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Abstract

Two field experiments were conducted in Sakha Research
Station, Kafr ElSheikh, Agricultural Research Center during
2002/2003 and 2003/2004 seasons to investigate the effect of
boron and molybdenum fertilizer levels on juice quality and
chemical constituents of some sugar beet varieties. This study
included 27 treatments which were the combination between three
sugar .beet varieties (Montebianco, Kawemira and Gloria), three
boron fertilizer levels (zero, 0.50 and 1.00 kg B/fed) and three_
levels of molybdenum fertilizer (zero, 0.25 and 0.50 kg Mo/fed). v

Treatments were arranged in a split plot design with three
replications. Varieties were allocated in the main plots and the
combination between levels of boron and molybdenum were
assigned at random within sub-plots.

Montebianco variety recorded the highest values of total
soluble solids percentage and potassium concentration in roots,
petioles and blades, while, Gloria variety produced the highest
values of sucrose, purity percentages and boron concentration
‘roots, petioles and blades. Nitrogen percentages did not reach the
level of significance, except in the first season for roots and
petioles.

Increasing the supplied dose of boron negatively affected the
values of total soluble solids percentage and it caused significant
increases in sucrose and purity percentages. Application of 1.00 kg
B/fed attained a significant increase in the molybdenum
concentration in roots as well as Gloria and Kawemira gave the
highest values of boron and nitrogen concentrations in blades,
while application of 0.50 kg B/fed gave the highest insignificant
concentration of molybdenum in the petiole and blade.

Increasing the supplied dose of molybdenum caused significant
increases in sucrose and purity percentages and negatively affected
the values of total soluble solids percentage, nitrogen concentration
in roots, petioles and blades. Application of 0.50 kg Mo/fed attained
a significant increases in the molybdenum concentration in roots,
petioles and blades. Application of 0.50 kg Mo/fed or (0.50 kg B/fed
+ 0.50 kg Mo/fed) gave the lowest value of total soluble solids
percentage.

INTRODUCTION

Sugar beet (Beta vulagaris L.) is the second important sugar crop in Egypt
after sugar cane. Varieties are one of the most important factors directly affected the
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production of sugar béet root yield. The present work was conducted to find out the
relative importance of two micro-elements (Boron and Molybdenum) to some sugar
beet varieties in relation to chemical constituents and juice quality. Domska (1996)
found that sugar beet cv. A2 Poly and PN Mono-1 were given of soil applications 0.6
kg boron gave the highest sugar content as well as high root N, Na, K, NH»>-N and B
contents. Abd EL-Fatah (2000) studied the performance of six sugar beet (Alex,
Universe, KaWemire, Pleno, Panther and Toro) under two harvesting dates (180 and
200 days after sowing). Panther variety recorded the highest contents of impurities
(a-amino -N, K, and Na). The variety Kawemira had the highest percentage of
recoverable sugar. Saif (2000) treated sugar beet variety Kawmera with four levels of
boron (zero, 0.5, 1, and 1.5 kg B/fed). She found that the application of 0.5 kg B/fed
was necessary to increase sucrose percentage in both seasons. In addition, the
application of 0.5 kg. B/fed significantly increased juice purity percentage. El-
Geddawy, et al, (2001) pointed out that sugar beet variety Lola attained the
superiority over the other three studied varieties with respect to TSS%. However, this
effect was insignificant with respect to sucrose percentage. Havashida, ef al. (2001)
demonstrated that sugar beet variety Abend is higher in sugar content and a little
lower in Harmful non-sugar than Humming. Al-Labbody (2003) found significant
differences among ten multigerm varietries (Toro, Lados, Vital, Gloria, Pamela, Del
937, Del 938, Del 939, kawemira and Athos poly) and five monogerm varieties
(Marathon, Rhopsodie, Tellus, Vital and Helis) with respect to sucrose and purity%
while TSS insignificantly differed in this respect. Osman, et a/ (2003) found that
variety Toro had the highest values of T.5.5%. They found that increasing the level of
B up to 2 kg/fed increased sucrose and purity%. Shalaby (2003) studied the
performance of 6 sugar beet varieties (Del 936, 937, 938, 939, Desperespoly and
Demapoly). Del 938 surpassed the other varieties in TSS, Sucrose and Purity % and
K% in sugar beet roots. Also, variety 939 surpassed the other varieties in « N and
Na% in sugar beet roots. Nafei (2004) indicated that total soluble solids percentage
was significantly increased as boron level was increased from zero to 0.500 kg sodium
borate/fed, However, sucrose percentage was significantly increased up to 0.750 kg
B/fed. Purity percentage was significantly influenced by B rates added to sugar beet
plants in both seasons. Osman, et a/. (2004) found that increasing the level of boron
increased significantly sucrose % in the 1% season. Ali (2005) studied the performance
of three sugar beet varieties (KWS-9422, Pamela, Recolta-poly). KWS-9422 variety
had the highest values of total soluble solids percentage, whereas the variety Pamela
had the highest values of sucrose and purity percentages.
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MATERIALS AND METHODS

Two field trials were carried out in Sakha Agricultural Research Station, Kafr
EL-Sheikh Governorate on sugar beet crop in two successive seasons of 2002/2003
and 2003/2004. Each experiment included 27 treatments which were the combinations
between three varieties of sugar beet (Montebianco, Gloria, Kawemira), three boron
fertilizer levels (zero, 0.50 and 1.00 kg B/fed) which applied as sodium borate
(Na,B40,.10 H,0) (11% B) and three molybdenum fertilizer levels (zero, 0.25 and 0.50
kg/fed) which applied as ammonium molybdate (NH4)s Moy O,4. 4 H,0 (54% Mo).

The experiments were laid out in a split plot design with three replications,
where varieties were allocated in the main plots and the combinations between boron
and molybdenum levels were distributed at random in the sub-plots. All micronutrients
treatments were added singly or in combinations with each other and were mixed with
an appropriate amount of sand and applied once as soil application with the second
dose of nitrogen fertilizer (after 75 days from sowing).

Physical and mechanical analysis of the upper 30-cm of soil of the
experimental site showed that the soil was silt (40.90 and 38.80%), clay (31.3 and
26.50%) and sand (26.75 and 33.50%). The chemical analyses of the experimental
site are shown in Table (1).

Table 1. Mechanical and chemical analysis of soil of the experimental site (2002/2003
and 2003/2004 seasons)

Season 2002/2003 2003/2004
Soil depth (cm) 0-30 0-30
Mechanical soil distribution
Sand % 26.75 33.50
Silt % 40.90 38.80
Clay % 31.30 26.50
Chemical analysis in soil extraction
B ~_a) Cations mg/L
Ca'* 0.18 0.16
Na * 0.22 0.42
K~ 0.08 0.16
b) Anions mg/L
cl- 0.15 0.18
SO, ~ 0.10 0.13
CaCOs 0.15 0.21
HCoy 1.25 1.18
Available B ppm 041 0.45
Available Mo ppm 9.55 10.00
Available N ppm 38.20 39.40
Available P ppm 18.20 19.80
Available K ppm 395.2 385.40
pH 8.00 8.20
ECdsm 2.18 2.25

Soil physical and chemical properties were determined according to Jackson (1956).
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Nitrogen fertilizer was applied at the rate of 80 kg N/fed as Urea (46% N), in
two equal doses, the first one after thinning (45 days from sowing) and the second one
month later. Phosphorus fertilizer at the rate of 30 kg P,Os/fed as calcium super
phosphate (15 % P,0Os) and potassium fertilizer at the rate of 48 kg K,O/fed as
potassium sulphate (48% K,0) were applied in both seasons. Phosphorus fertilizer was
applied at seedbed preparation, whereas potassium fertilizer was applied once with the
first dose of nitrogen.

Plot area was 17.5 m* (5 ridges which were 7 meter in length, 50 cm in width
and 20 cm between hills). Sowing date was on the 5™ of October in both seasons and
harvesting date was after 7 months. The preceding crop was rice in both seasons.
Other agricultural practices were done as recommended by Sugar Crops Research
Institute (SCRI).

The Recorded data:

At harvest (210 days from sowing), samples of five plants were taken at random from

each sub plot to determine the following:

1. Juice quality:

1. Total soluble solids percentage, (TSS %) was determined by using hand

refractometer (A.0.A.C.,1995).

2. Sucrose percentage was determined by using Saccharimeter according to the

method described by Le Docte (1927).

3. Purity percentage was calculated according to Carruthers et a/. (1961) as follows:

Purity = (sucrose % x 100) / TSS %.

I1. Chemical constituents:

4. Nitrogen percentage in roots, petioles and blades were determined using micro
Kjldahl apparatus according to Pergl (1945).

5. Potassium and sodium percentages in roots, petioles and blades were determined in
the digested solution using flame photometer according to Brown and Lilliland
(1964). '

6. Boron and molybdenum (ppm) dry matter in roots, petioles and blades were
determined as described in Flame Method, Manual for Atomic Absorption, and
Model 22Brooklyn AVE at 213 nm as given by the (A.0.A.C., 1995).

Statistical analysis:

The expermintal data of both seasons were subjected to proper statistical
analysis of variance according to Sendecor and Cochran (1967). The heterogeneity of
error variances across seasons indicated that error terms were homogeneous. The
combined analysis was conducted for the data of the two seasons according to Gomez
and Gomez (1984). For comparison between means, Duncan's multiple range test was
used (Duncan, 1955).
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RESULTS AND DISCUSSION

1. Varietal performance:
a. Juice quality:

Data in Table (2) showed that varieties were significantly differed in total
soluble solids, sucrose and purity percentages in both seasons and their combined.
Montebianco attained the highest value of total soluble solids percentage in the two
seasons and the combined data. These results coincide with those obtained by
Shalaby (2003) and Ali (2005).

Table 2. Varietal performance with relation to juice quality percentage of some sugar
beet roots at harvest {2002/03, 2003/04 seasons and their combined data}

Iﬁ ) Total soluble solids % Sucrose % Purity %
variety (V) 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
[ Montebianco | 24.63 a | 23.98 a | 24.31 a 1497 ¢ | 1500 ¢ | 1498 c | 60.83 c | 62.61 ¢ | 61.72 ¢
Kawemira 2421 b | 2371 b | 2396 b | 1706 b | 17.01 b | 1704 b | 7075 b | 71.85 b | 7121 b
Gloria 2387 ¢ | 23.36 ¢ | 2361 c | 19.44 a | 1942 a | 19.43 a | 81.59 a | 83.27 a | 8243 a
F.test (VX S) NS NS NS

NS : not significant

However, the same variety recorded the lowest values of sucrose and purity
percentage as compared with the other two varieties. Meanwhile, Gloria produced the
highest values of sucrose and purity percentages in the two seasons and the
combined data. These results coincide with those obtained by EL-Geddawy (2001), AL-
Labbody (2003) and Ali (2005).

Variety Kawemira attained a medium values between Montebianco and Gloria
in respect to juice quality parameters.

b. Chemical constituénts:

Results in Table (3) elucidated that boron content of leaf petiole and blade
were significantly varied by the studied genotypes. On the contrary, boron root
content was insignificantly affected by the examined varieties. It could be remarked
that sugar beet variety Gloria recorded the highest boron concentration in root, petiole
and blade comparing with the other two varieties in the combined data.

Table 3. Varietal performance with relation to boron concentration (ppm) in the
different plant organs of some sugar beet varieties at harvest {2002/03,
2003/04 seasons and their combined data}

Boron (ppm) in root Boron (ppm) in_petiole Boron (ppm) in blade ]
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined [ 2002/03 | 2003/04 | combined
Montebianco 12,58 a | 12.26 a 12.42 a 28.10 ¢ | 27.37 ¢ 27.73 ¢ 28.56 ¢ | 2843 b 28.50 ¢

Variety (V)

Kawemira 12.88 a | 12.46 a 12.67 a | 2948 b | 28.96 b 29.22 b 29.97 b | 30.08 a | 30.02 b
Gloria 12.83 a | 12.82 a 12.82 a 31.15 a | 30.06 a 30.60 a 31.45 a | 31.21 a 31.33 a
Flest (VX S) NS NS NS

NS : not significant
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Once more, the results given in Table (4) clear that the studied varieties did
not differ significantly in molybdenum concentration in the various parts of sugar beet
plants roots, petioles and blades these finding were completely true in the two
seasons and the combined data.

Table 4. Varietal performance with relation to molybdenum concentration (ppm) in the different plant
organs of some sugar beet varieties at harvest {2002/03, 2003/04 seasons and their combined

data}
Molybdenum (ppm) in root Molybdenum (ppm) in petiole Molybdenum (ppm) in blade
Variety (V)
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined

Montebianco 4.51 a 4.20 a 4.35 a 4.72 a 493 a 4.83 a 521 a 525 a 5.23 a

Kawemira 4.32 a ﬁ4.26 a 4.29 a 4.81 a 532 a 5.06 a 5.13 a 531 a 522 a
Gloria 4.45 a 4.44 a 444 a 4.70 a 4.97 a 4.84 a 4.93 a 5.29 a 5.11 a
F.test (VX S) NS NS NS

NS : not significant

Data in Table (5) showed that the tested sugar beet varieties differed
significantly in N% in roots and petioles in the 1% season as well as in roots in the
combined data. However, N% in roots (in the 2" season), in petioles (in the 2™
season and the combined data) and in leaf blades (in both seasons and their
combined data) were insignificantly different. These results coincide with that obtained

by Shalaby (2003).

Table 5. Varietal performance with relation to nitrogen percentages in the different
plant organs of some sugar beet varieties at harvest {2002/03, 2003/04
seasons and their combined data}

Nitrogen % in root Nitrogen % in petiole Nitrogen % in blade

Variety (V)
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 20063/04 | combined

Montebianco 1.66 a 132 a 1.49 a 2.29 b 2.45 a 2.37 a 354 a 3.59 a 3.56 a

Kawemira 1.65 a 1.34 a 149 a 2.37 a 243 a 2.40 a 3.39 a 3.50 a 344 a
Gloria 138 b 1.36 a 137 b 2.62 a 2.33 a 248 a 3.50 a 3.57 a 3.53 a
F.test (VX S) S S NS

S : significant , NS : not significant

Data in Table (6) revealed that differences between varieties with respect to
potassium leaf's, petiole contents were significant in the first season and the combined
data. Also, insignificant differences between varieties were obtained for potassium
concentrations in leaf blade. Montebianco almost recorded the highest values of
potassium percentage for the various parts of the plant followed by Kawemira, while
Gloria variety gave the lowest ones. These results coincide with that obtained by
Shalaby (2003).
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Table 6. Varietal performance with relation to potassium percentages in the different
plant organs of some sugar beet varieties at harvest {2002/03, 2003/04

seasons and their combined data}

Potassium % in root Potassium % in petiole Potassium % in blade
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
Montebianco 2.02 a 1.84 a 193 a 3.24 a 294 a 3.09 a 3.39 a 3.40_a 339 a

Kawemira 1.80 ab 141 b 1.60 b 3.18 a 292 a 3.05 a 3.42 a 3.36 a 3.39 a
Gioria 140 b 136 b 1.38 b 279 b 2.68 a 274 b 2.99 a 3.19 a 3.09 a
F.test (VX S) NS NS NS

Variety (V)

NS : not significant
Results in Table (7) revealed that the studied varieties differed significantly in

sodium concentration of their roots in the first season and in the combined data.
These results coincide with that obtained by Shalaby (2003).

Table 7. Varietal performance with relation to sodium percentages in the different
plant organs of some sugar beet varieties at harvest {2002/03, 2003/04
seasons and their combined data}

Sodium % in root Sodium % in petiole Sodium % in blade j
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 combinedT
Montebianco 223 a 2.31 a 2.27 a 4.07 a 4.14 a 4.11 a 4.12 a 4.29 a 4.20 a

Variety (V)

Kawemira 2.29 a 2.21 a 2.25 a 3.85 a 3.86 b 3.85 a 4.01 a 442 a 4.21 a
Gloria 1.86 b 227 a 2.07 b 3.90 a 395 b 393 a 4.05 a 4.37 a 4.21 a
F.test (VX S) S NS NS

S : significant , NS : not significant
2. Effect of boron fertilizer levels on:
a. Juice quality:

Data in Table (8) showed that total soluble solids percentage was statistically
affected by the applied levels of boron fertilizer, increasing the supplied dose of boron
negatively affected the values of TSS %. Also, it is well known the direct role of boron
element in sucrose translocation between plant organs, it well be not erfough to
depend upon the values of total soluble solids percentage only with respect to juice
quality.

Table 8. Effect of boron fertilizer levels on juice quality percentages of sugar beet
roots at harvest {2002/03, 2003/04 seasons and their combined data}

Boron levels Total soluble solids % Sucrose % Purity %

(kg B/fed) 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
zero 24.62 a | 24.09 a 24.35 a 16.79 b | 1683 b 1681 b 68.39 ¢ | 63.99 b 69.19 ¢
0.50 24.14 b | 2348 b 23.81 b 17.13ab 17.11ab 17.12 b 71.16 b | 73.07 a 72.11 a
1.00 23.95 b | 2349 b 23.72 b 17.54 a 17.50 a 17.52 a 7344 a | 74.67 a 74.06 a

F.test (B X S) NS NS NS

NS : not significant

It could be noted that the response of both measurements to the additional

application of boron fertilizer was inverse to the response of TS5%.
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This result assured the important and real of role micro-elements such as
boron in sucrose translocation.

Applying 1.00 kg B/fed gave the highest values of sucrose and purity
percentages followed by 0.50 kg B/fed and control. The same trends were reported by
Saif (2000), Osman et a/. (2003) and Nafei (2004).

b. Chemical constituents:

Results in Table (9) elucidated that boron contents in root, leaf petiole and
blade were significantly increased as the applied dose of boron fertilizer increased
from zero to 0.50 and up to 1.00 kg B/fed. This finding was true in both seasons and
their combined data. Similar results were obtained by Domska (1996).

Table 9. Effect of boron fertilizer levels on boron concentrations (ppm) in the different
plant organs of sugar beet at harvest {2002/03, 2003/04 seascns and their
combined data}

—
Boron levels Boron (ppm) in rooct Boron (ppm) in petiole Boron (ppm) in blade
(kg B/fed) 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined |
zero 1132 ¢ | 1132 b 11.32 ¢ 2864 c | 2823 b 28.43 ¢ 29.35 b | 2944 b 29.40 b
0.50 1282 b | 13.17 a 13.00 b 29.55 b | 29.08 a 2932 b 29.64 b | 29.70 b 29.67 b
1.00 14.15 a | 13.05 a 13.60 a 30.53 a | 29.08 a 29.80 a 3099 a 30.57 a 30.78 a
F.test (B X S) S S | NS

S : significant , NS : not significant
Data in Table (10) cleared that the application of 1.00 kg B/fed produced the
highest concentration of molybdenum in root, petiole and blade of sugar beet leaves.
Moreover, it could be noted that this influence was statistically significant only in the
first season and the combined of the two seasons with respect to molybdenum
concentration in petiole tissue, meanwhile differences between boron levels and their

influence on molybdenum concentrations were not great enough to reach the level of

significance in blade.

Table 10. Effect of boron fertilizer levels on molybdenum concentrations (ppm) in the
different plant organs of sugar beet at harvest {2002/03, 2003/04 seasons
and their combined data}

Boron levelsT Molybdenum {ppm) in root Molybdenum (ppm) in petiole Molybdenum {ppm) in blade
| (kg B/fed) 2002/03 I 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
zero 3.99 ¢ 373 b 3.86 ¢ 4.69 b 5.03 a 4.86 b 5.02 a 5.33 a 5.17 a
0.50 433 b 4.58 a 446 b 4.99 a 5.10 a 5.05 a 5.19 a 5.31 a 5.25 a
1.00 4.96 a 4.60 a 4.78 a 4.55 b 5.08 a 482 b 5.06 a 5.22 a 5.14 a J
F.test (B X
S S NS
S) L

S : significant , NS : not significant
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Results in Table (11) revealed that nitrogen concentrations in root, peticle and
blade were insignificant affected in the two seasons. Similar results were obtained by
Domska (1996).

Table 11. Effect of boron fertilizer levels on nitrogen percentages in the different plant

organs of sugar beet at harvest {2002/03, 2003/04 seasons and their

combined data}

i Boron wevo o Mitrogen % in root Nitrogen % in petiole Nitrogen % in blade J
Lo kg B oo 2002/03 ) 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
sr 160 a 1.30 a 145 a 240 8 | 241 a 2.40 a 3.44 a 352 a 348 b
; 1.54 a 133 a 143 a 248 a 2.36 a 242 a 346 a 352 a 349 b
e T
i 00 155 a | 140 a 1.47 a 240 a 244 3 242 a : 351 a 362 & 3.57 a
e I |
Flest (B X i .
est NS NS | l NS |
__95 S i

NS : not significant

Potassium percentage in root and sodium percentage in blade responded

significantly to the applied boron fertilizer levels in the second season (Tables, 12 and
13). Similar result was obtained by Domska (1996).

Table 12. Effect of boron fertilizer levels on potassium percentages in the different
plant organs of sugar beet at harvest {2002/03, 2003/04 seasons and their

combined data}

Boron levels Patassium % in root Potassium % in petiole Potassium % in blade !
(kg Bffed) 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined J
zero 1.75 a 143 a 1.59 a 3.09 a 2.74 a 2.92 a 3.20 a 3.17 3 3.18 a
0.50 1.77 a 1.53 ab 1.65 a 3.07 a 2.85 @ 296 a 20 a3 3.34 a 332 a
1.00 1.70 a 1.65 a 1.67 a 3.04 a 2.95 a 3.00 a 3.30 a 344 a 3.37 a

F.test (B X
S NS NS
S)

S : significant , NS : not significant

Table 13. Effect of boron fertilizer levels on sodium percentages in the different plant
organs of sugar beet at harvest {2002/03, 2003/04 seasons and their
combined data}

( Boron levels Sodium % in root Sodium % in petiole Sodium % in blade
(kg B/fed) | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
zero 2.25 a 2.32 a 2.28 a 3.87 a 3.92 a 3.89 a 4.44 a 4.68 a 4.56 a
0.50 2.20 a 2.36 a 2.28 a 4.06 a 4.02 a 4.04 3 4.14 b 4.40 b 427 b
1.00 193 b 2.11 a 2.02b 3.90 a 4.01 a 3.96 a 3.60 ¢ 3.9% ¢ 380 ¢
F.test (B X NS NS NS
s) |

NS : not significant

3. Effect of molybdenum fertilizer levels on:

a. Juice quality:

Results given in Table (14) showed that juice quality was significantly affected

by molybdenum fertilizer levels. Increasing molybdenum fertilizer decreased the values

of total soluble solids percentage.

On the contrary the response of sucrose and purity percentages to the

additional increase of molybdenum was positive, applying 0.25 kg Mo/fed raised the
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values of sucrose percentage over that of the control by 5.82 %, 4.93 % and 5.37 %.
Corresponding by 7.06 %, 6.71 % and 6.87 % for juice purity percentage in the two
seasons and the combined data, respectively.

Raising the applied dose of molybdenum to 0.50 kg Mo/fed attained additional
increase over check treatment reached to 9.74 %, 8.53 % and 9.10 % for sucrose
percentage corresponding to 13.81 %, 12.44 % and 13.12 % for purity percentage in

the two growing seasons and their combined successively.

Table 14. Effect of molybdenum fertilizer levels on juice quality percentages of sugar
{2002/03, 2003/04 seasons and their combined data}

—
Molybdenum Total soluble solids % Sucrose % Purity %
levels
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 ) 2003/04 | combined
(kgMo/fed)
zero 2461 a | 24.08 a 24.34 a 16.31 ¢ | 1641 ¢ 16.36 ¢ 66.38 ¢ | 68.22 ¢ 67.30_¢
0.25 2433 b | 23.71 bg{ 24.02 b 17.26 b { 12.22 b 17.24 b 7107 b | 7280 b 7193 b |
i 0.50 23.77 ¢ | 23.27 ¢ 23,52 ¢ 1790 a | 1781 a 17.85 a 75.55 a | 76.71 a 76.13 a
F.test(MoXS) NS NS NS ]

NS : not significant
b. Chemical constituents:

Data pres...ed in Table (15) showed that boron contents in the various
organs of sugar beet plants in roots, petioles and blades were significantly increased as
molybdenum fertilizer levels increased from zero to 0.50 kg Mo/fed. These results were
true in the two seasons and their combined except the combined data over the two
seasons of the boron content in the petioles where the difference did not reach the
level of significance. Application of 0.50 kg Mo/fed gave the highest value of boron
contents in root, petiole and blade.

Table 15. Effect of molybdenum fertilizer levels on boron concentrations (ppm) in the
different plant organs of sugar beet at harvest {2002/03, 2003/04 seasons
and their combined data}

—
Molybdenum Boron (ppm) in root Boron {(ppm) in petiole Boron (ppm) in blade
levels
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined
(kgMo/fed)
zero 1234 b | 11.69 ¢ 1192 ¢ | 2941 b | 2855 b'[ 2898 a 29.13 ¢ 1 2982 b | 2948 b |
0.25 12,75ab | 1249 b 1262 b | 2949 b [ 2891 a ] 2920 a ) 29.88 b | 2982 b | 2973 b
0.50 13.39 3 | 1336 a 13.38 a 2983 a | 2892 a | 29.37 a 30.96 a | 30.32 a 30.64 a
F.test(MoXS) NS NS S

S : significant , NS : not significant
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This observation may be indicating to the relative important of molybdenum
fertilizer application to sugar beet plants especially that this element appeared an
effective role in juice quality.

The results in Table (16) obtained throw some lights on the inverse
relationship between molybdenum application and nitrogen contents in sugar beet
plants. Based on the resuits obtained, increasing the applied dose of molybdenum
decreased nitrogen percentage. This phenomenon is considered a good result
because it well know that the highest, the nitrogen content in sugar beet roots and
the lowest the juice quality.

Table 16. Effect of molybdenum fertilizer levels on nitrogen percentages in the
different plant organs of sugar beet at harvest {2002/03, 2003/04 seasons
and their combined data}

Molybdenum Nitrogen % in root Nitrogen % in petiole ] Nitrogen % in blade

levels

2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined

(kgMo/fed) |

zero 1.75 a 147 a 1.61 a 2.61 a 2.58 a 2.59 a 3.66 a 3.70 a 3.68 a

0.25 1.54 b 1.32 b 143 b 242 b 242 b 242 b 3.46 b 3.55 b 3.50 b

0.50 4] 1.39 ¢ 1.22 ¢ 1.31 ¢ 2.25 ¢ 221 ¢ 2.23 ¢ 3.30 ¢ 341 ¢ 3.35 ¢
F.test(MoXSlj NS NS NS

NS : not significant

Results given in Tables (17 and 18) showed that potassium and sodium
percentages were negatively significantly affected by the applied doses of
molybdenum fertilizer. And regardiess the significance, it could be noted that both of
potassium and sodium contents in sugar beet roots had an inverse relationship with
the applied dose of molybdenum, and in general increasing molybdenum application
tended to lower the values of potassium and sodium percentages in petioles and leaf
blade of sugar beet plants.

Table 17. Effect of molybdenum fertilizer levels on potassium percentages in the

different plant organs of sugar beet at harvest { 2002/03, 2003/04
seasons and their combined data }

Molybdenum Potassium % in root Potassium % in petiole Potassium % in blade

leveis

2002/03 | 2003/04 | combmmed | 2002/03 | 2003/04 | combined | 2002/03 2003/04 | combined
(kgMo/fed)
T

zero 1.93 a 1.76 a 1.84 a 333 a 2.84 a 3.09 a 3.46 a 3.44 a 3.45 a

0.25 1.77 b 1.51 b 1.64 b _| 309 b 3.07 a 3.08 a 3.26_ab 3.23 a 3.24 a

0.50 1.52 ¢ 1.34 ¢ 1.43 ¢ 2.79 ¢ 2.63 a 271 b 3.09 b 3.28 a 3.18 b
F.test(MoXS) NS NS NS

NS : not significant
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Table 18. Effect of molybdenum fertilizer levels on sodium percentages in the different
plant organs of sugar beet at harvest {2002/03, 2003/04 seasons and

their combined data}

.
Molybdenum Sodium % in root Sodium % in petiole Sodium % in blade
levels
2002/03 | 2003/04 | combined | 2002/03 | 2003/04 | combined | 2002/03 | 2003/04 { combined
(kgMo/fed)
| zero 2.25 a 232 a 2.28 a 3.87 a 3.92 a 3.89 a 444 a 4.68 a 4.56 a
0.25 2.20 a 2.36 a 2.28 a 4.06 a 4.02 a 4.04 a 4.14 b 440 b 4.27 b‘
0.50 1.93 b 2,11 a 2.02b 3.90 a 4.01 a 3.96 a3 3.60 ¢ 3.99 ¢ 3.80 ¢
b.test(ﬂoXS) NS NS NS

NS : not significant

Once more, the irreversible effects of the applied doses of molybdenum
fertilizer on the root content from nitrogen, potassium and sodium, may be considered
very important results for sugar manufacture, because, it is will known that there is an
inverse relationship between the concentration of such elements (impurities) and the
extracted sugar. Based on these results, it could be recommended by molybdenum
application to decrease the impurities {nitrogen, potassium and sodium) consequently
increased sugar extraction.
4. Effect of the interaction between varieties and boron fertilizer levels:

The combined data in Table (19) showed that B concentration (ppm) in blades
was significantly affected by the interactions between boron fertilizer levels and sugar
beet varieties. Gloria variety produced 3.23, 2.45 and 2.81 ppm B higher than that
recorded by Montebianco under the control, 0.50 and 1.00 kg B/fed, respectively, i.e.
the difference between the two varieties in this trait was more distinguished under the
control compared with the other two B levels.

Table 19. Effect of the interaction between varieties and boron fertilizer on boron
concentration (ppm) in blade of some sugar beet varieties at harvest
{2002/03, 2003/04 seasons and their combined data}

2002/03 2003/04 combined J
Variety (V) Boron ievel (kg B/fed) Boron level (kg B/fed) Boron levei (kg B/fed)
zero 0.50 1.00 Zero 0.50 1.00 zero 0.50 1.00

Montebianco 27.81 e 2832 e | 29.55 cd 2798 e 28.27de 29.04 d 27.90 28.29 29.30 d
e e

Kawemira 29.13d 29.92 ¢ 30.86 b 29.18 ¢ 30.04b 31.00 a 29.16 d 29.98 3093 b
L C

% Gloria 31.10b 30.68 b 32,56 a 31.17 a 30.80ab 31.67 a 31.13b | 30.74b | 32.11 a
F.test(VXBXS) - - " ns

NS : not significant

The combined data in Table (20) showed that Mo (ppm) in petioles was

significantly affected by the interactions between boron fertilizer levels and sugar beet

varieties. The difference between Kawemira and Gloria varieties was insignificant
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under 0.50 kg B/fed, while, the difference between the two varieties in this trait was

significant under the controi or 1.00 kg B/fed.

Table 20. Effect of the

interaction between varieties and boron fertilizer on

molybdenum concentration (ppm) in petiole of some sugar beet
varieties {2002/03, 2003/04 seasons and their combined data}

2002/03 2003/04 combined
Variety (V) Boron level (kg B/fed) Boron level (kg B/fed) Boron level (kg B/fed)
zero 0.50 1.00 Zero 0.50 1.00 zero 0.50 1.00
Montebianco 4.49 de 5.01 ab | 4.68 cd 5.07abcd 4.84 cd 4.89 bed 4.78 bc 4.92 ab 4.78 bc |
Kawemira 4.94 abc 4.84 bc | 4.65 cd 537 a 5.33 ab 5.26 abc 5.15 8 5.08 a 4.95 ab
Gloria 4,65 cd 5.13 aj 4.33 e 4.66 d 5.14 abc 5.10_abcd 4.65 ¢ 5.14 a 4.71 be
- - NS

F.test(VXBXS)

NS : not significant

The combined data in Table (21) showed that Mo concentration (ppm) in
blades was significantly affected by the interactions between boron fertilizer levels and
sugar beet varieties. Gloria variety produced 0.4 and 0.13 ppm Mo lower than that

recorded by Montebianco under the control and 0.50 kg B/fed, respectively.
interaction between varieties and boron fertilizer on

Table 21. Effect of the

molybdenum concentration in blade (ppm) of some sugar beet varieties
{2002/03, 2003/04 seasons and their combined data}

]

[ 2002/03 2003/04 combined
Variety (V) Boron level (kg B/fed) Boron level (kg B/fed) Boron level (kg B/fed)
zero 0.50 1.00 zero 0.50 1.00 zero 0.50 1.00
Montebianco 532 a | 5.23 a 5.08 a 543 ab 5.20ab | 5.12 ab [ . 5.37 ab §.22abed 5.10 bcd
Kawemira 503 a | 532 a 503 a 5.31ab 5.57 a 506 b 5.17abed 5.44 a 5.05 cd
Gloria 470 b | 502 a | 507 a 5.24 ab 5.16ab | 5.47 ab 497 d 5.09 cd 5.27 abc
F.test(VXBXS) NS

S : significant , NS : not significant
The combined data in Table (22) showed that N% in petioles was significantly

affected by the interactions between boron fertilizer levels and sugar beet varieties.
The difference between M & K varieties was insignificant under zero or 1.0 kg B/fed.
However, the difference between the two varieties in this trait was significant under
0.5 kg B/fed. In addition, the difference between Montebianco and Gloria varieties was

insignificant under 0.50 kg-B/fed and significant under the control and 1.0 kg B/fed.

Table 22. Effect of the interaction between varieties and boron fertilizer on nitrogen
percentage in petiole of some sugar beet varieties at harvest {2002/03,
2003/04 seasons and their combined data}

2002/03 2003/04 combined )
Variety (V) Boron level (kg B/fed) Boron level (kg B/fed) Boron level (kg B/fed)
zero 0.50 1.00 zero 0.50 1.00 zero 0.50 1.00
Montebianco 223 ¢ | 237bc | 226 ¢ | 2.52ab | 2.38abc 2.44 ab 2.38 b 237 b 235 b
Kawemira 2.30bc | 247ab | 2.35 bc | 243ab | 2.53ab 2.33 abc 236 b | 250 ab | 234 b
Gloria 2.66 a | 2.60 a 261 a | 2.29bc 2.16 ¢ 2.55 a 247 ab | 2.38 b 2.58 a
F.test(VXBXS) - - NS

NS : not significant
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The combined data in Table (23) showed that N% in blades was significantly
affected by the interactions between boron fertilizer levels and sugar beet varieties.
The difference between M & G varieties was insignificant under zero or 0.5 kg B/fed.
However, the difference between the two varieties in this trait was significant under

1.0 kg B/fed.

Table 23. Effect of the interaction between varieties and boron fertilizer on nitrogen
percentage in blade of some sugar beet varieties at harvest {2002/03,
2003/04 seasons and their combined data}

2002/03 T 2003/04 combined
Variety (V) Boron level (kg B/fed) Boron level (kg B/fed) Boron level (kg B/fed)
zero 0.50 1.00 zero 0.50 1.00 zerg 0.50 1.00

Montebianco 3.40bc | 3.66 a 3.55 ab | 362ab | 346 b 3.96 _a 3.51 ab 3.56 a 362 a

| Kawemira 3.38bc | 325 ¢ | 353 ab | 343 b [ 346 b | 3.62 ab | 3.41 bc | 335¢c | 3.57 a
Gloria 3.55ab | 348ab | 3.46 b | 3.15ab L3.63 ab | 3.56 ab | 353 ab | 3.56 a | 3.51 ab
F test(VXBXS) - - s ]
S : significant

5. Effect of the interaction between varieties and molybdenum fertilizer
levels:

The combined data in Table (24) showed that total soluble solid % was
significantly affected by the interactions between molybdenum fertilizer levels and
sugar beet varieties. Gloria variety produced 0.45 and 0.67 % lower than that
recorded by Montebianco under the control and 0.25 kg Mo/fed, respectively, while it
increased by 0.96 % under the 0.5 kg Mo/fed.

Table 24. Effect of the interaction between varieties and molybdenum fertilizer on total
soluble solids percentage of some sugar beet varieties at harvest {2002/03,
2003/04 seasons and their combined data}

‘r 2002/03 2003/04 combined
Variety (V) B Molybdenum level (kg Mo/fed) Molybdenum fevel (kg Mo/fed) Molybdenum level (kg Mo/fed)
zero 0.25 0.50 zero 0.25 0.50 zero 0.25 0.50
Montebianco 24.95a 24.62ab | 24.31 bc 24.24 a 24.01ab | 2371 b 24.59 a 2432 b | 24.01 ¢
Kawemira 24.56 b 24.30bc 23.79 d 24.05ab 2386 b 23.22 ¢ 2430 b 24.08 be 23.50
d
Gloria 24,32bc | 24.06cd 23.22 e 23.95ab | 23.25 c | _22.88 d 24.14 be 23.65 d | 23.05 e
F.test(VXBXS) - - NS

NS : not significant

The combined data in Table (25) showed that potassium % in root was
significantly affected by the interactions between molybdenum fertilizer levels and
sugar beet varieties. Gloria variety produced 0.72, 0.61 and 0.31 % lower than that
recorded by Montebianco under the control, 0.25 and 0.50 kg Mo/fed, respectively.
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Table 25. Effect of the interaction between varieties and molybdenum fertilizer on
potassium percentage in root of some sugar beet varieties at harvest
{2002/03, 2003/04 seasons and their combined data}

I 2002/03 2003/04 combined
Variety (V) Molybdenum level (kg Mo/fed) | Molybdenum level (kg Mo/fed) Molybdenum level (kg Mo/fed
zero 0.25 0.50 Zero 0.25 0.50 zero 0.25 0.50
Montebianco 231 a | 212ab | 162 de | 2.19 a 1.85 b 149 ¢ 225 a 198 b 1.55 d
Kawemira 1.93bc | 181¢cd | 165 de | 156 ¢ | 1.32¢d | 1.33 cd 175 ¢ 1.57 d 1.49 de
GIbria 1.55 efJ 1.38 fg 1.28 g 1.51 ¢ 1.36 cd 1.20 d 1.53 de 1.37 ef 1.24 f
E F.test(VXBXS) - - NS

NS : not significant

The combined data in Table (26) showed that sodium % was significantly
affected by the interactions between molybdenum fertilizer levels and sugar beet
varieties. Gloria variety produced 0.53 and 0.13 % lower than that recorded by
Montebianco under the control and 0.25 kg Mo/fed, respectively, while it increased by
0.05 % under 0.50 kg Mo/fed.

Table 26. Effect of the interaction between varieties and molybdenum fertilizer on
sodium percentage in root of some sugar beet varieties at harvest
{2002/03, 2003/04 seasons and their combined data}

2002/03 2003/04 combined J
Variety (V) Molybdenum level (kg Mo/fed) Molybdenum level (kg Mo/fed) _Molybdenum level (kg Mo/fed)
zero 0.25 0.50 zero 0.25 0.50 zero 0.25 050 |
Montebianco 2.39 a | 2.28ab 2.03 bc 2.58 a 2.31abc 2.03 abc 248 a 2.30 abc 2.03 cd
Kawemira 243 a 2.52 a 1.91 ¢ 2.41abc 2.22abc 2.01 be 242 a 2.37 ab 1.96 d
Gloria 1.94bc | 1.79 ¢ 1.87 ¢ 1.97 ¢ 2.56 ab 2.30_abc 1.95 d 2.17abed 2.08 bcd
F.test(VXBXS - NS

NS : not significant
6. Effect of the interaction between boron and molybdenum fertilizers:

The combined data in Table (27) showed that total soluble solids % was
significantly affected by the interactions between boron and molybdenum fertilizer
levels. Applying 0.50 or 1.0 kg B/fed in combination with 0.5 kg Mo/fed was
insignificant, while, both fertilizer levels had a significant effect at using it in
combination with control and 0.25 kg Mo/fed

Table 27. Effect of the interaction between boron and molybdenum fertilizers on total
soluble solids percentage of sugar beet roots at harvest {2002/03, 2003/04
seasons and their combined data}

Boron levels 2002/03 2003/04 combined
(kg B/fed) Molybdenum level (kg Mo/fed) _Molybdenum level (kg Ma/fed) Molybdenum level (kg Mo/fed)
zero 0.25 0.50 Zero 0.25 0.50 zero 0.25 0.50

zero 24.90 a 24.64ab | 24.31 bc | 24.383 24.00b | 23.86 bc | 2464 a | 2432 b | 24.08 bc
0.50 24.55ab 24.34 b 23.51 d 2395b 23.53d 2293 e | 2425 b | 2394¢cd | 23.22 e
1.00 24.37b 2398 ¢ 23.49 d 23.89bc 23.57¢d 23.00 e | 24.13bc | 23.78 d 23.24 e

F.test (BX
MoXS) ) : NS

NS : not significant
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The results in Table (28) indicate that sodium percentage in blade was
significantly influenced by the applied boron and molybdenum fertilizer levels. The
lowest percentage was obtained by applied 0.50 kg B/fed with 0.50 kg Mo/fed in the
combined as well as in the first season, but it gave the highest percentage by
unfertilized.

Table 28. Effect of the interaction between boron and molybdenum fertilizers on

sodium percentage in blade of sugar beet at harvest {2002/03, 2003/04
seasons and their combined data}

2002/03 2003/04 combined
Boron levels (kg
B/fed) Molybdenum level (kg Mo/fed) Molybdenum level (kg Mo/fed) Molybdenum level (kg Mo/fed)
zero 0.25 0.50 zero 0.25 0.50 zero 0.25 0.50
zero 4.53 a 428ab | 3.91 ¢ | 2.20cd | 2.30bc 2,06 de 4.58™ 4.31 bc | 4.04 de
0.50 4.40ab | 406bc | 3.35d | 2.28bc | 2.23cd | 2.37 abc | 4.56 a 4.23 cod 355
1.00 4.38ab | 4.06bc | 3.54 d | 2.47ab 2.56 a 191 e 4,53 ab | 4.26 cd 3.81 e
F.test (BX MoXS) . i} NS

NS : not significant
7. Effect of the interaction between varieties, boron and molybdenum:

The results presented in Table (29) revealed that the values of total soluble
solids percentage was statistically affected by the second order interaction However, it
could be noted that increasing the applied levels for any of the two micro-elements
decreased the values of total soluble solids percentage. These finding were completely
true under the different varieties in this study. The highest values of total soluble
solids percentage were recorded for the unfertilized treatment.

Table 29. Effect of the interaction between varieties, boron and molybdenum fertilizers
on total soluble solids percentage of sugar beet roots at harvest{2002/03,
2003/04 seasons and their combined data}

Boron | 2002/03 2003/04 combined
Varieties (V) levels Molybdenum levels ( kg Molybdenum levels ( kg Molybdenum levels ( kg
(kg Mo/fed) Moj/fed) Moj/fed)
B/fed zero 0.25 0.50 zero 0.25 0.50 zero 0.25 0.50
2610 25.13 25.02 24,76 24.77 24.35 23.91 24.95 24.68 24,34
a ab abed a ab be a ab bcde
' 24.78 24.63 24,18 24.12 23.81 23.73 24.45 24.22 23.96
Montebianco | 0.50 | “3prq | abcde | Defg | be bc be bed ode ef
1.00 24.93 24.20 23.99 23.80 23.86 23.46 24.36 24.03 23.72
’ abc defg efghi be bc cd bede defg fgh
zero 2491 24.33 24.64 24.36 23.83 23.92 24,63 24.08 24.28
abc bedef abcde ab be be abc defg bcde
Kawemira 0.50 24.47 24.38 23.33 23.79 23.83 22.92 24.13 24.11 23.12
: abedef bedef i bc bc de def def ik
1.00 24,28 24.17 23.38 23.99 23.91 22.81 24.14 24.04 23.09
i cdef defg hij bc bc e def defg jk
zero 24.65 24.57 23.5.1 24.02 23.82 23.77 24.34 24.20 23.64
abcde abcdef ghij bc be bc bede cdef ghi
Gloria 0.50 24,41 24.02 23:02 23.95 22,96 22,15 2418 23#9 22.59
bedef efgh i bc de f cdef hij L
1.00 23.90 23.58 23.10 22.87 22.95 22.72 23.89 23.27 22,91
: fghi | ghij i bc de e efgh ijk kL
F.test(VXBXMoXS) - - NS

NS : not significant
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