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ABSTRACT

The study aimed to investigate the economic rate of
potassium and molybdenum application for sugar beet
(Beta vulgaris L.) in the Egyptian calcareous soil. The field
experiment was conducted as complete randomized design
using 36 plots each is one m% Potassium showed a
significant effect on the growth of sugar beet plant where
increased the yield of the whole plant, root, shoot and
sugar yield. Amino nitrogen was affected significantly by
potassium fertilization, while the dry matter yield and
sucrose percentage did show significant effect. The
economical addition of potassium was 100 mg K/kg soil
which increased the sugar yield by 24% and 35% for the
first and second seasons, respectively. Addition of
molybdenum as a micro-nutrient showed that the rate of
0.2 mg/kg soil was enough to cause the required effect
where, the tubers yield were increased by 27% and
consequently the sugar yield increased by 23%. There were
no interaction between potassium and molybdenum in their
effect on sugar beet growth and yield.

INTRODUCTION

In recent years, there has been rapid development in
sugar beet cultivation in the new reclaimed soils in
North Coastal Region and of North Tahrir Region
(Nubaria) of Arab Republic of Egypt to minimize the
gap between the production and consumption of sugar.
The soils of this region are mostly calcareous soils. The
optimum nutrition in sugar beet production differs in it's
response to the different levels of NPK applications.
Many search studies had been carried out to reach the
optimum addition of the macro-nutrients (N, P and K)
and the combination between them especially in Soviet
Union and Germany.

Mazepin and Udovidchenko (1980) reported that
application of 180 kg N + 240 kg P,0s + 180 kg
K,O/ha. gave the highest average yield of 38.2 tons
roots/ha, 8.4 percent sugar and 93700 roots/ha.
Savchenko (1980) in Ukrania showed that application
of 60 kg N + 60 kg P,Os + 60 kg K,0, or 120 kg N +
120 kg P,O5 + 120 kg K,O/ha. gave average root yield
of 34.8 and 42.6 tons/ha respectively. Tonkal el al.,
(1980) carried out a trial using 2 sugar beet varieties
with no fertilizer or combinations of 90-180 kg N, 90-

1 soil Salinity Dept., Soil, Water and Environment Res. Inst.,
Agric. Res. Center, Giza, Egypt
Alexandria July 24, 2007, Accepted September 17, 2007

136 kg P,0s and 90-360 kg K,O / ha. The two varieties
differed in their response to the NPK fertilizer. Further
increases in NPK rates increased root vyield but
decreased sugar content, which resulted in lower sugar
yield. Orlovius (1986) found that application of mineral
K fertilizer; 450 kg K,O / ha increased yields by 5%
regardless of residue supply. Cumakov (1996) found
that K had a positive effect on sugar beet and sugar
yields. Bieniaszewski (1996) found that application of N
P K rates of 60 kg N + 48 kg P,0Os+ 72 kg K,0 / ha and
1,2,3,4 or 5 times increased root fresh weights. The
optimum dose was 120 kg N + 96 kg P,Os+ 144 kg K,0
/ ha. These rates gave the highest fresh weight being
51.8 ton/ha as compared with no NPK of 41.61/ ha. The
micro-nutrients such as boron, manganese, iron, cupper
and zinc are very important to have healthy plants and
consequently, by high root yield and sugar content.
Brandenburg (1931), Draycott and Farley (1973),
Nagarajah and Ulrich (1966), Rutskaya et al., (1982)
and Chielewska et al., (1991) demonstrated the need to
add Boron, Manganese, Iron and Zinc to avoid the
deficiency symptoms of sugar beet and to get a good
quality yield.

The sugar beet demand of micro-nutrients need more
studies. Molybdenum is one of these elements which has
to be in focus to get healthy plants under the Egyptian
soil conditions.

Potassium as essential nutrient is very important to
those plants produce tuber root especially in soils poor
in potassium. The study conducted aimed the best rate of
potassium application and how much need of
molybdenum for sugar beet in the Egyptian calcareous
soil.

MATERIALS AND METHODS

Monogerm sugar beet (Beta vulgaris L.) (Plino. Var)
seeds were cultivated in calcareous soil using 36 plots
each is one m? and the experiment was conducted as
complete randomized design using three replicates. The
used soil was chemically analyzed for pH, EC, soluble
cations and anions in the soil paste (Table 1) according
to standard methods edited by Black (1965).
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The soil was treated with four levels of potassium added
after planting as potassium sulfate at rates of 75,100,
125 and 150 mg K per kg of soil. Foliar addition of
molybdenum as ammonium molybdate were done at
rates of 0, 0.2 and 0.4 mg Mo / kg soil. Superphosphate
was added at a rate of 100 mg per kg of soil. Nitrogen
was added in the form of ammonium nitrate at a rate of
100 mg N per kg of soil.

Table 1. Chemical properties of the used soil.

EC pH Cations (meg/L)

dSm? Ca® Mg¥ Na* K' HCOy COsZ CI' SO%
37 80105 69 172 22 25 nd. 316 3.6
Nitrogen was added in the form of ammonium
nitrate at a rate of 100 mg N per kg of soil. Half of
this amount was added after 15 days from planting
and the second half after 30 days of planting.
Micronutrients (Fe, Mn, Zn, and Cu) were added
before cultivation (foliar addition)

The yield was harvested at 190 days age. The
tuber yield of each treatment was sent to the
factory for sugar extracting to determine sugar
percentage (determined according to Le Docte,
1927) and amino nitrogen percentage (determined
according to Brown and Lilliand (1964).

The data of whole plants, roots, shoots weights
and sugar yield were listed in Tables 2 and 3 for
the first and second seasons, respectively. The data
of whole plants, shoots, roots, sugar yield, sucrose
concentration and amino N% were computed and
statistically analyzed for testing the significance of
the tested factors and the possible interaction
between them.

Anions (meg/L)
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RERSULTS AND DISCUSSION

The data of obtained results (Table 2 and Fig.1)
showed that potassium as an essential plant nutrient
affected significantly on all plant items studied in both
seasons. The data of both seasons were closed to each
other as shown in Figures 1a and 1b. The second level
of added K to soil (100 mg K/kg soil) increased
significantly the whole plant weight by 40 and 53% for
the first and second seasons, respectively. The beet
tubers weight also, was enhanced dramatically with the
second K level where it increased by 28 and 39% for the
first and second seasons, respectively. The results
showed that the huge of shoots hunted the big part of the
extent increase in the whole plant where the shoot fresh
weight were magnified 75 and 90% for the first and
second seasons, respectively. In spite of that huge of the
fresh shoot comparing with root, the dry mater yield of
shoot and root followed the contrary. Dry matter did not
affected significantly by potassium addition either with
shoot or root in both seasons. Sugar yield and sucrose
percentage in both seasons were significantly affected
by potassium fertilization rate. The sugar yield was
promoted from 5.04 to 6.28 and from 4.56 to 6.16 ton/
faddan for the first and second season, respectively with
the second rate of K added. Those extents represent
24% and 35% of the lowest addition of K for the first
and second season, respectively.

The data of sucrose percentage illustrated negative
significant effect of K added rates on the dry mater
percentage of the root which means that more moisture
of tubers leads to less concentration of sucrose. The data
of third and fourth levels of added K (125 and 150 mg K
/ kg soil) were similar to the second level and showed
more or less the same effect on discussed parameters.
The data of the amino nitrogen percentage demonstrated
that more added K led to more amino nitrogen

Table 2. Effect of K rate on plants, shoots, roots, sugar yield, sucrose% and amino N.% (1st season).

K rate Plant Root Shoot Sugar Dryroot Dryshoot Sucrose Amino N.
mg/kg soil  —mmemmemeeeee Ton / faddan--------------- %
K1 33.36b 24.86 b 8.50b 5.04b 30.89 13.94 20.22 1.26¢
K2 46.63 a 31.79a 1485ab 6.28a 30.31 13.97 19.72 1.73b
K3 43.25a 30.28 a 1297ab 5.89ab 29.76 13.93 19.52 1.85hb
K4 47.34 a 27.86a 19.48a 5.03b 28.93 12.96 19.77 3.00a
L.S.D.5% 7.214 4.039 6.320 0.870 N.S. N.S. N.S. 0.378
K1 31.09b 22.55b 8.54 b 456 ¢ 30.94 13.61 20.00 1.22¢c
K2 47.63a 31.33a 16.30 a 6.16 a 30.38 13.73 19.78 1.64b
K3 47.08 a 30.18a 16.90 a 5.88ab 29.82 13.86 19.62 1.80b
K4 45.66 ab 27.63a 18.03 a 4.99a 28.97 13.02 19.47 2.94 a
L.S.D.5% 4.039 4.412 4.300 0.889 N.S. N.S. N.S. 0.373
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Figure la. Relationship between potassium fertilization
rate and plant, root, shoot and sugar yields.

percentage in sugar beet tubers in both seasons
especially with the highest level of K addition where the
amino nitrogen% was more than double of the lowest
level (238%) and was 173% of the lowest level for the
first and second seasons, respectively. Results agreed
with those obtained by Orlovius (1986) and Cumakov
(1996).

Molybdenum as an essential plant nutrient affected
significantly plant, root, shoot and sugar yield in
ton/faddan, but the effect on both sucrose and amino
nitrogen percentage was not significant (Table 3 and
Figs 2a and 2b). The first level of Mo added to soil (0.1
mg Mo / kg soil) increased significantly the whole plant
weight 14 and 16.7% for the first and second seasons,
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Figure 1b. Relationship between potassium fertilization
rate and sucrose and amino N. percentage.

respectively. The second level increased the whole plant
weight 20.5 and 24.3% for the first and second seasons,
respectively but did not show a significant effect as the

first level. The same effect of molybdenum was noticed
with the root yield, while there was no significant effect
on the shoot yield. The first level cleared a significant
effect where the root yield was enhanced by 27.4 and
26.7% for the first and second seasons, respectively.
The dry matter percent of both root and shoot was not
affected by addition of molybdenum. The data of the
molybdenum effect on sugar yield in both seasons were
close to each other as shown clearly in Figure 2a.
Sucrose and amino nitrogen percentage did not vary
significantly with the added rates of molybdenum (Fig.
2b).

Table 3. Effect of Mo rate on plants, shoots, roots, sugar yield, sucrose% and amino N.% (1st season).

Mo rate Plant Root Shoot Sugar Dry root Dry Shoot Sucrose Amino N.
mg/kg soil ~ —ememeeeeee- Ton / faddan-------------- %
First season
Mo 0 38.96 b 24.65b 14.31 487b 29.91 13.46 19.74 1.82
Mo 1 43.27 a 31.39a 11.88 5.99 a 30.23 13.68 19.09 2.19
Mo 2 45.70 a 30.05a 15.65 5.8la 29.77 13.67 19.32 1.88
L.S.D. 5% 6.248 3.500 N.S. 0.750 N.S. N.S. N.S. N.S.
Second season
Mo 0 37.71b 24.31b 13.41 481b 29.96 13.48 19.54 1.74
Mo 1 44.00 a 30.79a 13.21 5.86a 30.29 13.54 19.19 2.12
Mo 2 46.88 a 28.67 a 18.22 5.52 ab 29.82 13.74 19.25 1.84
L.S.D. 5% 3.500 3.821 N.S. 0.770 N.S. N.S. N.S. N.S.
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Figure 2a. Relationship between molybdenum fertilization
rate and plant, root, shoot and sugar yields.
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Figure 2b. Relationship between molybdenum fertilization
rate and on sucrose and amino N. percentage.
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