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ABSTRACT

Two field trials were carried out at Sakha Research Station (Kafr El-Sheikh
Governorate) during 2002/2003 and 2003/2004 seasons. The aim of this investigation
was study the response of foliar application with zinc, cupper and molybdenum on
yield and quality of sugar beet crops. Each experiment consisted of 12 treatments
representing three levels (zero, 43 and 86 g/fed) of zinc sulfate ZnSOa4. H20 (35% Zn),
two levels (zero and 120 g/fed) of cupper sulfate CuSQOa. sH20 (24.8% Cu) and two
levels (zero and 56 g/fed) of ammonium molybdate (NH4) 6 MO7 O24. 4 H20 (54%
Mo). Foliar application of studied treatments were done three times (60, 75 and 90
days) from sowing. Treatments were distributed in a complete randomized block
design with four replications.

The results showed that increasing the level of zinc fertilizer up to 86g
ZnSOal/fed increased significant and leaf area, root length and root diameter in the 2™
season and leaf area index, leaves total dry weight/plant and leaf/weight ratio in the
two seasons.

Cupper fertilizer levels up to 120g CuSOu/fed showed significant effects on
root/top ratio, root length and purity% in the 15! season, total soluble solids% in the 2"
season and leaf area, leaf area index, leaves total dry weight/plant, root fresh weight,
sucrose% and biological (top and root yields),root and sugar yields in the two
seasons.

Increasing the level up to 56g ammonium molybdate (NH4) 6 (MO7 O24)/fed
showed significant effects on root diameter and top yield in the 15t season, leaf/weight
ratio and root length in the 2" season and root fresh weight, sucrose and purity% and
biological (top and root yields), root and sugar yields in the two seasons.

The highest values of root and sugar yields 35.30, 34.00 and 4.78, 4.77 was
resulted from the interaction between 43g ZnSO4, 120g CuSO4 and zero g ammonium
molybdate/fed in the two seasons., respectively.

INTRODUCTION

Hanousek (1973) found that applied of Zn was applied at 0, 3, 4.8 or
6.6 kg/ha to sugar beet at 3 sites in 1970-2. Application of up to 4.8 kg/ha
increased root yields and polarization and decreased forking of the roots, but
the effect of 6.6 kg/ha was not greater. Zavrel (1978) found that application of
5, 10, 20 or 40 kg Zn/ha applied as ZnSO4 to the leaves. Av. yield of roots
with no applied Zn was 41.73 t/ha and was increased to a max. of 43.66 t
(4.6% increase) with 10 kg Zn/ha and decreased with increase in applied Zn;
yield of tops was 30.79 t/ha with no applied Zn and was max. at 32.29 t
(4.9%) with 10 kg Zn/ha. Root sugar content was not affected by Zn, but
digestion sugar yield was not affected by Zn, but digestion sugar yield was
increased to a max. of 7.53 t/ha from 7.12 t without Zn by 10 kg Zn/ha.
Lashkevich (1980) reported that application of Zn at a rate of 10 kg Zn as
ZnSO0a4/ha on PK background increased the sugar yields of sugar beet plants.
Ljubic (1980) found that the maximum yield of sugar beet was given by the
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application of 4 kg Zn/ha. Genaidy (1988) revealed that application of Zn
fertilizer using 4 kg Zn/fed raised sugar content by 5%. He found that Zn
fertilizer applied at a rate of 4 kg Zn/fed slightly increased root and sugar
yields. Saif (1991) reported that soil application of 4 kg Zn/fed gave the
highest value of tops criteria, i..e. leaves number, top fresh and dry
weight/plant as well as top dry matter, fresh and dry weight of roots, root dry
matter and root size of sugar beet root length and diameter, sucrose, TSS
and purity percentage, produced a significant increase in yields of tops, roots
and sugar t/fed. Sun et al. (1994) found t hat when ZnSO4 was applied to
sugarbeet, leaf area index was significantly higher (>3.0) after Zn application
than that in treatments without Zn (<3.0), and it remained high (>3.0) for over
60 days in Zn treatments. Treatments of Zn increased dry matter
accumulation and sugar content in roots. Osman (1997) found that soil
application with 0, 3 and 6 kg Zn/fed as zinc sulfate and their mixtures (B +
Zn + Mn) of 0.5 + 3+ 0.02 or 1 + 6 + 0.04 kg/fed insignificantly increased leaf
area index (LAl), root length and diameter, root fresh weight, total soluble
solids, sucrose and purity percentages as well as top, root and sugar
yields/fed.

Hanousek (1973) found that applied of Cu was applied at O, 3, 4.8 or
6.6 kg/ha to sugar beet at 3 sites in 1970-2. Application of up to 4.8 kg/ha
increased root yields and polarization and decreased forking of the roots, but
the effect of 6.6 kg/ha was not greater. Lashkevich (1980) reported that Cu
had a positive effect on the sugar yields of sugar beet. Domska (1996) found
that when sugarbeet was applied with 0.1 kg Cu/ha, it gave the highest root,
shoot and sugar yield and sugar content.

Chernova (1975) found that application of 1 kg Mo/ha ammonium
molybdate markedly increased growth rate of roots and shoots, plant Mo
contents and increased root yields by 14.9 t/ha from 79.4 t/ha on plots given
NPK alone and by 9 t/ha from 34 t/ha. Application of trace elements
increased economic ytilization of applied N, P and K. Dragan et al (1987)
found that when sugar beet was given 2 kg Mo/ha, root yields and sugar
contents ranged from 17.15 t/ha and 18.2%, respectively. Jaszczolt (1998)
obtained effects of 20 g Mo, thus providing 3.7-3.8 kg Mo, were more
effective when applied during the period of rapid growth on sugar content and
sucrose%. The aim of the present study is to study the effect of foliar
application with zinc, cupper and molybdnum on yield and quality of sugar
beet.

MATERIALS AND METHODS

Two field trials were carried out at Sakha Research Station (Kafr El-
Sheikh Governorate) during 2002/2003 and 2003/2004 seasons. The aim of
this investigation was study the response of foliar application with zinc,
cupper and molybdenum on yield and quality of sugar beet crops. Each
experiment consisted of 12 treatments representing three levels (zero, 43 and
86 g/fed) of zinc sulfate ZnSO4. H20 (35% Zn), two levels (zero and 120
g/fed) of cupper sulfate CuSOa. sH20 (24.8% Cu) and two levels (zero and 56
g/fed) of ammonium molybdate (NHs) 6 MO7 O24. 4 H20 (54% Mo). Foliar
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application of studied treatments were done three times (60, 75 and 90 days)
from sowing.

Treatments were distributed in a complete randomized block design
with four replications. Nitrogen fertilizer was applied in the form of Urea 46%
N and potassium in the form of potassium sulfate 48% K20 was applied at 48
kg K20/fed as applied in two equal doses the 1st application was applied after
thinning (45 days from sowing) and the 2" two weeks later. Afixed dose of
phoasphours (15 kg P20s/fed) in the form of calcium superphosphate 15.5%
P20s was added at seed bed preparation. Sowing took place during the 5" of
November while harvest was done 7 months later. Plot size was 14 m2. (4
rows of 50 cm apart and 7 m in length). Distance between hills was 20cm.

The preceding crop was rice in both seasons. All cultural practices
were done as recommended by Sugar Crops Research Institute (SCRI). The
physical and chemical analysis of the upper 30 cm of soil of the experimental
site showed that the soil was clay loam containing 30.1% sand, 39.2% silt
and 27.7% clay and 28.8 ppm available N, 16.38 ppm P and 420 ppm K* and
and 0.34 ppm Zn, 6.05 ppm Cu and 9.55 ppm Mo, respectively, with a pH of
soil 8.0. The commercial variety Gloria was used in the two seasons.

Data recorded:
Vegetative characters: A sample of 10 plants was taken at random to
determine:
1. Leaf area index (LAI) which calculated according to Watson (1958).
2. Leaves dry weight/plant (g).
3.Leaf/weight ratio (LWR g/cm?): as described by Wareing and Philips (1981).
At harvest, plants of each plot for various treatments were uprooted
and topped to estimate:
. Biological yield = Root yield + Top yield (tons/fed).
. Root/top ratio.
. Root length (cm).
. Root diameter (cm).
. Root fresh weight (g).
. Juice quality traits:
. Total soluble solids% (TSS%) was determined using hand refractometer.
10. Sucrose% was determined according to Le Decote (1927).
11. Purity% was calculated according to Carruthers et al. (1962).
Apparent purity % = Sucrose % x 100/TSS %.
IV. Yield and yield components: At harvest plants of each plot for various
treatments were uprooted and topped to estimate:
12. Top yield (ton/fed).
13. Root yield (ton/fed).
14. Sugar yield (ton/fed) was calculated according to the following:
Sugar yield (ton/fed) = Root yield (ton/fed) x sucrose %.
The collected data were statistically analyzed according to Snedecor
and Cochran (1981).
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RESULTS AND DISCUSSION

|. Leaves traits at 150 days from sowing:
Leaf area index:

Data in Table 1 show that leaf area index was significantly affected
by zinc fertilizer in the two seasons. The highest leaf area index 5.45 and
6.01 was recorded at 86 g ZnSOu/fed., respectively. The effect of Zn on auxin
was indirect, affecting the synthesis of tryptophain which led directly to the
synthesis of hormon indole acetic acid which increased cell size. These
results are in accordance with those reported by Saif (1991), Sun et al.
(1994) and Osman (1997).

Results showed significant differences in leaf area index as affected
by the two studied Cu fertilizer in the two seasons. The increase in leaf area
index 0.58 and 0.86% was recorded at 120 g CuSOQu/fed., respectively. The
important role in this parameters might be due to the important role of Cu on
hormonal balance, activiting physiological and biochemical processes in
plant.

The effect of Mo fertilizer levels, was insignificant on leaf area index
in the two seasons.

Significant differences in ZnxCu interaction was affected leaf area
index in the two seasons. The highest leaf area index 6.26 and 7.14 was
recorded by 86 g ZnSOu/fed along with the application of 120 g Cu SOu/fed.,
respectively.

Leaves dry weight/plants (g):

Table 1 data cleare that leaves dry weight/plant was significantly
affected by zinc fertilizer rate in the two seasons. The highest leaves dry
weight/plant 31.27 and 40.90 g was recorded at 86 g Zn SOu/fed.,
respectively. The effect of Zn on auxin was indirect, affecting the synthesis of
tryptophain which led directly to the synthesis of hormon indole acetic acid
which increased cell size. These results are in line with those reported by Saif
(1991) and Sun et al. (1994).

Results showed significant differences in leaves dry weight/plant as
affected by the two studied Cu fertilizer level in the two seasons. The
increase in leaves dry weight/plant 6.62 and 9.36 g was recorded at 120 g
CuSOulfed., respectively. The important role in this parameters might be due
to the important role of Cu on hormonal balance, activiting physiological and
biochemical processes in plant.

The effect of Mo fertilizer levels, was insignificant on leaves dry
weight/plant in the two seasons.

Significant differences in ZnxCu interaction was affected leaves dry
weight/plant in the two seasons. The highest leaves dry weight/plant 68.85
and 78.55 g was recorded by 86 g ZnSOu/fed along with the application of
120 g CuSOu/fed., respectively.

ZnxCuxMo interaction was significantly affected leaves dry
weight/plant in the two seasons. The highest leaves dry weight/plant 71.49
and 79.99 g was recorded by 86 g ZnSOu/fed, along with the application of
120 g CuSOul/fed and 56 g ammonium molybdate/fed in the two seasons.,
respectively.
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Leaf/weight ratio (LWR g/cm?):

Table 2 show that leaf/weight ratio was significantly affected by zinc
fertilizer rate in the two seasons. The highest leaf/weight ratio 0.105 and
0.104 g/cm? was recorded at 86 g ZnSOulfed., respectively. The effect of Zn
on auxin was indirect, affecting the synthesis of tryptophain which led directly
to the synthesis of hormon indole acetic acid which increased cell size. These
result are in accordance with those reported by Saif (1991), Sun et al. (1994)
and Osman (1997).

Results showed insignificant differences in leaf/weight ratio as
affected by the two studied CuSOs fertilizer level in the two seasons.

The effect of ammonium molybdate fertilizer levels, was significant on
leaffweight ratio in the 2" season. The highest leaf/weight ratio 0.103 g/cm?
was recorded at zero level of Mo.

ZnxCu interaction significantly affected leaf/weight ratio in the two
seasons. The highest leaf/weight ratio 0.110 g/cm? was recorded by 86 ¢
ZnSO0u/fed along with the application of 120 g CuSOa/fed.

ZnxMo interaction significantly affected leaf/weight ratio in the 1st
season. The highest leaf/weight ratio 0.110 g/cm? was recorded by 86 ¢
ZnSOuqlfed.

ZnxCuxMo interaction was significantly effect on leaf/weight ratio in
the two seasons. The highest leaf/weight ratio 0.113 and 0.120 g/cm? was
recorded by 86 g ZnSOQul/fed, along with the application of 120 g CuSOQOua/fed
and 56 g ammonium molbdate/fed., respectively.

IV. Yield and yield components:
1. Biological yield (ton/fed):

Results given in Table 2 show that biological yield was insignificantly
affected by zinc fertilizer level in the two seasons. These results are in
harmony with those obtained by Saif (1991) and Osman (1997).

Results showed significant differences in biological yield as affected
by the two studied Cu and Mo fertilizer rates in the two seasons. The
increase in biological yield 3.36 and 4.22 ton/fed was recorded at 120 g
CuSO4 and 56 ammonium molybdate/fed., respectively. The important role in
this parameters might be due to the important role of Cu and Mo on hormonal
balance, activiting physiological and biochemical processes in plant. This
result are in agreement with that obtained by Domska (1996).

CuxMo interaction was significantly affected biological yield in the 2nd
season. The highest biological yield 36.23 ton/fed was recorded by 56 ¢
ammonium molybdate/fed.

2. Root/top ratio:

Table 3 showes insignificant differences in root/top ratio as affected
by the two studied Zn and Mo fertilizer rates in the two seasons.

Results showed significant differences in root/top ratio as affected by
the two studied Cu fertilizer level in the 1%t season. The increase in root/top
ratio 0.29 was recorded at 120 g CuSOu/fed. The important role in this
parameters might be due to the important role of Cu on hormonal balance,
activiting physiological and biochemical processes in plant.
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ZnxMo interaction significantly affected root/top ratio in the 1st
season. The highest root/top ratio 4.66 was recorded by 43 g ZnSOul/fed
along with the application of 56 g ammonium molybdate/fed.

ZnxCuxMo interaction was significantly affected root/top ratio in the
two seasons. The highest root/top ratio 5.17 was recorded by 120 ¢
CuSOu/fed in the 1st season and 4.80 was recorded by 86 g ZnSOa in the 2
season.

Il. Root traits at harvest.
1. Root length (cm):

Data in Table 3 cleare that root length was significantly affected by
zinc fertilizer rate in the 2" season. The increase in root length 5.76 cm was
recorded at 86 g ZnSOu/fed., respectively. The effect of Zn on auxin was
indirect, affecting the synthesis of tryptophain which led directly to the
synthesis of hormon indole acetic acid which increased cell size. These
results are in agreement with those obtained by Saif (1991) and Osman
(2997).

Results showed significant differences in root length as affected by
the two studied Cu fertilizer level in the 15t season. The increase in root length
7.53 cm was recorded at 120 g CuSOus/fed. The important role in this
parameters might be due to the important role of Cu on hormonal balance,
activiting physiological and biochemical processes in plant.

The effect of Mo fertilizer levels, was significant on root length in the
2nd season. Check treatment surpassed 56 g ammonium molybdate/fed by
1.50 cm. The important role in this parameters might be due to the important
role of Mo on enzymes activity, hormonal balance, activiting physiological,
biochemical and nitrogen processes during different physiological stages of
growth of sugar beet plants.

CuxMo interaction was significantly affected root length in the 2nd
season. The tallest root length 26.94 cm was recorded by 120 g CuSOu/fed.

2. Root diameter (cm):

Table 4 showes that root diameter was significantly affected by zinc
fertilizer rate in the 2 season. The thicker in root diameter 11.40 cm was
recorded at 43 g ZnSOu/fed. The effect of Zn on auxin was indirect, affecting
the synthesis of tryptophain which led directly to the synthesis of hormon
indole acetic acid which increased cell size. These results are in agreement
with those obtained by Saif (1991) and Osman (1997).

Results showed insignificant differences in root diameter as affected
by the two studied Cu fertilizer rate in the two seasons.

The effect of Mo fertilizer levels, was significant on root diameter in
the 1%t season. The increase in root diameter 0.98 cm. The important role in
this parameters might be due to the important role of Mo on enzymes activity,
hormonal balance, activiting physiological, biochemical and nitrogen
processes during different physiological stages of growth of sugar beet
plants.
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Significant differences ZnxCu and CuxMo interactions were affected
root diameter in the 2" season. The thicker root diameter 12.15 and 11.41cm
was recorded by 43 g ZnSOuffed, 120 g CuSOus/fed as well as 56 ¢
ammonium molybdate/fed.

3. Root fresh weight (g):

Results given in Table 4 cleare that root fresh weight was
insignificantly affected by zinc fertilizer level in the two seasons. These
results are in agreement with those obtained by Saif (1991) and Osman
(2997).

Results showed significant differences in root fresh weight as
affected by the two studied CuSOs fertilizer rate in the two seasons. The
increase in root fresh weight 10.16 and 6.10 g., respectively. The important
role in this parameters might be due to the important role of Cu on hormonal
balance, activiting physiological and biochemical processes in plant.

The effect of ammonium molybdate fertilizer levels, was significant on
root fresh weight in the two seasons. The increase in root fresh weight 12.92
and 11.28g., respectively. The important role in this parameters might be due
to the important role of Mo on enzymes activity, hormonal balance, activiting
physiological, biochemical and nitrogen processes during different
physiological stages of growth of sugar beet plants.

CuxMo interaction was significantly affected root fresh weight in the
2nd season. The heaviest root fresh weight 1117.3 g was recorded by 56 g
ammonium molybdate/fed.

Ill. Juice quality:
1. Total soluble solids percentage (TSS%):

Table 5 data showes that total soluble solids was insignificantly
affected by zinc fertilizer level in the two seasons. These results are in
agreement with those obtained by Saif (1991), Sun et al. (1994) and Osman
(1997).

Results showed significant differences in total soluble solids as
affected by the two studied CuSOas fertilizer rate in the 2 seasons. The
increase in total soluble solids 1.34% was recorded by 43 g ZnSOu/fed along
with the application of 120 g CuSOu/fed. The important role in this parameters
might be due to the important role of Cu on hormonal balance, activiting
physiological and biochemical processes in plant. This result are in
agreement with that obtained by Domska (1996).

The effect of ammonium molybdate (NH4) 6 MO7 O24 fertilizer level,
was insignificant on total soluble solids in the two seasons. This result are in
agreement with those obtained by Dragan et al. (1987) and Jaszczolt (1998).

ZnxMo interaction was significantly affected total soluble solids in the
1st season. The highest total soluble solids 17.91% was recorded by 56 g of
ammonium molybdate.

CuxMo interaction was significantly affected total soluble solids in the
2nd season. The highest total soluble solids 17.47% was recorded by 120 ¢
CuSOa/fed.
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2. Sucrose percentage:

Data in Table 5 indicate that sucrose% was insignificantly affected by
zinc fertilizer level in the two seasons. These results are in agreement with
those obtained by Saif (1991), Sun et al. (1994) and Osman (1997).

Results showed significant differences in sucrose% as affected by
the two studied CuSO4 and ammonium molybdate fertilizer rates in the two
seasons. The increase in sucrose% was 1.28, 1.10% and 1.40, 1.02%. The
important role in this parameters might be due to the important role of Cu and
Mo on hormonal balance, activiting physiological and biochemical processes
in plant. These results are in agreement with those obtained by Domska
(1996) and Dragan et al. (1987) and Jaszczolt (1998)., respectively.

CuxMo interaction was significantly affected sucrose% in the two
seasons. The highest sucrose% 13.46 and 13.36 was recorded by 120 g
CuSOu/fed, along with the application of 56 g ammonium molbdate/fed and
120 g CuSOu/fed., respectively.

3. Purity percentage:

Results given in Table 6 showes that purity% rate was insignificantly
affected by zinc fertilizer level in the two seasons. These results are in
agreement with those obtained by Saif (1991), Sun et al. (1994) and Osman
(1997).

Results showed significant differences in purity% as affected by the
two studied CuSO, fertilizer rate in the 15t season. The increase in purity%
was 4.41 and 0.52% in the two seasons. The important role in this
parameters might be due to the important role of Cu on hormonal balance,
activiting physiological and biochemical processes in plant. This result are in
agreement with that obtained by Domska (1996).

The effect of ammonium molybdate fertilizer level, was significant on
purity% in the two seasons. The increase in purity% was 5.67 in the 1st
season and 2.98% in the 2" one., respectively. The important role in this
parameters might be due to the important role of Mo on enzymes activity,
hormonal balance, activiting physiological, biochemical and nitrogen
processes during different physiological stages of growth of sugar beet
plants. These results are in agreement with those obtained by Dragan et al.
(1987) and Jaszczolt (1998).

CuxMo interaction significantly affected purity% rate in the two
seasons. The highest purity%78.13 and 78.94% was recorded by 56 ¢
ammonium molbdate/fed., respectively.

IV. Yield and yield components:
3. Top yield (ton/fed):

Table 6 data show that top yield were insignificantly affected by Zn
and Cu fertilizer rates in the two seasons. These results are in agreement
with those obtained by Saif (1991), Domska (1996) and Osman (1997).

The effect of ammonium molybdate fertilizer levels, was significant on
top yield in the 1st season. The increase in top yield was 1.36 ton/fed was
recorded by 56 g ammonium molybdate.
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The important role in this parameters might be due to the important role of Mo
on enzymes activity, hormonal balance, activiting physiological, biochemical
and nitrogen processes during different physiological stages of growth of
sugar beet plants.

ZnxMo interaction significantly affected top yield in the 1st season.
The highest top yield 9.24 ton/fed was recorded by 56 g ammonium
molybdate.

ZnxCuxMo interaction was significantly affected top yield in the 1st
season. The highest top yield 10.75 ton/fed was recorded by 86 g ZnSOu/fed
and 56 g ammonium molbdate/fed.

4. Root yield (ton/fed):

Results given in Table 7 showes that root yield was insignificantly
affected by zinc fertilizer level in the two seasons. This result are in
agreement with those obtained by Saif (1991) and Osman (1997).

Results showed significant differences in root yield as affected by the
two studied CuSOs4 and ammonium molybdate fertilizer rates in the two
seasons. The increase in root yield was 10.14, 6.10 and 3.71, 3.32 tons/fed.,
respectively. The important role in this parameters might be due to the
important role of Cu and Mo on hormonal balance, activiting physiological
and biochemical processes in plant. This result are in agreement with that
obtained by Domska (1996).

CuxMo interaction significantly affected root yield in the 2" season.
The highest root yield 35.3 and 34.08 tons/fed was recorded by 120 g
CuSOQulfed, along with the application of 56 g ammonium molbdate/fed.

5. Sugar yield (ton/fed):

Data in Table 7 cleare that sugar yield was insignificantly affected by
zinc fertilizer rate in the two seasons. These results are in agreement with
those obtained by Saif (1991) and Osman (1997).

Results showed significant differences in sugar yield as affected by
the two studied CuSO4 and ammonium molybdate fertilizer levels in the two
seasons. The increase in sugar yield 0.74, 0.52 and 0.90, 0.70 tons/fed., was
recorded by 120 g CuSO4 and 56 g ammonium molybdate. The important
role in this parameters might be due to the important role of Cu and Mo on
enzymes activity, hormonal balance, activiting physiological, biochemical and
nitrogen processes during different physiological stages of growth of sugar
beet plants. This result are in agreement with that obtained by Domska
(1996).

CuxMo interaction significantly affected sugar yield in the 2™ season.
The highest sugar yield 4.77 ton/fed was recorded by 120 g CuSOa/fed, along
with the application of 56 g ammonium molbdate/fed.
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