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ABSTRACT

This study was carried out at Tag Al-Ezz Agricultural Research Station, in 2018/2019 and 2019/2020
i3 seasons to find out the impact of two kinds of water (magnetic and field canal water); number of irrigation (5, 4

= 9 and 3 irrigations) and foliar transactions (without, spraying with water, salicylic acid at 300 mg/l and potassium

L),

Cross Mark

sulphate at 4%) on sugar beet yield and quality characteristic. Each kind of irrigation water was achieved in a
separate experiment. In each experiment, a strip-plot design was used with three repeats. Maximum growth,
quality traits and yields/fed were recorded by irrigating beets with magnetized water. Supplying plants with 5
irrigations produced the highest values of root and foliage fresh weight, root length and diameter, as well as root
and top yields/fed. Irrigating beets four times/season attained highest gross sucrose, extracted sucrose and quality
index percentages, as well as corrected sugar yield/fed. Spraying plants with K2SO4 at 4% resulted in the highest
values of growth, quality characteristics and yields/fed. Under condition of this study, irrigate sugar beets four
times with magnetized water and spraying it with K2SOa4 at 4% can be recommended to raise its production and
quality traits.
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INTRODUCTION

Sugar beet (Beta wulgaris var. saccharifera L.) is
cultivated for sugar manufacture and is believed the truly critical
sugar crop in Egypt and in numerous nations across the world.
Since 2012, sugar beet has become the main source for sugar
production in Egypt, while sugarcane ranks the second. It is an
essential winter crop, which can be grown in variable kinds of
soils.

To improve the productivity of sugar beet
simultaneously with the rationalization of irrigation water, some
agricultural factors including magnetic water, number of
irrigation and foliar application of salicylic acid and potassium
were studied in the present work.

Magnetized water is attained by throwing of water
across the eternal electromagnets. Magnetized water was
exposed to have foremost properties for instance increasing the
leakage of additional soluble salts, lessening soil alkalinity,
softening somewhat soluble salts e.g., carbonates, phosphates
and sulfates. These effects have been described to adjust some
of the physical and chemical properties of water. These
adjustments in water state may result in enhancing plant growth
(Ali et al., 2014). Hozayn et al. (2013) demonstrated that
application of magnetized water be able to improve yield and
characteristics of sugar beet. Faiyad and Hozayn (2020)
concluded that irrigation with magnetic water had a positive
influence on characteristics of sugar beet as compared with
irrigation with nonmagnetic water. Hozayn et al. (2020)
demonstrated that irrigation through magnetically treated
brackish water exceeded significantly irrigation with brackish
water in a number of vegetative growth constraints. Root
contents of impurities and sugars lost to molasses ratio were
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significantly inspired by magnetically treated water. Aleman et
al. (2022) mentioned that raise in mineral absorption of
elements and the behavior of physiological activity in sugar beet
were obtained.

Saving some irrigation water is necessary to face the
shortage of water in the future. One way to save water can be
done by reducing the number of irrigations by skipping some
irrigation during growing season. In this respect, Ibrahim (2017)
reported that irrigation intervals had a significant effect on all
studied characteristics except purity%. The greatest values of
studied traits were recorded when irrigation was given every 35-
day intervals, while the greatest values of sucrose and purity
percentages were recorded by irrigation every 25-day interval.
Abd EI-Rehem (2018) showed that raising water stress up to 50
% of irrigation water requirements considerably diminished top,
root and sugar yields/fed. Meanwhile, it increased extractable
sugar percentage. Osman et al. (2019) studied the effect of five
requlated deficit irrigation transactions i.e, no stress at all
physiological stages, skip irrigation at the beginning of the
development stage (12), skip irrigation through the development
stage (13), skip irrigation at mid season (14) and skip irrigation at
late season (15) on sugar beet yield and quality. They showed
that irrigation levels considerably influenced root, shoot and
sugar yields. Their results pointed out that the reductions in root
yield were 9.55, 6.43, 5.58 and 0.84 ton/fed, while sugar yield
decreased by 1.89, 1.34, 1.22 and 0.10 ton/fed for 12, 13, 14 and
I5, respectively compared to unstressed check. Fitters et al.
(2020) showed that sugar beet yield is diminished due to water
restriction. Yassin et al. (2021) indicated that reducing water
supply reduced roots, sugar and biomass yields.
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Salicylic acid (SA) plays a crucial role in the regulation
of several physiological activities in plants e.g., photosynthesis,
growth and stress tolerance (Ashraf et al., 2010). Abido et al.
(2015) and Merwad (2015) observed that spraying plants with
salicylic acid enhanced plant growing characteristics and
heightened the capacity of plants to underneath abiotic tension,
which finally increased sugar beet root and top vyields.
Cheraghabadi et al. (2016) stated that foliar application with
salicylic acid caused a significant increase in leaf area and
chlorophyll content of sugar beet plants as well as decrease
membrane permeability compared to control. Abdelaal et al.
(2020) revealed that the spraying beets with 100 ppm salicylic
acid significantly influenced sugar beet top and root fresh
weight. EI-Gamal et al. (2021) pointed out that foliar supply
with 2000 ppm salicylic acid significantly influenced sugar beet
top and root biomass. However, increasing SA concentration
led to significant variations in sugar yield, sucrose and purity %.

Potassium (K) is contribute in numerous imperative
roles in plants i.e. photosynthesis, photosynthates translocation,
synthesis of protein, ionic balance control, management of plant
stomata and water use, stimulation of enzymes and
osmoregulation (Mengel, 2007). Enan et al., (2016) revealed
that foliar sprinkling with 2 L potassien (30% K20 and 8%
P205/L)/fed increased root diameter, root and top fresh
weights/plant, gross sugar%, corrected sugar%, characteristic
index, root and sugar vields/fed in addition to diminished Na
and alpha amino-N contents. Hamada (2019) concluded that
foliar sprinkling twice with K-silicate at 12.0 ml/ Liter and
applying 48 kg K20O/fed improved sugar beet growth, yielding
and its apparatuses. El-Kalawy (2021) indicated that sprinkling
with potassium silicate at 200 ppm gave the uppermost
quantities of roots and total plant weights, root diameter,
yielding of top and roots/fad.

So, this study aimed to study the consequence of
magnetic water the number of irrigations and foliar sprinkling

transactions on yielding and its constituents as well as the
characteristic of sugar beet.

MATERIALS AND METHODS

The present investigation was conducted at Tag Al-Ezz
Agricultural Research Station Farm (latitude of 31°31' 47.64" N
and longitude of 30°56' 12.88" E), Dakahlia Governorate,
Egypt, through 2018/2019 and 2019/2020 seasons to examine
the impact of magnetic water, number of irrigations and foliar
sprinkling transactions on vyield and quality characteristic of
sugar beet (Hossam multigerm cultivar).

Sugar beet was irrigated with magnetic water compared
with field canal water as a check. In both kinds of water, plants
were irrigated superficially as usual in the farmers' fields.
Magnetized irrigation water was applied after raising the water
to the field by a pump and installing the magnetization device of
the irrigation water on the disposal hole.

Each experiment of magnetic water transactions was
accomplished in a strip-plot design in three replicates in both
seasons. Vertical plots were assigned to skipping irrigations
which expressed as number of irrigations after sowing irrigation
i.e. 5 irrigations (normal irrigation as a control), 4 irrigations
(skipping the third one) and 3 irrigations (skipping the third and
fifth irrigations) as shown in Table 1. Horizontal plots were
committed at random along with four foliar sprinkling
transactions i.e. with no foliar application (control), sprinkling
with tap water, sprinkling with salicylic acid at 300 mg/liter of
water and sprinkling with potassium sulphate (K2SO4) 4%.
Foliar treatments were added twice at the above-mentioned rates
after 50 and 70 days from planting. Each experimental unit
contained 5-ridgesn of 60 cm width and 3.5 m long (10.5 m2).
Mechanical and chemical assessments at 30 cm depth from soil
surface of the experimental site is described in Table 2.
Chemical analysis of irrigation water before and after
magnetizing (Table 3).

Table 1. Schedule of irrigations during 2018/2019 and 2019/2020 seasons.

Number of irrigations Firstirrigation  Second irrigation

Fourth irrigation

Third irrigation Fifth irrigation
v v

5irrigations
4 irrigations v v x v v
3irrigations v v X v x

Table 2. Physical and chemical of the soil at 30 com depth in 2018/2019 and 2019/2020 seasons.

Physical characteristics

Properties Coarsesand  Fine sand Silt Cla - Field capaci
Se a.?on (%) (%) (%) % 3’ Soil texture CaCOs (%0) (%‘)) ty
2018/2019 6.2 326 25.7 355 Clay loam 245 343
2019/2020 5.8 33.2 25.3 35.7 Clay loam 2.54 35.2
Chemical characteristics

gggggr'ges pH soil paste dgrgr:rl Organic matter (%) N Available nuFEnents (ppm)

2018/2019 7.6 2.2 1.72 32.3 71 232
2019/2020 7.8 2.4 1.83 36.4 7.3 240

Table 3. Chemical analysis of irrigation water before and after magnetizing according to standard methods.

Parameter Non magnetizing water Magnetizing water
pH 742 7.48
EC (dSmY) 0.76 0.69
SAR" 2.32 1.62
Soluble Cations (meq LT

Ca* 2.50 253
Mg*2 144 171
Na* 3.26 2.36
K* 0.40 0.30
Soluble Anions (meq LY)

COs? - -
HCOs 4.25 4.50
CcL 173 1.62
S04? 1.62 0.78

*SAR=Na/SQRT(Ca” +Mg™3)2
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The experimental field was well prepared. Through
soil preparation, calcium super phosphate (15 % P,Os) was
applied at 200 kg/fed.

Sugar beet seeds were sown on one side of the ridge
in hills of 20 cm apart in the first week of October in both
seasons. Plants were thinned to one plant/hill (35000
plants/fed) at the age of 35 days from planting.

Other agricultural practices for growing sugar beet
were performed as recommended by Sugar Crops Research
Institute.

The studied characters:

At harvest, five plants were collected at random from
each plot to determine fresh weight of root and foliage
(g/plant), as well as root length and diameter (cm).

The following root quality characteristics were

determined in Dakahlia Sugar Company, Bilkas Sugar

Factory Laboratories, Dakahlia Governorate:

1. Sodium percentage.

2. Potassium percentage.

3. a-amino nitrogen percentage.

4. Gross sucrose percentage, which was determined
polarimetrically according to the method of Carruthers
and OldField (1960).

5. Extracted sucrose percentage i.e., extractable white
sucrose (correct sugar content) of beet roots was
calculated by joining the beet non-sugar, K, Na and o-
amino nitrogen (converted as a meqg/100 g beet) as
shown by Harvey and Dutton (1993) using the following
equation:

Extractable white sugar (%) = Gross sugar (%) - [0.343
(K + Na) +0.094 a-amino N + 0.29]

6. Quality index (%) of sugar beet root juice was determined
according to a reported method of Carruthers and Old
Field (1960).

At harvesting, root and top vyields/plot were
determined in kg and converted to ton/fed. Moreover, Sugar
yield/fed (ton) was calculated as follows:

Sugar yield/fed (ton) = root yield/fed (ton) x extracted
sucrose %

The collected data were statistically analyzed as
published by Gomez and Gomez (1984) intended for strip-
plot design of each trial (magnetic water treatments), next
the collective analysis was passed after doing homogeneity
test error mean squares between magnetic water transaction.
Least significant difference (LSD) technique as expressed by
Snedecor and Cochran (1980) was used to estimate the
variations among transaction means at 5% level of
possibility.

RESULTS AND DISCUSSION

1. Effect of irrigation water kind (field canal and
magnetic water):

The results showed that magnetic water transactions
(untreated water "control transaction and magnetized water)
had significant effects on yield constituents (fresh weight of
root and foliage per each plant, root tall and thickness as
shown in Table 4), quality parameters (sodium "Na",
potassium "K", a-amino-nitrogen, gross sucrose, extracted
sucrose and quality index percentages in beet root juice as
revealed in Table 5) and beet yielding (root, top and

corrected sugar yields/fed as given away in Table 6) in the
two growing seasons.

The obtained results in Table 4 showed that irrigating
sugar beets with magnetic water substantially increased the
mean values of fresh weight of both root and foliage per
each plant, root length and thickness by (139.7 and 129.0 g),
(44.3 and 41.0 g), (4.41 and 4.07 cm) and (1.92 and 1.77
cm), in the 1%t and 2™ season, respectively, compared with
using water from field canals. Meanwhile, data in Table 5
cleared that using field canal water for sugar beet irrigation
resulted in higher contents of impurities (Na, K and a-
amino-nitrogen) in roots, while irrigating beets with
magnetic water attained higher values of gross sucrose,
extracted sucrose and quality index percentages. Moreover,
the results in Table 6 indicated that using the magnetic water
caused significant increases in root, top and corrected sugar
yields/fed amounted to (4.147 and 3.734), (1.872 and 1.727)
and (1419 and 1.281) tons/fed, in the 1% and 2™ season,
successively, in comparison with field canal water.

These results may be due to higher quality of
magnetic water in respect reducing the amounts of salts in
different depths of the soil (from 1 to 1.5 m) and leaching
away of various anions from the soil, which guaranteed
favorable uptake of nutrients by plants and hence better
growth. These results are in agreement with those reported
by Hozayn et al. (2013), Ali et al. (2014), Faiyad and
Hozayn (2020), Hozayn et al., (2020) and Aleman et al.,
(2022).

2. Number of irrigations effect:

From obtained results in this investigation, it could
be noticed that yield constituents (fresh weight of root and
foliage for each plant, root tall and thickness as exposed in
Table 4), quality parameters (sodium "Na", potassium "K",
a-amino-nitrogen, gross sucrose, extracted sucrose and
quality index percentages in beet root juice as showing in
Table 5) and beet yielding (root, top and corrected sugar
yields/fed as publicized in Table 4) were significantly
affected by studied number of irrigations i.e. 6 irrigations
(normal irrigation "control transaction™), 4 irrigations
(skipping third irrigation) and 3 irrigations (skipping third
and fifth irrigations) in the two seasons.

There were considerable distinctions in all studied
yield components, characteristic parameters and beet
yielding among various irrigation transactions i.e. giving
sugar beet plants 5 irrigations (normal irrigation “control
transaction "), 4 irrigations (skipping third irrigation) and 3
irrigations (skipping third and fifth irrigations) in every
agricultural season. The acquired results in Table 4 showed
that control transaction (giving sugar beet plants 5
irrigations) substantially increased the mean values of fresh
weight of both root and foliage per each plant, root length
and thickness by (3.20 and 75.80 g), (1.80 and 12.20 g),
(0.22 and 0.66 cm) and (0.14 and 0.29 cm), compared with
giving sugar beet plants 4 irrigations by skipping third
irrigation only and by (66.50 and 101.60 g), (32.30 and
37.00 g), (3.80 and 3.94 c¢cm) and (1.81 and 1.86 cm),
compared with giving plants 3 irrigations only by skipping
the third and fifth irrigations in the 1% and 2" season,
respectively. Meanwhile, data in Table 5 cleared that giving
plants 3 irrigations only by skipping the third and fifth
irrigations resulted in higher contents of impurities (Na, K
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and o-amino-nitrogen) in roots, while giving sugar beet
plants 4 irrigations by skipping third irrigation only attained
higher values of gross sucrose, extracted sucrose and quality
index percentages. Moreover, the results in Table 6 indicated
that control transaction (giving sugar beet plants 5
irrigations) caused significant increases in root and top
yields/fed amounted to (0.201 and 0.721) and (0.091 and
0.314) and reductions in corrected sugar amounted to (0.200
and 0.032) tons/fed in comparison giving sugar beet plants 4
irrigations by skipping third irrigation only and increases in
root, top and corrected sugar yields/fed reached about (2.042
and 2.264), (0.689 and 0.788) and (0.165 and 0.576) tons/fed
compared with giving plants 3 irrigations only by skipping
the third and fifth irrigations in the 1% and 2" season,
successively.

These increases in root and top yielding and their
constituents due to decreasing irrigation tension by giving
sugar beet plant 5 irritations may be due to providing
moisture for sugar beet plants continuously which allows
better growth and enhancement photosynthesis process,
consequently improving root and tops yielding and its
constituents. These outcomes are in excellent consistency
with those registered by Osman et al., (2019) and Yassin et
al., (2021). Also, Abd EI-Rehem (2018) who showed that
increasing water stress significantly decreased top, root and
sugar vyielding (t/fed), while it increased extractable sugar
percentage.

3. Foliar sprinkling transactions effect:

The studied foliar fertilization transactions i.e. with
no foliar sprinkling (control transaction), sprinkling sugar
beet plants with tap water, salicylic acid at the rate of 300
mg/liter and potassium sulphate (K2SOa) at 4% significantly
precious yield constituents (fresh weight for root and foliage
per capita plant, root tall and thickness as shown in Table 4),
quality parameters (sodium "Na", potassium "K", o-amino-
nitrogen, gross sucrose, extracted sucrose and quality index
percentages in beet root juice as revealed in Table 5) and

beet yielding (root, top and corrected sugar yielding per
capita fed as given away in Table 6) in every agricultural
Seasons.

Sprinkling two times as soon as 50 and 70 days from
planting with tap water, salicylic acid and potassium
sulphate caused continuing boosts in all studied
characteristics contrasted with no sprinkling (control
transaction) in the two-growth time of year. The attained
results in Table 4 showed that foliar spraying beet plants
with potassium sulphate (K>SO at 4% substantially
increased the mean values of fresh weight of both root and
foliage per each plant, root length and thickness by (349.60
and 342.90 g), (93.90 and 92.10 g), (1.85 and 1.82 cm) and
(4.52 and 4.44 cm), compared with control transaction (no
foliar sprinkling) and by (332.50 and 326.20 g), (88.40 and
86.70 g), (1.23 and 1.21 cm) and (4.27 and 4.20 cm),
compared with foliar spraying beet plants with tap water and
by (134.10 and 131.70 g), (42.00 and 41.10 g), (0.92 and
0.91 cm) and (3.00 and 2.95 cm), compared with foliar
spraying beet plants with salicylic acid at the rate of 300
mg/liter in the 1%t and 2™ season, respectively. Meanwhile,
data in Table 5 cleared that with control transaction (no
foliar sprinkling) resulted in higher contents of impurities
(Na, K and a-amino-nitrogen) in roots, while foliar spraying
beet plants with potassium sulphate (K,SO.) at 4% attained
higher values of gross sucrose, extracted sucrose and quality
index percentages. Moreover, the results in Table 6 indicated
that the increases in root, top and corrected sugar yielding
per /fed as a result of sprinkling twice with potassium
sulphate (K2SOy4) at rate of 4% reached about 8.98, 6.15 and
11.60% as compared with sprinkling with salicylic acid at
the rate of 300 mg/liter and about 20.94, 13.43 and 28.90%
as compared with sprinkling sugar beet plants with tap
water and about 22.55, 14.44 and 33.67% as compared with
control transaction (without foliar application) over every
studied growing season.

Table 4. Root and foliage fresh weight/plant, root tall and diameter of sugar beet as affected by magnetic water
transactions, number of irrigations and foliar sprinkling treatments as well as their interactions through

2018/2019 and 2019/2020 seasons.

Character Root fresh weight/ plant (g) Foliage fresh weight/ plant (g) Root length (cm) Root diameter (cm)
Season 2018/2019  2019/2020 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020
A. Water treatment

Field canal water 922.3 908.4 2929 2884 29.13 28.69 12.66 12.47
Magnetized water 1062.0 10374 337.2 3294 3354 32.76 14.58 1424
F. test * * * * * * * *
B. Number of irrigations

5 irrigations 10154 1032.0 3264 3253 32.67 32.26 14.27 14.07
4 irrigations 1012.2 956.2 3246 3131 3245 31.60 14.13 13.78
3irrigations 948.9 9304 294.1 288.3 28.87 28.32 12.46 12.21
LSD at 5% 14.9 15.6 145 15.3 1.88 185 0.05 0.06
C. Foliar application treatments

Without 846.6 830.2 277.2 2718 30.48 29.89 12.05 11.81
Tap water 863.7 846.9 282.7 277.2 3110 30.50 12.30 12.05
Salicylic acid (300 mg/l) 1062.1 10414 3291 3228 3141 30.80 1357 13.30
Potassium sulphate (4%) 1196.2 1173.1 3711 363.9 32.33 3171 16.57 16.25
LSD at 5% 26.7 275 12.8 131 0.77 0.76 0.04 0.05
Interactions (F. test)

A X B * * NS NS * * * *
AxC NS NS NS NS NS NS * *
B X C * * * * * * * *
AxBxC * * * * NS NS * *
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Table 5. Sodium (Na), potassium (K), a-amino-nitrogen, gross sucrose, extracted sucrose and quality index
percentages in sugar beet root juice as affected by magnetic water treatments, number of irrigations and
foliar sprinkling transactions as well as their interactions through 2018/2019 and 2019/2020 seasons.

Character Na (%) K (%) a-amino-nitrogen (%) Gross sucrose (%)  Extracted sucrose (%) Quality index (%)
Season 2018/ 2019/ 2018/ 2019/ 2018/ 2019/ 2017/ 2018/ 2018/ 2019/ 2018/ 2019/
2019 2020 2019 2020 2019 2020 2018 2019 2019 2020 2019 2020
A. Water treatment
Fieldcanalwater 194 189 6.01 5.87 412 4.03 17.47 17.18 14.47 14.22 75.81 74.69
Magnetizedwater 1.68 166 523 515 358 353 20.47 19.94 17.06 16.60 86.86  85.26
F. test * * * * * * * * * * * *
B. Number of irrigations
5irrigations 181 159 588 499 4.09 3.65 18.56 18.84 15.25 15.95 77.65 83.10
4 irrigations 178 176 505 495 3.37 331 20.07 19.64 17.11 16.74 9041 89.31
3irrigations 184 197 594 6.60 4.10 4.38 18.27 17.19 14.93 13.55 75.93 67.52
LSD at 5% 003 005 026 027 003 0.04 0.33 0.34 042 0.44 281 2.70
C. Foliar application treatments
Without 194 190 650 6.37 397 3.89 18.54 18.14 15.04 14.70 80.72 79.19
Tap water 190 186 6.37 624 3.89 381 18.96 1855 15.40 15.05 80.75 79.44
Salioylicacid 1 gy 176 597 517 384 377 19013 1871 16.05 1569 8135  80.04
(300 mg/l)
Potassium 160 157 435 426 372 365 1925 1883 1656 1620 8250 8123
sulphate (4%)
LSD at 5% 002 002 023 022 002 0.02 0.23 0.22 0.27 0.26 159 1.70
Interactions (F. test)
A X B * * * * * * * * * * * *
AxC NS NS NS NS NS NS NS NS NS NS NS NS
BxC * * NS * NS * NS * NS * NS NS
AxBxC * NS NS NS * NS * * * * NS NS

Table 6. Root, top and corrected sugar yields/fed of sugar beet as affected by magnetic water transactions, number of
irrigations and foliar sprinkling treatments as well as their interactions through 2018/2019 and 2019/2020

seasons.
Character Root yield (t/fed) Top yield (t/fed) Corrected sugar yield (t/fed)
Season 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020
A. Water treatment
Field canal water 27.347 26.937 12.343 12.158 3.957 3.830
Magnetized water 31.494 30.761 14.215 13.885 5.376 5111
F. test * * * * * *
B. Number of irrigations
5irrigations 30.168 29.844 13.539 13.389 4.655 4.652
4 irrigations 29.967 29.123 13.448 13.075 4.855 4.684
3irrigations 28.126 27.580 12.850 12.601 4.490 4.076
LSD at 5% 0.955 0.945 0.161 0.150 0.237 0.244
C. Foliar application treatments
Without 26.972 26.447 12,553 12.309 4.084 3911
Tap water 27.330 26.798 12.665 12.419 4.235 4.056
Salicylic acid (300 mg/l) ~ 30.328 29.740 13.533 13271 4.890 4.686
Potassium sulphate (4%)  33.052 32411 14.365 14.087 5.458 5.229
LSD at 5% 0.818 0.805 0.235 0.231 0.173 0.167
Interactions (F. test)
AxB * * NS NS * *
AxC NS NS NS NS NS NS
B X C * * * * * *
A X B X C * * * * * *

The attractive impact of sprinkling with K-sulphate
(K2S0y) at the rate of 4 % may be imputed to the role of K in
in numerous imperative roles in plants. Furthermore, the
attractive effect of sprinkling with salicylic acid at 300
mg/liter may be ascribed to its title role in controlling several
physiological activities in plants. Abido et al. (2015),
Merwad (2015), Cheraghabadi et al. (2016) and Abdelaal et
al. (2020) pointed out that foliar sprinkling with salicylic
acid led to improve plant growth characteristics. Also, Enan
et al. (2016), Hamada (2019) and El-Kalawy (2021)
revealed that foliar sprinkling with potassium improved
sugar beet growth, yielding and its components.

4. Effect of the interactions:

Concerning the impact of interactions, several
considerable consequences of the interactions amongst
examined factors (magnetic water transactions, number of
irrigations and foliar sprinkling transactions) were found on
examined characteristics as demonstrated in Tables 4, 5 and
6. We described adequate of the triple significant interaction
on root, top and corrected sugar yields/fed.

The three-way interaction amongst magnetic water
transactions, number of irrigations and foliar sprinkling
transactions significantly impacted root, top and corrected
sugar Yyielding per fed through the initial and following
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agricultural seasons of this study (Table 7). The uppermost
incomes of root yield (34.558 and 33.638 t/fed) and top yield
(15.618 and 15.232 t/fed) were produced by giving sugar
beet plants 5 irrigations with magnetized water and
sprinkling plants twice with potassium sulphate (K.SO,) at
rate of 4 % and the second best quantities with insignificant
differences of root yield (34.413 and 33.616 t/fed) and top
yield (15.089 and 14.739 t/fed) were produced from giving
sugar beet plants 4 irrigations with magnetized water by
skipping third irrigation only and sprinkling plants twice
with potassium sulphate (K2SO4) at 4 % in the primary and

additional seasons, respectively. While, the maximum
quantities of corrected sugar yield (6.234 and 6.014 t/fed)
were produced from giving sugar beet plants 4 irrigations
with magnetized water by skipping third irrigation and
sprinkling plants twice with K-sulphate (K-SO.) at rate of
4% in the primary and another seasons, respectively. On the
further knowing, the lowest possible quantities of root, top
and corrected sugar yielding per fed were obtained by giving
plants 3 irrigations with untreated water (normal irrigation
water) by skipping the third and fifth irrigations and without
foliar sprinkling in every agricultural season.

Table 7. Root, top and corrected sugar yields/fed of sugar beet as affected by the interaction among magnetic water
transactions, number of irrigations and foliar sprinkling treatments through 2018/2019 and 2019/2020

seasons.

Characters Root yield (t/fed) Topyield (t/fed) Corrected sugar yield (t/fed)

Water Number of Foliar application 2018/ 2019/ 2018/ 2019/ 2018/ 2019/

treatment irrigations treatments 2019 2020 2019 2020 2019 2020

Without 25.700 25315 11800 11624 3.601 3485

5 irrigations Tap water 26.047 25658 11907 11.730 3.736 3.616

Salicylic acid 28.833 28299 12800 12610 3.743 4.140

Potassium sulphate 34.833 34317 14633 14416 4.490 4.464

Without 25.000 24620 11800 11623 3.674 3.557

Field canal Airrigations Tap water 25.328 24943 11906 11.728 3.810 3.689

water g Salicylic acid 28.733 28406 12733 12542 4419 4.277

Potassium sulphate 29.800 29350 13067 123871 4.801 4.648

Without 24.500 24136 11400 11231 3.104 3.001

3 irrigations Tap water 24.823 24454 11499 11328 3.220 3.114

Salicylic acid 27.000 26591 12200 12.016 4.279 3.623

Potassium sulphate 27.567 27149 12367 12181 4.610 4.345

Without 29.678 28974 13626 13305 4915 4.668

5 irrigations T_ap water 30.079 29365 13.750 13.426 5.097 4.840

Salicylic acid 33.181 32409 14704 14.362 5.944 5.654

Potassium sulphate 34.558 33638 15618 15232 6.133 5.833

Without 28.562 27899 13401 13.092 5.111 4.861

Magneti-zed Airrigations Tap water 28.938 28265 13521 13210 5.297 5.038

water 9 Salicylic acid 32.744 31986 14536 14.199 6.020 5.724

Potassium sulphate 34.413 33616 15.089 14.739 6.234 6.014

Without 28.391 27738 13290 12981 4.098 3.895

3 inrigations Tap water 28.764 28102 13406  13.093 4.249 4,039

Salicylic acid 31477 30,749 14223 13.8%4 4937 4.696

Potassium sulphate 32.138 31394 14417 14.083 6.078 5.774

LSD at 5% 1.604 1546 0577 0.565 0.322 0.332

CONCLUSION

Under conditions of the present work, supplying
sugar beets with four irrigations of magnetized water,
skipping the third irrigation and spraying beets with twice
(after 50 and 70 days from sowing) with potassium sulphate
at 4 % can be recommended to get the highest root and sugar
yields/fed.
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