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Abstract

Studies were carried in the Research Experiment| farm of the Fa-
culty of Agriculture Saba Basha, Alexandria University during 1994/95
and 1995/96 seasons to study the effect of potassium (0.0, 24 and 48
K20/fed) fertilizer as well as the foliar (0.5, 1.0 and 1.5% N) and soil ap-
plication (0, 30, 60 and 90 Kg N) of Nitrogen fertilizer on sugar beet
plant.

Results show that increasing the rate of K fertilizer from zero up
to 48 kg K,0/fed increased significantly root length, root perimeter,
root weight, root/shoot ratio, sugar yield per plant, root and sugar yields
ton/fed. Meanwhile, total plant weight, sucrose percentage and purity
percentage were significantly increased by increasing potassium level up
to 24 kg K0 per fed. Further increase in potassium fertilizer up to 48
kg K0 caused a significant decrease in purity percentage as well as in
top weight than those under 24 kg Kp0/fed.

Increasing rate of nitrogen to 90 kg N/fed as soil application or
to 1.5% N as foliar application caused a significant increase in root le-
ngth, root perimeter, root and top weight per plant, total plant weight,
sugar yield/plant, root and sugar yields/fed., T.S.S., Sucrose% and purity
% while root/shoot ratio was significantly decreased.

There was a significant effect on the interaction between K and N
on the root and sugar yields of sugar beet, whereas 48 kg of K20 in
combination with 1.5% N as foliar application or 90 kg N/fed as soil ap-
plication had superior effect on root and sugar yields of sugar beet.

INTRODUCTION

Sugar beet is a specialized type of Beta vulgaris L. grown for sugar pro-
duction and is considered the second important sugar crop in Egypt after sugar
cane.
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Production of greater root tonnage doesnt solve all of the problems affecting
profitable production. Equally important is the percentage of sucrose in the root and
the total yield of sugar. '

Evans and Sorger (1966) reported that potassium is especially involved in the
conversion of solar energy into chemical energy and is required for the active con-
formation of many enzymes participating in intermediary metabolism and biosynthe-
sis. As well as Nitrogen has the greatest influence of all the mineral elements on
root quality and sucrose production.

Singh et al (1985) reported that foliar application of N at 75 kg N/ha as a 5%
spray was almost as good soil application at 150 kg N/ha with mean commercial
cane sugar Yyields of 9.95 and 10.09 tonnes/ha respectively. Faber and Krsz kowska
(1990) received low sugar beet N rates and was given 0, 70, 140 or 210 kg N/ha
before sowing combined with 0, 40, 80, or 120 kg N as top dressing when the plant
had 3 pairs of leaves. They found that root yield increased from 42.8 to 47.4 t/ha
with increasing rates of basel N and from 44.6 to 47.7 t with increasing rates of
top-dressed N. Leaf yield also increased with increasing N rates but root sugar con-
tent and sugar yield were not significantly affected.

Rucka (1993) reported that the highest root yield (84.68 t/ha) of sugar beet
was obtained by application of 400 kg N/ha. Sharif and Eghbal (1994) applied to sug-
ar beet plant 0, 50, 100 or 150 kg N/ha in 2 split applications at the 2 nd and 3 rd
irrigation and reported that root length, root diameter, LAl and root, top and sugar
yields increased with increasing levels of nitrogen application up to 150 kg N/ha
whereas contents of total solids and sucrose and juice purity percentage decreased
* with increasing N rates up to 150 kg N/ha. Moustafa (1996) reported that chloro-
phyll A, root/shoot ratio, root length, root weight, root yield/fed., sugar yield/
fed, T.S.S. and sucrose percentage were not significantly affected by nitrogen lev-
els, while number of leaves/plant, root perimeter, total plant weight and top yield
per fed were significantly increased by the application of 100 kg Nfed. He added that
the increase in K level up to 48 kg K20, significantly increased leaves number, dry
weight and LAl of leaves and weight and perimeter of root as well as top and root
yield/fed. Sobhy et al (1992) showed that length and yield of root, juice purity %,
sucrose % and sugar yield significantly increased by increasing K rate. Whereas ap-
plication of 25 or kg K20/fed induced the same effect on root and sugar yield. Orlo-
vius (1993) in a field experiment investigated the effect of various levels of applied
K-fertilizer 0,100, 200, 300, 500 and 600 kg K20/ha at two sites. Available soii K
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at the outset was 210 mg/kg at site 1 and 260 mg/kg at site 2. He observed that
potash increased sugar content by about 5% in both sites.

Basha (1994) studied the effect of K fertilizer levels (25, 50, 75 and 100 kg
K20/fed.) on yield and quality of sugar beet. Results showed that adding K fertilizer
at rate of 100 kg K20/fed resulted in increasing significantly plant height, root le-
ngth and diameter, root and forage weights/plant, root, top and sugar yields (ton/
fed.), sucrose%, TSS% and apparent purity.

The purpose of this study is to find out the optimum level and method for N and
K application to induce the highest yield and the best quality for sugar beet, Desprez
variety.

MATERIALS AND METHODS

Two field experiments were carried out at Rersearch Experimental Farm of
the Faculty of Agricultural, Saba Basha, Alexandria University during 1994/95 and
1995/96 seasons, to investigate the effect of potassium fertilizer as well as the
foliar and soil application of nitrogen fertilizer on root and shoot characters, yield
and some technological properties of sugar beet.

Every experiment included 21 treatments representing the combination of
three levels of potassium (0, 24 and 48 K20) in the form of potassium sulphate
(48% K20) and seven treatments of nitrogen (0.% 1.0 and 1.5% N as foliar appliar
at a rate of 600 litre/fed and 30, 60 and 90 kg N/fed as soil application in the form
of urea (46.5% N) in addition the control treatment without N-fertilization).

Potassium and nitrogen either in foliar or soil application were applied in two
equal doses. The first dose was added after thining, whereas the second was applied
one month later. calcium superphosphate (15.5% P205) was incorporated in the soil
during land preparation at a rate of 30 kg P205/fed. Other cultural practices of sug-
ar beet were carried out as usual.

Desprez variety of sugar beet was sown on 25 October and 1st November in
the first and second seasons, respectively. The preceeding crop was maize.

In both seasons the treatments were arranged in complete randomized block
design with four replications. The area of each plot was 10.5 m2 (3m X 3.5m) with
six ridges which were 50 c¢m apart and 3.5 m in length.
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At harvest time (190 days after sowing) root and complete randomized block
yield and some technological characters of sugar beet were recorded from the plants
of the four middle ridges. While 1st and 6th ridges from each plot were left as bor-
ders. The following data were recorded:

I. Root and shoot characteristics :
- Length and perimeter of root
- Weight of root, top and the total plant
- Root/shoot ratio

Il. Quality and technological properties :
- Total soluble solids (T.S.S. %) was determined with a hand refractometer.
- Sucrose percentage was determined according to the procedure of Le Docte
(1927)
- Juice purity percentage.
- Sugar yield per plant/g.

Il. Yield of sugar beet :
- Root yield ton/fed.
- Sugar yield ton/fed.

The data were subjected to proper statistical analysis of variance (Snedecor
and Cochran, 1980). The treatment means were compared by using the least signifi-
cant differences test (Waller and Duncan, 1969) at 5% level of significance.

RESULTS AND DISCUSSION
Effect of potassium fertilizer:
a. Root and shoot characteristics:

Data reported in Table (1) reveal the effect of different levels of potassium
fertilization on root and shoot characters of sugar beet during 1995 and 1996 sea-
sons.

It is clear that root length, root perimeter and weight of roots were signifi-
cantly increased with each increasing in the level of potassium fertilizer from 0.0 to
24 and from 24 to 48 kg Kg K20/fed. While, the top weight per plant was signifi-
cantly decreased by increasing from 24 to 48 kg K20/f potassium level. Those re-
sults were true in both seasons and are in agreement with those obtained by Kamel
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et al (1979), Abdel-Aal (1990) and Basha(1994).

Data in Table (1) reveal, also that potassium levels exhibited a significant in-
crease in root/shoot ratio during both seasons of the study. This result may be due
to the increase in the accumulation of dry matter in the roots of sugar beet under
potassium application at a greater rate than in leaves.

Table 1. Effect of potassium fertilizer on root and shoot characters of sugar beet
plant during 1994/95 and 1995/96 seasons.

K20 kg/Fed 1994/95 season
Characters 0.00 24 48 L.S.D 0.05
Root length (cm) 12.67 20.71 22.57 0.79
Root perimeter (cm) 25.28 30.89 34.04 0.88
Root weight/plant (kg) 0.658 0.827 0.867 0.027
Top weight/plant (kg) 0.892 0.796 0.714 0.034
Total plant weight (kg) 155 1.613 V.57 0.046
Root/shoot ratio 0.797 1.067 1.219 0.60

K20 kg/Fed 1994/95 season
Gl 0.00 24 48 L.5.D 0.05
Root length (cm) 12.35 20.67 23.04 0.569
Root perimeter (cm) 25.32 31.07 34.53 0.813
Root weight/plant (kg) | 0.648 0.840 0.888 0.028
Top weight/plant (kg) 0.929 0.800 0.715 0.047
Total p|ant weight (kg) 1.577 1.641 1.603 0.038
Root/shoot ratio 0.767 1.085 1.24 . 0.052

b. Technological and quality properties :

Data reported in Table (2) show that total soluble solids TSS was significantly
increased by used potassium fertilizer up to 24 kg K20/fed. in the first season and
up to 48 kg K»0O/fed in the second season. Whereas the sucrose percentage was sig-
nificantly increased under 24 kg K20/fed for both seasons compared with the con-
trol treatment (without potassium fertilization), and the highest level of potassium
(48 Kp0/f) has the same effect as middle level of potassium fertilization (24 kg
K20).
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In this respect Orlovius (1989) reported that differences in Polarisation and
percentage of sugar content were small under different levels of potassium. Herlihi
(1992) stated that the primary agronomic effect of K was to increase yield, with

minimal effect on sugar content.

Purity was significantly increased under 24 and 48 kg K20 compared with
control treatment (0 K20/fed). However purity at 24 kg K20/fed was significantly
higher than that at 48 kg K20/fed in the both seasons.

Concerning the effect of potassium fertilizer on sugar yield per plant, data in
Table (2) reveal that increasing K levels caused a gradual increase in sugar yield in
the root of sugar beet for both growing season. Those results are supported by those
of Sobhy et al (1992), El-Hawary (1994) and Basha (1994).

Table 2. Effect of potassium fertilizer on some technological properties of sugar beet
plant during 1994/95 and 1995/96 seasons.

1994/95 1995/96
K20 kg/Fed | 0.00 | 24 48 L.S.D 0.00 | 24 48 L.S.D
properties 0.05 0.05
T.S.S% 13.85[ 18.5 | 18.8 0.404 13.65(18.29] 19.15 0.351
Sucrose % | 11.35(15.45| 15.7 0.299 11.1115.31| 15.36 0.268
Purity % 81.4 (83.07|82.96( 0.0009 80.82|83.32| 82.82 0.008
Sugar 75.0 1.29‘3 137.6 4.32 72.0 [130.4| 1431 4.88
yield/plant in g

C. Yield of sugar beet :

Data reported in Table (3) show the effect of potassium fertilization levels on
root yield and sugar yield per feddan during 1994/95 and 1995/96 growing sea-
sons.

It is interesting to mention that in both seasons of the study, root yield ton/
fed. was significantly increased by increasing the potassium levels. The percent in-
crease in root yield of sugar beet under 24 and 48 K20/fed. were 25.78% and
31.81% in first season as well as 29.69% and 36.97% in second season over the
control treatment (without potassium fertilizer). Such increase may be due to in-
crease in root growth as previously shown in Table (1).
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Data reported in Table (3) show, also that sugar yield ton/fed. of sugar beet
increased consistently as a result of increasing of K20 rate. Thus, the increasing as
percentages in sugar yield per fed for the first season were 72.3% and 83.3% over
the control for 24 and 48 kg K20 respectively, while the corresponding values were
80.7% and 98.5% for the second season.

Table 3. Effect of potassium fertilizer on yield of sugar beet plant during 1994/95
and 1995/96 seasons.

1994/95 1995/96
K20 kg/Fed | 0.00 | 24 48 L.S.D 0.00 | 24 48 LS.D
properties 0.05 0.05
Root yield 18.42123.17 | 24.28 0.733 18.15] 23.54 | 24.86 0.79
ton/Fed
Sugar yield 2.1 3.62 | 3.85 0.12 2.02 | 3.65| 4.01 0.13
ton/Fed

The present results indicated the importance of potassum fertilization is ne-
cessary to increase root and sugar yields of sugar beet.

These results are in agreement with those obtained by Orlovius (1989), Sobhy
et al (1992), Bash (1994) and El-Hawary (1994). They reported that, sugar beet
yields, generally increased with increasing K rate (Table 3 here)

Effect of Nitrogen fertilizer
a. Root and shoot characteristics:

Growth of sugar beet in terms of length, perimeter and weight of root and
weight of shoot as well as root/shoot ratio as affected by different levels of nitro-
gen either by soil or foliar application is presented in Table (4).

Data of both seasons in Table (4) reveal that all root and shoot characters
were significantly increased by the application of nitrogen. The greatest root length,
root perimeter, top weight and total weight/plant were obtained by the soil applica-
tion of 90 kg N/fed. While, the greatest root weight was obtained by spraying 1.5%
nitrogen. Insignificant differences were detected between weight and perimeter root
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of plant fertilized with 90 kg N/fed as soil application and 1.5% N as foliar applica-
tion. It contrast, that the application of nitrogen fertilizer either by spraying or soil
application caused a significant decrease in root/shoot ratio was obtained by soil ap-
plication of 60 kg N/fed. or spraying with 1% N/fed.

Table 4. Effect of nitrogen fertilizer on root and shoot characters of sugar beet plant
during 1994/95 and 1995/96 seasons.

1994/95 season
N levels Foliar application " | soil application N kg/Fed. L.S.D
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
Root length (cm) [ 12.67 | 17.17] 19.17 | 20.08 19.33 | 20.50 | 21.67 1.21
Root perimeter | 23.08 | 27.58 | 31.0 33.92| 28.08| 32.50 | 34.33 1.34-
(cm)
Root weight/plant | 0.588 | 0.67 | 0.792 | 0.927 0.719 | 0.860 | 0.909 0.040
(kg)
Top weight/plant | 0.452 [ 0.68 | 0.913 | 0.887 0.759 | 0.925 | 0.993 0.052
(kg)
Total plant weight | 1.048 | 1.410 | 1.697 | 1.815| 1 4731 1.732 | 1.902 0.070
(kg)
Root/shoot ratio | 1.31 1.12 | 0.89 | 1.08 0.96 | 0.89 | 0.95 0.09
1995796 season
N levels Foliar application Soil application N kg/Fed. L.S.D
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
Root length (cm) | 12.42 [ 17.50| 19.33 | 20.08 | 1 8.50 | 20.58 | 22.42 0.87
Root perimeter | 22.75 | 27.83 | 31.25 | 34.08 29.25 | 32.42 | 34.58 1.24
(cm)
Root weight/plant | 0.583 | 0.773 | 0.801 | 0.940 0.753 | 0.773 | 0.920 0.043
(kg)
Top weight/plant | 0.435 | 0.723 0.906 | 0.927 0.752 | 0.926 | 1.011 0.72
(kg)
Total plant weight | 1.019 | 1.496 | 1.708 | 1.867 | 1.507 | 1 .700 | 1.907 0.058
(kg)
Root/shoot ratio | 1.34 | 1.08 | 0.91 1.06 1.01 0.86 | 0.97 0.078
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b. Technological and quality properties

Results in Table (5) indicate that the nitrogen fertilization at any rate and by
two methods of application significantly increased T.S.S., sucrose, purity and sugar
yield per plant during both growing seasons.

Results for the two seasons indicated that N applied as foliar application at
rate of 1% N was more effective in increasing T.S.S. and sucrose% than other
treatments. Whereas, insignificant differences in the values of T.S.S. or sucrose
were detected between the 60, 90 kg/fed basal application and 1.5% N as foliar ap-
plication.

Table 5. Effect of nitrogen fertilizer on some technological characters of sugar beet
plant during 1994/95 and 1995/96 seasons.

1994/95 season

N levels Foliar application Soil application N kg/Fed. L.S.D
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
TSS % 13.87 | 16.85| 18.53 | 17.74| 17.16 | 17.66 | 17.53 0.618
Sucrose % 11.04{ 14.23 | 15.49 | 14.81 | 14.38| 14.74| 14.53 0.687
Purity % 79 83 83 83 83 83 83 0.014
Sugar 65.2 | 107.7 | 123.4 | 141.3| 104.1 | 120.7 | 135.1 6.61
yield/plant (g)

1995/96 season

N levels Foliar application Soil application N kg/Fed. LSD
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
TSS % 14.08| 16.66 | 18.26 | 17.66| 17.40| 17.61 | 17.58 0.637
Sucrose % 1117 | 13.75| 15.26 | 14.72| 14.59 | 14.43 | 14.73 0.409
Purity % 79 82 83 83 84 83 83 0.013
Sugar 65.2 | 107.3] 124.0| 143.3| 111.5} 113.6 | 141.6 7.46
yield/plant (g)
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Concerning juice purity of sugar beet root, the lowest rate of nitrogen soil ap-
plication (30 kg N/fed.) significantly increased purity% compared with all other
treatments. Sugar yield per plant was significantly increased by nitrogen fertiliza-
tion. Thus, 1.5% N treatment gave the highest sugar yield/plant and it was not sig-
nificantly differed with 90 kg N/fed. for both seasons.

In this respect, Moustafa (1996) found that the sugar yield, total soluble sol-
ids and sucrose percent were not significantly affected by N levels. While, Sharif
and Eghbal (1994) indicated that the contents of total solids, sucrose and juice puri-
ty percentage decreased with increasing N rate up to 150 kg N/ha.

c. Yield of sugar beet :

Yield of sugar beet in terms of root and sugar yields (ton/fed) were signifi-
cantly increased by increasing the rate of N ferilizer either by spraying or soil
method during both seasons as shown in Table (6).

Table 6. Effect of nitrogen fertilizer on yield (ton/Fed.) of sugar beet plant during
1994/95 and 1995/96 seasons.

1994/95 season

N levels Foliar application Soil application N kg/Fed. L.S.D
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
Root yield 16.46 | 21.28 | 22.19] 25.97 | 20.14 | 22.58 | 25.08 1.12
ton/Fed.
Sugar yield 1.82 | 3.02 | 3.47 | 3.96 2.92 | 3.38 | 3.79 0.19
ton/Fed.

1995/96 season

N levels Foliar application Soil application N kg/Fed. L.S.D
Characters 0.00 | 0.5% 1% 1.5% 30 60 90 0.05
Root yield 16.33 | 21.65| 22.45| 26.32 | 21.09{ 21.65| 25.78 1.21
ton/Fed.
Sugar yield 1.83 | 3.01 3.47 | 4.01 3.12 ) 3.18 | 3.97 0.20

ton/Fed.
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The highest root and sugar yield were obtained by 1.5% N which did not sig-
nificantly differed with 90 kg N/fed for both sugar and root yields. Whereas, the in-
crease in root yields as percentages in root yield were 57.8 and 52.4% for first
season under 1.5 N % and 95 Kg N tréatments, respectively as compared with con-
trol. The corresponding values were 61.2 and 57.9% for the second season.

The increases in sugar yield ton/fed were 117.8% and 108.2% in first season
and 119.1% and 116.9% in second season by rates of 1.5% N and 90 kg N/fed, re-
spectively as compared with the unfertilized treatment.

These results are in agreement with those obtained by Zeidan et al (1 987) and
Assey et al (1992). Herlihi (1992) who indicated that the maximum N for root yield
was 206 kg/ha, whereas optimum rate for yield of sugar was 150 kg/ha.

Interaction effect between K and N fertilizers on sugar beet yield

There was a statistical significant effect for the interaction between K rates
and N levels on yield of root as well as yield of sugar ton/fed of Desprez variety in
both growing seasons (Table 7).

The maximum root yield ton/fed in both seasons was obtained by applying 48
kg K20/f in combination with 1.5% N as foliar application. The next treatment was
48 kg K20 + 90 kg N as soil application whereas, the difference between root yield
under these two treatments was significant only in the first season. Similar results
were obtained with yield of sugar.

It could be concluded that K fertilizer at rate 48 kg K20 in combination with N
fertilizer at 1.5% N as foliar application or 90 kg N/fed as soil application had su-
perior effect on sugar beet yield, Desprez variety.
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