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AND QUALITY OF SUGAR BEET GROWN IN SANDY SOIL UNDER DRIP
IRRIGATION SYSTEM
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Agron. Dept., Fac. Agric., Zagazig University, Egypt

ABSTRACT

In order to investigate the effect of four nitrogen fertilizer rates i.e. 35, 70, 105 and 140 kg N/fad.,
and four compost rates i.e. 0, 2, 4 and 6 t/fad., and their interactions on yield and its attributes as well
as quality of sugar beet (Beta valgaris L.) variety Top, grown in sandy soil under drip irrigation
system. Two field experiments were conducted at the Agricultaral Researsh Station, Fac. Agric.,
Zagazig Univ., at El-Khattara Region, Sharkia Governorate, Egypt during the two successive winter
seasons of 2011/2012 and 2012/2013. Regarding to the combined analysis of the both seasons, it could
be noticed that increasing N fertilizer level from 35 to 140 kg N/fad., significantly increased root
diameter, fresh top weight/plant, fresh root weight/plant, Na (%), K (%), alpha amino-N (%), top, root
and recoverable sugar yields/fad. Root length and sugar loss in molasses percentage (SLM%) were
responded only to 105 kg N/fad. The highest averages of sucrose and extractable sugar percentages
were obtained by application of either 35 or 70 kg N/fad. Whereas, purity percentage significantly
decreased with each increase in nitrogen fertilizer levels. Results clearly revealed that increasing
compost rates up to 4 t/fad., significantly increased root length and diameter, fresh top weight/plant,
fresh root weight/plant, Na (%) and SLM (%). The highest top, root and recoverable sugar yields as
well as alpha amino-N (%) were achieved by application the highest rate of compost (6 t/fad.). The
highest averages of sucrose, purity and extractable sugar percentages were obtained by the control
treatment. In addition, the interaction between nitrogen fertilizer and compost rates significantly
affected root length and diameter, fresh top weight/plant, fresh root weight/ plant, purity percentage,
top, root and recoverable sugar yields/fad. It could be summarized that N-fertilizer level of 105 kg
N/fad., with application of compost at 6 t/fad., could be applied for maximizing sugar production and
minimizing soil pollution by reducing the application of N- fertilizer.
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INTRODUCTION

Sugar beet (Beta vulgaris, L.) is one of the
most important crops in Egypt, it has position in
newly reclaimed sandy soils. Using organic and
nitrogen fertilization in this soil are among
factors that affect sugar beet yield and its
quality. In this respect, nitrogen is the most
important fertilizer element to be added under
sandy soil conditions. Proper nitrogen nutrition
in sugar beet production is crucial. Lack of
nitrogen will result in significant reduction in
root yields, while excess nitrogen will promote
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significant decrease in sucrose content of root
and excessive leaf growth (Blumentbal, 1996).
In this respect, Geweifel et al. (2006) revealed
that, increasing nitrogen fertilizer level from 96
to 210 kg N/ha significantly increased sugar beet
top, root and sugar yields and decreased sucrose
percentage under sandy soil conditions in Egypt.
Furthermore, many investigators reported that
increasing nitrogen fertilizer levels up to 150 kg
N/fad., resulted in significant increase in sugar
beet yield and its components (Seadh, 2008;
Abou-Shady et al., 2011; Osman, 2011; Abdou,
2013; Awad et al., 2013; El-Sayed, 2013), on
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the contrary, juice quality i.e. sucrose and purity
percentages were significantly decreased due to
increasing nitrogen fertilizer level. Nevertheless,
Ramadan et al. (2003) and Gobarah et al. (2010)
concluded that increasing N level from 60 to
150 kgffad., significantly increased root yield,
yield components and impurities (Na, K, and
alpha amino nitrogen contents). Omar and
Mohamed (2013) found that increasing N
fertilizer levels from 50 to 125 kg/fad., caused
significant increase in root length, root diameter,
fresh top weigh/plant, fresh root weigh/plant, Na
(%), k (%), sugar loss in molasses (%) and root
yield/fad. Top and recoverable sugar yields were
responded only to 100 kg N/fad. The highest
averages of sugar (%), purity (%) and
extractable sugar (%) were produced from using
low nitrogen levels (either 50 or 75 kg N/fad.).
Meanwhile, Mekdad (2015) stated that
increasing nitrogen up to 140 kg N/fad., caused
significant increase in root fresh weight, top
fresh weight, root yield, gross sugar yield and
lost sugar yield of sugar beet compared with 100
kg N/fad. Also, K, Na and alpha amino N
percentages were significantly increased by
increasing nitrogen fertilizer level, whereas
nitrogen fertilizer level had no significant effect
on purity (%). Recently, Abdou et al. (2014) and
Ismail et al. (2016) recorded significant
increment in top fresh weight, root fresh weight,
root length, root diameter, root and sugar
yields/fad., due to increasing nitrogen fertilizer
level up to 120 kg N/fad.

Compost increases the organic matter
content, especially in sandy soil which serves
several advantages like conservation and slow
release of nutrients, improvement of soil
physical conditions and preservation of soil
moisture, as well as application it in large
guantities to soil systems with little danger of
excess nutrient accumulation. In this regard,
Mokadem (2000) reported that using farmyard
manure (FYM) surpassed the check treatment
(without adding farmyard manure) in fresh
weight of root/plant and root, top and sugar
yields/fad., while, percentage of sucrose was
tended to be decreased with the addition of
farmyard manure. El-Geddawy et al. (2003)
reported that, organic compost with N mineral
fertilizer significantly increased leaves fresh
weight, root length, root diameter, root weight

and root yield of sugar beet. Gomaa et al. (2007)
showed that application of compost at rate of 2
t/fad., to sugar beet caused significant increase
in Na, K, alpha amino-N and sugar loss to
molasses percentages as compared to without
compost application, while, sucrose (%) did not
vary significantly by compost application
(combined analysis). Abo El-Ftooh et al. (2012)
revealed that poultry manure gave remarkable
results in suppression in root, top and sugar
yields as well as sucrose and purity (%)
compared with cattle and sheep manures. Abou
El-Magd et al. (2012) showed that, root yield of
sugar beet and yield components (top yield, root
diameter, root length, sucrose (%), juice purity
(%), gross sugar yield and recoverable sugar %)
significantly augmented by the application of
FYM. They added that, raising FYM rate (0, 10
and 20 m?/ fad.) gradually increased the quantity
and quality of sugar beet. El-Ghareib et al.
(2012) showed that increasing farmyard manure
rate up to 30 m*/fad., significantly increased root
fresh weight, top yield/fad., root yield/fad., as
well as sugar yield/fad., of sugar beet but,
decreased sucrose (%) and purity (%) as
compared to control (without added farmyard
manure) in both seasons. Badawi et al. (2013)
studied the effect of compost (0, 2, 4 and 6
t/fad.) on growth of sugar beet. They showed
that, sugar beet plants furnished with 6 t
compost/fad., produced the maximum averages
of all growth characters at the period of 120 and
150 days from sowing in both seasons followed
by those received 4 t compost/fad., then 2 t
compost/fad., in both growing seasons. Hasanen
et al. (2013) recorded significant increase in
shoot fresh weight, root fresh weight, root
length, root yield and sugar yield as well as the
technological characters of sugar beet (sugar,
purity, K, Na and Alfa-amino-N percentages)
due to organic fertilization by farmyard manure
(FYM) and poultry manure (PM). Recently,
Soliman et al. (2014) studied the effect of nine
treatments of compost produced from animal
waste, town refuse and plant waste applied at
three rates (10, 20 and 30 m®fad.) on growth
and chemical composition of sugar beet plants.
They indicated that the highest values of growth
parameters as well as sugar, and purity
percentages were recorded in plants treated with
30 m® compost/fad., produced from animal
waste.
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Therefore, this investigation was aimed to
find out the effect of nitrogen fertilizer levels
and compost rates on yield and its attributes and
quality of sugar beet grown under the condition
of sandy soil.

MATERIALS AND METHODS

Two field experiments were conducted at the
Agricultaral Researsh Station, Faculty of
Agriculture, Zagazig University at El-Khattara
Region, Sharkia Governorate, Egypt during the
two successive winter seasons of 2011/2012 and
2012/2013. The experiment aimed to find out
the effect of four compost rates (0, 2, 4 and 6
t/fad.) and four nitrogen fertilizer levels (35, 70,
105 and 140 kg N/fad.) on vyield and its
attributes as well as quality of sugar beet (Beta
valgaris L.) in sandy soil under drip irrigation
system. Soil samples were collected from the
experimental sites at the depth of 0-30 cm
before planting to determine soil mechanical and
chemical properties. The mechanical and
chemical analyses of the experimental field soil
and compost nutrient contents in the two seasons
are presented in Table 1. A split-plot design with
four replicates was followed, nitrogen fertilizer
levels were randomly allocated in the main plots
and compost rates were distributed in the sub-
plots. Each experiment included 16 treatments
which were the combinations of four rates of
compost and four levels of nitrogen fertilizer.
Each sub plot (15m?) contained 5 drip lines, 5 m
long, 60 cm apart. Compost was soil
incorporated under drip lines before planting.
Nitrogen fertilizer in the form of urea (46.5% N)
was fertigated, each nitrogen fertilizer level was
splited into five equal doses, the first was
applied after thinning (35 days after sowing) and
the others were applied at 14 days intervals after
the first application. In both seasons, the
preceding crop was corn (Zea mays L.). Seeds of
sugar beet multi-germ variety TOP were planted
at distance of 20 cm between hills on 16 and 28
of October in the first and the second seasons,
respectively. Thinning at 4-leaf stage (35 days
after planting) was done to obtain one plant/hill.

Phosphorus fertilizer at the rate of 31 kg
P,0s/ fad., in the form of calcium super
phosphate (15.5% P,0s) was drilled before

planting under drip lines, while potassium
fertilizer at the rate of 48 kg K,O/fad., in the
form of potassium sulphate (48% K,0) was
applied in two equal doses, the first was applied
just after thinning, while the second was applied
15 days later. Drip irrigation system using
underground water (around 900 ppm of total
salts) and dripping time every 5 days was used.
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 growing
season.

Studied Characters
Root yield and its attributes

At harvest (195 days from planting) five
plants were randomly taken from the second
inner row of each plot to determine the yield
attributes as following:

1- Root length (cm).

2- Root diameter (cm).

3- Top fresh weigh/plant (g).
4- Root fresh weight/plant (g).

All plants of the third and fourth central rows
of each plot (6 m?) were harvested to estimate.

5- Root yield (t/fad.)
6- Top yield (t/fad.)

7- Recoverable sugar yield (t/fad.) = Root yield
x extractable sugar (%).

Quality parameters

All percentages 1-sucrose (%), 2- potassium
(k %) 3- sodium (Na%) and 4- alpha-amino
nitrogen (%) were determined in sugar company
laboratories at El-Hamool District, Kafr El-
Sheikh Governorate, Egypt. All studied quality
parameters were calculated as follows:

5- Purity percentage (%) was calculated according
to Devillers (1988) following this equation:

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

6- Sugar lost in molasses (SLM %) = 0.14 (Na +
K) + 0.25 (a- amino nitrogen) + 0.50 was
determined according to Devillers (1988).



2308 Ali and Yasin

Table 1. Soil mechanical and chemical analyses of experimental sites and compost nutrients
content in the two seasons

Soil properties 2012 2013
Mechanical analyses
Sand (%) 86.52 91.5
Silt (%) 3.06 1.71
Clay (%) 10.42 6.79
Organic matter (%) 0.47 0.29
Soil texture Loamy sand Sandy

Chemical analyses

pH 7.96 8.09
EC mmhose/cm 0.93 1.34
Available N (ppm) 17.72 12.25
Available P (ppm) 18.47 12.02
Available K (ppm) 41.06 37.18
Soluble cations (meq/100 g)
Na* 0.68 1.04
K* 0.19 0.14
Ca'” 43.21 22.80
Mg™ 0.18 0.0.13
Soluble anions (meqg/100 g)
Cl~ 0.64 0.79
CO5™ - -
HCO 5 0.22 0.24
SO, 0.57 0.41
Compost
Total N (%) 0.67 0.64
Total P (ppm) 376 352
Total K (ppm) 7052 7171
Organic matter (%) 19.22 17.84
C/N ratio 15:1 16:1

Source: Central Laboratory, Faculty of Agriculture, Zagazig University, Egypt.
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7- Extractable sugar percentage (%) was
determined according to Dexter et al. (1967)
following this equation:

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

Statistical Analysis

Data of the two seasons and their combined
analysis were statistically analyzed according to
Gomez and Gomez (1984). Treatment means
were compared using Least Significant
Differences (LSD) test at 0.05 level of
probability (Steel et al., 1997). Statistical
analysis was performed by using analysis of
variance techniqgue of (MSTAT-C 1991)
computer software package. The error mean
squares of split-plot design were homogenous
(Bartlett's test), therefore, the combined analysis
was calculated for all the studied characters in
both seasons. *, ** and NS denote to significant
and highly significant differences among means
at 0.05 and 0.01 levels of probability and
insignificant variations, respectively. In the
interaction Tables, capital and small letters were
used to compare among columns and rows
means, respectively.

RESULTS AND DISCUSSION

Effect of N Fertilizer Levels
Root yield attributes

Results presented in Table 2 clearly show
that root performance in terms of root dimension
i.e. length, diameter and fresh top and root
weight/plant were highly significantly affected
by nitrogen application through both growing
seasons and their combined. Increasing N levels
up to 140 kg N/fad., enhanced root growth and
hence increased root parameters. Thus, the
highest means of root diameter, fresh top and
root weights/plant were achieved when 140 kg
N/fad., were applied, concerning the combined
results which ranged from 9.73 to 13.44 cm,
292.22 to 429.66 g and 1037.56 to 1396.72 g
regarding root diameter, fresh top weight and
fresh root weight/plant, respectively. While, root
length was significantly responded to increasing
nitrogen fertilizer rates up to 105 kg N/fad. The
obtained results confirmed the role of nitrogen
in division as well as building organic

metabolites which in turn translocated to be
stored in sugar beet roots as stated by Gobarah
et al. (2010). These results are in agreement
with those reported by Omar and Mohamed
(2013), Abdou et al. (2014), Mekdad (2015) and
Ismail et al. (2016).

Quality parameters

The obtained results in Tables 3 and 4 show
that N-fertilizer levels had significant or highly
significant effect on various juice quality traits
(sucrose %, Na %, K %, alpha amino-N %,
purity %, extractable sugar % and SLM %)
throughout both growing seasons and their
combined analysis. Meanwhile, higher levels of
nitrogen (105 and 140 kg N/fad.) tended to
increase impurity parameters (Na%, K%, alpha
amino-N%) and SLM%, while it was decreased
sucrose (%), purity (%) and extractable sugar
(%) as compared with lower levels of nitrogen
(35 and 70 kg N/fad). Such decrease in sucrose,
purity and extractable sugar percentages with
the increase in nitrogen fertilizer level from 70
to 105 or 140 kg N/fad., 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
impurities parameters and decreased sucrose,
purity and extractable sugar percentages which
could be attributed to reasons that high levels of
nitrogen  fertilizer  increased  non-sugar
substances such as protein, amino acids and
other substances which lead to decreasing
sucrose (%), purity (%) and extractable sugar
(%) as explained by Gobarah et al. (2010).
These results are in accordance with those
reported by Ramadan et al. (2003), Geweifel et
al. (2006), Abou-Shady et al. (2011), Osman
(2011) and Omar and Mohamed (2013) who
indicated that increasing N-levels had a
significant negative effect on sugar beet quality.
In addition, Mekdad (2015) stated that,
increasing nitrogen fertilizer level up to 140 kg
N/fad., significantly increased SLM, K, Na and
alpha amino N percentages whereas nitrogen
fertilizer level had no significant effect on purity
(%). Otherwise, Ouda (2005) showed that
increasing N-levels up to 110 kg N/fad., resulted
in significant increase in sucrose (%), while
purity (%) was not significantly affected by
applied nitrogen.
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Table 2. Root length (cm), root diameter (cm), fresh top weight/plant (g) and fresh root weight/
plant (g) of sugar beet as affected by nitrogen and compost rates during 2011-2012 and
2012-2013 seasons and their combined

Main effects Root length (cm) Root diameter (cm)  Fresh top weight/plant (g) Fresh root weight/plant (g)
and interactions 1 2" Comb. 1% 2"  Comb. 1% 2" Comb. 1% 2% Comb.
Nitrogen rate ( N)

35 kg N/fad. 2054c 17.35b 1894c 9.91d 955c¢ 9.73d 307.13d 277.31c 292.22d 1110.62 d 964.50 ¢ 1037.56 d
70 kg N/fad. 22.29b 18.82b 20.56b 12.04c 1046b 11.25c 361.88 ¢ 325.06b 343.47¢ 1265.00 ¢ 1037.87b 1151.44 ¢
105 kg N/fad. 24632 19.95a 22.29a 14.18b 10.85ab 12.52b 422.77 b 386.94a 404.66b 1447.19 b 1195.69b 1321.44 b
140 kg N/fad. 24.89a 20.38a 22.64a 1541a 1147a 13.44a 457.06a 402.25a 429.66a 1544.69 a1248.75 a1396.72 a
F-test *%x *%x *% *% *% *k *% *k *% *k *k *k
LSD 0.05 051 085 046 062 079 047 1317 1662 994 4755 7434 4095
Compost rate (C)

Without (control) 1959¢ 16.84c 18.22¢ 11.42¢c 9.40c 10.41c 311.81c 272.94c 292.37c 1040.62 c 886.25¢c 963.44 C
2t /fad. 22.50b 18.91b 20.70b 12.81b 10.35b 11.58b 354.44 b 323.31b 338.87b 1197.50 b 1014.56b 1106.03 b
4t/fad. 25.04a 2024a 22.64a 1354a 11.18a 12.36a 434.25a 390.44a 412.34 a1547.1921261.81 a1404.50 a
6 t/fad. 25222 2051a 22.86a 13.76a 1140a 12.59a 447.94a 404.88a 426.41a1582.1921284.19a1433.19a
F-test *%x *x *% *% *% *k *% *k *% *k *k *k
LSD 0.05 058 071 045 060 060 035 1911 1793 1692 561 6022 042
Interaction

NxC * NS NS NS * * * *k *k * * *k

*, ** and NS indicate significant at 0.05, 0.01 and not significant, respectively.

Table 3. Sucrose (%0), Na (%0), K (%) and Alpha amino-N (%0) of sugar beet as affected by nitrogen
and compost rates during 2011-2012 and 2012-2013 seasons and their combined

Main effects Sucrose (%) Na (%) K (%) Alpha amino N (%6)
and interactions 1 2 Comb. 1% 2 Comb. 1% 2™ Comb. 1% 2" Comb.
Nitrogen rate ( N)

35 kg Nffad. 15.95a 17.17a 16.56a 2.66b 2.35b 250c 4.79b 4.21b 450b 212b 2.07b 2.09c
70 kg N/fad. 15.64ab 17.00a 16.32a 2.74ab 2.51a 2.62b 4.89b 437ab 463b 222b 216b 219c
105 kg N/fad. 15.08b 16.26b 15.67b 2.90a 2.56a 2.73ab5.08ab 4.44a 4.76ab 241a 233a 237b
140 kg N/fad. 14.79b 1597b 1538b 2.94a 2.62a 2.78a 519a 4.49a 4.84a 252a 244a 248a
F_test * ** ** * * ** * * ** *%* *%* **
LSD 0.05 0.71 0.57 042 022 015 012 022 020 014 015 0.14 0.11
Compost rate (C)

Without (control) 15.95a 17.30a 16.62a 2.62b 2.33b 2.48c 4.84b 423b 453b 216c 219b 217¢c
2 t/fad. 15.61a 16.88b 16.25b 2.75b 2.42b 258b 4.95ab 4.39a 4.67a 234b 218b 226D
4t/fad 15.00b 16.22c¢ 15.61c 291a 2.63a 2.77a 5.06a 4.45a 4.75a 231b 229a 230b
6 t/fad 1491b 1599c 1545c 2.96a 2.66a 2.81a 510a 4.43a 4.77a 245a 234a 239a
F_test ** ** ** ** *%* ** *%* * ** *%* *%* **
L.S.D.0.05 0.60 0.39 036 015 012 0.10 0.18 014 012 0.10 0.09 0.08/
Interaction

NxC NS NS NS NS NS NS NS NS NS *k NS NS

* ** and NS indicate significant at 0.05, 0.01 and not significant, respectively.
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Table 4.Purity (%), extractable sugar (%) and SLM (%) of sugar beet as affected by nitrogen
and compost rates during 2011-2012 and 2012-2013 seasons and their combined

Main effects and Purity (%0) Extractable sugar (%) SLM (%)
interactions

1 2" Comb. 1% 2" Comb. 1 2" Comb.
Nitrogen rate ( N)
35 kg N/fad. 90.79a 92.17a 91.48a 13.27a 1463a 1395a 2.07b 194b 200c
70 kg Nffad. 90.36a 91.77a 91.06b 12.92ab 14.40a 13.66a 2.12b 2.00b 206b
105 kg N/fad. 89.52b 91.14b 90.33c¢ 12.27b 1359b 1293b 222a 2.06ab 2.14a
140 kg N/fad. 89.06b 90.80b 89.93d 11.92b 13.26b 1259b 227a 21l1lla 219a
F_test ** ** ** ** ** ** ** ** **
LSD 0.05 0.44 0.48 031  0.66 0.47 0.40 0.08 0.07 0.06
Compost rate (C)
Without (control) 90.73a 92.13a 91.43a 13.26a 14.73a 14.00a 208c 197b 202c
2t /fad. 90.17b 91.75a 90.96b 12.84a 14.29a 1356b 2.16b 200b 2.08b
4t ffad. 89.56¢c 91.09b 90.33c 12.20b 1356b 12.88c 2.19ab 2.06a 2.13a
6t /fad. 89.27¢ 9091b 90.09c 12.07b 1331b 12.69c 224a 208a 216a
F_test *%* ** *%* *%* ** *%* *%* *%* **
LSD 0.05 0.40 0.42 026  0.57 0.45 0.39 0.07  0.06 0.05
Interaction
NxC NS ol NS NS NS NS NS NS NS

*, ** and NS indicate significant at 0.05, 0.01 and not significant, respectively.

Top yield (t/fad.)

The tabulated results in Table 5 show that N-
fertilizer levels highly significantly affected top
yield during both growing seasons and their
combined analysis. Top yield (t/fad.) appeared
to be significantly increased as N-fertilizes level
was increased from 35 up to 105 Kg N/fad.,
during both growing seasons, however
combined analysis results showed that top yield
was gradually increased as N- fertilizer level
was increased from 35 up to 140 kg N/fad., then,
the highest top yield of 12.12 t/fad., was
obtained by 140 kg N/fad., level. These results
are attributed to the role of nitrogen in increase
the vegetative growth through enhancing leaf
initiation, increment chlorophyll concentration
in leaves and photosynthesis  process,
consequently increase top yield/fad. In this
manner, Abdou (2013) indicated that increasing
nitrogen level up to 140 kg/fad., helps plants to
elongate its vegetative growth and delay
maturity. So great amounts of photosynthetic
products pass through the new vegetative parts
and consequently increase top yield/fad. The
obtained results are in agreement with those
reported by Abou-Shady et al. (2011), El-Sarag
and Moselhy (2013), Omar and Mohamed
(2013) and Abdou et al. (2014).

Root yield (t/fad.)

The results in Table 5 show that N fertilizer
levels had highly significant effect on root yield
of sugar beet during both succeeded seasons and
their combined. Meanthrough, root yield (t/fad.)
followed the same patterns of top yield (t/fad.)
whereas it tended to be gradually increased as
N- fertilizer levels increased from 35 to 140 kg
N/fad. Then, root yield (t/fad.) significantly
increased from 29.11 to 32.48, 37.61 and 39.83
(t/fad.) due to increasing N- levels from 35 to
70, 105 and 140 kg N/fad., for the same
respective order. Concerning combined results
increasing N levels from 35 to 70, 105 and 140
kg N/fad., gave relatively increases in root yield
(t/fad.) amounted to 11.58%, 29.20% and
36.83% for the same following order. These
favorable effects of nitrogen fertilizer
application were rather expected since the soil of
the experiment was sandy poor fertile one
(Table 1). The positive effect of N application
on vyield attributes included root yield was also
reported by several investigators (Ramadan et
al., 2003; Geweifel et al., 2006; Abdou, 2013;
Omar and Mohamed, 2013; Abdou et al., 2014;
Mekdad, 2015; Ismail et al., 2016).
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Table 5. Top yield (t/fad.), root yield (t/fad.) and recoverable sugar yield (t/fad.) of sugar beet as
affected by nitrogen and compost rates during 2011-2012 and 2012-2013 seasons and

their combined

Main effects Top yield Root yield Recoverable sugar yield
and interactions (t/fad.) (t/fad.) (t/fad.)
1%t 2" Comb. 1% 2" Comb. 1% 2" Comb.
Nitrogen rate ( N)
35 kg N/fad. 9.03c 7.41c 8.22d 3253d25.68d 29.11d 4.24c 3.72c 3.98d
70 kg N/fad. 10.37b 887b 9.62c 36.55c 28.41c 32.48c 4.69b 4.07b 4.38c
105 kg N/fad. 12.05a 10.80a 11.42b41.67b 33.54b 3761b 508a 452a 480b
140 kg N/fad. 12.84a 11.39a 12.12a44.00a 35.66a 39.83a 52la 4.69a 4.95a
F_test ** ** *%* ** ** ** ** ** **
LSD 0.05 0.81 0.63 048 198 132 1.06 0.25 0.21 0.13
Compost rate (C)
Without (control) 9.14d 756c 8.35d 30.79d 24.49d 27.64d 4.01d 356¢c 3.79d
2t /ffad. 10.35¢c 8.81b 9.58c 35.35c 27.96¢c 31.66c 452c 3.98b 4.25c
4t ffad. 11.83b 10.63a 11.23b42.44b 34.45b 3844b 515 b 464a 490b
6t /fad. 1297a 11.47a 12.22a46.17a 36.39a 41.28a 553a 4.8la b5.17a
F_test ** ** ** ** ** ** ** ** **
LSD 0.05 0.87 0.93 062 173 1.68 1.19 0.22 0.18 0.16
Interaction
NXC * * ** ** * ** ** NS **

* ** and NS indicate significant at 0.05, 0.01 and not significant, respectively. One faddan = 4200 m*.

Recoverable sugar yield (t/fad.)

Results of recoverable sugar yield (t/fad.) as
an economical yield of growing sugar beet as
affected by N- fertilizers application levels are
presented in Table 5 which reveal highly
significant difference during both growing
seasons and their combined analysis.
Meanthrough, increasing N-fertilizes level from
35 up to 140 kg N/fad., tended to be
significantly increased recoverable sugar yield
(t/fad.) concerning the combined analysis, while
the differences between the application of 105
and 140 kg N/fad., levels could not reach the
level of significance during both growing
seasons. Then, the combined analysis indicated
that recoverable sugar yield (t/fad.) increased
gradually from 3.98, 4.38, 4.80 and 4.95 t/fad.,
due to raising the application N- fertilizer level
from 35 to 70, 105, and 140 kg N/fad., in the
same respective following order. These results
almost followed the same patterns of other yield
components (top and root yields t/fad.), Table 5.
The relative increase due to N-fertilizes
application amounted to 10.05%, 20.60% and
24.37% for the increasing of N-fertilizer levels
from 35 to 70, 105 and 140 kg Nf/fad.,

respectively, regarding the combined analysis.
The increment in recoverable sugar yield/fad.,
which found with increasing nitrogen level up to
140 kg N/fad., may be due to the role of
nitrogen in encourage of canopy growth that
produced more photosynthetic  products
translocated to roots, then increased sugar
production per unit area. Such favorable effects
of N fertilizer application were rather expected
since the soil of the experiment was sandy poor
fertile one (Table 1). In this manner Mekdad
(2015) indicated that, each increase in nitrogen
fertilizer level from 100 to 140 kg N/fad.,
caused a gradual increase in sugar yield.
Furthermore, several investigators showed that
increasing N-fertilizer application significantly
increased sugar yield of sugar beet/ fad.,
(Geweifel et al., 2006; Seadh, 2008; Osman,
2011; Awad et al., 2013; El-Sarag and Moselhy,
2013; Abdou et al,. 2014; Mekdad, 2015 ; Ismail
et al., 2016).

Effect of Compost Rates
Root yield attributes

Results presented in Table 2 clearly indicate
that there were highly significant differences in



Zagazig Journal of Field Crop Science 2313

root yield attributes (root length, diameter, top
fresh and root fresh weights/plant) among the
tested rates of compost during both growing
seasons and their combined. Meanwhile, root
yield attributes responded significantly to
applied compost rates up to 4 t/fad. On the
contrary, control treatment (without compost
application) appeared to be recorded the lowest
values, concerning root yield attributes
evaluated during both seasons and the
combined. Al-Labbody (1998) pointed out that
applying FYM significantly increased root
diameter, length and fresh weight. Furthermore,
the obtained results are in accordance with those
reported by El- Geddawy et al. (2003), Abou EI-
Magd et al. (2012), Hasanen et al. (2013) and
Soliman et al. (2014).

Quality parameters

The results given in Tables 3 and 4 clearly
showed that the application of compost tended
to be significantly decreased sucrose, purity and
extractable sugar percentages and such trend
was confirmed during both growing seasons and
their combined. Thus, the highest values of these
quality parameters were achieved by control
treatment (without compost application) which
amounted to 16.62%, 91.43% and 14.00% for
sucrose, purity and extractable sugar percentages,
respectively, concerning the combined results.
Otherwise, the application of compost
significantly increased Na (%), K (%), alpha
amino-N (%) and SLM (%) throughout the
seasons and the combined results. But, the
positive response of these traits to compost rates
varied from trait to another, which it was
responded up to 4 t/fad., for Na (%) and SLM
(%), while K (%) increased with the application
of low rate of compost (2 t/fad.) and alpha
amino-N (%) increased significantly up to the
application of the highest rate of compost (6
t/fad.). In general, Na, K and alpha amino-N are
the serious impurities in beet juice and found
much more than other elements. In addition,
these three elements not removed during
processing but contribute to losses of sugar to
molasses and hence affected greatly the
extracted sugar. The obtained results are in
agreement with those reported by Gomaa et al.
(2007) who indicated that application of
compost at rate of 2 t/fad., to sugar beet resulted
in significant increase in Na, K and alpha

amino-N and sugar loss to molasses percentages
as compared to without compost application.
Furthermore, El-Ghareib et al., (2012) stated
that increasing farmyard manure rate up to 30
m3/fad increased root yield attributes but,
decreased sucrose (%) and purity (%) as
compared to control (without added farmyard
manure). On the other hand, Abou EI-Magd et
al. (2012); Hasanen et al. (2013) and Soliman et
al. (2014) stated that sucrose and purity
percentages were significantly augmented by the
application of FYM.

Top yield (t/fad.)

With respecting to the influence of compost
rates on top yield (t/fad.), the obtained results in
Table 5 revealed highly significant differences
during both growing seasons and their combined
analysis. Meanwhile, the application of compost
tended to be gradually significantly increased
top yield from 8.35 to 9.58; 11.23 and 12.22 t/
fad., for control (without compost application),
2, 4 and 6 t/fad., respectively regarding the
combined results. These results could be
attributed to the important role of compost and
other organic manure in nutrient solubility as
active physiological and biochemical processes
in plant which leading to increase the plant
growth and nutrient uptake as reported by
Dahdouh et al. (1999) in wheat plants. The
given results are in agreement with those
reported by El-Geddawy et al. (2003); Abou-El-
Magd et al. (2012) and El-Ghareib et al. (2012)
in addition to Badawi et al. (2013) who found
that all growth characters of sugar beet showed
the maximum means with the application of 6 t
compost/fad., followed by using 4 t, then 2 t
compost/fad., during two growing seasons.

Root yield (t/fad.)

Results recorded in Table 5 clearly show that
compost rates had highly significant effects on
root yield (t/fad.) throughout both seasons and
their combined. The results followed the same
patterns of top yield/fad. Whereas root yield
(t/fad.) appeased to be significantly increased as
compost rates increased from 0 to 6 t/fad., root
yield/fad., recorded gradually increase from
27.64 to 31.66, 38.44 and 41.28 t/fad., for
control (without compost application), and the
application of 2, 4 and 6 t/fad., respectively. The
relative increases due to compost application
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amounted to 14.54%, 39.07% and 49.35% for
increasing compost rates from 0 to 2, 4 and up to
6 t/fad.,, for the same following order,
concerning the combined results. The increase in
root yield caused by increasing compost rates
may be attributed to the high of organic matters
content of compost which serves several
advantages like conservation and slow release of
nutrients. These advantages lead to the increase
in soil fertility which led in turn to increasing of
the productivity of plants as illustrated by El-
Ghareib et al. (2012). Furthermore, the obtained
results are in agreement with those reported by
El- Geddawy et al. (2003), Abo EIl-Ftooh et al.
(2012), Abou El-Magd et al. (2012), Badawi et
al. (2013) and Soliman et al. (2014).

Recoverable sugar yield (t/fad.)

Sugar yield (t/fad.) as affected by compost
application rates is illustrated in Table 5.
Meanwhile the results revealed highly
significant differences during both growing
seasons and its combined analysis, whereas
sugar yield (t/fad.) increased gradually as
compost rate was increased from 0 to 2, 4 and
up to 6 t/fad., recorded 3.79, 4.25, 4.90 and 5.17
t sugar yield/fad., for the same followed order,
respecting the combined results. Then,
increasing compost rates from 0 to 2, 4 and up to
6 t/fad., resulted in relative increases in sugar
yield/ fad., amounted to 12.14%, 29.29% and
36.41%, respectively, concerning the combined
results. The increase in sugar yield of sugar beet
caused by increasing compost rates may be
attributed to its important role in nutrient
solubility as activate physiological and
biochemical process in plant which leading to
increase the plant growth and nutrient uptake. In
this manner, Hasanen et al. (2013) recorded a
significant increase in sugar yield of sugar beet
due to the applicant of organic fertilization. In
addition, many other investigators reported
similar results, from them Mokadem (2000),
Abou El-Maged et al. (2012), EI-Ghareib et al.
(2012) and Hasanen et al. (2013).

Effect of Interaction
Root yield attributes

According to the combined analysis, the
significant  interaction  between  nitrogen
fertilizer and compost rates on root diameter,

fresh top weight/plant and fresh root
weight/plant are presented in Table 2-a. It could
be stated that, root diameter significantly and
gradually increased by increasing nitrogen
fertilizer levels up to 140 kg N/fad., under any
rate of compost application (2, 4 and 6 t
compost/ fad.). This effect of N-fertilizer was
not observed under without compost application,
where root diameter significantly increased
when N-fertilizer increased only from 35 or 70
to 105 kg N/fad.

Concerning to the fresh top weight/plant, it is
clear that, each increase in N-fertilizer levels
caused significant and gradually increase in
fresh top weight/plant when higher rates of
compost (4 or 6 t/fad.) was applied. While,
under without or application of 2 t compost/fad.,
fresh top weight/plant was responded to N-
fertilizer increment up to 105 kg N/fad.

Fresh root weight/plant significantly and
gradually increased due to increasing N-
fertilizer levels up to 140 kg N/fad., when 6 t
compost/fad., was applied. This effect of N-
fertilizer was not observed under the lower rates
of compost (0, 2 and 4 t/fad.) where fresh root
weight/plant responded to N-fertilizer level up
to 105 kg N/fad.

Top, root and recoverable sugar vyields
(t/fad.)

The significant interaction between N-
fertilizer levels and compost rates on top, root
and recoverable sugar yields/fad., are presented
in Table 5-a. It was evident that under the
application of 4 t compost/fad., top, root and
recoverable sugar yields/fad. significantly and
gradually increased with each increase in N-
fertilizer levels up to 140 kg N/fad. While, under
the lower (0 or 2 t/fad.) or higher (6 t/fad.) rates
of compost, the three aforementioned traits
significantly responded to N- fertilizer up to 105
kg N/fad. Furthermore, the lowest values of top,
root and recoverable sugar yields/fad., were
obtained when plants received either 35 or 70 kg
N/fad., without compost application. The
highest values of the three aforementioned were
achieved by the application of N-fertilizer of
140 kg N/fad., under the application of 4 or 6 t
compost/fad. However, the same results could
be achieved by plants received only 105 kg
N/fad., if 6 tons compost/fad., was applied.
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Table 2-a. Root diameter (cm), fresh top weight /plant (g) and fresh root weight/plant (g) of
sugar beet as affected by the interaction between nitrogen fertilizer levels and
compost rates (combined analysis of the two growing seasons)

Compost rates Nitrogen fertilizer levels
35 kg N/fad. 70 kg N/fad. 105 kg N/fad. 140 kg N/fad.
Root diameter (cm)

B B A A

Control 9.16 b 9.59¢c 11.25¢ 11.63c¢c
D C B A

2 tons/fad. 9.58 ab 11.24b 12.29b 13.22b
D C B A

4 tons/fad. 10.05a 11.65b 13.20 a 14.54 a
C B B A

6 tons/fad. 10.13a 12.53 a 13.33 a 1437 a

Fresh top weight/plant (g)

B B A A

Control 250.88 b 256.00 ¢ 323.25¢ 339.38 ¢
C B A A

2 tons/fad. 275.75Db 316.63 b 372.88b 390.25 b
D C B A

4 tons/fad. 316.63 a 392.88 a 450.38 a 489.50 a
D C B A

6 tons/fad. 325.63 a 408.75 a 472.13 a 499.50 a

Fresh root weight/plant ()

B B A A

Control 837.88 ¢ 856.00 ¢ 1031.75¢ 1092.13 ¢
B B A A

2 tons/fad. 971.63 Db 1025.50 b 1185.38 b 1241.63 b
C B A A

4 tons/fad. 1142.50 a 1362.63 a 1520.87 a 1592.00 a
D C B A

6 tons/fad. 1162.25a 1361.62 a 1547.75 a 1661.13 a
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Table 5-a. Top yield (t/fad.), root yield (t/fad.) and recoverable sugar yield (t/fad.) of sugar beet
as affected by the interaction between nitrogen fertilizer levels and compost rates
(combined analysis of the two growing seasons)

Compost rates

Nitrogen fertilizer levels

35 kg N/fad. 70 kg N/fad. 105 kg N/fad. 140 kg N/fad.
Top yield (t/fad.)

B B A A

Control 7.07c 7.64d 9.16d 9.53¢
B B A A

2 tons/fad. 7.95b 8.80¢c 1049 ¢ 11.08b
D C B A

4 tons/fad. 8.86 a 10.33 Db 12.03 b 13.70 a
C B A A

6 tons/fad. 8.99a 11.71a 14.2a 14.16 a

Root yield (t/fad.)

B B A A

Control 24.74 ¢ 25.39d 29.42d 31.01d
B B A A

2 tons/fad. 27.89b 29.06 ¢ 33.77¢ 35.90 ¢
D C B A

4 tons/fad. 31.63a 36.08 b 41.07b 45.01b
C B A A

6 tons/fad. 32.16 a 39.39a 46.16 a 47.40 a

Recoverable sugar yield (t/fad.)

B B A A

Control 342¢c 3.61d 4.00d 412c
B B A A

2 tons/fad. 3.92b 4.00c 445c¢ 4.63b
D C B A

4 tons/fad. 428 a 475b 5.04 Db 551a
C B A A

6 tons/fad. 4.30a 515a 5.71a 5.53a
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Conclusion

It can be recommended that, maximizing
growth characters, top, root and sugar yields/
fad., could be obtained by the application of N-
fertilizer at levels of 140 kg N/fad., and compost
at rate of 4 or 6 t/fad., under the environmental
conditions of sandy soil at Sharkia Governorate.
In addition, the significant interaction between
both nitrogen and compost fertilizer rates
indicated that N-fertilizer rate of 105 kg N/fad
with compost rate of 6 tons/fad could be applied
for maximizing top, root and sugar yields/fad.,
and minimizing the soil pollution by reducing
the application of N- fertilizer. So, it is very
important to mention that those results obtained
when sugar beet grown under poor fertile sandy
soil and drip irrigation practices which saved the
amount of water used.
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