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Summary

Sugar beet is one of the most common sugar crops not only in Egypt but also all over the world.
Powdery mildew is one of the most dangerous and widespread diseases attacking sugar beet plants,
causing substantial crop losses. Because of the widespread use and high cost of industrial fungicides, as
well as the emergence of pesticide-resistant pathogen strains, these pesticides harm the environment and
human health. As a result, the purpose of this study was to assess the resistance of various sugar beet
varieties to powdery mildew disease, chemical inducers, and/or nanoparticles. The experiments were
carried out under greenhouse conditions at Gemmeiza Agricultural Research Center, during the 2021/2022
seasons.

V1.1. Evaluation of the resistance of sugar beet varieties to powdery mildew
VI.1.1. Methodology

This experiment was conducted in the 2021/2022 season using fourteen sugar beet varieties hamely,
Belatos, Heba, Gazelle, Aminavhe, Oscar poly, Ribera, Puma, Toro, Lilly, Garnute, Ninagei, Dreeman,
Kara, and Hercules to evaluate their resistance/ susceptibility to powdery mildew disease. The disease
severity (DS %) was recorded four times after 14 days post artificial inoculation with Erysiphe betae. In
addition, the area under the disease progress curve (AUDPC) and yield attributes of the tested sugar beet
varieties were estimated

VI1.1.2. Important results.

In general, data classified three groups Based on the disease severity (DS%) at 105 days, sugar beet
varieties can be categorized into three groups (resistant, moderate, and susceptible). The resistant
varieties were Dreeman (12.08%), Puma (18.54%), Ribera (18.79%), Lilly (19.12%), Toro (19.22%) and
Oscar poly (19.29%), respectively. The moderate resistance varieties included Carnute (34.12%), Heba
(34.79%), Gazelle (34.83%), Ninagri (35.08%), Kara (35.24%), Belatos (36.12%), and Aminavhe
(37.58%). On the other hand, the maximum DS (54.24 %) was recorded in the Hercules variety. This
means that the Hercules variety was the most susceptible to powdery mildew disease.

According to the area under the disease progress curve, sugar beet varieties can be categorized into
four groups as follows: - resistant varieties (Dreeman, Puma, and Ribera), moderately resistant (Lilly,
Toro, and Oscar poly), moderately susceptible (Carente, Heba, Gazelle, Ninagri, Belatos and Aminavhe),
and susceptible (Hercules).
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Data also showed that a significant powdery mildew epidemic was documented in Gemmeiza
greenhouse. As a result, the highly susceptible variety showed high levels of FDS such as Heracles while
the lowest of FDS were Derrman, puma, Ribera, Lilly, Toro, and Oscar poly.

The highest root yield (10.83Kg/plot) was achieved by Carnute variety, (9.69 Kg/plot) while the
lowest yield (5.33 Kg/plot) was observed in Hercules variety. Gazelle, Toro, Belatos, Aminaghe, and
Lilly varieties possessed moderate yields (9.51,9.36.9.33,9.27 and 9.25 Kg/plot, respectively), Ribera and
Puma had low yields (8.41 and 8.44 K g/plot, respectively).

Among sugar beet varieties, Heba attained the maximum TSS (19.66%), while Hercules variety had
the lowest TSS (15.33%). Additionally, the TSS in Gazelle, Aminavhe, Oscar poly varieties were
18, 18, 17.33, and 16.66 %, respectively.

The highest sucrose concentration (17.46%) was observed in the Heba variety, while the Hercules
variety possessed the lowest (11.86%). The other sugar beet varieties can be arranged from high to low
sucrose concentration (%) as follows: Belatos (16.33%), Aminavhe (15.71%), Oscar poly (15.66%),
and then Gazelle (15.61).

According to sucrose purity, the tested sugar beet varieties can be categorized into three groups as

follows: -

1- Varieties with high sucrose purity (Oscar poly, Heba, Lilly, Aminavhe and Ribera) with 90.46,.88.79,
88.01, 87.31, and 87.13 %, respectively.

2- Varieties with moderate sucrose purity, which included Gazelle, Puma, Carnut, Ninagri, Belatos,
Dreeman, Toro and Kara (86.76, 86.41, 86.21, 85.68, 85.67, 85.48, 84.23 and 82.28 respectively). The
third group included only one variety (Hercules), which attained the lowest sucrose purity (80.91).

The data presented indicated that Chl.a all-sugar beet varieties did not exhibit a significant difference
in this regard. Nevertheless, the highest concentrations were achieved by the Dreeman, Carnute, and
Ribera varieties, with 1,95, 1,78, and 1,61, respectively. On the other hand, varieties Hercules and Puma
have the lowest chlorophyll concentration (1.18 and 1.20 respectively). In the same manner, Chl b
concentration was significantly increased due to sugar beet varieties. The highest concentration was
recorded in varieties Puma, Dreeman, Oscar poly, and Ribera (0.88, 0.85, 0.85, and 0.82 respectively).
While the less recorded concentration Chl.b varieties Hercules, Kara, and Ninagri (0.39, 0.62 and 0.62
respectively). Data also declared that Chl.a +b all varieties non significantly. The concentrations of sugar
beet varieties Dreeman, Carnute, Oscar Poly, and Ribera were high (2.73, 2.54, 2.44, and 2.43,
respectively). The varieties Hercules, Toro, and Puma had the lowest concentration of Chl.a +b, with
values of 1.57, 2.14, and 2.09, respectively.

On the other hand, data also showed that carotene concentration was significantly increased due to
sugar beet varieties. The highest concentration was recorded in varieties of Dreeman, Ribera, Carnute,
and Oscar poly (0.79, 0.72, 0.71, and 0.71 respectively). At the same time, varieties Hercules and Ninagri
were recorded as the lowest in this respect (0.09 and 0.43 respectively).

V1.2. Effect of the chemical inducers to powdery mildew on sugar beet and its yield
and quality.
VI1.2.1. Methodology.

Based on the results obtained from the porously studies experiment, the Hercules variety (highly
susceptible variety to powdery mildew). The potential role of foliar spray with chemical inducers (at 3
days prior inoculation, and at the third-day plants 30 days after seeding) at different concentrations to
control powdery mildew. Under controlled conditions, salicylic acid at concentrations (0.320 mg/1L),
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ascorbic acid (1g/1L), Chitosan (0.5mg/1L), Maxgrowth (5cm/1L), Zinc sulfate (110mg/1L) and Eminent
(19/1L), under controlled greenhouse conditions.

Disease severity (DS %) of each treatment was determined four times after 14 days post inoculation
(dpi) and AUDPC was calculated. At harvest, yield traits including root yield and yield quality (TSS,
Sucrose % content, and purity) in each treatment were determined.

VI1.2.2. Important results:

At 60, 75, 90, and 105 days following artificial inoculation with Erysiphe betae (days post-infection,
or dpi), the disease severity (DS%) was noted for each treatment. At 60 dpi, the only significant treatment
that suppressed PMD was fungicide Eminent, while the other treatment did not show significant
suppression compared with control. Fungicide and ascorbic acid were the only efficient treatments for
reducing PMD at 60 dpi. All foliar applications with the investigated compounds on inducing the
systemic resistance of plants against Erysiphe betae greatly reduced the disease severity of powdery
mildew at 75, 90, and 105 dpi.

At 105 dpi, the most effective treatments were fungicide and ascorbic acid which reduced PMD by
12.41 and 15.5 %, respectively compared with control. The area under the disease progress curve
(AUDPC) decreased in response to all exogenous treatments compared with the control. The maximum
reduction in AUDPC (325.875) was obtained by treating sugar beet plants with the fungicide Eminent.
Plants sprayed with ascorbic acid exhibited a reduction in AUDPC by (397.5) over infected control.
Moreover, Maxgrowth and Chitosan significantly decreased AUDPC by (418.4) and (451.8) %,
respectively. The other treatments (Salicylic acid and Zinc oxide) reduced AUDPC by 478.05 and 485.55,
respectively compared with control (1487.55). Data also indicated that a significant powdery mildew
epidemic was documented in the Gemmeiza greenhouse. As a result, the high disease severity showed
high levels of FDS such as Zinc oxide while the lowest of FDS were Eminent fungicide, Ascorbic acid,
Max growth, Chitosan, and Salicylic acid.

Results indicated that the highest root yield was achieved by Salicylic acid (10.63 Kg/plot) while the
lowest yield (9.23 and 9.76 Kg/plot) was observed in Eminent and Max growth. Ascorbic acid, Chitosan,
and Zinc sulfate possessed moderate yields (10.33, 10.16, and 10.0 Kg/plot, respectively).

Among chemical inducers, zinc sulfate attained the maximum TSS (21.0 %), while Max growth had
the lowest TSS (19.87%). Additionally, the TSS in Chitosan, Salicylic acid Ascorbic acid, and Eminent
(20.66, 20.16, 20.16, and 20.16, respectively. Moreover, all chemical inducers give the highest (TSS)
compared with control.

All chemical inducers and Eminent fungicides recorded the highest sucrose concentration (18.48,
18.06, 18.01, 18.01, 17.26, and 17.04 %) in Zinc sulfate, Salicylic acid, Chitosan, Ascorbic acid Eminent
and Max growth while Control possessed the lowest (11.03 %).

According to sucrose purity, the tested Chemical inducers can be categorized into three groups as
follows: -

1) Chemicals with high sucrose purity (Ascorbic acid and Salicylic acid) with 89.72 and 89.65 %,
respectively.

2) Chemicals with moderate sucrose purity, which included Zinc sulfite, Max growth, and
Chitosan (87.98,87.75and 87.16 respectively)

3) The third group included only one Fungicide (Eminent), which attained the lowest sucrose purity
(85.65).

4) Data indicated that Chl.a—all chemical inducers significantly in thesis respect. Howe ever Fungicide
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Eminent gave the highest concentration (2.47). On the other hand, chemical inducers Ascorbic acid,
Max growth, Chitosan, Salicylic acid, and Zinc sulfate recorded modestly chlorophyll concentrations
(1.78, 1.75, 1.72, 1.64, and 1.39 respectively). In the same manner, Chl b concentration was non-
significantly increased due to chemical inducers. The highest concentrations were recorded chemicals
Max growth, Ascorbic acid, Salicylic acid, and Zinc oxide (0.79,0.78,0.78, and 0.78 respectively).
While the less recorded concentration Chl.b Chitosan and fungicide Eminent (0.69 and 0.67
respectively). Data declared that Chl.a +b all chemical inducers significantly in this respect. Fungicide
Eminent was highly concentrated (3.14). While the modertly concentration of Chl.a+b was recorded
chemicals, Ascorbic acid, Max growth, Salicylic acid, Chitosan, and Zinc oxide (2,58, 2.56, 2.42, 2.41
and 2.19 respectively). While the lowest recorded concentration Chl.a +b the control untreated (1.66).

5) On the other hand, data also showed that carotene concentration was non-significantly increased due
to chemical inducers. The highest concentration was recorded for chemicals Maxgrowth, Salicylic
acid, Fungicide Eminent, and Chitosan (0.71, 0.57, 0.57, and 0.54 respectively).

6) At the same time, Ascorbic acid and Zinc oxide were recorded as the lowest in thesis respect (0.51 and
0.46 respectively).

V|1.3. Effect of some nanoparticles to powdery mildew on sugar beet and its yield
and quality:

VI1.3.1. Methodology:

Based on the results obtained from the porously studies experiment, the Hercules variety (highly
susceptible variety to powdery mildew). The potential role of foliar spray with nanoparticles (at 3 days
before inoculation, and the third-day plants 30 days after seeding) at different concentrations to control
powdery mildew. Under controlled conditions, they were then characterized at ZnO, CuO, and SiO;
nanoparticles, as chemical inducers resistant to powdery mildew. According to the source, the particle
size ranged from 20-30 +_ 10 nm and spherical. under controlled greenhouse conditions. Disease severity
(DS%), yield, and yield quality of each treatment previously mentioned chemical inducers.

V1.3.2. Important results:

After artificial inoculation with Erysiphe betae, the disease severity (DS %) was recorded in each
treatment at 60, 75, 90, and 105 days after post-inoculation (days post-infection (dpi). At 60 dpi, the only
significant treatment that suppress PMD was Nano copper oxide con.30ppm, while the other treatment
did not show significant suppression compared with control. Nano copper oxide con.30ppm, Nano copper
oxide con.20ppm, and Nano zinc oxide con.20ppm were the only efficient treatments for reducing PMD
at 60 DPI. All foliar applications with the investigated compounds on inducing the systemic resistance of
plants against Erysiphe betae greatly reduced disease severity of powdery mildew at 75, 90 and 105 dpi.

At 105 dpi, all concentration nanoparticles reduced PMD compared to the control. The most effective
treatments were Nano copper oxide con.30ppm and Nano copper oxide con.20ppm which reduced PMD
by 15.24 and 15.70 %, respectively compared with control. The area under the powdery mildew disease
progress curve (AUDPC) was decreased in response to all exogenous treatments compared with the
control. The maximum reduction in AUDPC (361.8) was obtained by treating sugar beet plants with Nano
copper oxide con.30ppm. Plants sprayed with Nano copper oxide con.20ppm exhibited a reduction in
AUDPC by (406.8) over infected control. Moreover, Nano zinc oxide con.20ppm, Nano zinc oxide
con.30ppm, and Nano copper oxide con.10ppm significantly decreased AUDPC by (421.8), (451.8) and
(453.6) %, respectively. The other treatments reduced AUDPC compared with the control (1487.55). Data
also reported that a significant powdery mildew epidemic was documented in Gemmeiza greenhouse. As
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a result, the highest disease severity showed high levels of FDS such as Nano silica oxide con.10ppm
while the lowest of FDS were, Nano copper oxide con.30ppm,20ppm and Nano zinc oxide con.20ppm,
and 10 ppm respectively.

Results indicated that the highest root yield was achieved by Nano zinc oxide con.30ppm, (9.96
Ka/plot) while the lowest yield (7.83 Kag/plot) was observed in Nano silica oxide con.20ppm. Nano
copper oxide con.10ppm, Nano zinc oxide con.20ppm and Nano copper oxide con.20ppm % possessed
moderate yield (9.93,9.70 and 9.50 Kg/plot, respectively).

Among Nanoparticles, Nano zinc oxide con.20ppm attained the maximum TSS (21.0 %), while Nano
copper oxide con.20ppm had the lowest TSS (18.66 %). Additionally, the TSS in Nano zinc oxide con
10ppm, Nano silica oxide con. 20ppm and Nano copper oxide con.30ppm were moderately recorded
(20.0, 20.0 and 19.83, respectively). Moreover, all Nanoparticles have the highest (TSS) compared with
the control.

As shown in, all Nanoparticles con. recorded the highest sucrose concentrations (18.53, 17.16, 17.10,
and 17.10 %) were observed in the Nano zinc oxide con.20ppm, Nano silica oxide con.20ppm, Nano zinc
oxide con.10ppm and Nano copper oxide con.10ppm while Control possessed the lowest (13.13 %).

According to sucrose purity, the tested Nanoparticles can be categorized into three groups as follows: -

1) Nanoparticles with high sucrose purity (Nano copper oxide con.10ppm and Nano zinc oxide
con.20ppm) with, 88.49 and 88.47 %, respectively.

2) Nanoparticles with moderate sucrose purity, which included Nano zinc oxide con.20ppm, Nano
copper oxide con.10ppm, Nano zinc oxide con.20ppm and Nano silica oxide con.10ppm
(88.18,87.68,85.85 and 85.61 respectively).

3) The third group included only Nano copper oxide con.30ppm which attained the lowest sucrose purity
(85.03).

Data reported that Chl.a_all nanoparticles significantly in thesis respect. In general Nano zinc oxide
con.10ppm gave the highest concentration (2.39). On the other hand, Nano Copper oxide con.10ppm and
Nano zinc oxide con.20ppm recorded modestly chlorophyll concentration (1.78 and 1.68 respectively).
Nano silica oxide was the lowest value in this respect at con.30ppm (1.33). In the same manner, Chl b
concentration was significantly increased due to nanoparticles. The highest concentrations were recorded
Nano copper oxide at con.20 ppm and Nano Silica oxide at con.10 ppm (0.83 and 0.83 respectively).
While the lowest recorded concentration Chl.b Nano zinc oxide at con.30ppm (0.63). Data also declared
that Chl.a +b all Nanoparticles significantly, in this respect. Nano zinc oxide at con.10ppm was highly
concentrated (3.18). Nano copper oxide at con.10 ppm, nano copper oxide at con.20 ppm, and nano zinc
oxide at con.20 ppm (2.52, 2.4, and 2.39, respectively) were found to have a moderate concentration of
Chl.a +b. However, the untreated control had the lowest concentration of Chl.a +b (1.75).

On the other hand, data also showed that carotene concentration was significantly increased due to
nanoparticles. The highest concentration was recorded in Nano silica oxide at con.30ppm (0.77). At the
same time, Nano zinc oxide at con.30ppm and Nano silica oxide at con.20ppm were recorded as the
lowest in thesis respect (0.58 and 0.6 respectively).
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