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Abstract

Soil salinity adversely affects quality parameters of sugar beet juice
leading to a reduction in recoverable sugar yield. Improving the physical
and chemical properties of salt affected soils is essential for sustainable
cultivation and production of sugar beet in Egypt. A field experiment was
carried out at the Delta Sugar Company to evaluate soil amendments, i.e.,
Phosphogypsium (PG), Desaline, humic acid and treated filter cake and
molasses application on roots quality and sugar yield of sugar beet.
Application of molasses at a rate of 50 L/fed. significantly increased sugar
content (Pol%) only in the first growing season, while soil amendments
do not have any significant in sugar content increment and the highest
sugar content was produced from plants in the control treatment.
Application of soil amendments in particular 1 ton/fed. of treated filter
cake significantly reduced Na%, K% and a-amino-N in root juice in both
growing seasons. Soil amendments application significantly increased
sugar beet juice quality, theoretical sugar yield (TSY) and recoverable
sugar yield (RSY) in both growing seasons. The highest value of quality
index was produced from the application of 1 ton/fed. of treated filter
cake. The application of either treated filter cake or 50 L/fed. of molasses
significantly enhances both theoretical and recoverable sugar yields. The
effect of soil amendments and molasses application on sugar loss yield
was barely significant, and varietal and environmental dependent.
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1. Introduction

The harvested area of sugar beet, the first sugar crop in Egypt,
exceeds 600,000 feddans (FAO 2019); www.fao.org). The main
advantages that made sugar beet, one of the most salt tolerant crops
(Kaffka and Kurt 2004), the first sugar crop in Egypt in a short
period is its ability to grow effectively and produce a high sugar
content in a short growing season in the newly reclaimed soils
which are mostly characterized as saline soils (Abo-Elwafa et al.
2006; Abou-Elwafa 2010; Abo-Elwafa et al. 2013). At least 20% of
the world's irrigated land is salt affected, from which 60% are sodic
(Qadir et al. 2006; Pessarakli 2010). In Egypt, salt affected soils
represent 9.1% of the total area and 30% from the cultivated area
(www.fao.org).

Sugar beet quality (sucrose, purity, sugar recovery %) has also been
found to decrease with an increase in salts concentration (Abdel-
Mawly and Zanouly 2004; Almodares and Sharif 2005; Dadkhah
and Grrifiths 2006; Khorshid and Rajbi 2014; Wu et al. 2015).
Sodium uptake by sugar beet increased impurities in root juice
(Eisa and Ali 2005; Eisa et al. 2012) thereby decreases its quality.
Total soluble solids (TSS) in beet root juice have been reported to
increase significantly with the concentration of salts (Khalil et al.
2001; Zaki et al. 2012; Salami and Saadat 2013). Similarly, Zaki
et al. (2014) found that sucrose content, juice purity, sugar recovery
and sugar yield in sugar beet decreased with increasing salinity level
except sucrose and TSS as salinity increased from control to 5000
ppm during that study. Therefore, improving the physical and
chemical properties of salt affected soils in Egypt is essential for
sustainable cultivation and production of sugar beet in Egypt
(Abdel-Fattah 2012). Remediation of soil salinity could be
mediated through the application of three successful, low cost and
effective amendment approaches that have been worldwide
implemented, i.e., i) chemical agents including calcium compounds,
i) sulfur compounds, and iii) organic matter (Cha-um and
Kirdmanee 2011; Amer and EI-Ramady 2015). Gypsum
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application improves growth of fodder beet in saline- sodic soils and
improves the physical-chemical properties of the soil (Ahmed et al.
2015). The application of humic acid substances improves the
physical-chemical properties of the soil including aggregation,
aeration, permeability, water holding capacity and micronutrient
availability (Tan 2003). Besides, foliar application of humic acid
significantly improved sucrose%, extractable sugar%, purity, sugar
loss to molasses and root and sugar yields in sugar beet (El-
Hassanin et al. 2016). Application of sugar beet molasses, the
residual syrup from sugar beet processing, mitigates the adverse
effects of soil salinity (EI-Tokhy et al. 2019).

Filter cake, a residue from the treatment of sugar beet juice by
filtration, is a rich source of phosphorus and organic matter and
contains a high moisture content and has been widely used as a
complete or partial substitute for mineral fertilizers in crop plants
(Fravet et al. 2010; Santos et al. 2011; Ossom and Rhykerd 2007;
Ossom 2010; Abo-Baker Basha 2011; Ossom and Dlamini 2012;
Utami et al. 2012; Santana et al. 2012). In Egypt, more than 170,000
tons of filter cake are annually produced from beet sugar factories,
causing severe environment pollution problems. Therefore, it is of
immense importance to find an approach for treatment of filter cake
to utilize it as a natural source for soil amendment and fertility.
Filter cake is utilized as fertilizer in several countries, including
Brazil, India, Australia, Cuba, Pakistan, Taiwan, South Africa, and
Argentina (de Mello Prado 2013). Application of filter cake,
enriched by rock phosphate in the presence or absence of a
biofertilizer, in organic onion culture resulted in improved plant
nutrition, growth and crop production, in addition to better export
quality (Abo-Baker Basha 2011). However, the high pH value of
Egyptian soils excluded the possibility of using filter cake as a
fertilizer or soil acidity neutralizer. Therefore, improving the
chemical properties of filter cake is a perquisite for its application as
soil amendment or as a fertilizer.

The current study was conducted to evaluate the effect of filter
cake treated with sulphoric and phosphoric acids and some other
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soil amendments and molasses application on root quality and sugar
yield of sugar beet.

2. Material and methods
2.1. Plant material and field experiment

A field experiment was carried out at the Delta Sugar Company
research farm, ElI-Hamool, Kafr EI- Sheikh, Egypt during the two
successive growing seasons 2017/2018 and 2018/2019. The sugar
beet cultivars Top and Bleno was used in the first and second
growing seasons, respectively. Plants were grown on October 22,
2017 and 2018 and harvested on May 15, 2018 and 2019 in the first
and second growing seasons, respectively. Seeds were hand sown at
15-20 cm spaces in a 15 m? plot consists of 5 rows of 5 m length,
with a distance of 60 cm between rows. Recommended fertilization
and cultural practices were performed according to locally
recommended practices for sugar beet production in the area of the
study. The main soil properties (0-20 cm depth) are described in
Table 1. Analysis of the physical and chemical properties of the soil
was performed according to Bao (2005).

2.2.Soil amendments and filter cake treatment

Four soil amendments, i.e., Phosphogypsium (PG) which is a
byproduct of the processing of phosphate rock in plants producing
phosphate fertilizers such as superphosphate and phosphoric acid,
Desal which is a desalination commercial product, humic acid and
treated filter cake. To convert the filter cake (lime cake) from
deleterious material to useful material, the filter cake produced from
Delta Sugar Company stored from the previous years was treated
with a mixture of sulphoric and phosphoric acids (1.5:1) (18+12
cm?/100g). The final product contains a mixture of gypsum and
monocalcium phosphate beside a portion of calcium carbonate. All
four types of soil amendments were added to the soil surface before
sowing.
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Table 1: Basic physical and chemical properties of experimental soil.

Parameters 2017/2018 2018/2019
Silt % 23.6 24.7
Sand % 29.1 28.3
Clay % 47.3 47.0
Texture grade | Clayey loam Clayey loam
CaC03% 3.8 4.7
pH 7.97 8.20
EC dSm 8.67 7.50
Soluble cations, meq L-1

Caz+ 32.70 26.22
Mg2+ 20.35 20,75
Na+* 32,32 27.26
K+ 1.40 1.54
Soluble anions, meq L-1

Cl- 52.00 42.55
HCO3- 4.00 5.16
S042 30.78 28.06
Available nutrients ppm

N 30 28

P 7.5 7.6

K 366.6 460

2.3. Phenotypic evaluation

At harvest, a representative root sample from each treatment
was collected for quality analysis by measuring sucrose%, sodium
(Na)%, potassium (K)% and a-amino-N in root juice using the
venma, Automation BV  AnalyzerllG-16-12-99, 9716JP/
Groningen/Holland according to the procedure of Delta Sugar
Company, as described by le-Docte (1927) and Brown and lilliland
(1964). The results were calculated as mmol/ 100g beet. Quality
index, Sucrose losses%, recoverable sugar% and recoverable sugar
yield was calculated using the following equation according to
Reinefeld (1975):
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Quality % = Pol% — 0.29 + 0.343 (K + Na) + 0.0939(a — amino N)x100/Pol%
Sucrose losses % = 0.14(K + Na) + 0.25(a — amino N) + 0.5
Recoverable sugar% = Pol% — 0.14(K + Na) + 0.25(a — amino N) + 0.5
Recoverable sugar vield = Root yield X Recoverable sugar%
Theoretical sugar yield = Root yield x Pollg
Sugar loss yield = Root yield X sugar lossesl
3. Experimental design and Statistical analysis

Experiments were designed in a four-replicates randomized
complete block design (RCBD) in a split plot design. The main
plots were assigned to six soil amendment treatments, i.e., control
treatment (without amendments), 1 ton/fed. of treated filter cake, 2
tons/fed. of treated filter cake, 1ton/fed. of phosphogypsium (PG), 4
L/fed. of Desal (desalination), added to the soil surface before
sowing and 4 L/fed. of humic acid added to the soil surface before
sowing. The sub-plots were assigned to three molasses treatments,
I.e., control treatment (without molasses application), 25 L/fed. of
molasses added to the soil surface before sowing and 50 L/fed. of
molasses added to the soil surface before sowing. The Proc Mixed
of SAS package version 9.2 was used to perform analysis of
variance (ANOVA), Fisher’s least significant difference (LSD), of
significantly differed treatments was calculated.

4. Results and discussion
4.1. Soil amendments reduce juice impurities content

Application of molasses at a rate of 50 L/fed. significantly
increased sugar content (Pol%) only in the first growing season,
while soil amendments do not have any significant in sugar content
increment and the highest sugar content was produced from plants
in the control treatment (Table 2). The interaction between soil
amendments and molasses application on sugar content revealed
that the highest values of sugar content were produced from the
control treatment in both growing seasons (Table 3), which could be
ascribed to that partitioning of photoassimilates was in favor of
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increasing sugar content in the control treatment where root yield
has been reduced (Data not shown).

Table 2: Significance levels of soil amendments, molasses and their
interaction on Pol%, Na%, K%, a-amino-N, quality%o, theoretical
sugar yield (TSY), recoverable sugar yield (RSY) and sugar loss yield
(SLY) in the two growing seasons 2017/2018 and 2018/20109.

Seas | S.0.V Pol | Na K% a-amino- Quality% | TSY | RSY SLY
on % % N

Soil amend. (S) | ** i *x *k % ok ok NS
= @ | Molasses (M) okl *x ok wx *% ok wok NS
§ § SxM *% *%k *% *% *%k *% *% NS
- Soil amend. (S) | ** NS = * s s s s
R S| Molasses (M) | == | = | ** NS wox s ** NS
?l ?l SxM ** * ** NS *% *%x *%x NS

*; exhibited significant effect at P<0.05, **; exhibited significant
effect at P<0.01, NS; insignificant.

Application of soil amendments in particular 1 ton/fed. of
treated filter cake significantly reduced Na%, K% and a-amino-N in
root juice in both growing seasons, however the reduction was slight
(Table 3). The control treatment exhibited the highest values of
Na%, K% and a-amino-N in the first growing season (4.61, 8.55
and 2.57%, respectively), while the lowest values (3.44, 7.30 and
1.34%, respectively) were produced from the application of 1
ton/fed. of treated filter cake. In the second growing season the
lowest values of Na5 and camino-N (1.86 and 1.34%), resulted
from the application of phosphogypsum, while the lowest K value
(5.01%) was recorded for the application of humic acid (Table 3). In
addition to variations in ambient environmental cues, variations
between the two growing seasons could be attributed to the
implementation of two different cultivars in the two growing
seasons. The effect of either treated filter cake and phosphogypsum
may be due to that the presence of Ca*™ ions in excess that led to a
reduction in the absorption of Na* and K* and therefore affected
membrane permeability to control sodium absorption. These results
are consistent with previous results reported by Shaheen et al.
(2017) and Amer and Hashem (2018) who stated that soil
amendments can cause contradictory effects on elements
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mobilization and phytoavailability depending on the type of elements
and amendments.
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Table 3: Effect of soil amendments and molasses application on Pol%, Na%, K% and a-amino N in the two
growing seasons 2017/2018 and 2018/2019.

Growing season 2017/2018 2018/2019
Soil Molasses Pol % Na% K% ag-amino N Pol % Na% K% a-amino N
amendments

Control Control 19.73 ab 4.59ab 8.50ab 2.75a 19.47abc 2.01ab 5.18 5.18
25L Molasses 20.09 a 4.57ab 8.64a 2.47b 19.50ab 2.16ab 4.98 4.98
50L Molasses 19.90 ab 4.67a 8.51ab 2.48bc 19.16abc 1.76abc 5.23 5.98

Mean 19.91a 4.61a 8.55a 2.57a 19.38a 1.98 5.13abc 5.38ab
Filter cake Control 18.36 e 3.51gh 7.41ghi 1.87ef 18.92 bc 2.04ab 5.05 5.05
(1 t/fed.) 25L Molasses 18.69 cde 3.68fg 7.30hi 2.15d 18.22d 1.84ab 5.37 5.37
50L Molasses 18.66 cde 3.14i 7.20i 1.77f 18.33d 1.69bc 5.08 5.08

Mean 18.57¢c 3.44e 7.30e 1.93d 18.49d 1.86 5.17ab 5.17ab
Filter cake Control 18.62 de 4.52ab 7.75¢efg 2.32cd 19.09 abc 2.23a 5.23 5.23
(2 t/fed.) 25L Molasses 18.54 de 4.38ad 8.25hc 2.40bc 18.85 bc 1.81abc 4.99 4.99
50L Molasses 18.97 cde 4.09cf 7.57fi 1.75f 18.77¢ 1.87ab 4.85 4.85

Mean 18.71bc 4.33b 7.86¢cd 2.16¢ 18.90c 1.97 5.02c 5.02ab
Phosphogypsum | Control 18.19e 4.08cf 7.60fgh 2.32cd 19.36 abc 1.99ab 5.12 5.12
25L Molasses 19.33 bed 3.99def 7.91def 1.91ef 19.15 abc 1.73bc 4.88 4.88
50L Molasses 19.47 abc 4.33ad 7.77efg 1.78f 19.64 a 1.41c 5.27 5.27

Mean 19.00b 4.13c 7.76d 2.00d 19.38a 1.71 5.09bc 5.09b
Desal Control 19.46 abc 4.22be 7.53ghi 2.00e 19.11 abc 2.10ab 5.29 5.29
25L Molasses 18.86 cde 4.46abc 8.54ab 2.57b 19.05 abc 1.99ab 5.12 5.12
50L Molasses 18.91 cde 4.06cf 7.99cde 2.48bc 19.11 abc 2.13ab 5.32 5.32

Mean 19.08b 4.25bc 8.02b 2.35b 19.09b 2.07 5.24a 5.24a
Humic acid Control 18.61 de 3.27hi 7.27hi 2.42bc 19.44 abc 2.02ab 5.14 5.14
25L Molasses 19.02 cde 4.00def 8.38ab 2.30cd 19.37 abc 2.06ab 4,77 4,77
50L Molasses 18.94 cde 3.80efg 8.20bc 2.25cd 18.89 bc 1.76abc 5.10 5.1

Mean 18.86bc 3.69d 7.95bc 2.32b 19.23b 1.95 5.00c 5.00b
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Molasses application significantly decreased Na, K and a-amino-N
contents in sugar beet juice in both growing seasons. These results
are in agreement with El-Tokhy et al. (2019) who stated that
molasses effects attributed to molasses contain glycine betaine
material as a compatible solute in osmotic adjustment of the
cytoplasmic compartment. The interaction between soil
amendments and molasses application exhibited highly significant
effects on Na, K and a-amino-N contents in sugar beet juice (Table
2). The lowest values Na (3.14%), K (7.2%) and a-amino-N
(1.77%) in the first growing season and Na (1.69%) in the second
growing season were obtained from the application of 1 ton/fed. of
treated filter cake in combination with 50 L molasses/fed., while the
highest values were observed in the control treatment.

1.1.Soil amendments application enhances juice quality and
sugar yields

Soil amendments application significantly increased sugar beet
juice quality, theoretical sugar yield (TSY) and recoverable sugar
yield (RSY) in both growing seasons (Table 2). The highest value of
quality index (77.44%) in the first growing season was produced
from the application of 1 ton/fed. of treated filter cake, while in the
second growing season although the significance of the differences
among different treatments in juice quality there is no superior
treatment could be identified (Table 4). The interaction between soil
amendments and molasses application exhibited significant effects
in both growing seasons. Superiority was recorded to the application
ion of either phosphogypsum or 2 ton/fed. of treated filter cake in
combination with 50 L/fed. of molasses in the first growing season,
while in the second growing season the application of
phosphogypsum with 25 L/fed. of molasses produced the highest
juice quality value (Table 4).

Data presented in Table 3 showed that the application of either 1 or
2 ton/fed. of treated filter cake produced the significantly highest
theoretical sugar yield (4.85 and 5.44 ton/fed.) in both growing
seasons. Similarly, the application of molasses at a rate of 50 L/fed.
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significantly increased theoretical sugar yield in both growing
seasons. These results which are consistent with previous results
(Rymar® et al. 2003; El-Shazly et al. 2014) could due to the high
root yields produced form the application of treated filter cake
(Table 4). The interaction between soil amendments and molasses
exhibited highly significant effects on theoretical sugar yield in both
growing seasons (Table 4). The highest theoretical sugar yields
(5.09 and 5.87 ton/fed.) were obtained from the application of 1
ton/fed. of treated filter cake in combination with 25 L
molasses/fed. in the first growing season, while in the second
growing season the highest sugar yield was recorded for the
application of 1 ton/fed. of treated filter cake without molasses.
These results suggest that the application of filter cake is the main
determinant factor in enhancing theoretical sugar yield in sugar
beet. Besides, the differences between the two growing seasons is
mainly due to the implementation of different cultivar in each
season, indicating that selection of appropriate cultivars is the most
straightforward approach for improving sugar beet productivity.
These results are in agreement with Amer (2015).

The highest values of RSY (3.75 and 4.60 ton/fed. in the first
and second growing seasons, respectively) were produced from the
application of 1 ton/fed. of treated filter cake. The application of 50
L/fed. of molasses resulted in the highest RSY (3.32 and 4.31
ton/fed.) in the first and second growing seasons, respectively
(Table 4). The application of 25 L/fed. of molasses in combination
with the application of 1 ton/fed. of treated filter cake produced the
highest RSY (3.93 ton/fed.) in the first growing season. Meanwhile,
in the second growing season the highest RSY (4.97 ton/fed.) was
produced from the application of 1 ton/fed. of treated filter cake
without any application of molasses (Table 4).

The application of soil amendments exhibited a significant effect on
sugar loss yield (SLY) only in the second growing season (Table 2).
Meanwhile, molasses application has no significant effect on sugar
losses in either growing season. Although the significance of the
difference among soil amendments application observed in the
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second growing season, these differences have not been in
favor of any particular treatment. However, the lowest value of SLY
(0.65 ton/fed.) was recorded for the control treatment, and the
highest value (0.83 ton/ fed.) was recorded for the application of 1
ton/fed. of treated filter cake (Table 4). These results could be due
that the application of treated filter cake enhances root yield which
in turn lead to an increase all root yield associated juice parameters.
No significant effects of the interaction between soil amendments
and molasses application on SLY in both growing se asons (Table
4).
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Table 3: Effect of soil amendments and molasses application on Pol%, Na%, K% and a-amino N in the two
growing seasons 2017/2018 and 2018/2019.

Growing season 2017/2018 2018/2019
Soil Molasses Pol % Na% K% o-amino N Pol % Na% K% o-amino N
amendments
Control Control 19.73 ab 4.59ab 8.50ab 2.75a 19.47abc 2.0lab 5.18 5.18
25L Molasses 20.09 a 4.57ab 8.64a 2.47b 19.50ab 2.16ab 4.98 4.98
50L Molasses 19.90 ab 4.67a 8.51ab 2.48bc 19.16abc 1.76abc 5.23 5.98
Mean 19.91a 4.61a 8.55a 2.57a 19.38a 1.98 5.13abc 5.38ab
Filter cake Control 18.36 e 3.51gh 7.41ghi 1.87ef 18.92 bc 2.04ab 5.05 5.05
(1 t/fed.) 25L Molasses 18.69 cde 3.68fg 7.30hi 2.15d 18.22d 1.84ab 5.37 5.37
50L Molasses 18.66 cde 3.14i 7.20i 1.77f 18.33d 1.69bc 5.08 5.08
Mean 18.57c 3.44e 7.30e 1.93d 18.49d 1.86 5.17ab 5.17ab
Filter cake Control 18.62 de 4.52ab 7.75¢efg 2.32cd 19.09 abc 2.23a 5.23 5.23
(2 t/fed.) 25L Molasses 18.54 de 4.38ad 8.25bc 2.40bc 18.85 bc 1.81abc 4.99 4.99
50L Molasses 18.97 cde 4.09cf 7.57fi 1.75f 18.77 ¢ 1.87ab 4.85 4.85
Mean 18.71bc 4.33b 7.86¢d 2.16¢ 18.90c 1.97 5.02¢c 5.02ab
Phosphogyps Control 18.19e 4.08cf 7.60fgh 2.32cd 19.36 abc 1.99ab 5.12 5.12
um 25L Molasses 19.33 bed 3.99def 7.91def 1.91ef 19.15 abc 1.73bc 4.88 4.88
50L Molasses 19.47 abc 4.33ad 7.77efg 1.78f 19.64 a 1.41c 5.27 5.27
Mean 19.00b 4.13c 7.76d 2.00d 19.38a 1.71 5.09bc 5.09b
Desal Control 19.46 abc 4.22be 7.53ghi 2.00e 19.11 abc 2.10ab 5.29 5.29
25L Molasses 18.86 cde 4.46abc 8.54ab 2.57b 19.05 abc 1.99ab 5.12 5.12
50L Molasses 18.91 cde 4.06¢cf 7.99cde 2.48bc 19.11 abc 2.13ab 5.32 5.32
Mean 19.08b 4.25bc 8.02b 2.35b 19.09b 2.07 5.24a 5.24a
Humic acid Control 18.61 de 3.27hi 7.27hi 2.42bc 19.44 abc 2.02ab 5.14 5.14
25L Molasses 19.02 cde 4.00def 8.38ab 2.30cd 19.37 abc 2.06ab 4.77 4,77
50L Molasses 18.94 cde 3.80efg 8.20bc 2.25cd 18.89 bc 1.76abc 5.10 5.1
Mean 18.86bc 3.69d 7.95bc 2.32b 19.23b 1.95 5.00c 5.00b
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Molasses application significantly decreased Na, K and a-amino-N
contents in sugar beet juice in both growing seasons. These results
are in agreement with El-Tokhy et al. (2019) who stated that
molasses effects attributed to molasses contain glycine betaine
material as a compatible solute in osmotic adjustment of the
cytoplasmic compartment. The interaction between soil
amendments and molasses application exhibited highly significant
effects on Na, K and a-amino-N contents in sugar beet juice (Table
2). The lowest values Na (3.14%), K (7.2%) and a-amino-N
(1.77%) in the first growing season and Na (1.69%) in the second
growing season were obtained from the application of 1 ton/fed. of
treated filter cake in combination with 50 L molasses/fed., while the
highest values were observed in the control treatment.

1.1. Soil amendments application enhances juice quality
and sugar yields

Soil amendments application significantly increased sugar beet
juice quality, theoretical sugar yield (TSY) and recoverable sugar
yield (RSY) in both growing seasons (Table 2). The highest value of
quality index (77.44%) in the first growing season was produced
from the application of 1 ton/fed. of treated filter cake, while in the
second growing season although the significance of the differences
among different treatments in juice quality there is no superior
treatment could be identified (Table 4). The interaction between soil
amendments and molasses application exhibited significant effects
in both growing seasons. Superiority was recorded to the application
ion of either phosphogypsum or 2 ton/fed. of treated filter cake in
combination with 50 L/fed. of molasses in the first growing season,
while in the second growing season the application of
phosphogypsum with 25 L/fed. of molasses produced the highest
juice quality value (Table 4).

Data presented in Table 3 showed that the application of either 1 or
2 ton/fed. of treated filter cake produced the significantly highest
theoretical sugar yield (4.85 and 5.44 ton/fed.) in both growing
seasons. Similarly, the application of molasses at a rate of 50 L/fed.
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significantly increased theoretical sugar yield in both growing
seasons. These results which are consistent with previous results
(Rymar* et al. 2003; EI-Shazly et al. 2014) could due to the high
root yields produced form the application of treated filter cake
(Table 4). The interaction between soil amendments and molasses
exhibited highly significant effects on theoretical sugar yield in both
growing seasons (Table 4). The highest theoretical sugar yields
(5.09 and 5.87 ton/fed.) were obtained from the application of 1
ton/fed. of treated filter cake in combination with 25 L
molasses/fed. in the first growing season, while in the second
growing season the highest sugar yield was recorded for the
application of 1 ton/fed. of treated filter cake without molasses.
These results suggest that the application of filter cake is the main
determinant factor in enhancing theoretical sugar yield in sugar
beet. Besides, the differences between the two growing seasons is
mainly due to the implementation of different cultivar in each
season, indicating that selection of appropriate cultivars is the most
straightforward approach for improving sugar beet productivity.
These results are in agreement with Amer (2015).

The highest values of RSY (3.75 and 4.60 ton/fed. in the first
and second growing seasons, respectively) were produced from the
application of 1 ton/fed. of treated filter cake. The application of 50
L/fed. of molasses resulted in the highest RSY (3.32 and 4.31
ton/fed.) in the first and second growing seasons, respectively
(Table 4). The application of 25 L/fed. of molasses in combination
with the application of 1 ton/fed. of treated filter cake produced the
highest RSY (3.93 ton/fed.) in the first growing season. Meanwhile,
in the second growing season the highest RSY (4.97 ton/fed.) was
produced from the application of 1 ton/fed. of treated filter cake
without any application of molasses (Table 4).

The application of soil amendments exhibited a significant effect on
sugar loss yield (SLY) only in the second growing season (Table 2).
Meanwhile, molasses application has no significant effect on sugar
losses in either growing season. Although the significance of the
difference among soil amendments application observed in the
second growing season, these differences have not been in favor of
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any particular treatment. However, the lowest value of SLY (0.65
ton/fed.) was recorded for the control treatment, and the highest
value (0.83 ton/ fed.) was recorded for the application of 1 ton/fed.
of treated filter cake (Table 4). These results could be due that the
application of treated filter cake enhances root yield which in turn
lead to an increase all root yield associated juice parameters. No
significant effects of the interaction between soil amendments and
molasses application on SLY in both growing seasons (Table 4).
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Table 4: Effect of soil amendments and molasses application on quality%o, theoretical sugar yield (TSY),
recoverable sugar yield (RSY) and sugar loss yield (SLY) in the two growing seasons 2017/2018 and 2018/2019.

Growing season 2017/2018 2018/2019
Soil Molasses Quiality% TSY RSY SLY Quiality% TSY RSY SLY
amendments (ton/fed.) (ton/fed.) (ton/fed.) (ton/fed.) (ton/fed.) (ton/fed.)

Control Control 74.329 3.57i 2.66i 0.91 84.90cde 4.229 3.59g 0.64
25L Molasses 75.47¢f 4.08g 3.08g 1.00 85.25bcd 4.49f 3.83f 0.66

50L Molasses 74.329 3.86h 2.87h 0.99 85.70b 4.56f 3.91f 0.65

Mean 74.70d 3.84c 2.87e 0.97 85.28a 4.42f 3.78f 0.65¢

Filter cake Control 77.22abc 4.78bc 3.69b 1.09 84.73def 5.87a 4.97a 0.90
(1 t/fed.) 25L Molasses 77.37ab 5.09a 3.93a 1.16 84.10g 5.15cd 4.33cd 0.81
50L Molasses 77.72a 4.68bc 3.64bc 1.04 85.15b-¢e 5.29bc 4.50b 0.79

Mean 77.44a 4.85a 3.75a 1.10 84.66b 5.44a 4.60a 0.83a

Filter cake Control 75.52¢f 4.82b 3.64bc 1.11 84.20fg 5.01de 4.22de 0.79
(2 t/fed.) 25L Molasses 76.10de 4.61c 3.51d 1.10 85.40bc 5.07de 4.32cd 0.74
50L Molasses 77.10a-d 4.78bc 3.69b 1.09 85.48bc 5.33ab 4.56b 0.77

Mean 76.24b 4.74a 3.61b 1.10 85.03ab 5.14b 4.37b 0.77ab
Phosphogypsu | Control 74.80fg 3.80h 2.84h 0.96 85.12b-e 4.59f 3.90f 0.68
m 25L Molasses 76.32b-e 3.34j 2.55j 0.79 86.20a 4.88e 4.21de 0.67
50L Molasses 77.20abc 3.72h 2.87h 0.85 85.25bcs 5.13cd 4.37c 0.75

Mean 76.11b 3.62d 2.75f 0.87 85.66a 4.87d 4.16d 0.70bc

Desal Control 75.78ef 4.27ef 3.23f 1.04 84.67def 5.11cd 4.33cd 0.78
25L Molasses 75.40¢ef 4.40de 3.32¢ef 1.08 85.00cde 4.94de 4.20e 0.74

50L Molasses 75.37ef 4.41de 3.32¢f 1.09 84.53efg 5.13cd 4.33cd 0.79

Mean 75.52¢c 4.36b 3.29d 1.07 84.73b 5.06¢ 4.29c 0.77ab

Humic acid Control 77.10a-d 4.18fg 3.22f 0.96 85.10b-e 4.61f 3.91f 0.69
25L Molasses 75.73ef 4.47d 3.38¢ 1.08 85.73b 4.55f 3.90f 0.65

50L Molasses 76.17cde 4.67bc 3.56¢d 1.13 85.22bcd 4.91e 4.18e 0.72

Mean 76.33b 4.44b 3.39¢c 1.06 85.35a 4.69% 4.00f 0.69bc
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