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gypt imports about 1.0 million Mg for 2024 to bridge the gap between domestic production and

rising consumption. Sugar beet production must be increased in the same planted area through
better management of limited water resources. The main purpose of this study was to evaluate the
effects of foliar application of nutrients and bioactive compounds on improving plant stress tolerance
and enhancing physiological efficiency under water-deficit conditions, and investigating the role of
strategic irrigation management in providing optimal soil moisture, minimizing water losses, and
achieving the highest possible irrigation water use efficiency. An experiment was performed in the
field at the Agricultural Research Farm of Delta Sugar Company at El-Hamol, Kafr El-Sheikh
Governorate, Egypt, at the 2020/21 and 2021/22 growing seasons to study the effect of Ascobien acid,
Potassium Silicate, and Lithovit foliar application on growth, yield, quality, and water use efficiency
of sugar beet (Beta vulgaris L.) cv. Cleopatra grows under different irrigation regimes. The
experimental design was a strip plot. Three irrigation regimens were allocated to the horizontal plots
at I;: 50%, L,: 65%, and I5: 80% depletion of the available moisture in the soil (DAM). Six foliar
treatments were assigned to the vertical plots at F;:(0 (control), F,:Ascobien, F;:Potassium silicate,
F4:Lithovit, Fs:Potassium silicate + Ascobien, F4: Potassium silicate + Lithovit).The I; treatment
demonstrated superior performance, producing the highest plant dry weight, root weight, root yield,
and sugar yield in both seasons. Conversely, the Istreatment showed the lowest yields but achieved
the highest extractable white sugar percentage and juice purity while reducing impurities, including
potassium, sodium, and a-amino nitrogen. The Itreatment produced the optimal balance for water use
efficiency, yielding the maximum root yield per unit of water consumed. The F foliar application was
above all other foliar treatments concerning growth parameters, plant dry weight, root and diameter,
and root weight and top weight. It achieves the maximum root yield and top yield, with varying
responses in the quality parameters. The F¢ treatment maintained an acceptable sugar content,
optimizing water use efficiency. Most growth parameters achieved maximum values from Fg
treatments, such as plant dry weight, root length, root diameter, root weights, and sugar yield.
Extractable white sugar percentage was increased by the I; treatment while decreasing impurities,
potassium, sodium, and o-amino nitrogen. Extractable white sugar percentage and juice purity
increased by 80% DAM while decreasing impurities, potassium, sodium, and o-amino nitrogen. The
highest water use efficiency for root yield was obtained at I, when applied with Fg, giving 18.19 and
18.02 kg root/m®. Similarly, white sugar water use efficiency also found its place at the peak under I,
(3.24 and 2.95 kg sugar/m® ), where, in the case of F¢ treatment, this goes up to 3.34 and 2.87 kg
sugar/m®. Future research should focus on foliar spray potassium silicate + Lithovit, with refined
concentrations and application timings. Further study of irrigation regimes with different depletion
levels or diverse irrigation systems will improve water management strategies.

Keywords: Lithovit, Potassium silicate, Ascobien, Irrigation regime.
1. Introduction

Sugar beet (Beta vulgaris var. saccharifera, L.) is an important sugar crop in Egypt and the world. It is the
primary source of sugar supply. The sugar beet cultivated area in Egypt was approximately 251,156 ha in the
2022-2023 season, producing over 12.52 million tons of sugar beet root and 1.708 million tons of sugar
(FAOSTAT, 2023). Egypt approved imports of 1.0 million Mg of sugar to meet shortfalls in domestic production
and high demand in 2024 (USDA, 2024). Expanding beet cultivation and boosting its yield are pressing needs to
narrow this gap. A significant challenge lies in improving agricultural productivity while utilizing available water
resources efficiently. A water regime is a potential method of increasing the efficiency of water use (WUE).
Sugar beet with a 70% water requirement optimized roots, sugar yields, and WUE of sugar beets. Studies have
demonstrated that applying water at 25% to 50% of field capacity can substantially reduce water use while
supporting reasonable yields (Yassin et al., 2021). Sugar beet plants irrigated at 55% depletion of available soil
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moisture (DAM) gave the maximum water efficiency for roots and white sugar production (Gharib and El-
Henawy, 2011).

Research indicates that foliar application of potassium silicate can enhance the drought tolerance of sugar beet
by improving water use efficiency and promoting root development(Ali et al., 2019). The influence of K on
sugar beet is a function of its root in several individual biochemical and biophysical processes. It affects
photosynthesis, both directly and indirectly, as well as the movement and utilization of assimilates, water
transport, osmoregulation, and turgor (EL-Shal, 2016). Potassium silicate application increases sugar beet root
yield and sugar content under water-stress conditions (Aksu and Altay, 2020). This may be explained by the
more vital role of potassium in osmoregulation and maintaining cell turgor pressure during water deficit supply.
(Salem et al., 2022).

The CaCO; carbonate in Lithovit® (Boron 05) fertilizer breaks down in the leaf stomata to release carbon
dioxide (CO2) and calcium oxide (CaO) (Sorour et al., 2021). Lithovit® (Boron 05) carries iron, silica,
magnesium, and boron (Faiyad et al., 2023). As a micronutrient that is fundamental to many physiological
processes involved in plant growth and development, iron plays a critical function in plant nutrition (E1 Nagma
et al., 2024). Silica regulates nutrient absorption and enhances plant resilience to abiotic stresses. Lithovit
enhanced sugar beet development, root yield, and sugar yield compared to the control (Sorour et al., 2021).

Ascorbic acid applications have significantly improved sugar tolerance to water stress conditions, as stated by
Abdel Fatah and Sadek (2020). As plants experience water stress, there is a marked production of ROS,
including superoxide anions and hydrogen peroxide, primarily due to the malfunction of electron transport
chains in photosynthesis and respiration (Tanveer et al., 2023). They mainly described the role of ascorbic acid
in modulating photosynthesis and acting as a scavenger agent for reactive oxygen species (ROS) usually
generated under any stress condition (Venkatesh and Park, 2014). Foliar application with ascorbic acid
significantly increased growth and yield of sugar beet under water stress conditions (Ghazy et al., 2024; Yacoub
et al., 2024).

This study aimed to investigate the interactive effects of various irrigation regimes and foliar applications on the
performance and water relations of sugar beet.

2. Materials and Methods

Experiments were carried out at the Agricultural Research Farm of Delta Sugar Company in El-Hamol, Kafr El-
Sheikh Governorate, Egypt, on September 28, 2020, and October 19, 202122 (31° 23' 51.47" N, 31°2' 33.45" E)
(Fig.1). The preceding crop grown in the field was rice. Table 1 presents the experimental soil chemical
composition analysis at deeps 0-30 cm, as determined following the methodology of Black et al. (1965). The
texture of the soil was clay consisting of 56.2% clay, 26.5% silt, and 17.3% sand. The soil samples exhibit
organic matter content with relatively low values of 1.32% and 1.41% across the two seasons. The field capacity
% and wilting point % were assessed using a pressure plate extractor with controlled air pressure (Garcia, 1978).
Soil bulk density was measured using the core sampling technique as described by Campbell (1994) (Table 2 ).
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Fig. 1. The Agricultural Research Farm of Delta Sugar Company site.
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Table 1. Experimental soil chemical composition analysis (0-30 cm) during the 2020/21 and 2021/22 seasons.

pH* EC** Available (ppm)
Seasons ) 1
(1:2.5) (dS m™) N p K
2020/21 8.06 1.42 19.6 7.8 344.5
2021/22 7.90 1.35 18.5 8.3 327.2

*pH measured in soil suspension 1:2.5
** EC measured in soil paste extract

Table 2. Field capacity (%), wilting point(%), Available water (%), and bulk density (g/cms) for the
experimental field during the 2020/21 and 2021/22 seasons.

Soil depth  Field capacity (%) Wilting point (%)  Available water (%)  Bulk density (g/cm’)
(cm) 2020/21  2021/22  2020/21  2021/22  2020/21  2021/22  2020/21  2021/22

0-20 34.30 35.62 18.15 18.92 16.15 16.69 1.506 1.418
20-40 32.15 32.28 17.08 17.15 15.07 15.13 1.523 1.492
40-60 30.65 30.80 16.32 16.36 14.33 14.43 1.528 1.578
Mean 32.37 32.90 17.18 17.48 15.18 15.42 1.519 1.496

Climate data were gathered from an agro-meteorological Sakha station, as indicated in Table 3.

Table 3. Monthly relative humidity (RH, %), wind speed (km day-1), mean minimum (Tmin), and
maximum (Tmax) air, Wind Velocity (Km/24hr), Pan Evap. (mm) and Rain (mm/day) during
the two winter growing seasons.

Month. Alr Temp.- RH% V\é\llg;i(iy Pan Evap. Rain
Max Min 07:30  13:30 (Km/24hr) (mm) (mm/day)
2020/21 season
September 34.6 27.1 86.7 47.7 93.3 624.2 -
October 315 24.6 84.8 47.1 72.7 412.3 -
November 25 17.5 86.7 56.8 46.9 228.3 17.1
December 22.9 13.7 87.7 55.7 449 248.7 18.78
January 21 13.5 86.7 59.5 39.2 256.8 14.65
February 215 12.5 87.5 55.9 58.3 355.6 51.9
March 22.3 14.7 79.5 48.4 78.5 436 5.4
April 28.6 19.5 74.3 47.4 93.6 589.7 -
May 29.2 24.1 74.3 42.7 99.1 893.8 -
Mean 26.29 18.57 83.13 51.24 69.61 449.48 21.56
2021/22 season
September 32.5 25.1 83.9 49.4 96.7 757 -
October 28.5 21.4 75.8 61.9 80.2 506.3 -
November 26.7 18.8 88.1 57 63.5 389.3 3.7
December 20.2 11.3 88.1 59.9 62.7 398.3 20.7
January 16.2 9.8 88.1 62.6 51.9 371.3 47.6
February 19.3 10.1 85.7 53.6 81.3 352.2 25.3
March 19.2 11.2 85.6 52.5 98.2 357.6 53
April 27.6 19.8 76.5 45.4 114.4 545.2 -
May 29.1 21.8 78.5 444 100 683.2 -
Mean 24.36 16.58 83.36  54.07 83.21 484.48 20.52

Three replicas were employed in a strip plot arrangement (Fig.2). Three irrigation regimens were allocated to the horizontal
plots. Six foliar treatments were assigned to the vertical plots. The three irrigation regimes were implemented at I;: 50%, I,:
65%, and I3: 80% depletion of the available moisture in the soil (DAM). Six foliar application substances were F;:(0
(control), F,:Ascobien, Fj:Potassium silicate, F4:Lithovit, Fs:Potassium silicate + Ascobien, F4: Potassium silicate +
Lithovit).
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Main plot:
Irrigation regime (DAM)

v v v

1::50% 12165% I3280%
Subploti Subplotl Subplotv

Foliar application Foliar application Foliar application
F1: Control F1: Control F1: Control
F2: Ascobien (AS) F2: Ascobien (AS) F2: Ascobien (AS3)
F3: Potassium Silicate (SP) F3: Potassium Silicate (SP) F3: Potassium Silicate (SP)
F4: Lithovit (LV) F4: Lithovit (LV) F4: Lithovit (LV)
F5: SP +AS F5: SP +AS F5: SP +AS
F6: SP + LV F6: SP + LV F6: SP + LV

Fig. 2. One replicate, including all treatments used in this study.

As a foliar application, Ascobien at 2.5 g/L, Lithovit at 0.5 g/L, and Potassium silicate at 2 cm’/L were applied
twice at forty-five and sixty days from planting. Lithovit® (Boron 05) was obtained from Agrolink Agricultural
Co., Egypt (Tribodyn, 2020). Potassium silicate obtained from Top silica tas commercial compound. Ascobien
was obtained from the Agricultural Budget Fund at the Agricultural Research Center, Egypt. The Composition of
foliar spray materials used in the study is presented in Table 4.

Table 4. Composition of foliar spray materials used in the study.

Material Composition

Ascobien (13% Citric acid, 25% Ascorbic acid, and 62% Organic materials)

(50% Calcium carbonate (CaCO3), 28% Calcium oxide (CaO), 15.0% Boron
Lithovit® (Boron 05)  (B), 9% Silicon dioxide (SiO,), 1.8% Magnesium oxide (MgO), 1.0% Iron (Fe),
and 0.02% Manganese (Mn))

Potassium Silicate (Potassium 12% potassium and 25 % silica)

The dimensions of the plot were 3 meters by 6 meters, resulting in a total area of 18 m?. Each plot was composed
of six ridges, arranged 50 cm apart and extending a length of 6 m. On one side of the ridge, hills were spaced 20
cm apart, and the multigerm cultivar "Cleopatra" was planted at a density of 2-3 seeds per hill. Plant hand
thinning was conducted thirty-five days after planting to establish one single seedling per hill. Two equal splits at
thirty-five and seventy days after planting (DAS), nitrogen source at a rate of 90 N fed” was urea, 46% N.
Before the second plowing, all plots received 50 kg/fed of triple super phosphate (20.07% P). Treatments on
irrigation began following the third one. Other cultures carried on as usual.

Characteristics measured

The soil samples were dried for twenty-four hours at 110 °C and revealed the actual irrigation requirement; The
moisture percentage was then calculated on a weight basis after being dried in the oven. To estimate sugar beet
plant water consumptive use (WCU) from planting to harvest, the Israelsen and Hansen (1962) method of soil
samples was collected both before and after every irrigation as follows:

WCU:MX B.d x Dx 4200
100
Where:
WCU = amount of water consumptive use (m’/feddan).
0, = soil moisture water content measured post-irrigation, expressed as a percentage.
0, = soil moisture water content measured before the next irrigation, expressed as a percentage.
B.d = Bulk density (g/cm’).
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D = Depth of soil layer (m).

Water use efficiency was calculated as the ratio of root or white sugar yields (kg/m’) according to Doorenbos and
Kassam (1979) as follows:

Yield (kg/ feddan)
water consumpitive use(m? /feddan)

WUE =

Within each experimental field plot, two rows were allocated for the growth sampling of sugar beet. In contrast,
the remaining three rows were reserved for evaluating below-ground (root) and above-ground (shoot) yield
components at crop maturity. Researchers randomly selected five guarded plants from each experimental plot to
assess the dry matter accumulation in both the below-ground and above-ground portions of individual plants.
The harvested plant organs were subjected to thermal dehydration in a forced-air drying oven maintained at
70°C. This process continued until the samples reached a state of equilibrium moisture content.

The middle section of three rows of 9.5 m” eliminates the border impact for top and root production ( Ton/fed) at
harvest (210 DAS). Ten randomly selected guarded plants were evaluated for root and top yields/plant, root
diameter (cm), and root length (cm). Root quality parameters were assessed using standardized sugar industry
analytical methods at the Delta Sugar Company laboratory. Total sucrose content (expressed as percentage) and
impurity components, including Potassium (K+), sodium (Na+), and o-amino nitrogen, were quantified.
Polarimetric sucrose determination (Pol%) in clarified beet extract was conducted using an automatic
saccharimeter following lead acetate clarification, according to Le Docte (1927). a-amino nitrogen, Potassium
(K+) and sodium (Na+) ions, were determined using venma, Automation BV Analyzer 11G-16-12-99, 9716JP/
Groningen/Holland. Temp 18-30°C, surrounding humidity max. 70% according to Brown and Lillan (1964),
results were expressed in milliequivalents per 100 grams of fresh beet tissue (meq/100 g). The alkalinity
coefficient was calculated using the formula ((K + Na) / a-amino nitrogen), as outlined by Reinfeld et al. (1974).
The following calculations were used for extractable white sugar, loss sugar, and juice purity percentages:

— Corrected sugar content (Extractable white sugar %) was determined using the equation:
ZB =Pol - [0.343 (K + Na) + 0.094 NBI + 0.29] (Harvey and Dutton, 1993),

Where ZB represents the corrected sugar content (white sugar %), Pol denotes gross sugar (total sugar content
%), and NBI refers to a-amino-N, measured through the "blue number" method.

— Loss sugar % = (Gross sugar - Extractable white sugar).
—Juice purity % = (ZB / Pol) x 100.
Statistical analysis methods

The analysis of variance (ANOVA) was conducted following the method outlined by Gomez and Gomez (1984),
and mean comparisons were performed using Duncan’s Multiple Range Test (Duncan, 1955). Data analysis was
carried out using CoStat 6.3, a free statistical analysis and data manipulation software developed by CoHort
Software.

3. Results
3.1. Dry weight, length, and diameter of root

According to Table 5, dry weight, root length, and root diameter of sugar beet were significantly influenced by
both irrigation regime (DAM) and foliar applications during the 2020/21 and 2021/22 growing seasons. At DAM
50%, dry weights were the highest for both seasons (214.92 and 226.03 g plant™), and at DAM 80%, the lowest
values were recorded (175 and 174.46 g plant™). However, maximum values for root length were obtained from
DAM 80% (29.33 and 29.73 cm), while minimum values were observed from DAM 50% (26.77 and 27.57 cm).
The diameter of roots followed the trend of dry weights, having a maximum value at DAM 50% (11.86,13.25
cm) and a minimum at DAM 80% (10.52,11.33 cm).

Data in Table 5 show that the combination of SP + LV (Potassium silicate + Lithovit) demonstrated superior
performance, producing the highest dry weight values (215.17 and 221.46 g plant-1) in both seasons. Individual
applications of LV, or SP, and SP + AS combination registered dry weights that were statistically at par with
each other, ranging between 197.42 and 205.33 g plant-1 in 2020/21 and 205.46 to 212.9 g plant-1 in 2021/22.
Ascobien (AS) applied alone recorded intermediate values for dry weight at 183.5 and 191.53 g plant-1, while
the control treatment recorded the lowest value consistently at 164.25 and 167.89 g plant-1. The difference
between the best treatment (SP + LV) and the control represented an increase in dry weight of approximately
31% in both seasons.
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Table 5. Dry weight, root length, and root diameter of sugar beet affected by irrigation regime and foliar
application during the 2020/21 and 2021/22 seasons.

Dry weight Root length Root diameter
Treatments (g plant”) (Cm) (Cm)

2020/21 2021/22 2020/21 2021/22 2020/21 2021/22
Irrigation regime (DAM)
I;: 50 % 21492 a 226.03 a 26.77 ¢ 27.57c 11.86 a 13.25a
1,:65 % 194.46 b 204.02 b 27.82Db 29.87Db 11.45b 12941
13:80 % 175 ¢ 174.46 ¢ 29.33 a 29.73 a 10.52 ¢ 11.33 ¢
F'test * *%x *%x * *%* **

Foliar application (FA)

F. Control (C) 164.25 ¢ 167.89d 26.82¢ 27.71c 10.46 ¢ 11.44 ¢
F,. Ascobien (AS) 183.5Db 191.53 ¢ 27.59d 28.71 be 10.98 be 12.28b
F3. Potassium silicate (SP) 197.42 ab 205.46 b 27.72 cd 28.93Db 11.37 ab 12.7 ab
F,. Lithovit (LV) 205.33 ab 21290 28.38Db 29.45 ab 11.58 ab 12.83 a
Fs. SP + AS 203.08 ab 209.75b 28.17 be 29.44 ab 11.49 ab 12.85a
Fe. SP + LV 21517 a 22146 a 29.17 a 30.09 a 11.78 a 1297 a
F-test ok ok ok ok ok ok
Interaction (FA x DAM)

F-test NS NS NS NS NS NS

*, %% and NS. denote significant at 0.05, 0.01, and insignificant. There is no difference between the treatment means, as
indicated by the same alphabet at p < 0.05.

The SP + LV (Potassium silicate + Lithovit) combination treatment achieved the highest root length values
(29.17 and 30.09 cm) in both seasons. Lithovit (LV) and SP + AS were statistically at par in both years, with
root length ranging from 28.17 to 28.38 cm during 2020/21 and 29.44 to 29.45 cm during 2021/22. Single
applications of Potassium silicate (SP) and Ascobien (AS) remained in between, while the control always
resulted in the shortest roots, i.e., 26.82 and 27.71 cm. The difference between SP + LV and the control
represented an increase in root length of approximately 8.8% and 8.6% in 2020/21 and 2021/22, respectively.
The SP + LV (Potassium silicate + Lithovit) combination produced the largest root diameters (11.78 and 12.97
cm) in both seasons. Single applications of Lithovit (LV), Potassium silicate (SP), and the SP + AS combination
showed statistically similar results in 2020/21, ranging from 11.37 to 11.58 cm. In 2021/22, Lithovit (LV) and
SP + AS treatments performed equally well as SP + LV, with diameters ranging from 12.83 to 12.97 cm.
Ascobien (AS) alone resulted in intermediate root diameters (10.98 and 12.28 cm), while the control treatment
consistently produced the smallest root diameters (10.46 and 11.44 cm). The improvement in root diameter
between SP + LV and the control was approximately 12.6% and 13.4% in 2020/21 and 2021/22, respectively.

The interaction between irrigation regimes and foliar applications was insignificant for any of the measured
parameters in both growing seasons, as shown in Table 5.

3.2. Yields and Their Attributes

The irrigation regime (DAM) significantly affected (P< 0.01) root weight, top weight, and yields of sugar beet in
both growing seasons (Table 6). The treatment of a 50% DAM irrigation regime produced the highest values
across all parameters. Root weight reached 1370 and 1359.1 g plant™; top weight attained 479.5 and 475.7 g
plant™ in 2020/21 and 2021/22, respectively. Maximum root yields were recorded from this treatment (36.88 and
6.63 t/fed) and maximum top yields (13.02 and 12.91 t/fed) in 2020/21 and 2021/22. The subsequent best
treatment in terms of root weights was recorded from the application of irrigation at the rate of 65% DAM,
which gave root weights of 1225.8 and 1226.6 g plant™" top weights of 429.0 and 429.3 g plant™, root yields of
34.41 and 6.28t /fed, while top yields at 12.07 and 12.04 t /fed. The 80% DAM treatment gave the lowest
weights of roots, 1023.3 and 966.3 g plant™, weights of tops 358.1 and 338.2 g plant™, yields of roots 25.21 and
5.0 t/fed, yields of tops 9.36 and 8.82 t/fed, respectively.

Significant (P< 0.01) differences were observed in root weight, top weight, root yield, and top yield due to foliar
applications during both growing seasons (Table 6). The treatment with potassium silicate + lithovit expressed its
superiority by increasing the root weight by 17.5% and 19.9% (1291.6 and 1262.7 g plant™ vs. 1099.1 and
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1053.3 g plant-1), top weight by 17.5% and 19.9% (452.0 and 441.9 g plant-1 vs 384.7 and 368.6 g plant™), root
yield by 19.0% and 18.1% (34.13 and 6.39 t/fed vs28 .68 and5 .41 t/fed ), as well as top yields of 16 .5% and
19.0 % (12.23 and 11 .95 t/fed vs 10.50 and 10.04 t/fed ) over control during the seasons of 2020 /21 and
2021/22, respectively. The single application of Lithovit (LV) and SP+AS combination gave statistically similar
results, though better than the individual applications of Potassium silicate (SP ) and Ascobien(AS ). The control
has given the minimum values against all these parameters.

Table 6. Root weight (g plant™), top weight (g plant™), root yield (t/fed), and top yield (t/fed) of sugar beet
affected by irrigation regime and foliar application during the 2020/21 and 2021/22 seasons.

Root weight Top weight Root yield Top yield
Treatments (g plant’) (g plant’) (t/fed) (t/fed)

2020/21 2021/22 2020/21  2021/22  2020/21 2021/22 2020/21  2021/22

Irrigation regime (DAM)

I;: 50 % 1370 a 1359.1a  479.5a 4757a 36.88a 6.63a 13.02a 1291a
1,:65 % 12258b 1226.6b  429.0b 4293b 3441b 6.28b 12.07b 12.04b
1;:80 % 10233c¢c 9663 c 358.1c  3382c 2521c 50c¢ 9.36¢ 8.82¢
F_test * **x ** * ** ** ** *

Foliar application (FA)

F,. Control (C) 1099.1c  1053.3d 384.7c 368.6d 28.68e 54le 10.5¢ 10.04e
F,. Ascobien (AS) 1155b  11374c¢  4042b 398.0c 31.28d 5.77d 11.12d 1095d
F3. Potassiumsilicate (SP) 1196.6b 1183.2bc  418.8b 414.1bc 32.29¢ 594cd 1143c¢ 11.3¢
F,. Lithovit (LV) 12483a 12282ab 4369a 429.8ab 33.64ab 6.25ab 11.98b 11.77ab
Fs. SP +AS 1247.5a 12392ab 436.6a 433.7ab 3297bc 6.06bc 11.64c 11.54bc
Fe. SP+LV 1291.6a 1262.7a 452.0a 4419a 34.13a 639a 1223a 1195a
F-test ol ** *x *x *x *x *x kel
Interaction (FA x DAM)

F-test NS NS NS NS ** * NS NS

* ** and NS. denote significant at 0.05, 0.01, and insignificant. There is no difference between the treatment means,
having the same alphabet at p< 0.05.

The interaction in Table 6 was only significant for root yield (P< 0.01 and P< 0.05) in 2020/21 and 2021/22,
respectively, but not significant for any other parameter. All treatments attained high increases under irrigation at
50% DAM, where MO+LV attained the highest increases by recording 13.16% and 18.57% over the control
during 2020/21 and 2021/22, respectively. Lithovit (LV) combination follows with high performance, attaining
an increase of 11.06% and16.90% over control during both seasons, consequently (Fig.3). Treatments express
positive effects at a slightly lower magnitude under irrigation with 65% DAM. MO-+LV results are to be mostly
effective, gaining 14.50 % and 14.92 % benefits during two seasons; lithovit also expresses strong performance,
achieving increases of 11.52% and 14.58% over control(Fig. 3). The most striking increases come at 80 % DAM
irrigation. The highest effectiveness was demonstrated by MO + LV with remarkable increases of 24.10% and
25.66% in respective seasons, followed by Lithovit with improvements of 22.22% and 21.87%. Even standalone
treatments as effective as Potassium silicate (MO) and Ascobien (AS) recorded enhancements from a low of
10.81% to a high of 17.24% in both the seasons (Fig.1). Root yield (t/fed) surpassed control application under 50
% DAM when foliar application was used under 65 % DAM irrigation (MO + LV or MO + AS or Lithovit).

3.3. Sugar yield and root quality

Table 7 data showed that there was a statistically highly significant effect (P<0.01) of irrigation treatments on
Potassium (K), sodium (Na), K+Na, and a-amino nitrogen in (meq/100 g), except for the alkalinity coefficient
for both seasons. It was found that plants irrigated at 50% DAM recorded the highest values for potassium (4.28
and 5.13 meq/100g), sodium (1.15 and 2.43 meq/100g), a-amino nitrogen (1.9 and 1.78 meq/100g) hence K+Na
(5.43 and 7.56 meg/100g) during the 2020/21 and 2021/22 seasons respectively Irrigation at 65% DAM was
statistically similar to 50% DAM in some parameters, particularly for K and Na contents in both seasons. The
irrigation level (80% DAM) consistently showed the lowest impurity values across all parameters.
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Fig. 3. The interaction effect between irrigation regime (DAM at Irrigation) and foliar application (mg L-1)
(F) on Root yield (t/fed).Whereas, Ascobien (AS), Potassium silicate (SP), Lithovit (LV), and

Control (C). There is no difference between the treatment means, as indicated by the same alphabet
at p < 0.05.

Table 7. Potassium (K) (meq/100g), sodium (Na) (meq/100g), K+ Na (meq/100g), o-amino nitrogen
(meq/100g), Alkalinity coefficient of sugar beet affected by irrigation regime and foliar
application during the 2020/21 and 2021/22 seasons.

K Na o-amino nitrogen K+Na Alkalinity
Treatments (meq/100g) (meq/100g) (meq/100g) (meg/100g) coefficient
2020/21 2021/22 2020/21 2021/22 2020/21 2021/22 2020/21 2021/22 2020/21 2021/22
Irrigation regime (DAM)

I;: 50 % 428a 5.13a 1.15a 243a 19a 1.78ab 543a 7.56a 296a 4.34a
1,:65 % 42ab 498a 1.03a 233a 1.75b 1.85a 523b 73la 3.09a 399a
13:80 % 4.18b 449b 0.79b 198b 1.74b 1.61b 497c 648b 29a 4.12a
F_test ** ** ** ** ** ** ** ** NS NS
Foliar application (FA)

F,. Control (C) 429a 498a 1.09a 23a 18b 1.89a 538a 7.28a 3.1la 39a
F,. Ascobien (AS) 427b 494b 092b 23a 1.82ab 1.69ab 5.18bc 7.23a 29a 43a
Fs. Potassiumsilicate (SP) 4.2c¢ 4.82c¢ lab 225c¢ 191a 1.65b 5.19bc 7.06b 283a 435a
F,. Lithovit (LV) 422cd 482cd 1.07a 228b 1.73b 1.8ab 529ab 7.1b 3.16a 397a
Fs. SP + AS 4.17cd 484cd 098ab 2.08d 1.75b 1.7ab 5.15cd 692c¢ 3a 42a
Fe. SP + LV 4.15d 4.79d 09b 228b 1.78b 1.74ab 5.05d 7.09b 29a 4.18a
F_test ** ** ** ** ** ** ** ** NS NS
Interaction (FA x DAM)

F-test NS NS NS NS NS NS NS NS NS NS

*, *#*% and NS. denote significant at 0.05, 0.01, and insignificant. There is no difference between the treatment means, as
indicated by the same alphabet at p < 0.05.

Data in Table 7 revealed that foliar application treatments exerted a statistically highly significant influence
(P<0.01) on Potassium (K), sodium (Na), K+Na, and a-amino nitrogen, except for the alkalinity coefficient,
which showed no significant differences in both seasons. The control treatment recorded the highest values of
potassium (4.29 and 4.98 meq/100g), sodium (1.09 and 2.3 meq/100g), and consequently K+Na (5.38 and 7.28
meq/100g) in both 2020/21 and 2021/22 seasons, respectively. For a-amino nitrogen, Potassium silicate (SP)
showed the highest value (1.91 meq/100g) in 2020/21, while the control treatment recorded the highest value
(1.89 meq/100g) in 2021/22. Ascobien (AS) treatment was statistically similar to the control in some parameters,
particularly for Na content in the 2021/22 season (both 2.3 meq/100g), and showed the second-highest K values
(4.27 and 4.94 meq/100g) in both seasons. The other combination treatments have always shown lower values in
most parameters, especially in the case of K content (4.15-4.17meq/100g) in 2020 /21 and (4.79-4.84) meq /100g
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in 2021/22 seasons, and K+Na values. Data in Table 8 shows the highly significant effects of irrigation regimes
on loss of sugar (%), extractable white sugar (%), juice purity (%), and sugar yield (t/fed) for both seasons.

The percentage of sugar loss was highest at 50% irrigation (2.33% and 3.05%), respectively. The percentage of
extractable white sugar performed better under a higher irrigation regime, with 80% (DAM) achieving 18.7%
and 15.97%, respectively, for the two seasons. A clear positive relationship between juice purity and irrigation
regime (DAM) has been noted, with maximum values realized at 80% irrigation (89.64% and 85.69%). Quality
parameters were lower under water-stressed conditions since this is where actual sugar yields are maximized; the
highest yield value was found at 50% irrigation (6.63 and 5.66 t/ha), followed by 65% irrigation (DAM) (6.28
and 5.42 t/ha). This can be compared to a low value at a high water application level of 80%, which yielded only
5.0 and 4.03 t/ha. The interaction between irrigation regimes and foliar applications was insignificant for any of
the measured parameters in both growing seasons, as shown in Table 8.

Table 8. Loss of sugar (%), extractable white sugar (%), juice purity (%), and Sugar yield (t/fed) of sugar
beet affected by irrigation regime and foliar application during the 2020/21 and 2021/22 seasons.

Loss sugar (%) EXtZ?lcgt:::ﬁ A)v;'hlte Juice purity (%)  Sugar yield (t/fed)

Treatments

2020/21 2021/22  2020/21  2021/22  2020/21 2021/22 2020/21 2021/22

Irrigation regime (DAM)

I,: 50 % 233a 3.05a 17.81b 15.35b 88.4c 834l1c 6.63a 5.66 a

1,:65 % 225D 297 a 1822 a 1572a 89.01b 84.07b 6.28b 542b

15:80 % 2.16¢ 2.66b 18.7 a 1597a 89.64a 85.69a S5¢ 4.03 ¢
F_test ** **x ** ** ** ** ** **

Foliar application (FA)
F;. Control (C) 23a 296 a 18.12¢  1545¢ 88.7c 83.89d 54le 442e
F,. Ascobien (AS) 2.24 ab 293ab 1821b 1554c 89.02b 84.08c 577d 4.86d
Fs. Potassium silicate (SP) 2.25b 2.87cd 1824ab 15.68b 89D 84.48b 5.94cd 5.04cd

F: Lithovit (LV) 2.27 be 29bc  1829ab 15.78ab 8895b 8447b 625ab 53ab
Fs. SP + AS 2.22be 282d 1827ab 1573b 89.14ab 84.77a 6.06bc 5.18 be
Fe. SP + LV 2.19¢ 288bc 1833a 1591a 893a 84.64ab 6.39a 543a
F'test ** ** **% ** ** ** ** **%
Interaction (FA x DAM)
F-test NS NS NS NS NS NS NS NS

*, ** and NS. denote significant at 0.05, 0.01, and insignificant. There is no difference between the treatment means, as
indicated by the same alphabet at p < 0.05.

3.4. Water relations

Based on Table 9, the water consumptive use and water use efficiency data reveal a significant difference for
irrigation regime treatments in sugar beet cultivation. Water consumptive use showed a clear inverse relationship
with depletion allowable management (DAM) levels, decreasing significantly from I1 (50% DAM) at 2171-2309
m?3/feddan to 13 (80% DAM) at 1531-1601 m*/feddan across both seasons. However, under I, moderate water
stress (65% DAM) could record the highest water use efficiency for both root yield (17.76-18.73
kg.root/m*.water) and white sugar yield (3.24-2.96 kg. white sugar/m*.water), higher than those recorded under
the frequent irrigation regime I1 as well as the more stressed condition 5. Table 9 presents the highly significant
effects (P<0.01) of all water relations parameters in both seasons through foliar application. Consumptive water
use has increased with foliar treatments, from control (1882-1886 m*/feddan) to the highest consumption under
combination treatment SP+LV (1905-1918 m*/feddan). The combination treatments SP+LV (F6) emerged as the
best treatment attaining maximum root as well as white sugar yield water use efficiencies (18.02-18.21 kg
root/m* water and 2.88-3.33 kg white sugar/m*water, respectively), which is around 15-22% better than that
obtained under the control treatment.

Data from Table 9 on the interaction effects between different foliar applications and irrigation regimes (FA x
DAM) on water consumptive use and water use efficiency indicated very highly significant trends (P<0.01)
under all treatments in both seasons. Water consumptive use recorded its highest values with treatment I1 x F6
(2190-2323 m?/feddan), then consumption gradually decreased by increasing the level of water regime, where it
recorded the lowest consumption at I3 x F1 (1521-1591 m3/feddan). In this regard, water use efficiency for root
yield recorded its highest value with treatment 12 x F6 (18.87-19.67 kg root/m* water), which surpassed all the
other treatments while recording its lowest value with I1 x F1(14.2-16.27 kg root/m>water). For white sugar
water use efficiency, the same treatment (12 x F6) yielded results of 3.20-3.45 kg of sugar per m?® of water.
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Table 9. Water consumptive use (m’/fed), Water use efficiency of root yield (kg root/m® water), and Water
use efficiency of white sugar yield (kg white sugar/m3 water) influenced by irrigation regime and
foliar application during the 2020/21 and 2021/22 seasons .

. Water use efficiency Water use efficiency of
Water consumptive use . . .
Treatments (m/fed) of root );1eld w!nte sugar ylgld
(kg root/m” water) (kg white sugar/m” water)
2020/21 2021/22 2020/21 2021/22 2020/21 2021/22
Irrigation regime (DAM)
I;: 50 % 2171 a 2309 a 17.13b 1597 c 3.05¢ 246 ¢
1,:65 % 1942 b 1838 b 17.76 a 18.73 a 324 a 2.96 a
1;:80 % 1601 ¢ 1531 ¢ 16.71 ¢ 16.47b 3.12b 2.64b
F'test ** ** ** ** ** **
Foliar application (FA)
F1. Control (C) 1886 f 1882 f 1582 f 1529 f 2.86 f 235f
F,. Ascobien (AS) 1895 1885¢ 16.74 ¢ 16.62 ¢ 3.05e 2.59¢
F. Potassium silicate (SP) 1905 d 1890 d 17.12d 17.13d 3.13d 2.7d
F,. Lithovit (LV) 1913 b 1900 b 17.89b 17.79 b 3.27b 2.83b
Fs. SP + AS 1911 ¢ 1893 ¢ 174 ¢ 17.49c 3.17¢ 2.76 ¢
Fe. SP + LV 1918 a 1905 a 1821 a 18.02 a 333a 2.88 a
F_test ** ** ** ** ** **
Interaction (FA x DAM)
I, xF, 2136 ¢ 2299 e 16.271 14.21 2.89 f 2.111
I xF, 2157d 2302d 16.8 jk 159k 295¢ 245]
I, xF; 2172 ¢ 2303 d 17 hi 16.23 jj 3.01d 2.46]
I, xF, 2185b 2318 b 17.67 de 16.47 h 32¢ 2.541
I, x Fs 2183 b 2310 ¢ 17.1h 16.37 hi 3.02d 2.551
I, x Fg 2190 a 2323 a 1797 ¢ 16.67 g 32¢ 2.64 h
I, xF, 1931 h 1825k 16.67 k 17.33 ¢ 3 de 2.7¢g
LxF, 1934 h 1831 1733 g 17.9d 32¢ 2.8e
LxF; 1943 ¢ 18371 17.47 fg 18.63 c 3.19¢ 2.89d
LxF, 1947 g 1844 ¢ 18.43b 19.63 a 3.29b 3.15b
I, x F;s 1946 g 1840 h 17.77d 19.2b 3.29b 299 ¢
I, x Fg 1953 f 1849 f 18.87 a 19.67 a 345a 32a
I; xF, 1591 m 15210 14.53 m 14.331 27¢g 225k
LxF, 1594 m 1523 0 16.11 16.07 jk 3 de 2.531
L xF; 15991 1529 n 16.9 ij 16.53 gh 3.19¢ 2.74 £
I;x F, 1608 j 1539 m 17.57 ef 1723 ¢ 330 2.79 ¢
I;x Fs 1603 k 1529 n 1733 g 169 f 32¢ 2.75f
I; x Fg 16121 15421 17.8 cd 17.77d 335D 2.79e
F_test ** ** ** ** ** **

* %% and NS. denote significant at 0.05, 0.01, and insignificant. There is no difference between the treatment means in the
column, having the same alphabet at p< 0.05.

4. Discussion

Water stress treatments have a significant influence on the dry weight and root diameter of sugar beet, which are
affected differently by varying levels of duration of stress. Water stress decreased the dry weight of sugar beet
plants, mostly attributed to the decreased photosynthesis and carbon assimilation during drought conditions.
Leaves close stomata to reduce water loss, resulting in limited CO, levels in the leaf and diminished
photosynthesis, which is the driving force needed for dry matter accumulation. A water deficit will also
negatively affect cell division and expansion, consequently reducing growth and biomass yield. Water stress in
plants also limits nutrient uptake and translocation, as water is central to transporting important minerals from
roots to shoots. Water stress exacerbates limitations to metabolic pathways required to synthesize proteins and
carbohydrates and dry matter development. Relative to well-watered conditions, plants undergoing water stress
must redirect energy used for growth into survival precautions such as the synthesis of stress tolerance products.
The water stress has caused a notable decrease in the diameter of sugar beet roots, largely through a suppression
of secondary growth processes initiated in the cambium, where radial growth occurs. The decreased turgor
pressure resulting from drought conditions reduces cell wall loosening and expansion, resulting in a restriction of
radial growth in storage root tissues. Water deficit also harms the transport of photosynthates from leaves to
developing roots, thereby limiting the availability of carbohydrate substrate, a necessary precursor for the
building of cell walls and the inner formation of storage parenchyma. As a result of the stress conditions, cell
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division in the cambial tissues, which produces new vascular elements and storage cells, is compromised, and
therefore, root girth is also compromised. Water stress conditions also affect the hormonal balance, specifically a
reduction in auxin and cytokinin levels, which help regulate cell expansion and division. The decrease of root
diameter is of particular significance to sugar beet production as it is quantitatively linked to the plant's ability to
store sucrose, the main economic product, and this has become a stress-lasting consequence of the direct stress
impact. One of the main reasons for greater root length under water stress is the limited availability of water,
which encourages deeper root development so that moisture from below the strata can be tapped. Sugar beet
roots proliferate in those soil layers where more water is available during periods of drought; hence, an increase
in root length and surface area is obtained, which leads to better capability for absorption of both water and
nutrients. These results are consistent with the study of (Hoffmann,2010; Gharib & El-Henawy, 2011; Stagnari
et al., 2014; Fitters et al., 2018; Abu-Ellail & El-Mansoub, 2020; Tan et al.,2023; Abdelrazik & Mahmoud,
2024).

The application of potassium silicate remarkably enhanced the dry weight, root diameter, and root length in
sugar beet plants through synergistic physiological processes. Potassium is thought to enhance the efficiency of
photosynthesis and promote osmotic regulation, which is likely implicated in enhanced carbon assimilation and
dry matter accumulation throughout the plant. The greater availability of carbohydrates facilitates the synthesis
of structural elements required for root expansion, consequently increasing root diameter and length. Concerning
root growth, potassium seems to promote the processes of cell division and expansion, resulting in greater root
lengths from increased activity of the apical meristem and increased root diameters from enhanced cambial
growth and secondary tissue development. The silica served as a reinforcement for cell walls and structural
strength to promote a better root architecture and allow long-term growth to occur when roots were subject to
variable environmental conditions. The deposition of silicon into root tissues serves to improve mechanical
reinforcement of the root system as well as nutrient and water uptake efficiency, resulting in increased radial
growth and root elongation. The potassium silicate optimized nutrient uptake and translocation, ensuring a
suitable supply of essential elements for root development and the formation of storage tissue. These results are
in agreement with Ali et al. (2019), Ibrahim et al. (2020), AbdAllah et al. (2021), Artyszak et al. (2021), Seadh et
al. (2024).

Applying ascorbic acid increases root diameter, dry matter, and root length of sugar beet under water stress.
Ascorbic acid is an antioxidant that facilitates mitigating oxidative stress brought by water scarcity. Conditions
prevailing in drought reveal that all growth and development activities are interfered with due to cellular damage
brought about by an increased build-up of reactive oxygen species (ROS), thus maintaining metabolic processes
and facilitating more efficient accumulation of dry matter in roots. The results align with Venkatesh & Park,
2014; Farooq et al., 2020 Arjeh et al. (2021); Sorour et al. (2021); Yacoub et al. (2024).

Lithovit foliar spray increased root diameter, dry matter, and root length of sugar beet. In lithovit, CaCO;, a
carbonate that breaks down in the leaf stomata into carbon dioxide (CO,) and calcium oxide (CaO), raises the
concentration of CO, in the leaf intercellular spaces, encouraging photosynthesis, thus raising dry matter
accumulation in sugar beet roots because of better carbohydrate synthesis and translocation. Boron is a major
element in cell wall structural integrity as well as sugar transport mechanisms, which result in better root
diameter through better cell expansion and strengthened cellular architecture. Root length development is very
positively influenced by the synergy between the silicon dioxide component and the boron component since this
combination enhances root cell wall strength and hydraulic conductivity, thus allowing the roots to go deep down
through various layers of soil while keeping their original structure. Silicon dioxide and boron have beneficial
effects on root length development, as both components enhance the physical properties of root cell walls and
promote hydraulic conductivity, providing a greater potential for structural integrity at deeper soil depths.
Calcium carbonate and calcium oxide facilitate a slow release of calcium that supports cell division and
elongation, and the iron and manganese provide the micronutrients that are important for enzymatic activities
essential for root metabolism and growth. These results agree with those reported by Bilal (2010), Marschner
(2012 Issa et al. (2020), and Sorour et al. (2021).

Water stress treatments significantly impact root weight per plant, and top weight per plant decreases due to
decreased cell expansion and limited carbohydrate allocation to storage roots. As a result, individual plant root
and top weight reduction, the root yield (t/fed) and top yield (t/fed) decline as well, since water stress restricts
both root and shoot growth. The result is in harmony with that of (Gharib & El-Henawy, 2011) and (Mahmoud et
al., 2018).

Compared to well water, the improvement in root yield due to foliar application may be caused by a very
vigorous early growth, expressed in the improved root yield and its components, like dry matter content, root
length, diameter, and weight. This is in line with results found by AbdAllah et al. (2021); Seadh et al. (2024) for
potassium silicate, (Arjeh et al., 2021; Yacoub et al., 2024), for ascorbic acid, and (Sorour et al., 2021) for
lithovit in sugar beet.
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Potassium silicate significantly positively influenced both root weight per plant and top weight per plant of sugar
beet because it provided nutritional and structural benefits, increasing vegetative growth and storage root
development. In this regard, potassium is considered a vital macronutrient that regulates osmotic balance,
activates enzymes, and influences carbohydrate metabolism. The general effects observed increased root weight
per plant as a result of high accumulation of sugars that improved cell turgor maintenance, simultaneously with
photosynthetic efficiency, leading to general plant growth. The role of potassium in leaf structure, stomatal
function, and chlorophyll stability expresses a great deal of high top weights per plant since silica strengthens
cell walls, thereby reducing lodging and helping to maintain vigorous vegetative conditions during the growing
season. The mechanical strength provided by silica nutrition to plant tissues minimizes transpiration loss, thereby
enhancing resistance to stress conditions imposed by the environment. This results in better root yield per feddan
from healthy plants under various field situations that favor root development. Top yield per feddan is improved
incredibly following applications of potassium silicate because two favorable aspects for sustained above-ground
biomass accumulation are met: higher photosynthetic capacity due to enhanced nutrition with potassium and
better structural strength due to deposition of silica. These results are in agreement with Ali et al. (2019), Ibrahim
et al. (2020), AbdAllah et al. (2021), Artyszak et al. (2021), Seadh et al. (2024).

Ascorbic acid applications manifest highly positive effects on biomass production and yield components of sugar
beet through its multi-oriented functions as an antioxidant, growth regulator, and metabolic enhancer. It allows
optimization of root and shoot development. In general, the application of ascorbic acid increases the weight of
roots per plant, as it has a function in protecting root cells against oxidative stress and improving carbohydrate
metabolism. This allows for the accumulation of more sugars in storage tissues, while also facilitating cell
division and expansion. Application of ascorbic acid increased top weight per plant because this vitamin
improved photosynthesis by protecting chloroplast membranes from damage due to photooxidation, thereby
maintaining optimal chlorophyll content for leaf expansion, since it is involved in auxin metabolism and cell
elongation. Root yield per feddan increases greatly from the protective effect against environmental stresses that
would otherwise reduce plant survival and root development, plus nutrient uptake efficiency through optimal
root-soil interaction, which ascorbic acid application sustains. Top yield per feddan increases greatly after
applications of ascorbic acid due to its capability to maintain the longevity of leaves, reducing the rate of
senescence while keeping high photosynthetic activity for a long period during the growing season, thus
allowing for maximum biomass accumulation in vegetative tissues. The results align with Venkatesh & Park,
2014; Farooq et al., 2020 Arjeh et al. (2021); Sorour et al. (2021); Yacoub et al. (2024).

Lithovit (Boron 05) has positive effects on root weight (g plant™), top weight (g plant™), root yield (t/fed), and
top yield (t/fed) of sugar beet sugar beets. Calcium carbonate and calcium oxide content in Lithovit improves
cell wall structure and supports good root development, manifested in increased root weight per plant as well as
improved root yield per feddan. High boron content helps proper translocation of carbohydrates from the
photosynthesizing leaves to the sink, i.e., storage roots, hence better sugar accumulation and ultimately improved
root biomass. Silicon dioxide assures better top weight through structural support to the plant and enhanced
stress tolerance of the plant, expressed in vigorous vegetative growth. The micronutrients magnesium, iron, and
manganese will assist in the proper formation of chlorophyll, which will lead to a better synthesis process and
ultimately result in a higher top yield per feddan. This balanced mineral composition creates synergistic effects
that promote both above-ground biomass production and the development of below-ground storage organs.
These results agree with those reported by Bilal (2010), Marschner (2012), Issa et al. (2020), and Sorour et al.
(2021).

The decrease of Potassium (K) (meq/100g) under water stress is due to disrupted ion transport mechanisms
within the plant. Potassium plays a significant role in many physiological activities such as osmoregulation,
enzyme activation, and photosynthesis. Under water stress, plants' potassium uptake from soil is reduced due to
low root activity and impaired nutrient transport systems. This will lead to reduced concentrations of Potassium
in the roots, negatively affecting plant growth and development. The other situation that should be highlighted
about drought conditions is that root sodium-potassium balance has to be maintained because there exists
competition between these two ions for uptake, which can decrease the level of sodium in the roots when there is
inadequate Potassium. There is reduced assimilation of nitrogefiidue to poor function of the roots and uptake of
nutrients, thereby decreasing a-amino nitrogen content in the sugar beet under water stress conditions. The
alkalinityZ€oefficient} calculated by (K+Na)/a-amino nitrogen, becomes lesser under conditions of water stress
because there is impaired uptake and transport of potassium and sodium ions. These results are consistent with
Aksu & Altay (2020b)

Several physiological interacting processes may account for the decreasing content of Sodium (Na) in the roots
of sugar beet due to foliar-applied Potassium silicate and Lithovit. Potassium silicate enhances the plant's ability
to concentrate K+ preferentially over Na+, thus reducing the buildup of sodium in the root tissues. The
combination of potassium silicate and Lithovit improves water relations in the plants and their osmotic
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adjustment capacity, hence reducing the need for sodium accumulation as an osmolyte. Also, these sprays help
the plant keep better ion homeostasis mainly by controlling Na+/K+ ratios, which shows lower sodium content
in the roots. The decrease in o-amino nitrogen content in sugar beet roots by foliar application of potassium
silicate and Lithovit is realized through several related physiological pathways. When applied as a foliar, such
compounds improve the efficiency of nitrogen metabolism by enhancing the nutrition, absorption, and
translocation of nitrogen to all parts of tissues within the plant system. This improved nutrient organization
enhances the usage of nitrogen, thus reducing o-amino nitrogen accumulation in roots. Additionally, the
combination of potassium silicate and Lithovit strengthens the plant's metabolic processes, leading to more
efficient conversion of nitrogen into beneficial compounds rather than storage forms like o-amino nitrogen.
These results are agreement with Sorour et al. (2021) ;Noreldin and Ahmed (2022)

The percentages of loss sugar, extractable white sugar, and juice purity diminished under water stress conditions.
This decline was attributed to reduced impurities such as potassium, sodium, Potassium and sodium, and a-
amino nitrogen. These factors contribute to complications during juice purification and crystallization processes,
ultimately decreasing purity. These results are consistent with Soliman et al., 2013

The increasing extractable white sugar % and juice purity% for the foliar treatment through improving sugar beet
quality by increasing gross sugar% and reducing K+, Na, and N contents and loss sugar%. The augmented
saccharose yield per hectare can be attributed to the synergistic effect of enhanced tuberous productivity and
elevated sucrose extraction efficiency. This is in agreement with (AbdAllah et al., 2021; Seadh et al., 2024)
potassium silicate in sugar beet (Arjeh et al., 2021; Yacoub et al., 2024), ascorbic acid in sugar beet (Sorour et
al., 2021), and lithovit in sugar beet.

The highest consumptive water use occurs with high irrigation regimes because of increased soil moisture,
resulting in high consumptive use of water (WU) due to good growth and perhaps luxury water consumption.
The moderate irrigation gave the highest water use efficiency due to optimally controlled stress conditions that
improved the sugar beet water conservation mechanisms. This irrigation level facilitated root yield maximization
per unit of water used by encouraging efficient root growth and deeper extraction of soil water while allowing
plant physiology to function normally. During the period of controlled water stress, the osmotic adjustment
responses induced by controlled water stress helped cells maximize water retention without compromising
growth by avoiding luxury water consumption with frequent irrigation and severe drought stress in extreme
situations. All these characteristics developed the sweet spot between adequately providing moisture and
inducing an appropriate amount of stress, which was evidenced by the highest water use efficiency for sugar beet
root production. This is in agreement with (Gharib & El-Henawy, 2011).

All treatments recorded higher consumptive water use than the control for both seasons, particularly for foliar
applications. This can lead to an assumption that foliar applications improve the plant's capacity to utilize
available water by enhancing its physiological functions and root development. The highest water use efficiency
was obtained with potassium silicate and Lithovit treatments. This made the plants more tolerant of stress and
improved their physiological processes when water was scarce. This combination of treatments made the best
use of water for both root yield and white sugar production by improving the ability of cells to hold onto water
through better osmotic adjustment and by making plant structures stronger by adding silicon to cell walls. The
potassium in Lithovit helped move water more easily and maintain turgor during periods of water stress. The
micronutrients in Lithovit also helped photosynthesis work better and move carbohydrates to storage roots. The
combined foliar treatment helped the roots grow deeper and made it easier for the plants to get water from the
soil. This meant that the plants could keep growing while using less water. This nutritional strategy enhanced the
plant's natural water-saving systems by strengthening cell membranes, improving stomatal regulation, and
enhancing metabolic efficiency. Ultimately, this resulted in improved water use efficiency compared to either
individual treatments or control applications. This is in agreement with (Gharib & El-Henawy, 2011).

5. Conclusion

It was observed that the foliar spray of potassium silicate combined with Lithovit and moderate irrigation at 65%
soil moisture depletion could significantly invigorate the growth of sugar beet, its yield, and water use efficiency,
particularly under conditions involving water stress. The combination treatment demonstrated maximum
productivity with minimal water consumption, yielding higher root yields and better sugar quality than all other
treatments. Farmers are advised to practice this protocol to maximize yield as well as save water. The author also
envisions a future study in adjusting foliar application methods, utilizing smart irrigation systems, broadening
trials across various regions, and leveraging current data analytics to promote sustainable yet efficient production
of sugar beets.

Egypt. J. Soil Sci. 65, No. 3 (2025)



1742 HANY S. GHARIB et al.

Declarations

Ethics approval and consent to participate

Consent for publication: The article contains no such material that may be unlawful, defamatory, or which
would, if published, in any way whatsoever, violate the terms and conditions as laid down in the agreement.
Availability of data and material: Not applicable.

Competing interests: The authors declare that they have no conflict of interest in the publication.

Funding: The research was funded by Delta Sugar Company at EI-Hamol, Kafr EI-Sheikh Governorate.
Authors' contributions: All authors contributed to writing the original draft, finalizing the manuscript, and
agreeing to submit it to the journal.

Reference

AbdAllah, A. M., Mohamed, T., Mohamed, M., and Noreldin, T. (2021). Ti: Alleviation of water deficiency effect by
application of potassium silicate to faba bean intercropped with sugar beet in sandy soil. Zagazig J. Agric. Res. 48, 1-18.

Abdel Fatah, M. E., and Sadek, K. (2020). Ti: Impact of different application methods and concentrations of ascorbic acid on
sugar beet under salinity stress conditions. Alex. J. Agric. Sci. 65, 31-44.

Abdelrazik, E., and Mahmoud, S. A. (2024). Ti: Enhancement drought tolerance of sugar beet (Beta vulgaris L.) in vitro by
sodium azide. Svu-Int. J. Agric. Sci. 0, 148-162.

Abu-Ellail, F. F. B., and El-Mansoub, M. M. A. (2020). Ti: Impact of water stress on growth, productivity and powdery
mildew disease of ten sugar beet varieties. Alex. Sci. Exch. J. 41, 165-179.

Aksu, G., and Altay, H. (2020). Ti: The effects of potassium applications on drought stress in sugar beet: Part I. Sugar beet
quality components. Health Sci. Q. 4, 157-168.

Ali, A. M., Ibrahim, S. M., and Abou-Amer, 1. (2019). Ti: Water deficit stress mitigation by foliar application of potassium
silicate for sugar beet grown in a saline calcareous soil. Egypt. J. Soil Sci. 59, 15-23.

Alsaeedi, A., El-Ramady, H., Alshaal, T., El-Garawany, M., Elhawat, N., and Al-Otaibi, A. (2019). Silica nanoparticles boost
the growth and productivity of cucumber under water deficit and salinity stresses by balancing nutrients uptake. Plant
Physiol. Biochem. 139, 1-10.

Arjeh, J., Pirzad, A., Tajbakhsh, M., and Mohammadzadeh, S. (2021). Biochemical responses of sugar beet plant to
phytoprotectants and vermicompost under moisture stress. J. Plant Phys. Breeding 11(1), 17-31.

Bilal, B. (2010). Lithovit: An innovative fertilizer. The 3rd e-Conference on Agricultural Biosciences (IeCAB 2010), 1st-15th
June 2010. In.

Black, C., Evas, D., White, J., Ensminger, L., and Clark, F. (1965). Methods of soil analysis; Part 2: Chemical and microbial
properties. American Society of Agronomy, Madison, WI.

Browen, J., and Lilliand, D. (1964). Rapid determination of potassium and sodium in plant materials and soil extracts by
flame photometric. Paper presented at the Proc. Amer. Soc. Hort. Sci.

Cooke, D., and Scott, R. (1993). The sugar beet crop.: Sciencient Practice published by Chapman and Hall, London 1993;
pp: 675.

Campbell, D.J. (1994) Determination and use of bulk density in relation to soil compaction. In Soane and Ouwerk (Ed.). Soil
Compaction in Crop Production.Elsevere, London, Amsterdam.

Doorenbos, J., and Kassam, A. (1979). Yield response to water. Irrigation and drainage paper, 33, Rome, 257.
Duncan, D. B. (1955). Multiple range and multiple F tests. biometrics, 11(1), 1-42.

El Nagma, K. A., Elawady, R. A., Ramadan, M., and elsherpiny, M. A. (2024). Ti: Improving soil phosphorus availability and
its influence on faba bean performance: exploring mineral, bio and organic fertilization with foliar application of iron and
zinc. Egypt. J. Soil Sci. 64, 619-630.

EL-Shal, R. M. (2016). Effect of urea and potassium sulfate fertilizers combined with boron on soil fertility and sugar beet
productivity in salt affected soil. Egypt. J. Soil Sci. 56, 665-681.

Faiyad, R. M. N., Abd El-Azeiz, E. H., and Yousif, E. E. (2023). Ti: Effect of sulfur, boron, zinc and iron on canola under salt
affected soils. Egypt. J. Soil Sci. 63, 475-487.

Farooq, A., Bukhari, S. A., Akram, N. A., Ashraf, M., Wijaya, L., Alyemeni, M. N., and Ahmad, P. (2020). Ti: Exogenously
applied ascorbic acid-mediated changes in osmoprotection and oxidative defense system enhanced water stress tolerance
in different cultivars of safflower (Carthamus tinctorious L.). Plants 9, 104.

Fitters, T. F. J., Mooney, S. J., and Sparkes, D. L. (2018). Ti: Sugar beet root growth under different watering regimes: a
minirhizotron study. Environ. Exp. Bot. 155, 79-86.

Egypt. J. Soil Sci. 65, No. 3 (2025)



RESPONSE OF SUGAR BEET PLANT TO ASCOBIEN, POTASSIUM SILICATE FOLIAR APPLICATION ... 1743

Garcia, I. (1978) Soil water engineering laboratory manual. Department of agric. and chemical engineering. Colorado State
Univ., Fortacollin Colorado, USA.

Gharib, H. S., and El-Henawy, A. (2011). Ti: Response of sugar beet (Beta vulgaris, L) to irrigation regime, nitrogen rate and
micronutrients application. Alex. Sci. Exch. J. 32, 140-156.

Ghazy, N., Atta, S., and Kotb, M. (2024). Ti: Influence of ascorbic acid on some sugar beet (Beta vulgaris L.) cultivars under
drought conditions. Environ. Biodiv. Soil Sec. 8, 2024.

Gomez, K. A., and Gomez, A. A. (1984). Statistical procedures for agricultural research. John wiley & sons.

Harvey, C. W., and Dutton, J. V. (1993). Root quality and processing. In D. A. Cooke & R. K. Scott (Eds.), The Sugar Beet
Crop (pp. 571-617). Dordrecht: Springer Netherlands.

Hoffmann, C. (2010). Ti: Sucrose accumulation in sugar beet under drought stress. J. Agron. Crop Sci. 196, 243-252.

Ibrahim, M., Faiyad, R. M. N., and El-Gamal, I. S. H. (2020). Ti: Impact of foliar spraying of some potassium sources and
boron levels on sugar beet quantity and quality. J. Soil Sci. Agric. Eng. 11, 835-844.

Israelsen, O. W., and Hansen, V. E. (1962). Irrigation principles and practices. 3rd Ed. John Wiley and Sons Inc. New York.

Issa, D., Alturki, S., Sajyan, T., and Sassine, Y. (2020). Sorbitol and lithovit-guano25 mitigates the adverse effects of salinity
on eggplant grown in pot experiment. Agron.Res. 18(1), 113-126.

Mahmoud, E. S. A., Hassanin, M. A., Borham, T. L., and Emara, E. I. R. (2018). Ti: Tolerance of some sugar beet varieties to
water stress. Agric. Water Manag. 201, 144-151.

Marschner, H. (2012). Ti: Mineral Nutrition of Higher Plants. Academic Press LimitedHarcourt Brace and Company,
Publishers, London, pp. 347-364.

Noreldin, T., and Ahmed, A. A. (2022). Potassium silicate for mitigation of irrigation water deficiency for Faba bean
intercropped with sugar beet in a sandy soil. Moroccan J. Agric. Sci. 3(3), 139-147.

Reinfeld, E., Emmerich, A., Baumgarten, G., Winner, C., and Beiss, U. (1974). Zur voraussage des melassezuckers aus
rubenanalysen. Zucker, 27, 2-15.

Salem, E., Kenawey, M. K. M., Saudy, H. S., and Mubarak, M. (2022). Ti: Influence of silicon forms on nutrients
accumulation and grain yield of wheat under water deficit conditions. Gesunde Pflanz. 74, 539-548.

Seadh, S., Abdel-Moneam, M., El-Sherpiny, M., and Mohamed, A. (2024). Ti: Enhancing sugar beet performance under
water scarcity via spraying boron and potassium silicate: a field trial under Egyptian conditions. J. Plant Prod. 15, 145-
152.

Soliman, E. A., Hawary, M. A. E., Abdel-Aziz, I. M., Mazen, O. A. O., and Mohamed, S. A. (2013). Ti: Effect of irrigation
water quantity, sources and rates of nitrogen on growth and quality of sugar beet. J. Plant Prod. 4, 537-550.

Sorour, S. G. R., Mosalem, M. E., Abotaleb, A. A. N., and Gharieb, A. S. (2021). Ti: Alleviation of salt-stress on sugar beet
(Beta vulgaris 1.) using molasses, humic, and nano-caco3. Appl. Ecol. Environ. Res. 19, 4923-4939.

Stagnari, F., Galieni, A., Speca, S., and Pisante, M. (2014). Ti: Water stress effects on growth, yield and quality traits of red
beet. Sci. Hortic. 165, 13-22.

Tan, W., Li, W,, Li, J., Liu, D., and Wang, X. (2023). Ti: Drought resistance evaluation of sugar beet germplasms by response
of phenotypic indicators. Plant Signal. Behav. 18, 1.

Tribodyn, A. G. (2020). Ti: Lithovit® Boron 05 product. Tribodyn AG CO., Germany Technical Report 2020, 1-4.

Tanveer, S., Ilyas, N., Akhtar, N., Sayyed, R. Z., and Almalki, W. H. (2023). Induction of regulatory mechanisms by plant
growth promoting rhizobacteria in crops facing drought stress. Crop & Pasture Sci. 74(9), 856-870.
https://doi.org/10.1071/cp22263

USDA. (2024). Ti: Sugar Annual. Global Agricultural Information Network Report No. EG2024-0011. Cairo, Egypt.

Venkatesh, J., and Park, S. W. (2014). Ti: Role of L-ascorbate in alleviating abiotic stresses in crop plants. Bot. Stud. 55, 38-
45.

Yacoub, 1. H., Masri, M., Hoballah, A., and Mohamed, E. (2024). Improving drought tolerance in sugar beet by foliar
application of anti-stress compounds. Egypt. J. Agron. 46, 295-314.

Yassin, O., Ismail, S. M., Ali, M. A. E., Khalil, F. A., and Ahmed, E. M. (2021). Ti: Optimizing roots and sugar yields and
water use efficiency of different sugar beet varieties grown under upper Egypt conditions using deficit irrigation and
harvesting dates. Egypt. J. Soil Sci. 61, 367-372.

Egypt. J. Soil Sci. 65, No. 3 (2025)



