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ABSTRACT

The objective of the present study was to investigate
the effect of potassium rock (from the Eastern Desert of
Egypt) and K-spraying as alternative potassium sources
for the common potassium fertilizer in the presence of
boron on sugar beet yield and juice quality. Two field
experiments were carried out at Sakha Agricultural
Research Station Farm during two winter seasons of
2007/2008 and 2008/2009. Split plot design was used with
four replicates. The main plots assigned with two boron
treatments: (1) without boron fertilization, and (2)
spraying with boron solution two times (2.4 kg boric acid
hal). The sub-plots were assigned with six potassium
treatments. (1) without potassium fertilization, (2)
application of 115 kg K ,0 ha* as potassium sulphate 48%,
(3) application of 57 kg K,0 ha* as potassium sulphate, (4)
application of 115 kg K,O ha® as K-rock (7.5% K,0), (5)
application of 57 kg K,0 ha® as K-rock and (6) spraying
with potassium 40% K,O(4.8 Lha). The obtained results
can be summarized as:

Boron fertilization led to increase root yield by 15.6
and 13.9% in thefirst and second season, respectively and
increased top yield by 33.6 and 38.1%, increased white
sugar by 162 and 15.2%, increased sodium%,
potassium%, quality % in theroot, nitrogen % and K% in
the leaves. The response to boron was less under K-rock
source. It also increased sugar beet root and top yields.
The highest root and white sugar yields were obtained
with the K-rock. K-spraying had the high top yield and
root and sugar yieldsunder boron fertilization.

Potassium fertilization increased N, P and K% in the
leaves, N and K in the roots and decreased available N in
the soil after harvesting.

The obtained results showed that K-rock was the best
source of potassum are present in Egypt. K-spraying in
the suitable stage (critical periods) is a good helpful tool in
correcting K-insufficiency.

INTRODUCTION

Sugar beet is becoming an important crop in Egypt
as a source of sugar because it grows well in the new
reclaimed soils, mature in short period, less requirement
of water and fertilizers compared to sugar cane and
contain high sugar. Moreover, sugar beet occupies an
outstanding position among the world important crops,
where it provides about 40% of the world’s sugar
production (Abd El-Hadi et al., 2002). Fertilization is
the second limiting factor of sugar beet productivity
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after the variety. The proper fertilization program under
the Egyptian conditions needed N, P and K fertilizers.
Addition of combined NPK chemica fertilizers
produced significantly high root and top yields of sugar
beet (Lielah and Taha, 1992 and Abu El-Fotoh et al.,
2000). Potassium plays a vita role in photosynthesis
carbohydrate transport, protein formation, control of
ionic balance, regulation of plant stomata and water use
and activation of plant enzymes. The highest values of
sugar beet root and top yields, sucrose %, root/shoot
ratio, purity % and white sugar were obtained with
potassium fertilization (Ismail et al., 2002; Osman,
2005; and Zein et al.,, 2005). The most common
potassium fertilizer applied in Egypt is potassium
sulphate (48% K0). It is completely water soluble and
has a high salt index. Therefore, some of the potassium
fertilizer may lost through the surface drainage and/or
the deep percolation, in addition to the potassium
sulphate fertilizer is rather expensive (one unit K= three
folds of one unit-N) and become a burden on the
agriculture production in Egypt. The extra and losses of
chemical fertilizers are not only a waste of the farmer’s
money, but also an extra load on the environment. For
these considerations there are two ways may be useful.
The first is to use potassium spraying. In this respect,
application of potassium asfoliar sprays was found to be
a helpful tool in correcting K-insufficiency, especially in
the critical periods (El-Fouly and El-Sayed, 1997, Eid et
al., 1997 and Knany et al., 2005). The other way is to
use potassium bearing minerals and rocks which
recognized in many areas in the Eastern Desert. In this
respect Shehata (2006) studied the chemical and mineral
congtitutes in the Eastern Desert of Egypt. He reported
that the soluble and exchangeable forms of potassium
are quite sufficient for plant growth. The total K-content
about 6.96-8.6% K,O. The recommended dose can
substitute partly or completely the potassium sulphate
which is rather expensive and easily soluble and can be
lost through drainage.

Boron is micronutrient required for sugar beet proper
development and differentiation of tissues. Boron
increase the stability of plant cells, facilitates the
transport of carbohydrates through cell membranes. If
B-deficiency occurs, the assimilation products
accumulate in the leaves and the young growing points
are lack sugar, thus maximum production of starch and
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sugar is restricted if crops are inadequately supplied
with B. Boron significantly increased sugar beet sucrose
%, root and top yields, sugar yield, root/top ratio and
purity % (Saif, Laila, 2000; Osman et al., 2003; Nafei,
2004; Osman et al., 2004 and El-Geddawy et al., 2007).
Addition of boron to sugar beet plants increased the
concentration and uptake of N, P, K and B in sugar beet
tops.

The objective of the present study was to investigate
the performance of spraying potassium or using
sedimentary rocks containing potassium in presence of
boron to substitute the expensive and easily soluble
potassium sulphat.

MATERIALSAND METHODS

Two field experiments were carried out at Sakha
Agricultural Research Station farm, Kafr El-Sheikh
Governorate Egypt, during two successive winter
seasons of 2007/2008 and 2008/2009 on sugar beet crop
(Beta vulgaris) to compare between potassium sulphate,
sedimentary rocks containing-K, and spraying with
potassium in presence and absence of boron on sugar
beet yield and quality. Split plot design was used with
four replicates. The main plots were assigned with two
boron treatments: (1) spraying water without boron and
(2) spraying with solution containing 212 ppm B at the
rate of 960 L ha®, twice, the first after 45 days from
sowing and the second after 90 days from sowing as
boric acid 17% B (equa 2.4 kg boric acid ha'). The
sub-plots were allotted with six potassium treatments of
(1) without potassium application, (2) application of 57
kg K,O ha® as potassium sulphate 48% K,0O, (3)
application of 115 kg K,O ha' as potassium sulphate,
(4) application of 57 kg K,O ha' as potassium rock
75% K0, (5) application of 115 kg K,O ha’as
potassium rock and (6) spraying with solution
containing 0.1% KO at the rate of 960 L ha'at two
times of 45 and 90 days from sowing (equal 4.8 L ha'.)
potassium 40% K,O (prepared by solubilizing the
potassium in solution containing fulvic acid prepared by
Soil Fertility and Plant Nutrition Department, Soils,
Water and Environment Institute, Sakha Station).
Composite surface (0-30 cm) soil samples from the field

experiments were collected before sowing for physica
and chemical analysis according to Jackson (1958) and
Black et al. (1965). Data of the main physical and
chemical characteristics of soils are given in (Table 1).
The sub plot areawas 15 m? [3 m in width (5 ridges x 60
cm) and 5 m in length]. Sugar beet seeds were planted
on ridges 60 cm width and 25 cm between hills. In the
suitable stage seeding were thinned to one plant.
Nitrogen at the rate of 168 kg N ha' was added on two
equal doses as urea (46% N) with the second and third
irrigation. Phosphorus was added at the rate of 72 kg
P,Os ha* as single superphosphate (15.5% P,Os) before
sowing. The common agricultural practices were done
as recommended. At harvest root and top yields were
recorded. Randomly root sample from each sub plot was
collected and analysed for sucrose, Na, K, o amino
nitrogen and quality % at the Sugar Factory Laboratory,
El-Hamol district, Kafr El-Sheikh Governorate. After
crop harvesting, available soil N was extracted by 2 N
KCIl and nitrogen was determined using microkejeldahl
method. Available-K was extracted by ammonium
acetate (IN) and determined by flame photometer
according to Jackson (1958). The obtained data were
statistically analysed according to Gomiz and Gomiz
(1984). Available phosphorus in the soil was extracted
by 0.5 N NaHCO; and determined colorimetrically. The
leave samples were oven dried at 70°C for 48 hours,
finely ground, wet digested using sulphoric perchloric
acids mixture, and N, P and K were determined in the
digested solution, according to Jackson (1958).

RERSULTSAND DISCUSSION

Table 2 showed that boron treatments increased
significantly sugar beet root yield in both seasons. The
values of A% increase, due to boron spraying, ranged
between 21.7%; under no potassium fertilization
treatment, to 4.2% under 115 kg K,O ha' from the
potassium rock at the average of 15.6% in the first
season. In the second season, the A% increase due to
boron fertilization ranged between 21% under no
potassium fertilization to 4.8% under 115 kg K,O ha* as
potassium rock. This indicates that the experiments soils
showed high significantly response to boron spraying,

Table 1. The main physical and chemical properties of the experimental soils

. . * - . . 1
N M echanical analysis Texture pH* ECe*_1 Organic Available nutrientsmg kg
dSm matter %
Sand% Silt% Clay% P K Bx**
2007/2008 20.60 21.70 5770 Clayey 7.7 25 16 258 195 4409 14
2008/2009  20.40 21.60 58.00 Clayey 7.9 25 17 273 220 4328 11

*Soil pH in 1: 2.5 soil: water suspension
**ECein the soil paste extract.
*** Hot water extraction

Table 2.Sugar beet root yield (ton ha) as affected by boron and potassium fertilization
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s 1% season 2" season
Treat Without With Diff. A% Without With Diff. A%
boron boron boron boron
Without 4421 c 56.50 ¢ 12.29 21.7 45.48c¢c 57.60 c 12.12 210
115 K,S0Oq4 54,31 ab 61.78 ab 7.46 12.1 58.22 a 64.61a 6.38 9.8
57 K,S0, 49.90b 63.2 ab 13.34 211 52.68b 63.60 ab 10.92 17.1
115 K-rock 58.25a 60.82 bc 257 4.2 5758 a 60.50 bc 2.93 4.8
57 K-rock 51.36 b 59.37 bc 8.02 135 51.31b 58.80c 7.49 12.7
K-spray 52.58 b 66.60 a 14.02 210 51.24b 62.93 ab 11.69 185
Means 51.77 61.39 9.62 15.6 52.75 61.34 8.59 139
F-test 1% season 2" season
Boron ** **
K-treat. *x *x
B xK * *

under no soil potassium fertilization, from 44.2 to 56.5
ton ha™ in the first season and from 45.48 to 57.6 ton
ha™ in the second one. Also, from 52.58 to 66.6 ton ha*
under K-spraying in the first season and from 51.24 to
62.93 ton ha* in the second one. However, there were
low response to boron spraying under potassium
fertilization especialy with the K-rock. This indicates
that potassium sulphate and K-rock contain some boron
compounds as impurity. These results agree with those
obtained by Osman et al. (2004), Knany et al. (2005)
and El-Geddawy et al. (2007).

Table 2 showed that application of 115 kg K,0O ha*
increased the root yield under no boron fertilization
(58.25 and 57.58 ton ha' in the first and second
seasons, respectively). Wherever, under the boron
fertilization, the highest root yield (66.6 and 64.61 ton
ha') were obtained with K-spraying and 115 kg K,O
ha® as K-rock treatments in the first and second
seasons, respectively. This may be due to the low
solubility of K-rock which make slow release of
potassium over al the plant ageing. In addition, it may
be contain some essentiadl micronutrients which
gtimulate the plant growth and production. Similar
results are obtained by Eid et al. (1997) and Shehata
(2006). Table 3 showed that spraying sugar beet plants
with boron significantly increased the top yield in both
seasons. The increases ranged from 12.9% to 50.1% in
the first season with an average of 33.6%, the increases
in the second season ranged from 25.4% to 49.4% with
an average of 38.1%. These results are in agreement
with those obtained by El-Geddawy et al. (2007) who
found that sugar beet top yield increased by 13.83% and
20.12% over the control by increasing the levels of
boron to 0.5 and 1.0 kg fed™ . Sugar beet top yield was
significantly affected by potassium fertilization. The
superior top yield values of 17.64 and 20.26 ton ha® in

the first season and 15.72 and 21.10 ton ha®, in the
second season without and with boron, respectively.
Were obtained with spraying sugar beet with liquid
potassium fertilizer. This is due to the potassium
spraying which gave the plants its needs of potassium in
the critical period and/or the different pH of potassium
solution affected the leave diseases which enhanced the
increase of top yield. Similar results were reported by
El-Fouly and El-Sayed (1997) and Ismail et al. (2002).

Table 4 showed that boron spraying significantly
increased the white sugar yield. The increases values
were correlated with potassium treatments and ranged
between 3.6% and 23.2% in the first season with an
average value of 16.2% and in the second season these
increases ranged between 5.9% and 24.1% with the an
average of 15.2%. The highest values were obtained
under no potassium fertilization treatment in both
seasons. While, the lowest values were recorded under
the fertilization with 115 kg K,O as K-rock in both
Seasons.

This is due to the role of boron in translocation of
the carbohydrate assimilated in the leaves, thus enhance
sugar accumulation in the roots. The lowest response to
B was noticed under K-rock fertilization may be due to
K-rock contain some burden boron minerals helpful in
plant needs. These results agree with those obtained by
Genaidy (1988) who reported that boron fertilization
increased sugar % by 18.3%, El-Geddawy et al. (2007)
and El-Hosary et al. (2007).

In respect to the effect of potassium fertilization on
sugar yield (Table 4). The highest white sugar yields of
12.05 and 13.68 ton ha’ in the first season were
obtained






Table 3. Sugar beet top yield (ton ha™) as affected by boron and potassium fertilization

Seasons 1% season 2" season
K treat Without With Diff. A% Without With Diff. A%
' boron boron boron boron
Without 10.73 b 15.19¢c 4.46 29.3 10.89b 15.77b 4.87 30.8
115 K,SO, 11.35b 17.14 bc 5.78 337 11.98b 19.15ab 5.98 33.2
57 K»,S0, 11.16b 1891 ab 7.75 40.9 11.45b 19.37 a 1.27 375
115 K-rock 9.60b 19.25ab 9.65 50.1 10.58 b 20.95a 10.37 49.4
57 K-rock 11.18b 17.26abc 6.07 351 11.57b 78.36 ab 6.74 36.9
K-spray 17.64 a 20.25a 2.62 12.9 15.72 a 21.10a 538 25.4
Means 11.92 18.00 6.05 33.6 12.02 16.99 6.48 38.1
F-test 1% season 2" season
Boron ** **
K-treat. ** *%
B X K * % * %
Table 4. White sugar yield (ton ha®) of sugar beet as affected by boron and potassium
fertilization
- 1% season 2" season
K treat Seasons Without  With Diff. A%  Without  With Diff. A%
boron boron boron boron
Without 8.62¢c 11.23b 2.62 23.2 9.07c 11.95c 2.88 24.1
115 K,S0, 11.04ab 13.06a 2.02 15.4 11.93ab 13.90ab 1.97 14.1
57 K,S0, 10.37b 13.34a 2.98 22.2 11.28ab 12.74 bc 1.46 11.4
115 K -rock 12.05a 1248a 0.46 3.6 13.20a 14.04a 0.84 5.9
57 K-rock 1066b 1246a 1.78 14.2 10.80b 12.74bc 1.94 15.2
K-spray 11.09ab 13.68d 2.59 18.9 11.21ab 14.23a 3.02 21.2
Means 10.63 12.70 2.06 16.2 12.05 13.25 2.02 15.2
F-test 1% season 2" season
Boron ** **
K-treat. *x *k
B xK * N.S

with 115 kg K,0 as K-rock under no boron fertilization
and with potassium spraying under the boron
fertilization, respectively. In the second season the
highest values of 13.2 and 14.23 ton ha™ were obtained
with previous treatments in the first season. Spraying
potassium was the superior K-treatment on sugar yield.
These results agree with those obtained by Eid et al.
(1997), Ismail et al. (2002) and Shehata (2006).

Table 5 showed that, there was a clear relationship
between boron fertilization and sodium %, o amino
nitrogen % and quality % in both seasons, since boron
fertilization increased sodium % from 1.88 and 1.89%
to 1.92 and 1.94% in the first and second seasons,
respectively. On the other hand, boron fertilization led
to decrease a. amino nitrogen from 2.2 and 2.27% to
201 and 2.14% in the first and second seasons,
respectively. Sodium concentration and o amino
nitrogen concentration in the juice reflected on juice
quality %, where boron fertilization increased juice

quality from 86.04 and 85.78% to 86.37 and 86.25% in
the first and second seasons, respectively. This may be
due to the role of boron in nitrogen and sodium
assimilation. Similar results were reported by Abd El-
Gawad et al. (2004) and El-Hosary et al. (2007).

In respect to the effect of potassium fertilization on
potassium, o amino nitrogen and quality % of sugar beet
juice (Table5), it is clear that soil application of
potassium sources led to a decrease potassium
concentration in the juice in both season compared to
unfertilized with potassium control and the spraying
treatment. This may be due to the competition between
Na" and K* on the root surface. In general potassium
fertilization led to decrease of o amino nitrogen
especially under no boron fertilization. This may be due
to the balanced between the nitrogen and potassium and
increasing K increased N assimilation, therefore
decreased o amino N. All the potassium sources and
levels studied led to increase sugar beet juice quality
comparing with unfertilized with potassium control.
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These results agree with those obtained by Voth (1978),
Genaidy (1988) and Zein et al. (2005) who found that
57 kg K,0 ha' gave the highest values of purity %.

Table 6 showed that boron fertilization led to
increase nitrogen in sugar beet leaves from 2.31 and
2.32% in the first and second seasons, respectively to
2.38 and 2.40%. Phosphorus also was increased from
0.65 and 0.68% to 0.67 and 0.69% in the first and
second seasons, respectively due to boron fertilization.
The increases in the nitrogen and phosphorus
concentration of sugar beet leaves may be due to the
balanced in the plant nutrients due to boron, to the role
of boron in growth activity and protein production.
These results are harmony accepted to the obtained by
Domska (1996) and Abd El-Gawad et al. (2004) who
reported that boron fertilization gave the highest N, Na,
K % values. No clear effects of boron fertilization on
the available nitrogen in the soil after the harvesting.
However, the boron fertilization led to decrease the
available phosphorus in the soil after harvesting. This
may be due to boron fertilization stimulate sugar beet

growth which absorbed more available phosphorus.

Potassium fertilization in general increased nitrogen
percent in the sugar beet leaves (Table 6). The highest
value of 2.63% was observed in both seasons with
potassium spraying treatment. Phosphorus percentage
clearly increased due to potassium fertilization in both
seasons. The highest values (0.69 and 0.71%) were
obtained with 115 kg K,0 ha? in the first and second
season, respectively followed by 0.66 and 0.70% with
potassium spraying in the first and second seasons,
respectively. This may be due to the balanced manuring

which led to increasing of nutrients concentration in the
leaves. Similar results were reported by Lielah and Taha
(1992) and Shehata (2006).

Available nitrogen was decreased in the soil after
harvesting due to soil potassium fertilization in both
seasons. No clear effect due to potassium spraying on
the available nitrogen in the soil after harvesting. The
higher potassium rates had the lowest available nitrogen
values. This may be due to potassum compounds
helpful in leaching some nitrogen from the soil particle
surfaces. No clear relation between available-P in the
soil after harvesting and potassium fertilization.

Table 7 showed that boron fertilization led to
increase K% in the root from 5.03 and 5.05 to 5.06 in
the first and second seasons, respectively. On the other
hand, potassium concentration in the sugar beet leaves
were decreased from 5.4% and 5.23% to 5.09% and
4.98% due to boron fertilization in the first and second
seasons, respectively. Also, boron fertilization led to
decrease the available potassium in the soil after the
harvesting. The decreases were from 506.9 and 543 mg
kg to 455.7 and 486.8 mg kg™ in the first and second
seasons, respectively.

The decreases in K in the leaves and available-K in
the soil may be due to the increases in the plant growth
with boron fertilization which causes K-dilution effect
and in the soil increasing the K-absorption causes high
K-remova from the soil. These results are agree with
those obtained by Abd El-Gawad et al. (2004), El-
Hosary et al. (2007) and El-Geddawy et al. (2007).

Table 5. Sodium, o amino-N and quality of sugar beet juice as affected by boron and

potassium fertilization

Variables Sodium % o amino N % Quality %
Boron treat.

K treat. 1% season 2" season 1% season 2" season 1% season 2" season

Without  Without 1.92 1.94 2.73 2.64 85.10 85.36

115 K,S0O, 1.84 1.88 1.72 1.83 86.40 86.72

57 K,SO, 1.89 1.91 2.06 2.13 86.53 86.61

115 K-rock 1.86 1.84 2.15 2.22 85.80 85.95

57 K-rock 1.94 1.90 2.19 231 84.60 84.50

K-spray 183 18 233 246 87.80 8556

Means 1.88 1.89 2.20 2.27 86.04 85.78

With Without 1.93 1.95 2.05 212 86.70 86.82

115 K,S0O, 1.92 1.94 1.89 2.06 86.57 86.61

57 K,SO, 1.83 1.88 2.05 2.18 86.87 86.77

115 K-rock 1.86 1.91 2.01 211 86.03 85.99

57 K-rock 1.96 1.98 2.02 2.15 86.04 85.86

K-spray 2.00 1.99 204 2,20 8563 8546

Means 1.92 1.94 2.01 2.14 86.37 86.25
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Table 6. Nitrogen, P in sugar beet leaves, available N and P in the soil after harvesting as
affected by boron and potassium fertilization

. N% P% AvailableN in soil Available P in soil
Variables ) caves in leaves (ppm) (ppm)
Boron treat. = — — —
K treat. 1% season 1% season 1% season 2 1% season 2
season season season season
Without Without 2.10 2.08 0.60 0.62 26.75 27.00 28.00 19.50
115 K,S0O, 2.45 2.48 0.71 0.74 17.50 17.50 22.33 23.00
57 K,SO, 2.33 2.39 0.62 0.66 19.9%0 21.25 17.33 19.83
115 K-rock 2.22 2.26 0.65 0.68 16.90 17.50 27.00 30.00
57 K-rock 2.16 2.19 0.60 0.61 19.25 21.00 19.50 21.00
K-spray 2.57 2.54 0.72 0.75 26.00 27.17 23.00 23.00
M eans 2.31 2.32 0.65 0.68 21.05 21.90 22.84 22.72
With Without 1.93 2.06 0.63 0.67 25.67 27.33 27.00 22.00
115 K,SO, 2.34 2.40 0.65 0.64 17.50 19.75 23.33 24.30
57 K,SO, 2.57 2.49 0.67 0.70 19.67 22.17 19.33 21.00
115 K-rock 2.39 2.42 0.72 0.73 22.17 19.75 18.00 22.33
57 K-rock 2.34 2.33 0.72 0.72 21.00 21.00 16.00 19.50
K-spray 2.68 2.71 0.60 0.65 25.67 26.23 18.33 22.33
Means 2.38 2.40 0.67 0.69 21.94 22.71 20.33 21.91

Table 7. Potassium in root, K in leaves and available-K in the soil after harvesting mg kg™ as
affected by boron and potassium fertilization

Variables K% in root K% in leaves K in soil (ppm)
Boron treat.

K treat 19 season 2" season 19 season 2™ season 1% season 2™ season

Without  Without 4.85 4.90 4.89 4.62 449.80 462.20

115 K,S0O, 5.18 5.04 6.13 5.93 575.7 590.39

57 K,S0, 4.86 5.02 5.49 5.36 540.90 554.72

115 K-rock 5.24 521 5.49 522 456.57 599.65

57 K-rock 5.06 5.12 5.07 4,98 512.32 583.16

K-spray 5.04 5.05 5.42 5.28 506.33 467.90

Means 5.03 5.05 5.40 523 506.87 543.00

With Without 4,83 491 4,39 442 440.90 432.8

115 K,S0, 5.20 5.13 5.66 5.46 484.70 529.70

57 K,SO, 4.98 4.94 497 4.92 446.85 438.22

115 K-rock 5.28 5.20 530 5.26 462.55 579.36

57 K-rock 5.01 5.07 5.09 473 454.00 468.18

K-spray 5.03 5.10 5.15 5.08 445,70 472.76

M eans 5.06 5.06 5.09 4.98 455,78 486.83
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