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ABSTRACT

Low quality of sugar beet roots is one of the problems
which face expanding in agriculture of sugar beet in
Middle Egypt; especially EI-Minia Governorate .This trial
was conducted at Mallawi Agric.Res. Station ,El-Minia,
Egypt, during 2008/2009 and 2009/2010 seasons to
determine the optimal level of boron and nitrogen fertilizer
to obtain the highest yield and quality of sugar beet . Split
plot design with four replications was used. Nitrogen
fertilizer levels i.e. 80, 100 and 120 kg/fed were arranged in
the main plots. Boron, as boric acid, was foliar sprayed at
0.00, 0.05 and 0.10 % and allocated in the sub plots. Foliar
applications of boron were applied at 80 days after
planting.

The obtained results revealed that boron and nitrogen
fertilizer levels had a significant effect on vegetative traits,
i.e. root length and diameter (cm), quality charateristics
(pol%, Na, K, a- N contents, sugar recovery % and quality
index) and productivity parameters of sugar beet (root and
sugar yields ton/fed) in the two growing seasons and the
combined.

Applying fertilization of sugar beet by 100 kg N /fed
with foliar application of boron with 0.10 %( as boric acid)
is recommended under Middle Egypt conditions (EI-Minia
Governorate conditions) because it gave the hightest value
of recoverable sugar yield (4.39 ton/ fed) of sugar beet
compared with the other.

Keywords: sugar beet,boron, sugar recovery%, pol%
and quality index.

INTRODUCTION

Because of the limited irrigation water and the fertile
land it is not possible to expand horizontally for sugar
cane crop. The Egyptian Government's strategy to fulfill
sugar needs depend on increasing sugar production from
sugar beet. Recently, sugar beet crop (Beta vulgaris L.)
occupied an important position in Egyptian crop rotation
as winter crop. The sugar produced from sugar beet
increased from 7.36% in 1990 to about 49.70% in 2010
season of the total local sugar production (1.99 million
ton) (CCSC, 2011).

Sugar beet quality involves two concepts, the
percent of sucrose and the level of impurities in the root,
both of which affect the extraction of sucrose. Low
quality of sugar beet roots is one of the problems which
face expanding the growing of sugar beet in Middle
Egypt, especially EI-Minia Governorate. Most of the
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Egyptian soils suffer from micronutrients deficiency
such as boron element as a result of the intensive
cropping. Hassanin & Abu El.Dahab, (1991) and
Narayan et al. (1991) reported that spraying sugar beet
plants with 0.05% boron led to a markedly increase in
root and sugar yields (ton/fed) compared with the
control.

With respect to nitrogen fertilizer, Sarhan (1998);
El.Hawary (1999) and Attia et al. (2004, found that
nitrogen fertilizer improved growth and yield
components of sugar beet, where, increasing nitrogen
fertilizer level up to 100 kg/fed enhanced growth
attributes of sugar beet. They revealed that the increment
of growth attributes gained by increasing nitrogen
fertilizer level may be due to the role of nitrogen in
developing root dimensions by increasing division or
elongation of cells and also enhancing leaf initiation and
increment chlorophyll concentration in leaves and
photosynthesis process.This was associated with the
accumulation of carbohydrates transferred from leaves to
developing roots, consequently increasing root size.

The objective of this work was to determine the
optimal level of boron and nitrogen needed to obtain the
highest yield and quality of sugar beet under Middle
Egypt, especially EI-Minia Governorate conditions.

MATERIALS AND METHODS

The present work was conducted at Mallawi
Agric.Res.Station EI .Minia Governorate, Egypt, during
2008/2009 and 2009/2010 seasons in split plot design
with four replications. Sugar beet variety namely
Montebianco was used and sown on 15" and 18"
October in the two seasons, respectively. Nitrogen
fertilizer levels i.e. 80, 100 and 120 Kkg/fed were
arranged in the main plots. Boron as boric acid was
foliar sprayed at 0.00, 0.05 and 0.10 % allocated in the
sub plots.

Sub plots area were 10.5 m? (each consisting of five
rows60 cm wide and 3.5 meters long, in hills 17 cm
apart. Nitrogen fertilizer in form of Urea (46.5%) was
added in two equal doses (the first one after 25 days
from sowing and the second one 30 days later) as well as
phosphorus fertilizer was added at recommended rate of
30 kgs P,Os /fed. at planting. Potassium fertilizer in
form of potassium sulphate (48% K,0) was added with
the second dose of nitrogen fertilizer at recommended
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rate of 24 kg K,0/ fed. The other cultural practices were
done as recommended. Foliar applications of boron
were applied 80 days after planting by the rate of 200 L/
fed. Some chemical and physical properties of the
experimental soil before soil preparation was
determined according to the procedures outlined by
Jackson (1967) are shown in Table (1):

At harvest (195 days from sowing date), a random
sample of twenty roots were sent to the laboratory,
cleaned with running tap water, dried and grated with
grater into cossettes, then mixed thoroughly to
determine the quality characteristics according to Cooke
and Scott (1993).

Data recorded:

A- Vegetative traits: Root length and diameter (cm)
were measured.

B- Qualitative characteristics:

1. Pol% was estimated in fresh samples of sugar beet
roots, using saccharometer according to the method
described in AOAC, (2005).

2. Alpha amino nitrogen, sodium and potassium
contents: were determined according to the
procedure described by the sugar company using
auto Analyzer AOAC, (2005). The results were
calculated as milliequivalent per 100 gm beet.

3. Sugar recovery % was calculated according to Cooke
and Scott (1993) using the following equation:

Sugar recovery%= Pol%- [0.29 + 0.343 (K + Na) + o N

(0.094)],

Where, K, Na and o-N were determined as
milliequivalent/100 g beet.

C- Productivity parameters:

1. Roots vyield (ton /fed): At 195 days from sowing,
plants of sugar beet from each plot were harvested to
determine roots yield as ton /fed.

2. Recoverable sugar yield (ton/fed.) was calculated
from the following equation: Recoverable sugar
yield (ton/fed.)= Roots yield (ton/fed.) X Sugar
recovery %.as reported by Cooke and Scott (1993).

Data collected were subjected to the proper analysis
of variance (ANOVA). The proper statistical analysis of
all data was carried out according to lined by Gomez &
Gomez (1984). Homogeneity of variance using Hartly
test and differences among treatments were evaluated by
the least significant difference test (LSD) at 5%.

RESULTS AND DISCUSSIONS

I- Vegetative traits:

Data in Tables (2 and 3) revealed that nitrogen
fertilizer level had a significant effect on root length and
diameter (cm) of sugar beet in the two growing seasons
and the combined .1t could be noted from combined
analysis that adding nitrogen fertilizer at 100 or 120 kg/
fed caused an increase in root length of sugar beet by
8.58 and 11.32% and root diameter of sugar beet by
7.78 and 11.84% compared with the control (adding
nitrogen fertilizer at 80 kg/ fed,)

Tablel. Some physical and chemical characteristics of the experimental soils*

Properties 2008/2009 Season 2009/2010 Season

Texture analysis:

Clay % 44.10 47.40
Silt % 31.50 28.60
Sand % 24.40 24.00
Texture grade: Clay Clay
pH (1:2.5suspention) 7.50 7.50
Ec m.mohs (1:1) 1.32 1.15
Organic matter % 1.17 1.24
Soluble cations:

Ca™" + Mg"™ meq/100g soil 0.96 0.84
Na* meq/100g soil 0.37 0.44
K* meq/100g soil 0.09 0.11
Soluble anions:

CO3+ HCO3 meq/100g soil 0.33 0.36
Cr meq/100g soil 0.84 0.91
Total N ,% 0.09 0.10
Available P (ppm) 17.8 18.4
B (ppm) 0.36 0.38
Exchangeable K (meg/100g soil) 0.64 0.71

*Each value represents the mean of 5 samples
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Table 2. Effect of boron on root length (cm) of sugar beet at different levels of nitrogen
fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined

fertilizer Boron concentration (g/L) (B)

levels (A) 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean
80 kg/fed 3533 3560 3560 3551 3727 3753 3760 3747 3630 36.57 36.60 36.49
100 kg/fed 3850 3877 3880 38.69 4050 40.60 40.53 4054 3950 39.68 39.67 39.62
120 kg/fed 39.70 40.03 40.20 39.98 41.00 41.67 4113 4127 4035 40.85 40.67 40.62
Mean 37.84 3813 3820 38.06 3959 39.93 39.76 39.76 38.72 39.03 38.98 38.91
F test *% **k * **k *x NS *x *x NS
LSD0.05 A=0.91 B=0.34 AB=0.59 A=0.16 B=0.56 AB=- A=0.39 B=0.31 AB=-

*, ** significant at 0.05 and 0.01 levels of probability, respectively.
Ns: Not significant.

Table 3. Effect of boron on root diameter (cm) of sugar beet at different levels of nitrogen
fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined

fertilizer Boron concentration (g/L) (B)

levels (A) 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean
80 kg/fed 1275 13.00 13.10 1295 1240 12.87 1293 12.73 12.58 12.93 13.02 12.84
100 kg/fed 13.73 14.00 1410 13.94 1350 13.80 13.90 13.73 13.62 13.90 14.00 13.84
120 kg/fed 1430 1450 1460 1447 1407 1430 1440 14.26 14.18 14.40 1450 14.36

Mean 1359 1383 1393 13,79 1332 13,66 13.74 1357 13.46 13.74 13.84 13.68

F test el * Ns el el Ns el sl Ns

LSD0.05 A=0.41 B=0.22 AB=- A=0.16 B=0.16 AB=- A=0.18 B=0. 13 AB=-

respectively. Sarhan (1998); El-Hawary (1999) and
Attia et al. (2004) revealed that the increment of growth
attributes gained by increasing nitrogen fertilizer level
may be due to the role of nitrogen in developing root
dimensions by increasing division or elongation of cells
and also enhancing leaf initiation and increment
chlorophyll concentration in leaves and photosynthesis
process.This was associated with accumulation of
carbohydrates translocated from leaves to develop roots
,consequently increasing root size The aforementioned
findings are in agreement with those of Nemeat-
Alla(2005), Gomaa et al. (2005) and Awad-Allah et al.
(2007).

Concerning the effect of boron, the data in Tables (2
and 3) showed that there were significant differences in
root length and diameter (cm) of sugar beet among the
studied boron levels in both seasons and combined. It
could be concluded from combined analysis that
increasing the boron concentration from zero to 0.05
and 0.10 % led to increase in root length (cm) of sugar
beet by 0.80 and 0.67% and root diameter (cm) of sugar
beet by 208 and 2.82%, respectively. The
aforementioned findings are in the same trend with those
reported by Hassanin & Abu El-Dahab (1991) and
Narayan et al. (1991).

I1-Qualitative characteristics:

Data presented in Tables (4 to 9) revealed that
nitrogen fertilizer level had a significant effect on pol%,
sodium content, potassium content, amino nitrogen (o-
N)content, sugar recovery % and quality index of sugar
beet in the two growing seasons and the combined
except alpha amino nitrogen(a-N)content — was
insignificant in the 2" season .It could be noted from
combined analysis that adding nitrogen fertilizer at 100
or 120 kg/ fed caused a decrease in pol% by 5.74 and
16.89%, sugar recovery % by 9.47 and 26.71% and
quality index by 3.01 and 8.52 %, while ,there was an
increase in sodium content by 20.86 and 34.53%,
potassium content by 15.24 and 32.13% and alpha
amino nitrogen (a-N) content of beet roots by 23.49 and
35.57% compared with the control, respectively.
Therefore, excessive nitrogen reduced pol% of beet
roots by partitioning of more photosynthetic to tops than
the roots of sugar beet plants and the increase in
nitrogen non-sucrose substances such as proteins, amino
acids and other substances of beet root and consequently
decreasing quality index and sugar recovery% of sugar
beet. Such data confirmed the previous reports of El-
Hawary (1999); El-Shafai (2000); Badawi et al. (2004)
Nemeat-Alla(2005); Gomaa et al. (2005) and Awad-
Allah et al. (2007) who indicated similar findings.
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Table 4. Effect of boron on pol % of sugar beet at different levels of nitrogen fertilizer
Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer Boron concentration (g/L) (B)
levels (A) 0.0 0.5 10 Mean 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean
80 kg/fed 1470 1495 1505 14.90 1515 1548 1560 1541 1493 1522 1533 15.16
100 kg/fed 13.82 1426 1440 1416 1412 1450 1465 1442 1397 1438 1453 14.29
120 kg/fed 1265 1290 13.13 1289 1280 13.10 1325 13.05 1273 13.00 13.19 12.97

Mean 13.72 1404 1419 1399 14.02 1436 1450 1430 13.87 1420 14.35 14.14
F test el el Ns il il Ns il il Ns
LSD0.05 A=0.13 B=0.13 AB=- A=0.10 B=0.20 AB=- A=0.07 B=0. 12 AB=-

Table 5. Effect of boron on sodium content*of sugar beet of sugar beet at different levels of
nitrogen fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer Boron concentration (g/L) (B)
levels (A) 0.0 0.5 1.0 Mean 0.0 05 1.0 Mean 0.0 05 1.0 Mean

80 kg/fed 1.50 1.45 1.42 1.46 1.40 130 126 132 1.45 1.38 1.34 1.39
100 kg/fed 1.85 1.75 1.70 1.77 1.65 160 151 159 1.75 1.68 1.61 1.68
120 kg/fed 2.00 1.90 1.85 1.92 1.90 180 176 1.82 1.95 1.85 1.81 1.87

Mean 178 170 166 171 165 157 151 158 172 163 158 165
F test o e Ns o b Ns b o Ns
LSD0.05  A=003  B=0.09 AB=- _ A=0.11 B=005  AB=- A=0.05 B=0.05  AB=-

*= Sodium content as milliequivalents/100 gm beet.

Table 6. Effect of boron on potassium content*of sugar beet of sugar beet at different levels

of nitrogen fertilizer
Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer
levels (A)

Boron concentration (g/L) (B)
0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean 0.0 0.5 1.0 Mean
80 kg/fed 3.83 358 3.51 3.64 3.70 352 350 3.57 3.77 355 3.51 3.61
100 kg/fed 451 434 4.26 4.37 4.15 390 3.82 3.96 433 412 4.04 4.16
120 kg/fed 511 4.73 4.69 4.84 4.80 470 4.60 4.70 496 4.72 4.65 4.77

Mean 448 4.22 4.15 4.28 4.22 404 3.97 4.08 435 413 4.06 4.18
F test *% *% NS *% *% Ns *% ** NS
LSDO0.05 A=0.24 B=0.05 AB=- A=0.11 B=0.09 AB=- A=0.11 B=0. 05 AB=-

*= Potassium content as milliequivalents / 100 gm beet

Table 7. Effect of boron on a-amino nitrogen content*of sugar beet at different levels of
nitrogen fertilizer.

Nitrogen 2008/2009 season 2009/2010 season Combined

fertilizer Boron concentration (g/L) (B)

levels (A) 0.0 0.5 10 Mean 00 05 10 Mean 0.0 05 1.0 Mean
80 kg/fed 1.66 1.50 1.42 1.53 1.57 1.42 1.35 1.45 1.62 1.46 1.39 1.49
100 kg/fed 2.10 1.80 1.72 1.87 2.00 1.74 1.65 1.80 2.05 1.77 1.69 1.84
120 kg/fed 2.30 2.10 1.88 2.09 2.15 1.87 1.79 1.94 2.23 1.99 1.84 2.02
Mean 2.02 1.80 1.67 1.83 191 1.68 1.60 1.73 1.96 1.74 1.64 1.78
F test *x ok Ns Ns *x Ns ok *x Ns
LSD0.05 A=0.05 B=0.09 AB=- A=- B=0.12 AB=- A=0.02 B=0. 07 AB=-

*= @-amino nitrogen content as milliequivalents /100 gm beet.
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Table 8. Effect of boron on sugar recovery% of sugar beet at different levels of nitrogen
fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer Boron concentration (g/L) (B)
levels (A) 0.0 0.5 1.0 Mean 0.0 05 1.0 Mean 0.0 0.5 1.0 Mean
80 kg/fed 1244 1282 1294 1273 1254 1341 1354 1317 1249 1312 1324 1295
100 kg/fed 11.15 1176 1191 1160 1165 1216 1237 1206 1140 1196 12.14 11.83
120 kg/fed 9.71 10.14 1042 10.09 10.01 1040 10.61 10.34 9.86 10.27 1052 10.22
Mean 11.10 1157 1176 1148 1140 1199 12117 1186 1125 1178 1197 1167
F test ** ** Ns ** ** Ns o ** Ns
LSDO0.05 A=0.15 B=0.13 AB=- A=0.29 B=0.30 AB=- A=0.14 B=0.16 AB=-
Table 9. Effect of boron on quality index of sugar beet at different levels of nitrogen fertilizer
Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer Boron concentration (g/L) (B)
levels (A) 0.0 0.5 1.0 Mean 0.0 0.5 10  Mean 0.0 05 1.0  Mean
80 kg/fed 84.62 8578 8598 8546 82.81 86.63 86.81 8542 83.72 86.20 86.40 85.44
100 kg/fed 80.68 8243 8269 8193 8351 83.89 8444 8394 82.09 83.16 83.56 82.94
120 kg/fed 76.73 7860 79.34 7823 7823 79.39 80.08 79.23 77.48 79.00 79.71 78.73
Mean 80.68 8227 8267 8187 8152 8330 83.78 82.87 81.10 82.79 83.22 8237
F test **k *% NS ** **k NS *%x *% NS
LSD0.05 A=0.64 B=0.36 AB=- A=254 B=1.75 AB=- A=1.09 B=0. 84 AB=-

Concerning the effect of boron , the recorded results
in Tables (4 to 9) demonstrated that there were
significant differences in pol%, sodium content,
potassium content, amino nitrogen (a-N)content , sugar
recovery% and quality index of sugar beet among the
studied boron levels in both seasons and combined .It
could be concluded from combined analysis that
increasing the boron concentration from zero to 0.05
and 0.10% led to increase in pol% of sugar beet by 2.38
and 3.46%, sugar recovery% of sugar beet by 4.71 and
6.40% and quality index of sugar beet by 2.08 and
2.61%, while, there were decrease in sodium content of
sugar beet by 5.52 and 8.86%, potassium content of
sugar beet by 5.32 and 7.14 % and amino nitrogen (a-
N)content of sugar beet by 12.64 and 19.51%,
respectively.The aforementioned findings are in the
same line with those reported by Nemeat- Alla & El-
Geddawy (2001).

11- Yield parameters:

Results in Tables 10 and 11 indicated that nitrogen
fertilizer level had a significant effect on roots and
recoverable sugar yields (ton/fed.) of sugar beet in the
two growing seasons and the combined .It could be
observed from combined analysis that the highest value
of root yield (36.38 ton /fed) were recorded at level of
120kg N /fed, but the highest value of recoverable sugar
yield (4.18 tons/fed.) was recorded at level of 100 kg
N/fed. The increase in root yield (ton/fed) caused by
nitrogen application might be due to the favorable effect
of nitrogen in building up the photosynthetic area of
beet plants and consequently accumulation of more dry
matter in root .Here too, the increase in recoverable

sugar yields (ton/fed) of sugar beet with increasing
nitrogen fertilizer level to 100 kg N/fed might
principally be attributed to the increase in root yield
(ton/fed.) and small decrease in pol% of beet roots
compared with the other .Such data confirmed the
previous reports of El-Shafai (2000);Badawi et al.(2004)
Nemeat-Alla(2005);Gomaa et al. (2005) and Ferweez et
al. (2006).

With regard to the effect of boron, the given results
in Tables (10 and 11) showed that there were significant
differences in roots and recoverable sugar vyields
(ton/fed.) of sugar beet as a result of foliar application
with boron in both two seasons and combined. It could
be concluded from combined analysis that increasing
boron concentration from zero to 0.05 and 0.10 % led
to increase in root yield (ton/fed) of sugar beet by 3.55
and 4.78% and sugar yield (ton/fed) of sugar beet by
8.91 and 11.89%, respectively. The aforementioned
findings are in the same line with those reported by
Nemeat-Alla & El-Geddawy (2001).

Insignificant interactions were found between
nitrogen fertilizer levels and boron concentrations (AB)
with regard to all the studied traits of sugar beet in both
seasons and combined (Tables 2to11).

Applying fertilization of sugar beet by 100 kg N /fed
with foliar application of boron with 0.10%(as boric
acid) is recommended under Middle Egypt conditions
(El-Minia Governorate conditions) because it gave the
hightest value of recoverable sugar yield (4.39 ton/ fed)
of sugar beet compared with the other levels of nitrogen
and boron.
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Table 10. Effect of boron on root yield (ton/fed.) of sugar beet at different levels of nitrogen
fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined

fertilizer Boron concentration (g/L) (B)

levels (A) 0.0 0.5 10 Mean 0.0 05 10 Mean 0.0 0.5 1.0 Mean
80 kg/fed 31.33 32.17 32.30 3193 2850 29.73 30.27 2950 29.92  30.95 31.28  32.72
100 kg/fed  34.80 36.20 3690 3597 3320 3510 3550 34.60 34.00 35.65 36.20  35.28
120 kg/fed  36.60 37.20 3750 3710 3440 36.10 36.50 35.67 3550  36.65 37.00 36.38
Mean 34.24 35.19 3557 35.00 32.03 33.64 34.09 33.26 3324 3442 34.83  34.13
F test *k **k NS **k ** NS ** ** NS

LSD0.05 A=0.91 B=0.34 AB=- A=0.16 B=0.56 AB=- A=0.39 B=0.31 AB=-

Table 11. Effect of boron on sugar yield (ton/fed.) of sugar beet at different levels of nitrogen
fertilizer

Nitrogen 2008/2009 season 2009/2010 season Combined
fertilizer Boron concentration (g/L) (B)
levels (A) 0.0 0.5 1.0 Mean 0.0 05 1.0 Mean 0.0 05 1.0 Mean
80 kg/fed 3.89 4.13 4.18 407 357 399 410 389 3.73 4.06 4.14 3.98
100 kg/fed 3.88 4.25 4.40 4.18 3.87 427 439 4.18 3.87 4.26 4.39 4.17
120 kg/fed ~ 3.55 3.77 3.91 375 345 375 387 369 350 3.76 3.89 3.72
Mean 3.55 4.05 4.16 400 363 363 412 392 3.70 4.03 4.14 3.96
F test *%* ** Ns *% *%x NS *%x *% NS
LSDO0.05 A=0.11 B=0.06 AB=- A=0.09 B=0.11 AB=- A=0.06 B=0.06 AB= -
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