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ABSTRACT

Two field experiments were conducted in newly
reclaimed soils, Beni Mazzar district, Minia Governorate, Egypt,
to study the effect of nitrogen (0, 70 and 140 kg N/fed), potassium
(0, 48 and 96 kg K,0/fed) and sodium (0, 75 and 150 kg Na/fed)
applications on yield and juice quality of sugar beet (Oscar
Variety). The combination between the levels of the studied
factors were arranged in a randomized complete block design of
four replications.

Results showed that increasing nitrogen level up to 140 kg
N/fed resulted in an increases in root yield, sugar yield, total
soluble solids, alpha-amino nitrogen and potassium content in the
juice, while, sucrose content, purity percentage and sodium
content in the juice decreased. Potassium application significantly
increased root yield, sugar yield, total soluble solids and
potassium content in the juice, while, sucrose content, purity
percentage and sodium content in the juice responded negatively.
Sodium application significantly increased root yield, sugar vield,
total soluble solids and sodium content in the juice, but purity
percentage and the potassium content in the juice responded
negatively. However, Na application had no effect on sucrose
percentage.

The interaction between potassium and sodium
significantly affected root yield/fed and sugar yield. In that
respect, sodium application significantly increased these
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parameters only in absence of potassium, while under 48 or 96 kg
K;O/fed, the application of sodium did net affect the yield
parameters. This means that sugar beet plants could use sodium
instead of potassium under low potassium levels in the soil.

From this study, it could be recommended; to obtain the
highest root and sugar yield under newly reclaimed soil condition
of Minia Governorate, sugar beet plants could be fertilized with
140 kg N and 96 kg K;O without sodium application or 140 N
and 75 kg Na/fed in the absence of potassium in addition to the
other recommendation pakegs for sugar beet plants under sandy
soils.

INTRODUCTION

In Egypt, the importance of sugar beet arises not only from
being the second source for sugar production after sugar cane but also
for the ability to grow well in newly reclaimed soils, which usually
suffer from salinity and poor quality of irrigation water. Sugar beet
quality is of great economic importance( El-Dosouky and Attia, 2004).
This holds for both, the factory which is interested in obtaining the
maximum output of refined sugar and for the farmer who wants to
obtain high income for his beet if meets quality standards set by the
factory. The farmers try to get both good yield and high quality in
order to gain the maximum return and profit (Ewis, 2004). The total
cultivated area by sugar beet in Egypt amounted to 186.000 feddan in
2005/2006 season. It produced about 38967.000 tons of roots with an
average of 20.95 tons/fed. Recently, the production of sugar is not
adequate enough to the consumption. Therefore, more attention has
been paid to grow and develop sugar beet crop to reduce the gap
between the consumption and the production,

Nitrogen is the nutrient element that most frequently limits
yields in the tropics as well as in the temperate regions. It has a role in
building up plant organs through the synthesis of proteins and it is an
integral part of the chlorophyll molecule. Also, it is important in the
synthesis of sucrose and in the reactions involving the utilization of
sucrose as an energy source for plant growth and cell maintenance (El-
Maghraby et al., 1998 and El- Harriri and Gobarh, 2001). In soils of
different fertility status whereas increasing N inputs caused increases
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in root yield, the effect of N on quality and sugar production is more
complex, because plant with an increased N supply diverts more
energy from stored sugar (sucrose) to be used in root growth. Thus, N
can have opposite effects on both concentration and accumulation of
amino N compounds which determine the extractability of sugar
during processing. It is relevant, therefore, to quantify this effect of N
on yield and quality of sugar beet for a specific soil environment.

Potassium is a mobile element in plant tissues and plays an
important role in photosynthesis through carbohydrate metabolism,
osmotic regulation, nitrogen uptake, protein synthesis and
translocation of assimilates. Its role in the physiological processes in
the plant such as respiration, translocation of sugar and carbohydrates,
energy transformation and enzyme actions is also known. Potassium is
normally the major osmoticum in plant cells and plays a major role in
the maintenance of turgor, stomatal control and the regulation of plant
water content (Hsiao and Lauchli, 1986). In additions to the
biophysical role, K fulfils biochemical function in the cytoplasm
activating numerous enzymes (Wyn, Jones and Pollard, 1983). Many
investigations provided evidence for the role of potassium in
improving juice quality and sugar recovery of sugar beet. However,
potassium fertilization must be adjusted with some care since the
excessive levels can have an adverse effect.

Sodium is not an essential element for any crop, even for salt
marsh plants. However, certain crops undoubtedly grow better in the
presence of available sodium supplies than in their absence. Sodium in
these cases appears to carry out some of the functions that potassium
usually fulfils. Crops can be divided into four types with respect to
their relative needs for sodium compared to potassium, some crops
need sodium for optimum growth such as sugar beet, some crops
benefit if available sodium is present, some crops can tolerate part of
their potassium supply being replaced by sodium and some crops ¢an
make no use of sodium even if potassium supply is restricted. The role
of sodium in plants is not known, though one of its effects is to
increase the succulence of the plant, that is, the amount of water held
by unit dry weight of leaf tissue. This may be the reason why it
appears to increase the drought resistance of these plants. It also
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increases the leaf area of sugar beet. Another role of sodium is helping
crops to grow in potassium-deficient soil that prevents an
accumulation of other cations that may be toxic to the plant, as a
deficiency of one cation lead to an accumulation of others. Sugar beet
is probably the most sodium demanding crop and needs a reasonable
potassium supply for proper growth. If the minimum potassium supply
has been provided, it requires a good supply of sodium to produce
satisfactory yields.

The objective of the present study was to determine the
requirements of sugar beet from nitrogen and potassium as well as
sodium and their effects on yield and quality of sugar beet grown in
newly reclaimed soils at Minia Governorate.

MATERIALS AND METHODS

This study was conducted in newly reclaimed land at Beni
Mazzar district, Minia Governorate, Egypt in two growth seasons of
2003/2004 and 2004/2005 to study the effect of nitrogen, potassium
and sodium application on yield and juice quality of sugar beet (Beta
vidlgaris 1..). _

The experiment was factorial (involving three factors) and laid
in a randomized complete block design with four replications. The plot
area was 10.5 m® (3 m x 3.5 m = 1400 fed) with 6 rows in apart 50 cm
width.

Treatments: :
Nitrogen : was added at three levels of 0, 70 and 140 kg N/fed as ammonium
nitrate (33.5% N).
Potassium : was added at three levels of 0, 48 and 96 kg K,O/fed as
' potassium sulphate (48% K;0). '
Sodiwm : was added at three levels of 0, 75 and 150 kg Na/fed as a
commercial sodium chloride (39% Na).

Seeds of Oscar variety were planted (4 kg/fed) at a distance of
20 ¢cm in hills in the second week of October for both seasons.
Thinning was made after 30 days of planting to obtain one plant/hill
{about 35000 plants/fed). During seed preparation, phosphorus was
added at the level of 31 kg/fed as calcium super phosphate (15.5%
P,0s). Nitrogen was applied at four equal doses; the first dose was one
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month after sowing and the other three doses were added at intervals
of fifteen days latter. Potassium and sodium were added at two equal
doses; the first dose was afier thinning and the second one one month
latter. The main source of irrigation water was Bahr Yossief River. All
other agronomic practices were. followed using the technical package
of growing sugar beet as described by Sugar Research Institute,
Agricultural Research Center, Cairo, Egypt.
- Sugar beet plants were harvested in the first week of May in
both growing seasons. A representative sample of ten sugar beet plants
was randomly taken from the two middle rows of each plot to
determined root yield and sugar yield (in tons/fed). Also, a sample of
about 10 kg fresh roots was taken from every plot and then transported
to Delta Sugar Company Limited Laboratory in Kafr El-Sheikh for the
determination of juice quality such as sucrose percentage in roots
according to Le Docte (1927, total soluble solids (T.S.5.%) using
hand refractometer (A.O.A.C. 1986), impuritics (Alpha-amino-N, K
and Na in - meqg/100g) according to the method described by A.O.A.C.
(1986) and juice purity (%) using the equation described by Carruthers
and Old Field (1961) where: Juice purity (%o) = sucrose % / TSS %.
All obtained data of both seasons were recorded on dry Weight
basis as follows:
- Root fresh yleld and gross sugar yield (ton/fed) were calculated as the
feddan area is 4200 m’,
- Sugar yield (ton/fed) was calculated by using the following equation:
- Sugar yield (ton/fed} = root fresh weight x Sucrose (%).
- Nitrogen, phosphorus, potassium and sodium uptake (kg/fed) was
calculated by multiplying nutrient concentration % X the root dry yield
(ton/fed) x 10.
Composite representative soil samples of the field where the
experiments were carried out were taken for analysis and the results
are shown in Table 1:
I- Particle size distribution was determined using the pipette method according
to Piper (1950).

2- Saturated soil paste extract in Wthh E.C. (dSm™), pH, CO5? HCO;5,
$O,2, CL°, Na" and Ca™ were determined (Jackson, 1973).

3- Organic matter was determined by using the wet digestion method
(Walkley and Black) according to Jackson (1973).
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4- Total carbonate was estimated by using calcimeter method (Jackson,
1973).

5- Available N was determined in 1 N KCI soil extract according to Jackson
(1973).

6- Available P was extracted by 0.5 M NaHCO; buffered at pH 8.2 (Olsen et
al., 1954) and measured spectrophotometerically as described by
Jackson (1973).

7- Available K and Na was extracted using 1.0 N ammonium acetate
adjusted at pH 7.0 and determined by flame photometer (Black et al.,
1985).

Table 1: Some physical and chemical properties of the investigate soil.

Characteristics First season | Second season
Coarse sand (%) 11.34 6.31
Sand (%) 74.18 76.19
Silt (%) 10.40 11.32
Clay (%) 4.08 6.18
Texture class Sand Sand
pH (soil paste) 7.6 7.9
EC.dSm" (soil paste) 111 1.32
Organic matter (%) 0.29 0.21
CaCoO; (%) 3.10 2.86
Available N (mg kg™ 10.00 8.00
Available P (mg kg-") 4.90 4.1
Available K (mg kg-Y) 62.00 71.00
Available Na (mg kg-') 110.00 121.00
Soluble cations (meq/ 1!;25)
2.18 2.17
Na* 5.51 5.91
Ca'" 2.71 3.93
Mg™ 0.37 0.93
Soluble anions (meq/100g)
COy” - -
HCOy 3.18 3.71
Cr 515 5.92
S0, 2.44 3.31

Statistical analysis:

The data were subjected to the proper statistical analysis of
variance according to Snedecor and Cochran (1980). Significance of
variance among means was compared using the least significant
difference (L.S.D} at the 0.05 level of probability.
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RESULTS AND DISCUSSION
Root Fresh Yield:

The effect of nitrogen, potassium and sodium on root fresh
yield is shown in Table 2. The application of 0, 70 and 140 kg N/fed
resulted in respective average values of root fresh yield of 9.52, 14.64
and 20.66 ton/fed in the first season and 8.25, 13.79 and 19.78 ton/fed
in the second season. The main effect of nitrogen reveled that
application of nitrogen caused significant increases in root fresh yield.
The increase percentage due to applying 70 and 140 kg N/fed reached
53.78 and 117.02%, respectively, in the first season and 67.15 and
139.76%, respectively, in the second season, compared with the
control. The increases in yield with adding nitrogen fertilizer
correspond to the increases in the root diameter and length, root and
shoot fresh weight per plant as well as shoot fresh yield. This accounts
for the increase in the amount of metabolites synthesized by plants.
The obtained results coincide with those reported by Asad ef al.
(2000), Bauer et al. (2001) and Tsialts and Maslaris (2005).

The results indicated that applying K at levels of 48 and 96 kg
K,O/fed increased root fresh yield by 7.66 and 16.18%, respectively,
in the first season and 18.13 and 26.13%, respectively, in the second
season compared with the control. The increase in root fresh yield with
increasing potassium fertilization, could be mainly due to the positive
effect on growth characters. Many researches indicated that potassium
tended to increase root fresh yield of sugar bet (Ismail and Abo El-
Ghait, 2004; Ferweez and El-Wafa, 2004).

With respect to sodium, the results showed that root fresh yield
due to the application of 75 kg Na/fed exceeded that of the control by
6.35 and 3.52% for first and second seasons, respectively. The
increases due to the application of sodium at levels of 75 and 150 kg
Na/fed were somewhat similar. The increment of root fresh yield
caused by sodium application could be explained by the effect of
sodium on growth characters of sugar beet plants as well as root fresh
weight per plant, which in turn increased root fresh yield. Similar
results were obtained by Barog et al. (2002) and Barog (2004).
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Table 2: Root fresh yield (ton/fed) as affected by N, K and Na

application.
) : (C) Sodium (kg/fed)
Treatment 1" season - 2™ season
Nikg/fed) | K;O{kg/fed)
N 4 ! . g -5 150 (Meap! 0@ 74 150 { Mea
(A (B) "
0 704 {971 | 9.76 | 8.84 | 593 | 6.44 | 6.49 | 6.28
0 48 965 | 975 | 9.77 | 972 { 884 | 9.07 | 9.08 | 8.10
96 10.00 | 9,97 |10.02 | 10.00 | 9.24 | 9.89 | 9.31 ;: 9.48
Mean 8389 | 981 | 985 | 9.52 | 8.00 | 847 | 829 | 8.25
0 11.98 1 14.11 | 14.15 [ 13.41 | 10.84 | 12.37 1 12.41 | 11.87
70 48 14,18 | 14.77 | 14.80 { 14.58 { 13.64 | 13.87 | 14.37 | 13.9¢6
96 16.03 | 16.00 ) 15.76 { 15.93 | 15.84 | 16.26 | 14.51 | 15.54
Mean 14.06 | 14.96 1 14.90 | 14.64 1 13.44 ; 14,17 | 13.76 | 13.79
0 17,76 11999 ) 20.06 | 19,27 | 17.57 | 18.251 18.86 | 18.22
140 48 20,25 ) 20.47 | 20.47 | 20.40 | 20.04 | 20.24 : 20.41 p.23
96 22.11122.43 | 22.40 | 22.31 | 20.96 | 20.81 ¢ 20.86 (.87
Mesan 20.04 | 20.96 | 20.98 | 20.66 | 19.52 | 19.77 | 20.04 | 15.78
0 12.26 | 14.60 { 14.66 | 13.84 | 11.44 | 12.351 12.58 | 12.13
Mean of K 48 14.69 | 14,99 | 15,01 | 14.90 | 14.17 | 14.39 | 14.62 | 14.39
96 15051 16.13 ) 16.06 | 16.08 | 15.35 15.65 | 14.89 | 15,30
Mean of Na 14.33 | 15.24 | 15.24 | 14.94 | 13.65 | 14.13 | 14.03 | 13.94
L.S.D at 0.05
A 0.22 0.08
B 0.22 - 0.08
C 0.22 0.08
AB 0.38 0.14
AC N.S. N.S.
BC 0.38 0.14
ABC N.S. N.S.

Concerning the interactions between treatments, the obtained
data showed that root fresh yield was affected only by the interaction
between potassium and sodium. Application of 75 kg Na/fed improved
the root fresh yield only in the absence of potassium. Increasing Na
level from 75 to 150 kg Na/fed in absence of K had no effect on root
fresh yield, where the difference between the two treatments was not
significant in both seasons. The relative increases in root fresh yield
caused by application of 75 kg Na/fed in absence of potassium reached
to 19.09 and 7.95% over the control in the first and second seasons,
respectively. In this concern, Hilde er @/ (1983) mentioned that
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sodium chloride has been used as K fertilizer substitute in certain
humid regions because of its lower cost.
Sugar Yield:

The results in Table 3 show that sugar yield increased
significantly with increasing nitrogen levels in both seasons. The
increase percentage due to applying 70 and 140 kg N/fed reached to
42,67 and 79.58%, respectively, for the first season and 52.27 and
103.66%, respectively, in the second season. The increment in sugar
yield resulted from increasing nitrogen levels could be mainly due to
the effect of nitrogen on root parameters. These results are in
agreement with those obtained by El-Dosouky and Attia (2004) and
Tsialtas and Maslaris (2005). ‘

Concerning potassium fertilization, results revealed that sugar
yield responded positively to potassium levels. The values of sugar
yield due to applying 0, 48 and 96 kg K,O/fed were 2.54, 2.70 and
3.11 ton/fed, respectively, in the first season and 2.22, 2.67 and 2.93
ton/fed, respectively, in the second seasons. This favorable effect of
potassium on sugar yield could be mainly due to the increasing in the
root parameters with increasing potassium levels. Similar results were
obtained by Osman (2005).

Table 3 indicates that increasing sodium level from zero to 75
kg Na/fed increased sugar yield while treated with 75 to 150 kg Na/fed
decreased the sugar yield in both seasons. This trend of sugar yield due
to increasing sodium levels is parallel to its effect on the root yield as
previously discussed. This similarity of sodium effect on root and
sugar yields, beside the insignificant effect of sodium on sucrose
percentage (it will be discussed later), is a good explanation of sugar
yield increment owing to sodium application, since sugar yield
calculated as multiplying the root yield with sucrose percentage.

Regarding the interaction effect, in general, sugar yield was
affected by the interactions between treatments, where the highest
value of sugar yield was obtained by sugar beet plants fertilized with
140 kg N/fed and 96 kg K,O/fed without sodium application.
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Table 3: Sugar yield (ton/fed) as affected by N, K and Na

application.
Treatment _{C) sodium (kg/fed)
1" season 2" season
"N (kgffed) | 4120
Nkged) | qojeeqy | 0 | 75 | 150 [Mean| 0 1 75 | 150 | Mean
(A) B)
0 145 | 207 | 209 | 1.87 | 119 | 129 | 1.32 | 1.27
0 48 1.78 | 2.03 | 2.01 1.94 i 1.87 1.89 | 1.83 1.86
96 216 | 211 | 211 | 213 [ 197 1 209 | 198 | 2.01
Mean 1.80 | 207 | 207 | 1.98 | 1.68 | 1.76 | 1.71 | 1.71
0 225 | 275 | 268 | 256 | 205 | 233 | 235 | 2.24
70 48 273 | 276 | 272 | 273 | 285 5 258 | 246 | 2.60
96 324 | 322 | 3.07 | 318 ) 3.04 | 3.14 | 2.79 | 299
Mean 274 { 291 | 2.82 | 282 [ 255 | 268 | 2.60 | 2.61
0 2.88 | 336 | 332 | 3.19 | 3.01 | 3.16 | 3.27 | 3.15
140 43 345 | 347 | 337 | 343 | 344 | 363 | 3.59 | 3.55
96 4.12 | 408 | 395 404 } 3.75 | 375 | 3.82 | 3.78
Mean JA8 | 363 | 355 | 355 1 340G | 3.51 356 | 349
0 219 { 273 | 270 § 254 ) 208 | 226 | 231 2.22
Mean of K 48 265 | 275 ] 270 | 270 ) 262 | 2,70 | 2,70 | 2.67
96 317 1 313 | 3.04 { 311 [ 292 { 299 [ 286 | 293
Mean of Na 2.67 | 2.87 | 281 2,79 1 254 ) 265 | 2.62 | 261
L.S.D at 0.05
A 0.09 0.07
B 0.09 0.07
C 0.09 0.07
AB 0.15 0.12
AC 0.15 .12
BC 0.15 0.12
ABC 0.21 0.17

Sucrose Content Percentage:

Table 4 clearly shows that nitrogen fertilization with 70 and 140
kg N/fed decreased sucrose percentage by 2.02 and 3.94%,
respectively, in the first season and by 1.79 and 3.07%, respectively, in
the second season compared with the control. The reduction in sucrose
percentage due to increasing nitrogen levels could be explained by the
fact that excess nitrogen levels increased nitrogen uptake which in tumn
making plant tops dominant photosynthate sink at the expense of plant
roots and by changing the concentration and proportion of root K and
Na.
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Table 4: Sucrose percentage as affected by N, K and fertilization.

(€Y sodium (kg/fed)
Treatments 1% season 2™ season
'N(‘zﬁ’{ed) Kzog‘gfed) 0 [ 75 { 150 {Mean| 0 | 75 | 150 {Mean

o 20.55 131,30 31.45 | 21,10 | 20.09 | 20.11 | 20.31 | 20.17
0 48 21.42120.82 | 20.58 | 20.94 | 21.13 | 20.82 | 20.19 | 20.72
96 21.59 1 21.21 | 21.05 | 21.28 | 21.13 | 21.11 [ 21.28 | 21.23
Mean 3119 2111 [21.02 | 21.11 ] 20.84 | 20.68 ] 20.60 [ 20.71
0 18.78 | 19.51 ] 18.98 ] 19.09 | 18.91 ] 18.80 | 18.92 | 18.58
79 48 19.18 | 18.63 | 18.36 | 18.74 | 18.73 | 18.63 | 18.53 | 18.63
96 -~ 120.34]20.10}19.46 | 19.93 | 19.17| 1931 | 19.56 | 19.25
Mean 19.40 [ 19.43118.93 | 19.25 ] 18.94 | 15.91 | 18.90 | 18.92
0 16.26 | 16.84 | 16.56 | 16.55 [ 17.12 | 17.32 | 17.34 [ 17.26
140 48 17.09 | 16.98 | 16.45 | 16.84 | 17.15 | 17.93 | 17.62 | 17.57
% 18.65 | 18.07) 17.65 18.12 | 17.91 { 18.04 | 18.31 | 1809
Mean 17.33]17.30 16.88 | 17.17 | 17.39 | 17.76 | 17.76 | 17.64
0 18.53 [19.22 | 18.99 | 18.91 [ 18.71 | 18.74 | 18.86 | 18.77
Mean of K 48 19.23 | 18.82 | 18.46 | 18.84 | 19.00 | 19.13 | 18.78 | 18.97
9% 20.15 | 19.80 | 19.39 | 19.78 | 19.47 | 19.49 | 19.62 | 19.52
Mcan of Na 19.31 [ 19.28 | 18.95 ] 19.18 | 19.06 | 19.12 | 19.09 | 19.09
L.S.D at 0.05
A 0.90 0.74
B NS N.S
C N.S NS
AB N.S N.S
AC NS NS
BC NS NS
ABC NS NS

Increasing Na concentration or decreasing K: Na ratio by
increasing N uptake, or by other means, increases the root water
concentration and reduce the sucrose concentration. High sucrose
concentration and root quality were generally associated with low to
moderate N uptake, low Na concentration, high K: Na ratio, and low
water concentration in the root and vice versa (Carter, 1986a). These
results are in a good agreement with those obtained by Hoffman
(2005). For potassium, it can been seen that potassium fertilization
improved sucrose content in sugar beet juice. The values of sugar
content related to 0, 48 and 96 kg K,0O/fed were 18.91, 18.84 and
19.78%, respectively, in the first season and 18.77, 18.97 and 19.52%,
respectively, in the second season. 1t is worthy to notice that sucrose
content responded to potassium levels only at 96 kg K,O/fed, where
the difference between 0 and 48 kg K;O/fed was not significant.

-505-



A. M. Telep et al.

Sucrose percentage due to applying 96 kg K,O/fed exceeded that of
the control by 0.78 and 0.75% in the first and second seasons,
respectively. These increases in sucrose percentage could be mainly
due to that potassium is used in phosphorase enzyme to form sucrose
(Ewis, 2004).

With respect to sodium application, results showed that sucrose
content did not respond to sodium application. These results are in line
with those obtained by Hoffman (2005) who reported that sodium
chloride sprayed at concentration of 12% had no effect on the
concentration of sugar in sugar beet juice.

Concerning the interaction effect, results clearly showed that
sucrose content was not affected by the interactions between
treatments whether with the two way interactions or the three way
interaction.

Total Soluble Selids (TSS) Content:

Data presented in Table 5 show that TSS. increased with
increasing nitrogen levels. The percentage of increase in TSS. caused
by the application of 70 and 140 kg N/fed were 6.77 and 16.98%,
respectively, in the first season and 6.80 and 16.46%, respectively, in
the second season over the control level. Similar results were obtained
by El-Maghraby et al. (1998) who stated that increasing the level of
nitrogen to 90 kg/fed as a soil application or to 1.5% as a foliar spray
caused a significant increase in total soluble solids of the juice of sugar
beet plants.

For potassium, mean values of total soluble solids resulted from
the application of zero, 48 and 96 kg K,O/fed were 24.86, 25.82 and
26.34%, respectively, in the first season and 24.90, 25.85 and 26.24%,
respectively, in the second one. Similar results were obtained by
Ferweez and EI-Wata (2004) and Ahmed (2005).

With respect to sodium, obtained results showed that the
percentage of total soluble solids in sugar beet juice was not affected
by sodium application. The values of TSS caused by sodium
treatments of 0, 75 and 150 kg Na/fed were 25.45, 25.84 and 25.74%,
respectively, in the first season. Meanwhile, the corresponding values
in the second season were 25.52, 25.76 and 25.71%. However, total
soluble solids were not affected by any of the two way interactions
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(NxK, NxNa or KxNa), or the three way interaction among the three
studied variables (NxKxNa).
Table 5: Total soluble solids as affected by N, K and Na application.

Treatment . (C) Sedium (keg/fed)
1™ season 2" season
. Kzo
Nekg/ted) |\ oited) | 0 75 | 150 {Mean| ¢ | 75 | 150 | Mean
@) (B)
0 22.11 ] 23.94 | 23.03 | 23.03 | 22.0 | 23.59 | 23.62 | 23.07
0 48 23.94 | 24.18 | 23.98 | 24.03 | 23.91 | 24.21 | 24.34 | 24.15
96 24.11 | 24.40 | 24.41 | 24.31 |- 24.34 | 24.62 | 23,75 | 24.23
Mean 2339 | 24.17 | 23.80 | 23.79 | 23.42 | 24.14 | 23.90 | 23.82
0 2430 | 24.74 | 24.65 | 24.56 | 24.56 | 24.77 | 24.52 | 24.62
70 48 2491 1 25.16 | 25.42 {1 25.16 | 25.81 | 25.12 | 25.22 | 25.38
96 26.33 | 26.89 | 26.21 | 26.48 | 26.10 | 26.53 | 26.33 | 26.32
Mean 25.18 | 25.60 | 25.43 | 25.40 | 25.49 | 25.47 | 25.35 | 25.44
0 26.78 { 26.81 | 27.36 | 26,98 | 26,91 | 26.96 | 27.19 | 27.02
140 48 28.25 | 28.31 | 28.25 1 28.27 | 2796 | 27.95 | 18.12 | 28.01
96 28.30 | 28.09 | 28.33 | 28.24 | 28.10 | 28.12 | 28.33 | 28.18
Mean 27.77 [ 27.74 | 27.98 1 27.83 | 27.66 | 27.68 | 27.88 | 27.74
0 24.40 | 25.16 | 25.01 | 24.86 | 24.49 | 25.10 | 25.11 | 24.90
Mean of K 48 25.70 | 25.88 | 25.88 | 25.82 | 25.90 | 25.76 | 25.89 | 25.85
96 26.24 | 26.46 | 26.32 1 26.34 | 26.18 | 26.42 | 26.13 | 26.24
Mean of Na 25.45 | 25.84 | 25.74 | 25.67 | 25.52 | 25.76 | 25.71 | 25.66
L.S.D at 0.65

A 0.28 0.26

B 0.28 0.26

C N.S. N.S.

AB N.S. N.5.

AC N.S. N.S.

BC N.S. N.S.

ABC N.S. N.S.

Juice Purity:

Table 6 clearly shows that increasing nitrogen levels depressed
juice purity in both seasons. The highest values of juice purity were
recorded for sugar beet plants that did not receive nitrogen fertilization
in both seasons (88.88 and 86.84%, respectively), while the lowest
ones were for sugar beet plants that were fertilized by 140 kg N/fed in
both seasons (63.33 and 63.86 %, respectively).
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Table 6: Juice purity percentage as affected by N, K and Na application.

(C) Sodium (kg/fed)
Treatment 1™ season 2" season
N (kgifed) | K;0
(A) &Elfe d} (B) 0 75 150 | Mean 0 75 150 | Mean
0 93.05 | 88.95 1 93.30 | 91.77 | 91.25 | 84.73 | 83.55 | 86.51
0 48 89.50 | 86.25 | 85.93 | §7.23 | 88.40 | 86.03 | 84.50 | 86.31
96 89,73 1 86.98 | 86.28 | 87.66 1 87.60 | 85.78 | 89.70 | 87.69
Mean 90.76 | 87.39 | 88.50 | 88.88 | 89.08 | 85.51 | 85.92 | 86.84
0 77.43 1 78.85 | 7690 ) 77.73 | 17.03 | 75.88 { 77.23 | 76.71
70 48 80.38 | 75.58 | 72.55 | 76.17 | 72.60 | 74.18 | 73.48 | 73.42
96 76.80 § 74.75 | 74.25 | 75.27 | 73.45 | 72.13 | 73.13 ] 72.90
Mean 78.20 | 76.39 | 74.57 {1 76.39 | 74.36 | 74.06 | 74.61 | 74.34
0 60.93 | 63.10 | 60.48 | 61.50 j 66.18 | 64.08 | 63.78 | 64.68
140 438 65.65 ) 60.10 | 67.20 | 64.32 | 61.35 | 64.18 | 62.65 | 62.73
96 66.00 1 64.33 | 62.30 | 64.21 | 63.78 | 64.13 | 64.68 | 64.19
Mean 64.19 | 62.51 | 63.33 | 63.34 | 63.77 | 64.13 | 63.70 | 63.86
0 77.13 | 76.97 | 76.89 | 77.00 | 78.15 | 74.89 | 74.85 | 75.96
Mean of K 48 78511 73.98 | 75.23 | 75.90 | 7412 | 74.79 | 73.54 | 74.15
9 77.51 { 75.35 | 74.28 | 75.71 | 74.94 | 74.061 | 75.83 | 74.93
Mean of Na 7772 1 75.43 ] 75.46 | 76.20 | 75.74 | 74.56 | 74.74 | 75.01
L.S.D at 0.05

A 2.60 1.08

B N.S. 1.08

C N.S. N.S.

AB N.S. N.S.

AC N.S. N.S.

BC N.S. 1.33

ABC N.S. N.S.

This decrease may be due to the excessive amounts of nitrogen
which stimulated beet plants to transfer more photosynthates to the top
resulting in a decrease in the purity percentage. Similar results were
obtained by Ramadan (1997) who found that purity percentage
decreased with increasing N levels.

Concerning potassium, it is obvious to notice that juice purity
negatively responded to potassium fertilization in the second season
only. Raising potassium levels from zero to 48 and 96 kg K,O/fed
decreased purity percentage by 1.81 and 1.03%, respectively. The
difference between 48 and 96 kg K,O/fed treatments was not
significant. A slight decreases in purity percentage was also noticed
due to applying 48 or 96 kg K,0/fed but it was not significant in the
first season. These results are in harmony with those obtained by Ei-
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Maghraby et al. (1998) who reported that a further increase in
potassium fertilizer up to 48 kg K,O/fed caused a significant decrease
in purity percentage. On the other hand, Ramadan (1997) and Ewis
(2004) found that purity percentage was improved with increasing the
K level. o

For sodium, results showed that purity percentage in sugar beet
juice was not significantly influenced by sodium application in both
seasons. It can be noticed that application of 75 or 150 kg Na/fed
caused a slight insignificant decrease in purity percentage compared
with that without adding sodium in both seasons.

With regard to the interaction, obtained data showed that purity
percentage was affected only by the interaction between potassium and
sodium in the second season. On the other hand, purity percentage was
not affected by the other interactions between the studied treatments.
Alpha-Amino Nitrogen Concentration in Juice:

The soluble nitrogen (N) components in sugar beet seriously
impair sugar recovery. The only N components that is determined
routinely in sugar factory is amino N (the sum of amino acids in the
beet), which is assumed to reflect all other N components.

Table 7 reveals that the concentration of «-amino N increased
considerably with increasing N supply in both seasons. The same trend
was obtained in the second season. The unlikely effect on a-amino N
caused by the excessive nitrogen fertilization could be explained by
increasing the role of photosynthesis as well as formation of protein
and amino acids (Hoffman, 2005). Similar results were obtained by
Bell et al. (1995).

Regarding potassium, o-amino N in sugar beet juice tended
significantly to decrease up to the highest level of potassium applied in
this study. These results mean that control treatment gave higher value,
while higher K,O level resulted in the lower value.
El-Harriri and Gobarh (2001) stated that higher level of K, 0O depressed
the alpha amino nitrogen content of sugar beet quality.
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Table 7: Alpha-amino nitrogen in juice (meq/100g) as affected by N, K
and Na application.

Treatment T {C) Sodium (kg/fed) Wi
1" season 2" season
N('ﬁ’;"") Kzo‘é%’“d) 0 | 75 150 (Mean| 0 | 75 | 150 |Mean
0 1.62 | 1.74 | 1.80 | 1.72 | 1.56 | 1.64 | 1.78 | 1.66
0 48 1551 1.62 | 1.78 | 1.65 | 1.58 | 1.69 | 1.84 | 1.70
96 1.25 { 131 | 152 [ 1.36 | 1.40 | 144 | 1.56 | 1.47
Mean 147 | 155 | 1.70 | 1.58 | 1.51 | 1.59 | 1.73 | 1.61
0 1.80 | 200 | 230 | 203 | 190 | 2,12 | 2.37 | 2.13
70 48 1.64 | 1.88 { 202 { 185 | LL70 | 206 | 196 | 191
26 1.25 | 1,51 | 162 | 146 ) 1.34 | 1.58 | 1.64 | 1.52
Mean 1.56 | 1.80 | 198 | 1.78 | 1,64 | 1.92 | 1,99 [ 1.85
0 214 1 241 ( 264 | 240 | 2,02 | 240 | 2.58 | 2.33
i40 48 216 | 223 | 244 | 228 ) 212 | 2.32 | 2.62 | 2.35
96 147 1200 ) 2221 199 | 1.41 | 2.16 | 202 | 1.86
Mean 201 { 221 [ 243 1222 1 138 ( 1.72 | 1.74 | 2.18
0 1.85 [ 2052251205 ) 1.83 | 205§ 224 | 2.04
Mean of K 48 1.78 1 191 | 208 ) 192 | 1.86 | 2.03 | 2.14 | 1.99
9% 1.41 { 163 | 1.79 | 1.60 { 138 {1 1.72 | 1.74 | 1.62
Mean of Na 168 | 1.85 1 204 | 1.86 | 1.67 | 1.93 | 2.04 | 1.88
L.S.D at 0.05

A 0.06 2.16

B 0.06 0.16

C 0.06 0.16

AB N.S. N.S.

AC N.S. N.§/

BC NS. N.S.

ABC N.S. N.S.

For sodium, results showed a remarkable significant increase in
this parameter with increasing sodium level up to 150 kg Na/fed,
which interfered with the crystallization process in sugar refining.

It is clear that the interaction effects of nitrogen, potassium and
sodium application levels on the a-amino nitrogen were not great
enough to reach the significant level at 5% during both growing
seasons.

Potassium Content in Juice:

Both K and Na in juice are impurities and their presence
interferes with the crystallization process in sugar refining. Higher
levels of K and Na cause a greater proportion of sugar to be recovered
as molasses are reduced in the refined sugar.

-510-



Sugar beet production in newly reclaimed soils

With regard to nitrogen, Table 8 shows that the K content in the
juice responded significantly to different nitrogen levels. It can be seen
that increasing the nitrogen level showed a significant increase in the
K content of juice in both seasons. In this respect, many workers
obtained similar results, however, El-Harriri and Gobarh (2001)
showed that increasing the nitrogen level gave higher values of K

content in sugar beet juice.

Table 8: Potassium content in juice (meq/100g) as affected by N, K and
Na application. '

(C) Sodium (kg/fed)
Treatment 1" season 2™ season
K,0
Nlkg/fed) |\ oiedy | 0 | 75 | 150 [Mean| 0 | 75 | 150 |Mean
(&) (B)
0 468 | 459 | 453 | 460 | 4.12 | 4.21 4.33 4.22
0 48 5.02 [ 538 { 509 | 536 { 5.56 ) 513 ) 495 | 5.2
96 - 605 | 569 | 559 | 578 | 6.21 6.07 | 5.77 6.01
Mean 545 | 522 | 507 | 5.25 | 530 | 513 | 5.01 3.15
0 5.36 5.04 4.75 5.05 512 5.21 5.32 5.21
70 43 582 | 554 | 542 | 559 | 585 5.74 | 5.68 | 5.76
96 639 | 608 | 584 | 610 | 642 | 654 | 6.62 6.53
Mean 585 ) 555 ) 534 | 558 | 5.79 | 583 | 587 5.83
0 595 | 562 | 511 556 | 590 5.91 6.02 | 594
140 48 626 | 609 | 585 | 606 | 6.17 | 632 | 637 6.28
96 704 | 678 | 636 | 673 | 6.74 | 682 | 6.77 6.78
Mean 6.41 6.16 | 577 | 6.12 ; 6.27 6.35 | 639 | 633
Mean of 0 533 | 508 | 479 | 507 | 5.05 | 5.11 522 5.13
K 48 590 | 5.67 | 545 | 567 | 586 | 573 | 567 | 5.75
96 649 | 6.18 | 593 | 620 | 646 | 647 | 6.39 6.44
Mean of Na 5.91 564 { 539 ! 565 | 5.79 | 5.77 5.76 | 5.77
L.S.D at 0.05

A 0.319 0.13.

B 0.319 0.13

C 0.319 N.S.

AB. N.S. N.S.

AC N.S, N.S.

BC N.S. N.S.

ABC N.S. N.S.
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Concerning potassium, it is obvious to notice that K content
responded positively to K application. This increase is normally due to
the increase in the available K to plants. It is worthy to mention that a
high concentration of K in sugar beet juice limits the proportion of
sucrose that can be extracted from the beets as a crystalline sugar
during factory processing. In this respect, K has a greater effect than
sodium (Na) on a-amino N compounds, the other major non-sugar
impurities in beet (Milford er al., 2000). Similar results were obtained
by Orlovius (1993).

Regarding sodium application, obtained data revealed that K
content in the juice was negatively responded to sodium levels only in
the first season, while differences between levels in the second season
failed to reach the significant value at 5%. The lowest K content was
attained by the highest sodium level, i.e. 150 kg Na/fed, while the
control level of sodium exerted the highest values of K content in the
sugar beet juice.

Hilde et al. (1983) mentioned that the depression effect of
sodium on K content in the juice may be attributed to that the increase
in both availability and uptake of K will meet with decreases Na
uptake and vice versa.

For the two ways interactions or the three ways interactions, it
can be seen that the effect of these interactions were not great enough
to reach the significant level at 5% during both growth seasons.
Sodium Content in Juice:

Data in Table 9 show that sodium content responded positively
to the increase in nitrogen levels in both seasons. Similar results were
obtained by Carter (1986) who found that impurities in term of Na, K
and o-amino nitrogen increased as N level increased. He added that
the relationship between Na content and the decreased sucrose
concentration resulted from the increased water concentration in the
sugar beet plant.

For potassium fertilization, results clearly showed that sodium
content in sugar beet juice negatively nfluenced by potassium
fertilization in both seasons. These results agree with those obtained by
Ahmed (2005) who indicated that increasing potassium level from zero
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to 48 kg K,0/fed significantly decreased sodium concentration in the
roots.

With respect to sodium application, obtained results revealed
that application of sodium to sugar beet planis significantly increased
sodium content in both seasons. This normally due to the increase in
the available sodium and in turn increasing its uptake. These results
are in line with those obtained by Carter (1986) who showed that
applying Na to sugar beet plants increased the Na uptake by roots.

The same data also showed that the sodium content in sugar
beet juice was not affected by the interaction effects of the possible
combinations for the three studied treatments.

Table 9: Sodium content in juice (meq/100g) as affected by N, K and Na

application.
Treatment 5t (€) Sodium (kg/fed) o
1* season 2" season
N("é’ﬁ) Klo((g’fed) o | 75 | 150 |Mean| 0 | 75 | 150 |Mean
0 424 { 535 | 560 506 | 469 | 581 | 599 | 549
0 48 387 | 4151 443 | 415 | 391 | 462 | 493 | 4.49
96 388 { 423 | 424 | 412 | 396 | 4.89 | 4.97 | 4.60
Mean 400 1 458 ! 4.76 t 444 | 419 | 510 | 530 | 4.86
)] 386 | 4.10 | 440 | 412 | 378 | 431 | 4.62 | 4.24
70 48 4.32 1 450 | 477 ; 453 | 413 | 4.62 | 4.89 | 4,55
96 400 | 427 | 467 | 4.31 | 3.97 | 434 | 4.59 | 4.30
Mean 4.06 | 429 | 4.61 | 432 | 396 | 442 | 4.70 | 4.36
0 3511381 14031379 340 { 3.91 | 4.21 | 3.84
140 48 3.03 | 349 | 365 | 3.39 | 3.12 | 3.52 | 3.92 | 3.51
96 266 1 237 | 2.26 | 2.43 | 2.81 | 2.92 { 2.96 | 290
Mean 3.07 | 3.22 | 331} 3.20 | 3.10 | 3.45 | 3.70 | 3.42
(1] 387 | 442 | 468 | 432 | 396 | 468 | 4.94 | 4.52
Mean of K 48 374 | 405 [ 428 | 402 | 3.72 | 425 ) 458 | 4.18
96 351 | 3.62 | 3.72 | 3.62 | 3.58 | 4.05 | 4.17 | 3.93
Mean of Na 3.71 | 4.03 | 423 | 3.99 | 3.75 | 4.32 | 456 | 4.21
L.S.D at 0.05 i
A 0.1 0.16
B 0.1 0.16
C 0.1 0.16
AB N.S. N.S.
AC N.S. N.S.
BC N.S. N.S.
ABC N.S. N.S,
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- From this study, it could be recommended that to obtain the
highest root and sugar yield under the condition of newly reclaimed
sandy soils of Minia Governorate, sugar beet plants should be
fertilized with 140 kg N and 96 kg K,0 without sodium application or
with adding 140 N and 75 kg Na/fed in the absence of potassium in
addition to the other recommendation pakegs for sugar beet cultivation
in such sandy solils.
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