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ABSTRACT :

A pot experiment was conducted during the winter growing seasons of 2001/2002 and 2002/2003
in the greenhouse of the Faculty of Agric., Al-Azhar Univ., Assiut campus. A complete randomized
design with four replications was used in this study. A combination of four potassium levels (0, 24, 48,
and 72 kg K,O /fed) with four levels of saline irrigation water (tap water, 2000, 4000 and 6000 ppm)
on root yield and some chemical composition of sugar beet.

The mean effects of these interactions confirmed depressing manner in sugar beet growth with
increasing salt concentration in the irrigation water up to 6000. The same trend holds true regarding
both refineable sugar and purity percentages of the root juice. On contrary, TSS% in roots was
significantly increased under such prevailing unfavourable conditions. The sustainable results
ascertained the significance effect of salinity levels in irrigation water on K, Na or K/Na ratio in roots
of sugar beet. Total soluble solids, refineable sugar, purity percentages of root juice, total root yield
and top vyield of sugar beet plants increased as K fertilizer increased. Generally, sugar beet plants
could tolerate saline water up to 2000 ppm without impaired effects on growth yield and quality.
Moreover, K application resulted in improving the quality of sugar beet roots either irrigated with
saline water or with tap water.

INTRODUCTION: growth and yield of sugar beet plants (Plaut and
Heuer, 1985; shehata, 1989; Darwhish et al.,
1995; Higazy et al., 1995; El-Noemami 1996;
Khafagi et al., 1996 and Kandil et al., 1999).

The germination of sugar beet seed can be
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Sugar beet which is considered to be the
second source for sugar production in Egypt has
the ability to grow in the new soils that usually
suffer from salinity and poor quality of
irrigation water. It tolerates soil salinity and soil
water stress (Hills et al., 1990). It is well known
that salinity retards plant growth through its
influence on the osmatic adjustmented, reducing
nutrient uptake (Greenway and Munns, 1980).
Recently, the use of salt tolerant crops has been
recognized as a successful method to overcome
salinity problem (Meiri and Plaut, 1985).
Roades and Loveday (1990) indicated that sugar
yield of sugar beet was not affected by salinity
up to an electrical conductivity value of soil
paste extract (ECe) of 7dSm™.

Sugar beet grown under saline conditions
showed a change in the chemical composition of
leaves and roots. Since saline water has been
proposed as an alternative irrigation source for
sugar beet, attention should be focused on its
positive and negative effects on quality and
quantity of sugar beet (El-Wakeel, 1993; and
Kaffka et al., 1999).

El-Etreiby (2000) indicated that water
quality and nutrients are the major limiting
factors for sugar beet production in most of
soils. Sugar beet plants grown under salinity
stress showed imbalanced nutrient contents in
their tissues. The effect of salt stress on the
nutrient concentration in the plant varies
among  elements. Increasing the salt
concentration in growth media resulted in
reducing K uptake by sugar beet plants
(Shehata et al., 2000) and in turn, K content in
shoots (Reda et al., 1980).

Potassium  fertilization = became  an
important factor for sugar beet production
under Egyption soils. Potassium has been given
a credit for several important roles in plant
nutrition associated with the quality of the
product. It increases sugar content of beets and

has an important biochemical role for sugar
transport in plants (Balba, 1968). Saxena (1985)
stated that attention should be paid to the
economics of potassium response under salinity
conditions. Sarkar and Ghosh (1989) reported
that K application to sugar beet plants
increased root yield. Liu et al. (1992) stated that
K enhanced tolerance of sugar beet treated.
Several investigators studied the effect of K
application and salinity on sugar beet chemical
composition. EI-Maghraby et al. (1998), Khalil
et al. (2001) found that sucrose, total soluble
solids and purity of sugar beet juice increased
with increasing K level, but decreased with
salinity stress. Further, it was found that quality
and quantity of sugar in sugar beet roots, was
enhanced by K fertilization (El-Harriri and
Gobarh, 2001).

The objective of this study is to evaluate the
effects of saline irrigation water and fertilizer
application of K on yield and quality of sugar
beet.

MATERIALS AND METHODS:

The present investigation was carried out
during two successive winter seasons of
2001/2002 and 2002/2003 in
Experimen, Faculty of Agriculture Al. Azhar

greenhouse

Univ., Assiut campus. A clay loam was used soil
in order to assess the response of root yield and
quality of sugar beet (Beta vulgari, L.) to saline
water and application of potassium. Plastic pots
of 35 cm diameter and 50 cm in depth were
used, teach provided with outlet in the bottom
and filled with 20 kg of soil. Table (1) shows
some physical and chemical properties of the
studied soil surface layer 0-30 cm was dried and
the tap water analysis. Pots were arranged in a
factorial complete randomize design with four
replicats. Before planting phosphorus fertilizer
was added at a level of 200 kg/fed., i.e, 4 g/pot,
as Suerphosphate (15.5% P,0s/fed). Ten seeds
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of sugar beet Maghribel variety, were sown on
October, 23 and 26 in the first and second
season, respectively. The plants were thinned
once at 35 days leave two plants/pot. Nitrogen
was added at a level of 90 kg N/fed supplied as
Ammonium Nitrite (33.5% N) in three equal
doses i.e, 1.79 g/pot (immediately after thinning,
two and four weeks after thinning), respectively.

The experiment included 16 treatments,
which were combination of four saline water
levels and four potassium levels. Potassium
levels were the control treatment, 24, 48 and 72
kg K,O/fed. This means that the K rates were
0,1,2 and 3 g/pot of potassium sulfate (48%
K,0). Fertilizer amounts were divided into two
equal portions and then added after thinning
and four weeks after thinning). After 45 days
from sowing, sugar beet plants were subjected
to four levels of salt concentration till harvest.
The four salinity levels were 2000, 4000 and
6000 ppm in addition to tap water as control. In
both seasons, the irrigation whether with tap
water or saline water must reach the level of
65% of total field capacity of the soil by

weighting every pot daily and adding amounts.
The salt types that were used in irrigation water
was almost same a mixture, which was
suggested by Strognov (1962), Table (2).

The experiments were harvested after 180
days of sowing in both seasons and root and top
yield/plant were estimated. The determination
of total soluble solids (TSS) concentration in
roots were estimated by using hand
refractometer according to Simon et al. (1980).
Refineable sugar content in the root yield was
measured according to the method adopted by
Le-Docte (1927). Purity percentages (Refineable
sugar%/TSSx100) were determined according
to Poschenok (1976). Potassium (K) and Sodium
(Na) were measured in the top dry weight at
harvest time, by using the Flamephotometer.

The obtained data were subjected to
statistical analysis of variance described by
and Cochran (1981), and the

combined analysis of results of the two seasons

Snedecor

were applied according to the method adopted
by Steel and Torrie (1960).

Table (1): Characteristics of the soil and tap water used.

Soil property Value Tap water

Pratical size distribution
Sand (%) 36.4 -
Silt (%) 27.8 -
Clay (%) 35.8 -

Texture grade clay loam -
EC. (dS/m) 0.81 0.47
pH (1:1 suspension) 7.9 7.4
Total Ca CO; (%) 2.6 -
Field capacity (%) 34 -
Soluble cations meq/1 (in soil paste extract)
Ca"? 1.82 1.55
Mg 0.79 0.76
K 1.39 1.18
Na* 3.1 1.44
Soluble anions meq/l (in soil paste extract)
Co;” nil nil
HCOy 0.90 1.82
Cl- 291 1.86
so,” 2.83 0.98
Na HCOs; extractable P (ppm) 6.8
Na OAC extractable K (ppm) 275
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Total nitrogen (%)
Organic matter (%)

0.16
1.5

Table (2) Salt and ion components of the salt mixture used for salinization.

% of total salt content

% of total millequivalent

MgSO, | CaSO, | NaCl Mg C1 Ca CO;,

Na® Mg

Ca™? S0,2 cr | cos?

10 1 78 2 9

38 6 6 5 40 5

RESULTS AND DISCUSSION:
1-Root and Top Yield:

Root and top yields were significantly
affected by saline water and different levels of
potassium fertilization and their interactions
(Tables 3 and 4). Significant decreases of root
and top yields were observed with increasing
salinity level of irrigation water. Data indicate
that the use of saline water for irrigation at
concentration of 2000 ppm resulted in a small
decreases in root and top weight.

On the other hand,
increments were noticed when sugar beet plants

lowest significant

were subjected to the high a level of salinization
(6000 ppm). For instance, the reduction in root
yield (g/plant) were 44 and 41.4% in both
seasons. In top yield the result were 43.3 and
43% in two seasons respectively.

These results are well supported by those
published by several authors concerning the
effect of salinity on root and top yields of sugar
beet plants (Higazy et al., 1995; Darwhish et al.,
1995; El-Noemani, 1996; Khafagi et al., 1996;
Kandil et al., 1999; Mekki and El-Gazzar, 1999
and El-Etreiby, 2000). The depressive effect of
salinity on root and top yield is probably due to
osmatic inhibition of water absorption,
high
concentration in plant tissues and alteration of

accumulation of certain ions in
the mineral balance of plants (Khafagi and El-
Lawandy, 1996), and/or due to the reduction in
photosynthetic activity and carbohydrates
metabolisum (Heuer and Plaut, 1989). The

decrease in dry matter accumulation is mainly

due to increase in Na* and CI under high salt
stress causing a reduction in the activity of CO,
—fixation during photosynthesis and a decrease
in the enzymatic activity of the metabolic
processes (Ahmed, 1987).

Significant increases in root and top yields
of sugar beet plants applied with K was also
observed (Table 3 and 4). Sun et al. (1994)
indicating that K application increases dry
matter in sugar beet roots. Data presented in
Table (1) indicate that amount of K in the soil is
under the critical limits. So, applying sugar beet
plants with K has a significant increase in the
yield of root and top as a result of improving the
physiological performance of the treated plants
and increase the dry weight accompanied by an
increase of these elements in the leaves. The
application of K tends to accelerate
photosynthetic activity, translocation of sucrose
from the leaves and its accumulation in roots.
The beneficial effects of K in improving sugar
beet productivity may be attributed to its
enhancement effects on increasing plant
metabolic activity. The obtained increases with
K application could be due to its role on
carbohydrate and N-metabolism, water
absorption and transpiration in plant. These
results are in harmony with those obtained by
El-Hawary (1994 a and b); Bondok (1996); El-
Etreiby (2000) who noticed that fertilization
with K had stimulatory effects on the hormonal
blance, activiting physiological and biochemical
processes in plant as well as their effect on

nitrogen metablism (El-Kortoby, 1982).
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Regarding, the interactions between salinity
in irrigation water and different levels of K
showed significant effect on root and top yields.
Marked variations were observed with K
application at the different levels of irrigation
water salinity. As mentioned above, top yield of
sugar beet plants behaved similarly as root yield
with considerable variations among salinity
treatments. These results are in agreement with
those obtained by Shehata et al. (1994 b),
Younes et al. (1997), El-Etreiby (2000). The
results of root and top yields indicate that the
root is more tolerant than the top to salinity.
Also, the salinity caused a slighter decrease in
top with fertilization with K compared with
untreated one.

2-Refineable Sugar Yield and Quality:

The most important factors which affect the
productivity and quality of sugar beet roots are
the percentage of refineable sugar, purity and
total soluble solids of root juice as shown in
Tables (5,6 and 7). Data show that salinity with
K application significantly affected refineable
sugar level in sugar beet. The refineable sugar
content tended to decrease slightly from 16.1 to
15.3% and from 17.0 to 16.0% in both season
respectively, as salinity increased from 300 ppm
(control) to 6000 ppm. Similar results were
obtained by other researchers Yazdani et al.
(1995). On the other hand, refineable sugar
content significantly increased with increasing
K level up to 72 kg K,O/fed. Application of K
with different levels increased refineable sugar
content from 14.5 to 16.9% and from 15.2 to
17.8% in the 1** and 2" seasons, respectively.

The data in the above Tables also show that
purity of sugar beet roots was significantly
decreased with increasing the level of salinity in
irrigation water as compared with the normally-
irrigated plants. The purity percentage of root
juice tended to decrease from 76.2 to 70.2 in the

first season and from 78.8 to 71.8 in the second
season by increasing salt concentration of
irrigation water. The reduction of juice purity
in sugar beet plants runs mannerly with
increasing salt concentration in irrigation water,
i.e. low in using tap water, moderate at 2000
ppm and high at 4000 and/or 6000 ppm.

Concerning TSS of a sugar beet roots, the
data sustained was significant increase with
increasing the level of salinity in irrigation
water Table (7). The increase in TSS may be
attributed to more salt absorption by plants, as
salinity level increases, which in turn decreases
purity and negatively affects of refineable sugar
percentage. The TSS tended to increase from
21.2 to 21.8% in the first season and from 21.4
to 22.3% in the second season as salinity
increased from 300 ppm i.e, tap water (control)
to 6000 ppm. The increase in TSS under high
salinization is mainly due to high concentration
of solutes. Such decreases in purity noticed
under saline conditions in the present work are
supported by the results obtained by Higazy et
al. (1995) and Darwhish et al. (1995) who
reported that the increase in soil salinity
produced sugar juice of high ash (impurities)
and, hence, leads to a reducing in quality.
Kandil et al. (1999) found similar results.

Under saline irrigation condition, the
uptake of Na and K increases and consequently,
the impurities in root juice increases, resulting
in low quality. Such decreases in juice purity
were undesirable for sugar processing. These
results are in harmony with those obtained by
Mekki and El-Gazzar (1999) and El-Etreiby
(2000).

The data reveal, further that, fertilization
sugar beet plants with K resulted in significant
increases in purity and total soluble solids TSS
percentages as compared to the untreated ones.
Data indicate that refineable sugar percentage
was significantly affected by the interaction
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between salinity levels and K fertilization
treatments. Although such interaction did not
significantly affect root quality i.e, purity% and
TSS%, it can be clearly noticed that quality of
K fertilizer treated sugar beet plants grown
under different levels of saline conditions
showed higher values than the corresponding
ones of salt-stressed plants and untreated with
K fertilizer. Such stimulating effect tended to
depend upon salinity levels and K application
used. These results may be due to counteracting
effect of K fertilization on the inhibitory effect
of salinity. Potassium fertilizer play an
important role in photosynthetic activity,
translocation of sucrose from the leaves and its
accumulation in roots. Refineable sugar and
purity percentages as well as root and sugar
yield increased due to the use of K, Bondok

(1996) have similar results.

3-Mineral Content in Sugar Beet:

The influence of salinity level of irrigation
water and fertilizer application with K on
potassium (K), sodium (Na) and K/Na ratio in
root juice as well as K, Na, Ca and Mg contents
in sugar beet tops is present in Tables (8 to 14).

K and Na contents in sugar beet differed
significantly due to salinity levels of irrigation
water and K application Tables (11 and 12).
Increasing the salinity level of irrigation water
increased K concentration in tops of sugar beet.
Potassium in sugar beet tops tended to increase
from 1.76 to 1.80, 2.13 and 1.87%, as the salinity
level was raised from control to 2000. 4000 and
6000 ppm, respectively. Sodium tended to
increase from 1.93 to 2.57, 2.78 and 3.04%
respectively, with the respective salinity levels.
At higher salinity level (4000 ppm) K and Na
concentration were increased by 18.3% and
8.2% respectively, while at the highest salinity
level (6000 ppm), the respective increases were
3.9 and 18.3%. Since Na is the dominant

element of salts in saline irrigation water
increased Na concentration in both top and root
of sugar beet through using saline irrigation was
quite expected.

In this respect, it is worth to mentioned that
Na concentration in sugar beet juice extraction
is consider one of the main impurities which
decrease as Na concentration in juice increases.
Both K and Na are impurities and their ratio
interfers with the crystallization process, which
causes a greater proportion of the sugars to be
recovered as molasses with a reduction in
refined sugar (Carter, 1986). High refineable
sugar concentration in the wet roots was always
obtained with low Na concentration, high K/Na
ratio, and low water concentration, whereas
lower refineable sugar concentration was
obtained with higher Na concentration, lower
K/Na ratio and higher water concentration in
the roots (Carter, 1986). These results indicate
that Na concentration and/or K/Na ratio in the
roots in the primary cause of the differences in
water concentration and can cause major
changes in the refineable sugar concentration in
the wet root. The reason for the increased water
in the roots with an increase in the Na
concentration and/or a decreased K/Na ratio in
the root has not yet determined. However, it has
been frequently reported in the literature that K
has an effect on the water uptake, turgor
pressure and water relation associated with the
stomatal opening (Mengel and Kirkby, 1980).
Sodium can substitute for K in sugar beets
(Cooke and Scott, 1993). These results are in
agreement with those obtained by Shehata
(1989), Shehata et al. (1994a and b), Mekki and
El-Gazzar (1999). They found that the salinity
had a positive effect on Na concentration of
sugar beet. On the other hand, salinity
markedly increase K concentration in root and
leaves of sugar beet. (Mekki and El-Gazzar,
1999). The increase in Na ion accumulation
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under salt stress may be due to increased

uptake,

reduced the

translocation or

to

disproportion changes in growth and uptake.

Table (3) : Root yield (g/plant) of sugar beet as affected by salinity of irrigation water with different levels of K
fertilization during the winter seasons 2001/2002 and 2002/2003.

2001/2002 Season

2002/2003 Season

Salinity of irrigation K level (kg/fed. K level (kg/fed.)
water (ppm) 0 24 48 7 Mean 0 24 48 7 Mean
Control (tap water) 451 472 543 563 507 463 496 548 553 515
2000 368 | 381 401 481 408 431 468 506 515 480
4000 270 | 298 370 377 329 283 316 437 448 371
6000 204 | 233 338 360 284 213 219 373 402 302
Mean 323 346 413 445 382 348 375 466 479 417
L.S.D. g5 Salinity (S) =18 Salinity (S) =18
L.S.D. 05 k fertilization = 16 k fertilization = 16
L.S.D. 0.05 Sxk=25 Sxk=25
Table (4): Top yield (g/plant) of sugar beet as affected by salinity of irrigation water
with different levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.
Salinity of irrigation 2001/2002 Season 2002/2003 Season
K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 24 48 7 Mean 0 24 48 7 Mean
Control (tap water) 155 182 197 212 187 174 191 216 238 205
2000 126 155 167 187 159 140 183 190 209 181
4000 102 126 130 165 131 106 127 149 186 142
6000 84 929 110 131 106 91 104 117 155 117
Mean 117 141 151 174 146 128 151 168 197 161
L.S.D. g5 Salinity (S) =15 Salinity (S) =16
L.S.D. 05 k fertilization = 17 k fertilization = 18
L.S.D. 0.05 Sxk=22 Sxk=25

Table (5) : Refineable sugar (%) of sugar beet root as affected by salinity of irrigation water with different levels
of K fertilization during the winter seasons 2001/2002 and 2002/2003.

Salinity of irrigation

2001/2002 Season

2002/2003 Season

K level (kg/fed. K level (kg/fed.)
water (ppm) 0 | 24 | 48 72| Mean 24 a3 | 72 | Mean
Control (tap water) 15.3 | 15.6 16.6 16.9 16.1 16.2 16.5 17.5 17.9 17.0

2000 14.5 | 14.7 16.4 17.1 15.7 15.1 16.3 17.2 17.8 16.6
4000 142 | 145 | 163 16.8 15.5 14.8 15.3 17.0 | 17.8 16.2
6000 14.0 | 145 | 16.0 16.6 15.3 14.6 15.2 16.7 | 17.6 16.0
Mean 14.5 | 14.8 16.3 16.9 15.6 15.2 15.8 17.1 17.8 16.5

L.S.D. 405 Salinity (S) = 0.3 Salinity (S) = 0.4

L.S.D. 05 k fertilization = 0.3 k fertilization = 0.5

L.S.D. 05 Sxk=0.5 Sxk=0.7

Table (6): Purity % of sugar beet root as affected by salinity of irrigation water with different levels of K
fertilization during the winter seasons 2001/2002 and 2002/2003.

Salinity of irrigation K1 20(1)11/{2(;:?2ds)eason K1 20?%{(22?3(15)6350“
eve ed. eve ed.

water (ppm) 0 | 24 Lgts 72| Mean 0 24 - 43 | 72 | Mean
Control (tap water) | 74.6 | 750 | 77.2 | 779 | 762 | 771 | 786 | 795 | 799 | 788
2000 69.0 | 69.0 | 759 | 781 | 73.0 | 740 | 765 | 775 | 796 | 769
4000 676 | 67.8 | 748 | 750 | T3 | 712 | 715 | 752 | 784 | 741
6000 66.7 | 674 | 731 | 735 | 702 | 685 | 707 | 736 | 743 | 718
Mean 695 | 698 | 753 | 761 | 72.66 | 727 | 743 | 765 | 781 | 754
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L.S.D. g5
L.S.D. 0.05
L.S.D. 0.05

Salinity (S) = 1.5
k fertilization = 1.5
Sxk=N.S

Salinity (S) =1.3
k fertilization = 1.3
Sxk=N.S

Table (7): Total soluble solids (%) of sugar beet root as affected by salinity of irrigation water with different
levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

2001/2002 Season

2002/2003 Season

Salinity of irrigation K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 24 | 48 | 72 | Mean 24 48 77 | Mean
Control (tap water) | 20.6 | 20.8 | 21.5 | 21.7 | 212 | 21.0 | 21.0 | 22.0 | 224 21.4
2000 210 | 213 | 216 | 219 | 215 | 204 | 213 | 222 | 225 21.6
4000 210 | 214 | 21.8 | 224 | 217 | 208 | 214 | 226 | 227 21.9
6000 210 | 215 | 219 | 22,6 | 21.8 | 213 | 215 | 227 | 237 22.3
Mean 209 | 213 | 21.7 | 222 | 215 | 207 | 213 | 224 | 22.8 21.8
L.S.D. 4.5 Salinity (S) = 0.4 Salinity (S) = 0.3
L.S.D. 05 K fertilization = 0.4 k fertilization = 0.3
L.S.D. 0.05 Sxk=N.S Sxk=N.S

Table (8) : Potassium (K) content (meq/100g) of sugar beet root as affected by salinity of irrigation water with
different levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

Salinity of irrigation

2001/2002 Season

2002/2003 Season

K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 4 | 48 | 2 | My 24 48 72| Mean
Control (tap water) 3.40 3.45 3.92 | 4.02 3.70 3.60 3.78 4.28 4.38 4.01

2000 5.01 5.05 5.64 | 599 | 5.42 5.12 5.18 5.81 6.09 5.55
4000 4.36 4.56 5.02 | 5.66 | 4.90 4.64 4.55 5.19 5.32 4.92
6000 3.12 3.25 3.73 | 450 | 3.65 3.75 4.12 4.36 4.29 4.13
Mean 3.97 4.08 4.58 | 5.04 4.42 4.28 441 4.91 5.02 4.65

L.S.D. g5 Salinity (S) = 0.12 Salinity (S) = 0.10

L.S.D. g5 k fertilization = (.12 k fertilization = 0.08

L.S.D. g0s Sxk=0.24 Sxk=0.14

Table (9): Sodium (Na) content (meq/loog) of sugar beet root as affected by salinity of irrigation water with
different levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

Salinity of irrigation

2001/2002 Season

2002/2003 Season

K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 24 | 48 72 | Mean 5 24 48 72 | Mean
Control (tap water) 1.36 1.24 1.23 1.12 1.24 1.39 1.29 1.22 1.18 1.27

2000 1.79 | 1.76 1.67 1.56 1.70 1.74 1.64 1.57 1.53 1.62
4000 1.82 | 1.72 1.67 1.58 1.70 1.76 1.70 1.67 1.62 1.69
6000 195 | 1.85 1.83 1.68 1.82 1.87 1.85 1.74 1.70 1.79
Mean 1.73 | 1.64 1.60 1.49 1.82 1.69 1.62 1.55 1.51 1.59

L.S.D. g5 Salinity (S) = 0.07 Salinity (S) = 0.06

L.S.D. g5 k fertilization = 0.07 k fertilization = 0.06

L.S.D. g0s Sxk=N.S Sxk=N.S

fertilization during the winter seasons 2001/2002 and 2002/2003.

Table (10): K/Na ratio of sugar beet root as affected by salinity of irrigation water with different levels of K

2001/2002 Season

2002/2003 Season

AR

Salinity of irrigation Klevel (kg/fed.) Klevel (kg/fed.)
water (ppm) 0 24 48 72 | Mean [ 24 48 72| Mean
Control (tap water) | 2.50 | 2.78 | 3.17 | 359 | 3.01 | 259 | 293 | 351 | 371 | 3.19
2000 280 | 287 | 338 | 384 | 322 | 294 | 316 | 370 | 398 | 345
4000 240 | 265 | 301 | 358 | 291 | 264 | 268 | 3.11 | 328 | 3.3
6000 1.60 | 1.76 | 2.04 | 2.68 | 202 | 201 | 223 | 251 | 35 | 232
Mean 233 | 252 | 290 | 342 | 279 | 255 | 275 | 321 | 337 | 297
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L.S.D. 405
L.S.D. 0.05
L.S.D. 0.05

Salinity (S) =0.10
k fertilization = 0.11
Sxk=0.19

Salinity (S) = 0.12
k fertilization = 0.13
Sxk=0.25

Table (11) : Potassium (K) content (%) of sugar beet tops as affected by salinity of irrigation water with different
levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

2001/2002 Season

2002/2003 Season

Salinity of irrigation K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 24 | 48 [ 72 | Mean [ 24 | 48 727 | Mean
Control (tap water) 156 | 174 | 1.81 | 1.91 | 1.76 | 1.66 | 1.81 | 1.83 | 1.89 1.80
2000 1.61 | 179 | 1.85 | 1.96 | 1.80 | 2.00 | 2.6 | 221 | 2.24 2.17
4000 1.98 | 2.1 | 28 | 226 | 213 | 206 | 218 | 226 | 2.33 221
6000 1.66 | 1.82 | 1.97 | 2.02 | 1.87 | 1.62 | 1.78 | 1.94 | 2.96 1.83
Mean 1.70 | 1.87 | 1.95 | 2.04 | 1.89 | 1.84 | 1.98 | 2.06 | 2.12 2.00
L.S.D. 4.5 Salinity (S) = 0.15 Salinity (S) = 0.11
L.S.D. 05 k fertilization = 0.15 k fertilization = 0.13
L.S.D. 0.05 Sxk=N.S Sxk=N.S

Table (12) : Sodium (Na) content (%) of sugar beet tops as affected by salinity of irrigation water with different
levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

2001/2002 Season

2002/2003 Season

Salinity of irrigation K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 24 | 48 | 72 | Mean 24 | 48 72| Mean
Control (tap water) | 2.16 | 1.99 | 1.87 | 1.71 | 1.93 | 2.13 | 1.96 | 1.85 | 1.68 | 1.1
2000 279 | 2.65 | 246 | 237 | 257 | 275 | 2.60 | 241 | 223 | 250
4000 3.03 | 284 | 275|251 | 278 | 297 | 278 | 270 | 246 | 2.73
6000 330 | 3.3 | 298 | 276 | 3.04 | 322 [3.02] 291 | 2.69 | 2.96
Mean 2.82 | 2.65 | 252 | 2.34 | 258 | 277 | 259 | 2.44 | 227 | 252
L.S.D. g0s Salinity (S) = 0.13 Salinity (S) = 0.14
L.S.D. g5 k fertilization = N.S k fertilization = N.S
L.S.D. 0.05 Sxk=N.S Sxk=N.S

Table (13): Calcium (Ca) content (%) of sugar beet tops as affected by salinity of irrigation water with different
levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

2001/2002 Season

2002/2003 Season

Salinity of irrigation K level (kg/fed.) K level (kg/fed.)
water (ppm) 0 4 | 48 | 12 | Ve [ 24 48 72| Mean
Control (tap water) | 0.50 | 0.50 | 0.49 | 0.49 | 0.50 | 0.47 | 046 | 0.46 | 049 | 0.47
2000 042 | 042 | 042 | 039 | 041 | 044 | 040 | 040 | 038 | 041
4000 040 | 038 | 038 | 039 | 039 | 041 | 038 | 038 | 038 | 039
6000 035 | 036 | 037 [ 037 036 | 037 | 036 | 037 | 037 | 037
Mean 0.42 | 0.42 | 042 | 041 | 041 | 042 | 040 | 040 | 041 | 0.41
L.S.D. 005 Salinity (S) = 0.02 Salinity (S) = 0.04
L.S.D. g5 k fertilization = N.S K fertilization = N.S
L.S.D. 0.05 Sxk=N.S Sxk=N.S

Table (14) : Magnesium (Mg) content (%) of sugar beet tops as affected by salinity of irrigation water with
different levels of K fertilization during the winter seasons 2001/2002 and 2002/2003.

Salinity of irrigation

2001/2002 Season

2002/2003 Season

AR

K level (kg/fed. K level (kg/fed.)
water (ppm) 0 4 | 48 | 72 | Ve [ 24 48 77| Mean
Control (tap water) | 0.79 | 0.80 | 0.79 | 0.80 | 0.80 | 0.81 | 0.80 | 0.81 | 0.80 | 0.81
2000 078 | 078 [ 079 | 080 | 079 | 079 | 079 | 080 | 079 | 0.79
4000 079 | 079 | 080 | 079 | 079 079 | 079 | 081 | 079 | 079
6000 076 | 075 | 077| 078 | 076 | 077 | 076 | 076 | 077 | 077
Mean 078 | 078 | 079 | 079 | 0.78 | 079 | 0.79 | 0.80 | 0.79 | 0.79
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L.S.D. g5 Salinity (S) = 0.09
L.S.D. 05 k fertilization = N.S
L.S.D. 0.05 Sxk=N.S

Salinity (S) = 0.08
k fertilization = N.S
Sxk=N.S

The salinity and K application significantly
affected K/Na ratio in root juice (Table 10).
Potassium/ Sodium (K/Na) ratio tended to be
decreased from 3.01 to 2.02 (67.11%) in the first
season and 3.19 to 2.32 (72.73%) in the second
season respectively, as salinity increased from
control to 6000 ppm. The K/Na ratio in juice
root was increased from 2.33 to 3.42 (46.78%)
and from 2.55 to 3.37 (32.1%) as K applying
increased from control to 72 kg K,O/fed. The
decrease in Ca and Mg contents with increasing
salinity level of irrigation water was significant.
At higher salinity level (6000 ppm) Ca and Mg
concentrations were decreased by 28% and 5%
in the first season and 21.3% and 4.9% in the
second season, respectively. The decrease in Ca
and Mg ions under high salinization were
supported by Mekki and El-Gazzar (1999).

The influences of fertilizer treatments in the
mineral content in tops and roots of sugar beet
at harvest time important and the correlation
between yield and K content of roots is evident.
The correlation between K in tops and K in
roots is highly positive. Finally the analysis of
roots serves for the determination of the needs
corresponding to a maximum experimental
yields.

Results also show that addition of K
fertilization increased K content of tops. On the
other side, Na, Ca and Mg contents of sugar
beet leaves were not affected by K application.
Beringer et al. (1986) indicated that K™ content
in leaf dry matter as 3.8% sprays at harvest was
necessary to produce the rates of photosynthesis
and sucrose translocation required for
maximum root yield and sugar yield. Graham
and Ulrich (1974) reported that levels of Ca'?,
Mg"? were unaffected by K supply. These

results are in agreement with those obtained by
Mekki and El-Gazzar (1999).

From the abovementioned results, it is clear
that increasing salt concentration of irrigation
water results in a noticeable reduction in
growth and consequently yield and yield quality
of the sugar beet plants. This may be attributed
to the fact that exposure to salinity during
growth induces stunted growth and structural
changes at various levels of organization.
Moreover, such reduction in sugar beet growth,
yield and quality may be due to different
stresses such as water stress, salt stress and ion-
imbalance stress. Salinity appears to affect
growth, yield and quality through toxic effect of
Na" and/or CI ions and/or the osmotic potential
of the soil solution. On the other hand, fertilizer
application with K improved the growth and
increased yield and quality of sugar beet under
saline conditions. The positive action of
fertilizer application with K might be related to
its effect on water — plant relationship as well as
metabolic and physiological activities of sugar
beet plant. Moreover, increased salt
concentration of irrigation water causes an
imbalance in the chemical composition of the
plant which greatly disturbs the metabolic and
physiological activities. So, addition of K
increases the water retaining capacity of cells,
decreasing the transpiration rate of leaves
through improving stomatal opening and
closure and increasing photosynthesis rate and
translocation of assimilates which, in turn,
enhances yield and quality of sugar beet
(Carter, 1986; El-Hawary, 1994 a, b, and
Gobarh, 2001).

The study reveals the need to maintain low
or moderate salinity levels in the soil or
irrigation water which 1is necessary for
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maximum sugar beet yield with satisfactory
quality. Also further study is needed on the

Delta. Egypt J. of soil Sci. 35 (4):395 —
400.

effects of potassium in relation to slat in fiel6ll-Etreiby, F. (2000). Effect of saline irrigation

experiments under drivers agroclimatic
conditions on soils deficient and sufficient in

potassium. This study and similar researches

water and micronutrient foliar
application on sugar beet cultivars. Alex.

Sci. Exch. Vol. 21 (4): 397 — 407.

will help to achieve the immediate objectives ikil-Harriri, D.M. and M. E. Gobarh. (2001).

order to realize the maximum possible rate of
self sufficiency in the production of food stuff.

Response of growth, yield and quality of
sugar beet to nitrogen and potassium
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