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ABSTRACT

The concern of water scarcity and its high usage in agriculture has
become a pressing issue. To address this issue, new techniques and ideas
must be implemented to conserve water in agricultural production
systems. One method that can be used to conserve water is the
application of soil conditions management. An experiment was
conducted to study the effect of different deficit irrigation regimes and
levels of polymers and nitrogen on water use efficiency (WUE), nitrogen
use efficiency (NUE), yield, yield components, and sugar beet cultivars'
physiology. The study was carried out on sandy soil using a drip
irrigation system, and it was designed in a split-plot format. The
experiment included 15 treatments, which consisted of three deficit
irrigation levels and five polymer treatments per level: P1 (control), P2
(30 kg/fed polymer), P3 (30 kg/fed polymer and 30 kg/fed nitrogen), P4
(60 kg/fed polymer), and P3 (60 kg/fed polymer and 60 kg/fed nitrogen)
with three replicates. The results showed that the highest values of WUE
were achieved in both seasons when using 70% deficit irrigation with
polymer treatments P2, P3, and P5. Additionally, the second season with
85% deficit irrigation with polymer treatments P2, P3, and P5 also had a
similar effect on WUE values. The highest values of WUE and NUE
were achieved when using 70% deficit irrigation with polymer treatment
P5 in the second season. These values were 14.3 and 293.6 kg/m® for
WUE and NUE, respectively. The use of deficit irrigation, polymers, and
nitrogen had a positive impact on the water and nitrogen use efficiency of
sugar beet cultivars, which ultimately led to an increase in yield and
overall productivity. However, further research is needed to fully
understand the limitations and implications of these techniques. It is also
important to consider the economic and environmental costs and benefits
of these methods before implementing them on a larger scale.
Key Words: Polymer, nitrogen use efficiency, water use efficiency,

sugar beet, yield, deficit irrigation.
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INTRODUCTION

Global warming is likely to increase irrigation water requirements,
(ElI-Fakharany and Salem 2021). Egypt is currently facing a significant
water shortage, with an estimated 13.5 billion cubic meters per year
(BCM/yr) and this is expected to continue to increase, as reported by Omar
and Mousa (2016). One of the main challenges Egypt faces is population
growth and the resulting increase in agricultural water demand, as
highlighted by Satoh and Aboulroos (2017). To meet the food demands of
the growing population, more desert lands must be cultivated, but sandy
soils have poor soil-water-plant relationships. To address this issue, studies
have shown that soil conditioners can be an effective technique for
improving sandy soil for cultivation. These soil conditioners, such as
polymers, can reduce evaporation, increase moisture storage below the
roots, and improve the soil's water-holding capacity by up to 85% for sand
(Ghooshchi et al., 2008).

Sugar beet (Beta vulgaris) is globally recognized as one of the most
important crops for producing sugar (Esmaeil et al., 2020). Its significance
extends beyond sugar production as it is crucial for sustainability in field
crop production systems, with root yield and sugar content being key
economic parameters (Wang et al., 2019). Sugar beet cultivation is
widespread due to its adaptability to various climatic conditions and soil
types (Liu et al., 2020). In Egypt, sugar cane and sugar beet crops are
essential to the sugar industry, with sugar beet contributing to over 60% of
total sugar production (Sugar Crops Council Report, 2022). This
highlights the strategic importance of sugar beet in meeting global sugar
demands, especially under new soil conditions. However, climate change
has significantly impacted the production process of sugar beet and other
field crops (Curcic et al., 2018). Drought is one of the most important
limiting factors affecting sugar beet harvest (Hosseini et al., 2019) and the
drought consequences may be increased due to climate change (Gornall et
al., 2010). High temperatures and salinity magnify the development of water
deficits when the level of transpiration is higher than water absorption
(Hajheidari et al., 2005). The resulting water deficit in sugar beet reduces
the water potential and relative water content of the leaves, leading to
decreased leaf and root growth rates (Milford et al., 1985). Additionally,
drought stress affects the accumulation of sucrose in storage organs
(Hoffmann, 2010). Therefore, great efforts have been made to reduce the
effect of drought stress on crop yield and quality, especially in regions with
less water availability such as most of the Middle East and Africa (BoriSev
et al., 2016). Pa“cuta et al. (2021) conducted a study to investigate the
impact of superabsorbent polymers on leaf area index (LAI), root yield, and
white sugar yields in sugar beet plants. The results revealed that the
application of superabsorbent polymers significantly affected these
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parameters, leading to an increase in LAl and root and white sugar yields.
However, the sugar content difference between the superabsorbent polymer-
treated plants and the control group was not statistically significant.

Similarly, EI-Karamany et al., (2015) reported that treating sugar
beet plants with a watering hydrogel for 48 hours at 90 days after planting
(DAS) led to higher fresh biological, fresh shoot, and fresh root yields per
plant, as well as larger leaf area. Additionally, watering the plants with
hydrogel for 48 hours just before harvest resulted in significantly higher
fresh biological yield, fresh shoot weight, and fresh root yield compared to
other treatments. Moreover, the treatment with watering hydrogel for 48
hours also resulted in higher impurities and better quality of sugar beet roots
due to their technological characteristics. The use of hydrogel for 48 hours
also improved the efficiency of fertilizer use, leading to higher nitrogen use
efficiency by sugar plants, as indicated by the higher yields of roots
compared to the control treatment. The study also examined the amount of
irrigation water needed to produce 1 kg of sugar beet yield on sandy soil.
The results showed that treating the plants with hydrogel for 48 hours
reduced the amount of irrigation water required to produce fresh bio-yield,
fresh shoot yield, and fresh root yield by 7.4%, 18.5%, and 25.9%,
respectively. Similarly, the amount of irrigation water required to produce
fresh bio-yield decreased by 12.1%, 21.2%, and 30% and fresh shoot yield
by 9.1%, 18.2%, and 27.3%. In conclusion, the application of
superabsorbent polymers and hydrogels can significantly improve the yield
and quality of sugar beet plants. The use of hydrogels for 48 hours at
specific growth stages can increase fresh biological, fresh shoot, and fresh
root yields, LA, and the efficiency of fertilizer use. Additionally, it can lead
to a reduction in the amount of irrigation water needed to produce sugar beet
yields. These findings provide valuable insights into sustainable agricultural
practices that can reduce water consumption and improve crop productivity.

Effective water management is critical for stable agriculture in various
regions, and a variety of technologies are used to achieve this. Soil
conditioners and deficit irrigation are considered to be effective strategies for
water management due to their properties. Polymer powder is one example
of a soil conditioner that is added to the soil and absorbs water. When
irrigated, the polymer absorbs the water and transforms it into a gel, which
can improve seed germination and emergence, as well as increase yield and
fruit output by up to 70% while increasing fertilizer efficiency.

To improve agricultural productivity and soil fertility, various soil
conditioners, such as natural and synthetic materials, can be used for soil
reclamation. These materials, such as animal manure, crop residues, organic
compost, sawdust, and other materials, can be applied to the soil surface or
around seedling roots during planting time to improve the physical
properties of the soil. These materials can increase infiltration and retention,
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improve aeration, and reduce soil strength, which is particularly important
for improving the crop-growing potential of sandy soils (Akelah, 2013).
When these absorbent materials are mixed with sandy soil, the soil's
capacity to store water is increased, allowing plants to use the stored water
for a longer period. Furthermore, soil conditioning can result in favorable
changes in soil porosity and improve the germination process, plant growth,
nutrient uptake by plants, and water use efficiency (El-Hady and Abo-
Sedera 2006).

According to Abobatta (2018), hydrogels can improve water
efficiency in plants by reducing irrigation costs and increasing irrigation
intervals, as well as enhancing water retention in the soil. Ni et al., (2009)
also found that the application of hydrogel can reduce the need for
fertilization by preventing nutrient leaching and increasing water
consumption efficiency.

El-Gindy et al, (2001) discovered that the addition of soil
conditioners, particularly polymers, can improve the water-holding capacity
of sandy soil by enhancing soil structure and water retention, leading to
decreased leaching and water losses, and increased availability of nutrients
and water to the roots. Similarly, Zhang et al., (2017) found that polymers
can renovate sandy soil, reduce irrigation water consumption, enhance
fertilizer retention, and increase plant growth rate. Albalasmeh et al., (2022)
reported that hydrogel in soil improved soil available water by 49%, and
increased water use efficiency from 13% to 41% for sandy soil and from
35% to 67% for silty clay loam soil. Previous studies suggested that soil
amendments, including polymers, and conservation tillage can mitigate soil
degradation and improve soil water holding capacity in arid and semi-arid
regions (Berek, 2014 ; Xu et al., 2018). Zeineldin and Al-Molhim (2021)
found that adding 0.4% polymer enhanced the field water holding capacity
of medium sandy soil by 43.6% and improved water use efficiency and fruit
yield by 67.7% and 70.4%, respectively, under subsurface drip irrigation,
and by 58.6% and 24.2%, respectively, under drip irrigation. With water
scarcity expected to continue in irrigated agriculture, the focus is shifting
from maximizing production per unit area to maximizing production per
unit of water consumed. To achieve this, different water-saving technologies
such as deficit irrigation (DI) and regulated deficit irrigation (RDI) are being
developed and applied to save water and increase water use efficiency in
crops under semi-arid conditions. Deficit irrigation is a strategy that involves
applying less than the full crop water requirement (Al-Solaimani et al.,
2017).

In response to the need to maximize production per unit of water
consumed in irrigated agriculture, water-saving technologies like deficit
irrigation and regulated deficit irrigation has been developed and
implemented in semi-arid regions to save water and increase water use
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efficiency in crops. According to Kirda (2002) and Moursy et al., (2019),
water deficit stress or low irrigation can increase water use efficiency and
yield per unit of applied water. Under surface drip irrigation, Gaafar et al.,
(2014) found that deficit irrigation led to yield reductions of 11.1%, 5.3%,
and 9.7% for seed, oil, and straw Yyields, respectively, while under
subsurface drip irrigation, the reductions were 10.2%, 10.8%, and 9.1%.
Masri et al., (2015) reported that drip-irrigated sugar beet with 75% of
irrigation water requirements had the highest significant leaf area index,
sucrose%, purity%, and extractable sugar%. Abd EI-All and Makhlouf
(2017) found that watering at 75% ETc resulted in significant increases in
sucrose and extractable sugar. Deficit irrigation increased water use
efficiency by 28.54%, 40.98%, and 68.93% at 100%, 80%, and 60% of ETc,
respectively, as found by Alkhasha et al., (2019). Moreover, Moursy et al.,
(2015) demonstrated that net return/m3 under deficit irrigation was higher
than without deficit irrigation.

This research aims to study the effect of deficit irrigation regimes and
levels of polymers and nitrogen on water use efficiency, nitrogen use
efficiency, yield, yield components and the physiological of sugar beet
cultivars. Water productivity for the assessed sugar beet under a drip
irrigation system on sandy soil was investigated.

MATERIALS AND METHODS

The research describes an experiment that was conducted at the
Wadi EIl-Natroon Research Station, Water Management Research
Institute and National Water Research Center in Egypt. The soil type was
sandy, with 1.8% clay, 3.2% silt and 95% sand. The soil bulk density was
1.56 g/m®, with a field capacity of 9.1% and a wilting point of 5.9%. The
source of irrigation water was an artesian well with a pH of 7.14 and EC
1150 PPM. The experiment was set up in a split plot design with 15
treatments and three replicates. Each plot consisted of five rows with a
length of 25 m and a distance of 70 cm between rows and 25 cm distance
between plants. The dimension of each plot was 25 x 3.5m and the
distance between each plot was 1m. The main plot of the experiment was
water regimes (100%, 85%, and 70% of the amount of water applied).
While the subplot was the polymer rate [P1, “control”, P2, “powder
polymer with 30kg/fed (1gm/plant)”, P3 “powder polymer and N
fertilizer with 30+30kg/fed (1+1gm/plant)”, P4, “powder polymer with
60kg/fed (2gm/plant)” and P5, “powder polymer and N fertilizer with
60+60kg/fed. (2+2gm/plant)”’]. The sugar beet crop (mono-germ 4 K 521
variety) was sown manually on 3" Oct and harvested on 15™ April in
both seasons with 30,000 plant/fed. The source of nitrogen was
ammonium nitrate (33.5 % N). Super phosphate (15.5 % P,0s) was
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added at the rate of 100 kg/fed before plowing and potassium sulphate
(48 % K,0) was added at the rate of 50 kg/fed. The irrigation system
consisted of a 50 Hp centrifugal pump, screen filter, control unit, 110mm
main line, 90 and 75mm sup main line, 40mm manifold, and 180 laterals
with 25m length on an area of around 0.448 ha. Dripper's lines consist of
polyethene with a diameter of 16 mm, GR drippers with 4 I/h discharge,
and 25cm between dripper to another as shown in Figure 1 and 2.

25%m 3 -.\

E&_d
[= -)II.-.. T
[ - >
RS E’I}“
v S - -:

I

<

r I LT

L
Lateral, = 16 mm <0 Pressure gauge
=== Pipe, 9= 32 mm v Flow meter
—— Pipe, = 50 mm e Valve
— Pipe, @ 75 mm 0 ¥ileration unit

»e, =
Pipe, ¢= 90 mm » Cuontrifugal p »
e Pipe, @~ 110 mum

Figure 1: Drip irrigation system components.
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Figure 2: Root zoon absorbed water by polymer and the diagram of furrow.

A dielectric sensor, the Delta Devices model Profile Prob-PR2
(England), was used to determine the moisture content of the plots. The
plots were regularly watered when the soil moisture reached 50% and 60%
at the initial and later stages, respectively. The amount of water applied was
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calculated according to Israelsen and Hansen (1962). Water Use

Efficiency (WUE), which is the relationship between crop production and

the amount of water used, was determined using the equation provided by

Ali and Talukder (2008), WUE = Yield/Water applied to the field.

Root yield was measured at the physiological stage of the leaves.

The harvested area for each plot was 3.5 x 3m, and the root yield of all
plots was weighed and recorded separately. To measure the vyield
components and technology, 10 plants were randomly selected from the
middle of each plot. Cost analysis was performed, and the prices of
inputs and outputs were calculated for different treatments for the sugar
beet crop during the experiments. After 120 days from planting, the leaf
area index (LAI) was calculated using the formula: LAI = LA (total leaf
area in cm?) / P (land area in cm?). During harvest, ten sugar beet roots
were randomly collected from each plot to determine the following:

1. Sucrose percentage was measured in fresh minced roots using the
"Saccharometer” method described by Carruthers and Oldfield
(1960).

2. Extractable sugar percentage (ES%) was calculated using the formula:
ES% = Pol - [0.343(K + Na) + 0.094 a-amino N + 0.29], as outlined
by Reinefeld et al., (1974), where Pol refers to sucrose percentage.
Harvesting was carried out in April, where sugar beets from each plot
were manually uprooted, topped, weighed in kilograms, and then
converted to Mg/fed to determine root yield/fed. Sugar yield/fed (Mg)
was computed using the following formula:

Sugar yield/fed (Mg) = root yield/fed (Mg) x (extractable sugar %)
Data analysis was conducted using the statistical software SPSS

(Release version 18). The least significant difference (LSD) of Duncan's

test was used to determine the statistically significant differences

between average groups in the ANOVA. The probability levels less than

0.05 as significant.

RESULTS AND DISCUSSION

Figure 3 illustrates the relationship between water use efficiency
(WUE) and the amount of applied water, added polymer rates 1 and 2 gm
(polymer treatments P2 and P4), added polymer with nitrogen rates 1 and
1 gm respectively (polymer treatment P3), added polymer with nitrogen
rates 2 and 2 gm respectively (polymer treatment P5). These treatments
were depicted based on nitrogen use efficiency (NUE) values. The data
from this figure shows that the highest values of WUE (more than 10
kg/m®) was achieved in both the first and second seasons when 70% of
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water requirements were used with polymer treatments P4, P3 and P5.
Additionally, the second season with 70% of water requirements with
polymer treatment P2 also had more than 10 kg/m® of WUE.
Furthermore, the second season with 85% of water requirements with
polymer treatments P3, P4 and P5 had similar effects on WUE values.
On the other hand, the lowest values of WUE (< 7.79 kg/m®) were
observed in both seasons with 70% and 85% of water requirements.

Polymer treatments
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Figure 3: Effect of dlfferent def|0|t rates Wlth dlfferent added polymer and nitrogen
values for the two seasons.

The relationship between water use efficiency (WUE), nitrogen use
efficiency (NUE), and the amount of applied water, based on deficit
water rates, is illustrated in Figure 4. The highest values of WUE and
NUE were achieved when 70% deficit water was used with polymer
treatment P5 in the second season, with values of 14.3 and 293.6 kg/m®
for WUE and NUE, respectively. The lowest value of WUE was 5.9
kg/m® in the first season with 100% deficit and the control treatment.
Additionally, the lowest value of NUE was 128.33 in the first season
when 85% of water was used. The figure uses colours to indicate the
deficit water rates, shapes to represent the treatments, and sizes to
represent the NUE values.

Water is a crucial factor that significantly affects the growth and
performance of plants, particularly in terms of biotic processes such as
photosynthesis, dry matter accumulation, and translocation. This finding
is consistent with the results obtained by Goodman, (1968), who
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indicated that the size and lifespan of sugar beet leaf canopies are
strongly influenced by soil moisture and fertility.
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Figure 4: The relation between WUE, NUE and the amount applied water.

Data shows in Table 1 for the first and second seasons, it was
found that the application of Deficit irrigation did not result in a
significant increase on sucrose. However, when polymer was used, there
was a significant effect on sucrose. Additionally, using deficit irrigation
in combination with polymer resulted in no significant change.

Table 1: Sucrose percentage under different treatments in the 1% and

2" seasons.
Polymer 1% season M 2" season
Deficit PL [ P2 | P3 | P4 [ P5 " "L [ P2 [ P3 | P4 | PS5
70 1912 1660 174 1552 161 1697 2196 182 1852 1731 17.53 18.70
85 1993 1579 1563 165 17.11 1699 2284 17.16 1856 16.67 17.88 18.62
100 1848 1617 1662 16.74 1634 1687 2191 17.07 17.03 17.53 16.97 18.10

Mean

Means 19.18 16.22 16,55 16.25 16.52 16.94 2224 1748 18.04 17.17 1746 18.48
L.S.D. 0.05

Deficit irrigation N.S N.S

Polymer rate S S

Deficit * polymer N.S N.S
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In Table 2, it was found in 1% season that the application of deficit
irrigation did not result in a significant increase in the percentage of
extracted sugar. However, when polymer was used, there was a
significant effect on the extracted sugar percentage. Additionally, using
deficit irrigation in combination with polymer resulted in no significant
change. The highest value of extracted sugar was seen when using only
deficit irrigation with 70% water requirements, at 14.56%. In contrast,
the lowest value of extracted sugar was obtained under polymer
treatment P3 were used in conjunction with deficit irrigation and 85%
water requirements, at 13.02%. This resulted in a decrease of 9.5%. The
average of deficit irrigation treatments was 14.39%, and the average of
deficit irrigation treatments W|th different polymer and nitrogen
treatments was the same. In 2" season that the application of deficit
irrigation did not result in a significant increase in the percentage of
extracted sugar. However, when polymer was used, there was a
significant effect on the extracted sugar percentage. Additionally, using
deficit irrigation in combination with polymer resulted in no significant
change. The highest value of extracted sugar was seen when using only
deficit irrigation with 85% water requirements, at 20.50%. In contrast,
the lowest value of extracted sugar was obtained under polymer
treatment P5, were used in conjunction with deficit irrigation and 100%
water requirements, at 13.33%. This resulted in a decrease of 7.17%. The
average of deficit irrigation treatments was 15.47%, and the average of
deficit irrigation treatments with different polymer and nitrogen
treatments was the same.

The observed outcomes can be attributed to the fact that the gel
treatment had the highest water absorption capacity, leading to greater
soil moisture in the root zone. Conversely, the control treatment, which
had a lower quantity of water, resulted in reduced crop growth rates,
leading to lower root yield. Meanwhile, sucrose concentration increased
in the root cells as a result of leaching caused by reduced root water
content due to decreased water supply, leading to higher sucrose
percentage (EI-Karamany et al., 2015).

Table 2: Extracted sugar percentage values in the 1% and 2" seasons
Polymer 1% season Mean 2" season

Deficit PL [ P2 [ P3 [ P4 P5 PL [ P2 [ P3 [ P4 [ P5
70 16.79 1450 14.80 13.32 13.38 1456 19.67 15.39 1532 1433 1429 15.80

85 1754 1332 13.02 13.74 1422 1437 2050 1425 1513 1359 14.45 1558
100 16.18 1359 14.00 14.02 13.42 1424 19.14 1418 13.87 1455 13.33 15.02

Mean

Means 16.84 13.80 13.94 13.69 13.68 14.39 19.77 14.61 14.77 1415 14.02 15.47
L.S.D. 0.05

Deficit irrigation N.S N.S

Polymer rate S S

Deficit * polymer N.S N.S
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In Table 3, it was found that the application of deficit irrigation did
not result in a significant change in root yield. However, the use of
polymers had a significant impact on root yield. Additionally, combining
deficit irrigation with polymer resulted in no significant change. The
highest root yield in 1* season was observed when deficit irrigation at
70% water requirements was combined with polymer treatment P5,
yielding 23.47 Mg/fed. In contrast, the lowest root yield was obtained
when only deficit irrigation at 85% water requirements was applied,
yielding 17.20 Mg/fed. This resulted in an increase of 6.28 Mg/fed. The
mean of only deficit irrigation treatments was 19.81 Mg/fed., and the
mean of deficit irrigation W|th different polymer and nitrogen treatments
was the same value. In 2" season, it was found that the application of
deficit irrigation did not result in a significant change in root yield.
However, the use of polymers had a significant impact on root yield.
Additionally, combining deficit irrigation with polymer resulted in no
significant change. The highest root yield was observed when deficit
irrigation at 85% water requirements was combined with polymer
treatment P3, yielding 26.61 Mg/fed. In contrast, the lowest root yield
was obtained when only deficit irrigation as a control treatment with 70%
water requirements was applied, yielding 18.37 Mg/fed. This resulted in
an increase of 8.24 Mg/fed. The mean of only deficit irrigation treatments
was 22.29 Mg/fed., and the mean of deficit irrigation with different
polymer and nitrogen treatments was the same value. The rise in root
yield observed with high soil moisture and fertility levels under different
polymer treatments may have been due to an increase in the number of
harvested roots and individual root weight. Soil fertility plays a
significant role in stimulating meristematic growth activity, leading to an
increase in the number of cells as well as cell enlargement. These
findings align with those reported by El-Sarag (2009), Mahmoud et al.,
(2014), and Masri et al., (2015).

Table 3: Root yield values in the 1° and 2™ seasons
Polymer 1% season M 2" season

Deficit PL] P2 | P3| Pa| Ps_ " Tp1 [ P2 ] P3| P4 PS5
70 17.24 18.74 20.75 19.27 23.47 19.90 1837 21.57 23.35 2249 2557 2227
85 17.20 19.93 19.42 19.86 21.13 1951 1890 21.31 26.61 22.09 23.14 2241
100 17.42 19.40 21.18 21.87 20.24 20.02 1852 20.17 2511 23.36 23.71 22.17

Mean

Means 17.29 19.36 2045 20.33 21.61 19.81 18.60 21.02 25.03 22.64 24.14 22.29
L.S.D. 0.05

Deficit irrigation N.S N.S

Polymer rate S S

Deficit * polymer ~ N.S N.S

Results indicated that there was a non-significant result in sugar
yield, either when using deficit irrigation or polymer treatments or in
combination as shown in Table 4. In the 1% season the highest value of
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sugar yield was observed when deficit irrigation with 70% of water
requirements was integrated with polymer treatment P5, at 3.14 Mg/fed.
In contrast, the lowest value of sugar yield was obtained when deficit
irrigation with 85% of water requirements was integrated with polymer
treatment P3, at 2.54 Mg/fed. This resulted in an increase of 0.6 Mg/fed.
The mean of only deficit irrigation treatments was 2.84 Mg/fed, and the
mean of deficit irrigation with different polymer and nitrogen treatments
was the same value.

While in the 2" season, it was found that when deficit irrigation
was applied, there was no significant result in sugar yield. However,
when polymer was used, there was a significant effect on sugar yield.
Additionally, using deficit irrigation with polymer resulted in a non-
significant outcome. The highest value of sugar yield was observed when
deficit irrigation with 85% of water requirements was integrated polymer
treatment P3, at 4.03 Mg/fed. In contrast, the lowest value of sugar yield
was obtained when deficit irrigation with 100% of water requirements
with polymer treatment P2 was applied, at 2.87 Mg/fed. This resulted in
an increase of 1.17 Mg/fed. The mean of only deficit irrigation treatments
was 3.41 Mg/fed, and the mean of deficit irrigation with different
polymer and nitrogen treatments was the same value. Based on the data,
it is evident that the use of polymers has a significant impact on
increasing sugar yield (Pa“cuta et al., 2021).

Table 4: Sugar yield values in the 1% and 2" seasons

Polymer 1% season M 2" season M
Deficit PL [ P2 [ P3 [ P4 [P5 @ "p1 [ P2 [P3 [ P4 [ P5_ o
70 285 271 309 258 314 2.87 3.60 332 357 322 366 347
85 3.03 266 254 273 301 2.79 387 3.04 403 300 335 346
100 281 264 296 3.07 272 2.84 355 287 349 340 317 329
Means 290 267 286 279 296 2.84 3.67 3.07 370 321 339 341
L.S.D. 0.05
Deficit irrigation N.S N.S
Polymer rate N.S S
Deficit * polymer N.S N.S

In Table 5, the results of the first season showed that when deficit
irrigation was applied alone, there was no significant effect on the leave area
indicator (LAI) 120 days after planting. The use of polymer had a significant
effect on LAI, however, the use of deficit irrigation in conjunction with
polymer produced in a non-significant outcome. The highest value of LAI
was observed when deficit irrigation with 85% water requirements was
integrated with polymer treatment P5, at 6.64. In contrast, the lowest value
of LAl was obtained when only deficit irrigation with 70% water
requirements was applied as a control treatment, at 3.38. This resulted in an
increase of 3.26. The mean of only deficit irrigation treatments was 5.29,
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and the mean of deficit irrigation with different polymer and nitrogen
treatments was the same value.

The second season as illustrated in Table 5 gave similar results to
those of the first season. The highest value of LAI was observed when
deficit irrigation with 70% water requirements was integrated with polymer
treatment P5, at 6.87. In contrast, the lowest value of LAl was obtained
when only deficit irrigation with 70% water requirements was applied as a
control treatment, at 3.14. This resulted in an increase of 3.72. The mean of
only deficit irrigation treatments was 5.48, and the mean of deficit irrigation
with different polymer and nitrogen treatments was the same value.

Overall, the results from Tables 5 indicate that while using deficit
irrigation alone did not have a significant effect on LAI, the addition of
polymer significantly improved LAI. However, using both the deficit
irrigation and the polymer together did not produce a significant difference.
The highest values of LAI were observed when deficit irrigation was
combined with a specific amount of polymer and nitrogen, with the highest
value being 6.87 in the second season. The lowest values of LAI were
obtained when only deficit irrigation with 70% water requirements was used
as a control treatment, resulting in an increase of 3.72 in the second season.
The average deficit irrigation treatments were only about 5.29 and 5.48 for
the first and second seasons, respectively. It was also found that the average
deficit irrigation with polymer and nitrogen treatments was similar. Kim et
al., (2017) reported that plant growth and CO, absorption are largely limited
by drought, and the leaf area index (LAI) can be used to evaluate this
response. Similarly, Wiegand et al., (1983) found that drought and its
effects on plant growth and development can be assessed using LAI. EI-
Kady et al., (2019) also reported a similar trend, where increasing irrigation
water requirements led to significant increases in LAI of sugar beet plants.
Moursy and El-Kady (2019) further supported these findings by detecting
significant increases in LAl of sugar beet plants as irrigation water
requirements increased.

Table 5: Leave area indicator after 120 days (LAI) for the 1 and 2"

Seasons

Polymer 1% season 2" season

.- Mean Mean
Deficit pt| P2 | P3| Pa] p5 PL | P2 | P3| Pa] ps

70 338 475 611 584 6.38 5.29 314 456 6.74 553 6.87 537

85 407 486 575 529 6.64 532 376 469 6.03 584 7.06 548

100 363 496 545 575 653 526 376 519 646 6.02 661 561
Means 369 485 577 562 652 529 355 481 641 580 6.84 548
L.S.D.0.05
Deficit irrigation N.S N.S
Polymer rate S S

Deficit * polymer  N.S N.S
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CONCLUSION

The use of soil conditions in the management of agricultural
production systems can play a vital role in addressing the issue of water
scarcity and the consumption of most water resources by agriculture. The
present study was carried out in a split-plot design with 15 treatments,
including three deficit irrigation levels and five treatments per level.

The use of deficit irrigation, polymers and nitrogen can significantly
increase the water and nitrogen use efficiency of sugar beet cultivars,
leading to an increase in yield and overall productivity. The results showed
that the highest values of water use efficiency were achieved when using
70% deficit irrigation with polymer treatment P3, P4, and P5 in both
seasons, while the second season with 85% deficit irrigation with polymer
treatment P2, P3, and P5 also had a similar effect on WUE values.
Furthermore, the highest values of WUE and nitrogen use efficiency were
achieved when using 70% deficit irrigation with polymer treatment P5
(60kg polymer and 60 kg nitrogen) in the second season, with values of 14.3
and 293.6 kg/m® for WUE and NUE, respectively.

REFERENCES

Abd EI-All, A.E.A. and B.S.l. Makhlouf (2017). Response of sugar
beet to continuous deficit irrigation and foliar application of
some micronutrients under sandy soil conditions. J. Soil Sci. and
Agric. Eng., Mansoura Univ., 8 (12): 749 — 760.

Abobatta, W. (2018). Impact of hydrogel polymer in agricultural sector.
Adv. Agr. Environ. Sci., 1(2): 59-64.

Akelah, A. (2013). Functionalized Polymeric Materials in Agriculture
and the Food Industry. Xlv, 367 p. 112 illus., 21 illus. in color.,
Hardcover ISBN:978-1-4614-7060-1.

Albalasmeh, A.A. ; O. Mohawesh ; M.A. Gharaibeh ; A.G. Alghamdi
; M.A. Alajlouni and A.M. Alqudah (2022). Effect of
hydrogel on corn growth, water use efficiency, and soil
properties in a semi-arid region. J. Saudi Society of Agric. Sci.,
21(8): 518-524.

Ali, M.H. and M.S.U. Talukder (2008). Increasing water productivity
in crop production—A Synthesis. Agric. Water Manag., 95:
1201-1213.

Alkhasha, A. ; A. Al-Omran and |I. Louki (2019). Impact of deficit
irrigation and addition of biochar and polymer on soil salinity
and tomato productivity. Canadian J. Soil Sci., 99: 380-394.

Al-Solaimani, S.G. ; F. Alghabari ; M.Z. Ihsan and S. Fahad (2017).
Water deficit irrigation and nitrogen response of Sudan grass
under arid land drip irrigation conditions. Irrigation and
Drainage, 66(3):365-376.


file:///C:/Users/GIGABYTE/Desktop/21
https://cdnsciencepub.com/doi/full/10.1139/cjss-2019-0016#con1
https://cdnsciencepub.com/doi/full/10.1139/cjss-2019-0016#con2
https://cdnsciencepub.com/doi/full/10.1139/cjss-2019-0016#con3

Egypt J. of Appl. Sci., 39 (1-2) 2024 15

Berek, A.K. (2014). Exploring the potential roles of biochars on land
degradation mitigation. J. Degrad. Min. Lands Manag. 1. 149-158.

Borisev, M. ; I. BoriSev ; M. Zupunski ; D. Arsenov ; S. Pajevi¢ ; Z.
Curdi¢ ; J. Vasin and A. Djordjevic (2016). Drought impact is
alleviated in sugar beets (Beta vulgaris L.) by foliar application
of fullerenol nanoparticles. PLoS ONE 11(11): e0166248.

Carruthers, A. and J.F.T. Oldfield (1960). Methods for the assessment
of beet quality. Int. Sugar J., 63(1), 103-105.

Curcic, Z. ; M. Ciric ; N. Nagl and K. Taski-Ajdukovic (2018). Effect
of sugar beet genotype, planting and harvesting dates and their
interaction on sugar yield. front. Plant Sci., 9:1041.

El-Gindy, A.M. ; H.N. Abdel-Mageed ; M.A. EI-Adl and E.M.K.
Mohamed (2001). Management of pressurize irrigated faba
bean in sandy soil. Misr J. Agric. Eng., 18 (1): 29-44.

El-Hady, O.A. and S.A. Abo-Sedera (2006). Conditioning effect of
composts and acrylamide hydrogels on a sandy calcareous soil.
I. Phisico- Bio-chemical properties of the soil. Int. J. Agric.
Biol., 08 (6): 876- 884.

El-Kady M.S. ; AM.K. Ali and M.O.A. Galal (2019). Growth, yield,
water use efficiency and agro-economic return of sugar beet as
affected by irrigation systems, water and nitrogen stresses in
Moghra region, Matrouh. Egypt. J. Biol. Chem. Environ. Sci.,
14 (2): 265-287.

El-Karamany, M.F. ; A. Waly ; A.M. Shaaban ; O.A. Alhady and
A.B. Bakry (2015). Effect of hydrogel on yield and yield
components of sugar beet in sandy soil. Res. J. Pharmaceutical,
Biol. and Chem. Sci., 6(2):1025-1032.

El-Fakharany, Z.M. and M.G. Salem (2021). Mitigating climate
change impacts on irrigation water shortage using brackish
groundwater and solar energy. Energy Reports, 7 (5): 608-621.

El-Sarag, E.I. (2009). Maximizing sugar beet yield, quality, and water use
efficiency using some agriculture practices under North Sinai
conditions. Bull. Fac. Agric., Cairo. Univ., 60 (2): 155-167.

Esmaeil, M.A. ; R. Deihimfard and O. Noori (2020). Yield gap
analysis simulated for sugar beet-growing areas in water-limited
environments. Eur. J. Agro., 113: 125988.

Gaafar, 1., Moursy, M. A. M., Abou Kheira, A., and Abdel Kareem,
N. S. (2014). Impact of deficit irrigation on yield of sesame in
sandy soil. Egypt. J. Appl. Sci., 29 (10): 1026-1041.

Ghooshchi, F. ; M. Seilsepour and P. Jafari (2008). Effects of water
stress on yield and some agronomic traits of maize SC 301. Am.
Eur. J. Agric. Environ. Sci., 4(3): 302-305.


https://www.researchgate.net/journal/Research-Journal-of-Pharmaceutical-Biological-and-Chemical-Sciences-0975-8585
https://www.researchgate.net/journal/Research-Journal-of-Pharmaceutical-Biological-and-Chemical-Sciences-0975-8585

16 Egypt. J. of Appl. Sci., 39 (1-2) 2024

Goodman, P.J. (1968) Physiological analysis of the effects of different
soils on sugar beet crops in different years., J. Appl. Eco., 5:
339-357.

Gornall, J. ; R. Betts ; E. Burke ; R. Clark ; J. Camp ; K. Willett and
A. Wiltshire (2010). Implications of climate change for
agricultural productivity in the early twenty-first century. Philos.
Trans. R. Soc. B., 365: 2973-2989.

Hajheidari, M. ; M. Abdollahian-Noghabi ; H. Askari ; M. Heidari ;
S.Y. Sadeghian ; E.S. Ober and G.H. Salekdeh (2005).
Proteome analysis of sugar beet leaves under drought stress.
Proteomics. 5: 950-960.

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

Hosseini, S.A. ; E. Réthoré ; S. Pluchon ; N. Ali ; B. Billiot and Yvin
J.C. (2019). Calcium application enhances drought stress
tolerance in sugar beet and promotes plant biomass and beetroot
sucrose concentration. Int. J. Mol. Sci., 20(15): 3777.

Israelsen, O.W. and V.E. Hansen (1962). Irrigation Principles and
Practices. 3rd Edition, Wiley International Edition, New York.

Kim, K. ; M. Wang ; S. Ranjitkar ; S. Liu ; J. Xu and R.J. Zomer
(2017). Using leaf area index (LAI) to assess vegetation
response to drought in Yunnan province of China. J. Mt. Sci., 14
(9):1863-1872.

Kirda, C. (2002). Deficit Irrigation Scheduling Based On Plant Growth
Stages Showing Water Stress Tolerance. Deficit Irrigation
Practices. Food and Agriculture Organization of the United
Nations. Report 22, Rome, pp: 30-10.

Liu, L., Wang, Y.; Z. Gai ; D. Liu; P. Wu ; B. Wang ; C. Zou ; C. Li
and F. Yang (2020). Responses of soil microorganisms and
enzymatic activities to alkaline stress in sugar beet rhizosphere.
Pol. J. Environ. Stud., 29: 739-748.

Mahmoud, E.A. ; B.D.H. Ramadan ; I.H. EI-Geddawy and Samah F.
Korany (2014). Effect of mineral and bio-fertilization on the
productivity of sugar beet. J. Plant Production, Mansoura Univ.,
5 (4): 699-710.

Masri, M.1. ; B.S.B. Ramadan ; A.M.A. El-Shafai and M.S. El-Kady
(2015). Effect of water stress and fertilization on yield and
quality of sugar beet under drip and sprinkler irrigation systems
in sandy soil. Int. J. Agric. Sci., 5 (3): 414-425.

Milford, G.F.J. ; T.O. Pocock and J. Riley (1985). An analysis of leaf
growth in sugar beet. Ann. Appl. Biol., 106: 173-185.

Moursy, M.A.M. ; K.I. Wasfy and M.H. Rady (2015). Studying the
effect of some parameters on quinoa crop. Misr J. Agric. Eng.,
32 (3): 1057 — 1076.



Egypt. J. of Appl. Sci., 39 (1-2) 2024 17

Moursy, M.AM. ; M.H. Rady ; A.M. Ali and M. Elfetyany (2019).
Potentials of the use of brackish ground water in integrated aqua-
agriculture systems. J. Egypt. Acad. Soc. Environ. Develop., 20
(1):117-130.

Moursy, M.A.M. and M.S. El-Kady (2019). Study planting methods to
improve water use efficiency and productivity of sugar beet in a
newly reclaimed area. Life Sci. J.,16(12):11-19.

Ni, B. ; M. Liu and S. L0 (2009). Multifunctional slow-release urea
fertilizer from ethyl cellulose and superabsorbent coated
formulations. Chem. Eng. J., 155(3): 892-898.

Omar, M.M. and A.M. Moussa (2016). Water management in Egypt
for facing the future challenges. J. Advan. Res., 7(3): 403-412.

Pa“cuta, V. ; M. Rasovsky ; B. Michalska-Klimczak and Z. Wyszy “nski
(2021). Impact of superabsorbent polymers and variety on yield,
quality and physiological parameters of the sugar beet (Beta
vulgaris prov. Altissima Doell). Plants, 10(4): 757.

Reinefeld, E. ; A. Emmerrich ; G. Baumgarten ; C. Winner and U.
Beiss (1974). Zur Varaussage des Melasse Zuchersaus
Rbenanalysen. Zucker, 27: 2-25. The Sugar Beet Crop. Cook,
D.A. and R.K. Scott Seriess, London, UK.

Satoh, M. and S. Aboulroos (2017). Irrigated Agriculture in Egypt.
Springer, p: 90.

Sugar Crops Council (2022). Production of sugar in Egypt. Sugar Crops
Council Report, pp: 20-21

Wang, M. ; Y. Xu ; W. Wang ; Z. Wu ; W. Xing and H. Zhang (2019).
Quantitative trait locus (gtl) mapping of sugar yield-related traits in
sugar beet (beta vulgaris I.). Sugar Technol., 21: 135-144.

Wiegand, C.L. ; P.R. Nixon and R.D. Jackson (1983). Drought
detection and quantification by reflectance and thermal
responses. Agric. Water Manag., 7: 303-321.

Xu, S. ; L. Zhang ; L. Zhou ; J. Mi ; N.B. McLaughlin and J. Liu
(2018). Effects of water absorbing soil amendments on potato
growth and soil chemical properties in a semi-arid region. Agric.
Eng. Int. CIGR J., 20: 9-18.

Zeineldin F.I. and Y. Al-Molhim (2021). Polymer and deficit irrigation
influence on water use efficiency and yield of muskmelon under
surface and subsurface drip irrigation. Soil & Water Res., 16:
191-203.

Zhang, H. ; Q. Luan ; Q. Huang ; H. Tang ; F. Huang ; W. Li ; C.
Wan ; C. Liu; J. Xu; P. Guoand Q. Zhou (2017). A facile
and efficient strategy for the fabrication of porous linseed
gum/cellulose superabsorbent hydrogels for water conservation.
Carbohydr. Polym., 157: 1830-1836.


https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+Q&cauthor_id=27987901

18 Egypt J. of Appl. Sci., 39 (1-2) 2024

0aBl (5 by gle g ddlida paud gy C¥ e aladialy Aaldinia (5 ) olaa gad
ngéijtahba
sldLASA,'éJcléﬁjxiﬂﬂhc3w'4m\wsl‘2wﬁMJhw
S gball sl ¢ gk Gl

e — oball G (ca gl 35S pall — olpall 310 Cigay gaa -]
A0 graall A el ASLell -l - ool el avsdll 2

a3 gl S 50— i Sl Jasladl g dgme -3
e — il Aaals — il B30 oSl RS 4
e — Ao )3l Ssadll S pe — e 5 dwnigl) Cipay e -5

el b lgte Aeaiinuall alaS B2l olall 8)3 (ha (31 xanal a8
a5l Bana Gyl ol aln ciay ASEAN oda dallaaly cdale Al
S Al Gylall o8 sl (el zay) FN] & oldl alaaiy
u.a_);\ 44 dhlj A_D.J\j al_ml\ 8yl d.u.im s ol ?‘M‘ m).d LG_A\M\
Al qﬁi By Sl jaiy Joeanad LaliYly obud) aladin) 3.1 e
axsivall hany) manaill S sedaiilly (o)l Al alainly dley dup B
calalae JST ) Sa 3 2y saa g 8ya 4lliall adadll s

o=adlll ol Glgiee S & Gl dlalee 15 4l Caiaad
(saddsy 0s3) P sV aray cbpadsdl (30 cBlae uady (%70485¢100)
paS 30 + ade ol/aaS 30P3) ¢ (Lede ol¥/aaS 30) P2«
60 + sads N8/aaS 60) PS5 ¢ (LJads )8/aaS 60) P4 ¢ (Dans s
& oball aladin) 3Kt a8 el of <l cujelal My L (Cpmgin aaS
P3¢ P2 pe %70 Gty ailil) (g3l) alasind die Gpamssall IS 3 Leiiing
oty o))l 8 Bae g 53 BN awsall (8 el ) dalayl LPS
el o Jilae Ll Uad 41 8 PS‘c P3¢ P2 aaaiuly %85
e\..\;lu\ 3eaS 9 aL:A]\ e\..\;lu;\ PN (:.15 (_Ar-\ é:}s;.i e.i _\s} DL\AM e\..\;lu;\
S ansall 3 PS5 aa 170 il )l alasind ve i il slewd)
5o g oLl alasin) 50 (pe JS1 7 5/a08 203,65 14.3 4l o2a cuils
ol gl Ay Gy L s e sl slewd) alaail
Oemssilly sl ool e US e g 8h G sally Shadsdly
)y Aaliy) sy I Bl B L Sl ak peand
D15 258l JalS agdl Gindll (e ahe ) dals llia (@l mas . JlanY)
Bl sl & Sl Wl aeddl ey el oda e Al
tu}‘ olai e ladan Jid Cullll) sdgd Ay dualaidy)



