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Abstract:

This investigation was carried out in a newly reclaimed sandy soil to study the
effect of planting dates, plant populations, nitrogen fertilizer levels and times of
its application and their interactions on sugar beet productivity. Plant
population markedly affected all studied characters in the two seasons. The
highest root and sugar yields ha™ were obtained with sowing sugar beet on both
sides of ridges, 70 cm width and 25 cm between plants (114240 plants ha™).
Nitrogen levels had significant effects on all estimated characters in both
seasons. Adding 250 Kg N ha™' produced the highest values of length, diameter
and fresh weight of roots, foliage fresh weight as well as root, top and sugar
yields ha™'. Split application of nitrogen into four equal portions (45, 60, 75 and
90 days after planting) was associated with the highest values of length,
diameter and fresh weight of roots, foliage fresh weight, purity percentage as
well as root, top and sugar yields ha”. In general, it can be concluded that
sowing sugar beets on first of October on both sides of ridges, 70 cm width and
25 cm apart (114240 plants ha™) and the addition of 250 Kg N ha™ into four
equal portions (45, 60, 75 and 90 days after planting) was the best treatment for
maximizing sugar beet productivity in the newly reclaimed sandy soils under
the environmental conditions of the present study.

Introduction

Sugar beet (Beta vulgaris L.) ranks the second important sugar crop
after sugar cane, producing annually about 40 % of sugar production all
over the world. Despite the newness of sugar beet in Egypt, it has a large
importance where there are wide newly reclaimed sandy soils at the
northern parts of Egypt, that could be cultivated with sugar beet without
competition from other winter crops because of its tolerance to salinity and
the ability to produce high yields of sugar under saline soil and water
conditions, compared with most of other traditional winter crops.
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Planting date has an active role on growth, yield and quality of sugar
beet. Under the environmental conditions of Egypt, there is a general
agreement that early planting of sugar beet (September-October) produced
the highest sucrose percentage as well as root and sugar yields per unit area
(Badawi et al, 1995; Ghonema, 1998 and Ramadan and Hassanin, 1999).
Other studies found that planting sugar beet during October markedly
increased diameter, length and weight of roots, sugar content as well as root
and sugar yields, compared with the late sowing of November (El-Kassaby
and Leilah, 1992a; Leilah and Nasr, 1992 and Badawi ef al., 1995).

The optimum plant population in sugar beet is very necessary to have
high root yields with good quality. EI-Khatib (1991) reported that increasing
plant density from 35000 to 40000 and 46500 plants fad' (fad=0.42 ha)
resulted in an increase in top, root and sugar yields, respectively. El-
Kassaby and Leilah (1992b) stated that maximum diameter and weight of
roots were obtained with planting beets on one side of ridges 70 cm width,
30 cm apart (20000 plants fad"'). The highest yields of roots and sugar (ton
fad") were obtained with planting beets on both sides of ridges 70 cm
width, 25 cm apart (48000 plants fad'). Sultan et al.,(1996) studied the
effect of plant populations (35000, 46500, 52500 and 70000 plants fad"') on
sugar beet in north delta region. They stated that the highest yields of roots
and sugar were obtained with the plant population of 46500 plants fad™ in
both seasons. On the other hand, the lowest values of root and sugar yields
were obtained with the density of 35000 plants fad”. Ramadan (1999) and
Mahmoud et al., (1999) found that increasing the distance between hills
from 15 to 20 cm significantly increased size and weight of individual roots,

root yield fad”, gross sugar yield /fad and yield of recoverable sugar
yield/fad™.

Nitrogen is the most important fertilizer element for sugar beet growth
and yield (Badawi 1989a & b, Emara 1990 and El-Kassaby and Leilah 1992
b). Increasing nitrogen rate up to 70 Kg N fad' (Badawi 1996 and Salama
and Badawi 1996), 75 Kg N fad' (Badawi er al 1995), 80 Kg N fad"
(Mahmoud et al. 1990), 105 Kg N fad' (Neamet Alla 1997), 90 Kg N fad"
(Basha 1999, El-Hawary 1999 and Mahmoud et a/ 1999, Mahasen, Fahmi
1999 and Shahr-Zad 1999) and 120 Kg N fad' (Sorour et a/ 1992, El-
Hennawy et al 1998 and Sarhan 1998) significantly increased root length,
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root diameter as well as root, top and sugar yields fad, but it resulted in
marked reduction in TSS, juice purity and sucrose percentage.

Adding nitrogen in the suitable time has an effective role in maximizing
the N utilization through minimizing losses of the applied nitrogen (Shahr-
Zad 1999). El-Hennawy et al., (1998) concluded that split addition of
nitrogen in two equal portions at 4 and 8§ leaf stages increased root and
recoverable sugar yields. Mahasen, Fahmi (1999) found that adding nitrogen
into two equal portions 1/2 before the first irrigation (BFI) + 1/2 before the
second irrigation (BSI) resulted in the highest means of fresh weight and
root, top and sugar yields fad™.

The interaction between rate and time of N application had significant
effects on sucrose percentage and sugar yield (Badawi 1989a; El-Hennawy
et al. 1998 and Shahr-Zad 1999). The highest root diameter as well as root
and sugar yields fad” were obtained with the addition of 90 Kg N fad™ in
two equal portions (1/2 before the first irrigation+1/2 before the second
irrigation (Mahasen, Fahmi 1999).

Materials and Methods

This investigation was carried out in a newly reclaimed sandy soil at
Kalabsho region in the northern district of Belkas, Dakahlia Governorate,
Egypt, during the two successive seasons of 1994/95 and 1995/96. The
purpose was to study the effect of planting dates, plant populations, nitrogen
fertilization and their interactions on sugar beet productivity CV. Kawemira.
This study included three planting dates (first of September, October and
November). Each planting date was conducted in a separate experiment. A
split-split plot design with four replicates was used for each planting date.
The main plots were devoted to the following four plant populations:

— 71400 plants ha-1 (Planting on one side of ridges, 70 cm width and 20
cm apart).

— 142800 plants ha-1 (Planting on both sides of ridges, 70 cm width and
20 cm apart).

— 57120 plants ha™ (Planting on one side of ridges, 70 cm width and 25
cm apart).
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— 114240 plants ha' (Planting on both sides of ridges, 70 cm width and 25
cm apart).

The sub plots were occupied by the three nitrogen fertilizer levels, i.e.
150, 200 and 250 Kg N ha™. Meanwhile, the sub-sub plots were allocated
with the following three split applications of nitrogen fertilizer:

— Two equal portions (at 45 and 60 days after planting).
— Three equal portions (at 45, 60 and 75 days after planting).
- Four equal portions (at 45, 60, 75 and 90 days after planting).

Nitrogen was added in the form of ammonium sulphate (20.5 % N) at
the previously mentioned levels, times and dressings. Each experimental
unit contained five ridges, 70 cm width and 6.0 m long, occupying an area
of 21.0 m”. Sugar beet was preceded by sunflower (Helianthus annus L.) in
both seasons. Sowing of dry sugar beet balls took place in dry soil during
the aforementioned dates to have four plant populations as previously
mentioned. Irrigation was applied after sowing immediately. Beet plants
were thinned to one plant hill' at the age of 40 days from planting. All
normal agricultural practices with the exception of the studied factors were
carried out as usually done by farmers in the district. Plants were harvested
when the outside leaves of these plants turned yellow.

At harvest, ten plants were taken at random from each plot to estimate
root length (cm), root diameter (cm), root fresh weight (g plant™), foliage
fresh weight (g plant™), root / top ratio, total soluble solids of roots (T.S.S),
which was determined in fresh root by using hand refractometer. Sucrose
(%) was estimated polarimetrically on a lead acetate extract of fresh
macerated roots according to Le - Docte (1927). Juice purity (%) was
calculated by dividing Sucrose (%) / T.S.S (%). Root and top yields (t ha’
": Sugar beet plants in two ridges of each experimental unit (sub-sub plot)
were harvested, cleaned and collected, thereafter roots and tops were
separated and each was weighted in Kg, then after, it was converted to
estimate root and top yields (ton ha™). Sugar yield (t ha™) calculated by
multiplying root yield by sucrose percentage.

All data of each sowing date in each season were statistically analyzed
according the technique of analysis of variance (AOV) of the split-split plot
in randomized complete bock design. Then, the combined analysis for the
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three studied sowing dates was done in each season according to the method
stated by Gomez and Gomez (1984). Treatment means were compared using
the least significant difference (LSD) method.

Results and Discussion:

1. Effect of planting dates: Data listed in Tables (1,2,3 and 4) show that
planting dates had significant effects on all estimated characters in both
seasons. Sowing sugar beets on 1% Oct. resulted in significant increases in
length, diameter and fresh weight of roots, foliage fresh weight, root/top
ratio as well as root, top and sugar yields ha™'. Meanwhile, the highest TSS,
sucrose and purity percentages were found with planting sugar beets on 1%
Sept. The increase in root yield with first Oct. planting might be attributed
to the good weather conditions that promoted phytosynthesis and improved
growth of sugar beet and hence increase root yield. El-Kassaby and Leilah
(1992); Leilah and Nasr (1992) and Badawi, et al. (1995) came to similar
results reporting that October planting markedly increased diameter, length
and weight of roots, sugar content as well as root and sugar yields,
compared with the late sowing of November.

2. Effect of plant populations: Plant population significantly affected all
studied characters in both seasons (Tables 1- 4). Plant population of 57120
plants ha™' (sowing sugar beet on one side of ridges, 70 cm width and 25 cm
between plants) produced the highest root diameter, root fresh weight,
foliage fresh weight, root/top ratio, total soluble solids % and sucrose %.
The highest root and sugar yields ha™ were obtained with sowing sugar beet
on both sides of ridges, 70 cm width and 25 cm between plants (114240
plants ha™), while planting 142800 plants ha™, i.e. sowing sugar beet on
both sides of ridges, 70 cm width and 20 cm between plants recorded the
maximum root length and top yield. The increase in root yield with sowing
sugar beet on both sides of ridges, 25 cm apart (114240 plants ha™') might be
due to the high leaf light interception, which contribute positively to higher
photosynthesis with the relative increase in number of roots ha™'. Sultan et al
(1996), Mahmoud et al (1999) and Ramadan (1999) came to similar results.

3. Effect of nitrogen fertilizer levels: Data listed in Tables (1-4) reveal that
nitrogen fertilizer levels had significant effects on all estimated characters in
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both seasons. Adding 250 Kg N ha' was associated with the highest values
of length, diameter and fresh weight of roots, foliage fresh weight as well as
root, top and sugar yields ha'. The highest values of TSS, sucrose and
purity percentages were obtained with the addition of 150 Kg N ha™'. Purity
percentage was markedly affected by nitrogen levels in the first season,
while the difference in the second season did not reach the level of
significant. The increase in root yield with the increase in nitrogen levels
might be attributed to the role of nitrogen in enhancing growth, chlorophyll
formation, photosynthesis process and hence increasing yield and its
attributing variables. Similar observations were reported by Badawi (1996),
Salama and Badawi (1996), Mahasen, Fahmi (1999) and Shahr-Zad (1999).
On the other hand, the increase in nitrogen levels was associated with
marked reduction in T.S.S., sucrose % and purity %. TSS decreased from
23.84 to 23.33 and 22.78% with the increase in N levels from 150 to 200
and 250 Kg N ha'. The decrease in TSS with the increase of N level might
be due to the role of nitrogen in increasing moisture content in root tissues.
Salama and Badawi (1996) and Mahasen, Fahmi (1999) came to similar
results.

4. Effect of nitrogen application times: Data presented in Tables (1- 4)
show the effect of split application of nitrogen on sugar beet yield, yield
attributes and quality. In both seasons, split application of nitrogen fertilizer
into four equal portions (at 45, 60, 75 and 90 days after planting) was
associated with the highest values of length, diameter and fresh weight of
roots, foliage fresh weight, purity percentage as well as root, top and sugar
yields ha™'. Adding nitrogen into two, three and four equal portions was
associated with root yields of 39.476, 41.393 and 43.048 ton ha™ and sugar
yields of 7.131, 7.321and 7.476 ton ha™', respectively. On the other hand,
the split addition of nitrogen fertilizer into two equal portions (at 45 and 60
days after planting) recorded the highest root / top ratio, T.S.S and sucrose
percentage. The increase in root and sugar yields with the split application
of nitrogen might be attributed to the increase in nitrogen use efficiency
with the split application of nitrogen to four portions, which reduce N loss
to relatively low limit particularly in the sand soils, besides the continuous
supply of plants from nitrogen. Similar result were stated by Mahasen,
Fahmi (1999) and Shahr-Zad (1999).
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- Interaction effects: The interaction between planting dates and plant
populations had significant effects on root fresh weight and root yield ha™
in the two seasons. Planting sugar beets on the first of October on one side
of ridges, 25 cm apart (57120 plants ha) recorded the highest root fresh
weight in the two seasons (Table 5). However, planting beets on first of
October on both sides of ridge, 25 cm apart (114240 plants ha™) produced
the highest root yield during the two seasons (Table 5). The interaction
between plant populations and nitrogen fertilizer levels had marked effects
on root diameter as well as root and sugar yields ha™ in both seasons (Table
6). Planting sugar beets on one side of ridges, 70 cm width and 25 cm apart
(57120 plants ha™) and adding 250 Kg N ha" recorded the highest root
diameter in the two seasons, whereas planting sugar beets on the two sides
of ridge, 70 cm width and 25 cm apart (114240 plants ha™) and adding 250
Kg N ha™' were associated with the highest root and sugar yields ha™ in both
seasons.
Table (5)
Averages of root fresh weight (g) plant and root yield (ton ha™) as affected
by the interaction between planting dates and plant populations in 1994 / 95
and 1995 / 96 seasons.

Season 1994 /95 1995 /96
Planting dates 1 Sept | 19 Oct. | 19 Nov. | 1% Sept | 19 Oct. | 1 Nov.
Population Root fresh weight (g) plant

71400 plants/ha | 489.3 | 559.9 [ 457.1 | 520.0 | 5983 | 475.0
142800 plants ha! | 306.1 | 361.8 | 280.4 | 312.8 | 377.4 | 2953
57120 plantsha | 5949 | 669.4 | 569.4 | 6033 | 684.9 | 594.0
114240 plants ha! | 390.5 | 4519 | 3721 | 4138 | 487.1 | 38722

F — test % *k

LSD at5 % 5.9 10.2

Root yield (ton/ha)

71400 plantsha'1 34.452 | 39.357 | 32.619 | 37.071 | 42.286 | 33.524

142800p1antsha'1 43.190 | 50.595 | 39.690 | 45.762 | 53.929 | 42.333

57120 plantsha-1 33.762 | 37.881 | 32.381 | 34.690 | 38.714 | 33.429

114240p1antsha'1 44.190 | 50905 | 42.214 | 48.452 | 55.786 | 43.976

F — test *® *k

LSD at5 % 0.714 0.906
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Table (6)
Averages of root diameter (cm) as well as root and sugar yields (t ha™) as
affected by the interaction between plant populations and nitrogen fertilizer
levels in 1994 / 95 and 1995 / 96 seasons

Seasons 1994 /95 1995/ 96
No.of plants ha™! | 71400 | 142800 [ 57120 [ 114240 | 71400 | 142800 | 57120 | 114240
N-Levels Root diameter (cm)
150 kg N ha | 7.7 6.7 8.2 7.3 7.9 6.8 8.4 7.5
-1 8.8 7.5 9.3 8.1 9.1 7.8 9.6 8.5
200kgNha — 199 83 | 105 | 89 10.1 8.3 106 | 9.6
250 kg N ha
F — test * **
LSD at 5 % 0.2 0.1
N-Levels Root yield (t ha™)

-1
150 kg N ha 33.595 | 41.643 | 33.500 | 43.310 | 35.690 [ 44.405 | 34.333 | 46.857

2OOngha_1 35.381 | 44.619 | 34.810 | 45.762 | 37.381 | 47.500 | 35.833 | 49.500

-1
250 kg N ha 37.429 | 47.214 | 35.690 | 48.214 | 39.810 [ 50.143 | 36.643 | 51.857

F — test *x *x
LSD at 5 % 0.595 0.905
sugar yield (t ha™)
N-Levels 71400 | 142800 | 57120 | 114240 [ 71400 | 142800 | 57120 [ 114240

150 kg N ha_1 6.262 7.143 6.571 7.643 6.714 7.643 6.786 8.333

-1
200 kg N ha 6.405 7.476 6.476 7.929 6.810 8.024 6.786 8.619

-1
250 kg N ha 6.524 7.714 6.500 8.143 7.024 8.381 6.690 8.833

F — test *ok *ok

LSD at5 % 0.095 0.119

In general, it can be concluded that planting sugar beets on the first
October in both sides of ridges, 25 cm apart (114240 plants ha™) and adding
250 Kg N ha into four splitting equal portions (at 45, 60, 75 and 90 days
after planting) could be recommended for maximizing sugar beet
productivity in the newly reclaimed sandy soils, under the environmental
conditions of Kalabsho region, Belkas district, Dakahlia Governorate.
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