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ABSTRACT 
 
Natural compounds such as sodium carbonate and bicarbonate, potassium bicarbonate, eugenol oil, 
micronized and elemental sulfurs were applied against sugar beet powdery mildew under field 
conditions during 2019/2020 and 2020/2021 seasons. The results showed real role of this substances in 
suppressed powdery mildew disease on sugar beet plants and exhibited  non-phytotoxic, wherever 
sodium carbonate , micronized and elemental  sulfur  were the most effective ones in this respect , which 
caused  reduction in disease severity and the highest enhancement of yield, total soluble solids (TSS) 
and sucrose contents followed by sodium bicarbonate  and eugenol oil, while potassium bicarbonate 
was the lowest one compared  to control treatment .Moreover, Topase fungicide was the superior  
treatment in reducing the disease severity and recorded the best yield, TSS and sucrose contents 
.Scanning Electron Microscopy (SEM)  examination showed deformation of spores and mycelium of 
Erysiphe  betae  fungus resulting to natural compounds application of sugar beet leaves, SEM  combined 
with Energy – Dispersive X- ray (EDX) analysis showed  increasing of  different elements ,ie. S, Ca, 
Mg, Si percentage than control,   and all counter may be had chemical changes, that inhibit  E. betae  
fungus infection . Consequently, application of natural compounds led to positive change of oxidative 
enzymes activity, wherever sodium carbonate and micronized S recorded the highest peroxidase and 
polyphenoloxidase enzymes values followed by sodium and potassium bicarbonates, while the reverse 
was true with elemental S. At all, most of tested substances led to enhancement of chlorophylls content 
and Topase was the best one. 
 
Keywords: Powdery mildew, carbonate, bicarbonate, sulfur, eugenol, SEM, X- ray, sugar beet.  

 
1. Introduction 

Powdery mildew disease caused by a biotrophic pathogen of Erysiphe polygoni (formerly E. betae, 
Vanha Weltz) of sugar beet (Beta vulgaris) and a common disease in many countries (Hills et al., 1982). 
Infection caused sugar yield losses up to 30% for growers all over the world (Francis 2002 and Scott 
and Jaggard 1993). 

Natural products such as carbonate , bicarbonates ,essential oils ,sulfur could offer an alternative 
system of diseases control because of contentious fungicides application  are characterized by high 
toxicological environmental and human impacts. In regards to, antifungal activity of bicarbonates, it 
has been recently verified experimentally (Salamone et al., 2009) and applications have reduced 
severities of powdery mildew on different crops, ie. Na  and K bicarbonates recorded a positive effect 
and shown  to reduce and inhibit  powdery mildew on rose  , sweet red pepper, black spot  (Horst et al., 
1992;  Fallik et al., 1997) , cucumber ( Ziv and Zitter, 1992) , tomato by 95%,pepper by 50-90%,  downy 
lettuce by 70-80% and can be a good alternative for control of mildew diseases with any symptom of 
phytotoxicity, Dik et al. (2003)  and remarkably suppressed powdery mildew on diseased foliage, 
Reuveni et al. (1996). Our own research of Abdel-Kader and El-Mougy (2014) focused on using of 
foliar potassium bicarbonate to control powdery mildew   disease of pepper which  significantly reduced 
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at all treatments comparing with  fungicide treated plants and the lowest  mildew disease incidence was 
recorded as 9.8, 13.4%, also the yield was increased by 48.2%. In this regards, application of sodium 
bicarbonate significantly reduced the early blight incidence and severity, El-Mougy and Abdel-Kader 
(2009). A recent review by Rhoads (2019) recorded that, baking soda creates a very alkaline 
environmental that kills fungus and sulfur is natural product that very effective at preventing and 
controlling powdery mildew. Field foliar application by sodium and potassium bicarbonate were 
significantly reduced squash powdery mildew disease severity, yield increased and superiority of 
peroxidase activity as demonstrated by Zaki et al. (2011). Among biorational materials, baking soda 
and potassium bicarbonate which has been suggested to use for controlling various fungal diseases in 
plants as well as to reduce the incidence of infection by powdery mildew in cucurbit crops (Karabulut 
et al., 2003; Janisiewicz and Peterson 2005 and Smilanick et al., 2006). In the most cases, salts 
(NaHCO3) or elemental S treatments significantly reduced tomato mildew counts, Ehret et al. (2002). 
Previous work has shown that sulfur has the advantage of little or no risk of selecting for resistance 
mildew strains (Choi et al. 2004). Salamone et al. (2009) reported that, treatment by clove oil and 
sodium bicarbonate were able to control the incidence and severity of powdery mildew on roses, these 
natural products could be a good   potential alternative use to fungicides. However, the most attractive 
aspect of using eugenol  oil as crop protectant is their low mammalian toxicity (Isman 2000) and have 
antimicrobial activity (Bruneton 1995). 

To this day, sulfur protects many important crops such as pea against powdery mildew (Smith et 
al., 1995; Warkentin et al., 1996). Sulfur attractive as a chemical control agent with negligible toxicity 
to animals and low toxicity to plants, nonsystemic and repeated applications are usually required to give 
good protection (McGrath and Johnston 1986). Additionally, Williams and Cooper (2003 and 2004) 
reported that, sulfur is one of many S-containing defense related phytoalexins compounds to certain 
fungal and bacteria pathogens and its ironic deficiency become a wide spread nutrients disorder in crops. 
Currently, elemental sulfur, along with three organic phytoalexins, was first to be directly linked with 
disease resistance (other than wall strengthening by silica and calcium). It was found in vascular gels, 
xylem vessel walls and xylem parenchyma cells, and SEM–EDX showed cellular location of sulfur to 
be relevant to counter a vascular pathogen (Resende et al., 1996). Whilst the influence of sulfur status 
in plants on defence remains largely unknown, sulfur fertilization increased resistance of Brassica 
napus lines to Verticillium and to Pyrenopeziza brassicae and grape to powdery mildew Uncinula 
necator (Burandt et al., 2001). 

This work was to study the effects of foliar application of ready available and commercial sodium 
carbonate, sodium bicarbonate(baking soda),potassium bicarbonate, micronized and elemental sulfur 
and eugenol oil ( relatively nontoxic effects on people and plants, Ehret et al., 2002)  against powdery 
mildew disease severity and incidence and their pathogen of E. betae fungus with supporting 
investigation by scanning electron microscopy and X- ray, as well as on yield, activity of peroxidase, 
polyphenoloxidase enzymes, total soluble sugars (TSS), sucrose sugar and chlorophylls content.  
 
2. Materials and Methods 
 
2.1. Use of natural products on powdery mildew disease severity 

Natural products of sodium carbonate (Na2CO3),sodium bicarbonate (baking soda, NaHCO3), 
potassium bicarbonate (KHCO3) [ from El Nasr, Delta, Oxford Pharms Chemicals Cos., respectively] ; 
micronized sulfur ( micronite 80%, Agrochem, Co ) at 5 and 7.5 g/L ; elemental sulfur at 20 and 30 g/ 
plot as a dust ; eugenol (clove oil, Marl Co. Germany) at 2.5 and 5 ml /L were used to study their effects 
against powdery mildew disease in the field under natural infection of highly susceptible sugar beet, cv. 
helios poly. These compounds were adjusted to obtain the desired concentrations. The experiment was 
sown in October during 2019/2020 and 2020/2021 growing seasons, respectively. Randomized 
complete blocks design with three replicates was used. Every treatment applied in 3rows, each with 4 
m long at 15-20 cm distance between hills. Application of treatments was done at 90 days from sowing 
(when the disease was appeared) with three sprays 15 days intervals. All cultural practices were done 
at proper time. Fungicide of penconazole (Topas 100, EC, from Syngenta Co.) was used at 
recommended dose, 1ml / L with three sprays. Disease severity was estimated after 20 days from the 
third spray and rated 0-4 scale of Whitney et al., (1983), where 0: no powdery mildew symptoms 
present; 1: 1-25% ; 2:26-50% ; 3: 51-75% ; 4:76-100% of matured leaf area covered by powdery mildew 
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and average disease rating per treatment was calculated. Sucrose and TSS were determined in fresh 
roots using sacarometer and refrectometer according to AOAC (1990) and McGinnis (1982), 
respectively. Yield /kg for 10 root /plot were estimated. Disease severity, yield, sucrose and TSS 
efficiency percentages were calculated as formula: Efficiency percentage = Control- Treatment /Control 
×100.  
 
2.2. SEM combined with EDX examination 

Effect of natural products application of sodium carbonate, micronized sulfur at 7.5 g / L and 
eugenol oil at 5 ml /L were selected to study their effect against powdery mildew pathogen of E. betae 
spores and mycelium compared to control treatment by SEM (JEOL JSM-IT100, Tokyo, Japan).After 
24 hrs. from first foliar spray by these substances and control in heavy infected plants by powdery 
mildew pathogen, random 5 leaves were cut, disks (0.5 cm) were subjected to SEM examination. SEM 
combined with EDX spectroscopy analysis of elemental conformation and concentration as chemical 
changes in sugar beet leaves as resulting usage of above substances against powdery mildew disease.  
 
2.3. Role of defense compounds against powdery mildew disease 
2.3.1. Peroxidase and polyphenoloxidase enzymes activity 
        Oxidative enzymes activity of peroxidase (PO)  and polyphenoloxidase (PPO) were estimated after 
10 days from the third spray at 7.5 g/L of the treatments by sodium carbonate and  bicarbonate ,  
potassium bicarbonate; micronized sulfur  ; elemental sulfur  at  30 g/ plot; eugenol oil at  5 ml /L  
compared  with control treatment . Plant materials was homogenized at ratio1:2  (w:v) with 0.1M 
sodium phosphate buffer , PH 7.1.Extraction through nylon filter cloth and centrifuged at 12000xg , for 
30 min at 4 oC to preparation of plant extracts. Oxidative enzyme activity of peroxidase was estimated   
and expressed as changes of absorbance at 470 nm (optical density, OD /min /g fresh weight) at one, 
two and four min. and expressed as unit mg protein / g fresh weight as methods adopted by Nakano and 
Asada (1981)  and polyphenoloxidase  enzyme was assayed at 495 nm as methods of  Matta and Dimond 
(1963) using spectrophotometer (Spectronic 21 D). Enzymes activity increase as efficiency percentage 
calculated as previously above. 
 
2.4. Assay of chlorophyll 

Chlorophyll (Ch) pigments a, b and total were estimated in sugar beet leaves plants (5 disks, 1cm 
diameter) after 10 day from third spray by all tested natural compounds compared to control and 
fungicide of Topas. The pigments were extracted with 5 ml N-N Dimethylformamide [HCN(CH3), MW 
: 73.09 assay 98.5% ] and then samples were transmitted to refrigerator for 12 hrs in dark. The samples 
were used to read the absorbency on spectrophotometer (Spectronic 21 D) at 664 (Aº) and 647 (Aº) nm 
wave length. Concentration of photosynthetic pigments was calculated according to (Moran 1982) in 
the following equations:  
1- Chl. (a) µg / ml = 12.64 A664 – 2.99 A647.  
2- Chl. (b) µg / ml = 23.26 A647 – 5.6 A 664. 
3-  Total Chl. µg / ml = 7.04 A664 + 20.27 A647. 
 
2.5. Statistical analysis 

Data were analyzed statistically by WASP1 (WASP-Wep Agri. Stat Package) developed by Ashok 
Kumar Jangam and Pranjali Thali at ICAR Research Complex for Goa, India program, the analysis of 
variance and the means were further tested using the least significant difference test (LSD) at 5%. 
 
3. Results and Discussion  
3.1. Effect of natural compounds on powdery mildew disease severity, yield and sugars content 

Field trials results were presented in Tables (1 and 2) and showed that, three sprays with 15 days 
intervals of six tested natural compounds at two concentrations were reduced powdery mildew severity 
with differ in their effect. Increasing of desired concentrations led to increase of sugar beet plants 
resistance against the disease and decrease of disease severity, which recorded in range from 5.00-
38.33% and disease reduction ranged from 37.50-92.49% in the two tested seasons compared to Topas 
fungicide and control treatments. At all, Topas fungicide recorded the lowest diseases severity, ie. 0.83 
% and the highest efficiency against the diseases, ie. 98.64%, while the rest of other treatments were 
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followed it as found in figure (1). From nature substances, sodium carbonate, micronized and elemental 
S were the most effective ones followed by sodium bicarbonate and eugenol oil, while potassium 
bicarbonate was the lowest one in this respect. 
 
Table 1: Effect of spray by natural compounds on powdery mildew disease severity, yield, TSS and 

sucrose contents of sugar beet, cv. helios poly in season 2019/2020. 
Compounds g/L  Disease Severity % Yield Kg /10 roots TSS % Sucrose % 
Na2CO3  
 
NaHCO3  
 
KHCO3 
 
Micronized S 
 
Elemental S* 
 
Eugenol oil/ml 
 
Topas 
Control 

5 
7.5 
5 

7.5 
5 

7.5 
5 

7.5 
20 
30 
2.5 
5 

1 ml 
- 

5.00de 
6.00de 
17.66c 
17.67c 
30.00b 
31.66b 
6.66d 
6.67d 
10.00d 
7.00d 
18.33c 
16.66c 
1.33e 

66.66a 

17.76e 
20.66cd 
20.20d 
21.46bc 
18.03e 
18.50e 
21.66b 
22.00b 
16.00f 
20.00d 
15.66f 
18.00e 
23.66a 
14.50g 

19.80f 
21.26cd 
20.13f 
20.66e 
21.00de 
21.80b 
21.00de 
20.00f 

21.53bc 
21.00de 
21.06cde 
21.00de 
22.97a 
18.33g 

15.84efg 
17.03bc 
16.11e 

16.80cd 
15.80fg 
15.61g 
16.80cd 
16.00ef 
17.23b 
16.69d 
17.01bc 
17.07bc 
18.37a 
15.07h 

In the same colum, means followed by the same letter are not significantly different according to DMRT at 5% level of 
significance.  
Elemental S *: used as dust per plot. 
 

 
Fig. 1: Efficiency of natural compounds of powdery mildew disease severity of sugar beet, cv. helios 

poly in seasons 2019/2020 and 2020/2021. 
 
Reduction of powdery mildew disease severity with the tested natural substances led to 

enhancement of yield, sucrose and TSS. The highest values of its were recorded with Topas fungicide 
in comparing of all treatments. From the used natural compounds, the best yield was showed with 
micronized S followed by treatments of 7.5g/ L with both of sodium carbonate and bicarbonate, while 
the lowest enhancement was achieved by 2.5 ml/L of eugenol oil. The highest enhancement of sucrose 
and TSS were recorded with sodium carbonate and bicarbonate, elemental S and eugenol oil treatments 
while the rest ones were followed. In general, yield, sucrose and TSS enhancement ranged from 1.66-
51.72% during the two field trials with natural compounds compared to 16.86-63.17% of Topas as 
shown in figures (2, 3 and 4). Generally, disease severity, yield, sucrose and TSS enhancement 
percentages (efficiency) were in highest in the first season than the second ones resulting of natural 
compounds application as stated in above figures. 

So, these natural compounds responsible for the preventing and curative effects could be fraction 
in relation to host resistance. Present results recorded that nature substances of sodium carbonate and 
bicarbonate were effective against powdery mildew disease while potassium bicarbonate was the lowest 
one in this respect.  
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Table 2: Effect of spray by natural compounds on powdery mildew disease severity, yield, TSS and 
sucrose contents of sugar beet, cv. helios poly in season 2020/2021. 

Compounds g/L  Disease Severity % Yield Kg /10 roots TSS % Sucrose % 
Na2CO3  
 
NaHCO3  
 
KHCO3 
 
Micronized S 
 
Elemental S* 
 
Eugenol oil/ml 
 
Topas 
Control 

5 
7.5 
5 

7.5 
5 

7.5 
5 

7.5 
20 
30 
2.5 
5 

1 ml 
- 

11.01fg 
9.33gh 
19.66d 
15.33e 
38.33b 
31.76c 
7.67hi 
5.02j 

12.33f 
5.67ij 
20.33d 
12.66f 
0.83k 
61.33a 

19.15d 
20.10c 
19.10d 
19.85c 
18.33fg 
18.40efg 
20.85ab 
20.40bc 

18.61defg 
18.95def 
18.10gh 
19.05de 
21.50a 
17.55h 

21.40cd 
23.13a 
21.20cd 
23.20a 
21.06cd 
21.46c 
20.73de 
21.40cd 
21.46c 
22.20b 
21.00cd 
23.47a 
23.70a 
20.20e 

17.13cd 
18.66a 

16.96cde 
18.67a 
16.83de 
16.50ef 
16.86de 
17.10cd 
17.50bc 
17.76b 
17.46bc 
18.33a 
18.96a 
16.23f 

In the same colum, means followed by the same letter are not significantly different according to DMRT at 5% level of 
significance.  
Elemental S *: used as dust per plot. 
 

 
Fig. 2: Efficiency of natural compounds of yield of sugar beet, cv. helios poly in seasons 2019/2020 

and 2020/2021. 
 

 

Fig. 3: Efficiency of natural compounds of total soluble solids (TSS) of sugar beet, cv. helios poly in 
seasons 2019/2020 and 2020/2021. 
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Fig. 4: Efficiency of natural compounds of sucrose of sugar beet, cv. helios poly in seasons 2019/2020 

and 2020/2021. 
 
In general, application of K and Na bicarbonates led to improve plant health and vigor, making 

less infection as demonstrated by Perrenoud (1990 and 1993). Recently, very alkaline environmental 
creates by baking soda that kills E. betae fungus and very effective at preventing and controlling 
powdery mildew by sulfur as confirmed by Rhoads (2019).Mechanisms of protection was associated 
with stress induced by the salts or was related to an improvement nutrition status or increased 
photosynthesis as reported by Walters and Murray (1992). In addition, the antioxidant activity of these 
substances was recently evaluated (Baratta et al., 1998).  

Micronized and elemental S were effective in controlling of powdery mildew disease severity. 
Consequently, elemental sulfur was highly toxic to cereals powdery mildew disease, Cooper and 
Williams (2004). Moreover, Ungai (2008) added that, sulfur is instrumental in photosynthesis, 
respiration being an important role of mineral. Our finding by Long et al., (2003) are consistently that 
beneficial effect of S nutrient are related to reduce or prevent infection by means of disease inhibitory 
compounds such as phenols (are crucial for plant defense capability), Huber and Withelm 1998), 
phytoalexins (to certain fungal and bacteria pathogens) and auxins around the infection sites, and is one 
of many S-containing defense related phytoalexins compounds, that to be directly linked with disease 
resistance (wall strengthening by silica and calcium), Williams and Cooper (2003 and 2004). SEM–
EDX showed cellular location of sulfur to be relevant to counter a vascular pathogen in vascular gels, 
xylem vessel walls and xylem parenchyma cells (Resende et al., 1996). Utilizing disease resistance is 
an important strategy for controlling plant pathogens because it may be relatively easy to use, cost-
effective and environmentally more acceptable than reliance on pesticide, (Hogenboom 
1993).Moreover, elemental sulfur significantly reduced mildew counts with multiple applications with 
both osmotic (concentration) and specific-ion effects could play a role, Ehret et al., (2002). 
Additionally, mode of action of elemental sulfur is insolubility of water, almost every combined form 
of the element has been suggested as responsible for toxicity, causing the production of toxic S instead 
of O2 including hydrogen sulphide, polysulphides, sulfur dioxide and trioxide, and pentathionic acid; 
leading current hypothesis is that fungal cells are permeable (Hassall 1990 and Beffa 1993) and it is 
taken up into the cytoplasm where it affects the mitochondrial respiratory. 

In our results, reduction of powdery mildew disease severity with eugenol oil was achieved as 
found by Salamone et al., (2009) wherever, treatment by eugenol clove oil was able to reduce rose 
powdery mildew incidence and severity, and could be alternative use to fungicides. However, attractive 
aspect of using eugenol oil as crop protectant with low mammalian toxicity (Isman 2000) and 
antimicrobial activity (Bruneton 1995). The used natural substances showed enhancement of yield, TSS 
and sucrose contents as own research by Abdel-Kader and El-Mougy (2014), who focused to the yield 
enhancement by 48.2%, resulting control of pepper powdery mildew disease, which significantly 
reduced by foliar potassium bicarbonate comparing with fungicide. Zaki et al., (2011) supporting the 
present results and demonstrated that sodium and potassium bicarbonate application in the field led to 
significantly reduce of powdery mildew disease severity and yield was increased. 
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3.2. SEM combined with EDX examination 
3.2.1. Scanning Electron Microscope examination  

From previous results, application of natural products of sodium carbonate, micronized sulfur at 
7.5 g / L and eugenol at 5 ml /L were recorded positive effects against powdery mildew disease in the 
field, so its selected to study their effect against E. betae pathogen spores and mycelium by SEM as 
presented in Figure (5).In conclusion, the tested substances caused deformation of mycelium and spores 
which led to in fine killed of the fungus of E. betae. As effect of sodium carbonate, data showed film-
forming polymers of substance over the mycelium and spores appeared as whitish light color, Figure 5 
(a,b) as curative effect properties by direct contact with E. betae fungus by collapse of hyphae walls 
and shrinkage of conidia and mycelium. In this respect, inhibitory mechanisms of bicarbonate as 
hydrogen ion of bicarbonate have a profound inhibitory effect on sclerotia and conidia germination of 
S. rolfsii and S. fuliginea, respectively (Homma et al., 1981 and Punja and Grogan 1982). Furthermore, 
film-forming polymers may form a physical barrier on leaf surfaces against germ tube penetrations 
(Elad et al., 1989, Ziv and Zitter 1992). The bicarbonate exhibited as curative not preventative 
properties by direct contact with the organism by collapse of hyphae walls and shrinkage of conidia and 
conidiophores as Homma and Arimoto (1990), Punja and Grogan (1982), Ziv and Zitter (1992). Present 
results were supported by the finding of Rhoads (2019),who found that baking soda kills powdery 
mildew fungus by alkaline environmental that creates. 

As to effect of micronized S, Figure 5 (c, d) showed wide effects in mycelium which appeared non 
normal with accumulation of sulfur over it, whenever spores were dramatically decreased and showed 
like deformed capsules. Sulfur was directly linked with disease resistance by wall strengthen-ing silica 
and calcium, along with phytoalexins. SEM combined with EDX showed cellular location of sulfur to 
be relevant to counter a vascular pathogen (Resende et al., 1996). Consequently, elemental sulfur was 
highly toxic to Blumeria graminis (cereals powdery mildew), Cooper and Williams (2004). Whilst, 
resistance of Brassica napus to Verticillium and to Pyrenopeziza brassicae and grape to powdery 
mildew Uncinula necator by sulfur fertilization was increased (Burandt et al., 2001). Figure 5 (e,f) 
recoded effect of eugenol oil, many deformed plasmolysis spores were found. However, eugenol oil 
have antimicrobial activity (Bruneton 1995) and act as crop protectant is their low mammalian toxicity 
(Isman 2000). Rhoads (2019) recorded that, sulfur is very effective at preventing to powdery mildew 
pathogen. Since control treatment showed normal hyphae and spores of E. betae fungus in Figure 5(g,h). 
 
3.2.2. SEM combined with EDX examination 
Spectrum of  EDX analysis   was presented in  Table (3)  and Figure  (6a) , wherever effect  of 7.5 g/L  
of  sodium carbonate  showed confirmation of elements of sodium (Na), phosphorus (P), sulfur(S) , 
chlorine (Cl), potassium(K), calcium(Ca); micronized  sulfur(figure 6b)  showed confirmation of 
elements of  Na,Mg, Aluminum(Al),  silicon (Si), P, S, Cl, K, Ca ; eugenol oil showed confirmation of 
elements of  Na, Mg,  Si, S, Cl, K, Ca   (figure 6 c ) and control (figure 6d) showed different elements 
confirmation of  Na, Mg, Al,  Si, P, S , Cl, K and Ca  of  sugar beet leaves. SEM - EDX spectroscopy 
analysis showed increasing of different elements, ie. S, Ca , Mg, Si  mass percentage  than control(figure 
6d) , resulting to different natural compounds application of sugar beet leaves  , and all counter may be 
had  chemical changes ,that inhibit  E. betae  fungus infection. S, Ca, Mg, Si showed high and intense 
peak in interaction resistance and it was localized in specific locations. An X ray peak  of this elements 
take more area showing intense spots of this elements  in sugar beet cells treated by above natural 
compounds especially  with micronized S , which led to high increase of sulfur tissue , ie,  0.67  and Si  
, ie. 2.02compared to 0.18 and 0.26 mass percentage of control, respectively,   and eugenol oil led 
increase of Ca, Mg and Si than control treatment. Al element increase resulted to Al coating of samples 
in preparation. This with the same line of Williams et al. (2002). Cellular location of sulfur counter a 
vascular pathogen by SEM -  EDX (Resende et al. 1996). 
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Fig. 5: Scanning  electron microscopy showed  effect  of 7.5 g/L  of sodium carbonate (a,b) , micronized  

sulfur  (c, d) , 5 ml/L of  eugenol oil  (e, f ) and control (g, h) of mycelium and spores of E. 
betea fungus. 
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Table 3: Energy – Dispersive X- ray spectroscopy analysis of sugar beet, cv. helios poly leaves sprayed 
by sodium carbonate, micronized sulfur, eugenol oil and control of different elements 
confirmation mass percentage against E.betea fungus. 

Formula Natural compounds 
Sodium carbonate Micronized S Eugenol Control 

C 
O 
Na 
P 
S 
Cl 
K 
Ca 
Mg 
Al 
Si 

54.04 
42.03 
0.54 
0.13 
0.32 
0.49 
1.90 
0.55 

- 
- 
- 

50.08 
42.46 
0.99 

- 
0.67 
0.82 
1.47 
0.45 
0.25 
0.80 
2.02 

46.84 
46.76 
0.55 

- 
0.23 
0.67 
2.15 
0.63 
0.59 
0.49 
1.09 

39.78 
42.84 
0.78 

- 
0.18 
0.72 
2.39 

- 
0.22 

- 
0.26 

Total 100 100 100 100 

 

 
 

Energy KeV 
Fig. 6: Spectrum of Energy – Dispersive X- ray spectroscopy analysis showed effect of 7.5 g/L o f 

sodium carbonate (a), micronized sulfur (b), 5 ml/L of eugenol oil (c) and control (d) of different 
elements confirmation against E. betea fungus sugar beet leaves. 

 
3.3. Role of natural compounds of defense against powdery mildew disease 
3.3.1. Peroxidase enzyme activity 

About resistance mechanisms against powdery mildew disease of sugar beet plants, results in Table 
(4) showed that, foliar spraying by sodium carbonate followed by potassium bicarbonate, micronized 
S, sodium bicarbonate and eugenol oil led to enhancement of PO enzyme activity at 1-4min estimation 
periods. The maximum activity was recorded with sodium carbonate recoding enzyme activity increase 
percentage in range 18.62-36.79%, since elemental S showed non-significant activity. The other 
treatments led to increase of PO activity ranged from 0.90-30.92 % in 4min estimation period, so spray 
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by above treatments led to induce PO enzyme activity as a mean resistance mechanisms. PO activity 
increased gradually with increasing estimation periods and recorded the maximum activity in estimation 
periods 2 min with the most tested ones compared to control, while the highest activity increase 
percentage of enzyme was recorded after 4 min in range 0.90-36.79%. 
 
Table 4: Peroxidase enzyme activity of sugar beet, cv. helios poly leaves foliar sprayed by some natural 

compounds.  
Natural compounds g/L PO/OD / min /g fresh weight Activity increase % 

1 2 4 1 2 4 
Na2CO3  
NaHCO3  
KHCO3 
Micronized S 
Elemental S* 
Eugenol oil/ml 

7.5 
7.5 
7.5 
7.5 
30 
5 

0.860a 
0.775e 
0.830b 
0.825c 
0.723f 
0.785d 

0.865a 
0.776c 
0.805b 
0.860a 
0.690e 
0.711d 

0.606a 
0.519d 
0.550c 
0.580b 
0.443f 
0.447e 

18.62a 
4.13e 

17.48b 
13.79c 

- 
8.27d 

26.27a 
13.28d 
17.51c 
25.54b 
0.70f 
3.79e 

36.79a 
17.15d 
24.15c 
30.92b 

- 
0.90e 

Control - 0.725f 0.685e 0.443f - - - 
In the same colum, means followed by the same letter are not significantly different according to DMRT at 5% level of 
significance. 
Elemental S*: used as dust per plot. 

 
3.3.2. Polyphenoloxidase enzyme activity 

Corresponding to potential mechanisms of resistance to powdery mildew disease, results in table 
(5) stated that, spraying by natural substances of sodium carbonate followed by micronized S, sodium 
and potassium bicarbonate led to significantly enhancement of PPO enzyme activity up to 4min 
estimation periods. Max PPO enzyme activity was recorded with sodium carbonate, ie. 1.740-1.860 OD 
/ min /g fresh weight, recoding activity increase percentage in range 11.32-19.53 %.Since others 
recorded activity in rang 1.601-1.760 OD / min /g fresh weight and activity increase percentage in range 
2.43-13.11%, eugenol oil and elemental S showed non-significant activity compared to control in all 
estimation periods. Last results supported by Beffa (1993), who found that S could quickly and 
nonenzymatically oxidize proteic and non- proteic sulphydryl groups implicated in many respiratory 
functions of the mitochondria. These phenomena could produce a modification of the oxidation state of 
the respiratory complexes, disturb the electron flux in the mitochondrial respiratory chain and 
consequently alter oxidative phosphorylation, resulting in fungitoxicity (Jolivet, 1993). 
 
Table 5: Polyphenoloxidase enzyme activity of sugar beet, cv. helios poly leaves foliar sprayed by some 

natural compounds.  

Natural compounds g/L 
PPO /OD / min /g/ fresh weight Activity increase % 

1 2 4 1 2 4 
Na2CO3  
NaHCO3  
KHCO3 
Micronized S 
Elemental S* 
Eugenol oil/ml 

7.5 
7.5 
7.5 
7.5 
30 
5 

1.740b 
1.660c 
1.601d 
1.760a 
1.556e 
1.560e 

1.796a 
1.660c 
1.650d 
1.720b 
1.560e 
1.566e 

1.860a 
1.680c 
1.650d 
1.760b 
1.555e 
1.558e 

11.32b 
6.21c 
2.43d 
12.60a 

- 
- 

15.12a 
6.41c 
5.76d 

10.25b 
- 

0.38e 

19.53a 
7.96c 
6.04d 
13.11b 

- 
0.13e 

Control - 1.563e 1.560e 1.556e - - - 
In the same colum, means followed by the same letter are not significantly different according to DMRT at 5% level of 
significance.  
Elemental S*: used as dust per plot. 

 
Generally, results of this investigation indicated that most treatments markedly increased the PO 

and PPO activity in in sugar beet leaves. This increase was clear with the application of sodium 
carbonate than micronized S, sodium and potassium bicarbonate. Application of potassium or sodium 
bicarbonate enhancement of plant health and vigor, making infection less or enabling a quick recover 
(Perrenoud, 1993). Thus, peroxidase activity had reported to be a biochemical marker for resistance and 
associated with systemic and induced resistance (Irving and Kuc 1990 and Mosa 2002).PO an important 
enzyme in the synthesis of lignin (lignification) and catalyze the oxidation of lignin to many phenols 
and aromatic amines to highly toxic quinones (assigned role in disease resistance), in the presence 
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hydrogen peroxide as reported by Vidhyasekaran (1988). Present results were similar to be obtained by 
Yurina et al., (1993) they recorded that, peroxidase activity potentially was related to tolerance and 
resistance against powdery mildew. Also, Hu et al., (2005) added that, PO and PPO were strongly 
associated with plant disease resistance. Field application by sodium and potassium bicarbonate were 
superiority of peroxidase activity as demonstrated by Zaki et al., (2011). Contrastly, such treatments of 
S (So4) showed PO and PPO enzymes activity of sugar beet plants in the field, Farahat and Salama 
(2019). 
 
4. Effect of natural compounds on chlorophyll contents 

As to response of sugar beet plants to foliar spraying by natural compounds and their effect on Ch 
a, as found in Table (6) and Figure (7), case of Topas fungicide recorded the highest content followed 
by sodium carbonate and bicarbonate (7.5 g/L),ie. 6.49, 6.26 and 5.58 (µg / ml), recording enhancement 
in rang 131.53-169.29% compared to control treatment. Other treatments of potassium bicarbonate, 
elemental and micronized S and eugenol oil were markedly increase in Ch a contents recording in range 
3.02-5.14 compared to 2.11 (µg / ml) of control, showing enhancement percentage ranged from 25.31-
113.27%.As to Ch b, all treatments recorded significantly enhancement in this respect and Topas 
followed by eugenol oil, sodium carbonate and bicarbonate (7.5 g/L) were the highest ones, while 
elemental S (20g) was the lowest one. At all, the increase in Ch b ranged from 4.86-61.09%. Also, total 
Ch. recorded increase with all tested compounds and Topas was the superior than the others followed 
by sodium carbonate and bicarbonate and eugenol oil, showing enhancement percentage ranged from 
13.50-106.84 %. So, spraying different natural compounds and Topas led to increase and /or 
enhancement of Ch a, b and total Ch contents (greenness) of sugar beet plants leaves under field 
conditions as stated in Figure (7) compared to non-sprayed one of control and infected by powdery 
mildew disease which caused reduction of its significantly. Infection of powdery mildew on leaves 
resulted in destruction of chloroplast and may reduce photosynthesis rate, photophosphorylation and 
CO2 assimilation, Bawden (1999). Ch a,b were found to be higher amounts in healthy plants and their 
concentration has been found decreasing relatively due to powdery mildew disease, Sansi (2013). Due 
to such treatments, chlorophylls (Ch) a, b and total contents were increased and / or enhancement of 
sugar beet plants compared to infected one and protected by Topas controls (Farahat and Salama, 2019). 
 
Table 6: Effect of spray by natural compounds on chlorophylls contents of sugar beet, cv. helios poly 

in season 2019/2020. 
Compounds g/L  Ch. a(µg / ml)  Ch. b(µg / ml)   Total Ch (µg / ml)  
Na2CO3 
 
NaHCO3 
 
KHCO3 
 
Micronized S 
 
Elemental S* 
 
Eugenol oil/ml 
 
Topas 
Control 

5 
7.5 
5 

7.5 
5 

7.5 
5 

7.5 
20 
30 
2.5 
5 

1 ml 
- 

4.34f 
6.26b 

4.14gh 
5.58c 
4.01h 
4.89e 
4.27fg 
3.83i 
3.02k 
3.43j 
4.09h 
5.14d 
6.49a 
2.41l 

3.51i 
4.73c 
3.86fg 
4.62c 
3.78g 
4.36d 
3.96f 
3.81g 
3.45i 
3.64h 
4.13e 
4.90b 
5.30a 
3. 29j 

7.85i 
10.40b 
8.00h 
10.20c 
7.79j 
9.25e 
8.23f 
7.64k 
6.47m 
7.07l 
8.22g 

10.04d 
11.79a 
5.70n 

In the same colum, means followed by the same letter are not significantly different according to DMRT at 5% level of 
significance.  
Elemental S *: used as dust per plot. 
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Fig. 7: Efficiency of natural compounds of chlorophyll contents of sugar beet, cv. helios poly. 
 
Conclusion  

On the light of the present study it could be suggested that the usage of application of resistance 
plant chemicals such as natural compounds might be used as easily applied, safely and effective control 
methods against such foliar plant disease. The results of the present study provide further evidence that 
may facilitate applying simple non-toxic chemical solutions like Na2CO3, NaHCO3, sulfur or eugenol 
oil for controlling powdery mildew. Their low toxicity, low cost, comparative environmental safety, 
and nutrient value make them ideal foliar fertilizers to use in the field as applications for diseases 
control. However, the duration and effectiveness of such compounds at different stages of plant 
development has to be considering in assessing its potential in crop protection. Such research will 
continue the use of this natural materials for controlling powdery mildew as an integral measure 
program to protect sugar beet plants against powdery mildew that limit productivity. SEM combined 
with EDX spectroscopy analysis showed increasing of different elements, ie. S, Ca Mg, Si, of sugar 
beet leaves, and all counter may be inhibit Erysiphe betae fungus infection. 
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