Annals Of Agric. Sci., Moshtohor,
Vol. 47(2): Bo. 35-49, (2009).

ISSN 1110-0419

PHYSIOLOGICAL ROLE OF SOME NUTRIENTS AND CITRIC ACID ON
GROWTH AND YIELD QUALITY OF SUGAR BEET (Beta vulgaris. L).
BY

Abd El-Dayem, HM"; Kheder Z.M."; Mady M.A." and El-Gemal, ES.”
*  Agric. Botany Dept., Fac. Agric., Benha Univ., Egypt.

**  Sugar Crops Res. Inst., Agric. Res. Center.

ABSTRACT

INTRODUCTION

It has been established that sugar beet
(Beta vulgaris L) is an important sugar crop
not only in Egypt, but also in many different
countries of the world. Production of sugar
was depend mainly on sugar cane from long
time ago. After introducing sugar beet in
Egypt and its success as another source of
sugar production as well its more adaptability
to our environmental factors, it became the
second source for sugar industry. Recently
production of sugar is not adequate enough to
our consumption. Therefore, more attention
has been given to grow and development of
sugar beet crop to.overlap the gab between

consumption and production, especially its
suitability to grow well in new reclaimed soils
as well as tolerant to stresses El-Harriri and
Mirvat (2001) and Nemeat-Alla and Samia
(2005) .The Egyptian Government is pushing
hard to built new factories in these new areas
i.c. at Noubaria and El-Fayoum to raisc pro-
duction of sugar in suitable sites.

Two important aspects of a plant
productivity are:(a) Its ability to produce large
amounts of photosynthates, and (b) its ability
to transport and partition a great part of these
photosynthates to appropriate sinks areas. In
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sugar beet, large quantities of photosynthate
(sucrose) are translocated and stored in the
vacuole of parenchyma cells in the root sink
(Wyse,1979; Safiner and Wyse 1984 and
Bondok,1996).

Moreover, yield of sugar beet and its
technological properties is highly affected by
nutrient elements. Foliar application with
minerals as a method of supplying nutrients to
higher plants was more rapidly effective than
other methods including soil application
(Marschner,1995). The positive effect of
minerals as a foliar application on yield and
sugar percentage of sugar beet was reported
by Abdel-Aal (1990), Ibrahiam and Attia
(1990), Osman (1997), Saif (2000) and Esmail
and Abo El-Hamd (2007).

In this regard, potassium (K) is major
plant nutrient needed in sugar beet production.
Average of root length, sucrose percentage
and root yield of sugar beet were significantly
increased with increasing potassium fertilizer
rates (Ghaly er al,, 1984 and El-Hawary 1994
and 1999). In addition various studies provide
evidence that K promotes the translocation of
products of photosynthesis in plants Doman

and Geiger (1979) and Geiger and Giaquinta

(1982). This promotion will take place if a
higher level of K nutrition causes one or more
of the following to increase: (a) phloem
loading, (b) velocity of transport into cells of
sinks, and (c) metabolic conversion of sucrose
in sink tissues Terrance and Geiger (1982).
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Also, boron (B) plays a key role in
higher plants by facilitating the short- and
long- distance transport of sugar via the
formation of borate- sugar complexes
(Dugger, 1983). However, such a proposal is
unacceptable because, the prevalent sugar
transport in the phloem forms only weak
complexes with boron, and in the mechanisms
of phloem loading of sucrose boron is not
involved Marschner (1995).

In addition, iron (Fe) is requirement
for the structural and functional integrity of
the thylakoid membrane and the biosynthesis
of chlorophyll .Also, it is directly involved in
the electron transport chain per unit of PSII
and PSI Terry and Abadia (1986) and
Rutherford (1989).

Citric acid is one of the organic acids
presented in tri-carboxylic acid cycle and
synthesized either from acetyl-CoA, glycine
and a keto-glutaric or malic acid conversion to
citric acid (Miemyk and Trelease,1981).
Growth of cotton, com, bean and sugar beet
increased by foliar application with organic
acids especially succinic, malic and citric
acids (Malik and Singh, 1982 and Nofal et al.,
1990).

Therefore, this study was carried out
to investigate the role of potassium, boron,
iron and citric acid on growth and yield
quality of sugar beet plant.

MATERIAL AND METHODS

Two field experiments were conduc-
ted at Sakha Agricultural Research Station,
Agricultural Research Center Egypt during the
two growing successive seasons of 2005/2006
and 2006/2007 to study the effect of potass-
ium, iron, boron, and citric acid on some
morphological and physiological characteris-
tics as well as root yield and quality of sugar
beet (Beta vulgaris L.).Seeds of sugar beet
cultivar (Beta vulgaris var. vulgaris) cv. Ras
poly were obtained from field crop Research
Institute, Agricultural Research centre.
Experimental design

Seeds of sugar beet were sown on 25
of September in both scasons .The experi-

mental plot area was 3.0 x 3.5m (1/400
feddan) with six. rows in each plot and 30 em
apart between hills. The experimental plots in
both seasons were fertilized with 150kg/fed.
super phosphate (15.5%P,0s) and 24kg
K,O/fed. was applied before planting. While
nitrogen at 50kg N/fed. was applied into two
equal doses, the Ist after 40 days(after
thinning) and the 2 nd dose after 80 days from
sowing. Different recommended agricultural
practices for this plant were followed by the
Ministry of Agric., Egypt.

“The experiment included nine treat-
ments, potassium(K) at 500 and 1000 ppm,
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iron(Fe) at 200 and 400ppm, boron (B) at 20
and 40 ppm and citric acid at 500 and 1000
ppm as well as control (distilled water). All
treatments were added as a foliar application
at 60, 80 and 100 days after sowing. The
treatments were arranged in randomized
complete block design (RCBD) in three
replicates.

Sampling and collecting data:
a- Growth and yield characteristics

Nine plants from each treatment were
randomly taken at 80, 100, 120 and at harvest
(200) days after sowing in both seasons to
estimate number of leaves/ plant, leaves dry
weight(g)/ plant, total leaf area (cm®) /plant
using the disk method according to Derieux ef
al . (1973), root diameter (cm)/ plant, length
(cm) /plant, fresh weight (g)/ plant.

Relative growth rate(RGR) is define
as the increase of plant material per unit of
time, according to Radford (1967).

RGR = Loge w2-Loge wl/t2-t1 .
where: wl = dry weight at t1.
w2 = dry weight at 2.

b- Root quality

Sucrose % was determined according
to Le Docte (1927), total soluble solids
percentages (T.S.S %) was determined by
using hand refractometer and Juice purity
percentage was calculated according to
Carruthers et al. (1962) as:

Juice purity % = (sucrose/ total soluble
‘ solids)x 100
c- Photosynithetic pigments:

Chiorophyll a, b, and carotenoids
were calorimetrically determined in fresh
leaves of sugar beet plants according to the
methods described by Wittesitn (1957) and
calculated as mg/g fresh weight .

d- Chemical compesition:

Samples from sugar beet leaves at
100 and 120 days after sowing were taken to
determine Total nitrogen (Homeck and Miller,
1998), phosphorus (Sandell, 1950), potassium
(Homeck and Hanson, 1998) and each of
boron and iron (Black et al., 1965). Also NPK
uptake was calculated after determination of
NPK according to Chapman and Pratt (1961).
Total sugars and total carbohydrates were
determined according to Thomas and Dutcher
(1924) and Dubois ef al.(1956), respectively.
Crude protein was calculated accordmg to the

following equation:

Crude protein= Total nitrogen x 6.25
(A.0.A.C,, 1990). ;

Statistical analysis:

Data of morphological and yield
characteristics were statistically analysized
and the means were compared using the least
significant difference test (L.S.D) at 1% and
5% levels according to Snedecor and Cochran
(1980).

RESULTS AND DISCUSSION

1- Growth:
a- Root characteristics:

Data of root characteristics expressed
as root length, diameter and fresh weight per
plant as affected by potassium, boron, iron and
citric acid as a foliar nutrition during different
periods of growth 80,100 and 120 days after
sowing in the two seasons are shown in Table

M.

As for root characteristics, foliar
application with two concentrations of
potassium, boron, iron and citric acid caused a
gradually significant increase in root diameter,

length and fresh weight per plant compared
with control during different periods of
growth in the two seasons. In this respect,
foliar spraying with K at 1000 ppm gave the
highest values followed by B at 40 ppm and
Fe at 400 ppm of root characteristics at120
days afier sowing when compared with other
treatments or control during the two seasons,
respectively. Also nearly similar results were
also obtained by El-Hawary (1999), Nemeat-
Alla et al. (2002) and Haggag and El-Khair
(2007). Such results could be attributed to the
essentiality of K for photosynthates formation
and translocation, activation of many enzymes
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and protein synthesis in meristematic tissues,
which reflected on root diameter and fresh
weight (Ismail and El-Ghait (2004); Hopkins
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play a vital role during the development of
sugar beet roots. The presence of boron in the
plant is essential to facilitate sugar transport

(2005) and Osman (2006). Moreover, boron  within plant (Pilbeam and Kirkby, 1983).

Table (1): Effect of foliar application with some nutrients and citric acid on root
characteristics of sugar beet (Beta vulgaris L.) piants at 80, 100 and 120 days
after sowing during 2006 and 2007 seasons.

Root
Characteristics | Djameter (cm)/ plant | Length (cm)/plant Fm(;;;:::f tt
Days after sowing
Treat- | om| 80 | 100 | 120 | 80 | 100 | 120 | 80 | 100 | 120
ments
Season 2006
Control| 00 | 400 | 533 | 600 | 126 | 143 | 19.3 | 206.7 | 300.0 | 331.7
Boron 20 612 | 600 | 787 | 180 | 206 | 21.7 | 321.3 | 345.0 | 360.0
40 643 | 727 | 897 | 193 | 21.6 | 246 | 3483 | 361.7 | 421.7
Tron 200 | 540 | 667 | 757 | 186 | 19.1 | 22.0 | 318.3 | 337.3 | 350.3
400 | 633 | 700 | 867 | 183 | 198 | 22.7 | 320.3 | 356.7 | 364.7
Pota- | 500 | 533 | 666 | 800 | 188 | 206 | 23.3 | 329.8 | 356.3 | 388.3
ssium | 1000 | 6.35 | 797 | 933 | 194 | 21.3 | 256 | 340.3 | 360.0 | 426.7
Citric | 500 | 433 | 615 | 733 | 163 | 19.0 | 22.0 | 309.7 [ 323.3 | 356.3
acid | 1000 | 550 | 7.10 | 800 | 180 | 200 | 22,6 | 3283 | 333.0 | 342.0
LSD. 5% | 1.23 | 0.83 | 221 | 217 | 1.52 | 290 | 3223 | 47.88 | 28.97
1% | 169 | 114 | 312 | 298 | 210 | 400 | 4441 | 65.97 | 39.91
Season 2007
Control| 00 | 432 | 633 | 767 | 136 | 160 | 189 | 287.7 | 310.0 | 3317
Boron 20 633 | 733 | 827 | 178 | 203 | 224 | 330.0 | 335.0 | 356.7
40 | 667 | 733 | 880 | 195 | 21.3 | 24.7 [ 337.7 | 341.7 | 430.7
I 200 | 617 | 740 | 810 | 170 | 194 | 21.8 | 326.7 | 336.0 | 348.3
ron
400 | 613 | 722 | 855 | 173 | 200 | 22.0 | 323.3 | 334.3 | 353.7
Pota- | 500 | 667 | 700 | 822 | 196 | 220 | 256 | 336.7 | 355.0 | 442.8
ssium | 1000 | 733 | 767 | 910 | 201 | 23.2 | 25.7 | 3723 | 3620 | 451.3
Citric | 500 | 500 | 667 | 667 | 156 | 180 | 206 | 319.7 | 3308.3 | 346.0
acid 1000 | 667 | 733 | 733 | 173 | 193 | 21.0 | 317.7 | 338.7 | 3523
LSD. 5% | 126 | 1.52 | 152 | 26 | 141 | 1.66 | 41.90 | 41.67 | 58.0
1% | 1.73 | 210 | 210 | 357 | 194 | 2.29 | 57.73 | 5742 | 77.7
b-Leaf characteristics: and B 40 ppm at 120 days after sowing during

As shown in Table (2) it could be
clearly noticed that leaves number, dry weight
and total leaf area (cm’) per plant were
increased to reach the high level of signifi-
cance with foliar application by K 1000 ppm

2006 and 2007 scasons. The only exception
was that number of leaves insignificantly
increased with citric acid at 500 ppm and 20
ppm of B at 120 days after sowing during
2006 and 2007 scasons. Also, in most cases
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leaf characteristics were gradually increased
till the third sampling date (120) days after
sowing during 2006 and 2007 seasons. Here,
the enhancement of number of leaves and leaf
area per plant are of great intcrest because that
could be led to not only more efficiency of

photosynthesis but also synthesizing more
assimilates and high rates of their translo-
cation specially toward sink sites (roots).In
this respect nearly similar results were obtai-
ned by Besheit ef al. (1992), Nemeat-Alla et
al. (2002) and Osman (2006).

Table (2): Effect of foliar application with some nutrients and citric acid on leaf
characteristics of sugar beet (Beta vulgaris L.) plants at 80, 100 and 120 days
after sowing during 2006 and 2007 seasons.

Leaves
Characteris- Number Dry weight | Totalleafarea |pcpt|RGR2
tics / plant (g)/plant (cm?)/plant
— Days after sowing g/gnv | g/gm/
ments | PP 80 (100 (120 | 80 | 100 | 120 | 80 | 100 | 120 | day | day
Season 2006
Control | 0.0 | 19.6 | 22.3 | 23.3 | 4053 |46.60| 53.94 | 2946 | 3701 | 4283 | 0.70 | 0.85
Boron |20 | 208 | 240 | 26.2 | 43.00|54.78)| 57.26 | 3381|4178 | 4422 | 136 | 0.29
40 | 236|269 | 28.6 |45.93(56.91|60.61 | 3690 4330 [ 4785 | 1.26 | 0.43
fron |20 | 205 | 236 | 25.3 142.22|49.90| 57.52 | 3400 | 3987 | 4592 | 0.88 | 0.88
400 | 20.8 | 24.9 | 26.7 | 44.12(51.49| 58.87 | 3574 | 4173 | 4699 | 0.85 | 0.85
Pota- | 500 | 240 | 26.0 | 29.0 | 45.89|53.63|59.91 | 3487 | 4194 | 4758 | 0.89 | 0.68
ssium | 1000 | 25.0 | 26.5 | 31.0 |48.55|55.35| 61.07 | 3813 | 4399 | 5048 | 0.87 | 0.66
Citric | 500 | 23.3 | 25.0 | 25.6 |42.96|48.36| 56.26 | 3305 | 3603 | 4394 | 0.62 | 0.91
acid | 1000 | 22.6 | 23.4 | 26.3 [43.39|4732(52.18| 3519 | 3792 [ 4321 | 0.68 | 0.80
Lsp, | 5% | 196|142 | 256 | 6.37 | 5.10 | 4.64 |583.2|501.2| 670.6| - -
1% | 212 [ 206 | 3.52 | 8.78 | 7.02 | 6.39 |802.5|690.5|867.2| - -
Season 2007 :
Control | 0.0 | 20.0 | 22.8 | 23.6 | 38.33|43.80|49.61 | 2773 ( 3752 | 3943 | 0.63 | 0.67
Boron 20| 216 | 243 | 26.0 |43.34|50.44| 53.61 | 3322 | 4102 | 4273 | 0.82 | 0.37
40 | 22.8 | 26.0 | 29.3 | 46.02{55.42| 58.56 | 3749 [ 4325 | 4860 | 1.08 | 0.36
Iron | 200 [ 213|240 | 256 |43.53(49.95|59.95 3176 | 3863 | 4669 | 0.74 | 1.15
. 400 | 223 | 25.0 | 26.2 | 46.08|50.85| 58.40 | 3431 | 4132 | 4519 | 0.66 | 0.87
Pota- | 500 | 24.0 | 25.3 | 28.6 | 47.50|55.87|60.45 | 3585 | 4299 | 4623 | 0.73 | 0.53
ssium | 1000 | 253 | 26.7 | 30.9 [48.56]56.18| 61.74 [ 3826 | 4323 | 5167 0.76 | 0.64
Citric | 500 | 23.0 | 25.4 | 26.6 | 40.46|46.03| 52.48 [ 3125 | 3733 | 4169 | 0.64 | 0.74
acid 1 1000 | 23.6 | 25.8 | 26.9 | 45.74]50.79| 57.60 | 3422|4158 [ 4521 | 0.70 | 0.78
Lsp, | 5% [200] 311|256 | 803 | 681 | 5.15 |807.4|681.7|530.8| - -
1% | 295 | 430 | 3.52 (11.07| 9.38 | 7.09 |1112(939.3|731.4| - -

- RGR1: Relative growth rate (80-100) days after sowing .

- RGR2: Relative growth rate (100-120) days after sowing,

In addition, Bondok (1996) found
that, different concentrations of boron reduced
shoot fresh weight, these results may be due to

the reduction of auxin levels and the high level
of ABA in sugar beet shoots after boron
application which led to a limitation of vegeta-
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tive growth. The reduction of shoot weight
may also due to the role of boron upon the
translocation of carbohydrates from the leaves
(source organs) to root (storage organs) as
well as boron deficiency is associated with a
disturbance in synthesis of plant hormones
and nucleic acids metabolism. He also men-
tioned that, many symptoms of boron
deficiency are very similar to symptoms of
abnormally high concentrations of auxins.

Concerning the relative growth rate
(RGR), foliar application with potassium,
boron, iron and citric acid caused increase in
the relative growth rate of leaves dry weight
between (80-100) days after sowing mean-
while, RGR was decreased between (100-120)
in both seasons. The plants sprayed with high
concentrations of K and B exhibited the
highest increase of root and leaves charac-
teristics the same as RGR between 80-100
days after sowing in comparison with those
sprayed with the low concentrations in both
seasons. The results are in harmony with those
reported by Saif (1991) and Abd El-Hamid et
al. (1992).

¢- Root quality:

Data in Table (3) clearly indicate that
each of sucrose, juice purity and total soluble
solids (TSS) % in root of sugar beet were
increased to reach the high level of signifi-
cance with different applied treatments during
2006 and 2007 seasons.

Concemning sucrose %, the only
foliar spray with citric acid at 500 ppm increa-
sed this trait significantly at 5% during two
seasons. Moreover, boron at 40ppm gave the
highest values those reached 18.87 % and
18.58 % at 120 days after sowing during 2006
and 2007 secasons, respectively. Meanwhile
values were 13.63 and 13.53% sucrose in case
of control plants. The promotion effect of
boron on sugar yield may be due to more
quantities of photosynthates (sucrose) are
being translocated and stored in the root.
These results are in agreement with those of
Bondok (1996); El-Hawary (1999); Saif
(2000) and Hussein (2002).
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Regarding total soluble solids (TSS)
and purity % in root of sugar beet were
behaved as the same as the above mentioned
characteristics. Since, all applied treatments
showed their high significant increase but their
maximum were also, obtained with the foliar
application with K at 1000 ppm and B at 40
ppm treatments compared with control one.

The highest values of juice purity in
root of sugar beet obtained with foliar
application by K at 1000 ppm and boron at 40
ppm at 120 days after sowing during two
seasons since values were 75.05%, 72.39 %
and 72.25 %, 71.46 %, respectively. Nearly
similar findings were obtained by Saif (1991)
and Haggag and El-Khair (2007).

In this respect, boron increased
dramatically cytokinin levels in treated roots,
which lead to accelerate cambial activity and
cell division which reflects upon root quality
and increased storage cells (Dizengremel et
al., 1982). So increasing of root fresh weight
and quality due to the high content of cyto-
kinins in roots (Bondok, 1996).

Chemical composition:
a- Photosynthetic pigments:
Data in Table (4) indicate that diffe-

rent photosynthetic pigments as chlorophyll a,
b and carotenoids were positively responded
to the different applied treatments during 2007
season. Also, potassium at 1000 ppm and
boron at 40 ppm gave the highest values at 80
and 100 days after sowing meanwhile citric
acid ranked the first at 120 days after sowing
during 2007 season when compared with
other treatments or control one. Increasing of
chlorophylls and carotenoids concentration

were enhanced photosynthesis efficiency and
increased dry matter production. Also, the
stimulation of photosynthetic pigments forma-
tion could be attributed to the vigorous growth
obtained in Tables (1& 2). Nearly similar
results were reported by Bondok (1996), Abd-
El-Hamid (1997) Increment of photosynthesis
pigmerts in response to citric acid might be
due to its action as a antioxidants for pro-
tecting chloroplasts from oxidative damage by
free radicals. (Ghourab, 2000 and Haggag and
El-Khair 2007).
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Table (3): Effect of foliar application with some nutrients and citric acid on root quality of
sugar beet (Beta vulgaris L) plants at 80, 100 and 120 days after sowing

during 2006 and 2007 seasons.,

Root
Characteristics Sucrose % Total&gl;)b ‘l)z solid Purity %
Days after sowing
Treat-
ments | PP™ 80 100 120 80 100 120 80 100 120
Season 2006
Control | 0.0 847 (1120 | 13.63 | 17.00 | 1833 | 21.67 | 4620 | 61.10 | 62.89
Boron 20 16.20 | 16.50 | 16.50 | 22.50 | 23.67 | 24.33 | 59.00 | 66.70 | 67.81
40 16.17 | 1733 | 18.87 | 23.00 | 24.00 | 26.10 | 65.60 | 72.20 | 72.39
Iron 200 | 1296 | 1593 | 16.36 | 21.17 | 2200 | 2233 | 61.21 | 64.40 | 65.04
400 | 1566 | 16.07 | 1733 | 21.33 | 23.00 | 25.31 | 63.4]1 | 67.86 | 6841
Pota- 500 | 1336 1573 | 17.75 | 2247 | 24.00 | 25.67 | 6645 | 62.92 | 62.80
ssium 1000 | 1595 | 16.70 | 1791 | 2247 | 25.00 | 26.33 | 70.90 | 68.58 | 75.05
Citric 500 | 10.72 | 1247 | 1448 | 2047 | 21.00 | 21.32 | 5236 | 59.38 | 67.88
acid 1000 | 9.03 | 1463 | 1548 | 18.00 | 20.67 | 23.00 | 50.16 | 63.60 | 68.89
LSD. 5% | 249 | 114 | 065 | 116 | 120 | 1.01 | 408 | 709 | 3.70
1% 344 1.58 0.92 1.60 1.66 1.40 5.62 9.77 5.10
Season 2007
Control | 0.0 927 | 12.87 | 1353 | 1767 | 18.67 | 21.67 | 5246 | 5846 | 62.44
Boron 20 1538 | 17.27 | 1850 | 23.33 | 24.57 | 26.12 | 65.92 | 66.00 | 68.07
40 1648 | 17.80 | 18.58 | 2433 | 2567 | 26.37 | 65.73 | 67.00 | 71.46
Iron 200 | 1429 | 1593 | 17.50 | 20.00 | 21.00 | 23.33 | 62.13 | 64.91 | 66.46
400 | 1557 | 1643 | 17.37 | 22.67 | 23.67 | 24.00 | 63.11 | 66.59 | 69.48
Pota- S00 | 1645 | 1790 | 18.55 | 23.00 | 2433 | 25.67 | 62.82 | 63.86 | 70.16
ssium 1000 | 1585 | 1795 | 1876 | 23.33 | 25.00 | 26.33 | 6793 | 69.53 | 72.25
Citric 500 | 1032 | 1403 | 1562 | 18.33 | 22.00 | 23.33 | 56.30 | 63.77 | 66.95
acid 1000 | 12.68 | 1483 | 1658 | 20.67 | 23.33 | 23.67 | 61.34 | 63.56 | 70.04
LS.D. 5% 092 | 074 | 254 | 099 | 142 | 130 | 483 | 515 | 391
1% 127 1 1.02 | 350 | 137 | 196 | 180 | 665 | 7.10 | 538

In this respect, it could be suggested
that, the enhancement effect of K, Fe, B and
citric acid on increasing plant pigment con-
centration could be attributed to the favorable
effect of these nutrients to increase biosyn-
thesis of chlorophylls through improving the
absorption of N and Fe ions which are invol-
ved in chloroplast formation, which might be
expected as a reason for chlorophyll increases
in sugar beet leaves(Abd El-Hamid et al.,
1992; Marschner 1995 and Bondok 1996).

b- Minerals content in leaves:

Data in Tables (5) indicate that all
foliar sprayed treatments increased N, P, K, Fe
and B concentrations and contents in leaves of
sugar beet plants at 100 and 120 days after

sowing during 2007 season. Also, foliar spray
with potassium at 1000 ppm gave the highest
increase in N and P meanwhile, citric acid at
1000 ppm gave the highest increase in K
during 2007 season. Also, Fe and B were
increased to reach their maximum with boron
at 40 ppm treatment compared with control
plants and other treatments. This result are in
agreement with those obtained by Negm and
Hassan (1998), El-Nour ef al (2000) and
Koriem et al (2002).

Also, Ghourab (2000) mentioned that
foliar spraying with potassium and boron were
associated with enhancement of vegetative
growth and increase NPK concentration and
content in leaves of sugar beet plants.



Table (4): Effect of foliar application with some nutrients and citric acid on photosynthetic pigments of sugar beet (Beta vulgaris L.) leaves at 80, 100

and 120das aftersowm dunn 2m7season,
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Table (5): Effect of foliar application with some nutrients and citric acid on minerals content of sugar beet (Beta vulgaris L.) leaves at 100 and120 days

after sowing during 2007 season A
Nitrogen Phosphorus Potassium Iren Boron
Characteristics | mg/gDW |  uptake mg/g DW |  uptake mg/gDW |  uptake ppm ppm
‘ Days after sowin.

Treatments | ppm | 100 | 120 100 120 | 100 |120 100 120 100 | 120 100 |120 |100 |ize |100 |120
Control | 0.0 | 216 | 217 | 9461 | 10765 | 1.70 | 1.87 | 7446 | 9277 | 310 | 330 | 13578 | 1637.1 | 240 | 233 | 0.097 | 0.100
boros | 20 | 340 345 [17187 | 18496 | 225 | 230 [ 11349 | 12330 425 | 438 | 21437 [2348.1 | 436 [ 469 | 0154 | 0176

40 | 391 | 380 | 21669 | 22253 | 240 | 250 | 13301 | 1464 | 437 | 440 | 2421.6 | 25766 | 523 | 545 | 0.169 | 0.193

| 200 | 315 | 346 | 1573.4 | 20743 | 2.60 | 2.82 | 12987 | 169.06 | 440 | 450 | 21978 | 2697.8 | 5.15 | 487 | 0.119 | 0.120
fron 00 | 364 | 382 | 18509 | 22309 | 2.71 | 286 | 137.80 | 167.02 | 450 | 45.5 | 22883 | 26572 | 5.47 | 546 | 0.106 | 0.133
| 500 | 340 | 345 | 18996 | 20855 | 2.73 | 3.10 | 15253 | 187.40 | 46.0 | 50.0 | 25700 | 30225 | 3.62 | 431 | 0.158 | 0.136

Potassium 11300 | 39.1 | 38.6 | 21966 | 23639 | 290 | 3.75 | 16292 | 23153 | 470 | 510 | 26305 | 31488 | 5.17 | 534 | 0139 | 0.139 |
Gitric acig |20 | 312 | 335 [1436.0[1758.1 | 320 | 330 | 14730 | 173,18 48.0 [ 48.5 [22094] 25453 | 511 | 560 | 0.123 | 0.119

1000 | 362 | 35.6 | 1838.6 | 2050.6 | 3.30 | 340 | 167.61 | 19584 | 490 | 52.0 | 24887 | 29952 | 488 | 5.90 | 0.155 | 0.163
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c- Sugars, carbohydrates and crude protein
concentrations in leaves:

As shown in Table (6) it could be
clearly noticed that total sugars, total carbohy-
drates and crude protein concentration in
leaves were increased with different applied
treatments at 100 and 120 days after sowing
during 2007 scason when compared with the
control treatment. As for total sugars, boron at
40 ppm gave the highest values followed by
potassium at 1000 ppm meanwhile, iron at
200 ppm gave the lowest values during 2007
season.

Conceming the total carbohydrates
concentration it was behaved as the same as
the total sugars. Also, it could be noticed that
application with K at 1000 ppm gave the
highest concentration of carbohydrates in
leaves of sugar beet at 100 and 120 days after
sowing during 2007 season. High concen-
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tration of total carbohydrates is a direct result
for high rates of photosynthesis with its great
efficiency. That was preceded with large
photosynthetic area Table (2) and high con-
centration of photosynthetic pigments Table
(4) as well under the treatment of various
foliar sprayed but it reached its maximum with
K followed by B.

This result are in agreement with
those reported by Abd-El-Hamid er al. (1992)
and (1997), they concluded that foliar
applications of potassium alone or with micro-
nutrients increased the amount of carbohy-
drates and crude protein in roots and leaves of
fodder beet plants. Also, Marschner (1995)
pointed out that K, Fe and B affect carbohy-
drates and protein metabolism through their
role as an activator of several enzymes invol-
ved in metabolic reactions.

Table (6): Effect of foliar application with some nutrients and citric acid on total sugar,
carbohydrates and crude protein content of sugar beet (Beta vulgaris L.)
leaves at 100 and 120 days after sowing during 2007 season. '

Characteristics Total sugars Total carbohydrates Crude protein
mg/g FW mg/g DW mg/g DW
Days after sowing
Treatments | ppm 100 120 100 120 100 120
Control 0.0 16.23 1945 | 3194 367.9 135.0 135.6

Boron 20 26.56 3254 | 5218 568.5 181.3 198.8
40 37.20 3943 | 6437 656.2 206.3 2194
Iron 200 21.70 22.13 | 3526 366.9 196.2 2163
400 23.65 2441 | 3778 390.5 2275 238.8
Potassium 500 2753 3690 | 6346 683.4 2125 215.6
1000 29 60 3842 | 665.5 673.2 2444 2375
Citric acid 500 2451 2633 | 465.7 480.2 195.0 2094
1000 25.13 2768 | 475.9 489.6 2263 222.5

With regard to the protein concentra-
tion, it could be noticed that Fe at 400 ppm
gave the highest increase in leaves of sugar
beet plants at 100 and 120 days after sowing
followed by potassium at 1000 ppm during
2007 season. In addition, thesc data being
more evident when related to the control ones.
The results are in agreement with those
obtained by Abd-El-Hamid (1992) and
Koriem et al (2002).

Hopkins (1995) attributed such in-
creases in sugar beet plants as a result of foliar
application with k may be due to one or more

of the following physiological functions for k:
a) carbohydrates metabolism and formation,
breakdown and translocation of starch, b)
control and regulation of activities of various
cssential elements and c) activation of various

enzymes.

Root yield and quality at harvest (i.e. 200
days sfter sowing):

Data in Table (7) indicate the effect of
K, B, Fe and citric acid on yield and quality of
root of sugar beet plants at harvest during
2006 and 2007 seasons.



Table (7): Effect of foliar application with some nutrients and citric acid on root yield and quality of sugar beet (Beta vulgaris L.) plants at harvest

Characteristics

| Treatmeiits

Fresh weight Kg/
plant

% relative to the
control

% relative to the
control

Total soluble solid
(%)

Juice purity
(%e)

2007

Control

100.00

Boron

107.81

122.08

Iron

111.72

116.04

Potassium

115.45

122.38

Citric acid

106.33
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As for root fresh weight per plant, its
significant increase existed with different
applied treatments during the two seasons
when compared with the control. Also it could
be noticed that foliar application with boron at
40 ppm ranked the first followed by potassium
at 1000 ppm, citric acid at 1000 ppm and iron
at 400 ppm during the two seasons. Also,
nearly similar results were reported by
Bondok (1996), Abd-El-Hamid (1997).

With regard to root quality as exp-
ressed as sucrose, total soluble solids and juice
purity percentages were significantly increa-
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sed in root of sugar beet plants at harvest with
different applied treatments during 2006 &
2007 season. The exception was only that
significant increase at 5% level of significance
with citric acid at 500ppm during 2007 sea-
son. This result are in agreement with those
reported by Saif (2000) and Hussein (2002).

Generally, foliar spraying with K and
B treatments of sugar beet plants gave not
only the highest vigorous growth in the early
stage but also increased root yields and the
improvement of root quality.
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