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Sugar beet (Beta vulgaris subsp. vulgaris) js grown commercially mainly for sugar production, as it has

q

is directed to be utilized for, human nutrition. Cercospora leaf spot is a foliar disease that destroys the
sugar beet yield. which is caused by the fungus Cercospora beticola Sacc. Jdentifying sugar beet varieties

of sugar beet were examined and grown in two successive seasons, 2019/2020 and 2020/2021. Disease
severity percentage, root and foliage-associated traits, sugar content, and percentage of total soluble
solids (% TSS) were measured. Novel start codon targeted (SCoT) markers were identified, and the
genetic variability between the sugar beet jsenotypes Wvas assessed via PCR-based applications using
SCoT-specific primers. Genetic similarity relationships among resistance and susceptible genotypes
were estimated. The, results indicated that Gerogoria-KWS and BTS2860 varieties appear to have the |
lowest % disease severity (1.00-2.67_% and 0.83-5_%. respectively) jn_the two growing seasons. The \\‘
reduction in % disease severity in the two genotypes was associated with positive agronomig, fraits

including Jonger roots, higher biomass for foliage and root_(on fresh and dry weight basis), higher TSS,
and higher sucrose content._ Conversely, Pintea, MK 4199 (Emperator), and LP17B4011 genotypes
exhibited the Jowest biomass and shortest roots, and Zepplen genotype has low % disease geverity and
low %, TSS gontent. Moreover, from PCR genotyping, ~1056 bp PCR fragment generated via SCoT3
which could be attributed to the
high disease resistance phenotypes in those two genotypes. Furthermore. the genetic similarity analysis
overall yesulted in values ranging from 0.76 to 0.92, by which the highest was between Gerogoria and
BTS2860 genotypes. Moreover, cluster analysis, was conducted based on disease resistance properties
and the genetic relationships_between the tested genotypes., The results ested a high degree of
harmony between growth traits and finding from of PCR-based SCoT analysis. Altogether, the
differentiation between resistant and susceptible sugar beet varieties jo cercospora leaf spot disease can
be investigated through the application of the reliable Jnovel technique,SCoTl

analysis was distinguished as_associations to Gergoria and BTS2860

Keywords: Beta vulgaris, Cercospora leaf spot disease, plant-pathogen interaction, SCoT PCR-based analysis
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1. Introduction,
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Sugar beet (Beta vulgaris, var. saccharifera, L.) became the first sugar crop in Egypt. .
it contributed to production with 62.2% of the total sugar yield, which amounted to 2.458 million tons
(Egyptian Ministry of Agriculture and Land Reclamation, Jan. 2021). Cercospora leaf spot, incited by

Cercospora baticola fungus, is the sugar beet's most widespread foliar disease, The fungus spreads

quickly from one region to another in the same country, causing necrotic leaf lesions, so there was a
significant reduction in the photosynthetic capacity, and consequently, a reduction in root yield. The
decline may reach 42% in sugar yield and an increase in the percentage of impurities, leading to

considerable economic losses (Khan and Smith, 2005; Knight et al., 2019). In severe epidemic cases, the
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destruction of foliage in the first and progress to regrowth occurs, and there is a significant reduction in

sugar content of 25 to 50% (Milijanka et al., 2020). Control strategies for this disease depend on growing
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resistant cultivars, applications of fungicide, and suitable crop rotation (2—3 years) is necessary to reduce

the spread, of the fungus from an infested crop (Sullivan et al., 2021).
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Genetic resistance of genotypes is the primary tool for the sustainable management of this disease.

7
)

/)

/
/
/

It limits any economy, but the negative association between sugar yield and resistance is a significant

challenge (Skaracis et al., 2010; Stevanato,et al., 2019). The reaction to, Cercospora leaf spot determines

the resistance/susceptibility level of sugar beet varieties through two parameters; the first one before / /

harvest is the infection of leaves based on a grading of disease severity: and the second parameter is the

amount of loss in yield (B.S.A., 2000, Gorlich et al., 2021). While environmental conditions usually

influence physiological traits and biochemical expression variations and the growth stage (Andrew et al.

2010). Because the resistance is quantitative, meaning it is conferred by additive components and

multiple genes and is unaffected by environmental factors, many traditional methods for breeding

resistance beet genotypes to Cercospora leaf spot are used. such as backcrossing, mass selections, and

family line selection (Skaracis et al. 2010),,

Molecular markers have been a powerful tool in determining the genetic variations among sugar

beet genotypes (Abbasi et al., 2014). Some advantages that render molecular markers pseful in specific

applications include, the gase of use and their, ability to target genes for, the study's specific aims. Some

PCR marker systems were used, such as inter simple sequence repeats (ISSR), random amplified

polymorphic DNA, (RAPD), and sequence-related amplified polymorphisms (SRAP). as molecular tools

to differentiate, resistant from susceptible cultivars and to precisely select, parents for crosses in different

breeding programs (Abd El-Fatah et al. 2020). Recently, start codon targeted (SCoT) became widely -

introduced in research as a new molecular marker based on SPAR (Samuel, 2021). It has several
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straightforward technique; it results in a high percentage of polymorphism; and there is extensive genetic __—(Deleted: . ... high percentage of polymorphism:, G 114D
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2. Material and methods

2.1 Varieties collection | . (Deleted: )
Six varieties_(genotypes) of sugar beet; namely Gergoria-KWS, BTS 2860, LP17B4011, MK \CF"““"““ C.7D)
Deleted: Materials for this study consisted of s...ix varieties

4199 (Emperator), Pintea, and Zeppelin_were selected to conduct this study. These varieties were (genotypes) of sugar beet; namely Gergoria-KWS, BTS 2860,
LP17B4011, MK 4199 (Emperator), Pintea, and Zeppelin were

selected to conduct this study. These varieties ; which ...ere used
obtained and obtained

obtained from the Sugar Crops Research Institute, Agricultural Research Center, Giza, Egypt.

2.2 Field Trials

The gxperiments and data collection were performed in two successive growing seasons (years); 7 Deleted: two ...xperiments and data collection were performed in
two exponents were performed during the...uccessive growing

2019/2020 and 2020/2021. The work was conducted at the Experimental Farm, Sakha Agriculture | | seasons (years); 2019/2020 and 2020/2021. The work was conducted
seasons ...t the Experimental Farm, Sakha Agriculture Research

. . Ioe Station, Agriculture Research Center (A............ , Egypt (30°3'N,
Research Station, Agriculture Research Center ( nder field growth conditions. The 31°3E) ...nder field growth conditions. The Meteorological

. . . . ) / meteorological data was obtained from the Central Lab for
meteorological data was obtained from the Central Lab for Agricultural Climate, ARC. The data includes / Agricultural Climate, ARC. The data includes,:...maximum and

. .. . . L ) . . / minimum air temperature, rR...lative humidity (R.
maximum and minimum air temperature, relative humidity (RH,), pan evaporation, and quantity of rain / evaporation, and quantity of rain per day. These data
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per day. These data were recorded daily from the day of fuber sowing fill the day of harvest (Table 1) by / e

the weather unit located at the Research and Training Center of rice, Sakha, Kafr El-Shekh governorate.

The randomized complete block design (RCBD) with three replications (2 = 3) was used in all the

measurements presented in the current study. The plot area was 10.8 m? of three rows (6.0 m long and Deleted: present ...urrent study. Each plot consisted of three
replicates. ...he plot area was 10.8 m” of , including ...hree rows (of
60 cm in Wldth, with 20 cm apart between hills each). . 6.0 m long and 60 cm in width, with 20 cm apart between hills

each). The other agronomic practices were conducted based on their
recommendation.
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Temperature velocity Evapo,, mm/day (Formatted 129D
(Q), Km/24hr (inches), (Formatted C. 30D
Max.  Min. 7.30 1.30 \ (Deleted q )
(AM) (PM) : “ (Formatted C..32D)
First,season  Sep. 2019, 32.2 27.9 81.8 51.3 73.8 542.9 0.0 3 (r leted: % )
2019/2020,  Oct. 2019, 30.3 26.7 87.3 543 56.6 383.7 14.3 \\ k Formatted (ﬂ
Nov.2019, 274 251 8238 483 36.6 230.8 0.0 \ ~ (D d: [31])
Dec.2019, 214 134 869 58.9 38.5 265.6 10.3 clete

Jon. 2020, 184  11.8 86.7 62.7 30.0 208.8 75 \ \\ Formatted oD

Feb.2020, 204 127 846 56.5 51.0 182.9 3.60 || | (Formatted 1341
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Jon2021, 210 135 867 59.5 99.2 256.8 3.51 1 (Formatied = [38]
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Start codon targeted (SCoT) marker procured from Biobasic Com. Amherst, New York, United

States. Six primers of SCoT were designed (Table, 2) (Collard and Mackill, 2009). PCR amplification ( Deleted: tble
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was performed in a twenty pl reaction (1x PCR buffer, three mM MgCly, 2.5 uM primer, 50 ng of sample
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amplifications were carried out through the following conditions for 35 cycles: 94 °C for 3 min, 93 °C

on agarose gels (1.5%), and Ethidium bromide was used to stain the bands. Scoring for the presence or *

absence of bands and cluster analysis were determined by the Unweighted pair group method of
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Table 2 _SCoT PCR primers used in the current study,

| Moved down [1]: Table (2): Names of six SCoT primers and
their sequences.q|

{Moved (insertion) [1]

- - - ) . CDeIeted: (
Primers ID Sequences (5'— 37), ; Cr leted: ):
0
CoT 3 5" ACG ACA TGG CGA CCC ACA 3
0 ( :
CoT 5 5" CAA TGG CTA CCA CTA GCG 3 (Formatted: Lef
(1]
SCoT 6 5" CAA TGG CTA CCA CTA CAG 3
Roman)
SCoT 9 5" ACA ATG GCT ACC ACT GCC 3
SCoT 10 5" ACA ATG GCT ACC ACC AGC 3
SCoT 12 5" CAA CAA TGG CTA CCA CCG 3 Roman)

Data shown are the PCR primers used in SCoT analysis and their 53" nucleotide sequences.

2.6 Statistical analysis

The obtained data were statistically,analyzed using software MSTAT-C program, version 2.10,

package 1991 (Hamed and Abdel-Monaim, 2016). ANOVA analysis was used to analyze, variance, and .

the detected mean was at P <0.05 according to the LSD multiple range test (Marco et al., 2022).
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3. Results

3.1 Disease severity

By examining, the disease severity percentage, the low values were detected in Gerogoria-Kws,
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BTS2860, and Zepplin varieties, while the high values were detected in LP17B401, MK4199 and Pintea
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varieties (Figure 1). Scercospora leaf spot disease symptoms were observed on primary leaves jn the two
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growing seasons and the infection develops as necrotic spots spread and consolidated (Rangel et al.,
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2020). It was remarkable that the values of the disease severity percentage in the second season were

more than that in the first season for all studied varieties (Lable 1). (Deleted: ¢ )
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Figure 1: Percentage of djsease severity of Cercospora leaf spot for the six sugar beet varieties ) )
. X Zeppelin Pintea
through the two growing seasons
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3.2 Growth traits of foliage and root

Gergoria-Kws and Zepplen demonstrated their ownership of the largest diameter among the mean

values among the tested varieties (Figure 2). In contrast, MK 4199 (Emperator) and LP17B4011 !

demonstrated ownership to the smallest diameters. On the other hand, the root phenotypes were also -
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Moreover, the weight of foliage was different between the sugar beet varieties, that MK4199 (Deleted= Through the comparison according to t
(Emperator) and Zepplen varieties owned the highest weight (Ejgure 4), in contrast, owned the lowest _ g::::::f .
weight of [foliagel Also, BTS2860 and Gergoria-Kws varieties owned the highest mean values (Ejgure ) o (Deleted:
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5). Also, during the analysis according to fresh weights of root, Gergoria-Kws variety had the highest
mean values through the fwo growing seasons, While Pintea, MK 4199 (Emperator), and LP17B4011

genotypes had the lowest mean values (Eigure 6). At the same time, Gergoria-Kws had the heaviest dry (Deteted: 1
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root among the second season (Ejgure 7). Among the analysis of the fresh weight of root parameter, _ (Deleted: two scasons
Gergoria-Kws variety had the highest mean values 0f2.031g and 1.702 g compared to,other types through EDeleted: f
. . . “._ . (Deleted: f
the fwo growing seasons, respectively. In contrast, Pintea, MK 4199 (Emperator), and LP17B4011 | CFormatted: ———
genotypes had the lowest mean values of 1163.33 - 11060, 1116.66-116,1073.33-1158g, respectively. . (Deleted: in comparison with

S ) \(Deleted: two seasons

MK 4199 (Emperator) and LP17B4011 varieties had the heaviest dry roots in the first season (174.91- - G
. ( Deleted: , and
125.32 and 140.39-87.83g). At the same time, Gergoria-Kws had the Jargest dry-weight roots (142.17g) (Formatted: Highiight

AN AN A AN AN AN AANANAL
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characteristics for this crop. Depending on the fact that the root is the economic yield of this crop, the
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While there is a fact that the diseases can reduce crop yield, farmers are interested in detecting
plant diseases using sensors that can be mounted on aerial vehicles in order to select tolerant or resistant

genotypes (Lawrence et al., 2021). From the disease severity percentage, Gerogoria-Kws, BTS2860, and

Zepplin varieties were recorded with the lowest values (1.00-2.67, 0.83-5, and 14.00-8.33% in both
seasons, respectively), while LP17B401, MK4199 and Pintea varieties were recorded with the highest

values of disease severity percent (22.33-35.00, 19.00-33.33 and 35.00 17.33% respectively). Symptoms

of cercosporin leaf spot disease were recorded jn the two growing seasons_analyzed in the current

research and these symptoms were observed on the primary leaves of which, the pathogen develops as

necrotic spots spread and coalesce (Rossi et al. 2000). Low values for % disease severity jn some sugar

beet genotypes were indicators of their disease resistance ability. In contrast, high values may indicate :

the genotypes’ susceptibility or, sensitivity to the,disease. These findings are in agreement with (B.S.A

2000), where, sugar beet varieties are classified based on, the level of resistance/openness before harvest ;

in response to Cercospora leaf spot by estimating leaf infection according to the grading of disease

severity. The differences between the values for % disease severity jn the first growing season and the
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in higher % disease severity in the second season. Kaiser et al. (2010) observed these differences, and

CDeIeted: so the percentage in the second season was

accordingly suggested that the susceptible, varieties were different from resistant varieties in the highest . (D oted -
U eleted: experiment

values of % disease severity at the harvest stage and in the greater infection area sizes based on, the ‘:‘

disease progress curve (AUDPC).

During the analysis of growth traits of foliage and root, Gergoria-Kws and Zepplen varieties
owned the widest diameter with mean values of 18.53-18.80 and 18.31-18.14cm, respectively. In
contrast, MK 4199 (Emperator) and LP17B4011 varieties had the lowest diameters with mean values of
16.18-16.02 and 16-69 cm, respectively. Results appeared significant differences among six types of

sugar beet through the two growing seasons. For root length trait, MK 4199, (Emperator), Gergoria-Kws,
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and BTS 2860 varieties had the longest (27.57-26.90, 25.07-26.13, and 26.50-26.83cm), respectively,
while Pintea varieties (19.36 and19.47cm) had the shortest roots comparing with other types. On the
other hand, MK4199 (Emperator) and Zepplen varieties owned the highest weight of foliage (503.33-
395 and 500-500gm in two growing seasons, respectively, while LP17B4011 and Pintea genotypes
owned the lowest weight of foliage; 292-279 and 300-363g respectively, BTS2860 and Gergoria-Kws
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varieties owned the highest mean values, 75.05-87.70 and 66.41-7738g, respectively, in two growing
seasons. The second season showed increasing mean values of dry weight of foliage in comparison with

the first season for all varieties.

According to % TSS and sucrose content determination, Gergoria-Kws and BTS2860 varieties observed
a high content of TSS (23.60-24.23 % and 20.33-22.30,7%, respectively (Figure §). In contrast, Zeppelin

and LP17B4011 varieties pbserved the lowest contents of 15.63-20.67 % and 16.50 -17.63% in the fwo

growing seasons. Further, jt was remarkable that Gergoria-Kws variety owned the highest range of

sucrose through the fwo growing seasons with the score of 20.57% and 19.87%, in the first and second .

seasons, respectively. The next value was detected in the BTS2860 array which had the highest content

of 20.16- 19.37% in the fwo growing seasons, respectively. Although, Penita variety owned the lowest

range among the fwo growing seasons (15.33- 15.50%). The differences of sucrose content in each of

each array was due to the environmental conditions. Zpplen variety was remarkable by owning the lowest

range of sucrose through the fwo growing seasons (17.30 and 12.63%), respectively. The high TSS and
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pressure was high, resistant cultivars produced white sugar compared to susceptible cultivars at the same
disease level (Skaracis et al., 2010; Kaiser et al., 2010).
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Polymorphism percentage ranged from 37.5% (SCoT3 and SCoT10) to 80% (SCoT9 and
SCoT12), with an average of polymorphism of 47.36%. Polymorphic band presence was considered a

good indicator of the SCoT technique's efficiency in differentiating among studied genotypes. (Guo et
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al., 2012; Gowayed and Moneim, 2021). SCoT 9 primer was the most informative and had tremendous

potential among the primers. One, polymorphic band, 1056 bp, was produced by both SCoT3 presented
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in Gergoria and BTS2860, which was observed with low disease severity percentage of Cercospora leaf
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spot_values. So, they could be considered resistance varieties. This band was absent in LP17B4011,

Emperator, Pintea and Zepplin varieties, although they had the high values of disease severity percentage

of Cercospora leaf spot. Therefore, they could be considered susceptible genotypes. There were seven

unique bands observed, three bands (one positive and two negatives), two bands (negative), and two
bands (one positive and one negative), were produced by SCoT9, SCoT10, and SCoT12, respectively.

For fingerprinting of varieties, SCoTs markers were more informative and efficient compering

with other markers based on the average polymorphism percentage (Gorji et al., 2011; Xiong et al., 2011; '

Hamidi et al., 2014 Gowayed and Moneim, 2021). According to the growth and molecular identification

results, Gergoria and BTS2860 varieties would be very helpful because they had disease resistance genes

and could be used in a more sustainable sugar beet crop. Stevanato et al. (2019) reported that, to obtain /

enriched cultivars with desirable sustainability traits, different advanced molecular techniques transfer
specific genes to domesticated cultivars to produce new lines with resistance to various diseases and high

production. ,

Conclusiong,

In the current research, the characteristics of selected sugar beet varieties in response to the<

cercospora leaf spot disease were studied and the disease - resistant and susceptible varieties were

identified through the morphological analysis coupled with molecular analysis using the reliable lnovel

technique, SCoT]

The results indicated that Gerogoria-Kws and BTS 2860 varieties were remarkable by their lowest %

disease severity values and observed the of greatest growth and yield. Zepplin variety ranked second |
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regarding its performance in response to the disease, in which the values for % disease severity was

relatively low (8.3 ‘andl 14%, in the first and second growing season, respectively), and it showed the |

lowest mean values of the most studied traits. Whereas, LP17B401, MK4199, and Pintea varieties were
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values. Moreover, Gergoria-Kws and BTS2860 varieties exhibited, the highest content of both TSS and
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sucrose concentration, whereas, Zepplen and LP17B401 varieties had the lowest contents. Furthermore
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identified and confirmed in sugar beet, These, novel, molecular markers has the ability to, differentiate
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ur findings
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: CDeIeted: L.P.

CDeleted: For the first time, new

Deleted: which concerned the Start codon and targeted (SCoT)
marker of

E (Deleted: is

(Deleted: ew

genotypes. |One polymorphic band (1056 bp) produced by SCoT3 distinct Gerogoria-Kws and BTS 2860 !

varieties might be used as a molecular marker used as an indicator resistance variety.

(Deleted: can

\ (Formatted: Font: Not Bold, Complex Script Font: Not Bold

y (Deleted: cercospora

k(DeIeted: Results

5 CDeIeted: reported that

(Deleted: was

. (Formatted: Highiight

N AN A NN A AN

Commented [AH12]: This sentence can be removed as it
provides detailed information which is not suitable for conclusions
section,




References

Abd El-Fatah, B., E.S.., M Hashemb, K., A.M. Abo-Elyousrd, H. M. M. K. Bagyd, and S. A. M. Alamri., 2020.

Genetic_and biochemical variations among sugar beet cultivars resistant to Cercospora leaf spot. Physiol.

Molecular Plt. Pathol. 109: 101455

Andrew, R, L., C. E., Wallis, and W. J. F. Harwood., 2010. Genetic and environmental contributions to variation

and population divergence in a broad-spectrum foliar defence of Eucalyptus tricarpa, Ann. Bot. (105): 707-717.

Anonymous.,1991. M.S.T.A.T.C. users guide. East Lansing (MI)., Michigan State University.
Official, A. O. A. C., 2005 Methods of analysis of A.O.A.C. International. AOAC , Maryland, U.S.A.

Association of official analytical chemistry (A.O.A.C)... 1990. Official methods analysis of the association official

analytical chemist.

Barnes, Wayne, M., Zhang, Zhian, Kermekchiev, Milko B., 2021. A Single Amino Acid Change to Tag DNA

Polymerase Enables Faster PCR, Reverse Transcription and Strand-Displacement. Frontiers in Bioengineering
and Biotechnology, 8, doi: 10.3389/fbioe.2020.553474.

BSA., 2000Bundessortenamt, Richtlinien., fiir die Durchfithrung von Landwirtschaftlichen Wertpriifungen und

Sortenversuchen. Hanover: Landbuch Verlag. Available
at: http://www.bundessortenamt.de/internet30/fileadmin/Files/PDF/Richtlinie_ LW2000. pdf verified 18
December 2017.

Cobb, J.N., Juma, R.U., Biswas, P.S. etal., 2019. Enhancing the rate of genetic gain in public-sector plant breeding

programs: lessons from the breeder’s equation. Theor Appl Genet 132, 627-645. https://doi.org/10.1007/s00122-
019-03317-0.

Collard, B.C.Y. and D. J. Mackill., 2009 Start codon targeted (SCT) polymorphism: a simple, novel D.N.A. marker

technique for generating gene-targeted markers in plants. Plant Mol Biol Rep 27(1):86-93.

Elameen, Abdelhameed, Svein Stueland. Ralf Kristensen, Rosa F. Fristad, Trude Vrélstad, and Ida Skaar., 2021.

Genetic Analyses of Saprolegnia Strains Isolated from Salmonid Fish of Different Geographic Origin Document
the Connection between Pathogenicity and Molecular Diversity.7, no. 9: 713. https://doi.org/10.3390/j0f7090713.




Ghazy, N., Shahin, A., Mustafa, F..2020. Effect of Some Mineral Elements on the Yield, Sugar Contents and

Improving Resistance to Cercospora Leaf Spot of Sugar Beet. Environment, Biodiversity and Soil Security, 2020,
41ssue 2020: 73-83. doi: 10.21608/jenvbs.2020.28240.1090.

Gorji,A.M., P. Poczai, Z., Polgar and J. Taller., 2011 Efficiency of arbitrarily amplified dominant markers (SCT.

LS.S.R. and R.A.P.D.) for diagnostic fingerprinting in tetraploid potato. Am J Potato Res 88:226-237.

Gorlich, F., Marks, E., Mahlein, A.-K.; Konig, K., Lottes, P.: Stachniss, C., 2021. UAV-Based Classification of

Cercospora Leaf Spot Using RGB Images. Drones, 5. 34.

Gowayed, S. M. H. and D. Abd El-Moneim., 2021 Detection of genetic divergence among some wheat (Triticum

aestivum L.) genotypes using molecular and biochemical indicators under salinity stress. PLOS ONE |

https://doi.org/10.1371/journal.pone.0248890.

Guo, D.L., J.Y., Zhang and C.-H. Liu., 2012 Genetic diversity in some grape varieties revealed by SCT analyses.
Mol Biol Rep 2012 39:5307-5313 DOI 10.1007/s11033-011-1329-6.

Hamidl H., R. Talebi and F. Keshavarzi., 2014. Comparative Efficiency of Functional Gene-based Markers, Start
Codon Targeted Polymorphism (SCT) and Conserved DNA-derived Polymorphism (CDDP) with I.S.S.R.

Markers for Diagnostic Fingerprinting in Wheat (Triticum aestivum L.). Cereal Research Communications 42(4

pp. 558-567 2014 DOL: 10.1556/CRC.2014.0010.

Hamed, N. M, and M. F. Abdel-Monaim., 2016. Evaluation of some Fodder Beet Genotypes for Yield, Yield

Components and Diseases Susceptibility under New Valley Conditions. J. Plant Production, Mansoura Univ., Vol.

7(11): 1215 —1220.

Holtschulte, B., 2000. - worldwide distribution and incidence. P.P. 5-16 in: Sacc. Biology, Agronomic Influences
and Control Measures in Sugar Beet LILR.B. M. J. C. Asher, B. Holtschulte, M. M. Richard, F. Rosso, G.

Steinrucken, and R. Beckers, eds, International Institute for Beet Research, Belgium.

Hozayn, M., M. M., Tawfik, H. M. Abd El-Ghany, and A.M. Korayem.,, 2013. Effect of plant density on yield

and sugar qulity characteristics of sugar beet. J. Appl. Sci. Res., 9(1): 1004-1009.

Kaiser, U., C., Kluth, and B. Marlander.,, 2010. Variety-specific epidemic of Cercospora beticola Sacc. and

consequences for threshold-based timing of fungicide application in sugar beet. J Phytopathol. 158:296-306.




Khan, M.F.R., and L.J. Smith., 2005. Evaluating fungicides for controlling Cercospora leaf spot on sugar beet.

Crop Prot., 24:79-86.

Khan, 1., M. Igbal and M.M. Hashim., 2018. Physicochemical characteristics and yield of sugar beet (Beta

vulgaris 1.) cv. “California-Kws” influenced with irrigation intervals. Sarhad Journal of Agriculture, 35(1): 57-69.

Knight , N. L. N. Vaghefi, J. R. Kikkert, M. D. Bolton.,, G. A. Secor, V. V. Rivera, L. E. Hanson S. C. Nelson

and S. J. Pethybridge., 2019 Genetic Diversity and Structure in Regional Populations fromsubsp. Suggest Two
Clusters of Separate Origin. Phytopathology (109) 1280-1292.

Lawrence, C., Ngugi, Moataz Abelwahab.,, Mohammed Abo-Zahhad., 2021. Recent advances in image processing

techniques for automated leaf pest and disease recognition — A review. Information Processing in Agriculture, 8

1.27-51.

Leilah, Ahmed A.A., and Naeem Khan., 2021. Interactive Effects of Gibberellic Acid and Nitrogen Fertilization
on the Growth, Yield, and Quality of Sugar Beet" 11, no. 1: 137. https://doi.org/10.3390/agronomy11010137.

Marco. A., T. Tadiello, A. Perego. A. Di Guardo, C. Schillaci, E. Valkama., 2022. EX-TRACT: An excel tool for

the estimation of standard deviations from published articles. Environmental Modelling & Software, 147,105236.

Milijanka ,B., M. Balandzi¢, S., Vera, V. Stojsin, G. Mila, M. Grahovac, B. Ferenc, F., Bagi, P. Mladen, M. Petres,
L. Marta, M. Loc, D. Tatjana, T. Dudas, J. Vukoti¢, J. Vukoti¢, Z. Savi¢, Z. Savié, A. Stankov, A. Stankov, & D.

Budakov, D. Budakov. 2020. Sensitivity of Cercospora beticola Isolates to Azoxystrobin. Contemporary
Agriculture, 69, 1-4. doi: 10.2478/contagri-2020-0001.

Myles. S. A. R. Boyko., C., L. Owens., P. J. Brown, F. Grassi, M. K. Aradhya, B. Prins, A. Reynolds, J. M. Chia

and D. Ware., 2011 Genetic structure and domestication history of the grape. Proc Natl Acad Sci USA
108(9):3530.

Rangel, L. 1., Spanner, R. E., Ebert, M. K., Pethybridge, S. J., Stukenbrock, E. H., de Jonge, R., Secor, G. A., &

Bolton, M. D., 2020. Cercospora beticola: The intoxicating lifestyle of the leaf spot pathogen of sugar
beet. Molecular plant pathology, 21(8), 1020—1041. https://doi.org/10.1111/mpp.12962.

Rohlf, F. J... 2000 NTSYS-Pc Numerical Taxonomy and Multivariate Analysis System, Version 2.1. User Guide
Exeter Software, New York, NY, U.S.A.




Rossi, V., F. Meriggi, E. Biancardi, and F. Rosso., 2000. "Effect of Cercospora leaf spot on sugar beet growth

yield and quality," in . -Biology. Agronomic Influence and Control Measures in Sugar Beet, eds. Asher, M. J. C.;

Holtschulte, B.; Richard-Molard, M.; Rosso, F., Steinriicken, G. and Beckers, R. (Brussels: I[IRB), 77-102.

Samuel, Amiteye.,2021. Basic concepts and methodologies of DNA marker systems in plant molecular breeding,

Heliyon, 7, 10, e08093.

Setiawan, A., G. Koch, S.R. Barnes, and C. Jung., 2000. Mapping quantitative trait loci (QTL) for resistance to

Cercospora leaf spot disease in sugar beet. Theor App Genet. 100:1176-1182.

Stevanato, P., C. Chiodi., C. Broccanello, G. Concheri, E. Biancardi., O. Pavli and G. Skaracis., 2019
Sustainability of the Sugar Beet Crop. Sugar Tech https://doi.org/10.1007/s12355-019-00734-9.

Skaracis, G. N., O. 1. Pavli and E. Biancardi., 2010. Cercospora Leaf Spot Disease of Sugar Beet . Sugar Tech.
September and December 2010 12(3-4): 220-228.

Skaracis, G.N. and E. Biancardi., 2000. Breeding for Cercospora resistance in sugar beet. In Advances in sugar

beet research Vol. 2: Sacc. Biology. agronomic influence and control measures in sugar beet, ed. Asher, M. J. C.;
Holtschulte, B.; Richard-Molard, M.; Rosso, F.; Steinriicken, G. and Beckers, R., 177-195. Brussels: International
Institute for Beet Research. Sugar beet. North Dakota satate Univ. Ext. Cri. PP. 764 Revised. 4pp.

Subidhya, Shrestha., Jonathan., Neubauer, Rebecca Spanner., Mari Natwick., Joshua Rios.,, Nicholas Metz., Gary

A. Secor., Melvin D. Bolton., 2020. Rapid Detection of Cercospora beticola in Sugar Beet and Mutations
Associated with Fungicide Resistance Using LAMP or Probe-Based gPCR. Plant Disease, 104, 6.

Sullivan, Cathryn A., B. Katharina., T. Louise F., 2021. Tackling Control of a Cosmopolitan Phytopathogen:
Sclerotinia. Frontiers in Plant Science, 12, doi: 10.3389/fpls.2021.707509.

Walne, C.H.., and Reddy, K.R., 2022. Temperature Effects on the Shoot and Root Growth, Development, and
Biomass Accumulation of Corn (Zea mays L.). Agriculture 2022, 12, 443. https://doi.org/10.3390/

agriculture12040443.

Xiong, F..R., Zhong, Z. Han.., J., Jiang, L... He, W. Zhuang and R ... Tang 2011 Start codon targeted polymorphism

for evaluation of functional genetic variation and relationships in cultivated peanut (Arachis hypogaea L.)

varieties. Mol Biol Rep 38(5):3487-3494.




Deleted: ¢

Abd El-Fatah, B. E.S., M. Hashemb, K. A.M. Abo-Elyousrd, H.
M. M. K. Bagyd, and S. A. M. Alamri (2020). Genetic and
biochemical variations among sugar beet cultivars resistant to
Cercospora leaf spot. Physiol. Molecular Plt. Pathol. 109: 101455
Andrew, R. L., C. E. Wallis, and W. J. F. Harwood (2010).
Genetic and environmental contributions to variation and population
divergence in a broad-spectrum foliar defence of Eucalyptus
tricarpa, Ann. Bot. (105): 707-717.9

Anonymous (1991). M.S.T.A.T.C. users guide. East Lansing (MI):
Michigan State University.®

Official, A. O. A. C. (2005) Methods of analysis of A.O.A.C.
International. AOAC INTERNATIONAL, Maryland, U.S.A.¢
Association of official analytical chemistry (A.0.A.C). (1990).
Official methods analysis of the association official analytical
chemist.{

Barnes Wayne M., Zhang Zhian, Kermekchiev Milko B. (2021).
A Single Amino Acid Change to Taqg DNA Polymerase Enables
Faster PCR, Reverse Transcription and Strand-Displacement.
Frontiers in Bioengineering and Biotechnology, 8, doi:
10.3389/fbioe.2020.553474. ¢

BSA (2000). Bundessortenamt. Richtlinien fiir die Durchfiihrung
von Landwirtschaftlichen Wertpriifungen und

Sortenversuchen. Hanover: Landbuch Verlag. Available

at: http://www.bundessortenamt.de/internet30/fileadmin/Files/PDF/
Richtlinie LW2000. pdf (verified 18 December 2017).¢

Cobb, J.N., Juma, R.U., Biswas, P.S. et al (2019). Enhancing the
rate of genetic gain in public-sector plant breeding programs: lessons
from the breeder’s equation. Theor Appl Genet 132, 627-645.
https://doi.org/10.1007/s00122-019-03317-0.9

Collard B.C.Y. and D. J. Mackill (2009) Start codon targeted
(SCoT) polymorphism: a simple, novel D.N.A. marker technique for
generating gene-targeted markers in plants. Plant Mol Biol Rep
27(1):86-93.¢

Elameen, Abdelh d, Svein Stueland, Ralf Kri Rosa
F. Fristad, Trude Vrilstad, and Ida Skaar (2021). Genetic
Analyses of Saprolegnia Strains Isolated from Salmonid Fish of
Different Geographic Origin Document the Connection between
Pathogenicity and Molecular Diversity. Journal of Fungi 7, no. 9:
713. https://doi.org/10.3390/j0f7090713.¢

q

Ghazy, N., Shahin, A., Mustafa, F. (2020). Effect of Some Mineral
Elements on the Yield, Sugar Contents and Improving Resistance to
Cercospora Leaf Spot of Sugar Beet. Environment, Biodiversity and
Soil Security, 2020; 4(Issue 2020): 73-83. doi:
10.21608/jenvbs.2020.28240.1090¢

Gorji A.M., P. Poczai, Z. Polgar and J. Taller (2011) Efficiency of
arbitrarily amplified dominant markers (SCoT, I.S.S.R. and
R.A.P.D.) for diagnostic fingerprinting in tetraploid potato. Am J
Potato Res 88:226-237.9

Gorlich, F.; Marks, E.; Mahlein, A.-K.; Konig, K.; Lottes, P.;
Stachniss, C (2021). UAV-Based Classification of Cercospora Leaf
Spot Using RGB Images. Drones, 5, 34.9

Gowayed S. M. H. and D. Abd EI-Moneim (2021) Detection of
genetic divergence among some wheat (Triticum aestivum L.)
genotypes using molecular and biochemical indicators under salinity
stress. PLOS ONE | https://doi.org/10.1371/journal.pone.0248890. ¢
Guo D.L., J.Y. Zhang and C.-H. Liu (2012) Genetic diversity in
some grape varieties revealed by SCoT analyses. Mol Biol Rep
(2012) 39:5307-5313 DOI 10.1007/s11033-011-1329-6.9

Hamidl H., R. Talebi and F. Keshavarzi (2014). Comparative
Efficiency of Functional Gene-based Markers, Start Codon Targeted
Polymorphism (SCoT) and Conserved DNA-derived Polymorphism
(CDDP) with I.S.S.R. Markers for Diagnostic Fingerprinting in
Wheat (Triticum aestivum L.). Cereal Research Communications
42(4), pp. 558-567 (2014) DOI: 10.1556/CRC.2014.0010.9

Hamed, N. M. and M. F. Abdel-Monaim (2016). Evaluation of
some Fodder Beet Genotypes for Yield, Yield Components and
Diseases Susceptibility under New Valley Conditions. J. Plant
Production, Mansoura Univ., Vol. 7(11): 1215 - 1220. ¢
Holtschulte, B. (2000). Cercospora beticola - worldwide
distribution and incidence. P.P. 5-16 in: Cercospora beticola Sacc.
Biology, Agronomic Influences and Control Measures in m




