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Abstract:

This study was conducted at El-Ghorieb Exp. Farm, Assiut University, As-
siut, Egypt, during 2010/2011 and 2011/2012 seasons to investigate the effect of
potassium fertilization (48 and 72 kg K,O fed.™) and the foliar spray with three
zinc chelate levels zero, 75, and 150 mg "' as Zn-EDTA (15% Zn) on yield and
quality as well as Fe, Mn and Zn contents of sugar beet plants grown on a cal-
careous sandy soil.

- All plant characteristics and quality traits of sugar beet i.e., top and root
fresh and dry weights, sucrose content, sugar recovery, recoverable sugar yield,
as well as Fe, Mn and Zn contents were significantly increased by increasing the
K level from 48 to 72 kg K,0 fed.” in both seasons.

- Increasing the potassium level caused an increase in the sucrose percent-
age. Moreover, a remarkable increase in the recoverable sugar percentage was
observed as K level increased. Potassium fertilization showed a significantly in-
crease on sugar beet yields at 48 kg N fed.”" level as well as 72 kg K,O fed.” for
top yield and recoverable sugar yield.

- With regard to zinc foliar application, significant decreases on impurities
and increases on sugar loss to molasses and sucrose percentage were observed. It
also had an insignificant effect on the recoverable sugar percentage. In most
cases, increasing Zn level up to 150 mg 1" significantly increased the sugar beet
yields fed.”

- Potassium fertilization x zinc foliar application interaction had a signifi-
cant effect on Na content in beet roots in both seasons. Moreover, significant ef-
fects were observed only on K content in beet roots and sugar losses to molasses
in the first season as well as top yield fed.” in the second season. It could be con-
cluded that application of the K fertilization at 72 kg K,O fed.” along with the
foliar application of zinc had a positive effect in increasing all growth traits of
sugar beet.
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Introduction:

The availability of plant nutri-
ents are strongly related to the prop-
erties of soils. Calcium carbonate is
one of the most important factors that
limit the nutrient availability in soils.
Calcareous soils which contain sig-
nificant quantities of free lime
(CaCO;) are common in arid and
semi-arid climate affecting over 600
million hectares of world soils
(Leytem and Mikkelsen, 2005).
These soils are also important for the
production of field crops. Micronutri-
ent deficiency is one of the most im-
portant abiotic stresses in plants
grown on calcareous soils (Xudan,
1986).

Sugar beet (Beta vulgaris L.) is
considered the second sugar beet
crop, after sugar cane, for sugar pro-
duction in Egypt. It has an important
position in Egyptian crop rotation as
a winter crop. It is able to grow not
only in fertile soils, but also in poor,
saline, alkaline and calcareous soils.
The strategy of sugar production is to
expand sugar beet cultivation in cal-
careous soils where some nutrients,
especially micronutrients, are short in
supply for normal growth and high
yield of roots and sugar.

Sugar beet is classified as a high
potassium requiring crop (Johanson
et al., 1971). Potassium plays an im-
portant role in the transport of me-
tabolites in the phloem, particularly
into storage tissues. It is the most
abundant cation in the cytoplasm.
Plants that accumulate large reserves
of protein, carbohydrate and sugar in
their storage tissues have high K re-
quirements. Potassium and its ac-
companying anions make a major
contribution to the osmotic potential

of cells and tissues of glycophytic
plant species. It has a role in the nu-
tritional balance which increases the
organic compounds through the pho-
tosynthesis (El-Harriri and Gobarh,
2001, Gobarh and Thalooth, 2001).

Zinc is an essential microele-
ment to plants. Its presence in con-
centrations below a critical minimum
level hinders plant growth and devel-
opment. It plays an important role in
the production of biomass. Further-
more, zinc may be required for chlo-
rophyll production, pollen function,
fertilization and germination (Cak-
mak, 2008). It is an essential compo-
nent of various enzyme systems for
energy production, protein synthesis
and growth regulation (Mengel and
Kirkhy, 1987). Two long-known ef-
fects of zinc deficiency are on photo-
synthesis and carbonic anhydrate ac-
tivity. However, many other cellular
processes and components are altered
by zinc deprivation (Marschner,
1995). Zinc-deficient plants also ex-
hibit delayed maturity. Zinc is not
mobile in plants. So, its deficiency
symptoms occur mainly in new
growth. Its poor mobility in plants
suggests the need for a constant sup-
ply of available zinc for optimum
growth.

Zinc availability is limited by
high pH, high free calcium carbonate,
sandy texture and low organic matter
as well as where subsoil has been ex-
posed by land leveling. It may be fur-
ther reduced by heavy P application.
These conditions are common in
many Egyptian sugar beet growing
areas and Zn fertilization is routinely
recommended for other crops in these
areas. Several studies have been
shown that a small amount of micro-
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nutrients, particularly Zn that is ap-
plied by foliar spraying can signifi-
cantly increase the yield of crops
(Moustafa et al., 2011). Also, foliar
nutrition is an option when nutrient
deficiencies cannot be corrected by
direct applications of the nutrients to
the soil (Sarkar et al., 2007). The ap-
plication of Zn to sugar beet plants
grown on a calcareous soil with mar-
ginal Zn availability resulted in in-
creased root and sugar yields (Ste-
vens and Mesbah, 2005). The purpose
of this work is to investigate effects
of potassium fertilization and Zn
foliar application on growth, yield
and quality as well as iron, manga-
nese and zinc uptake by sugar beet
plants grown on a calcareous sandy
soil.

Materials and Methods:

Two field experiments were
conducted on a calcareous sandy soil
at El-Ghorieb agricultural experimen-
tal farm of Assiut University, Assiut,
Egypt, during 2010/2011 and
2011/2012 seasons to study the effect
of potassium and foliar application of
Zn on growth, yield and quality as
well as Fe, Mn and Zn uptake by
sugar beet grown on a calcareous
sandy soil. Some physical and chemi-
cal properties of the experimental soil
that were determined according to the
methods described by Jackson (1967)
before sowing are present in Table 1.
The soil was treated with 31 kg P,Os
fed.! as calcium superphosphate
(15.5% P,0s) during soil preparation.
Randomized complete block design
(RCBD) using a split-plot arrange-
ment with three replications. Three
levels of Zn (zero, 75 and 150 mg 1)
in a chelate form of Zn-EDTA (15%
Zn) were assigned to the main plots.

Foliar application of Zn was
carried out on the plants at 60 and 90
days after planting at a level of 300
and 600 1 fed.”", respectively. Two
potassium levels (48 and 72 kg K,O
fed.") as potassium sulphate (48%
K,0) were randomly arranged in the
sub-plots. The area of each plot was
10.5 m* (3.5 m length x 3 m width)
with 6 ridges of 50 cm apart and 3.5
m in length. The preceding crop was
wheat in both seasons. Sugar beet
seed balls of multi-germ Kawemira
cv. were sown in hills of 20 cm apart
at a rate of 2-3 balls hill’ on the 3™
and 5™ of October in 2010/2011 and
2011/2012 seasons, respectively. The
plants were thinned to one plant per
hill at the 4-6 leaf stage. Nitrogen fer-
tilization was applied at a level of 100
kg fed.” as ammonium nitrate (33.5%
N) in three doses of 20, 40 and 40 kg
N fed.”! immediately after thinning
one month and two months after
thinning, respectively. The potassium
fertilizer was applied after thinning.
The normal cultural practices of
growing sugar beet were applied.
Two weeks before harvest, the irriga-
tion of sugar beet was stopped in both
seasons. At maturity (190 days from
sowing), a sample of ten guarded
plants from each plot was randomly
taken to record the data of top and
root fresh weight (g plant."). The
tops and roots were separated and
dried at 70°C for 3 days and at 105°C
for two hours in air forced-draft oven
to determine their dry weight. Dry
root samples were ground and chemi-
cally analyzed. Iron, Mn and Zn were
determined in the digest using a GBC
model 300 atomic absorption spec-
trophotometer.
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Table (1): Some physical and chemical properties of representative soil
samples of the experimental site before sowing (0-30 cm depth) for the
two growth seasons.

Soil property | 2010/2011 season* | 2011/2012 season*

Particle - size distribution

Sand (%) 85.45 86.98
Silt (%) 8.00 8.32
Clay (%) 6.55 4.70
Texture grade Sand Sand
EC (1:1 extract) (dS m™) 1.48 1.53
pH (1:1 suspension) 8.36 8.29
Organic matter (%) 0.098 0.094
Total CaCOs (%) 24.74 22.78
Soluble ions

Ca™ (mmol 1) 16.46 16.94
Mg (mmol 1) 8.80 9.28
Na* (mmol 1) 1.71 1.89
K (mmol 1) 0.19 0.21
HCO5 (mmol 1) 6.56 7.92
Cr (mmol 1) 5.92 6.89
SO, (mmol 1) 3.64 2.92
Total N (%) 0.019 0.018
NaHCOs-extractable P (mg kg™) 4.45 4.70
NH,OAC-extractable K (mg kg™) 48.56 51.34
KCl-extractable N (mg kg™ 29.62 30.46
DTPA-extractable Fe (mg kg™ 3.18 3.68
DTPA-extractable Mn (mg kg™ 1.19 1.44
DTPA-extractable Zn (mg kg™ 0.39 0.42
DTPA-extractable Cu (mg kg™ 1.10 1.79

* Each value represents the mean of 3 replications.

At harvest (205 days from sow-
ing), plants of each sub plot were
harvested to determine top and root
yield (ton fed."). A sample of 25 kg
of roots was randomly taken from
each plot and sent to the beet labora-
tory at Abo-Korkas sugar factory to
determine root quality parameters in-
cluding:

1- Alpha amino nitrogen (o-
amino-N) as well as sodium (Na) and
potassium (K) concentrations were
determined using an autoanalyzer as
described by A.O.A.C. (1995). The
results were calculated as mmol 100
g beet paste.

2- Sucrose content was esti-
mated in fresh samples of sugar beet
roots using Saccharometer according

to the method descried by Le-Docte
(1927).

3- Sugar loss percentage was
calculated using the following for-
mula according to Reinefeld et al.
(1974):

Sugar loss percentage = 0.29 +
0.343 (K+Na) + 0.094 a-amino-N.

4- Sugar recovery (S.R. %) was
calculated using the following equa-
tion according to Cooke and Scott
(1993):

Sugar recovery (S.R. %) = Su-
crose % - Sugar loss %.

5- Recoverable sugar yield
(R.S.Y.) was calculated using the fol-
lowing equation:
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Recoverable sugar yield (ton
fed.") = Root yield (ton fed.") x
sugar recovery %

6- Quality index % = (Sugar re-
covery % x 100)/sucrose %.

7- Sugar loss yield (ton fed.") =
root yield (ton fed.™") x sugar loss %.

8- Nutrient uptake = nutrient
concentration in root x root dry
weight.

The analysis of variance was
carried out according to Gomez and
Gomez (1984) using MSTAT com-
puter software. The data of each sea-
son are along to be present herein.
Means of the different treatments
were compared using the least sig-
nificant difference (LSD) test at the
0.05 level of probability.

Results and Discussion:
Effect of potassium fertilization:

Top and root fresh and dry
weights were significantly affected
by increasing the K level in both sea-
sons (Table 2). The increase in the
root and top fresh and dry weights
caused by K fertilization could be at-
tributed to the stimulating effect of K
on the photosynthesis process in the
plants and in turn, the translocation of
sugar and carbohydrates of assimi-
lates from tops to roots, which lead to
increases in the root and sugar yield
(El-Kholy et al., 2006). Potassium is
a very mobile element in plant tissues
and moves from older tissues to the
growing points of the tops and roots.
The beneficial effect of K fertilization
on growth, yield and quality of sugar
beet was emphasized by previous
studies carried out by El-Shafai
(2000), Zalat and Nariman Youssif
(2001),  Attia  (2004), Abdel-
Motagally and Attia (2009) and Ab-
del-Motagally (2009).

The soluble non-sugars, K, Na
and o-amino-N (mmol 100 g’ beet
paste) are regarded as impurities be-
cause they interfere with sugar ex-
traction. The results showed that the
impurity (K, Na and a-amino-N) con-
centrations were not affected by in-
creasing the K fertilization level (Ta-
ble 3). Also, the K concentration was
not influenced by applying the K fer-
tilization in both seasons.

Most of the quality characteris-
tics (sucrose %, sugar recovery % and
recoverable sugar yield) of sugar beet
significantly increased with increas-
ing the potassium fertilization level
from 48 to 72 kg K,0 fed.” in both
seasons (Table 3). The highest mean
value of sucrose (17.3%) and sugar
recovery (14.6%) was obtained by
using 72 kg K,0 fed.” in the first
season. Also, the highest value of the
recoverable sugar yield (3.5 ton fed.”
") was obtained by using 72 kg K,0
fed.” in both seasons. The increase in
recoverable sugar yields may be at-
tributed to the role of K in nutrient
uptake as well as nutritional balance
which increases organic compounds
through the photosynthesis process
(Attia, 2004). Similar results were
obtained by Abdel-Motagally (2009),
Abdel-Motagally and Attia (2009)
and FEl-Sarag and Moselhy (2013).
Iron, Mn and Zn concentrations and
uptakes in sugar beet roots increased
with increasing the K fertilization
level from 48 to 72 kg K,0 fed.”" in
both growth seasons (Table 4).

Effect of foliar spray with zinc:

Gradual increases in fresh and
dry weights of roots and tops oc-
curred with increasing Zn concentra-
tions from 0.0 to 150 mg 1" in both
seasons (Table 2). The increase in top
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and root fresh weights gained by Zn
application might be due to the role
of Zn in assisting the utilization of
phosphorus and nitrogen in plants as
reported by Enan (2004). The in-
crease in dry weight plant” induced
by Zn application may be due to the
role of Zn in the metabolism of car-
bohydrates in  plants.  Abdel-
Motagally (2009) and Menisy (2009)
found that the foliar spray with Zn,
Mn and Fe chelate caused an increase
in top and root dry weights of sugar
beet.

The foliar application of Zn-
chelate showed a significant effect on
the a-amino-N content in both sea-
sons (Table 3). The lowest mean
value of the a-amino-N content was
obtained using the highest applied
level of Zn (150 mg 1), while the
control treatment gave the highest
content. Also, Zn application exhib-
ited a significant effect on Na content
in both seasons. Highest Na content
in roots of 4.85 and 4.83 mmol 100 g
" beet paste resulted from spraying Zn
at 150 mg 1" in the first and second
seasons, respectively. The differences
in the root Na content between the
applied levels of 75 and 150 mg 1"
Zn were significant in both seasons.
On the other hand, the foliar applica-
tion of Zn significantly increased the
K content of sugar beet roots in both
seasons. The highest applied level of
zinc (150 mg 1) induced the highest
concentration of K in sugar beet
roots. These results are confirmed
with those of Abd El-Gawad et al.
(2004) who found a significant Zn
effect on K the content of sugar beet
roots. The highest mean values of
yield and quality parameters of sugar
beet i.e. sucrose %, S.R. %, R.S.R.

ton fed." were recorded at the highest
foliar applied level of Zn (150 mg I
". Moreover, the foliar application of
Zn resulted in a significant effect on
the sugar loss to molasses in both sea-
sons.

In general, Zn sprayed at a level
of 150 mg 1" gave significant highest
values of sugar loss to molasses in the
second season. The increase in sugar
loss to molasses accompanied with
higher applied levels of Zn may be
due to the increase in the impurities
of Na, K and a-amino-N content of
sugar beet roots. Also, the foliar ap-
plication of Zn at 150 mg I"' showed
significant higher mean values of the
recoverable sugar yield than the other
two treatments (i.e. control and 75
mg 17). In other words, the lowest
and the highest mean values of re-
coverable sugar yield were produced
from the control and 150 mg I Zn
treatments, respectively. This effect
might be due to the increase in both
root yield and sucrose percentage.
The beneficial applied effect of Zn as
a foliar application on the sugar beet
yield was also reported by Nemeat-
Alla and El-Geddawy (2001), Enan
(2004) and Menisy (2009). It could
be concluded that the highest applied
level of Zn (150 mg I'") as a foliar
spray results in an increase in yield or
quality of sugar beet plants grown on
the newly reclaimed soils (calcareous
sandy soils). The beneficial effects of
zinc in improving sugar beet produc-
tion could be attributed to its en-
hancement effects on increasing plant
metabolic activity. Generally, zinc is
an enzyme co-factor and is essential
for the activity of respiratory en-
zymes and the production of auxin
which increases the growth yield and
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improves the quality of sugar beet
roots. Similar results were obtained
by Nemeat-Alla and FEl-Geddawy
(2001) and Abdel-Motagally (2009).

Iron, Mn and Zn concentrations
and uptakes by sugar beet roots sig-
nificantly increased with increasing
the foliar spray with Zn from 75 to
150 mg 1" compared to the control
treatment in both seasons. The posi-
tive effect of Zn on sugar beet
growth, yield and quality traits was
reported by several investigators. Go-
barb and Thalooth (2001) reported
that the addition of some micronutri-
ents such as Fe, Mn and Zn was im-
portant in order to compensate their
deficiencies during the growth period
and to increase yield components and
yield quality of sugar beet.

Effect of Potassium and Zinc Inter-
action:

The interaction of K fertilization
and foliar spray with Zn had a sig-
nificant effect on the plant character-
istics while it showed insignificant
effects on the quality traits of sugar
beet except for the sugar recovery
yield in the first season. The highest
mean values of root fresh weight, root
dry weight, sucrose, sugar recovery
and recoverable sugar yield were ob-
tained by applying 72 kg K,0 fed.”
in combination with spraying 150 mg
I Zn in both seasons. This effect
could be due to the superior effects
resulted from the higher level of each
main effect (Tables 2, 3 and 4). The
highest mean values of these traits
were obtained when the highest K
and Zn applied levels were used. It
could be concluded that the best K
and Zn fertilization levels for attain-
ing the maximize sugar yield and the
best technological quality of sugar

beet crop are 72 kg K,0O fed." and
150 mg I of zinc as a foliar spray of
Zn-chelate.

Finally it is concluded that the
application of K with the foliar spray
of Zn to sugar beet plants, especially
when it is grown on a calcareous soil,
is very important which leads to in-
creases in the root yield, yield com-
ponents and sugar yield as well as de-
creases in Na, K and a-amino-N in
root juice, hence, the impurities de-
crease and consequently the juice pu-
rity increases. These results are due to
the high pH (Kacer and Katkat,
2007). The solubility of micronutri-
ents is particularly low and the
micronutrients deficiencies are often
shown on the plant grown on these
soils. Also, as result of Zn supply, the
nutrient (K, Fe, Mn and Zn) distribu-
tion in roots and shoots and their bal-
ance ratio increased because Zn has
synergetic effect on nutrient uptake
and utilization by sugar beet plants.
In calcareous soils, high levels of cal-
cium carbonate are present. Thus, Zn
should be applied to improve the
yield and nutrient balance of sugar
beet. Increasing the Zn applied level
up to 150 mg I as a foliar spray
combined with applying 72 kg K,O
fed.! was the best treatment to
achieve a balanced nutrient status and
getting a better yield of sugar under
calcareous soil conditions.
Conclusions:

It could be concluded that appli-
cation of the K fertilization at 72 kg
K,O fed.”" along with the foliar appli-
cation of zinc had a positive effect in
increasing all growth traits of sugar
beet.



Kamal K. Attia and Abdel-Motagally, F.M.F., 2015




Assiut J. Agric. Sci., (46) No. (6) 2015 (1-14) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture/arabic E-mail: ajas@aun.edu.eg




Kamal K. Attia and Abdel-Motagally, F.M.F., 2015

10



Assiut J. Agric. Sci., (46) No. (6) 2015 (1-14)
Website: http://www.aun.edu.eg/faculty agriculture/arabic

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

References:
A.O.A.C. 1995. Association of Of-
ficial Analytical Chemuists.

Official methods of analysis,
16™ Ed., AOAC International,
Washington, D.C., USA.

Abd El-Gawad, A.M., S A H. Al-
lam, L.M.A. Saif and A.M.H.
Osman. 2004. Effect of some
micronutrients on yield and
quality of sugar beet (Beta
vulgaris L.). II- Juice quality
and chemical compositions.
Egypt. J. Agric. Res., 82 (4):
1681-1701.

Abdel-Motagally F.M.F. and K.K.
Attia. 2009. Response of
sugar beet plants to nitrogen
and potassium fertilization
under sandy calcareous soil
conditions. Inter. J. Agric. &
Bio., 11(6): 695-700.

Abdel-Motagally, F.M.F. 2009. Ef-
fect of potassium fertilizer
and foliar spray of micronu-
trients on sugar beet grown in
newly reclaimed soil. Minia J.
Agric. Res. & Develop., 29
(2): 283-298.

Attia, K.K. 2004. Effect of saline
irrigation water and foliar ap-
plication with K, Zn and B on
yield and quality of some
sugar beet cultivars grown on
a sandy loam calcareous soil.
Workshop on "Agricultural
Development in the Arab Na-
tion, Obstacles & Solutions"
Jan. 20-22, 2004, Assiut,

Egypt.
Cooke, D.A. and R.K. Scott. 1993.

The Sugar Beet Crop. Science

into Practice Published by
Chapman and Hall, London,
pp: 262-265.

El-Harriri, D.M. and E. Mirvat
Gobarh 2001. Response of
growth, yield and quality of
sugar beet to nitrogen and po-
tassium  fertilizers  under
newly reclaimed sandy soil. J.
Agric. Sci. Mansoura Univ.,
26 (10): 5895-5907.

El-Kholy, M.H., M.T. Abdelhamid
and E.H.H. Selim. 2006. Ef-
fect of soil salinity, nitrogen
fertilization levels and potas-
sium fertilization forms on
growth, yield and quality of
sugar beet crop in East north-
ern Delta of Egypt. J. Agric.
Sci. Mansoura Univ., 31 (6):
4049-4063.

El-Sarag, Eman, I. and S. H.
Moselhy. 2013. Response of
sugar beet quantity and qual-
ity to nitrogen and potassium
fertilization under sandy soils
conditions. Asian J. Crop
Sci., 5(3): 295-303.

El-Shafai, A.M.A. 2000. Effect of
nitrogen and potassium fer-
tilization on yield and quality
of sugar beet in Sohag. Egypt.
J. Agric. Res., 78 (2): 759-
767.

Enan, S.A.A.M. 2004. Effect of
transplanting and soil applica-
tion of boron and zinc on
yield and quality of sugar
beet. Ph.D., Fac. Agric., Al-
Azhar Univ., Egypt.

Gobarh, Mirvat E. and Alice T.
Thalooth. 2001. Effect of



Kamal K. Attia and Abdel-Motagally, F.M.F., 2015

foliar application with some
micronutrients on sugar beet
grown in newly reclaimed
sandy soil. II- Effect on yield
and yield quality. J. Agric.
Sci.,, Mansoura Univ., 26
(10): 5921-5928.

Gomez, K.A. and A.A. Gomez.
1984. Statistical Procedures
for Agriculture Research.
Awiley-Interscience Publica-
tion, John Wiley and Sons.
Inc. New York, USA.

Jackson, M.L. 1967. Soil Chemical
Analysis. Prentice-Hall, Inc.,
Englewood Cliffs, N.J., USA.

Johanson, R.T., T.A. John, E.R.
Geore and R.H. George.
1971. Advances in sugar beet

production: principles and
practices. The Iowa State
Univ. Press, Ames, Iowa,
USA.

Kacar, B. and A.V. Katkat 2007.
Plant Nutrition. Nobel Publi-
cation No. 849 (3™ Ed.) Sci-
ence and Biolog Publication
Series 29, Ankara, Turkey.

Le-Docte, A. 1927. Commercial
determination of sugar in the
beet root using the Sacks Le-
Docte process. Inter. Sugar, J.
29: 488-492.

Leytem, A.B. and R.L. Mikkelsen.
2005. The nature of phospho-
rus in calcareous soils. Better
Crops. 89(2): 11-13.

Marschner, H. 1995. Mineral nutri-
tion of Higher Plants, A Ca-
demic Press, San Diego 2™
edition, pp: 379-396.

Mengel, K. and E.A. Kirkby. 1987.
Principles of plant nutrition.
4™ Edition, Int. Potash Insti-
tute, Bern, Switzerland, pp:
529, 560.

Menisy, M.G.A. 2009. Response
of sugar beet to nitrogen fer-
tilization rates and foliar ap-
plication of zinc and boron
under newly reclaimed soils
at Fayoum. Ph.D. Fac. Agric.
Fayoum, Fayoum  Univ.,
Egypt.

Moustafa, Zemab R., M.K. Amal
Soudi and M. Khalil EI-
Shenawy. 2011. Productivity
and quality of sugar beet as
influenced by nitrogen fertil-
izer and some micronutrients.
Egypt J. Agric. Res., 89(3):
1005-1018.

Nemeat-Alla E.A.E. and [LH.M.
El-Geddawy. 2001. Response
of sugar beet to foliar spray-
ing time with micronutrients
under different levels of ni-
trogen and phosphorus fertili-
zation. J. Agric. Res. Tanta
Univ., 27 (4): 670-681.

Reinefeld, E., A. Emmerich, G.
Baumarten, C. Winner and U.
Beiss. 1974. Zur voraussage
des melasse zuckers aus
Rubenanalysen. Zucker, 27:
2-15. In Cooke, D.A. and
R.K. Scott, (ed.) The Sugar
Beet Crop, science into prac-
tice. 1** ed. 1993, Chapman &
Hall (world crop series), Lon-
don, UK.

Sarkar, D., B. Mandal and M.C.
Kundu. 2007. Increasing use



Assiut J. Agric. Sci., (46) No. (6) 2015 (1-14)

ISSN: 1110-0486

Website: http://www.aun.edu.eg/faculty agriculture/arabic E-mail: ajas@aun.edu.eg

efficiency of boron fertilizers
by rescheduling the time
andmethods of application for
crops in India. Plant Soil 301,
77-85.

Stevens, W.B. and A.O. Mesbah.
2005. Zinc sulfate applied to
sugar beet using broadcast,
seed placed and foliar meth-
ods. Western Nutrient Man-
agement Conf., 6: 200-207.

Xudan, X. 1986. The effect of
foliar application of folic acid

13

on water use, nutrient uptake
and wheat yield. J. Agric.
Res., 37: 343-350.

Zalat, S.S. and O.A. Nariman

Youssif. 2001. Effect of ap-
plication time of potassium
fertilizer and its ratio with ni-
trogen on the yield and qual-
ity of sugar beet crop (Beta
vulgaris L.) Minufia J. Agric.
Res., 26 (2): 401-408.



Kamal K. Attia and Abdel-Motagally, F.M.F., 2015

A b Agalll) Sl jady il Ao i3l juaing (Bl Qi el gal) Sland)
A Alay
"olaiall e A taaa addy Taghe JalS Jla
emn— Ja g Aala — A 3 IS — slaall g ) Y and |
e — o sl dsals — e 3l A€ — Jualaall aud |

:gadlall

— A el A = oAl e ) el s Ggadl Aasay Al jall 038y
sl e W SAE AW A Y OIY/YONY YN Y Y e DA L] dadla
Al yaliall (any (e o) sinay Sl jani By dsana o il juaimy il
o A s 2l LS e Uadll apanal aladiinl 48— 4y el ey ol Y Cag oyl cans
aad) @il (35 CV e e 3y Cun Ol Sa EDE B Baa) 5 e dddinal) adadll
CYane e jy cpa (B At ) akadll A (Gelall e a Y0 VO ha) (i) %) 0)
Aafial adadl) & G gde (0128l Ty 50 anS VY 5 A uli sl apaudl

e dhaniall miil) Cinia
Clia 13 gima 335 A Oladll Ty g aaS VY ) il dpanl) ClVamse 33l < —)
oisa o8 OB/GhIL S Jgeanas Hsdally Ghoall e JSU Glally pmd¥) )
s—al L) ¢ ag il ¢ ppapea B) G B8 a3 (s gime 38 2 Vs del )
Ll 53 anS EA A jla (s s
osial Joa el s pndll ¢ ganall o Lo daad ol ) dil) ol —Y
By paa) il o Slmd el 85 Sull &y il Ll Loa 5 (0 0k) Sl
o8l S B daeS il plll Ay QS Cas e Jeanall 3251 o GllaS 5 A eandll
; Asl )30 camse (B Y sl B
Bl o sl B i) il (60 i) ol sl dpandl) G Jeldll ) aa -
S ol Clicag A peanal 5 & pemdll cilicall aues b & sine
Baan o il Alalaally 45 jEdl @l jaie adlialy @b g uiaiall g aaal)l 38 5 i —¢
35S0 jualiell (e (il 30l ) il @l 3l (8560 dsendtl gl LS

JUNENYE SUUL Y- SUL Y MPVRY- S JREL P PO RSP W PSR L)
Sy il e Jgeana Jeb o Jgaall Gaalal) 3 e 5 100 Janay il i)
o) Al )l V) Gyl cnd Y sal) 8 Sl si 8 550 gn Jalaa el

14



