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North Delta, Egypt
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HE SUGAR beet (Beta vulgaris L.) cultivar “Farida” was grown

on a clayed soil at Agricultural Research Station, Agricultural
Research Center, Egypt, during 2011/2012 and 2012/2013 years. The
aim of this study is to study growth, yield and quality response of
sugar beet cultivar "Farida" to three potassium rates (12, 24 and 48 kg
K,O/feddan) (feddan (fed)= 0.42 hectare) and three sulphur rates (0,
125 and 250 kg S/fed) in clayed soil at North Delta, Egypt.

Application of potassium fertilizer at the rate of 48 kg K,O/fed
resulted in a substantially increase in leaf area index (LAI) and dry
matter accumulation (g/plant), root length (cm), root diameter (cm),
root weight (g), root yield (ton/fed), top yield (ton/fed), total sugar
(%), concentration of K, alkalinity coefficient, extraction of white
sugar (%), losses sugar (%) and white sugar yield (ton/fed) compared
with the rate of 12 kg K,O/fed in the two seasons. The inverse was
true in juice purity (%) in the first season. The rate of 24kg K,O/fed
was statistically at par with the rate of 48 kg K,O/fed in all the
mentioned traits in both seasons. Potassium fertilizer rate had no
significant effect on root/top ratio, concentration of Na and a-amino
nitrogen (meq/100g) in both seasons and the percentage of juice purity
(%) in the second season. Increasing sulphur rate from 0-250 kg S/fed
significantly increased dry weight (g), LAI , root dimensions (length
and diameter) (cm), root weight (g), top yield (ton/fed), root yield
(ton/fed), gross sugar (%), white sugar (%), juice purity (%) and sugar
yield (ton/fed) in both seasons. Application of sulphur fertilizer
improved juice purity by decreasing impurities (K, Na and a-amino-
N) in roots and, loss sugar (%) in the two seasons. Sugar beets
received 250 kg S/fed produced the highest root and sugar yield
(ton/fed). The interaction between potassium and sulphur rates had a
significant effect on root and white sugar yields/fed. The maximum
root and white sugar yields were achieved from beets received 24 or
48 kg K,0 along with 250 kg S / fed in both seasons. It can be
concluded that application of 24 kg K,O plus 250 kg S /fed was the
recommended treatment for optimum root and extractable white sugar
yield per unit area at Kafrelshiekh Governorate, Egypt.
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Sugar beet (Beta vulgaris L.) is a major winter crop in Kafrelshiekh
Governorate, Egypt, because of its tolerance to salinity and drought, where its
productivity makes it a good cash crop. Sugar beet is composed primarily of
carbon (C), hydrogen (H) and oxygen (O), but other elements are necessary as
components of structural tissues or as participants in biochemical reactions
(Draycott, 2003). Those are known with essential elements. He added that those
elements needed in large quantities (macronutrients) by sugar beet are N, P, S, K,
Ca and Mg. Those needed in small amounts (micronutrients) are B, Cu, Fe, Mn,
Mo and Zn. Sugar beet is classified as a plant of high potassium requiring crop
(Johanson et al., 1971). Potassium has a special role in most plants in the
opening and closing of stomata) (Mengel & Kirkby 1987). It is also very mobile
in plant tissues and is found throughout theki plant. It is important for
photosynthesis, and transport of sugar produced in the leaves relies on potassium
for movement to the storage root. At harvest, plants given potassium (and
sodium) have a significantly greater sugar percentage than those given none.
Abdel-Mawly & Zanouny (2004) found that total soluble solids, refineable
sugar, purity percentages of root juice, total root yield and top yield of sugar beet
plants increased as K fertilizer increased. Mehrandish et al. (2012) found that
potassium application increased root yield, shoot yield, impure sugar percent,
pure sugar percent and sugar yield. Maximum and minimum root yield, impure
sugar percent, pure sugar percent and sugar yield were observed in 100 kg K,0
ha™ and control treatments, respectively. They added that application of 100 kg
K,O ha™ improved quantitative and qualitative characteristics of sugar beet
under full and deficit irrigation. The beneficial effect of K fertilization on
growth, yield and quality of sugar beet was showed by some previous studies
(Sobh et al., 1992; El-Ramady, 1997; El-Shafai, 2000; Ouda, 2002; Amer et al.,
2004; Ferweez & Abo El-Wafa, 2004; Draycott, 2006; Hermans et al., 2006;
Moustafa & El-Masry, 2006; Ismail & Allam, 2007; Seadh et al., 2007; Abdel-
Motagally & Attia, 2009; Abo-Shady et al., 2010 and Nafei et al., 2010).

Sulphur is one of the major nutrients and is required to synthesize key amino
acids, which in turn are needed to produce functional and structural proteins
(Willenbrink, 1967). About 90% of the reduced S is bound through the amino
acids methionine and cysteine. Sulphur is also needed as a functional group of
coenzymes, so that S deficiency results in a change of protein synthesis. The
Egyptian soil is thought to be deficient in availability of certain plant nutrients as
a result of many reasons such as intensive cropping, low percentage of soil
organic matter and alkaline conditions of soil. The use of sulphur might help in
decreasing soil alkalinity through sulphur biological oxidation by soil
microorganisms to sulphuric acid, which in turn lowers soil pH and increase the
availability of nutrients notably phosphorus and several of micronutrients (EI-
Kammah & Ali, 1996). Sulphur deficiency may affect the amount of assimilates
and thereby the sugar storage in the root of sugar beet by the drastic decrease of
the chlorophyll content of the leaves (Hocking, 1995 and Kastori et al., 2000).
Additionally, sulphur deficiency can be serious not only through an effect on
yield, but also by altering the N/S ratio (Hocking, 1995 and Sexton, 1996). If a
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higher proportion of assimilated nitrogen is stored in free amino acids or amides,
the technical quality of sugar beet is decreased. These N compounds, summed up
as alpha-amino N, are important impurities in sugar beet, adversely affecting
sugar extractability (Burba, 1996). Thomas et al. (2003) conducted field
experiments at high- and low-S status sites in two seasons to investigate the
effect of sulphur application on the growth and metabolism of sugar beet. They
found that application of sulphur (25 kg ha™) resulted in a 25% increase in root
yield together with significant increases in root and shoot dry matter
accumulation at the low-S site only in one season. Beet quality was also
increased through a reduction in a-amino N concentration. They added that
application of sulphur to high-S status sites had no effect on the growth or
metabolism of sugar beet. EI-Kammah & Ali (1996), Hashem et al. (1997) and
Nemeat Alla (2005) found beneficial effect of sulphure on growth, yield and
quality of sugar beet. Zengin et al. (2009) found that fertilizer treatments
containing potassium (K), magnesium (Mg) and sulphur (S) increased root yield
of sugar beet by 42% and 39% in the Kuzucu and Alakova locations,
respectively. Fertilizer treatments improved the sugar content of the root while
the amino-N levels were not consistently affected.

This study was proposed to evaluate response of sugar beet to potassium and
sulphur supply at North Delta, Egypt.

Materials and Methods

Two field experiments were conducted on a clay soil at Sakha Agricultural
Research Station, Agricultural Research Center, Egypt, during 2011/2012 and
2012/2013, to study the effect of three potassium and three sulphur rates on
growth, yield and quality of sugar beet (Beta vulgaris L.) cultivar "Farida". The
preceding crop was cotton in both seasons. The three potassium rates were 12, 24
and 48 kg K,Of/fed (feddan (fed) = 0.42 hectare) in the form of potassium sulphate
(48 % K,0). The three sulphur rates were used as 0, 125 and 250 kg S/fed in the
form of sulphur fertilizer mixing with sulphur oxidizing bacteria. Representative
soil samples were taken from each site at the depth of 0-30 cm from the soil
surface. Samples were air-dried then ground to pass through a two mm sieve and
well mixed. The procedure of soil analysis followed the methods of Black et al.
(1965). Results of chemical analysis in both seasons are shown in Table 1.

TABLE 1. Chemical analysis results of the experimental site’s soil (0-30 cm) in
2011/12 and 2012/13.

pH* | EC** | OM Available (ppm Anions (meg/l)
Season

(1:2.5) | (ds/m) | (%) | N P K S HCO?® CI so*
2011/12 8.10 297 | 165 |17.18 | 6.60 | 243 | 7.41 497 5.84 0.21
2012/13 8.22 2.66 | 153 | 1845 | 6.91 | 265 | 7.12 5.33 531 0.23

*pH determined in soil suspension 1:2.5
** EC determined in soil paste extract.
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The experimental field was fertilized with 31 kg P,Os/fed in the form of
superphosphate fertilizer (15.5 % P,0s) during soil preparation. A split plot
design with four replications was used. The main plots were assigned to three
potassium rates and the sub-plots to three sulphur rates. The plot size was 21.6m?
(3.6 x 6 m). Each plot included six ridges 60 cm apart and 6 m long. Sowing was
done on 15™ October 2011 and 20™ October 2012. Seeds of multigerm sugar beet
cultivar “Farida” were sown in hills 20 cm apart on one side of the ridge at the
rate of 3-4 seeds per hill. Then, main plots were fertilized by banding sulphur
fertilizer mixing with sulphur oxidizing bacteria below hills (= 10 cm) with the
mentioned rates and irrigated immediately. Light irrigation was given after 8
days from the sowing to ensure of high emergence. Thirty five days after the
sowing, all the plants were thinned as to be one per hill. Potassium fertilizer with
the mentioned rates was applied after thinning in one dose. Also, the nitrogen
fertilizer in the form of urea (46 % N) with the recommended rate (90 kg N/fed)
was applied as split into two equal doses, half one before the second irrigation
after thinning and the other one after 15 days later before the third irrigation.
Other cultural practices were done as recommended.

In each plot, 2 ridges were devoted for plant growth sampling and 4 ridges
for determining root and top yields at harvest. Five guarded plants were
randomly taken from each plot at 175 days after sowing (DAS) to determine leaf
area (cm?) and dry weight of root and top per plant (g). The different plant
fractions were oven dried to a constant weight at 70 °C. For leaf area
measurements, the disk method was used. Leaf area index (LAI) were calculated
according to this formula (Watson, 1952):

LAI= leaf area per plant/ unit ground area occupied by one plant

At harvest (210 DAS), the central area of 18.9 m? of the devoted ridges for
yield determination were harvested to obtained root and top yields (ton/fed). Ten
guarded plants were taken at random and were screened for root and top yields /
plant (g), root diameter (cm) and root length (cm).

Sugar and other chemical content in roots were determined in Delta
Company of Sugar by means of an automatic sugar polarimeter according to Le
Docte as described by Mc Ginnus (1971). Corrected sugar content (white sugar)
of sugar beet was calculated by linking the non-sugars K, Na and a-amino-N
(expressed as milliequivalents/100g of beet) as described by Harvey & Dutton
(1993) as follows:

Zg = Pol — [0.343(K+Na) +0.094 Ng,+0.29].
where:
Zg = Corrected sugar content (% beet)
Ng;= a-amino-N determined by the “blue number”” method.

Juice purity percentage (QZ) was calculated as following in the Delta Company:
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The obtained data were subjected to analysis of variance according to Gomez
& Gomez (1984). Treatment means were compared by Duncan’s Multiple Range
Test (Duncan, 1955). All statistical analysis was performed using analysis of
variance technique by means of “MSTAT-C” computer statistical software.

Results and Discussion

Growth

Means of LAI, dry matter accumulation (g/plant) and root/top ratio of sugar
beet as affected by potassium and sulphur rates in 2011/2012 and 2012/2013 are
presented in Table 2.

TABLE 2. Leaf area index, dry matter accumulation and root/top ratio of sugar beet
as affected by potassium and sulphur rates in 2011/12 and 2012/13.

Leaf (aLr)eAal)lndex Dry wel(gl;Dh\;cv()g/plant) Root/top ratio

Factor

2011/12 | 2012/13 2011/12 2012/13 | 2011/12 | 2012/13
K rate (kg K,O/fed): *x * * * NS NS
12 4.68b 4.03b 255b 242b 3.66 3.56
24 491ab| 4.10ab 277 ab 262 ab 3.68 3.58
48 5.01a 4.13a 283 a 263 a 3.65 3.59
S rate (kg S/fed): ** * bl *x * *
0 441c 4.03b 238¢c 227c 3.58b 3.38b
125 487b 411a 268 b 252 b 36b 3.49b
250 5.32a 4.13a 309 a 288 a 3.82a 3.85a
Interaction NS NS NS * NS NS

***and NS indicate P< 0.05, P< 0.01 and not significant, respectively. Means of each factor
designated by the same latter are not significantly different at 5% level using Duncan’s MRT.

Effect of potassium rate

Application of potassium fertilizer at the rate of 48 kg K,O/fed resulted in a
substantially increase in LAl and dry matter accumulation (g/plant) at 175 DAS
compared with the rate of 12 kg K,O/fed. No significant differences in LAI and
dry matter accumulation were detected between the rate of 24 kg K,O/fed and
the two mentioned rates in both years. Application of K at the proper rate might
be enhanced the enzymatic activities, probably caused higher mobilization of
nutrients in soil and plant and translocation of photosynthetic in the plant system,
which ultimately resulted in higher dry matter accumulation. When plants suffer
from K deficiency, translocation of photo assimilated from leaves into actively
growing parts of plants is severely reduced leading to reduce growth and
development (Hermans et al., 2006). Potassium rate had no significant effect on
root/top ratio in both seasons. These results are in agreement with those of Ismail
& Allam (2007), Fathy et al. (2009) and Nafei et al. (2010).
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Effect of sulphur rate

LAI, dry matter accumulation (g/plant) and root/top ratio were significantly
increased by increasing sulphur rate in both seasons (Table 2). Beet plants
received 250 kg S/fed were significantly superior to those without sulphur
fertilizer in dry matter accumulation (g/plant), LAI and root/top ratio at 175 DAS
in both seasons. These results might be principally due to that sulphur element
may be oxidized by soil microorganisms to sulphuric acid which in turn lowers
soil pH and increase the availability of certain plant nutrients notably phosphorus
and several of micronutrients, i.e. iron, manganese, zinc and thus increasing
plant uptake of these nutrients which led to increasing photosynthetic area of
beet plants and consequently accumulation of more dry matter per plant (El-
Kammah & Ali, 1996). The favorable effect of sulphur fertilizer on plant growth
has been shown previously by Thomas et al.(2003), who found that application
of sulphur (25 kg ha™) resulted in a significant increases in root and shoot dry
matter accumulation at the low-S status site only.

Effect of interaction

The interaction between potassium and sulphur rates had a significant effect
on dry weight per plant at 175 DAS in the second season, only. Data in Table 3
show that a significant increase in dry weight (g/plant) was accompanied each
increment of applied sulphur at any potassium rate. At the same rate of sulphur
fertilizer, beets received 48 or 24 kg K,O/fed being insignificant, surpassed those
received 12 kg K,O/fed in dry weight/plant. Beets received 48 or 24 kg K,0
along with 250 kg S/fed accumulated the greatest dry matter, while those
received 12 kg K,O without sulphur fertilizer accumulated the lowest one. On
the other hand, the effect of interaction was not significant on LAI and root/top
ratio in the two seasons.

TABLE 3. Dry matter accumulation (g/plant) of sugar beet at 175 days after sowing
as affected by the interaction between potassium rate and sulphur rates

in 2011/12 and 2012/13.
Potassium rate Sulphur rate (kg S/fed)
(kg Sffed) 0 125 250
0 210e 234d 236d
125 238d 258 ¢ 261c
250 279b 293a 292a

Means designated by the same latter are not significantly different at 5% level using Duncan’s MRT.

Root and top yields and their components

Means of root length (cm), root diameter (cm), root weight (g), root yield
(ton) and top yield (ton) as influenced by potassium and sulphur rates in
2011/2012 and 2012/2013 seasons are presented in Table 4.
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TABLE 4. Root vyield, top yield and root dimensions of sugar beet as affected by
potassium (K) and sulphur (S) rates in 2011/12 and 2012/13.

Factor Root length Root Root weight | Top vyield |Root yield
(cm) diameter (cm) (9) (ton/fed) (ton/fed)
2011/12 season
K rate (kg K,O/fed): * * *x * *x
12 31.30b 13.64b 1055 b 7.67b 27.22b
24 32.21ab 14.33 ab 1127 ab 842a 28.75ab
48 3351a 1491a 1159 a 8.55a 28.87 a
S rate (kg S/fed): faled il faded * faded
0 30.41b 13.62b 973 ¢ 79c 26.59 b
125 32.33ab 14.26 b 1116 b 8.18 ab 28.12Db
250 3428 a 15.01a 1252 a 8.57 a 30.13 a
Interaction NS NS *x * *x
2012/13 season
K rate (kg K,O/fed): * ol ol * *
12 32.19b 13.82b 1007 b 7.61b 26.19b
24 33.21ab 1452 b 1084 ab 7.83ab 27.04 ab
48 34.18a 1551 a 1117 a 7.98 a 27.31a
S rate (kg S/fed): * * faded * faded
0 31.25Db 14.04b 948 ¢ 7.56 b 2459 b
125 33.3ab 14.65 ab 1061 b 7.76 b 26.14 b
250 35.03a 15.17 a 1199 a 8.1la 29.81a
Interaction NS NS * NS *x

*, ** and NS indicate P< 0.05, P< 0.01 and not significant, respectively.
Means of each factor designated by the same latter are not significantly different at 5% level using
Duncan’s MRT.

Effect of potassium rate

There was a significant difference among potassium rates in root yield, top
yield and its attributes in the two seasons. Beets received 48 kg K,O/fed
produced longer, thicker and heavier roots as well as greater root and top yields
than those received 12 kg K,O/fed in the two seasons. Data revealed that no
significant difference between beets received potassium fertilizer at rates of 48 or
24 kg K,Offed in root yield (ton) and its attributes in both seasons. Results show
that potassium fertilizer enhanced deep rooting. Such increase in root yield
obtained from application of potassium fertilizer with rates of 48 or 24 kg
K,O/fed can be attributed to improve beet growth, in terms of greater dry weight,
longer and thicker roots and heavier root weight. Also, application of potassium
fertilizer with proper rate increased top yield through increasing dry matter
accumulation and leaf area. These results are in accordance with those reported
by Abdel-Mawly & Zanouny (2004), Amer et al. (2004), Moustafa & El-Masry
(2006), Ismail & Allam (2007), Fathy et al. (2009), Zengin et al. (2009), Abo-
Shady et al. (2010), Nafei et al. (2010) and Mehrandish et al. (2012).
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Effect of sulphur rate

Application of sulphur fertilizer exerted a significant effect on root yield, root
length, root weight and top yield in favor of 250 kg S/fed compared with control
treatment in the two seasons. Thus, the highest sulphur rate increased root yield
through increasing LAI, dry matter accumulation, root dimensions (length and
diameter) and root weight. The positive effect of sulphur fertilizer on root yield
is supported by studies of Thomas et al. (2003), Nemeat Alla (2005) and Zengin
et al. (2009).

Effect of interaction

Root weight and root yield per fed were significantly affected by the
interaction between potassium and sulphur rates in both seasons. Data in Table 5
show that increasing sulphur rate from 0 to 250 kg S/fed at any potassium rate
increased root weight and root yield per fed in the two seasons. Beets received
48 or 24 kg K,0 along with 250 kg S /fed outyielded those received 12 K,O
alone in both season. In this connection, Zengin et al. (2009) indicated that a
fertilizer treatment including 81 kg KoO ha™, 27 kg Mg ha™, and 46 kg S ha™

may be recommendable in fertilization of sugar beets, together with regular
nitrogen and phosphorus applications, under similar conditions, in order to
achieve a balanced mineral nutrition and sustain better root yields.

TABLE 5. Root weight and root yield of sugar beet as affected by the interaction
between potassium and sulphur rates in 2011/12 and 2012/13.

Root weight Root yield
Potassium rate Sulphur rate (9) (ton/fed)
(kg KoOffed) (kg S/fed)

2011/12 2012/13 2011/12 2012/13
12 0 93le 879d 25.70 f 23.30d
125 1061 ¢ 991 cd 27.53 de 2570 ¢
250 1173 b 1152 ab 28.42 bc 27.57b
24 0 948 de 974 cd 26.83 ef 25.00¢
125 1125 be 1069 bc 28.23 cde 26.13 bc
250 1308 a 1209 a 31.20a 29.18a
48 0 1040 cd 992 cd 27.23 de 2547¢
125 1162 b 1123 ab 28.60 cd 26.60 bc
250 1274 a 1237 a 30.77 ab 29.87 a

Means of each column designated by the same latter are not significantly different at 5% level using
Duncan’s MRT.

Sugar yield and root quality

The soluble non-sugars, potassium, sodium and a-amino nitrogen in the roots
are regarded as impurities because they interfere with sugar extraction. Means of
these impurities, alkalinity coefficient, gross sugar (%), extractable white sugar
(%), loss sugar (%), juice purity (%) and white sugar yield per fed (ton) as
affected by potassium and sulphur rates in 2011/12 and 2012/13 are presented in
Table 6.
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TABLE 6. Sugar yield and root quality of sugar beet as affected by potassium (K)
and sulphur (S) rates in 2011/12 and 2012/13.

Factor Gross K ‘ Na |(K+Na) a-N K+Na/ | White ‘ Juice | Loss | Sugar
sugar a-N sugar purity | sugar | yield
(%) (meq/100g) (%) ton/fed)
2012/13 season
kg K,Offed: * *x NS * NS * * * *x *
12 18.05b | 5.54b | 1.46 7.00b 1.97 3.56b 15.17b | 84.04a | 2.88b | 4.136b
24 18.40a | 6.04a 1.44 7.47a 1.94 3.85a 15.36a [83.47ab|3.04ab | 4.428a
48 18.53a 6.4a 1.41 7.82a 1.92 4.07a 15.37a 82.95b | 3.15a | 4.447a
kg S/fed: *x * * o * NS * i * **
0 17.72b | 6.31a | 1.58a | 7.89%a 2.13a 371 14.52b |81.97b| 3.2a | 3.861c
125 18.40a | 5.88b | 1.43b | 7.31b 1.89b 3.86 15.43a | 83.84a | 2.98b | 4.339%b
250 18.86a | 5.79b 1.3c 7.09b 1.82b 3.91 15.96a | 84.66a | 2.89b | 4.812a
Interaction el NS NS * NS NS NS NS NS *
2012/13 season
kg K,O/fed: * * NS * NS * * NS * *
12 18.19b | 5.35b | 1.38 6.73b 1.94 3.48b 15.40b | 84.67 | 2.78b | 3.944b
24 18.42ab | 5.82a | 1.35 7.17a 191 3.76a 15.49ab | 84.07 | 2.93a |4.157ab
48 18.56a | 5.96a | 1.32 7.28a 1.89 3.86a 15.60a | 84.00 | 2.96a | 4.27a
kg S/fed: * * * * wx * i i * **
0 17.66b | 5.95a | 1.46a | 7.41a 2.1a 3.53b 14.63b | 82.85b | 3.03a | 3.599¢c
125 18.58a | 5.71ab | 1.33b | 7.04b 1.85b 3.8la 15.70a | 84.51a | 2.88b | 4.104b
250 18.93a | 5.47b | 1.26b | 6.73b 1.79b 3.76a 16.17a |85.39a | 2.77b | 4.668a
Interaction w* NS NS NS NS NS NS NS NS **

*,** and NS indicate P< 0.05, P< 0.01 and not significant, respectively.
Means of each factor designated by the same latter are not significantly different at 5% level using
Duncan’s MRT.

Effect of potassium rate

Potassium fertilizer rate had no significant effect on concentration of Na and
a-amino nitrogen in both seasons and the percentage of juice purity in the second
season. However, total sugar (%), concentration of K and (K+Na), alkalinity
coefficient (K+Na/a-amino nitrogen), extraction of white sugar (%), losses sugar
(%) and white sugar yield (ton) were significantly increased by increasing
potassium rate in both seasons. Although, application of potassium fertilizer at
the rate of 24 and 48 kg K,O/fed increased the concentration of gross sugar in
roots, it decreased juice purity % in the first season. This might be due to
increasing concentration of K in juice roots, which causes troubles during juice
purification and crystallization and in turn decreased purity. Beet plants received
48 kg K,Offed produced the highest white sugar yield, while those received
12 kg K,O/fed produced the lowest one in the two seasons. Beets at the rate of
48 kg K,O were statistically at par with at the rate of 24 kg K,O/fed in white
sugar yield in both seasons. Such increase in white sugar yield at 24 and 48 kg
K,O/fed may be due to the considerable increase in root yield and white sugar
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extraction percentage. The favorable effect of potassium fertilizer which
improved yields and chemical constituents may be due to the vital role of
potassium in building up metabolites and activating starch synthetase enzymes
and carbohydrates accumulation which transferred from leaves to developing
roots consequently enhanced root and chemical constituents (Nitoses &, Evans
1969). Role of potassium in photosynthesis and activity of enzymes related to
sucrose synthesis and also it's participation in loading the sucrose to phloem are
from the most important reasons of increase in sugar's rate and increasing in
potassium consumption (Draycott, 2006). Mehrandish et al. (2012) reported that
potassium increased percent of recoverable sugar and reduced of non-sugar
material specially nitrogen and sodium. These results are in accordance with
those reported by Amer et al. (2004), Ismail & Allam (2007), Zengin et al.
(2009), Nafei et al. (2010) and Mehrandish et al.(2012).

Effect of sulphur rate

There was a substantial difference in sugar yield and all traits of juice root
quality among sulphur fertilizer rates in both seasons. The concentration of soluble
non-sugars (K, Na, K+Na and a-amino nitrogen) in the roots and loss sugar (%)
were significantly decreased by increasing sulphur rate. Thus, total sugar (%),
alkalinity coefficient, extraction of white sugar (%) and juice purity (%) were
increased as sulphur rate increased in both seasons. Data show that increasing
sulphur fertilizer rate increased juice purity (%) through increased gross sugar (%)
and decreased the concentration of soluble non-sugars and in turn increased
extraction of white sugar (%). White sugar yield was gradually increased by each
increment of applied sulphur fertilizer in both seasons. The maximum white sugar
yield was obtained from beets received 250 kg S/fed. This may be due to increase
root yield and extraction of white sugar (%). In this connection, Thomas et al.
(2003) reported that application of sulphur (25 kg ha™) increased beet quality
through a reduction in a-amino N concentration. These results are in accordance
with those reported by Nemeat Alla (2005) and Zengin et al. (2009).

Effect of interaction

The interaction between potassium and sulphur rates had a significant effect
on Gross sugar % and sugar yield in both seasons and the concentration of
(K+Na) in the first season, only. Data in Table 7 show that increasing sulphur
rate from O to 250 kg S/fed at any potassium rate increased gross sugar (%) and
sugar yield per fed and decreased the concentration of (K+Na). However,
increasing potassium rate from 12 to 24 kg K,O/fed at the same sulphur rate
significantly increased the concentration of (K+Na). There was no significant
difference between rates of 24 and 48 kg K,O/fed in this respect at the same
sulphur rate. Beets received 24 or 48 kg K,0 along with 250 kg S/fed outyielded
those received 12 K,0 alone or along with 125 kg S /fed in both seasons. These
results are in accordance with those reported by Zengin et al. (2009), who
indicated that Kalimagnesia fertilizer containing K, Mg and S was effective in
improving the sugar content of the root, while the amino-N levels were not
consistently affected by the fertilizer treatments.
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TABLE 7. Sugar yield and some root quality of sugar beet as affected by the
interaction between potassium and sulphur rates in 2011/12 and 2012/13 .

K rate S rate Gross sugar (K+Na) Sugar yield
(kg k,Offed) (kg S/fed) (%) (meq/100 g) (ton/fed)
2011/12 2012/13 2011/12 2011/12 2012/13
12 0 1751 f 17.34d 7.41cd 3.72e 3.364 g
125 18.13 de 18.37b 6.80e 422c¢c 4.011def
250 18.51cd 18.85a 6.79e 4.467b 4.459 be
24 0 17.81 ef 17.79 ¢ 7.99 ab 3.912d 3.674fg
125 18.45cd 18.55b 7.43cd 4.357 be 4.087 de
250 18.94 ab 18.92a 7.00 de 5.017a 4.709 ab
48 0 17.83 ef 17.85¢c 8.26a 3.951d 3.759 ef
125 18.63 bc 1881 a 7.70 bc 4441 4.216 cd
250 19.12a 19.03a 7.49 bed 4.952 a 4.836 a

Means of each column designated by the same latter are not significantly different at 5% level using
Duncan’s MRT.

It can be concluded from this study that 24 K,O along with 250 kg S/fed was
the recommended treatment for optimum root and extractable white sugar yield
per unit area at Kafrelshiekh Governorate.
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