 30 cm
from soil surface. Soil physical and chemical
properties of the experimental sites are
presented in Table (1). Phosphorus fertilizer
in form of calcium superphosphate (15.5 %
P,Os) was applied at the level of 31 kg
P,Os/fed during seedbed preparation,
whereas, potassium fertilizer in form of
potassium sulphate (48 % K,O) was added
at the level of 48 kg K,Offed with the 1%
nitrogen application.

Table (1): Soil mechanical and chemical properties of the experimental sites in the two
seasons of 2012/2013 and 2013/2014.

2012/2013 2013/2014
Soil depth (cm) 0-30 0-30
Mechanical soil distribution
Sand % 19.4 18
Silt % 24.4 23.6
Clay % 56.2 58.4
Texture Class Clay Clay
Chemical analysis in soil extraction

a) Cations meq/!
Ca™ 3.1 2.89
Na " 4.86 4.65
K" 0.4 0.53
Mg*” 1.3 1.8
b) Anions meq/I
Cl- 2.41 2.27
SO, ~ 3.45 4
HCO3" 3.8 3.6
CaCOs; 3.82 4
Available B ppm 0.39 0.43
Available N ppm 39.70 36.80
Available P ppm 15.20 16
Available K ppm 389 421
pH 8.2 8.0
E.C ds/m 0.96 0.99
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Sugar beet variety viz Heliospoly was
sown on the 1% week of October in both
seasons. Plants were thinned to one
plant/hill when the plant aged 45-day after
sowing. All the other practices for such as
hoeing irrigation etc... were carried out as
usual in sugar beet field according Sugar
Crops Res. Inst. recommendations (SCRI).

Recorded data:

At harvest (210 days after sowing), a
sample of five guarded plants was randomly
taken from each sub-plot to determine the
following characters:

A. Root yield attributes:
1. Root length (cm).

2. Root diameter (cm).

3. Root fresh weight/plant (g).

B. Juice quality and chemical
constituents:

1. Impurities percentages in terms of
potassium (K) and sodium (Na) were

determined in Delta Sugar Company
Laboratories at Kafre  EL-Sheikh
Governorate; meanwhile nitrogen

element was estimated in the digested
solution using micro Kjldahl apparatus
according to Pergl (1945).
. Boron element was determined according
to A.0O.A.C,, (1995).
. Sucrose percentage was determined as
described by Le Docte (1927).
Purity percentage was calculated
according to the following equation:
Purity % = (sucrose % x 100) / TSS %

C. Root, top and sugar yields
(ton/fed):

At harvest, plants of the four guarded
rows of each sub-plot were uprooted topped,
cleaned and weighed to estimate root and

top vyields (ton/fed). Sugar vyield was
calculated according to the following
equation:

Sugar yield (ton/fed) = root yield (ton/fed) x
sucrose %.

Statistical analysis:

The collected data were statistically
analyzed according to Snedecor and
Cochran (1981). Least Significant Difference
(LSD) method was used to compare the
differences between treatment means at 5%
level of probability as mentioned by Waller
and Duncan (1969).

RESULTS AND DISCUSSION
A. Root yield attributes:

A. 1. Root length:

Results given in Table (2) show the
influence of hill spaces and nitrogen and
boron fertilization levels on sugar beet root
length. Data obtained cleared that hill
spaces significantly affected root length in
both seasons. Narrow hill space of 15 cm
surpassed the other hill spaces in respect
with root length. This increase may be due
to the high competition between plants for
plant growth resources.

As for the influence of nitrogen effect on
root length, it could be noted that there was
a significant positive response in this trait
with the increase in the applied dose of
nitrogen fertilizer. Similar effect was shown
on root length due to boron fertilization,
where increasing the applied dose of boron
continuously raised the values of this trait in
both seasons. The positive influence of
nitrogen on root length could be due to its
role in cell division and elongation as a
principal component in chlorophyll
component. This result is in agreement with
that reported by Omar and Mohamed (2013)
and Abdou and Badawy (2014). Amin (2005)
as they, reported that increasing N levels
significantly increased root length and its
diameter, root fresh weight, top, root and
sugar yield.

Concerning the influence of boron
fertilization on root length, the obtained
results cleared that there was a significant
positive increase in root length due to the
gradual increase in the  spraying
concentration of boron from 105 to 210 ppm,
in both seasons. The effective role of boron
on root growth has been reported by Abido
(2012). Table (2) showed that the interaction
between sowing hill spaces and nitrogen
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Table 2
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levels significantly affected the averages of
root length in the two seasons. Increasing
the applied levels of nitrogen increased root
length significantly. This observation was
completely true under the three hill spaces,
but with the different magnitudes.

A. 2. Root diameter:

Results illustrated in Table (2) pointed
out that the wider sown sugar beet plants in
the wider hill spacing increased their root
thickness. This results was fairly true in both
seasons. This root diameter increment was
gradual and significant. This finding may be
due to that the wider distance between hills
decreased the competition between plants
which allowed better conditions for the plant
grown and in turn was reflected on root
growth.

Table (2) revealed that root diameter
responded significantly to the increase in the
applied level of nitrogen up to 120 kg N/fed.
This observation was true in both seasons.
The results obtained indicate to the
important role of nitrogen in plant growth as
an essential elements in chlorophyll
component which in turn was reflected on
plant growth in terms of root dimensions.
This result coincides with those found by
Osman (2011) and Omar and Mohamed
(2013).

Regarding boron effect on root diameter,
the data showed that root diameter
responded significantly to the increase in
boron level. Spraying sugar beet foliage by
210 ppm produced the highest averages of
root thickness in both seasons. The relative
advantage of boron element on root
thickness may be due to the distinct role on
photosynthates translocation process.
Similar result was recorded by Abido (2012).

Regarding the interaction between the
studied factors and its influence on root
diameter, the data in Table (2) cleared that
the combination between hill spaces and
nitrogen fertilizer was the most effective

interaction on this trait. Increasing the
applied dose of nitrogen from 80 up 120 kg
N/fed under the different hill spaces was
accompanied by increasing root thickness,
but with the different magnitudes. This result
was fairly true in both seasons.

A. 3. Root fresh weight/plant:

Data in Table (3) cleared that root fresh
weight of sugar beet/plant was significantly
and gradually increased by the increase of
hill spaces. This result was fairly true in both
seasons. This finding may be due to the
wider hill space allowed plants to grow better
than the narrower space which was reflected
on the plant growth and consequently root
fresh weight. This result is in agreement with
those reported by El-Bakary (2006) and
Ismail and Allam (2007).

Regarding nitrogen fertilizer levels
effect, the available data cleared that root
fresh weight/plant was positively and
significantly increased by the increase of the
applied nitrogen levels up to 120 kg N/fed in
both seasons. This result is due to the
effective role of N on plant growth. This
finding is in line with those reported by Omar
and Mohamed (2013) and Abdou and
Badawy (2014). Also, Hellal et al. (2009)
found a positive effect of increasing N doses
on sugar beet shoot and root weight.

Concerning boron application on root
fresh weight, it is obviously shown that
increasing boron foliar application attained a
significant response in the values of root
fresh weight/plant. This observation is due to
the important role of boron in dry matter
translocation which in turn was reflected on
the final root fresh weight. These findings
are in line with those of Enan ( 2011).

As for the interaction between the studied
factors, the results revealed that most the
various interaction were not significant in
respect to their influence on root fresh
weight, indicating that the main effect of
each of hill spacing, N level and boron level
dominated any interaction between them.
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Table (3): Root fresh weight as affected by hill spacings, nitrogen and boron fertilization
levels and their interactions (2012/2013 and 2013/2014 seasons).

Root fresh weight (g/plant)

Treatments
1% Season (2012/2013) 2" Season (2013/2014)

Hill Nitrogen Boron (ppm)

spacing (kg N/fed) | control 105 210 Mean | control 105 210 Mean

80 703 743 826 757 843 901 983 909
15cm 100 829 903 999 910 932 1110 1048 1030
120 1028 1165 1147 1113 985 1164 1228 1126

Mean 853 937 991 927 920 1058 1087 1022
80 909 1030 1183 1041 832 989 1071 964
20cm 100 1095 1155 1115 1122 1072 1148 1202 1141

120 1175 1303 1362 1280 1154 1297 1302 1251

Mean 1060 1163 1220 1147 1019 1145 1192 1119
80 1130 1153 1188 1157 1188 1202 1308 1233
25cm 100 1141 1280 1310 1244 1207 1273 1343 1274

120 1255 1426 1565 1415 1367 1520 1596 1494

Mean 1175 1286 1354 1272 1254 1332 1416 1334

Nitrogen 80 914 975 1066 985 954 1031 1121 1035

X 100 1022 1113 1141 1092 1070 1177 1198 1148

Boron 120 1153 1298 1358 1269 1169 1327 1375 1290
Mean 1029 1129 1188 1064 1178 1231

Control: tap water, fed = 0.42 ha™.

LSD at 0.05 level for:

Hill spacing (A) 113.25 77.44
Nitrogen level (B) 38.02 42.10
Boron level (C) 38.02 42.10
AxB NS 72.92
AxC NS NS
BxC NS NS

AxBxC 114.07 NS
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B. Juice quality and chemical
constituents:
1. Nitrogen and
concentrations in root:
Data given in Table (4) pointed out the
influence of the studied factors on nitrogen
and boron contents in sugar beet roots.
Results showed that nitrogen content was
the only significantly affected by hill spaces
in both seasons, where increasing hill
spaces were accompanied by a significant
increase in nitrogen %. This finding may be
due to a higher absorption in the wider hill
space which was reflected on larger root
fresh weight as observed in Table (3).

B. boron

Concerning nitrogen fertilization effect,
there was a gradual increase in the juice
nitrogen content due to the increase in the
applied level of nitrogen, on the contrary the
values of boron were negatively affected by
the increase in the applied doses of
nitrogen. This result was fairly true in both
seasons. Similar results were observed by
Khalil (2010) and Abo-Shady et al. (2011).

Once more, it could be noted that
increasing the spraying level of boron led to
gradual decrease in juice nitrogen content in
both seasons, however, this decrease was
significant in only the 1% season. Meanwhile,
nitrogen concentration significantly and
positively decreased with increasing the
dose of boron in both seasons.

As for the interaction between hill spaces
and nitrogen level the data cleared a
positive increase in juice nitrogen due
to the increase in N- significantly in the 2m
season only.

The interaction between boron fertilizer
and hill spaces appeared significant
differences in respect to its effect on the
nitrogen % in the 1* season only. Increasing
the applied dose of boron under the 15 and
20 cm hill space decreased the contents of
N %, however under the wider space of 25
cm between hills it decreased with the
increase in the applied dose of boron.
Concerning the interaction between hill
spaces and nitrogen fertilization on the
content of boron, the results obtained
showed that under the different hill spaces,

increasing the applied dose of nitrogen
decreased the values of boron.

B. 2. Potassium and sodium

concentrations in root:

Table (5) show the effect of the studied
factors on potassium and sodium contents
which are the most important impurities
directly effected on sugar beet quality. The
results in Table (5) revealed that increasing
the distance between hills of sugar beet
produced higher contents from potassium
and sodium in the two seasons. This effect
was significant in the two seasons for
potassium and in the 1% season for sodium.

As for, the influence of nitrogen fertilizer
level on the percentages of potassium and
sodium, it could be noted that raising the
applied dose of nitrogen from 80 up to 120
kg N/fed continuously and significantly
increased potassium and sodium in both
seasons. This result may be due to nitrogen
effect on plant growth which increased the
root length (Table 2) and hence increased
the absorption of N (Table 4) and hence
potassium and sodium (Table 5) in element
absorption. This result is in agreement with
that reported by Abo-Shady et al. (2011) and
Omar and Mohamed (2013).

Regarding boron application effect on
potassium and sodium percentages, the
data demonstrated that the differences
between boron application levels on
potassium and sodium percentages were
significant in the 1% season only. It could be
noted that check treatment (tap water spray)
almost recorded the highest potassium and
sodium percentages. Increasing boron
application decreased sodium content to
different extents: Sodium content was 1.75
Meq 100 g 1 root for concentration of 4 %,
1.58 Meq 100 g 1 root for concentration of 8
% and 126 Meq 100 g 1 root for
concentration of 12 %, which, compared with
the control, decreased by 26 %, 34 and
47%, respectively, Armin and Asgharipour
(2012) also observed that the highest
potassium content was observed in the
control, which decreased by 30.6 % at
spraying with concentration of 12 %. On the
other hand, Kristek et al. (2006) reported
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that boron application had no impact on
potassium content in sugar beet root. In the
same trend Tariq et al. (1993) showed that
application of boron decreased sodium
content in sugar beet root. Similar
results have also been reported by
Javaheripour et al. (2005) in their study,
however, application of 10 and 20 kg boric
acid ha™* prior to sowing did not increase the
sodium content over the control.

The only significant interaction between
the studied factors on potassium and sodium
percentages was that between hill spaces
and nitrogen fertilization. Under the three hill
spaces increasing the supplied nitrogen
fertilization levels increased potassium
percentage and the highest values of this
trait was under the widest hill space.
Moreover, the highest value of sodium
percentage was shown under the wider hill
spaces of 20 and 25 cm by increasing
nitrogen fertilization from 80 up to 120 kg
N/fed.

B. 3. Sucrose percentage:

Data illustrated in Table (6) show the
influence of hill spaces and the combination
between nitrogen and boron fertilizer levels
on sucrose percentage of sugar beet crop.
The collected data pointed out that sowing
beet on 20 cm hill space over passed
significantly the others hill spaces i.e. 15 and
25 cm apart. This result may be indicate to
that the suitable hill space was that 20 cm
which attained the highest significant values
for sucrose percentage in the two growing
seasons, increasing the hill space to 25 cm
decreased significantly sucrose % in both
seasons, this finding may be due to that
under the wider space between hills the
which allowed more growth for roots and
consequently high moisture content in turn
low sucrose percentage. Masri (2008)
observed a positive effect of increasing plant
density from 87500 to 100000 plants ha™ as

well as significant increase in sucrose
content, purity, extractable sucrose and
sugar yield.

Concerning nitrogen fertilizer levels on
the values of sucrose percentage, the
results in Table (6) revealed a statistical
positive response to the applied dose of

nitrogen, application 100 kg N/fed was
enough to produce the highest significant
values for this trait in both seasons.
However, it could be noted that increasing
the applied nitrogen level up to 120 kg N/fed
reduced the values of sucrose percentage in
the two seasons with insignificant
differences between 80 and 120 kg N/fed in
this respect. The decrease of root sucrose
content due to the increase of N level
beyond 100 kg N\fed could be attributed to a
dilution effect caused by the increase in root
fresh weight with each increase in N level up
to 120 kg N\fed. This finding is in agreement
with that found by Osman (2011) and Abdou
(2013).

As for the effect of boron fertilizer levels
on sucrose percentage, the results in Table
(6) cleared that there was significant and
continuous response in the values of
sucrose % due to the increasing in the
applied dose of boron fertilizer. Foliar
spraying of boron at 210 ppm recorded the
highest significant values of sucrose%. This
observation was fairly true in the two
growing seasons. The distinct effect of boron
fertilization on this trait due to the essential
role of boron in sugar translocation and, in
turn, sugar storage in root. The role of boron
element in this respect has been reported by
Armin and Asgharipour (2012). Same
observation was realized by Al-Mohmmad
and Al-Geddawi (2001) who showed that
boron consumption in  sugar beet
significantly reduced root rot, increasing the
sugar yield due to increased glucose levels
in roots and phloem sap, in their study,
compared to the control, boron application
increased sucrose concentration by 6.5%
and 16% at the first and second years of
study, respectively.

Once more the interaction between the
studied factors appeared a significant
influence on sucrose % due to the
interaction between hill spaces and nitrogen
fertilizer levels. It could be noticed that
increasing the applied dose of nitrogen
fertilizer almost recorded significant increase
in the values of sucrose % in both seasons
and that the highest value of sucrose % was
recorded with the combination between 20
cm hill space and 100 kg N/fed. However
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Table 6
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increasing the applied dose up to 120 kg
N/fed caused a significant reduction in
sucrose percentage. This effect may be due
to the bad effect of the high dose of nitrogen
on this trait as a result to the effect of the
high nitrogen dose on the purity.

Also, the combination between nitrogen
and boron levels recorded a significant
influence on the values of sucrose
percentage in both seasons. It could be
observed that under the same level of
nitrogen (100 kg N/fed), increasing the
spraying dose of boron positively increased
the values of sucrose percentage in the two
seasons. This effect could be due to the
fruitful effect of nitrogen element on
photosynthesis process and the pivotal
effect on sucrose translocation in sugar beet
roots.

B. 4. Purity percentage:

Results shown in Table (6) clear the
relative effect of the hill space and both of
nitrogen and boron fertilization levels on
purity %. The results revealed that sowing
hill space had similar influence on purity
percentage as it was on sucrose %, where
the middle hill space i.e. 20 cm recorded the
highest positive effect on purity percentage.
This influence might be due to the
pronounced effect of this treatment on
sucrose % which is considered the reflected
mirror to the expected purity percentage.

Table (6) obviously showed that the
highest values of purity % were attained with
the lowest nitrogen application level (80 kg
N/fed), however raising the additional dose
of nitrogen depressed the values of purity
percentage in both seasons. This finding
may be due to the low impurities with the
lower nitrogen application which increased
purity %. This finding is in line with those
stated by Osman (2011) and Abdou (2013).

Regarding the effect of boron fertilization
levels on purity %, the obtained data
showed that increasing spraying rate of
boron gradually and significantly raised the
values of purity percentage, This result was
fairly true in both growing seasons. The

effective role of boron on purity % comes
through its beneficial effect on the values of
sucrose % (Table 6). This result is in
agreement with that reported by Abido
(2012).

As for the interaction effect on purity %,
the results in Table (6) cleared that the
combination between nitrogen and boron
fertilizer levels significantly affected purity %
in only the 1% season.

C. Root, top and sugar yields
C. 1. Root yield per fed

Results given in Table (7) demonstrated
the influence of hill spacing and each of
nitrogen and boron fertilization levels as well
as their interactions on root yield of sugar
beet crop. It is clearly reveal that sugar beet
root vyield positively and continuously
responded to hill spaces in both seasons, as
the distance between hills was increased the
root yield was also increased significantly.
This observation was completely true in both
growing seasons, and the highest root
yield was recorded with sowing hills of 25
cm apart. The pronounced effect of the
wider hill spaces due to the distinct effect of
the wider hill spaces on growth criteria i.e
root diameter and root fresh weight (Tables
2 and 3) and the assimilator organs in terms
tops vyield, the wider the hill space, the
heavier, the individual root fresh weight, the
heavier the root yield.

As to, the root yield as affected by
nitrogen fertilization levels, the collected
data illustrated in Table (7) indicated to root
yield appeared a positive and significant
response to the applied dose of nitrogen,
increasing nitrogen level from 80 to 100 up
to 120 kg N/fed improved root yield by 12.04
% and 25.00 % in the 1% season and 23.43
% and 21.09 % in the 2™ season,
respectively. The relative influence of
nitrogen fertilizer on root yield is mainly due
to its effect on root growth rate in terms of
root diameter and root fresh weight g/plant
(Tables 2 and 3). Similar results were
recorded by El-Sarag and Moselhy (2013)
and Abdou and Badawy (2014).
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Table (7): Root yield as affected by hill spacings, nitrogen and boron fertilization levels
and their interactions (2012/2013 and 2013/2014 seasons).

Root yield (ton/fed)
Treatments 1* Season (2012/2013) 2" Season (2013/2014)
Hill Nitrogen Boron ppm

spacing (kg Nffed) | control 105 210 Mean | control 105 210  Mean
80 17.17 18.48 18.93 18.19| 1959 20.03 20.71 20.11
15cm 100 19.83 21.25 22.05 21.04| 20.62 22.34 23.49 22.15
120 22.98 2314 2390 2334 | 22.82 24.65 2525 2424
Mean 1999 20.96 21.63 20.86| 21.01 2234 23.15 22.17
80 19.28 20.07 22.00 20.45| 19.36 22.15 23.12 2154
20 cm 100 21.80 2241 24.06 2276 | 22.61 23.67 24.63 23.64
120 2406 2437 26.16 2486 | 25.37 26.56 27.26 26.40
Mean 21.72 2228 2407 2269 | 2245 2413 25.00 23.86
80 2158 2218 2423 2267 | 22.27 23.67 2490 23.61
25cm 100 24.37 2489 2543 2490 | 25.09 2580 26.51 25.80
120 27.77 2828 2930 2845 | 27.57 2835 29.28 28.40
Mean 2457 25.12 26.32 2534 | 2497 2594 26.90 2594
Nitrogen 80 19.34 20.24 21.72 20.44 | 2041 2195 2291 21.76
X 100 22.00 2285 2385 2290 | 22.77 2394 2488 23.86
Boron 120 2494 2526 26.46 2555 | 2525 26.52 27.26 26.35

Mean 22.10 22.79 24.01 2281 24.14 25.02

Control: tap water, fed: = 0.42 ha™

LSD at 0.05 level for:

Hill spacing (A) 1.012 0.243
Nitrogen level (B) 0.543 0.315
Boron level (C) 0.543 0.315
AxB NS NS
AxC NS NS
BxC NS NS

AxBxC NS 0.945
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Regarding the influence of boron fertilizer
on root yield of sugar beet crop. Table (7)
pointed out to a gradual and significant
increase in the average of root yield due to
the increase in the spraying boron
application. Spraying sugar beet foliage by
boron at 210 ppm level attained the highest
significant increase in root yield. This results
is in accordance with Armin and Asgharipour
(2012) who found that boric acid
concentrations significantly (p<0.05) affected
root yield. Spraying with concentrations of
8% and 12% significantly increased yield
over the control. At the same time,
differences between control and spraying
with concentration of 4% were not
significant. The increase in the value of root
yield as a result to the increase in boron
application could be due to the favorable
effect of boron element on growth criteria in
Tables (2) and (3). Regarding the influence
of the interaction of the examined factors on
root yield, the available data in Table (7)
cleared insignificant effect of the most
different combinations on root yield.

C. 2. Top yield per fed:

Data given in Table (8) clear the
influence of hill spaces and the combination
between nitrogen and boron fertilization on
tops yield. The available data revealed that
tops vyield significantly responded to the
increase in hill spaces, increasing the
distance between hills increased
significantly and continuously the averages
of tops yield in the two seasons. This finding
may be due to under the wider hill spaces
the competition between plants grown on
space and land was decreased in turn was
reflected on the values of tops yield.

Concerning the effect of nitrogen fertilizer
levels on tops vyield, the results in Table (8)
showed that increasing the nitrogen
fertilization level up to 120 kg N/fed
significantly increased the values of tops
yield in both seasons.

This result may be due to the important
role of nitrogen in plant growth as an
essential  component in  chlorophyll
pigments. This result is in agreement with

those reported by Abo-Shady et al. (2011)
and El-Sarag and Moselhy (2013).

As for the effect of boron fertilizer level
on tops yield, the results in Table (8) pointed
out that this trait was significantly and
gradually increased as the boron spraying
level was increased up to 210 ppm. This
finding may be due to the healthy role of
boron on the plant grown which directly
affected on growth vigor of the plants.

The interaction effects between the three
studied factors cleared that increasing
nitrogen and/or boron fertilizer under the
three hill spaces significantly increased tops
yield in both seasons, however, this effect
was significant in the 2" season for the
combination between hill spaces and
nitrogen fertilizer and for the combination
between hill spaces and boron fertilizer in
the 1% season. This result may be
considered as a good indication to the
pronounced effect of hill spaces on plant
growth.

C. 3. Sugar yield per fed:

The results in Table (9) pointed out that
increasing hill spaces from 15 to 20 cm apart
significantly raised the values of sugar yield
in both growing seasons. However, the
increase of hill space up to 25 cm caused a
significant reduction in the values of sugar
yield. This distinct effect of hill space of 20
cm due its pronounced influence on the
values of sucrose and purity percentages
(Table 6) which in turn was reflected on the
average of sugar yield. This finding was in
line with El-Bakary (2006).

lllustrated data in Table (9) revealed that
there was a significant increase in the sugar
yield as the supplied nitrogen level was
increased up to 120 kg N/fed. This finding
was fairly true in both seasons. The effective
role of nitrogen fertilizer levels on sugar yield
could be due to its distinguished influence
on both of root yield (Table 7) and tops yield
(Table 8). Similar results were recorded by
Abdou (2013) and Abdou and Badawy
(2014).
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Table (8): Top yield as affected by hill spacings, nitrogen and boron fertilization levels
and their interactions (2012/2013 and 2013/2014 seasons).

Top yield (ton/fed)

Treatments
1* Season (2012/2013) 2" Season (2013/2014)
Hill Nitrogen Boron (ppm)
spacing (kg N/fed) | control 105 210 Mean | control 105 210 Mean
80 6.55 8.05 9.30 7.97 7.62 839 899 833
15cm 100 8.45 9.18 10.37 9.33 9.02 9.66 10.47 9.72
120 10.10 10.82 12.25 11.06 11.00 11.42 11.89 11.43
Mean 8.37 9.35 10.64 9.45 9.21 9.82 1045 9.83
80 8.66 9.33 10.13 9.38 11.19 11.60 12.18 11.66
20 cm 100 9.77 1061 11.26 10.55 1192 12.60 13.27 12.60
120 11.71 1226 12.70 12.22 1355 1419 14.74 14.16
Mean 10.05 10.74 11.36 10.72 12.22 12.80 13.40 12.80
80 10.66 11.19 11.62 11.16 12.03 12.40 13.17 12.53
25cm 100 11.80 1253 1296 12.43 1256 13.20 13,59 13.12
120 13.42 1439 1534 14.38 1461 1555 16.57 15.57
Mean 11.96 12,70 13.31 12.66 13.07 13.72 14.44 13.74
Nitrogen 80 8.63 9.53 10.35 9.50 10.28 10.80 11.45 10.84
X 100 10.00 10.77 1153 10.77 11.17 11.82 1244 11.81
Boron 120 11.74 1249 1343 1255 13.05 13.72 14.40 13.72
Mean 10.12 1093 1177 11.50 12.11 12.76
Control: tap water, fed = 0.42 ha™
LSD at 0.05 level for:
Hill spacing (A) 0.198 0.976
Nitrogen level (B) 0.133 0.295
Boron level (C) 0.133 0.295
AxB NS 0.511
AxC 0.231 NS
BxC NS NS
AxBxC 0.400 NS
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Table (9): Sugar yield as affected by hill spacings, nitrogen and boron fertilization and
their interactions (2012/2013 and 2013/2014 seasons).

Sugar yield (ton/fed)
Treatments
1* Season (2012/2013) 2" Season (2013/2014)
Hill Nitrogen Boron ppm
spacing (kg N/fed) | control 105 210 Mean | control 105 210 Mean
80 3.06 3.65 3.91 3.54 3.73 4.06 436 4.05
15cm 100 3.96 441 4.83 4.40 4.28 4.76 519 474
120 4.44 4.65 4.92 4.67 4.57 5.08 539 5.01
Mean 3.82 4.24 4.55 4.20 4.19 4.63 498 4.60
80 3.79 4.27 4.86 4.31 4.10 4.86 518 4.71
20cm 100 4.73 5.00 5.52 5.08 4.94 5.35 579 5.36
120 4.84 5.06 5.62 517 5.34 5.83 6.13 5.77
Mean 4.45 4.78 5.33 4.85 4.80 5.35 570 5.28
80 3.65 4.30 4.84 4.27 3.88 453 5.18 4.53
25cm 100 4.28 4.56 4.80 4.55 4.65 4.83 5.09 4.86
120 4.69 4.99 5.31 5.00 4.89 5.17 530 5.12
Mean 421 4.62 4.98 4.60 4.47 4.84 519 4.84
Nitrogen 80 3.50 4.07 4.54 4.04 3.90 4.48 491 443
X 100 4.32 4.66 5.05 4.68 4.62 4.98 536 4.99
Boron 120 4.65 4.90 5.28 4.95 4.94 5.36 5,61 5.30
Mean 4.16 454 4.96 4.49 4.94 5.29

Control: tap water, fed = 0.42 ha™

LSD at 0.05 level

for:

Hill spacing (A) 0.250 0.176
Nitrogen level (B) 0.148 0.104
Boron level (C) 0.148 0.104
AxB 0.256 0.180
AxC NS NS
BxC NS NS
AxBxC NS 0.311
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As to the influence of boron fertilizer on
sugar vyield, the obtained results clearly
show that as the spraying concentration of
boron was increased up to 210 ppm, the
yield of sugar was increased. This result was
valid in the two seasons, and is mainly due
to the essential role of boron on storage
process of sugar in the root which
consequently reflected on sugar yield. Our
results are in agreement with Enan (2011).

Concerning the influence of the
interaction of the studied factors, the results
given in Table (9) obviously show that the
most effective combination between the and
quantity needed from fertilization studied
factors was that between plant densities and
nitrogen fertilization, raising the applied
nitrogen level significantly increased the
averages of sugar yield under the different
three hill spaces. These results are fairly
true in both growing seasons.

Also, it could be noted that the highest
response for this combination was under hill
space of 20 cm apart. This result may be
throw some light about the relation between
plant population.

Conclusion

Our results emphasized the importance
of boron foliar application by the rate up to
210 ppm in addition to applying nitrogen
fertilizer by 100-120 kg/fed with respect to
the 20 cm hill space as this combination
recorded the highest averages of studied
parameters under the conditions of present
study.
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Table (2): Root length and diameter as affected by hill spacings, nitrogen and boron fertilization levels and their interactions
(2012/2013 and 2013/2014 seasons).

Root length (cm) Root diameter (cm)
Treatments = = o od
1™ Season (2012/2013) | 2" Season (2013/2014) 1™ Season (2012/2013) | 27" Season (2013/2014)
il Nitrogen Boron ppm Boron ppm
spacing N%egd) control 105 210 Mean |control 105 210 Mean |control 105 210 Mean |control 105 210 Mean

80 23.51 2479 2518 2449 | 2333 2411 26.08 2451 | 807 917 993 9.06 | 864 917 10.00 9.27

15cm 100 26.85 29.46 29.12 2848 | 26.11 27.22 2930 2754 | 920 1050 11.40 10.37 |10.48 11.06 11.70 11.08
120 30.61 31.44 3250 31.52 |28.05 3050 32.69 3041 |11.17 1197 1220 11.78 [ 11.20 1243 1182 11.82

Mean 26.99 2856 28.93 28.16 | 25.83 27.28 29.35 2749 | 9.48 1054 11.18 1040 (10.11 10.89 1117 10.72
80 19.78 21.89 23.11 21.59 | 19.00 21.67 23.80 2149 | 9.27 10.10 10.04 9.80 | 896 10.33 10.93 10.07

20 cm 100 2250 2483 25.89 2441|2433 2478 2719 2543 | 998 1117 11.84 11.00 (10.49 11.11 1193 11.18
120 2443 26.88 28.32 26.54 | 26.94 30.08 29.22 28.75|11.30 11.94 1166 11.63 |12.03 12.73 13.90 12.89

Mean 22.24 2453 25.77 24.18 | 23.43 2551 26.74 2522 |10.18 11.07 11.18 10.81 |10.49 11.39 12.26 11.38
80 1574 19.19 1802 17.65|17.02 1797 1891 17.97 |10.50 11.20 1190 11.20 |11.23 12.10 13.10 12.14

25cm 100 18.69 20.97 22.13 20.60 | 21.49 2249 23.93 22.64 |12.17 12.60 1230 12.36 | 12.33 13.90 13.06 13.10
120 20.84 23.79 25.84 2349 | 23.44 26.32 2829 26.02 | 13.30 13.83 14.28 13.80 | 14.07 14.73 15.33 14.71
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Mean 18.43 21.31 22.00 20.58 | 20.65 22.26 23.71 22.21 |11.99 1254 1283 1245|1254 1358 13.83 13.32
Nitrogen 80 19.68 21.95 2210 21.25|19.79 21.25 2293 2132 | 9.28 10.16 10.63 10.02 | 9.61 10.53 11.34 10.50
X 100 22.68 25.09 25.71 24.49 | 23.98 24.83 26.81 2521|1045 1142 1185 11.24|11.10 12.02 12.23 11.78
Boron 120 2530 27.37 28.89 27.18 | 26.15 2897 30.06 28.39 |11.92 1258 12.71 12.41 (1243 13.30 13.69 13.14
Mean 2255 24.80 2557 23.30 25.02 26.60 10.55 11.39 11.73 11.05 11.95 12.42

Control: water tap, fed = 0.42 ha™
LSD at 0.05 level for:

Hill spacing (A) 0.864 2.766 0.636 0.433
Nitrogen level (B) 0.551 0.574 0.247 0.300
Boron level (C) 0.551 0.574 0.247 0.300
AxB 0.955 0.994 0.428 0.519
AxC NS NS 0.428 NS
BxC NS NS NS NS

AxBxC NS NS NS NS




Table (4): Nitrogen and boron concentrations in root as affected by hill spacings, nitrogen and boron fertilization levels and their
interactions (2012/2013 and 2013/2014 seasons).

Nitrogen in root % Boron in root (ppm)
Treatments ~ nd 5 d
1> Season (2012/2013) ‘ 2" Season (2013/2014) 1> Season (2012/2013) ‘ 2" Season (2013/2014)
Hill Nitrogen Boron ppm Boron ppm

spacing (9, |control 105 210 Mean [control 105 210 Mean |contol 105 210 Mean |control 105 210 Mean

80 173 160 143 159 | 093 097 0.83 0.91 [39.00 40.00 39.00 39.33|36.00 37.33 38.33 37.22

15cm 100 183 187 160 177|170 167 163 1.67 |31.50 31.00 33.00 31.83|41.00 39.67 41.83 40.83
120 230 153 200 194|133 117 127 1.26 |25.83 2550 33.50 28.28 |33.17 34.50 35.33 34.33

Mean 196 167 168 177|132 127 124 128 |3211 32.17 35.17 33.15|36.72 37.17 38.50 37.46

80 1.83 167 147 166 | 153 127 143 141 |34.00 38.33 38.33 36.89|35.67 37.50 42.00 38.39

20 cm 100 263 230 211 235 (197 160 180 1.79 |38.00 41.50 44.50 41.33|35.83 39.00 37.00 37.28
120 217 223 180 207 220 193 193 202 |14.50 2550 2850 22.83|29.33 32.33 33.67 31.78

Mean 221 207 179 202 |19 160 172 1.74 |28.83 3511 37.11 33.69|33.61 36.28 37.56 35.81

80 210 213 204 209 (213 213 197 2.08 |3550 37.50 4150 38.17 |41.50 44.67 43.83 43.33

25cm 100 260 253 254 256|195 207 207 203 |28.50 3450 34.17 32.39|32.50 37.67 38.33 36.17
120 230 230 270 243|233 233 223 230 |[15.00 20.50 23.50 19.67 | 18.00 23.67 28.67 23.44

Mean 233 232 243 236|214 218 209 214 |26.33 30.83 33.06 30.07|30.67 35.33 36.94 34.31
Nitrogen 80 189 180 165 178|153 146 141 147 |36.17 38.61 39.61 38.13|37.72 39.83 41.39 39.65
X 100 236 223 208 222|187 178 183 1.83 |32.67 35.67 37.22 35.19|36.44 38.78 39.06 38.09
Boron 120 226 202 217 215 |19 181 181 1.86 |18.44 23.83 28.50 23.59|26.83 30.17 32.56 29.85
Mean 217 202 197 179 168 1.69 29.09 32.70 35.11 33.67 36.26 37.67

Control: water tap, fed =0.42 ha™.
LSD at 0.05 level for:

Hill spacing (A) 0.388 0.331 NS NS
Nitrogen level (B) 0.149 0.139 4,555 2.582
Boron level (C) 0.149 NS 4,555 2.582
AxB NS 0.241 NS 4.472
AxC 0.259 NS NS NS
BxC NS NS NS NS

AxBxC NS NS NS NS
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Table (5): Potassium and sodium concentrations in root as affected by hill spacings, nitrogen and boron fertilization levels and
their interactions (2012/2013 and 2013/2014 seasons).

Treatments Potassium in root % Sodium in root %
1% Season (2012/2013) ‘ 2" Season (2013/2014) 1* Season (2012/2013) ‘ 2" Season (2013/2014)
Hil  Nitrogen Boron (ppm) Boron (ppm)

spacing ngd) control 105 210 Mean |control 105 210 Mean [control 105 210 Mean |control 105 210 Mean

80 543 540 537 540 | 427 460 447 444|314 301 285 300|185 208 190 194

15cm 100 514 512 516 514 | 499 490 481 490 |29 297 287 291|199 187 158 182
120 549 523 528 533|512 514 526 517|298 295 278 290|180 198 223 200

Mean 535 525 527 529 | 479 488 485 484 | 301 298 283 294|183 198 190 192
80 444 430 4.04 426 | 410 4.06 4.04 4.07 |247 217 239 234|217 212 192 207

20 cm 100 457 451 448 452 | 395 392 387 391|263 261 268 264|200 197 191 196
120 442 437 435 438 | 424 419 431 424 | 259 243 252 251|194 237 237 223

Mean 448 439 429 439 | 409 406 4.07 4.07 |256 240 253 250|204 215 207 209
80 599 584 592 592 | 505 501 492 499|293 29 278 287|163 205 210 193

25cm 100 6.15 6.07 6.08 6.10 | 498 487 483 489|294 300 299 298 235 217 193 215
120 6.70 6.26 6.52 649 | 570 517 513 533|400 334 359 364|270 274 238 261
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Mean 6.28 6.06 6.17 6.17 | 524 502 496 507 |329 3.08 312 316|223 232 214 223
Nitrogen 80 529 518 511 519 | 447 456 448 450|285 269 267 274|188 208 197 1.98
X 100 529 523 524 525|464 456 450 457|282 286 285 284|211 200 1.81 1.98
Boron 120 554 528 538 540|502 483 490 492|319 291 296 302|215 237 233 228
Mean 5.37 5.23 5.25 471 465 4.63 295 282 283 205 215 204
Control: water tap, fed = 0.42 ha™

LSD at 0.05 level for:

Hill spacing (A) 0.361 0.157 0.190 NS
Nitrogen level (B) 0.081 0.102 0.113 0.150
Boron level (C) 0.081 NS 0.113 NS
AXxB 0.141 0.177 0.195 0.260
AxC NS NS NS NS
BxC NS NS NS NS

AxBxC NS NS NS NS




Table (6): Sucrose and purity percentages as affected by hill spaces, nitrogen and boron fertilization levels and their interactions

(2012/2013 and 2013/2014 seasons).

Sucrose percentage

Purity percentage

Treatments ~ nd 5 nd
1> Season (2012/2013) ‘ 2" Season (2013/2014) 1> Season (2012/2013) ‘ 2" Season (2013/2014)
Hill Nitrogen Boron ppm Boron ppm
spacing (kgN/fed)|control 105 210 Mean |control 105 210 Mean |control 105 210 Mean |control 105 210 Mean
80 17.86 19.74 20.62 19.41|19.03 20.29 21.07 20.13|88.20 89.43 88.87 88.83|90.18 90.80 91.06 90.68
15cm 100 [19.99 20.73 21.91 20.88|20.76 21.29 22.11 21.39|87.07 88.40 88.93 88.13|88.77 90.46 91.89 90.37
120 [19.30 20.07 20.65 20.01|20.02 20.60 21.35 20.66|84.43 83.87 85.30 84.53|84.78 85.58 87.67 86.01
Mean 19.05 20.18 21.06 20.10|19.94 20.73 21.51 20.72|86.57 87.23 87.70 87.17 |87.91 88.95 90.21 89.02
80 19.64 21.27 22.07 20.99|21.18 21.94 22.38 21.83|87.60 86.97 88.30 87.62 |86.93 87.86 87.68 87.49
20 cm 100 |21.67 22.33 22.94 22.31|21.87 22.63 23.51 22.67 |85.50 87.10 87.67 86.76 |85.70 86.74 88.33 86.92
120 |20.08 20.75 21.47 20.77|21.05 21.97 22.48 21.83|82.83 83.13 84.57 83.51 |83.93 84.58 85.51 84.68
Mean 20.46 21.45 22.16 21.36|21.37 22.18 22.79 22.11|85.31 85.73 86.84 85.96 |85.52 86.39 87.17 86.36
80 16.93 19.40 19.99 18.77|17.38 19.13 20.80 19.10|84.37 84.50 85.23 84.70|81.71 82.79 83.81 82.77
25cm 100 |17.55 18.32 18.88 18.25|18.54 18.70 19.21 18.82 |81.73 84.57 83.87 83.39 |82.05 82.79 83.60 82.81
120 |16.86 17.64 18.13 17.54|17.75 18.22 18.12 18.03|79.83 80.30 81.20 80.44 |76.46 78.00 78.81 77.75
Mean 17.11 18.45 19.00 18.19|17.89 18.68 19.38 18.65|81.98 83.12 83.43 82.84 |80.07 81.19 82.07 81.11
Nitrogen 80 18.14 20.14 20.89 19.72|19.20 20.45 21.42 20.36|86.72 86.97 87.47 87.05|86.27 87.15 87.51 86.98
X 100 |19.74 20.46 21.25 20.48 |20.39 20.87 21.61 20.96 |84.77 86.69 86.82 86.09 |85.51 86.66 87.94 86.70
Boron 120 |18.74 19.49 20.08 19.44|19.61 20.26 20.65 20.17 |82.37 82.43 83.69 82.83 |81.72 82.72 84.00 82.81
Mean 18.87 20.03 20.74 19.73 20.53 21.23 84.62 85.36 85.99 84.50 85.51 86.48
Control: water tap, fed = 0.42 ha™
LSD at 0.05 level for:
Hill spacing (A) 0.623 0.635 0.907 1.324
Nitrogen level (B) 0.429 0.335 0.448 0.783
Boron level (C) 0.429 0.335 0.448 0.783
AxB 0.743 0.580 NS 1.356
AxC NS NS NS NS
BxC 0.743 0.580 0.776 NS
AxBxC NS NS NS NS
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