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ABSTRACT 

During 2009/2010 growing season, a survey was 

conducted in three regions where potato was intensively 

cultivated in three different governorates. These were El-

Nubaria, El-Salheya and El-Sheikh Zaied in El-Behera, El-

Sharkia and El-Ismailia governorates respectively. The 

causal common scab isolates of Streptomyces scabies 

recovered were isolated from potato tubers showing 

different scab symptoms and these isolates were all 

monomorphic for the morphological, biochemical and 

physiological traits tested. However, two types of necrosis 

were developed in the pathogenicity test with the tested S. 

scabies. These were phenotype 1 which characterized with 

little brown flecks, and phenotype 2 which characterized 

with brown black necrosis. The study revealed that 

incidence and severity of common scab differed among the 

three surveyed regions of the three governorates with the 

highest incidence in El-Nubaria region      (60.0 %) followed 

by El-Salheya (52.5 %) and El-Sheikh Zaied (22.5 %). The 

same trend was observed for the common scab disease 

severity with highest severity in El-Nubaria (25.8 %), 

followed by El-Salheya (22.8 %) and El-Sheikh Zaied (11.4 

%). Severity of the scab was found to be correlated with the 

soil mineral elements and the tuber biochemical 

constituents. A positive and highly correlation was revealed 

in the three surveyed regions between soil calcium 

concentration and the potato scab severity (r = 0.949 – 

0.941). The macronutrients, i.e. nitrogen and phosphorus, 
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exhibited mostly weak – medium correlation (r = 0.289 – 

0.591). Meantime, soil content of potassium and magnesium 

exhibited mainly positive correlation (r = 0.677 – 0.936) with 

the scab severity in the surveyed regions. On the other hand, 

the micronutrients soil content, i.e. Fe, Zn, Mn and Cu, 

showed (mostly) proportional relationship between Mn and 

Cu and the scab severity (r = 0.552 – 0.892) while, Fe and Zn 

showed mostly negative medium correlation (r = 0.187 – 

0.695). In addition, Ca/P ratio of the soil exhibited mainly 

positive correlation with high values of (r = 0.824 – 0.952) 

while the cation exchange capacity (CEC) revealed positive 

reaction with common scab severity where (r = 0.893, 0.824 

and 0.952) in the three surveyed regions, respectively. 

Periderm content of N, P, K and Cu were found to be higher 

in the less susceptible (tolerant) red-skinned, cv Lady 

rosetta, compared to the white-skinned, cv Hermis, the more 

susceptible in all the analysed healthy potato tuber. On the 

other hand, the periderm N and Zn contents were not 

significantly different in the two cultivars tested, while Fe 

and Mn contents of periderm showed an opposite relation as 

the ,cv Hermis, had higher content than the less susceptible, 

cv L.rosetta, with significant differences were observed. In 

case of L. rosetta, N, P and K contents did not significantly 

differ among healthy and infected tubers as well as Mn, Zn 

and Cu. However, Fe content was higher in healthy than the 

infected tubers. Potato flesh contents of N, P, K, Fe, Zn, Mn 

and Cu were found to be higher in the less susceptible 

(tolerant) red-skinned, cv L.rosetta, compared to the white-

skinned, cv Hermis, which was more susceptible. Meantime, 

protein, fiber, carbohydrate and total phenol percentages 

were found to be higher in the less susceptible (tolerant), cv 

L.rosetta, than the susceptible, cv Hermis, while moisture, 

fat and reducing sugars had a reverse tendency in the all 

analysed healthy tubers.  
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INTRODUCTION 
 

 

Common scab of potato (Solanum tuberosum) caused by 

Streptomyces scabies (Lambert et al., 2005) is found in all potato 

growing regions throughout the world. The scab organism sometimes 

occurrs in soils where potatoes have never been grown. In most potato 

soils, however, scab was probably introduced with infected seed 

tubers. It presents a major threat to the potato production in Egypt 

particularly in the last decade in the newly reclaimed lands, such as 

El-Nubaria, El-Salheya and El-Sheikh zaied in           El-Behera, El-

Sharkia and El-Ismailia governorates respectively, and other regions. 

This disease does not affect yield, but spoils the appearance and 

quality of tubers and this is important especially with potatoes grown 

for consumption and exportation (Kristufek et al., 2000). Control of 

common scab is mainly caused by different soil amendments and 

breeding for disease resistance (Kristufek et al., 2000). Concentration 

of mineral elements and other constituents in the potato periderm and 

flesh such sugars and phenols was reported to influence disease 

incidence and severity. Potato cultivars differ in the accumulation of 

nutrients from soil (Walworth and Muniz, 1993) and they can 

influence the content of minerals in plant tissue. Lambert et al., 

(2005), Dordas, (2008) and Wiechel and Crump (2010). Analysis of 

mineral elements contained in tuber periderm tissue was done on 

samples harvested at the end of the vegetative period and soil analysis 

may be attributed to find the relationship between mineral elements 

and common scab incidence. The soil conditions responsible for 

potato scab have long been a topic of study, but the findings have been 

inconsistent or contradictory Lambert et al., (2005).  Common scab 

occurrs worldwide, but there are significant gaps and contradictions in 

the knowledge about the role of soil and tuber mineral elements and 

constituents that influence the potato common scab. Growers report 

that scab disease has become more severe, on potato cultivars that 

have previously been considered relatively resistant (Lambert et al., 

2005). There has been little investigation of possible reasons for such 

contradictions. The differences in findings about the relationship 

between soil conditions and outbreak of potato scab may be ascribed 
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to a variety of different environmental factors. The objectives of the 

present study were to investigate the role of soil and the tuber content 

of mineral elements and chemical constituents of the tubers on the 

common scab incidence and its severity on a variety of potato 

cultivars, to find new approach to a sustainable management of the 

disease.  

 

MATERIALS AND METHODS 

Common scab survey: 

During the 2009/2010 growing season, samples of potato tubers 

showed common scab symptoms were collected at random from three 

different regions of three different governorates in which potato was 

intensively cultivated, El-Nubaria, (El-Behera governorate), El-

Salheya (El-Sharkia governorate), and El-Sheikh zaied (El-Ismailia 

governorate). 
 

 

Isolation and Identification of the causal bacteria:-  

Diseased potato tubers showing scab symptoms were collected 

from the three different regions previously mentioned. Tubers were 

washed, surface-sterilized with sodium hypochlorite (NaOCl), diluted 

to give 1.0 % available chlorine for 1 min and rinsed well with sterile 

water. Scab lesions were excised with a sterile scalpel and grinded in a 

morter. One milliliter of the homogenate was mixed with 9 ml of 

phenol-water suspension (1-140). Different dilutions of homogenate 

were spread on oatmeal agar (OA) and incubated at 28 ºC for 4-14 

days, after which colonies characteristic of streptomycetes were 

transferred onto fresh OA (Lawrence, 1956 and Lindholm et al., 

1997). The isolates were characterized and identified according to 

Bergy's Manual of Determinative Bacteriology of Bergy et al., (1989), 

and the International Streptomyces Project (Shirling and Gottlieb, 

1966) and (Park et al., 2003).   
 

 

Pathogenicity tests and varietal reaction: 

Plant material: Two potato cultivars of different susceptibility to 

common scab were selected and obtained from Horticultural Research 

Institute, Giza. These were the red skinned, cv Lady rosetta, and white 

skinned, cv Hermis. Five tubers uniformed in shape and size were 
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prepared, and discs (3-cm diameter) were made from the tubers, one 

disc from each tuber.     
 

Inoculum: Inoculum of Streptomyces scabies was prepared by 

growing the isolates on oatmeal broth OMB medium for seven days 

according to Loria et al., (1997). 
 

Inoculation: Tuber slice test was conducted as described by Loria et 

al., (1997). Tubers were surface sterilized with 0.5 % Naocl for 10 

min, air-dried under sterile conditions, dipped in ethanol and flamed, 

the tubers sliced (3-cm diameter), 0.5 cm thickness. One milliliter of 

the resulted suspension was placed on the potato tuber slices and kept 

in humid chamber. Controls were immersed in sterile distilled water. 

The inoculated tuber slices were incubated at 28 ºC in the dark and 

evaluated after 7 days. 

Diameter of the necrotic area was assessed as a percentage as 

follows:- highly susceptible, i.e., necrosis covered ≥ 75 % of the tuber 

slice diameter, moderately susceptible, i.e., necrosis < 75 % - > 25 % 

of the tuber slice diameter and low susceptible, i.e., necrosis < 25 % of 

the tuber slice diameter. The developed symptoms were characterized 

according to the appearance of lesions developed and classified to 

different phenotypes (Loria et al., 1997).   
 

Factors affecting common scab incidence and severity in nature. 
 

1- Soil mineral element analysis: soil samples were taken from the 

upper 15 cm layer (near the tubers) from the three surveyed regions 

previously mentioned. Samples were air-dried and sieved through 2 

mm mesh. Nutrients extractable with Mehlich II solution were 

determined using standard methods of analysis. The contents of 

microelements in 2 M HNo3 extracts were determined by atomic 

absorption spectrometry with acetylene-air flame, i.e. Fe, Mn, Zn 

and Cu (Zbiral, 1995). Soil analysis was conducted at the Desert 

Development Center, The American University in Cairo, Research 

Station at Sadat City. 
 

2- Tuber periderm and flesh mineral elements analysis: Samples of 

potato peelings were obtained immediately after harvest. Tubers 

were washed in distilled water, rinsed in 1% HCl solution for 2 

minutes and then rinsed in distilled water again. The tubers were 
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peeled with a standard potato peeler which produced a peel 1.5-2.0 

mm thick containing periderm and several layers of cortical cells. 

Scabby periderm peeled from each tuber was collected separately. 

The tissue was dried, ground and analysed. Phosphorus content was 

determined by ammonium paramolybdate-vanadate method using 

spectronic 20 D spectrophotometer. Potassium was determined by 

using CORNING 400 flame measured by varian spectr 220 Atomic 

Absorption Spectrometer. Concerning nitrogen was measured by 

VELP scientifica UDK 127 Distillation Unit. The tested flesh and 

periderm potato tubers content was also conducted for N, P, K, Fe, 

Zn, and Cu according to Jones and Case, (1990) while, flesh 

moisture, protein, fat, fibers, carbohydrates, reducing sugars were 

determined according to A.O.A.C., (2000) as well as total phenols 

were determined according to Amerine and Ough, (1980). 
 

 

Disease assessment:- Common scab incidence and severity were 

determined for the freshly harvested tubers collected from five fields 

for each surveyed region in twenty field tubers according to Wenzel 

and Demel (1976) with six ratings as follows:- 0 = no scabs; 1 = 20 % 

of the surface tuber with scab lesions;          2 = 40 % ; 3 = 60 % ; 4 = 

80 %; 5 = 100 %. Scab index was calculated according to the 

following equation:-  
 

 

   Σn × R   .  ×  100 

     d × N 

Where n = numerical value       R = number tuber in each class.  

             d = degree of freedom,     N = Total number of tuber in each 

sample. 

Statistical analysis: The obtained data were statistically analysed 

using the American SAS program, means were compared by LSD 

(SAS Inc. 2000).  
 

EXPERMENTAL RESULTS 
 

1- Survey of common scab: 

During the 2009/2010 growing season incidence and severity of 

common scab differed in the three surveyed regions i.e. El-Nubaria,                  

El-Salheya and El-Sheikh Zaied and on the two surveyed potato 

cultivars, i.e. the white skinned, cv Hermis, and red skinned, cv L. 
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rosetta, (Table 1). Incidence of common scab ranged between 35 % in 

El-Sheikh zaied region to 70 % for each of El-Salheya and El-Nubaria 

regions on the cv Hermis with the mean of 58.33 %. On the other hand 

incidence on cv L. rosetta was evidently lower being 10 % - 50 % on 

the surveyed regions with the highest incidence on El-Nubaria 

followed by El-Salheya, while El-Sheikh zaied showed the lowest 

disease incidence . This showed that cv L. rosetta was of low 

susceptibility as exhibited 31.66 % scab incidence compared to 58.33 

% on the cv Hermis. Meanwhile, El-Nubaria region (El-Behera) 

exhibited the highest common scab incidence. This was followed by 

El-Salheya                 (El-Sharkia) where 35 % incidence was recorded 

while El-Sheikh zaied showed a significantly lower incidence of 10 

%. 

Concerning the severity of common scab, a similar trend was 

revealed in the three surveyed regions and on the two tested potato 

cultivars. El-Nubaria region exhibited the highest disease severity on 

both the tested cultivars, followed by El-Salheya, while, El-Sheikh 

zaied region (El-Ismailia) exhibited the lowest common scab severity 

on both cultivars. The overall mean of common scab severity in the 

surveyed regions was 19.99 %, while, the cv L. rosetta showed the 

lowest disease severity 10.33 % compared to 29.66 % for the cv 

Hermis.         
 

Table (1): Incidence and severity of common scab in the three surveyed 

regions.    
 

               Disease                

            parameter 

 
Regions 

Incidence % Severity % 

cv 

Hermis 

cv 

L. rosetta 
Mean 

cv  

Hermis 

cv 

L. rosetta 
Mean 

El-Nubaria 70a 50a 60.0 A 39a 12.6a 25.8 A 

El-Salheya *70a 35b 52.5 A 34a 11.6a 22.8 A 

El-Sheikh zaied 35b 10c 22.5 B 16b 6.8b 11.4 B 

Mean 
58.33 A 31.66 B 

 
29.66 A 10.33 B 

 
44.99 19.99 

* Means with the same letters are not significantly different. at P = 0.05.  
 

 

The causal bacteria:- Isolation trails yielded fifteen isolates of 

Streptomyces scabies. Three isolates (one for each surveyed region) 

were randomly chosen and subjected to the morphological and 
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physiological tests. Data presented in (Table 2) revealed that all the 

isolates exhibited negative reaction in case of motility and growth at 

pH 5, however, showed positive reaction in case of gram staining, 

catalase activity, starch hydrolysis, casein hydrolysis, gelatin 

liquefaction, tolerance to Nacl 5 %,    6 % and 7 %, growth at 20 ºC, 

25 ºC and 30 ºC, growth at 7 pH and 9. All the isolates exhibited grey 

color in colony and spore mass, spiral spore chain and were positive to 

melanin production.        
 
 

Table (2): Morphological, biochemical and physiological traits of 

Streptomyces scabies isolates recovered from scabby potato 

tubers collected during 2009/2010. 
 

Characteristics 
Bacterial isolates 

St1 St2 St3 

  Motility - - - 

  Gram staining + + + 

  Catalase activity + + + 

  Starch hydrolysis + + + 

  Casein hydrolysis + + + 

   Gelatin hydrolysis + + + 

Tolerance to Nacl 5 % 

                 6 % 

                 7 % 

+ + + 

+ + + 

+ + + 

       Growth at 20 ºC 

                 25 ºC 

                 30 ºC 

+ + + 

+ + + 

+ + + 

       Growth at pH 5 

                    7 

                    9 

- - - 

+ + + 

+ + + 

  Melanin production + + + 

  Colony color grey grey grey 

  Spore chain morphology Spiral Spiral Spiral 

  Spore chain color grey grey grey 
          + = Positive reaction                         ̵  = Negative reaction 
 

Pathogenicity test and varietal reaction: Two distinct lesion 

phenotypes were recognized in the tested isolates of S. scabies 

recovered in the conducted survey (Fig1). Phenotype1 (Phn.1) was 

characterized by the little brown flecks while the second phenotype 

(phn.2) was characterized by the brown black necrosis (Fig1). Data 
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      Control                               Str. 3                                      Str.2                               Str.1         
 

Fig (1): Pathogenicity of the three isolates of S. scabies 1 to 3 assessed as percentages of necrosis 

on tuber slices. 

 

 

presented in (Table 3) revealed that all the three isolates tested were 

moderately virulent on potato, cv Hermis, as the necrotic areas 

developed with the three isolates ranged between 40.25 % and 68.75 

%. On the other hand L.rosetta exhibited the highest tolerance as 

21.16 % necrotic area was developed compared to 54.83 % necrotic 

area in cv Hermis. Meantime, the two potato varieties tested were all 

susceptible to different degrees. 
 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

Table (3): Pathogenicity and varietal reaction of isolates of Streptomyces 

scabies isolates on potato tuber slices of the red-skinned, cv 

L.rosetta, and white-skinned, cv Hermis.  
 
 

 

Isolates 

Phenotypes 

of necrosis 

developed 

Lady rosetta Hermis 

Necrosis 

developed(%) 

Cultivar 

susceptibility 

Necrosis 

developed(%) 

Cultivar 

susceptibility 

St1 Phn.1    20.5 * L.S 55.5 MS 

St2 Phn.2 18.75 L.S 40.25 MS 

St3 Phn.2 24.25 L.S 68.75 MS 

Mean  21.16  54.83  
 

* Data are mean percentages of the necrotic area developed on tuber slices data are 

the average of 5 replicates determined 10 days after inoculation and incubation at 

28 ºC.              LS = low susceptible (tolerant), i.e. necrosis covered ≤ 25 % of 

tuber slice.                     MS = moderately susceptible, i.e. necrosis < 75 % - > 25 

% of tuber slice diameter.  
 

Relationship between the soil content of mineral elements and 

naturally occurred common scab severity: Data tabulated in (Table 
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4), presented and analysed in (Figs 2 and 3) showed that severity of 

the common scab disease was correlated with the mineral element 

concentrations of the soil where potato was grown in the three 

surveyed regions as well as with the cation exchange capacity (CEC) 

of these elements. The calcium content of the soil exhibited the 

highest correlation factor (r = 0.745 – 0.949) in positive relationship 

over the three surveyed regions according to the common scab 

severity. This was followed by magnesium (Mg), potassium (K), 

manganese (Mn) and cupper (Cu) where  these elements positively 

correlated with common scab severity in two out of the three surveyed 

regions with correlation of r = 0.837 – 0.936, r = 0.766 – 0.691, r = 

0.552 – 0.892 and r = 0.625 – 0.739, respectively. The third region, 

however, showed negative correlation being r = 0.129, 0.685, 0.010 

and 0.828, for the same elements, respectively. Concerning nitrogen 

(N), phosphorus (P) and zinc (Z) negative correlations were detected 

being r = 0.520 - 0.591, r = 0.299 - 0.673) and r = 0.053 to 0.695 for 

these elements respectively in two regions, while the third exhibited 

positive correlations being r = 0.290, 0.945 and 0.469, respectively. 

Moreover, the soil content of the iron (Fe) showed negative reaction 

being r = 0.187, 0.247 and 0.527, respectively, in the three surveyed 

regions. In addition Ca/P ration was positively correlated with 

common scab severity in two out of the three regions (r = 0.824 and 

0.952) while, a negative correlation (r = 0.893) was recorded in the 

third region. The CEC exhibited positive correlation with common 

scab severity i.e. r = 0.718, 0.957 and 0.933 at El-Salheya, El-Nubaria 

and El-Sheikh Zaied, respectively. 
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Table (4): Severity of common scab in three regions surveyed during 2009 / 

2010 growing season as affected by the soil content of minerals. 
 

Region Field 
Severity 

% 

Soil content of minerals (p.p.m) 
Ca/P 

CEC 

meq/100g N P K Ca Mg Fe Zn Mn Cu 

El-

Salheya 

1 20 8 17 423 4048 445 4.7 0.4 1.6 2.1 238 25.3 

2 28 62 19 244 6155 258 2.6 0.3 3.3 0.9 323.9 34.4 

3 23 40 11 195 4031 339 704 0.5 8.6 1.0 366.5 23.9 

4 25 8 11 149 3946 307 4.1 0.3 3.6 0.4 358.7 23.1 

5 18 46 42 330 3745 217 3.9 0.5 5.5 1.9 89.2 23.82 

Mean 22.8 32.8 20 268.2 438.5 313.2 3.14 0.4 4.52 1.26 275.26 26.1 

El-

Nubaria 

1 19 1 2 43 1488 78 3.9 0.4 0.5 0.4 744 8.4 

2 29 1 12 67 2181 110 3.7 0.2 1.3 0.4 181.8 12.2 

3 20 15 4 33 1505 73 3.4 0.6 1.1 0.5 376.25 8.5 

4 32 1 25 72 2545 113 3.7 0.7 2.3 0.7 101.8 14.4 

5 29 3 19 127 2643 94 2.8 0.3 0.4 0.6 139.1 14.6 

Mean 25.8 4.2 12.4 68.4 2072.4 93.6 3.5 0.44 1.12 0.52 308.59 11.62 

El-

Sheikh 

Zaied 

` 

1 3 0.0 9 41 202 40 3.5 0.1 0.5 0.1 22.4 1.6 

2 10 1 4 68 465 62 3.6 0.1 0.6 0.1 116.3 3.3 

3 18 0.0 3 43 1446 60 4.0 0.2 0.7 0.1 422 8.1 

4 24 0.0 4 97 3005 155 2.9 0.2 1.0 0.2 721.3 17.3 

5 2 4 2 47 244 45 4.5 0.2 0.8 0.2 172.5 2.8 

Mean 11.4 1.0 4.4 59.2 1072.4 72.4 3.7 0.16 0.72 0.14 302.9 6.62 

 

Relationship between mineral element contents of potato tuber 

periderm and naturally occurred common scab severity: In both 

healthy and scabby tubers periderm contents of N, P, K and Cu were 

found to be higher in the less susceptible (tolerant) red-skinned, cv L. 

rosetta, compared to the high susceptible white-skinned, cv Hermis, 

(Table 5) the more susceptible in all the analysed healthy potato 

tubers. On the other hand, the periderm nitrogen (N) content and Zn 

did not differ significantly in the two cultivars (Table 5). While, Fe 

and Mn content of periderm showed an opposite relationship as the cv 

Hermis, had higher content than the less susceptible, cv L-rosetta, 

with significant differences were observed. Concerning the naturally 

infected tubers, a similar trend was revealed with no significant 

differences for N, P, K and Mn and significant differences were 

observed in case of Zn and Cu. However, Fe showed higher content in 

case of Hermis than L-rosetta. Comparing the mineral elements 

content of periderm in healthy and naturally infected tubers of the cv 

Hermis, data revealed that the P, K, contents were higher in healthy 

potato periderm than the infected, but significantly differences were 

not observed. However, N and Cu contents had an opposite trend. 

Also, Fe, Mn and Zn contents were higher in healthy tubers than 

infected ones, and significant differences were detected. In case of L-
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rosetta, P and K contents were higher in healthy periderm than 

infected tubers as well as Mn, Zn and Cu. But significant differences 

were not noticed, however, N content showed an opposite trend. 

Additionally, Fe content was higher in healthy than infected tubers 

and significant difference was observed. 

Relationship between tuber flesh mineral element contents and 

natural incidence of common scab: Flesh contents of N, K, Fe, Zn, 

Mn, and Cu were found to be higher in the less susceptible red-

skinned, cv L.rosetta, compared to the white-skinned, cv Hermis, the 

more susceptible in the analysed healthy tubers but P showed an 

opposite trend. The K, Fe, Mn and Cu content exhibited significant 

differences in case of L. rosetta. However, N, P, and Zn content did 

not significantly differ among the two cultivars tested. Concerning the 

naturally infected tubers, the P, Fe and Cu contents were higher in 

Hermis than L. rosetta, but significant differences were not detected. 

While the N, K, Mn and Zn contents were higher in L. rosetta than 

that in Hermis and significant differences were found. Comparing the 

mineral elements content of flesh in healthy and naturally infected 

tubers of the cv Hermis, data presented in (Table 6) showed that N, 

Fe, Mn and Cu contents were higher in infected tubers than healthy 

ones, and significant differences were observed while P and Zn 

content found to be more in healthy than infected tubers and 

significant differences was found in Zn content. In case of, L. rosetta, 

N, K, and Mn contents were higher in infected tubers than in healthy 

and significant differences were noticed. In contrast, P, Fe, Zn and Cu 

contents were higher in healthy tubers than in infected ones, and 

significant differences were observed. 
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Relationship between type of chemical component of tubers and 

the common scab disease: Data presented in (Table 7) showed that 

protein, fiber, carbohydrate and total phenol percentages were found 

to be more in the less susceptible, cv L-rosetta, than the more 

susceptible, cv Hermis, while moisture, fat and reducing sugars 

showed an opposite trend in the all analysed healthy tubers. 

Concerning the naturally infected tubers, protein fiber and 

carbohydrate percentages were more in the less susceptible, cv L-

rosetta, than that of more susceptible, Hermis, however, moisture, fats, 

reducing sugars, and total phenols revealed an opposite trend in the 

naturally infected tubers. Significant differences were observed in 

moisture, proteins, fats, fibers, carbohydrates, reducing sugars and 

total phenols between the two cultivars.   

 

 
Table (7): Chemical constituents of healthy and naturally infected potato 

tubers with common scab of the tolerant red-skinned, cv Lady 

rosetta, and the susceptible white-skinned, cv Hermis.  

  

** H = Healthy, I = Infected, N.S = not significant          

** Means followed with the same letters are not significantly different at P=0.05 probability. 

 
 

 

 

 

 

 

Cultivar 
Moistures % 

Proteins 

% 
Fats % Fibers % 

Carbohydrates 

% 

Reducing 

sugars % 
Total phenols 

H. I. H. I. H. I. H. I. H. I. H. I. H. I. 

Lady 

Rosetta 
73.94 75.64 2.66 b 3.43 a 0.270c 0.213 d 1.347 1.213 20.82 a 16.99 b 0.23 d 0.47 c 84.33 a 51.33 c 

Hermis 77.89  79.98  1.84 d 2.04 c 0.327a 0.303 b 1.237 1.123 17.77 b 15.40 c 1.05 b 1.57 a 72.0 b 54.0 c 

Mean 75.92b 77.81a 2.25 b 2.73 a 0.298a 0.258 b 1.292 a 1.168 b 19.30 a 16.20 b 0.64 b 1.02 a 78.17 a 52.67 b 

L.S.D0.05 

infection 
0.55 0.14 0.015 0.067 0.65 0.11 3.98 

L.S.D0.05 

cultivar 
0.55 0.14 0.015 0.067 0.65 0.11 3.98 

Inf. + 

cultivar 
N.S 0.20 0.019 N.S 0.92 0.16 5.62 
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DISCUSSION 
 

On the basis of the results obtained, the common scab of potato 

was found to occurre in the potato growing regions surveyed in 

different degrees. This represented 22.5 %, 52.5 % and 60.0 % in El-

Sheikh-zaied, El-Salheya and El-Nubaria, respectively. Meantime, 

severity of scab recorded in the different regions was the highest 

(25.8%) in El-Nubaria, while, in the two other regions, i.e. El-Salheya 

and El-Sheikh Zaied, scab severities were 22.8 % and 11.4 % 

respectively. Our study showed that the field isolates of S. scabies 

differed in their virulence on the white skinned susceptible, c.v 

Hermis, and this is in agreement with Loria et al., (1997). Also, the 

isolates tested were totally monomorphic for the morphological and 

physiological investigations conducted. However, two distinct 

necrosis phenotypes were recorded. The phenotype1 (Phn1) was 

characterized with the little brown flecks. On the other hand, the 

second phenotype (Phn2), however, was characterized by the brown 

black necrosis. The red skinned, cv L.rosetta, exhibited low 

susceptibility (tolerant) to the tested isolates of S. scabies as 21.16 % 

necrotic area was developed, while, the white skinned, cv Hermis, was 

moderately susceptible as 54.83 % necrotic area was developed. These 

findings were in harmony with a number of reports in Australia, 

Greece, Czech Republic and U.S.A. (Wiechel and Crump, 2010; 

Dordas, 2008; Kristufek, et al., 2000 and Lambert el al., 2005). The 

nutritional management is considered a new approach for plant 

diseases control (Lambert et al., 2005). Several investigators reported 

that the soil content of the mineral elements as well as the plant 

constituents of the mineral elements, sugars, proteins and phenols play 

an important part in plant diseases incidence and severity (Walworth 

and Muniz, 1993; Kristufek et al., 2000; Natsume et al., 2001 and 

Lambert et al., 2005). In the present study, the macronutrients content 

of the soil where potato is grown were correlated to disease incidence 

and severity by varying degrees. Calcium content of the soil was 

positively highly correlated with the common scab severity (r = 0.745 

to 0.949) over the three surveyed regions as the scab severity 

increased with increasing calcium content in the soil surveyed. This 

was in agreement with the results of (Goto, 1985; Kristufek et al., 
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2000; Lacey and Wilson, 2001; Lambert et al., 2005 and Datnoff et 

al., 2007). On the contrary, our results were contradictory with Tanii, 

(1985) and Lambert and Manzer (1991) where they found that scab 

incidence was not correlated with calcium concentration. Concerning 

the macronutrients and micronutrients effect, the mineral elements 

content in the soil was found to have a role on both percentage of 

infection and severity on potato common scab. The Mg, K, Mn and 

Cu were positively correlated (r = 0.837 to 0.936), (r = 0.677 to 

0.691), (r = 0.552 to 0.892) and (r = 0.625 to 0.739), respectively, with 

common scab in two of the three surveyed regions, while the third 

region exhibited negative correlation (r = -0.129, -0.685, -0.010 and -

0.828), respectively. In case of N and P a negative correlation               

(r = -0.520 to -0.591 and r = -0.673 to -0. 289) was observed in two of 

the three regions while the third region showed positive correlation (r 

= 0.290 and r = 0.945), respectively. On the other hand Zn exhibited 

positive correlation in two of the three regions, however, negative 

correlation was observed in the third region. Besides, the Fe showed 

negative correlation in the three surveyed regions. In this concern our 

results are in harmony with Wiechel and Crump (2010), where they 

found that the increased availability of Mn has been shown to reduce 

common scab in some trails but not in others. Also, with Dordas, 

(2008) how reported that Zn was found to have different effects. The 

cation exchange capacity (CEC) determines the supply of nutrients to 

plants from the soil and influences movement of calcium in soil is 

limited (Simmons and Kelling, 1987). The importance of CEC in soil 

to the incidence of common scab in potato has not been sufficiently 

investigated. However, Kristufek et al., (2000) revealed that CEC was 

significantly lower at the less susceptible site and was positively 

correlated with common scab severity. Our study supports these 

results and concluded that the CEC was positively correlated (r = 

0.718, 0.957 and 0.933) with common scab severity in the three tested 

regions. Also, our results revealed that Ca/P was positively correlated 

with common scab severity in two of the three regions (r = 0.824 and 

0.952), while, a negative correlation was observed in the third region 

(r = -0.893). Results about the mineral elements content of periderm, 

showed that N, P, K did not significantly differ between healthy and 
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infected potato tubers, however, Fe, Mn and Zn were higher in healthy 

tubers than infected in the susceptible cv Hermis. In case of the 

tolerant cv L. rosetta, the same trend was observed. The previous 

results were partially in agreement with the findings of Kristufek et 

al., (2000), Wiechel et al., (2007), Dordas, (2008), and Wiechel and 

Crump (2010). Comparing the mineral elements content of flesh tissue 

in healthy and infected potato tubers, the results showed that N, K, Fe, 

Mn, Zn and Cu were found to be higher in the more tolerant red-

skinned cv L. rosetta compared to the susceptible white-skinned cv 

Hermis. These results were in agreement with those reported by 

Kristufek et al., (2000) and Dordas, (2008). Our results proved that 

cultivars of potato differed in relative susceptibility, tuber content of 

elements and biochemical constituents differed in the tolerant, cv L. 

rosetta, than the susceptible white-skinned, cv Hermis, where protein, 

fiber, carbohydrate and total phenol percentages were found to be 

more in the less susceptible (tolerant), cv L.rosetta, than the more 

susceptible, cv Hermis. However, moisture, fat and reducing sugars 

had a reverse tendency in the all analysed healthy tubers. The 

tolerance of cv L.rosetta may be due to the fact that phenolic 

compounds play important role in inducing resistance against plant 

diseases. This is in agreement with Hiltunen et al., (2005) and 

Lambert et al., (2006). However, the obtained results disagree in some 

cases with Kristufek et al., (2000) and Wiechel and Crump (2010). 

This may be due to various factors including planting date, site, 

maturity, cultivar susceptibility, the age of tissue, and metabolic 

components in tuber periderm and inner tissues (flesh). Changes in 

incidence from year to year could be attributed to the differences in 

pathogen inoculum potential in the soil as a consequence of weather 

changes in soil ecology leading to alteration in populations of 

pathogenic streptomycetes and/or competitors. Another possibility is 

the appearance of new scab-causing species or strains better adapted 

to new conditions or potato cultivars, or that have acquired different 

virulence characteristics (Wanner, 2006). Soil characteristics greatly 

affect the severity of potato scab in soils with pH 7 (Wiechel and 

Crump, 2010). Finally, it could be recommended that the growers 

must be avoid planting of potato in calcarious soils, or liming the 
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potato growing fields. In addition, the use of acidifying fertilizers such 

as ammonium sulfate or diammonium phosphate or applications of 

sulfur that reduce the soil pH can induce control of common scab 

disease. Also, control of common scab is mainly focused on soil 

amendments, and foliar spray of micronutrients based on a soil test 

where potatoes are grown. 
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 الملخص العربي

 
 

الجرب العادي في البطاطس وعلاقة حذوثه بالعناصر المعذنية ومحتوى 

. الذرنة من المكونات الكيميائية 

 
محمذ أحمذ الشيخ 

 

 جايؼح ديُٕٓس – كهٛح انضساػح–لغى ايشاض انُثاخ 

 
 فٙ شلاز يُاطك حٛس ذضسع انثطاطظ 2010 / 2009ذى إجشاء حصش خلال انًٕعى 

تكصافح فٙ شلاز يحافظاخ يخرهفح ٔكاَد انًُاطك ْٙ انُٕتاسٚح فٙ يحافظح انثحٛشج ، ٔانصانحٛح فٙ 

. يحافظح انششلٛح ٔانشٛخ صاٚذ فٙ يحافظح الإعًاػٛهٛح

ٔلذ ذى ػضل انثكرٛشج عرشترٕياٚغض عكاتٛظ يغثة يشض انجشب انؼاد٘ يٍ دسَاخ  -

تطاطظ ٚظٓش ػهٛٓا أػشاض يخرهفح نهجشب انؼاد٘ ٔشثد أٌ ْزِ انؼضلاخ يرًاشهح فٙ 

ٔفٙ اخرثاس انمذسج انًشضٛح ذثٍٛ . صفاذٓا انًٕسفٕنٕجٛح ٔانثٕٛكًٛٛائٛح ٔانفغٕٛنٕجٛح

ٔجٕد يظٓشٍٚ يٍ انًٕخ انًٕضؼٙ َرٛجح نلاخرثاس، انًظٓش الأل ذى ذشخٛصّ ٔذًٛٛضِ 

 .تظٕٓس تمغ ٔلشح تُٛح لهٛهح تًُٛا انًظٓش انصاَٙ ٚرًٛض تًٕخ يٕضؼٙ تُٙ أعٕد

ٔلذ أعفشخ انذساعاخ ػٍ اٌ َغثح حذٔز انًشض الأػهٗ كاَد فٙ انُٕتاسٚح تُغثح              -

 .فٙ يُطمح انشٛخ صاٚذ % 22,5،  % 52,5 ٚهٛٓا انصانحٛح  60%

ٔلذ نٕحع َفظ انرٕجّ فٙ حانح شذج انًشض حٛس كاَد أػهٗ شذج انًشض فٙ انُٕتاسٚح  -

  % .11,4شى انشٛخ صاٚذ تُغثح  % 22,8ٚهٛٓا انصانحٛح تُغثح  % 25,8

ٔلذ ٔجذ اٌ شذج يشض انجشب انؼاد٘ كاَد يشذثطح تًحرٕٖ انرشتح يٍ انؼُاصش  -

 .انًؼذَٛح ػلأج ػهٗ يحرٕٖ انذسَاخ يٍ انؼُاصش انًؼذَٛح ٔانًشكثاخ انكًٛٛائٛح 

كًا ٔجذخ ػلالح اسذثاط يٕجثح لٕٚح تٍٛ ذشكٛض ػُصش انكانغٕٛو فٙ انرشتح ٔشذج يشض  -

 . ٔرنك فٙ انًُاطك انصلاشح0,949- 0,941  ذشأحد تٍٛ  rانجشب انؼاد٘ حٛس اٌ لًٛح 

كًا أٌ ػُصشانُٛرشٔجٍٛ ٔانفٕعفٕس اظٓش ػلالح اسذثاط ضؼٛفح انٗ يرٕعطح غانثا فٙ 

 . 0,591 – 0,289  ذشأحد تٍٛ  rيُطمرٍٛ يٍ انصلاز يُاطك انًخرثشج حٛس أٌ لًٛح 

ٔفٙ َفظ انٕلد فإٌ يحرٕٖ انرشتح يٍ انثٕذاعٕٛو ٔانًغُغٕٛو لذ اظٓش ػلالح اسذثاط 

 تُٛٓا ٔتٍٛ شذج يشض انجشب انؼاد٘ غانثا فٙ 0,936 – 0,677يٕجثح ذشأحد تٍٛ 

. يُطمرٍٛ يٍ انصلاز يُاطك

يٍ َاحٛح أخشٖ فإٌ يحرٕٖ انرشتح يٍ انؼُاصش انصغشٖ يصم انحذٚذ ٔانضَك ٔانًُجُٛض  -

ٔانُحاط لذ أظٓش غانثا ػلالح اسذثاط طشدٚح يٕجثح فٙ حانح انًُجُٛض ٔانُحاط تُٛٓا ٔتٍٛ 

  .0,695 – 0,187 ذشأحد تٍٛ rشذج انجشب انؼاد٘ حٛس 

انفٕعفٕس لذ أظٓشخ تصٕسج سئٛغٛح ػلالح يٕجثح / ػلأج ػهٗ رنك فإٌ َغثح انكانغٕٛو  -

  .0,952 – 0,824  ذشأحد تٍٛ  rلٕٚح تُٛٓا ٔتٍٛ شذج انًشض حٛس اٌ 

 أَٓا لذ أظٓشخ ػلالح CECٔلذ ذٕصهد انُرائج فٙ يا ٚرؼهك تانغؼح انرثادنٛح انكاذَٕٛٛح  -

 0,952 – 0,824 ذشأحد تٍٛ  r اسذثاط لٕٚح تُٛٓا ٔتٍٛ يشض انجشب انؼاد٘ حٛس 

 .فٙ انصلاز يُاطك 
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يٍ ػُاصش انُٛرشٔجٍٛ ٔانفٕعفٕس  (انثشٚذٚشو)كًا أظٓشخ انُرائج أٌ يحرٕٖ انمششج  -

ٔانثٕذاعٕٛو ٔانُحاط أػهٗ فٙ انصُف الألم لاتهٛح نلاصاتح را انمششج انحًشاء نٛذ٘ 

 .سٔصٚرا يماسَح تانصُف ر٘ انمششج انثٛضاء ْٛشيظ

 نى ذخرهف يؼُٕٚا فٙ كم يٍ انصُفٍٛ، N  ، Znيٍ َاحٛح أخشٖ فإٌ يحرٕٖ انمششج يٍ  -

تًُٛا يحرٕٖ انمششج يٍ انحذٚذ، ٔانًُجُٛض أظٓش ػلالح ػكغٛح حٛس اظٓش انصُف 

يغ  (انًرحًم)ْٛشيظ يحرٕٖ أػهٗ يٍ ْزٌ انؼُصشٍٚ اكصش يٍ انصُف الألم لاتهٛح 

 N ، P ، Kٔفٙ حانح انصُف نٛذ٘ سٔصٚرا فإٌ يحرٕ٘ انذسَاخ يٍ . ٔجٕد فشٔق يؼُٕٚح

نى ذخرهف يؼُٕٚا تٍٛ انذسَاخ انغهًٛح ٔانًصاتح فٙ َفظ انصُف يصهًا فٙ ػُاصش 

انًُجُٛض ٔانضَك ٔانُحاط، إلا أٌ انًحرٕٖ يٍ انحذٚذ كاٌ اػهٗ فٙ انذسَاخ انغهًٛح ػٍ 

 .انذسَاخ انًصاتح يغ ٔجٕد فشٔق يؼُٕٚح

  كاٌ أػهٗ فٙ انصُف  N ، P، K  ، Fe ،  Zn،Mnٔلذ ٔجذ أٌ يحرٕٖ انذسَح يٍ  -

نٛذ٘ سٔصٚرا يماسَح تانصُف ر٘ انمششج انثٛضاء ْٛشيظ  (يرحًم)الألم لاتهٛح نلاصاتح 

 .   الأكصش لاتهٛح نلإصاتح 

كًا أظٓشخ انُرائج أٌ َغثح انثشٔذٍٛ ، الأنٛاف ، انكشتْٕٛذساخ ، انفُٕٛلاخ انكهٛح كاَد  -

ػٍ انصُف الأكصش لاتهٛح  (انًرحًم)أػهٗ فٙ انصُف نٛذ٘ سٔصٚرا الألم لاتهٛح نلإصاتح 

تًُٛا َغثح انشطٕتح ٔانذٌْٕ ٔانغكشٚاخ انًخرضنح اخزخ اذجاْا " ْٛشيظ"نلإصاتح  

.  ػكغٛا فٙ كم انذسَاخ انغهًٛح
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Table (5): Mineral elements content of periderm in healthy and naturally infected potato tubers with common scab 

of the tolerant red-skinned, cv Lady rosetta, and the susceptible white-skinned, cv Hermis. 
 

Cultivar 
N P K Fe Mn Zn Cu 

H. I. H. I. H. I H. I. H. I. H. I. H. I. 

Hermis 1.686 1.856 0.22 0.21 3.183 3.0 2975.3a 2189.3b 115a 101.333b 211.33a 149.67b 1033.3c 1470b 

Lady Rosetta 1.783 2.083 0.31 0.29 3.766 3.5 1250.7c 1100 d 104.67b 104.6 b 205 a 195 a 1655 a 1610a 

Mean 1.735b 1.97a 0.265a 0.251a 3.475b 3.25b 2113 a 1644.7 b 109.833a 102.667 b 208.17 a 172.33 b 1344.2 b 1540 b 

L.S.D0.05 infection 0.181 N.S 0.215 89.33 4.738 13.93 33.67 

L.S.D0.05 cultivar N.S 0.023 0.215 89.33 N.S 13.93 33.67 

Inf. + cultivar N.S N.S N.S 126.33 6.701 19.70 47.62 

 

** H = Healthy, I = Infected, N.S = not significant     ** Means followed with the same letter are not significantly different at P=0.05 of 

probability. 
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Table (6): Mineral elements content of flesh tissue in healthy and naturally infected potato tubers with common 

scab of the tolerant red-skinned, cv Lady rosetta, and the susceptible white-skinned, cv Hermis. 
 
 

Cultivar 
N P K Fe Mn Zn Cu 

H. I. H. I. H. I. H. I. H. I. H. I. H. I. 

Hermis 1.10 1.48 0.236 0.193 1.35 1.35 280.33 c 361.33 b 70.67 86.67 140.33 a 114.67 b 860 c 1190 b 

Lady Rosetta 1.30 1.64 0.22 0.19 2.067 2.467 452 a 339 b 98.0 106.33 148.33 a 145 a 1360 a 113.33 b 

Mean 1.20 b 1.56 a 0.228 a 0.191 b 1.708 a 1.908 a 366.17 a 350.17 a 84.5 b 96.5 a 144.83 a 129.83 b 1110 a 1151.67 a 

L.S.D0.05 infection 0.16 0.027 N.S N.S 5.93 8.91 N.S 

L.S.D0.05 cultivar 0.16 0.027 0.289 29.55 5.93 8.91 56.22 

Inf. + cultivar N.S  N.S 41.79 N.S 12.60 79.51 

 

 

** H = Healthy, I = Infected, N.S = not significant             ** Means followed with the same letters are not significantly different at P=0.05 

probabili
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