Zagazig J. Agric. Res., Vol. 46 No. (6B) 2019 2133-2143

Plant Production Science

http:/www.journals.zu.edu.eg/journalDisplay.aspx ?Journalld=1&query Type=Master

IMPACT OF PLANTING DENSITY, NITROGEN AND POTASSIUM
FERTILIZER LEVELS ON YIELD AND QUALITY OF SUGAR BEET

Ehssan G.H. Hanafy, A.Y.A. El-Bana, M.A.T. Yasin~ and Nehal Z. El-Naggar
Agron. Dept., Fac. Agric., Zagazig Univ., Egypt

Received: 03/09/2019; Accepted: 15/09/2019

ABSTRACT: Two field experiments were carried out at the experimental farm (Ghazala Village),
Faculty of Agriculture, Zagazig University, Sharkia Governorate, during 2016/2017 and 2017/2018
seasons to study the influence of three planting densities, (28000, 35000 and 46666 plants/fad.) three
levels of N fertilizer (80,100 and 120 kg/fad.) and two levels of potassium fertilizer (24 and 48 kg
k,O/fad.) on yield and its attributes as well as quality of sugar beet grown in clay soil. Results of
combined analysis illustrated that, decreasing planting density from 46666 to 35000 or 28000 plants/
fad., significantly increased root length, root diameter and fresh root weight g/plant; on the other hand
the highest planting density (46666 plants/fad.) produced higher sucrose, extractable sugar
percentages, sugar and recoverable sugar yields/fad., than low or medium densities. Raising N
fertilizer levels significantly affected yield and its attributes as well as quality of sugar beet. Where,
the results of the combined analysis indicated that, each increment of nitrogen fertilizer level from 80
up to 120 kg N/fad., cm was accompanied with a significant increase in root length, root diameter,
fresh root weight/plant, root and recoverable sugar yields/fad., but significantly decreased sucrose
(%). Data of combined analysis also revealed that application of 48 kg K,O/fad., significantly
increased root yield attributes i.e., root length root diameter (cm), fresh root weight g/plant, sucrose,
extractable sugar percentages, as well as, root and recoverable sugar yields ton/fad., compared with
supply of 24 kg K,0O/fad. Interactions between the studied factors (according to the combined analysis)
indicated that the highest root yield (ton/fad.) was achieved when sugar beet was sown with the
highest plant density of 46666 plants/fad., and fertilized with 120 kg N/fad. As well as, the highest
value of root diameter (cm) was achieved under the application of 120 kg N/fad., and addition of 48 kg
K,O/fad., while, the interaction between planting densities and potassium fertilizer levels had no
significant effects on all studied traits.
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INTRODUCTION Maximizing productivity and quality of sugar
beet could be achieved by using appropriate

In Egypt, sugar beet (Beta vulgaris L.) planting density which deem as a very important
considered as one of the most important sugar factor affecting yield and quality of sugar beet.
crops where it is the second crop for sugar In this respect, Nafei et al. (2010), EI-Ghareib
production after sugar cane. Particularly, as it is et al. (2012) and El-Hity ef al. (2014) stated
good adapted to various Egyptian environmental that, the planting densities of 48000, 46.666,
conditions especially in newly reclaimed soils at 42000, 5 60,00 and 52000 plants/fad., rgspectlvely
North of Egypt due to its salinity tolerance. gave the highest root, top and sugar yields/fad.,

Sugar beet productivity in Egypt reached about root len%th and dla}metg: r, fresh Welght/plant,
12.11 million ton from approximately 584978 sucrose (%) and purity (). Otherwise, Sarhan

et al. (2012) revealed that, planting sugar beet
fad. (FAOSTAT, 2019). with density of 28000 plants/fad., produced the
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highest values of root length and diameter as
well as root fresh weight/plant. On the other
hand, they added that high planting density of
35000 plants/fad., produced the highest yields of
roots and sugar, while, the highest density of
46000 plants/fad., gave the superior averages of
sucrose and purity percentage. Moreover, Varga
et al. (2015) found that narrower intra-row
spacing (13 and 15 cm) reduced the average of
root weight in comparison to wider intra-row
spacing (17 and 19 cm). In addition, Yasin (2017)
concluded that decreasing planting density from
42000 to 33600 and 28000 plants/fad., increased
root yield attributes, and sugar lost in molasses
(SLM%), otherwise, the highest root yield/ fad.,
were achieved by dense planting of 42000
plants/fad.

Substantially nitrogen nutrition pronounced
affects sugar beet productivity and quality,
where lack of nitrogen will lead to a significant
decrease in root yield, likewise excess nitrogen
will cuse significant reduction in sucrose content
of root and excessive leaf growth (Blumentbal,
1996). In this manner, Amin et al. (2013) and
Mahmoud et al. (2014) revealed that, increasing
nitrogen fertilizer level up to 100 kg N/fad.,
significantly increased root and sugar yields/
fad., also produced the highest sugar beet
growth traits, but decreased sucrose percentage.
In addition, many researchers reported that
increasing nitrogen fertilizer levels up to 150 kg
N/fad., gave a significant increase in sugar beet
yield and its components (Abou-Shady et al.,
2011; Osman, 2011; Abdou, 2013; Awad et
al., 2013; El-Sayed, 2013), on the opposite,
increasing nitrogen fertilizer level decreased
significantly quality traits i.e. sucrose and purity
(%). Moreover, Omar and Mohamed (2013)
reported that increasing N fertilizer levels from
50 to 125 kg/fad., caused significant increase in
root length, root diameter, fresh root weigh/
plant, sugar loss in molasses (%) and root yield/
fad. They added that, recoverable sugar yield
was responded only to 100 kg N/fad., and the
highest sugar (%), purity (%) and extractable
sugar (%) were resulted from applying low
nitrogen levels (either 50 or 75 kg N/fad.).
Meanwhile, Mekdad (2015) indicated that there
was a significant increase in root fresh weight,
top fresh wight, root yield, gross sugar yield and
lost sugar yield of sugar beet with increasing
nitrogen up to 140 kg N/fad., compared to 100

kg N/fad., but nitrogen fertilizer level had no
significant effect on purity (%). As well, Ismail
et al. (2016) showed that increasing nitrogen
fertilizer level up to 120 kg N/fad significantly
increased root fresh weight, root length, root
diameter, root and sugar yields/fad. Ali and
Yasin, (2016) illustrated that the highest value
for each of root diameter, root weight/plant,
SLM%, root yield/fad., was achieved with applying
140 kg N/fad., while that level of nitrogen
decreased sucrose (%), purity (%) and extractable
sugar (%).

Potassium plays a main role in osmotic potential
regulation, increasing water uptake ability of
sugar beet plants (Rengel and Damon, 2008;
Zengin et al., 2009). There were many studies
about the effect of K fertilizer levels on sugar beet
grown in various soils. Awad et al. (2013)
indicated that applying potassium fertilizer at
the level of 48 kg K,O/fad., produced the
highest sugar loss (%) and sugar yield/fad.,
compared with the lowest rate of 12 kg K,0/
fad., while 24 kg K,O/fad., was statistically at
par with 48 kg K,O/fad. Similar results were
reported by Yasin (2017) who reported that
applying either 24 or 48 kg K,O/fad., resulted in
a significant increase in root length, sucrose (%),
extractable sugar (%), SLM (%), root yield/fad.
compared with control. The increment of
potassium fertilizer level up to 36, 42 and 59 kg
K,O/fad., led to a significant increase in sugar
beet root and top yields and impure sugar (%) as
well as pure sugar yield (Nafei et al., 2010;
Mehrandish et al., 2012; El-Sarag and
Moselhy, 2013). Also, Abdelaal et al. (2015)
showed that, K fertilizer level of 48 kg K,O/fad.,
gave the highest average for each of root length
and diameter as well as root and sugar yields/
fad. In the contrary, sucrose (%) was reduced
with the increase of K level up to 36 kg K,0O/
fad., Merwad (2016) concluded that top, root
and recoverable sugar yields/ha, sucrose (%) and
purity (%) were significantly increased.

This investigation was carried out to study
the effect of three planting densities, three levels
of N fertilizer and two levels of potassium
fertilizer on yield and its attributes as well as
quality of sugar beet under clay soil conditions.

MATERIALS AND METHODS

Two field experiments were performed at the
Experimental farm (Ghazala Village), Faculty of
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Agriculture, Zagazig University, Sharkia
Governorate, Egypt (30.11-N, 31.41-E) during
the two successive winter seasons of 2016/
2017 and 2017/ 2018 to find out the influence of
planting density, nitrogen and potassium
fertilizer levels on yield and quality of sugar
beet. In both seasons, the preceding crop was
corn (Zea mays L.). The soil samples were
collected from the experimental sites at the
depth of 0-30 cm before planting to determine
soil mechanical and chemical properties.
Mechanical and chemical analyses were carried
out in Central Laboratory of Faculty of
Agriculture, Zagazig University. The soil was
clay in texture; it has a particle size distribution
of 22.63, 30.67 and 46.70% for sand, silt and
clay, respectively. It had an average pH value of
7.99, EC 1.88 dSm™ (soil paste extract) and
organic matter content of 1.04%. The available
N, P and K contents were 5891, 8.95 and
148.10 mg kg™, respectively. A split plot design
with three replicates was wused. In this
experiment planting densities of 28000, 35000
and 46666 plants/fad., were assigned to main
plots and the combination between nitrogen (80,
100 and 120 kg N/fad.) and potassium (24 and
48 kg K,O/fad.) fertilizer levels were distributed
in the sub-plots. Each experiment included 18
treatments which were the combinations of three
planting densities, three levels of nitrogen
fertilizer and two levels of potassium fertilizer.
Each sub plot (10.8 m®) contained 6 ridges, 3 m
long 60 cm apart. Seeds of sugar beet were
planted at distance of 25, 20 and 15 cm between
hills to obtain 28000, 35000 and 46666 plants/
fad., respectively. Phosphorus fertilizer was
added during seed bed preparation at level
of 31 kg P,Os/fad., in the form of calcium
superphosphate (15.5% P,0Os). Nitrogen fertilizer
applied in the form of urea (46.5% N) at three
equal doses, the first was applied after thinning
(i.e. 30 days after sowing) and the others were
applied at 21 days intervals after the first
application. Potassium fertilizer at the studied
levels in the form of potassium sulphate (48%
K,0) was applied with the second dose of
nitrogen (51 days after sowing). Planting was
done on 16 and 28" of November in the first and
the second seasons, respectively. Manual
planting was applied in hills with approximately
3-4 seeds per hill and then plants were thinned
after 30 days from sowing. Plants were kept free
from weeds by hand hoeing for three times. The

other regular agronomic practices, except the
studied factors were done as recommended
during growth seasons.

Studied Characters
Root yield and its attributes

At harvest (195 days after sowing) five
plants were randomly taken from the second
ridge of each plot to determine root length (cm),
root diameter (cm), and fresh root weigh g/plant.

All plants of the third and fourth central
ridges of each plot were harvested to estimate.
root yield (ton/fad.), and recoverable sugar yield
(ton/fad.) which calculated as follows:

Root yield x extractable sugar (%)
Quality parameters

Sucrose percentage (%) was determined
using polarimeter on a lead acetate extract of
fresh macerated root as well as, impurities (Na,
K and alpha amino nitrogen) were determined
according to AOAC (2005). Purity percentage
(%) was calculated according to Devillers
(1988) following this equation: Purity=99.36—
[14.27 (Na+K+a-amino nitrogen)/ sucrose (%)].
Sugar loss in molasses (SLM %) = 0.14 (Na +
K)+0.25 (o-amino nitrogen)+0.50, was determined
according to Devillers (1988). Extractable sugar
percentage (%) was determined according to
Dexter et al. (1967) following this equation.

Extractable sugar percentage (%) = Sucrose (%)
- SLM (%) - 0.60).

Purity percentage (%) was calculated according
to the following equation (Devillers, 1988):

Purity = 99.36 — [14.27 (Na + K+ a-amino
nitrogen)/ sucrose %].

Sugar lost in molasses (SLM%) = 0.14 (Na +
K) + 0.25 (0- amino nitrogen) + 0.50 (Devillers,
1988).

Extractable sugar percentage (%) = Sucrose
(%) - SLM (%) - 0.60 (Dexter et al., 1967).

Statistical Analysis

The obtained data of the two seasons as well
as their combined were statistically analyzed as
described by Gomez and Gomez (1984) using
the computer MSTAT statistical analysis package
(MSTAT-C, 1991). Least significant differences
(LSD) method was used to test the differences
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between treatment means at 5% level of
probability as mentioned by Steel et al. (1997).
The error mean squares of split plot design were
homogenous (Bartlett's test), the combined
analysis was calculated for all the studied
characters in both seasons. In interaction Tables,
capital letters were used to compare the values
in rows, while small letters were used to
compare the values in columns.

RESULTS AND DISCUSSION

Effect of Planting Densities
Root yield attributes

Results presented in Table 1 indicate that, root
length and diameter as well as fresh root weight/
plant were significantly affected by studied
planting densities during both seasons and their
combined analysis, except root length in the first
season. It could be concluded that, decreasing
planting density from 46666 plants/fad., to
35000 or 28000 plants/fad., significantly increased
root length, root diameter and fresh root weight/
plant. These results may explain that low
planting density of 28000 plants/fad., minimize
the inter competition between plants which led
to high light use efficiency of solar radiation
utilized by plants. In turn high in the conversion
of light energy to chemical energy and
consequently high accumulation of dry mater
and increase of yield and its attributes. In this
connection, Sarhan et al. (2012) studied the
effect of planting density (46000, 35000 and
28000 plants/fad.) on sugar beet and they found
that sowing sugar beet plants with low density
(28000 plants/fad.) recorded the highest values
of root length and diameter as well as fresh root
weight/plant. Also, the obtained results are in
agreements with those noticed by Shalaby et al.
(2011), El-Ghareib et al. (2012), El-Hity et al.
(2014) and Yasin (2017).

Juice quality

As shown in Tables 2 and 3, the results of
the first season indicate that the tried densities
were without significant effect on sucrose and
extractable sugar percentages. Whereas, the
results of the 2™ season and the combined of
both seasons, revealed that the high planting

density gave higher sucrose and extractable
sugar percentages than low or medium
densities. On the other hand, purity and sugar
lost in molasses percentages showed
insignificant response to the studied planting
densities. The obtained results concerning
sucrose and extractable sugar percentages are
in concurrence with those recorded by Hozayn
et al. (2013), El-Hity ef al. (2014) and Yasin
(2017). However Refay (2000) indicated that
planting densities had no significant effect on
sugar percentage of sugar beet. The obtained
results regarding purity (%) and SLM (%) are
in disagree with those reported by Yasin
(2017) who recorded significant increment in
purity and SLM percentages due to increasing
planting density.

Root yield and recoverable sugar yield

The results of both seasons confirmed with
those of the combined analysis and revealed
highly significant differences among the tested
planting densities in root and recoverable sugar
yields/fad., (Table 3). Where root and recoverable
sugar yields/fad., showed significant and gradual
increment with each increase in planting density
up to 46666 plants/fad. However, the differences
between low and moderate planting densities did
not reach the level of significant during the
second season and the combined analysis
regarding root yield as well as, during the
second season respecting to recoverable sugar
yield. The obtained results are in agreement with
those reported by Hozayn et al. (2013) and El-
Hity et al. (2014) regarding sugar yield/fad.
Also, Yasin (2017) recorded significant increments
in recoverable sugar yield/fad., due to increasing
planting density up to 42000 plants/fad.

Effect of Nitrogen Fertilizer Levels
Root yield attributes

The results presented in Table 1 indicate that
root length and diameter as well as fresh root
weight/plant were highly significant affected by
nitrogen fertilizer levels during both seasons and
their combined analysis. Regarding the results of
the combined analysis it could be concluded
that, any increment of nitrogen fertilizer level
from 80 up to 120 kg N/fad., was accompanied
with a significant increase in each of root length,
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Table 1. Root length, root diameter (cm) and fresh root weight/plant (g) of sugar beet as affected
by planting density, nitrogen and potassium fertilizer levels during two successive
winter seasons (2016/2017 and 2017/2018) as well as their combined analysis

Main effects and Root length (cm) Root diameter (cm)  Fresh root weight/plant (g)
interactions 2016/ 2017/ Comb. 2016/ 2017/ Comb. 2016/ 2017/ Comb.
2017 2018  analysis 2017 2018 analysis 2017 2018 analysis
season  season season season season season
Planting density (D)
28000 plants/fad. 19.84 20.80a 2032a 11.85a 12.05a 1195a 1358a 1470a 1414a
35000 plants/fad. 19.74 19.51b 19.63ab 12.03a 1231a 12.17a 1359a 1270b 1315a
46666 plants/fad. 1942 18.66b 19.04b 10.77b 1095b 10.86b 1173b 1138b 1156b
F_test NS * * * * * * * *
Nitrogen fertilizer level (N)
80 Kg N/fad. 18.69b 17.81b 1825c¢ 10.78¢c 10.73b 10.76¢c 1109b 1080b 1095c
100 Kg N/fad. 19.56b 19.44b 1950b 11.61b 11.59b 11.60b 1254b 1246b 1250D
120 Kg N/fad. 20.74a 21.71a 21.23a 12.19a 1298a 12.59a 1527a 1552a 1540a
F-test sksk sk sk sk sk sk sk sk sk
Potassium fertilizer level (K)
24 Kg K,0/fad. 19.17 18.38 18.78 11.37 1126 11.32 1273 1185 1229
48 Kg K,0O/fad. 20.16 20.93 20.55 11.69 1227 1198 1321 1400 1361
F-test sksk sk sk NS sk sk % sk sk
Interactions
DxN * * NS * * * NS * NS
DxK NS NS NS NS NS NS NS NS NS
NxK NS NS NS NS NS NS * NS NS

Where: NS, * and ** refers to not significant, significant at 5% and 1% level, respectively.

root diameter and fresh root weight/plant. These
results supported by those recorded by Abdo
(2013), Omar and Mohamed (2013) and Abdou
et al. (2014). Also, Ali and Yasin (2016)
revealed that raising N fertilizer level up to 105
kg/fad., significantly increased root length whereas,
root diameter and fresh root weight/ plant were
significantly increased due to increasing
nitrogen fertilizer level up to 140 kg N/fad.

Juice quality

The presented results in Tables 2 and 3 reveal
that all juice quality traits were affected
significantly by the investigated nitrogen
fertilizer level, with the exception of sucrose and
extraetable sugar (%) in the first season as well
as purity (%) during both seasons and their
combined analysis. Regarding the combined
analysis, it could be noticed that, increasing
nitrogen fertilizer level from 80 to 100 or 120 kg
N/fad., significantly decreased sucrose (%).
Also, extractable sugar (%) exhibited significant
reduction with each increment of nitrogen
fertilizer levels up to 120 kg N/fad. Contrariwise,
raising nitrogen fertilizer level rather than 100 kg

N/fad., caused significant increase in sugar lost in
molasses (%). Such decrease in sucrose and
extractable sugar percentages with the increase
in nitrogen fertilizer level may be due to the role
of nitrogen through the increase of cell size and
its water content and thus the root content of
those quality parameters became little through
the dilution effect. In other words, increasing
nitrogen fertilizer level significantly increased non-
sugar substances such as protein, amino acids and
other substances which lead to decrease sucrose
and extractable sugar percentages as explained
by Gobarah et al. (2010). The obtained results are
in accordance with those mentioned by Omar
and Mohamed (2013), Abdou et al. (2014) as
well as Ali and Yasin (2016). On the other
direction, El-Sonbaty et al. (2012) indicated that
increasing nitrogen fertilizer level from 60 to 90
kg N/fad., significantly increased sucrose (%).

Root yield and recoverable sugar yield

Concerning the influence of nitrogen fertilizer
levels on root and recoverable sugar yields/fad.,
(Table 3), the statistical analysis revealed
significant differences throughout both seasons
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Table 2. Sucrose (%), purity (%) and sugar lost in molasses (%) of sugar beet as affected by
planting density, nitrogen and potassium fertilizer levels during two successive winter
seasons (2016/2017 and 2017/2018) as well as their combined analysis

Main effects and Sucrose (%) Purity (%) Sugar lost in molasses (%)
interactions 2016/ 2017/ Comb. 2016/ 2017/ Comb. 2016/ 2017/ Comb.
2017 2018 analysis 2017 2018 analysis 2017 2018 analysis
season season season season season season
Planting density(D)
28000 plants/fad. 1496 15.19b 15.08b 96.10 95.69 95.89 1.96 2.02 1.99
35000 plants/fad. 1492 1538b 15.15b 9595 9598 95.96 2.04 1.94 1.99
46666 plants/fad. 1529 17.18a 16.24a 96.06 96.34 96.20 1.97 1.95 1.96
F-test NS ok ok NS NS NS NS NS NS
Nitrogen fertilizer level (N)
80 Kg N/fad. 15.09 16.52a 158la 9598 9634 96.16 196b 191b 193D
100 Kg N/fad. 1498 1589b 1544b 96.09 9598 96.04 197b 195b 196D
120 Kg N/fad. 1508 1535c 1522b 96.04 9569 9586 2.05a 206a 2.06a
F-test NS wE *x NS NS NS ok o o
Potassium fertilizer level (K)
24 Kg K,O/fad. 15.16 15.03 15.10 96.15 9598 96.06 1.97 1.93 1.95
48 Kg K,O/fad. 1495 16.80 15.88 9592 96.02 9597 2.01 2.01 2.01
F-test NS ok *x NS NS NS NS *x *x
Interactions
DxN NS NS NS NS NS NS ok NS NS
DxK NS * NS NS NS NS NS NS NS
NxK NS NS NS NS NS NS NS NS NS

Where: NS, * and ** refers to not significant, significant at 5% and 1% level, respectively.

Table 3. Extractable sugar (%), root yield (ton/fad.) and recoverable sugar yield (ton/fad.) of sugar
beet as affected by planting density, nitrogen and potassium fertilizer levels during two
successive winter seasons (2016/2017 and 2017/2018) as well as their combined analysis

Main effects and Extractable sugar (%) Root yield (ton/fad) Recoverable sugar yield
interactions (ton/fad)

2016/ 2017/ Comb. 2016/ 2017/ Comb. 2016/ 2017/ Comb.

2017 2018 analysis 2017 2018 analysis 2017 2018 analysis

season season season  season season season
Planting density (D)
28000 plants/fad. 12.53  12.57b 12.55b 3323c¢c 3292b 33.08b 4.16¢c 4.14b 4.15c¢c
35000 plants/fad. 1237 12.84b 12.60b 3829b 3554b 3692b 4.73b 4.57b 4.65b
46666 plants/fad. 1270 14.63a 13.66a 4244a 4291a 4268a 538a 625a 582a
F-test NS sk ksk sk * * sk ksk ksk
Nitrogen fertilizer level (N)
80 Kg N/fad. 1266 14.01a 1334a 3592b 31.58c 33.75¢ 4.53b 448c 4.51c
100 Kg N/fad. 12.43 13.34b 12.88b 38.08ab 36.76b 37.42b 4.73ab 495b 4.84Db
120 Kg N/fad. 12.52  12.69c¢ 12.60c 39.96a 43.03a 41.50a 5.00a 553a 526a
F_test NS ksk sk * sk ksk ksk ksk sk
Potassium fertilizer level (K)
24 Kg K,O/fad. 12.66  12.50 12.58 38.94 3425 36.60 4.68 4.28 4.48
48 Kg K,O/fad. 12.41 14.19 13.30 37.03 40.00 38.52 4383 5.69 5.26
F_test NS sk sk NS ksk ksk NS sk skk
Interactions
DxN NS NS NS NS * * NS NS NS
DxK ok NS NS NS * NS NS NS NS
NxK NS NS NS NS NS NS NS NS NS

Where: NS, * and ** refers to not significant, significant at 5% and 1% level, respectively.
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and their combined analysis. Where increasing
N-level from 80 to 100 and then to 120 kg/fad.,
tended to increase gradualy root and recoverable
sugar yields/fad. Therefore, the highest value of
each root and recoverable sugar yields/fad., was
achieved by the highest N-level of 120 kg/fad.,
which followed by mid-level of 100 kg N/fad.,
while the lowest value for each of root and
recoverable sugar yield was resulted by the low
N-level of 80 kg/fad. In this connection,
Mekdad (2015) reported that, each increase in
nitrogen fertilizer level from 100 to 140 kg
N/fad., caused a gradual increment in sugar
yield. The obtained results are in harmony with
those reported by Abdou et al. (2014) and Ali
and Yasin (2016).

Effect of Potassium Fertilizer Levels
Root yield attributes

The results of the two seasons and their
combined analysis detected that application of
48 kg K,O/fad., significantly increased root
yield attributes i.e. root length, root diameter
and fresh root weight/plant, as compared to the
application of 24 kg K,O/fad. However, root
diameter showed insignificant response to the
studied potassium fertilizer levels in the first
season. Many investigators reported significant
increment in root yield attributes due to raising
potassium fertilizer levels up to 48 kg K,O/fad.,
such like, Abdelaal et al. (2015) and Ferweez
and Abd El-Monem (2018).

Juice quality

In spite of the none significant differences
between potassium fertilizer levels regarding
sucrose, extractable sugar and sugar lost in molasses
percentages in the 1% season, the results of the
2" season confirmed by those of the combined
analysis for the two seasons detected that the
plants fertilized with 48 kg K,O/fad., recorded
higher means of the aforementioned traits
compared with those fertilized with 24 kg K,O/
fad. However, purity (%) exhibited no significant
response to the studied potassium fertilizer rates.
The increment of SLM% due to increasing
potassium fertilizer rate may be attributed to the
fact that high quantities of potassium in sugar
beet roots increases impurities [Na (%), K (%)
and alpha amino-N (%)] and decreased
crystallization of sucrose in juice leading to loss
of sucrose in molasses. The obtained results are
in accordance with those mentioned by Awad et
al. (2013) and Yasin (2017). Also, Ferweez and
Abd El-Monem (2018) investigated the effect

of potassium fertilizer rates (0.0, 24.0 and 48.0
kg K,0O/fad.) on yield and quality of sugar beet
and found that increasing K fertilizer rates up to
48.0 kg K,O/fad., significantly increased sugar
lost in molasses. They added that the highest
values for each of sucrose and recoverable sugar
percentages were obtained by the application of
24.0 kg K,O/fad.

Root yield and recoverable sugar yield

In spite of the insignificant differences between
potassium fertilizer levels on root and recoverable
sugar yields/fad., in the 1% season, the results of
the 2™ season confirmed by those of the combined
analysis for the two seasons detected that, plants
fertilized with 48 kg K,O/fad., recorded higher
root and recoverable sugar yields/fad., compared
with those fertilized with 24 kg K,O/fad. The
increment in root and recoverable sugar yields
may be ascribed to that potassium plays a vital
role in photosynthesis due to carbohydrate
metabolism, osmotic regulation, nitrogen
absorption, protein synthesis and assimilates
translocation (Ulgen et al., 2009; Nafei et al.,
2010).

Impact of Interactions

Interaction between planting densities and
nitrogen fertilizer levels

It could be noticed that the highest root yield
was achieved when sugar beet was sown with
the high planting density of 46666 plants/fad.,
and fertilized with 120 kg N/fad. On the other
side, the lowest root yield was obtained when
sugar beet was sown with the low planting
density of 28000 plants/fad., and fertilized with
80 kg N/fad. (Table 4).

Interaction between planting densities and
potassium fertilizer levels

The interaction between planting densities
and potassium fertilizer levels had no significant
effects on all studied traits during the combined
analysis.

Interaction between nitrogen and potassium
fertilizer levels

It could be concluded that, the highest value
of root diameter was achieved under the
application of 120 kg N/fad., and addition of 48
kg K,Os/fad. Contrariwise, the lowest value of
root diameter was obtained under the application
of 80 kg N/fad., regardless potassium fertilizer
rate (Table 5).
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Table 4. Root yield of sugar beet as affected by the interaction between planting densities and
nitrogen fertilizer levels (combined analysis of the two seasons)

Nitrogen fertilizer level Planting density

28000 plants/fad. 35000 plants/fad. 46666 plants/fad.
C B A
80 kg N/fad. 29.51b 34.06 b 37.69 ¢
B B A
100 kg N/fad. 3421 a 35.96b 42.09b
C B A
120 kg N/fad. 3551a 40.72 a 48.26 a

Table 5. Root diameter of sugar beet as affected by the interaction between nitrogen and
potassium fertilizer levels (combined analysis of the two seasons)

Potassium fertilizer level Nitrogen fertilizer level

80 kg N/fad. 100 kg N/fad. 120 kg N/fad.
B B A
24 kg K,O/fad. 10.88 a 10.97 b 12.10b
C B A
48 kg K,O/fad. 10.63 a 12.24 a 13.08 a
REFERENCES Abou-Shady, K.A., S.S. Zalat and M.F.M.
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