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Effect of Nitrogen Level and Planting Density on
Sugar Beet Yield and its Attributes
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WO FIELD experiments were carried out at EL-Fayoum
Governorate. Egypt during 2006/2008 scasons to evaluate the
effect of different plant populations (35000, 40000 46000 plants fed')
and nitrogen levels (90, 120, 150 kg N fed™) on sugar yield and some
of its attributes. Seeds of Kawemera varicty were sown on 15% of
October in both seasons. A split plot in a randomized complete block
design with three replications was used. Main plots were devoted for N
levels and sub plots were devoted for planting densities. Results
showed that beet sugar yield and all of its attributes were significantly
affected by N level in both seasons except number of plants at harvest.
Root fresh weight and root yield were linearly increased with
increasing N level. Application N at 120 kg N fed™! was recommended
for sucrose content, purity, extractable sucrose and sugar yield in both
seasons. Increasing planting density from 335000 to 40000 plants fed™
and from 40000 to 46000 plants fed™' significantly decreased individual
root fresh weight by 16.35 and 16.09% in the first season and by 18.09
and 11.69% in the second season. respectively. The same trend was
observed for root yield where it decreased by 2.8 and 3.6% in the first
season with no significant ditference between 35000 and 40000 plant,
while in the second season, planting density had no effect on root yield.
On the other hand. increasing plant density from 35000 to 40000 plants
significantly increased sucrose content by 3.8 and 5.3%, purity by 6.0
and 5.4%, extractable sucrose by 20.9 and 22.8% and sugar yield by
18.2 and 24.3% in the first and second season, respectively. All quality
measurements and sugar yield were decreased at planting density of
46000 plants compared with 400000 plants, but without significant
differences except for sucrose content in the second season and sugar
yield in the first season. At each plant density root yield was increased
with each N increment but this increase was more pronounced under
high than at low planting density. Application of 120 kg N fed™' with
40000 plants was recommended for sucrose content (22.03, 22.33%)
and extractable sucrose (18.39, 17.70%) in the first and second season,
respectively. Plant population of 40000 plants fed"' was recommended
for sugar yield, but with 120 and 150 kg N fed™" in the first and second
season, respectively. Ovcr seasons, a maximum sugar yield of 4.85,
5.80. and 6.72 ton fed™ could be obtained at predictable N levels of
112, 141, and 228 kg N fed” with plant densities of 35000, 40000, and
46000 plants fed™', respectively. e
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Nitrogen fertilization and plant population density have the greatest influence of
all agronomic variables on yield and quality of sugar beet (Beta vulgaris L.).
Although N is an essential element for plant growth, low N fertility levels result
in low root yields, whereas excessive N additions adversely affect quality of
sugar beet particularly at low planting densities (Smith & Martin, 1977; Hofer
et al., 1979; Lauer, 1995; Kemp et al., 1996 and EL- Geddawy er al., 2006).
However, nitrogen rate recommendations are location—specific and usually range
from 56 to 179 kg N ha”', although rates up to 364 kg N ha™' are suggested for
some locations (Hills & Ulrich, 1971). Increasing nitrogen rate up to 90 kg N fed™
(fed = 0.42 ha) (Mahmoud et al., 1999), 105 kg N fed™' (Leilah ef al., 2005), and
120 kg N fed”' (EL- Hennawy et al., 1998) significantly increased root and sugar
yields, but it resulted in marked reduction in juice purity and sucrose percentage.

Many investigations have been conducted to determine the optimum plant
population densities for high root yields with good qualities. These studies were
mainly directed toward the effect of spacing between and /or within sugar beet
rows on root yield and recoverable sugar. However, Mahmoud et a/. (1999) found
that widening the distance between hills from 15 to 20 cm in row width of 60cm
significantly increased weight of individual root, root yield, sucrose content and
sugai yield. Sultan et a/. (1996) evaluated the effect of four population densities
(35000, 46500, 52500 and 70000 plants fed') on sugar beet in North Delta
region. They observed that the highest yield of roots and sugar were obtained
with the planting density of 46500 plants fed'. Lauer (1995) found that planting
density had no significant effect on root yield, while sucrose content was
increased by 5g kg™ as plant density was increased from 42000 to 112000 plants
ha™', and recoverable sucrose was increased from 7.40 Mg ha™' at 42000 plants ha™ to
a maximum of 7.79 Mg ha™' at 88600 plants ha'. However sowing sugar beet at
28000 and 42000 plants fed' gave high values of yield and quality traits,
respectively (Ismail & Allam, 2007). The lower plant populations and presence of
many missed hills in the field reduced the quality mainly of sugar content and
white sugar yield as a result of increased impurities content (Minx, 1993 and
Lauer, 1995).

This study was undertaken in order to determine the optimum nitrogen level at
different population densities for maximization of yield and quality of sugar beet
grown in newly reclaimed soils.

Materials and Methods

Two field experiments were established in Howara location, EL-Fayoum
Governorate (Latitude 29" N, Longitude 30° N and high tide 30 m) during
2006/2008 seasons to evaluate the effect of different plant population densities
and nitrogen levels on sugar yield and some of its attributes in Kawemera sugar
beet variety. Soil characteristics are listed in Table 1. Seeds were sown on 15" of
October in both seasons. -
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TABLE 1. Preceding crops and soil characteristics of sugar beet experimental
fields during 2006/07 and 2007/08 seasons .

2006/ 2007 2007/ 2008
Preceding crop Sun flower Corn
Soil sample date 15 Oct. 15 Oct.
Soil texture Sandy loam Sandy loam
pH 8.70 9.50
E.C (im/cm) : 0.37 0.40
Na (mg/l) 1.29 1.95
CI (mg/l) 0.50 0.50
CaCO; % 7.00 11.50
N (mg kg'h) 30.00 40.00
P (mg k") 22.00 30.00
K (mg kg™ 288.00 184.00
Fe (mg kg'") 9.12 10.50
Zn (mg kg'") 0.22 0.22
Mn (mg kg™ 7.70 9.60

The experimental design was a randomized complete block in a split-plot
arrangement with three replications. N application leveis of 90, 120 and
150 kg N fed' were allocated in main plots. Sub-plots were devoted for
planting densities of 35000, 40000 and 46000 plants fed' resulting from
using three plant spacing within ridges of 15, 17.5 and 20cm, respectively.
Sub-plot included five ridges 4m long and 0.6m apart. Thinning took place to
one plant/hill at 4-leaf stage (25 days from planting).

Nitrogen was added in the form of ammonium nitrates (33.5% N) in three
equal splits, the first was applied after thinning and other splits were added at
one and two months later. Moreover, 15 kg P,Os (superphosphate 15.5%
P,Os) was added at seed bed preparation and 24 kg K,O (potassium solephate
48% K,0) was applied with the first split of nitrogen fertilizer. The other
agronomic practices were carried out as recommended.

Sugar beet was topped and harvested by hand on May 15" ( 210 days old).
Roots were harvested from the central three ridges. Weight per plot was
obtained and used to calculate root yield on a per-feddan basis. Sucrose and
purity percentages were determined on a ten root pulp sample using standard
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methods as outlined in A.O.A.C. (1975). Extractable sucrose% was calculated
using the following equation from Dexter ef al. (1967):

Extractable sucrose % = [sucrose % - 0.3} {1- ( 1.667 x 100 Purity ]

Purity

Sugar yield was calculated according the following equation:
Cd o fed! = ~ A e .
Sugar yield ton fed” = root yield ton fed” X Extractable sucrose %

Collected data were subjected to normal statistical analysis and treatment
mean comparisons were made using least significant difference at 5% level of
probability. Orthogonal polynomial coefficients (linear and quadratic) were
sequentially added to the model and included when they contributed significantly
to the variation in the dependent variable (Gomez & Gomez. 1984).

Results and Discussion

Effect of nitrogen level

Sugar beet vield and all of its attributes were significantly affected by nitrogen
level in both seasons with the exception of harvest plant density (Table 2). The
effect of N level on mean root weight and root yield was linear, while its effect on
total soluble solids (TSS). sucrose %o, purity %. extractable sucrose % and sugar
yield was quadratic in both seasons. For data averaged over plant densities (Table
3) results showed that the effect of N level on each studied trait nearly follow the
same trend in both seasons but with ditferent linear and quadratic magnitudes for
each season. The response of root yield was diminishing in the first season but
nondiminishing in the second season. Also, the magnitude of response was higher
in the second than in the first season as judged trom the greater measures in the
former than in the later. This probably could be attributed to the effect of
preceding crop on this response, where it was maize in the second season and
sunflower in the first one. The higher CaCO- content in the second (11.5%) than
in the first (7.0%) season might have played a role in this respect. However
increasing nitrogen level up to 150 kg N fed™' resulted in significant increasing in
root yield in both seasons, which can be explained by the role of nitrogen in
enhancing growth. chlorophyll formation. photosynthesis process and hence
increasing root yield and its attributing variables such as mean root weight as
observed herein. Similar results were reported by many investigators in other
sugar beet production areas (Kemp ez «/.. 1996; El-Hinnawy et al., 1998; Leilah
et al., 2005 and El- Geddawy et al., 2006), though some studies (Reuss & Rao,
1971: Carter et al.. 1976 and Lauer, 1995) showed that sugar beet root yield was
increased by adding N fertilizer when N is limiting. and some times the yield may
be decreased when excessive N is used, which was probably caused by the
increased top growth. However, quality traits are increased by increasing N rate
from 90 to 120 kg N fed”'. Application N at 120 ke N fed”' seems to be the
optimum level for quality traits (Sucrose %o. purity % and extractable sucrose %)
and sugar yield in both seasons. The increasing in guality traits might be due to
the role of nitrogen in stimulation the growth of new leaves in which are the
vehichle for sucrose production by photosynthesis. while too much N
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increase root impurities which are negatively correlated with quality traits
(Carter et al., 1976; Smith & Martin, 1977 and Lauer, 1995), also excessive
nitrogen application tends to increase crown tissue production which is lower in
quality than the rest root tissue (Zielke, 1973 and Halvorson et al., 1978).

Effect of planting density

Significant differences among planting densities were found for all studied
characters except total soluble solids in both seasons and root yield in the
second season (Table 2). Harvest plant density and root yield responded
linearly to increasing the plant density in both seasons and first season,
respectively, while quadratic effect was significant for root fresh weight,
sucrose%, purity %, extractable sucrose % and sugar yield in each season.

This study aimed to establish harvest plant density of 35000, 40000 and
46000 plants fed™', but because of the harmful effect of insects on sugar beet
seedlings, the tried densities were not obtained for all populations (Table 4).
Over nitrogen rates, increasing plant density from 35000 to 40000 plants fed"
and from 4000 to 46000 plants fed' significantly decreased root fresh weight
by 16.35 and 16.09 % in the first season and by 18.09 and 11.69% in the
second season, respectively. The same trend was observed for root yield
hence it decreased by 2.8 and 3.6% with increasing plant density in the first
season with no significant difference between 35000 and 40000 plant, while
in the second season, plant density had no effect on root yield, since the root
yield under the three plant densities was almost the same. This is because the
reduction in fresh root weight was somewhat compensated by increasing root
number. This result is in agreement with those reported by Lauer (1995),
Arita et al. (1998), EL- Geddawy et al. £2006) and Ismail & Allam (2007).

On the other hand increasing plant density from 35000 to 40000 plants
fed”' significantly increased sucrose content by 3.8 and 5.3%, purity by 6.0
and 5.4 %, extractable sucrose by 20.9 and 22.8% and sugar yield by 18.2 and
24.3% in the first and second season, respectively. Quality traits in terms of
sucrose content, purity and extractable sucrose as well as sugar yield were
decreased at plant density of 46000 plant compared to 40000 plant fed.
However, differences were insignificant except for sucrose content in the
second season and sugar yield in the first season which could be explained by
significant reduction in root yield at plant density of 46000 plants in the first
season. Therefore, under this experimental condition or at least under similar
conditions, sowing sugar beet at 17.5 cm plant spacing seems to be the
optimum treatment for sugar beet yield and quality traits. However, under
different environmental conditions and with different varieties Smit ‘et al.
(1995) mentioned that the model based on German trials suggests an optimum
of about 90000 plants ha' (37500 plant fed') for yield and quality of
sugarbeet, though the yield differences between 75000 and 90000 plant ha™
suggested by the model is no more than about 1% .
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TABLE 2. Mean squares from analysis of variance with erthogonal polynomial partitioning of nitrogen and plant density treatments

as well as their interaction for sugarbeet yield and some of its attributes during 20006/ 2007 and 2007/ 200% seasons.

Root : , Sugar
S.0.V d.f di‘:;:;f;ﬁg':';gl f::i"gthftr(f; yield | TSS Sucrose% | Purity% ES'::r‘;t:f/’:e yield
(ton fed™) ) (ton fed™)
2006 / 2007
]

Nitrogen (N) 2 1.74 0.049%% | 30.75%x | 7,533+ 7.47%% 23.66%% | 13.48%% | 2.71%*
Linear I 3.41 0.097¢+ | 79%* | 13.94%* | 8.57%x .61 2.35% 3.01%+
Quadratic ! 0.07 0.002 0.51 | L11** 6.37%* 45.71%% | 24 60%* 2.28%*

Density (D) 2 216.36%+ 0.227%* | 8.19%* | 0.72 1.32% 57.91%% | 19.14% 1.34%%

© Linear | 432+ 0.443%* | 1625%* | (.79 0.61 37.30% 12.5% 0.37
Quadratic 1 0.65 0.01* 0.13 | 066 2.04* 78.51%% | 2571%x 2.32%x

NxD 4 .84 0.002 | 5.95% | 0.71* 6.16%* 61.56%% | 29.27%* 3.96%*

2007 /2008

Nitrogen (N) 2 2.51 0.099%* [ 129.61%* | 22.34%+ 19.91%* 30.33% | 24.39% 5.71%x
Linear I 1.36 0.197%* | 258.60%* | 38.37+* 24.01%* 225 7.45 9.20%*
Quadratic I 3.64 0.002 0.40 | 6.22% 15.82%* 58.32%% | 4133%% 2.22*

Density (D) 2 272.84%* 0.160%* | 020 | 040 2.56%* 49.77%% | 20.83%* 1.84%
Linear 1 5445+ 0305** | 002 | 072 1.36* 53.26%% | 20.23%+ 2.27%*
Quadratic 1 1.16 0.01% 038 | 008 3.70%+ 46.24%% | 21.43% WALE

NxD 4 0.50 0.001 3.11% | 0.88* 7.19%% 66.58%* | 32.93% 3.50%x

* ** gionificant at the 0.05 and 0.01 probability levels, respectively.
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TABLE 3. Sugar beet yield and some of its attributes as affected by nitrogen level in 2006/ 2007 and 2007/ 2008 seasons.

Sugar
Harvest plant Root fresh | Root yieid Sucrose Extractable yield
Nitrogen level (kg/fed) density/fed x 10> | weight(kg) (ton/fed) TSS % Purity% | sucrose% (ton/fed)
2906 /2067
90 34.42 0.80 2712 22.74 19.67 86.49 1432 3.91
120 33.83 0.89 29.57 24.05 21.39 38.96 16.72 4.94
150 33.55 0.95 31.31 24.50 21.05 85.91 15.07 4.74
LSD at 0.05 n.s 0.08 1.238 0.27 0.11 1.04 0.45 0.27
2007 /2008
90 33.39 0.70 23.22 22.13 18.82 85.03 13.10 3.05
120 3494 0.78 26.79 24.60 21.60 87.80 16.37 4.38
150 34.44 0.91 30.80 25.05 21.13 84.34 14.39 4.48
LSD at 0.05 n.s 0.04 1.57 0.73 0.51 2.98 1.70 0.68

n.s = non significant
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TABLE 4. Sugar beet yield and some of its attributes as affected by planting density in 2006/ 2007 and 2007/ 2008 seasons.

Targe_t plant Harvest plant , Ro_(ft fresh Root yield TSS Sucrose Purity% Extractable Sugar yield
density/fed density/fed x 10 weight(kg) (tq'n/fcd) Yo sucrose% (ton/fed)
_ _ “
2006 / 2007
35000 29.00 1.04 | 30.25 24.08 20.32 84.47 13.85 4.18
40000 34.00 0.87 29.40 23.54 21.09 89.53 16.75 4.94
46000 38.81 0.73 28.35 23.66 20.69 87.35 13.51 4.46
LSD at 3% 0.80 0.05 0.94 n.s 0.58 2.58 1.41 0.41
2007 /2008
35000 28.78 0.94 27.05 24.09 19.98 83.08 12.93 3.45
40000 34.72 0.77 26.77 24.01 21.04 87.57 15.88 4.29
46000 39.78 0.68 26.99 23.69 20.53 86.52 15.05 4.16
LSD at 0.05 0.63 0.03 n.s n.s 0.48 1.85 1.06 0.37
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Efject of interaction

The interaction of nitrogen level x planting density was significant for all
yield and quality measurements in both seasons, with the exception of
harvested plant density and root fresh weight (Table 2). The consistent
nitrogen x planting density interaction suggests that adjustments in nitrogen
level were needed for each plant density. At each plant density, root yield was
increased with increasing nitrogen level, but this increase was notable under
high plant density rather than low plant density (Table 5). Total soluble solids
(TSS), sucrose content, purity and extractable sucrose were decreased with
increasing plant density from 35000 to 46000 plant under the low level of
nitrogen (90 kg N fed™). This effect may be due to decreasing growth rate of
plants under the low level of nitrogen particularly at high planting density and
lower residual soil N (Table 1). While with high level of nitrogen (150 kg
fed.”'), all quality measurements were increased with increasing planting
density in both season. This increase in quality readings may be due to
decreasing in brei juice impurities (Lauer, 1995; Kemp et al., 1996;
El- Geddawy et a/., 2006 and Ismail & Allam, 2007). However, application of
120 kg N fed” with 40000 plant fed”' was recommended for sucrose content
(22.03, 22.33%) and extractable sucrose (18.39, 17.70%) in the first and
second season, respectively. Duta averaged over season indicated that root
yield increased linearly with increasing N levels at each plant density (Fig.1).
A maximum extractable sucrose of 16.53, 18.14 and 19.52 % could be
obtained at predictable nitrogen levels of 107, 128 and 174 kg N fed™' with
planting density of 35000, 40000 and 46000 plants fed™', respectively (Fig. 2).
Plant population of 40000 plants fed”' was recommended for sugar yields in
both season, but with nitrogen level of 120 and 150 kg N fed™' in the first and
second season, respectively (Table 5). Over seasons, a maximum sugar yield
of 4.85, 5.80 and 6.72 ton fed”' could be obtained at predictable nitrogen
levels of about 112, 141 and 228 kg N fed™' with plant population of 35000,
40000 and 46000 plants fed™', respectively (Fig. 3). Therefore optimum
amounts of nitrogen fertilizer should be defined for each planting density for
having the maximum balanced top and root growth, and hence maintaining
sufficiently high sucrose percentage and purity for profitable sucrose
extraction and yield.

~gvpt. J. Agron. 30, No. 2 (2008)
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TABLE 5. Effect of the interaction of nitrogen level and plant density on sugar beet yield and some of its components in 2006/ 2007 and

2007/ 2008 seasons.
Nitrogen Target Harvest plant density/fed x 10° |Root fresh weight(kg) Root yield (ton/fed) TSS
level plant
(kg/fed) density/fed
2006/07 2007/08 2006/07 2007/08 2006/07 2007/08 | 2006/07 2007/08
35000 30.33 28.33 0.97 0.85 29.49 24.03 23.52 22.80
90 40000 34.50 34.50 0.78 0.67 2691 23.11 22.53 22.12
46000 3842 38.83 0.65 0.58 24.97 22.51 22.17 2147
35000 2833 29.00 1.08 0.95 30.60 27.39 24.20 24.67
120 40000 34.17 3533 0.87 0.75 29.73 26.53 24.07 2497
46000 39.00 40.50 0.73 0.65 28.38 26.46 23.88 24.17
35000 28.33 29.00 1.08 1.03 30.67 29.74 24.53 24.80
150 40000 33.33 3433 0.95 0.89 31.56 30.67 24.03 24.93
46000 39.00 40.00 0.81 0.80 -31.69 31.99 2493 25.43
n.s n.s n.s n.s 1.63 1.51 1.21 0.99
LSD at 0.05

I
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TABLE 5. Cont.

“Sucrose% Purity% Extractable sucrose% Sugar yield (ton/fed)
Nitrogen level Target plant
(kg/fed) density/fed
2006/07 2007/08 2006/07 2007/08 2006/07 | 2007/08 2006/07 2007/08
35000 20.70 19.87 88.11 87.14 15.77 14.75 4.65 3.55
90 40000 19.67 18.80 87.30 85.00 14.66 13.06 3.94 3.02
46000 18.63 17.80 84.06 82.95 12.54 11.49 3.13 2.59
35000 21.20 21.27 87.62 86.23 1597 15.38 4.89 421
120 40000 22.03 2233 91.55 89.45 18.39 17.70 5.46 4.69
2093 2120 87.71 87.73 15.79 16.03 447 424
46000
35000 19.07 18.80 77.69 75.86 9.80 8.66 3.01 2.60
150 40000 21.57 22.00 89.74 88.27 17.21 16.88 5.43 517
22.50 22.60 90.29 88.88 18.20 17.64 5.77 5.66
46000 ‘
LSD at 0.05 1.01 0.83 447 320 244 1.84 0.70 0.64
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Fig. 1. Relationship between nitrogen level and root yield at each plant density
(Pi) when data are combined over years.
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Fig. 2. Relationship between nitrogen level and extractable sucrose at each plant
density (Pi) when data are combined over years.
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Fig. 3. Relationship between nitrogen level and sugar yield at each plant density (Pi)
when data are combined over years.
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