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Article History Field trials for two seasons (2020-2021 and 2021-2022) were conducted

Received:14/10/2022 to investigate the influence of canal water, agricultural drainage water, and
Accepted:12/12/2022  different concentrations of silver nanoparticles (AgNO3NPs) (0, 60 and 75 ppm),
Available:17/12/2022  humic acid (0,6 and 8 kg/fed) and sulphur (0, 200 and 400 kg/fed) on yield, quality
characteristics, and production of sugar beet under the conditions of the salt-

Keywords: affected soil. Each field experiment included two factors in a split-plot design with
Sugar beet, three replications. The main plots were assigned to water irrigation treatments;
humic acid, whereas the rates of soil amendment (silver nanoparticles, sulfur, and humic acid)

Sulphur, silver were arranged randomly within the SL_Jb-pIots. Each subplot included six ridges
nanoparticles which were 0.50 m apart and 3._50 m in length; so, the area of each subplot was
ield. and 10.50 m? (1/400 fed.). The most important results revealed that the canal water led
yie . an to significant improvements in all traits of root yield, top yield, quality, gross yield,
quality. and pure sugar. In addition, increasing soil amendment (sulfur, humic acid, and
silver nanoparticle) fertilization decreased significantly potassium (%), - amino
nitrogen (%), and sodium (%) in sugar beet root; however, the highest mean values
of the sugar yield, and white sugar yield were recorded under the irrigation with
canal water or drainage water with the application of 75ppm silver nanoparticles
Meanwhile the lowest previous mentioned characters were obtained under
irrigation with drainage water and control treatment (without any addition of soil
amendments), during the two seasons. This showed that soil amendments (sulphur,
humic acid, and silver nanoparticles) fertilization and irrigation treatment acts

dependently on the sugar yield of the sugar beet plant under this study.

INTRODUCTION

Sugar beet (Beta vulgaris L.) belongs to the family Amaranthaceae and the order
Caryophyllales. It is an important cash crop having a wide range of industrial and
commercial utilization and is one of the world's two traditional sugar crops. Sugar beet
production began in Egypt in 1982 and reached 682.771 feddan by 2021. (Sugar Crops
Council 2021). In salty environments, silver nanoparticles boost plant competitiveness and
the possibility for greater plant exploitation of available water and light from the
environment for photosynthesis. In general, the addition of silver nanoparticles to S.
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hortensis improves the yield of seed germination and growth of this plant in greenhouse
settings, making it easier to establish the necessary circumstances for survival.(Nejatzadeh
2021).

Humic acid (HA) is a major component of humic matter, which is the main organic
component of soil (humus). Humic substances are commercial products made up of some
organic molecules produced by the decomposition, and microbial activity of dead biological
material and plant tissue (Orsi 2014; Ekin, 2019). Rassam at el. (2015) studied the effect of
using humic acid in calcareous soil at concentrations of, no application of humic acid(0), 2.5
I/ ha and 5 I/ha., the application of humic acid at the rate of 2.5 I/ ha caused a significant
increase of sucrose% (SC), root yield, sugar yield and a reduction in molasses sugar forming
substances content, compared to the control treatment. However, Rehab et. al. (2019)
reported that rising humic acid rates from 0, up to 6 kg/fed significantly boosted root,
biological, sugar yields ton/fed, TSS%, potassium percentage, and white sugar percentage. .
On the other hand, sugar beet plants that were grown under control conditions provided the
lowest results. (zero kg/fed humic acid). In addition, increasing humic acid rates from zero
up to 6 kg/fed resulted in a considerable drop in sodium%, a-amino nitrogen%, and
extraction%.

MATERIALS AND METHODS

Two field experiments were conducted at Research Farm of the Faculty of
Agriculture - Saba Pasha — Alexandria University, Alexandria Government, Egypt during
the two successive seasons, 2020/ 2021 and 2021/ 2022, to study the effect of canal water,
agricultural drainage water and different concentrations of silver nanoparticles
(AgNO3NPs), humic acid and Sulphur on purity behavior and production of sugar beet karm
cv. under the conditions of the salt-affected soil.

In order to ascertain the physical and chemical characteristics of soil in accordance
with Piper (1950), soil samples were collected at a depth of 0: 30 cm from various
experimental sites. The results are shown in Table (1).

Table 1 a. Soil Physical and chemical properties of experimental sites in both seasons.

Soil i Seasons
ol propertioes 2019/2020 202/2021

A- Mechanical analysis

Sand 14.50 14.70
Silt 42.10 42.10
Clay 43.40 43.20
Soil texture Clay loam Clay loam
B- Chemical properties

pH (1:1) 8.20 8.30
EC (1:1)dS/m 4.10 4.15
1- Soluble cations (1:2)

K- 1.40 1.45
Ca™ 9.00 10.00
Mg+ 11.30 11.50
Na~ 13.60 13.80
2- Soluble anions (1:2)

CO3+HCO 2.80 2.90
CL- 19.70 19.80
SO~y 12.80 13.50
Calcium carbonate (%) 6.70 6.90
Total nitrogen (%o) 1.10 1.20
Available P (mg/kg) 3.70 3.60
Organic matter (%) 1.50 1.60
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The chemical analysis of Nile and drainage water as shown in Table (2) was done
according to the method described by Chapman and Partt (1978).

Table 1b. Chemical analysis of Nile and drainage water.

Water qualities
Properties Nile water Drainage water
EC, dS/m 0.59 1.88
Ph 7.25 6.90
Soluble Anion (megq/L)
CO3= - -
HCO:s- 3.54 5.25
Cl- 0.94 12.91
S04= 0.78 4.37
Soluble Cations (meq/L)

Mg++ 1.60 3.35
Catt 1.68 4.88
Na++ 1.76 13.76
K+ 0.22 0.54

Heavy metals content (ppm) in water samples

Cd 0.004 0.032

Pb 0.300 0.430

Ni 0.021 5.526

Cd Pb Ni
Critical level 0.010 5.00 0.200

Critical level (according to FAO, 1985 and Richards, 1969)

The design of each field experiment was a split-plot design with three replications.
The main plots were assigned to irrigation water treatments, while the rates of soil
amendment treatments (silver nanoparticles—Sulphur-humic acid) were arranged randomly
within the sub-plots. Each subplot included six ridges 0.5 m apart and 3.50 m in length,
making the plot area, 10.50m? (1/400 fed).

The experimental field was well prepared through plowing, laser levelling, and
compaction, ridging, and then divided into the experimental units. Calcium superphosphate
(15.5 % P205) was applied during soil preparation at the rate of 200 Kg/fed. Sugar beet balls
were hand sown 4- 5 balls/ hill using the dry sowing method on one side of the ridge in hills
spacing of 0.20 m, on the 14" and 24" of September during 2020/2021 and 2021/2022
seasons respectively. The plots were irrigated immediately after sowing. Plants were thinned
at the age of 4 leaf stages to obtain one plant/ hill. The common agricultural practices for
growing sugar beet, except the factors under study were followed according to the
recommendations of The Ministry of Agriculture and Land Reclamation.

The Treatments Of The Experiment Were As Follows:
A. Irrigation Treatments:
b. Canal water.
c. Drainage water.
B. Soil amendments:
1. Humic Acid Fertilizer Levels Used:
Humid acid treatments were applied at one dose after thinning and before the
second irrigation (50 days after sowing).
a. Without humic acid (control treatment).
b. 6 Kg humic acid/ fed.
c. 8 Kg humic acid/ fed.
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2. Sulphur Fertilizer Levels Used:
Sulphur fertilizer levels were applied during soil preparation.
a. without Sulphur (control treatment).
b. 200 Kg Sulphur. / fed.
c. 400 Kg Sulphur. / fed.
3. _Silver nanoparticles (AgNO3NPs) used:
Spraying plants was done at the age of 50 days.
a. Without (control).
b. 60 ppm.
c. 75 ppm.
Silver nanoparticles (AgNO3NPs were purchased from EIl-Gamhoria Company,
Egypt then solutions, at various rates and treatments were executed immediately after
thinning.

The most important characters, at the age of 200 days were taken from the three

middle ridges of each subplot, as follows:
Yield Characters:
1- Root yield (tons/ fed).
2- Top yield (tons/ fed).
3- Gross sugar yield (tons/ fed) = Roots yield/ fed x Gross sugar%.
4-White sugar yield (tons/ fed) = Roots yield/ fed x White sugar%.
Quality Characters:
1- Total soluble solids % (T.S.S %).
It was measured in the juice of fresh roots by using Hand Refractometer according to
Me Ginnis, (1982).
2- Soluble non-sugar content (impurities parameters, sodium, potassium and a-amino-N in
meq/ 100 g beetroots).
3- Purity percentage (QZ%).
QZ = (ZB x 100)/ (Pol); ZB = Pol - {0.345 (K + Na) + 0.094 a- amino- N + 0.29}
4 - Sugar percent (SC %)
5 - Molasses sugar percent (MS%)
MS = {0.343 (K + Na) + 0.094 (a- amino- N) — 0.31}
6- White sugar content (WSC), was calculated according to the following formula of
(Reinefeld et al. 1974):
WSC = SC - MS.
Statistical Analysis:

All data were statistically analyzed by the “COSTAT” Computer software package,
and the analysis of variance (ANOVA) was computed using CoStat V 6.4 (2005) program.
and the least significant difference (LSD) method was used to test the differences between
treatment means at 5 % rates of probability. The statistical analysis was carried out
according to Steel and Torrie (1981).

RESULTS AND DISCUSSION

The results of the effect of canal water, agricultural drainage water and different
concentrations of silver nanoparticles (AgNO3NPs), humic acid and Sulphur rates on root
yield, top vyield, sugar yield and white sugar yield (ton/fed), during 2020/2021 and
2021/2022, are shown in Table (2).

The results indicated that root yield, top yield, sugar yield and white sugar yield,
were significantly affected by the application of irrigation treatments during both seasons of this
study, as shown in Table 2. In general, growing sugar beet under irrigation by drainage water
reduced significantly the mean values of root yield, top yield, sugar yield and white sugar
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yield, during both seasons of this study, as shown in Table 2. The decrease may be attributed to the
water salinity in general badly affects crop production and growth by the influence on several facets
of plant metabolism like osmotic adjustment, ions uptake, protein, synthesis of nucleic acids, enzyme
activities and hormonal balance. These results are in agreement with (Munns and Tester 2008).

The same Table's findings showed that the rates of fertilization with soil
amendments (sulphur, humic acid, and silver nanoparticles) had a significant impact on the
mean values of root yield, top yield, sugar yield, and white sugar yield during both seasons
of this study. In addition, the mean values of the previously mentioned characters were
gradually elevated with rising sulphur, humic acid and silver nanoparticles rates.

The highest mean values of root yield were (28.40 ton/fed), obtained under the
application of 60 ppm of silver nanoparticles, during the first season, and under the
application of 60 ppm (25.22 ton/fed), and 75ppm (25.31ton/fed) during the second season,
meanwhile the differences between mean values of root yield under 60 ppm and 75ppm were
not great enough to reach the 5% level of significance. In addition, the highest mean values
of top yield, sugar yield, and white sugar yields were obtained under the application of 75
ppm of silver nanoparticles during 2020/2021, and 2021/2022 seasons, meanwhile, during
the first season, the differences of the mean values of sugar yield, and white sugar yield
under the application of 60 ppm and 75 ppm of silver nanoparticles were not great enough
to reach the 5% level of significance, as shown in Table (2). This result may be expected
since, Ag NO3-NPs can improve growth, chlorophyll content, photosynthetic efficiency and
anti-oxidative defense systems under abiotic stress (Sami et al., 2020).

The interaction between irrigation and soil amendments (Sulphur, humic acid and
silver nanoparticles rates) was significant for root yield, top yield, sugar yield and white
sugar yield, during the two seasons of this study. The highest mean values of root yield
(27.32 ton/fed), top yield (20.39 ton/fed), expected sugar yield (5.60 ton/fed) and extracted
white sugar yield (4.35 ton/fed) were obtained by the addition of 75ppm of silver
nanoparticles under canal water irrigation, during 2021/2022 season. Meanwhile, during the
first season 2020/2021, the addition of 60 ppm of silver nanoparticles under irrigation with canal
water or drainage water, produced the highest mean values of expected sugar yield and extracted
white sugar yield. This demonstrated how the effects of soil amendments and irrigation treatments,
acted dependently on the previously mentioned characteristics, as shown in Table (2). However, the
lowest root yield, expected sugar yield, extracted white sugar yield and top yield mean values were
obtained with the interaction between agricultural drainage water with control treatment (without
application of any soil amendments) during the two seasons as shown in Table (2).

The analysis data of the electrical conductivity for the soil at the site of the
experiment reported EC (1:1) 4.15 dS/m (Table 1a), and drainage water EC 1.88 dS/m, as
compared to Nile water EC 0.59 dS/m (Table 1b). By growing sugar beet in salt-affected
soil with EC (1:1) 4.15 dS/m, the addition of 60 ppm of silver nanoparticles under irrigation
with canal water (0:59 dS/m EC) or drainage(1.88 dS/m EC), produced the highest mean
values of expected sugar yield (6.77 and 5.63 t/fed) and extracted white sugar yield (4.43
and 4.37 t/fed) for canal and drainage water, respectively, with increased percentages of 39%
and 43% for expected sugar yield and 56% and 65% for extracted white sugar yield under
the canal and drainage water, respectively, when compared to irrigating with canal or
drainage water without silver nitrate nanoparticles application (Table2). These outcomes are
to be predicted since according to Nejatzadeh(2021), in saline environments, silver
nanoparticles improve plant competitiveness and the possibility of better plant utilization of
available water and light from the environment for photosynthesis. The results of the effect
of canal water, agricultural drainage water and different concentrations of silver
nanoparticles (AgNOsNPs), humic acid and Sulphur rates on the (k) potassium content, (Na)
sodium content, a-amino-N content and Molasses sugar are shown in Table (3).
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The results in Table (3), indicated that (K content) was significantly affected by
irrigation with canal water and agricultural drainage water. In general, data showed that
irrigation with canal water produced the lowest mean values of k (potassium content) (7.63
and 7.32) during the two seasons compared to the other water source (agricultural drainage
water. While irrigation with agricultural drainage water produced the lowest mean values of
a-amino-N content (2.11) during the first season but was not significantly affected during
the second season. In addition, sodium content and molasses sugar were not significantly
affected during the two seasons, as shown in Table 3.

Rates of soil amendments (sulfur, humic acid, and silver nanoparticle fertilization)
resulted in significant differences in the potassium content, sodium content, a-amino-N
content, and molasses sugar mean values, according to the results in Table 3. In addition,
were gradually reduced with increasing sulphur, humic acid, and silver nanoparticle rates.
These results are to be expected since the mean values of root yield, top yield, sugar yield,
and white sugar yield, were gradually increased with increasing sulphur, humic acid, and
silver nanoparticle rates, as shown previously in Table (2).

The lowest mean values of (k) potassium content (6.67 and 6.52), (Na) sodium
content (1.95 and 2.05), a-amino-N content (1.92 and 2.13), and molasses sugar (4.45 and
4.63), were obtained with silver nanoparticle application of 75 ppm, respectively. While the
control treatment (without the addition of any soil amendments) achieved the highest mean
values of (k) potassium content (8.33 and 7.94), (Na) sodium content (2.60 and 2.80), a -
amino-N content (2.51 and 2.81), and molasses sugar (5.76 and 6.01), during 2020/2021,
and 2021/2022 seasons, respectively .as shown in Table (3).

The interaction between irrigation treatments and soil amendments (sulphur, humic
acid, and silver nanoparticle rates) was significant for potassium content, sodium content, -
amino nitrogen, and molasses sugar during the two seasons. The lowest potassium content,
sodium content and molasses sugar mean values were obtained by applying irrigation with
canal water and silver nanoparticles at 75 ppm. However, the highest potassium content,
sodium content and molasses sugar mean values were obtained with the interaction of
agricultural drainage water with control treatment (without the addition of any amendments)
during the two seasons., In addition, the lowest a-amino-N content values were 1.83 and
2.13, obtained under the interaction between agricultural drainage water with silver
nanoparticles applied at 75 ppm. during the two seasons, however, the highest a-amino-N
content mean values (2.58 and 2.88) were obtained with the interaction between agricultural
drainage water with control treatment (without the addition of any amendments) during
2020/2021, and 2021/2022 seasons, respectively, as shown in Table (3). These results exhibit
the same trend as did the results obtained by previous researchers Thomas et. al. (2003),
applying 25 kg of sulphur per hectare. resulted in large increases in dry matter and roots, as
well as a 25% increase in root output. Additionally, a-amino N was decreased, which
improved beet quality. Hoffmann et.. al. (2004’ determined that the amount of beet produced
and the amount of sucrose increased while the amount of potassium, sodium, and amino
nitrogen in the beet significantly increased with a very low input of Sulphur. Rahimi (2020)
reported that the largest amount of recoverable sugar (15.64%) was attained by adding humic
acid to sugar beet, which improved its sugar content, in addition, the lowest mean values for
K, Na, and a- amino nitrogen were seen. Rehab et. al. (2019) proved that rising humic acid
rates from 0, up to 6 kg/fed significantly boosted root, biological, sugar yields ton/fed,
TSS%, potassium%, and white sugar %. where adding more humic acid (6 kg/fed) achieved
the greatest mean results. On the other hand, sugar beet plants that were grown under control
conditions provided the lowest results. (Zero kg/fed humic acid). In contrast, increasing
humic acid rates from zero to 6 kg/fed resulted in a considerable drop in sodium%, -amino
nitrogen%, and extraction%, with the lowest values being obtained with the addition of 6
kg/fed humic acid.
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Table 2. The effect of some irrigation treatments, and some soil amendments on root yield, top
yield, sugar yield and white sugar yield (ton/ fed) during 2020/2021 and 2021 / 2022

seasons.
First season 2020/2021 | Second season 2021/2022
B) Soil amendment
A) Irrigation AgN ! \
e} : i v o k =
Characters | 4 catments g |5 | 5 | ua| nHal| ps =5l 8 1SS | B | ma -
g 200 | 400 =8 =! 200 400 =8
g 6kg | Bkg 60 g 6kg | 8kg
2 kg kg = = B =2 g kg = B
ppm
Canal water 2358 | 26.37| 2633 26.50 | 29.58 26.50 2292 24.71 3.02 26.19 25.56
Drainage water | 21.70 | 2442 24358 2438 | 27.22 2442 | 19.03 | 2133 1.79 2242 21.88
Koot yield Average (B) 2264 | 2339 2357 2544 | 2840 2546 | 2098 | 23.02 | 2341 2430 2372
(vfed) A 0.05 A 0.025
LSD at0.05 B 13 B 041
AB 1.85 AB 0358
Canal water 1263 | 1472 1312 | 1358 14.33 | 1367 | 16.29| 1462 15.08 17.24 18.09 | 1971 | 2039 1783
Top Drainage water | 11.62 [ 13.63] 14.00 | 1250 13.19 | 1441 | 14.99] 1348 12.11 14.15 13.35 | 1596 | 1650 14.84
yield Average (B) 1212 | 1417 14356 | 13.04 13.76 | 1504 | 15.64) 1405 13.60 1568 16.71 | 17.83 | 1844 16.39
(t/fed) A 0028 013
LSD at 005 B 0.32 034
AB 0.46 045
Canal water 115 | 467 | 48 | 470 | 507 | 597 | 5 146 | 466 | 479 | 510 | 545 | 560 | 488
Drainaze water | 393 | 451 | 465 | 447 | 474 | 363 | 5 105 | 421 | 430 | 441 | 4902 | 5.6 | 436
) 4 4.5 47 4. 37 3 2 443 475 3. 33 462
sugar yield Average (B) 404 | 439 476 439 490 0 416 443 454 475 18 38 46
(t/ fed) A 0039 0.057
LSD at0.05 B 0.28 015
AB 0.40 021
Canal water 283 330( 331 342 374 443 4.30 2.7 313 jlz2 343 374 4.15 353
Drainage water | 2.64 | 3.21| 335 | 327 | 3353 | 437 | 431 7. 289 | 301 | 313 | 325 | 382 321
White Average (B) | 27% | 326| 333 | 335 | 363 | 44D | 430| 337 | % 301 | 307 | 329 | 349 | 309 337
sugar yield - 4 0.04 0.062
t fod) A - A
LSD at 0.05 B 023 B 016
AB 0.33 AB 022
S = sulphur H.A.=humic acid  AgNPs= silver nanoparticles.

Table 3. The effect of irrigation treatments, and some soil amendments on (k) potassium
content, (Na) sodium content, a-amino-N content and Molasses sugar during
2020/2021 and 2021 / 2022 seasons.

First season 2020/2021 [ Second season 2021/2022
B) Soil amendment

A) Irrigation AgN AgN | AgN .

Characters| “ . tments 815 3 | mal| s B g |3 S | HA | HA | Bs | Bs | =3

B | 200 4000 6o | ke | 60 B | 200 400 6o | ske | 60 | 75 | S8

=7 kg kg = = =X kg kg = = £}

ppm ppm | ppm

canal water 8.12 7.87 207 213 | 6.82 7.82 755 | 753 | 773 | 777 | 643 | 643 | 7.32

Drainage water | 8.33 210 8.00 | 7.07 8.07 770 | 763 | 783 | 7.78 | 6.70 | 6.60 | 747

¥ content | Average (B) | 823 BOS | %07 | 604 794 | 763 | 758 | 7.78 | 7.78 | 6.57 | 6.52 | 7.40
£ 0.073 A 0.06
LSD at0.05 B 023 B 023
AB 0.34 AB 0.33

canal water 240 [ 213 210 | 212 | 207 | 198 [ 191 | 210 | 260 237 | 233 | 227 | 223 [ 217|200 | 228

Drainage water | 2.80 | 230| 217 | 213 | 200 | 197 | 200 | 219 3.00 243 | 240 25 | 213 [ 212 [ 210 ] 235

Na Average (B) 260 [222] 213 213 2.03 1.98 1.?_\ 215 2.80 240 | 237 | 226 | 218 | 2.14 | 205 | 231
content A NS A NS
LSD at0.05 B 0.17 B 021
AB 025 AB 0.30

canal water 243 [ 220 3.00 2.00 1.03 105 | 200 | 222 2793 247 | 327 | 227 | 220 | 220|213 | 247

Drainage water | 2.58 | 220 | 223 203 1.07 103 | 183 | 211 2.88 243 | 252 | 227 | 222 | 215|213 | 2.37

w-amino | Average(B) | 251 | 220 | 262 | 202 | 105 | 104 | 102 | 216 | 281 | 245 | 2.89 | 227 | 221 | 2.18 | 2.13 | 242
aitrogen A 0.08 A NS
LSD at0.05 B 023 B 0.25
AB 033 AB 0.35

canal water 5.58 | 522 503 5.06 501 | 454 | 443 | 511 5.83 54 A4 | 525 | 519 | 471 | 459 | 5.30

Drainage water 594 [ 531 5.26 5.11 497 | 461 | 446 | 509 6.20 545 550 | 528 518 | 4.74 | 4.68 5.29

Molasses | Average(B) | 376 | 527 559 | 500 | 400 | 457 | 445 | 510 | 601 | 543 | 582 | 526 | 518 | 4.72 | 463 | 530
sugar A NS A NS
LSD at0.05 B 0.27 B 029
AB 0.39 AB 041

S = sulphur H.A.=humic acid =~ AgNPs= silver nanoparticles.

The results of the effect of normal water (canal water), agricultural drainage water
and different concentrations of silver nanoparticles (AgNO3NPs), humic acid and Sulphur
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rates on the sugar percent (SC%), total soluble solids (TSS%), purity percentage (QZ%) and
white sugar content (WSC), are shown in Table (4).

The results indicated that sugar %, total soluble solids %, purity %, and white sugar
content were significantly affected by irrigation treatments (canal water and agricultural
drainage water). In general, regarding the water source, data indicated that irrigation with
canal water gave the lowest mean values of sugar percent (18.70% and 19.04%), total soluble
solids percent (23.34% and 23.50%), and white sugar (13.59 %and 13.73%) during the two
seasons, respectively compared to the other water source- (agricultural drainage water).
While the highest mean values of sugar percent (19.46% and 19.88%), total soluble solids
percent (24.55% and 24.80%), and white sugar percent (14.37% and 14.59%) were
respectively achieved with irrigation by agricultural drainage water during the two seasons,
whereas the lowest values of purity percentage (79.23% and 80.12%,) respectively, during
the two seasons achieved with irrigation by agricultural drainage water, While irrigation by
canal water gave the highest mean values of purity (80.14% and 80.98%) during the two
seasons, as shown in Table 4. These results are to be expected since the effects of water
treatment as irrigation by canal water or drainage water have the same trend on the sugar
yield and the white sugar ton/fed. as well as on K%, Na%, and o- amino nitrogen%, as
previously mentioned in Tables (2 and 3).

The results in same Table 4, revealed that the rates of soil amendment (sulphur,
humic acid and silver nanoparticles) fertilization resulted in significant differences in sugar
%, total soluble solids %, purity %, and white sugar %mean values, which were gradually
increased with increasing sulphur, humic acid and silver nanoparticles rates. The highest
mean values of sugar percent (20.75% and 21.33%), total soluble solids percent (25.24%
and 25.64%), purity percent (82.22% and 83.22%), and white sugar percent (16.30% and
16.70%) obtained under the application of 75ppm of silver nanoparticles, during the two
seasons respectively. While the lowest mean values of the previous characters were achieved
under control treatment (without the addition of any soil amendment). as shown in Table 4.

The interaction between irrigation treatments and soil amendments (sulphur, humic
acid and silver nanoparticles rates) was significant for sugar %, total soluble solids %,
purity%, and white sugar%, during the two seasons (2020/2021 and 2021/2022). The highest
sugar %, total soluble solids %, and white sugar % mean values were obtained by applying
irrigation with drainage water and silver nanoparticles at 75 ppm. However, the lowest sugar
%, total soluble solids % and white sugar %, mean values were obtained with the interaction
between irrigation with canal water with control treatment (without the addition of any soil
amendments) during the two seasons.The highest purity% mean values (82.67% and
83.73%) were obtained by the interaction between irrigation with canal water, and silver
nanoparticles at 75 ppm. during 2020/2021 and 2021/2022 seasons, respectively.
Meanwhile, the lowest purity % mean values (76.20% and 77.07%,) were obtained with the
interaction between irrigation drainage water and control treatment (without the addition of
any soil amendments), as shown in Table 4. The results showed that the application of
irrigation treatment i.e., irrigation using canal water or drainage water with the application
of different rates of sulphur or humic acid or silver nanoparticles acts dependently on the
previously mentioned characters, as shown in Table (4.) These results exhibit the same trend
as the results obtained by previous researchers. Adding humic acid to sugar beet improved
its sugar content, while the lowest values for K, Na, and o amino nitrogen were obtained.
(Moustafa 2020) . A considerable increase in root length, root diameter, fresh weight per
plant, root, top, and sugar yields/fed, as well as a minor improvement in juice quality when
humic acid rates were raised from 0 to 5 kg / fed. (Abdel Fatah and Khalil 2020)The results
show that adding 8 or 12 I/fed of potassium humate to the soil significantly increased mean
values of the leaf area index (LAI), root diameter, fresh weight of the roots and foliage per
plant, sucrose percentage, and quality index, as well as extractable sugar percentage, root,
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and sugar yields. Also, Rehab et al. (2019) reported that rising humic acid rates from 0, up
to 6 kg/fed significantly boosted root, biological, sugar yields ton/fed, TSS%, potassium %,
and white sugar percentage.

Table 4: The effect of irrigation treatments, and some soil amendments on sugar (%), Total soluble
solids (%), Purity percentage (QZ%) (%) and White sugar (%) during 2020/2021 and 2021
/ 2022 seasons.

First season 20202021 [ Second seazon 2021/2022
- B) Soil amendment
=
2 P AZN | AN . AN | AsN .
| Mmgation | @ | S 1S ) gy |l pa | B | B |2 | 8 | S| S | mA|mAlE | B | oE
g featwents | B | 200} 400 | ghp | g | G0 | 75 [EF | B | 200 | 400 ) g | ske | 60 | 75 | £8
ke ks Ppr | ppm ™ = ks ks ppm | ppm o
canal water | 1760 | 17.73] 1838 | 1837 | 19.10 | 19.50 | 20.03] 18.70 | 17.83 | 18.07 | 1862 | 18.80 | 1947 | 1997 | 2030 | 12.4
Drainagewater | 1810 | 1847 18.00 | 19.17 | 1943 | 20.70 | 21.47] 1946 | 1833 | 15.00 | 19.30 | 1847 | 1967 | 21.35 | 22.17 | 15.88
Sugar | Averase (B) | 1785 | 18.10] 1864 | 18.87 | 1527 | 2010 | 20.75| 15.08 | 1808 | 1853 | 1856 | 15.13 | 1557 | 2060 | 2133 | 1946
o (%) A 013 A 018
LSD at 0.05 B 042 B [
AB 059 A 0.8
canal water 2274 | 22.36] 23.07 | 2250 | 2419 | 2575 | 2423 2334 | 228 | 2239 | 2320 | 22.64 | 2447 | 2406 | 2448 | 2330
. | Drainage water | 23.75 | 2384 23.79 | 2399 | 24.63 | 25.59 | 26.25| 2435 | 2579 | 2426 | 2403 | 2408 | 2469 | 23.94 | 26.50 | 2480
TSS |™ Averame (B) | 2325 | 23.10| 2348 | 2345 | 3441 | 24.67 | 3504 2354 | 3398 | 2347 | 3361 | 2351 | 2438 | 35.00 | 25.64 | 2415
() A .11 A 012
LSD at 0.05 B 0.75 B 0.859
AB 106 AR 126
] canal water | 7742 | 79.33] 79.35 | 8108 | 75.00 | 8215 7832 | 80.00 | 8 8197 | 79.60 | 83.00 | 83.73 | 8098
Purity | Drzinage water | 7620 | 7747| 7947 | 7950 | 78.90 | 80.90 77.07 | 7833 | 8033 | 80.87 | 79.67 | 8187 | 82.70 | 80.12
percen [~ 4 o comy | 7681 | 78.40] 7941 | 8045 | 7855 | 8132 TI69 | 7907 | 80 8142 | 79.63 | 8245 | 8322 | 803
QtZ Y 145 A 033
%) L5Dat0.05 B 133 B 133
AB 151 AB 193
canal water 1202 | 1231] 1245 | 1330 | 14.08 | 1496 | 1560] 13.39 | 12.00 | 1266 | 1247 | 13.53 | 14.28 | 1526 | 1301 | 15.13
Drzinaze water | 1216 | 13.15] 13.64 | 1406 | 14.46 | 16.08 | 17.00] 1437 | 1204 | 1335 | 13.80 | 14, 1449 | 1630 | 1748 | 1439
White [~ Averaze (B) | 1209 | 1283| 1305 | 1378 | 1428 | 1533 | 1630 1398 | 1207 | 1310 | 1314 | 1387 | 1439 | 1588 | 1870 | 1418
5““ N 013 A 026
LSDat0.05 B 045 B 039
AB 070 AB .83
S = sulphur H.A.=humicacid = AgNPs= silver nanoparticles.
Conclusion:

It is possible to suggest that using the applied irrigation water treatments, such as
irrigation with canal water or irrigation with drainage water while applying 75 ppm of silver
nanoparticles, raised the mean values of predicted sugar production and extracted white
sugar substantially, under Alexandria’s governorate conditions. Directly and indirectly,
population growth is boosting food consumption, which in turn is raising water demand. The
availability of water may decline due to climate change in specific regions and during
specific times. The use of drainage water, in agriculture may have positive and negative
impacts. With careful planning and management, the use of drainage for agriculture can be
beneficial to farmers, cities and the environment. Meanwhile, we can deduct from the same
field experiment's statistical analysis that the adoption of soil amendment treatments
(sulphur, humic acid, and silver nanoparticles) enhanced root yield top yield, sugar yield,
and white sugar yield gradually and significantly.
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