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Abstract 

In this study, some isolates of Alternariasolani; the causative agent of potato early blight disease were isolated 

and identified from different Egyptian governorates. The pathogenicity of these isolates was examined on the 

potato cultivar (Lady-Rosetta). The genetic variation among these isolates were identified using the RAPD and 

SDS-PAGE techniques. Also, the antifungal activity of some biological agents against the highest aggressive 

isolate of El-Minia governorate (El-Borgia No.1) was evaluated in the laboratory, the greenhouse and the field. 

Five isolates were isolated from leaves and tubers of naturally infected potato plants, collected from fields 

planted with the varieties (Kara, Lady-Rosetta and Spunta) representing different localities of some governorates. 

The fungal isolates were symbolized from 1 to 5 according to their regions. Data showed that all tested isolates 

proved to be pathogenic to the tested potato (cv. Lady-Rosetta) causing symptoms of early blight comparing with 

the control. The fungal isolate No. 1 which was obtained from (El-Borgia, Minia governorate) was the most 

aggressive isolate with the highest significant values of disease severity (44.30 and 56.19%) of the two successive 

seasons, respectively. Regarding to, RAPD-PCR, SDS-PAGE protein patterns and phylogenetic analysis data 

showed that isolates 1, 2 and 3 that have the high pathogenicity were similar to each other and share the same 

cluster while the other fungal isolates 4 and 5 with the low pathogenicity were phylogenetically close to each 

other. Moreover, there were no relationship between the pathogenicity and the geographic distribution of all 

tested A. solani isolates. Finally, in vitro antagonistic test declared that Trichodermaharzianum was the best 

bioagent that gave the highest inhibition zone (67.33cm) against the most aggressive A. solani isolates as 

compared with all other bioagents. Spraying the sensitive potato plants (cv. Lady Rosetta) in the greenhouse and 

field antagonistic with T. harzianum suspension showed the best results and gave the lowest values of early blight 

disease severity during the two seasons (19.77, 11.25%) and (25.32 and 10.66%, respectively) as compared with 

the control and other treatments. 
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Introduction 

Potato (SolanumtuberosumL.) is one of the most 

important crops in Egypt as well as all over the world 

and ranks the world’s fourth most paramount food 

crop after maize, wheat and rice. It produces tubers 

very rich in starch, which is considered a source of 

low-cost energy to human diet and a rich source of 

vitamins especially Vit C and Vit B1. It contains 

different minerals,20.6 % of carbohydrates, 2.1 % of 

protein, 0.3 % of fats, 1.1 % of crude fibers and 0.9 

% of ash. It contains a good amount of essential 

amino acids like leucine, tryptophan and isoleucine 

…etc. as well [14]. 

      Under Egyptian climate conditions, early blight 

disease caused by Alternariasolani, is an important 

disease of potatoes. The disease can cause substantial 

yield losses if it was not appropriately controlled 

[2].Symptomatic lesions of early blight are 

characterized by dark concentric circles that are 

restricted within leaf veins. Diseases distribution 

differs according to the sowing date (seasons), i.e. 

summer (January), nili or fall (September-October) 

and winter (November-December) plantations. Area 

in Minia governorate under potato plants cultivation 

is increased year by year, thus intensive cultivations 

of potato plant led to infection of numerous pests and 

diseases, which resulted in crop losses and increased 

production costs [47] and [20]. Developing new 

potato cultivars with resistance to early blight disease 

may reduce losses in the field,       

storage and lessen the need for fungicides 

application[10]. 

RAPD-PCR (polymerase chain reaction) analysis is 

commonly utilized to investigate genetic variation in 

populations of Alternariaspecies in regard to the cost 

efficiency, rapid output and ability to detect 

polymorphisms in specific gene fragments [24]; 

[26]; [35]; [46]and [42]. 

      Gel electrophoresis of proteins has been widely 

used for studying variation in fungal populations. 

SDS-PAGE method is used because it alleviates the 

need for culturing, and samples are analyzed in a 

more direct manner. This method is relatively easy, 

and many samples can be analyzed at the same time. 

Moreover, the results obtained by SDS-PAGE of 

whole-cell proteins can discriminate at the same level 

as DNA fingerprinting [33].[21]used cluster analysis 

to compare protein banding patterns obtained by 

sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) using 17 isolates of 

multinucleate R. solani(AG-4). A clear-cut 

relationship of protein profiles of the isolates with 

virulence, geographic origin, and source (cultivar 

used in isolation) was weak. Hence, the aim of this 

present investigation were to isolate some A. solani 

isolates which cause potato early blight disease from 

different Egyptian governorates and testing their 

pathogenicity on different potato varieties as well as, 

evaluate the in vitro and in vivo antagonistic activity 

of some bioagents against it. Finally, genetic 

variation among these isolates was determined using 

RAPD-PCR and SDS-PAGE techniques. 
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MATERIALS AND METHODS 

1. Isolation, purification, and identification of 

the causal pathogen 
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Pathogenicity test was carried out under greenhouse 

conditions using potato growing pots (50 cm 

diameter) (cv. Lady Rosetta). Samples of potato 

leaves, stems and roots showing typical symptoms of 

early blight disease were collected from five different 

Egyptian locations, i.e. Behaira (Koam Hamada), 

Gharbia (KaferElzayat), Manofiya (ShebenElkoam), 

Giza (Elbadrashen) and Minia (Elborgia) 

governorates. Isolation was carried out from the 

collected samples at the same day of collection as 

possible after storage in the refrigerator at 4-6°C for a 

few days. Infected tissues were cut into small pieces 

and were surface sterilized with sodium hypochlorite 

(0.5%) for 2-3 minutes, then, were washed for several 

times with sterilized distilled water. Small pieces 

from the edges of the sterilized pieces were dried 

between two sterilized filter papers and were 

transferred directly to the PDA medium in Petri 

dishes (9 cm) and incubated under 12h light and 

12hdark at 25±1°C according to [28].Pure cultures 

were maintained on PDA slants and were stored in a 

refrigerator at 5-10°C. The purified isolates were 

identified according to their morphological features 

using thedescriptions of [40]. 

2. Preparation of soil, tuber, mycelial, spore 

suspension andPathogenicity test 

2. a. Soil disinfestation 

      Sandy loam soil (50% sand and 50% loam w/w) 

wassterilized by using 5% formalin water solution 

and was covered with polyethylene sheets for 7 days, 

after which the cover will be removed. Sterilized soil 

was left for another 7 days for formalin evaporation.  

2. b. Disinfection of tubers 

      Potato tubers surface was sterilized with sodium 

hypochlorite (1% active chlorine) for about 2 minutes 

and was washed several times by sterilized water, 

then was dried in between sterilized filter papers. 

2. c. Mycelial fragments preparation 

      The inoculum of A. solani was prepared by 

culturing each of the obtained isolates on PDA 

medium at 25±2oC for 10 days. Then 10 ml of sterile 

distilled water were added to each plate and colonies 

were carefully scraped with a sterile needle.The 

mycelial fragments were diluted using sterilized 

distilled water (1:2, w/v) and were used as an 

inoculum. The pots (50 cm diam.) were filled with 

the sterilized sand-loam soil (50% sand and 50% 

loam w/w) and were planted at the rate of 4 potato 

pieces/pot. The growing seedlings (45 days old) were 

sprayed using a hand atomizer according to the 

method of[23].  

2. d. Spores suspension preparation  

Petri dishes (10 cm. diam.) have been prepared 

containing on 20 ml. V-8 juice agar medium and 

inoculate with A. solani isolates and incubated at 

25±2°C for seven days of dark and at 30±2°C for 18h 

light, then at 15±2°C for 16 h. dark. The culture 

surface will be scratched after7 days of incubation. 

The conidia collected by scrapping the surface of 

growing cultures by using a sterilized needle. The 

spores will be then suspended into 15 ml. of sterilized 

water and filtered through a-cheesecloth to remove 

most of the mycelial fragments. The filtrate will be 

centrifuged at 3000 rpm for 3 min. This process will 

be repeated and the supernatant in each will be 

removed by a suitable amount of a-sterilized water. 

The concentrations of the spore suspension will be 

determined by aid a haemocytometer slide and 

adjusted to 5×106 spore/ml [23]. 

 

2. e. Pathogenicity test 

Pathogenicity test was performed under greenhouse 

conditions during the two growing seasons 

2019/2020 and 2020/2021 using pots (50 cm. 

diameter), were filled with the sterilized sand-loam 

soil (50% sand and 50% loam w/w), planted at the 

rate of two pieces/pot of potato tubers having 3 eyes 
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of almost same size were arranged in the pot 5-7 cm 

below the soil surface (cv. Lady-Rosetta). Three pots 

were allocated to each isolate and pots containing 

sterile, uninoculated soil were used as control. Pots 

were arranged in a completelyrandomized design 

(CDR). All pots were kept under careful observations 

in greenhouse in natural light of Mallawy 

Metrological Station, Agricultural Research Center, 

Egypt. After two weeks of inoculation, disease 

severity was recorded following the scorechart 0-

scale (0 = healthy; 1 = 1-5%; 2 = 6-10%; 3 = 11-

25%; 5 = 25-50%, 7 = 51-75%, and 9 = >76% of the 

leaf area infected) according to [25]. 

                         Σ (n x r) 

Disease severity (%) = ---------------- x 100 

                       NR 

Where: 

n = Number of infected leaves on the plant. 

N= Total number of leaves examined. 

r = Numerical rate of infected leaves. 

R= Highest numeric rate. 

 

3. Molecular studies  

The protein content in supernatant was estimated 

according in this experiment and carried out in the 

(Molecular Biology laboratory of Assiut 

University, Assiut, Egypt). Isolates of A. solani (the 

causal organisms of early blight on potato) were 

grown in Petri dishes (4 cm) contained 1800 μL solid 

medium (potato dextrose agar) to which a layer of 

liquid medium 1400 μL of peptone yeast glucose was 

added. The fungal isolates were cultured by 

inoculating a small loop from stock onto the prepared 

Petri dishes that were subsequently incubated at 

25±°C for 10 days. Mycelium was harvested from the 

medium using sterilized inoculating loops and was 

transferred into sterile 1.5 ml microcentrifuge tubes. 

 

3.1. DNA isolation 

      The total genomic DNA was isolated using 

CTAB protocol for plants [27], [38]with some 

modifications. Each isolate was grown in 50 ml of 

potato broth (0.25 kg potatoes/1 L distilled water) for 

5-7 days at room temperature in a rotary shaker set at 

120 rpm. The mycelium of the five Alternariasolani 

isolates was collected by filtration. Cell walls of 

fungal mycelia were broken down by grinding with 

glass rods and in the presence of liquid nitrogen.   

      Ground fungal mycelia powder was transferred to 

2 ml Eppendorf tubes. Then, 600 μl of 60ºC 

extraction buffer (100 mMTris-HCl, 1.4 M NaCl, 20 

mM EDTA, 2% hexadecyltrimethylammonium 

bromide (CTAB), adjusted to pH 8.0 and 50 μl β-

mercaptoethanol were added to the samples, mixed 

by gentle inversion, and was incubated in 60ºC water-

bath (with occasional gentle mixing) for 30 minutes. 

Samples were then removed from the water-bath and 

were cooled to room temperature for 4-6 minutes. An 

equal volume of chloroform: isoamylalcohol (24:1) 

was added to the cooled mixture then samples were 

mixed by gentle inversion to form an emulsion. 

Samples were centrifuged at 5000 rpm for 20 minutes 

at 10ºC. The supernatant was transferred to a new 1.5 

ml Eppendorf tubes.  

      An equal volume of cold (-20ºC) isopropanol was 

added to the supernatant. Samples were then placed 

in a freezer (-20ºC) for one hour or left overnight at 

4ºC to accentuate precipitation. Samples were 

centrifuged at 10,000 rpm for 5 minutes at 4ºC and 

the supernatant was poured, and the pellet was 

washed with cold 70% ethanol (v/v) and centrifuged 

thereafter at 10,000 rpm for 2 minutes at 4ºC. The 

latter step was repeated twice then the pellet was 

dried in an 37ºC incubator (under vacuum) or left 

overnight at room temperature. The pellet was 
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thereafter dissolved in 300-500 µl TE buffer (250 

mMTris-HCl, 0.5M EDTA, (pH 8.4). 

      Dissolved pellets were then treated with 3 µl 

RNase A (10 mg/ml) and were incubated in 37ºC for 

30 minutes (with occasional gentle mixing). Samples 

were then treated with 3µl proteinase-K (1mg/ml) 

and then were incubated at 37ºC for 30 minutes(with 

occasional gentle mixing). An amount of 300 µl 

chlorophorm:isoamyl alcohol (24:1, v/v) was added 

to 1.5 ml Eppendorf tube, mixed gently and then was 

centrifuged at 1000 rpm for 5 minutes at 20ºC. Then 

the supernatants were transferred to new Eppendorf 

tubes where two volumes of cold ethanol were added 

to the tubes and 1/10 volume of sodium acetate (3M) 

was added to the previous mixture, mixed and left for 

an hour in a freezer (-20º C). Samples were then 

centrifuged at 10,000 rpm for 10 minutes at 4ºC, 

drained and washed with 70% ethanol (v/v) as 

previously mentioned. Ethanol was then removed, 

and pellets were left to dry (under vacuum) or 

overnight then dissolved in 50-µl TE buffer. DNA 

dilutions were made to detect the optimum 

concentration for RAPD-PCR analysis. 

RAPD analysis  

      Five commercial 10-mer primers were used for 

studding genomic DNA samples. The nucleotide 

sequences of these primers which have been used for 

RAPD-PCR  analysis are shown in Table (1). 

Table (1): Primer name, sequence, annealing 

temperature and number of cycles used for RAPD-

PCR analysistemperature and 

number of cycles used for RAPD-

PCR analysis 

      DNA amplifications were performed in a final 

volume of 25 µl containing 1 µl of DNA template (25 

ng/ µl), 2 µl of primer and 10 µl (10 pmol), 12.5 µl 

(10 pmol) of master mix taq DNA polymerase 

(Sigma Scientific Services Co., Egypt). The reaction 

volume was completed to 25 µl with sterilized 

deionized water. The reactions were preheated in one 

step of 5 min at 95°C followed by 35 cycles of 3 

steps (DNA denaturation at 94º C for 1 min, primer 

annealing at 36º C for 1 min and primer extension at 

72º C for 2 min, respectively) in each and a final 

subsequent cycle of post extension at 72ºC for 5 min. 

The amplification products were resolved by gel 

electrophoresis on 2% agarose gels in Tris-acetate 

EDTA (TAE) buffer at 100 volts. Subsequently, gels 

were stained with Ethidium bromide (0.1g Ethidium 

bromide dissolved in 10 ml 1X TAE buffer) for 30 

min., visualized on UV light and the photo-

documentation was performed. DNA fragments’ sizes 

were analyzed using the free software GelAnalyzer 3 

which is available free on the internet at 

http://www.geocities.com/egygene[17]. 

3.2. Biological analysis 

SDS-PAGE analysis 

      The biochemical variations of the five 

Alternariasolaniisolates was done using Sodium 

Dodecyl Sulphate Polyacrylamide Gel 

Electrophoresis (SDS-PAGE). The mycelial mats 

were crushed in pre-chilled sterilized pestle and 

mortar into fine powder with liquid nitrogen and 

transferred to eppindorf tubes, containing extraction 

buffer (Tris-HCl 0.1 M pH 6.8, glycerol 5%, sodium 

dodecyl sulphate (SDS) 0.5% and mercaptoehanol 

0.1%). The tubes were allowed to stand for one hour 

on ice. The samples were then centrifuged at 10,000 

rpm for 20 mins at 4oC the clear supernatant was 

collected. Seven volumes cold acetone added and 

kept at-20°C for overnight to this supernatant . The 

Primer 

Name 

Sequence 

(5′-3′) 

Annealing 

temperatur

e (ºC) 

Number 

of cycles 

OPA-3 AGT CAG 

CCAC 

36 35 

OPA-8 GTG ACG 

TAGG 

36 35 

OPA-15 AGA TGC 

AGCC 

36 35 

OPC-18 TGG GGG 

ACTC 

36 35 

UBC-126 CTT TCG 

TGCT 

36 35 
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proteins were precipitated by centrifugation at 10000 

rpm for 20 min at 4°C the pellet was washed two 

times with cold acetone and air dried. The pellet was 

dissolved in sample buffer for SDS-PAGE and 

samples were loaded after denaturation. The gel was 

stained in coomassie blue solution. Polyacrylamide 

gel was prepared from the stock solutions by mixing 

them in following proportion. Gel was poured 

immediately after addition of TEMED and APS for 

polymerization. 50 µl of crude protein sample was 

mixed with 2X sample buffer in 1:1 ratio. Sample 

was boiled in water bath for 5min. and centrifuged at 

10,000 rpm for10min and loaded on gel. Molecular 

weight of marker in the range of 11-245 kDa (4-15% 

TG SDS buffer) was 10µl/well) used as standard. 

Gel was pre-run for 15min at 80V. Samples were 

loaded and electrophoresed at 80 volts till the sample 

is in stacking gel and voltage raised up to 120 volts 

for separating gel. Gel running was done till the dye 

reached 0.5cm (7-8 hrs.) from the lower edge of the 

gel. After the electrophoresis, the gel was stained in 

staining solution containing Coomassie brilliant blue 

(R 250) for overnight. The gel was de-stained in de-

staining solution (3%Nacl).  

4. Biological control of Alternariasolani 

4. a. Antagonistic effect of some bioagents on the 

virulent isolate of A. solaniin vitro 

      Studying antagonistic effect of some 

microorganisms i.e.,Trichodermaharzianum T. virid, 

Bacillus subtilis and Bacillus megaterium on growth 

of the virulent isolate of A. solani in vitro. The 

isolates of fungi and bacteria that gave strong 

antagonistic effect were kindly brought from the 

Plant Pathology Research Institute, Agriculture 

Research Center, Giza, Egypt.Trichoderma isolates 

were identified according to their morphological and 

microscopic characteristics [12]and confirmed by the 

Fungal Taxonomy Department, Plant Pathology Res. 

Inst., Agriculture Research Center, Giza, Egypt and 

were kept in slants of PDA for further studies. 

Whereas, the bacterial isolates were identified 

according to [8]. 

      A disc of T. harzianum and T. viride; isolate; a 

0.5 cm in diameter was placed in PDA medium on 

both sides of Petri dishes. At the same time, the other 

side of each plate (on at the center) was inoculated 

with mycelia disc (5cm) at the age of three days of A. 

solani. Inoculated plates were incubated at 25±2°C, 

for five days. The obtained growth from streakof 

bacteria ; B. subtilis, B. megateriumand 3-day-old 

culture was placed at opposite sides of plate by using 

needle, at the same time, other side on at the center of 

each plate. Petri plates inoculated with either 

pathogen or antagonistic agent alone were served as 

control. Four replicates were used for each treatment. 

Inhibition zones were measured when the fungal 

growth was completely covered the plate surface 

(9.0cm in diameter) of the control treatment.                       

The radial growth inhibition percentage of the total 

percentage was calculated using Abbott equation 

[15]. according to this formula: 

I.P= C - T ÷ C× 100 

C= Radial growth of control,  

T= Radial growth of treatment and  

I.P= Inhibition% 

4. b. Under greenhouse conditions 

      Evaluation of the effectiveness of these 

previously mentioned treatments on disease severity 

of potato plants (LadyRosetta) with early blight 

disease caused by A. solani under greenhouse and 

field conditions, was compared to chemical 

pesticides: Score 50% EC and Redomil plus (2g/L) 

before and after inoculation at the recommended 

concentrations under natural injury conditions in the 

field.  
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      In this experiment, five antagonistic reagents 

were tested against the most aggressive isolate of A. 

solani. T. harzianum and T. viridewere grown on 

PDA medium for 10 days, and then spores 

suspension of each fungus was prepared and adjusted 

to about 3×103 spores/ml with sterilized water using a 

haemocytometer slide. The tested bacteria; B. subtilis 

and B. megateriumwere grown on nutrient medium 

for 3 days at 27oC. Susceptible potato plants 

(cv.LadyRosetta) were sprayed before and after 

inoculation with the microorganisms. Four replicates 

were used for each treatment. Percentages of the 

disease severity of A. solani were recorded after 15 

days from spraying of spore suspensions of on potato 

leaves 

4. c. Under field conditions 

      To test the efficiency of the bioagents to control 

potato early blight disease under field conditions, T. 

harzianum and T. viride were grown on PDA 

medium for 10 days and the tested bacteria; B. 

subtilis and B. megateriumwere grown on nutrient 

medium for 3 days at 27oC. The susceptible potato 

plants (cv.LadyRosetta) were sprayed before and 

after inoculation with the tested bioagents. The 

average of disease severity of A. solani was recorded 

after 15 days from spraying of spore suspensions on 

potato leaves 

5. Statistical analysis 

      Data were subjected to the statistical analysis of 

variance and the Complete Randomized Design 

(CRD) with three replications was used. The analysis 

of variance (ANOVA) of the obtained data was 

performed using the MSTAT-C program. 

      Gel images detected via PCR-based and SDS-

PAGE were analyzed using the free software 

GelAnalyzer3 which is available free on the internet 

at http://www.geocities.com/egygene[17].Molecular 

size of the amplified fragments; presence (1) or 

absence (0) through samples, their frequencies 

through samples, and their polymorphism type either 

monomorphic or polymorphic as well as the mean of 

band frequency and the polymorphism percentage for 

each primer were determined. Data of the similarity 

matrix were used for cluster analysis using the 

software SPSS Ver. 11. Hierarchical cluster analysis 

was conducted using the PAST software version 1.88 

[19]based on [11].to determine the similarity 

coefficient matrix within the fungal isolates. 

 

 

RESULTS 

1. Isolation, purification, and identification of the 

causal pathogens. 

One hundred plant samples show identical symptoms 

of tested diseases were collected randomly from each 

five different Egyptian locations, i.e., Minia, Behaira, 

Gharbia, Minofiya and Giza governorates as shown 

in Table (2). Natural symptoms (Figure 1) of early 

blight first appear as small irregular dark brown spots 

to circular on the lower (older) leaves turn yellow and 

die in potato (cv. Lady Rosetta). Therefore, cultivar 

Lady Rosetta; the highest susceptible potato cultivar 

was chosen for further studies.  

 

 

 

 

Table (2): Isolates number and geographic origin of 

Alternariasolani isolates 

No. 

isolate 
Geographic origin 

1 Minia (El-Borgia) 
2 Behaira (Koam-Hamada) 
3 Gharbia (Kafer El-zayat) 
4 Minofiya (Sheben El-Koam) 
5 Giza (El-Badrashen) 

 
 
 
 
 



  

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 9 (2023) 
 
 

428 

A 

 

B 

 

Figure (1): Natural symptoms of early blight potato (cv. 

LadyRosetta) plants. A, Potato leaves and B, tubers 

appear as small irregular dark brown spots to circular on 

the lower (older) leaves turn yellow. 

2. Pathogenicity test  

      Data presented in Table (3) show that all the 

isolated tested isolates proved to be pathogenic to the 

tested potato (cv. Lady Rosetta); causing symptoms 

of early blight disease comparing with the control. In 

this regard, Minia (El-Borgia No.1) proved to be the 

highest aggressive isolate and was significantly the 

highest  isolate causing early blight disease severity 

during 2019/2020 and 2020/2021growing seasons, 

respectively by about (44.30 and 56.19%), while 

isolates of Behaira (Koam-Hamada No.2), Gharbia 

(Kafer El-zayat No.3), and Minofiya (Sheben El-

Koam No.4), governorates recorded the moderately 

disease severity by about (25.71 and 32.38%), (21.90 

and 22.86%) and (9.52 and 16.19%), respectively 

compared to control under greenhouse conditions. On 

the other hand, isolate (El-badrashen No.5) recorded 

the lowest disease severity by about (4.76 and 

8.57%).  

Table (3): Pathogenicity test of A. solani isolates on 

susceptible potato plants (cv.Lady-Rosetta) under 

greenhouse conditions during  2019/2020 and 

2020/2021 growing seasons. 

No. of fungal 

isolates 

Disease severity % 

Season 2019/ 

2020 

Season  2020/ 

2021 

Control 0.00 0.00 
1 56.19 44.30 
2 32.38 25.71 
3 22.86 21.90 
4 16.19 9.52 
5 8.57 4.76 

L.S.D 0.05 6.56 3.74 
  

3. Molecular results 

DNA molecular genetic marker based on RAPD-

PCR. 

      All RAPD primers produced scorable amplified 

bands in all the five Alternariasolani isolates except 

the UBC-126 primer which, did not produce any 

amplicons of isolate 5 of A. solani (Figure 3). A total 

of 22 amplified bands at sizes ranged from (125 to 

2778 bp) were produced by ten RAPD primers with 

an overall mean of 4.8 ±1.02 and ranged from 2 

bands of UBC-126 primer to 8 bands in OPA-3 

primer (Table 4). From 22 generated bands only 16  

bands were polymorphic with an overall mean of 3.2 

±0.97 and 8 bands were monomorphic with an 

overall mean of 1.6 ±0.51. The percentages of 

polymorphism among primers ranged from 50 to 

100% with an overall mean of 67.5±10.90 as shown 

in Table 4. 

Table (4): Primers, fragment size, monomorphic 

bands, unique bands, total number of polymorphic 

and bands and polymorphism % obtained by using 

ten RAPD primers 

 

Only the RAPD amplicons produced by primers 

UBC-126 exhibited 100% polymorphism of all tested 

fungal isolates, while the three primers (OPA-

8,OPA-15 and OPC-18) showed 50%  

 

No. of 

fungal 

isolates 

Disease severity % 

Season 2019 

/2020 

Season202

0/ 2021 

Control 0.00 0.00 

1 56.19 44.30 
2 32.38 25.71 
3 22.86 21.90 
4 16.19 9.52 
5 8.57 4.76 

L.S.D 0.05 6.56 3.74 
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PA-3 

 

OPA-8 

 

OPA-15 

 

OPC-18 

 
UBC-126 

 
Figure (3): Electrophoretic gel patterns of RAPD 

DNA products generated by OPA-3, OPA-8, OPA-

15, OPC-18 and UBC-126 primers. Lane M, DNA 

Ladder 100 bp; Lane 1, fungal isolate 1; lane 2,  

 

polymorphism. Data in Table 5 revealed that, all the 

RAPD primers did not produce any unique bands. 

      The number of fragment bands detected by any of 

the used RAPD primers depended on primer 

sequence and the extent of variation of the examined 

genotype(s). From the above-mentioned results, it 

can be concluded that the 5 utilized primers generate 

relatively polymorphism within the five studied A. 

solani isolates. fungal isolate 2; lane 3, fungal isolate 

3; lane 4, fungal isolate 4 and lane 5, fungal isolate 5.  

Figure (3): Electrophoretic gel patterns of RAPD 

DNA products generated by OPA-3, OPA-8, OPA-

15, OPC-18 and UBC-126 primers. Lane M, DNA 

Ladder 100 bp; Lane 1, fungal isolate 1; lane 2, 

fungal isolate 2; lane 3, fungal isolate 3; lane 4, 

fungal isolate 4 and lane 5, fungal isolate 5.  

      The resulted data from RAPD analysis were used 

in the estimation of genetic relationships among five 

different isolates of A. solani through a UPGMA 

cluster analysis of genetic similarity matrixes. Cluster 

analysis was achieved based on Dice’s similarity 

coefficient matrix. The results revealed that the 

highest similarity value (0.923) was found between 

isolate 4 and isolate 5. On the contrast, isolate 2 and 
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isolate 3 exhibited the lowest value (0.667), as shown 

in Table 5. 

Table (5): Dice’s similarity coefficient matrix (1945) 

within the five isolates of A. solani based on bands 

polymorphism of RAPD primers. 

Isolates 1 2 3 4 5 

1 - - - - - 

2 0.900 - - - - 

3 0.686 0.667 - - - 

4 0.829 0.821 0.765 - - 

5 0.800 0.737 0.727 0.923 - 

Data in Table 5 revealed that, all the RAPD primers 

did not produce any unique bands.  

      The number of fragment bands detected by any of 

the used RAPD primers depended on primer 

sequence and the extent of variation of the examined 

genotype(s). From the above-mentioned results, it can 

be concluded that the 5 utilized primers generate 

relatively polymorphism within the five studied A. 

solani isolates.  

 

In order to determine the genetic variability among 

the five Alternariasolani isolates, matrix of 

[10].similarity coefficient (S) was calculated based 

upon band sharing frequency (BS) as shown in Table 

5. The dendrogram was constructed using the 

hierarchical cluster analysis method with the average 

linkage between pairs from the matrix of [11]. and 

similarity coefficient values (S) within the five fungal 

isolates (Figure 4). 

      All the five tested fungal isolates were distributed 

by the dendrogram into two main clusters; the first 

one was related to isolate 3; while, the second cluster 

subdivided into two main groups; the first one 

splitted to two sub-clusters; the first one was for 

isolate 1 and the other one was for isolate 2. 

Moreover, the second group was splitted in two sub-

clusters; the first one was for isolate 4 however, the 

second sub-cluster was related to isolate 5. 

 

Figure (4): The dendrogram of genetic relationships 

among of the five isolates A. solani based on RAPD 

markers 

 
Figure (6): The dendrogram of genetic relationships among 

the five isolates of A. solani based on SDS-PAGE protein 

patterns. 

Biochemical analysis 

      Soluble proteins banding patterns of five A. 

solani isolates have shown in Figure 5. A total of 13 

bands were observed with molecular weight between 
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19.46-126.48 KDa. All the proteins are not present in 

equal abundance. The highest bands (13) were found 

in the fungal isolates 3, 4 and 5 which exhibited no 

variation in proteins, while, the lowest bands (9) were 

found in the two (1 and 2) isolates which did not 

exhibit more proteins as compared to other isolates. 

Dendrogram was constructed using the hierarchical 

cluster analysis method with the average linkage 

between pairs from the matrix of [11].and similarity 

coefficient values (S) within the five fungal isolates 

(Figure 5).  

 

 
Figure (5):  SDS-PAGE protein patterns 

of five  A. solani isolates.  Lane M, 

Standard Marker proteins; Lanes (1 to 5) 

fungal isolates. 

All the five tested fungal isolates were distributed by 

the dendrogram into two main clusters; the first one 

was subdivided into three groups the first one was for 

isolate 1 and the second was for isolate 2 finally the 

third, was for isolate 3. On the other side, the second  

cluster was splitted to two groups the first one was 

for isolate 4 however, the second was related to 

isolate 5. 

3. Antagonistic effect of some bio-agents on the 

virulent isolate of A. solani in vitro 

      Data presented in Table (6) and illustrated in 

Figures (7 and 8) show that T. harzianum was the 

best antagonist against A. solani growth compared 

with other treatment and control. It significantly 

showed the highest inhibition zone (67.33cm) with 

the highest aggressive isolates of A. solani; followed 

by T. viride (64.22cm), while B. subtilis and B. 

megaterium proved the second grade (44.52 cm). On 

the other hand, B. megaterium gave the lowest 

inhibition zone (26.59 cm). Data show that there were 

no noticed significant differences  among the tested 

bio-agents. 

 

 

Table (6): Antagonistic effect of some bio-agents on 

the virulent isolate of A. solani in vitro. 

Treatment 
Inhibition zone 

(cm.) 

Control 0.00 

T. harzianum 67.33 

T. virid 64.22 

B.subtilis 44.52 

B. megaterium 26.59 

L.S.D 0.05 10.09 

 

A 

 

B 

 

Figure (7): Antagonistic effect of 
Trichodermaharzianum against the highest (A 
and B) aggressive isolates of A. solani. 

 
A 

 

B 

 
Figure (8): Antagonistic effect of Bacillus 

subtilis against the highest (A and B) 
aggressive isolates of A. solani. 

4. Evaluation of the efficacy of some bio-agents against 

infection with A. solani of potato plants (cv. Lady Rosetta) 

4. a. Under greenhouse conditions 

       Data presented in the Table (7) elucidate that all the 

tested microorganisms have an efficient effect in 
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controlling this disease; they equally decreased the 

percentage of disease severity in contrast to the check 

plants and showed the reduced percentage of potato early 

bight disease. In this respect, the same data indicated that 

the highest reduction of the disease severity was proved by 

T. harzianum by about (19.77 and 11.25%) followed by T. 

viride, (35.58 and 24.13%), respectively, during the seasons 

of 2020/2021 and 2021/2022, respectively compared with 

B. subtilis and B. megaterium by about (42.87, 29.54 and 

43.56, 41.61 %), and control by (62.29 and 60.00%), 

respectively.   

Table (7): Effect of some bio-agents against infection with 

A. solani of potato plants (cv. Lady Rosetta) under 

greenhouse conditions during 2020/2021and 2021/2022 

growing seasons . 

Treatment 

Disease severity % 

Season 

2020/2021 

Season 

2021/2022 

Control 62.29 60.00 

T. harzianum 19.77 11.25 

T. virid 35.58 24.13 

B. subtilis 42.87 29.54 

B. megaterium 43.56 41.61 

L.S.D 0.05 9.10 3.86 

4. b. Under field conditions 

      Data presented in Table (8) showing the effect of 

spraying potato plants, cv. Lady Rosetta with some 

antagonists on naturally early blight indicated that the 

treatments which were added during 2021/2022 

growing season gave the best results in reduction of 

the disease in comparison with that of the 2020/2021 

growing season. In that regard, T. harzianum gave the 

best results by about (25.32 and 10.66%) followed by 

T. viride by about (36.63 and 21.14%) compared with 

B. subtilis and B. megaterium by about (39.84, 27.66 

and 40.38, 36.51) and control by about (60.57 and 

59.98%), respectively. 

Table (8): Effect of some bioagents against natural 

infection with A. solani of potato plants (cv. Lady 

Rosetta) under field conditions during 2020/2021 and 

2021/2022 growing seasons. 

Treatment 

Disease severity % 

Season 

2020/2021 

Season 

2021/2022 

Control 60.57 59.98 

T. harzianum 25.32 10.66 

T. virid 36.63 21.14 

B.subtilis 39.84 27.66 

B. megaterium 40.38 36.51 

L.S.D 0.05 6.77 4.73 

 
DISCUSSION 

      Five isolates of A. solani were isolated from 

potato varieties, Spunta and Lady Rosetta from 

different localities as above mentioned. These results 

are in consistency with those obtained by Kuczynska 

(1983) who reported that the most pathogenic fungi 

isolated from leaves and tubers of potato were A. 

solani and A. alternata. 

      Likewise, the pathogenicity test indicated that all 

the tested A. solani isolates were pathogenic to potato 

plants causing typical symptoms of the early blight 

disease. Moreover, data showed that Minia (El-

Borgia No.1) proved to be the highest aggressive 

isolates of the disease severity while isolates of 

Behaira (Koam-Hamada No.2), Gharbia (Kafer El-

zayat No.3), and Minofiya (Sheben El-KoamNo.4), 

governorates recorded the moderately disease 

severity. Meanwhile, El-badrashenNo.5 recorded the 

lowest disease severity. Similar results about the 

isolates of A. solani and variations among them were 

obtained by [9]. 

      The level of genetic diversity among fungal 

isolates could be attributed to mutations, 

recombinations, and/or the widespread movement of 

this pathogen over large distances. It has been 

hypothesized that asexual recombination through the 

parasexual cycle may be the source of genetic 
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variation in A. solani, although currently it is 

unknown if this occurs commonly within Alternaria 

species [32]and [44]. The present data are in 

agreement with those reported by [3], [45]and [18]. 

The results obtained with electrophoresis supported 

the use of these macromolecular criteria as an aid in 

differentiating the differences of Alternaria isolates 

encountered on various vegetable, spice and oil 

yielding crops. Electrophoretic patterns of soluble 

proteins were shown to be more valuable as 

diagnostic aids in distinguishing fungal isolates 

whose variability in morphology is indeterminate and 

overlapping [34], [31]and [5]. Thus, polyacrylamide 

gel electrophoresis of soluble mycelial protein 

patterns obtained in this study can be used as a 

reproducible and sensitive fingerprints for the five 

Alternaria isolates infected potato plants. 

      Also, [41]found that one primer; P248, generated 

DNA polymorphisms that distinguished A. solani and 

A. alternate with an approximate 97% confidence. 

Also, they found that a significantly large genetic 

distance between isolates of A. solani from potato 

and tomato, perhaps indicative of pathogenic 

specialization in this species. Similar trends of 

genetic variation among isolates were also reported 

by many investigators [43]and [41]. It was observed 

that a wide genetic variation among the five A. solani 

isolates were evident due to the high number of 

polymorphic bands. In case of RAPD-PCR, the 

primer UBC-126 gave a respectively polymorphic 

xwhile it was decreased into 50% with the primers 

OPA-08, OPA-15 and OPC-18. Furthermore, data 

obtained by RAPD-PCR grouping the A. solani 

isolates were divided into two large clusters. The 

electrophoresis profiles of the five isolates of A. 

solani showed differences in the protein molecules. 

Grouping the isolates based on PAGE analysis was 

not associated with the geographic origin of isolates 

because the two isolates of Minia (El-Borgia No.1), 

and Behaira (Koam-Hamada No.2) showed the 

highest similarity, while the isolates of Giza (El-

badrashen No.5) showed lowest one. 

      Like that, Protein patterns obtained by sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) for the 5 isolates of A. solani were 

divided into sub-clusters; the tested isolates were 

separated into groups based on their protein profiles; 

however, grouping the isolates was not related to 

their pathogenicity and geographic origins. Thus, the 

isolate of Minia (El-Borgia No.1) was the high level 

in protein formation, but, this may be due to trade and 

movement of potato and the pathogen may be 

introduced by the activity of human or this is may be 

due to geographic origin of the isolate. [4]who 

pointed out this lack of relationship among proteins 

electrophoretic. Thus, the isolate; Minia (El-Borgia 

No.1) showed the highest performance. These results 

agree with those of [30]who found that the spore and 

mycelial allergens of the two species of 

Alternariabrassicicola and A. alternate extracted 

under two different conditions were analyzed by 

radio rocket immunelectrophoresis and crossed 

radioimmuoelectrophoresis. Furthermore, RAPD-

PCR, SDS-PAGE protein patterns and phylogenetic 

analysis showed that isolates 1, 2 and 3 that have the 

highest pathogenicity were similar to each other and 

shared the same cluster while the other fungal isolates 

4 and 5 with low pathogenicity were close to each 

other. So, data approved that there were no 

relationship between pathogenicity and the 

geographic distribution of all tested A. solani isolates. 

      Finally, mmore attention was focused on 

Biological control of A. solani by T. harzianum, T. 

viride, B. subtilis and B. megaterium. These 

microorganisms showed strong antagonistic effects 

against the pathogenic fungus A. solani in vitro and 

reduced the disease severity of early blight disease. 
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The above-mentioned results are generally in 

agreement according to [6]who found that T. 

harzianum and T. viride were significant effective in 

inhibiting the mycelial growth of A. solani. There is 

no significant difference between the effectiveness of 

Trichoderma species in pot culture studies. Like that, 

[7]tested six strains of P. fluorescens in vivo and in 

vitro for their biological control potentially against A. 

solani, and all strains of P. fluorescens inhibited A. 

solani growth (by 28-40%) compared with the 

control.                                                                

      On the other hand, [1]found that B. subtilis was 

the most effective antagonist in reducing A. 

solanimycelial growth, followed by T. harzianum in 

vitro against A. solani growth isolated from early 

blight infected potato leaves. Similar results were 

obtained by [13]; who stated that spraying potato 

plants with B. subtilis strain Nj-18 showed that it 

could colonize the plants. They inoculated the plants 

with the spore suspensions of A. solani after spraying 

the fermentation of Bacillus NJ-18. The results were 

recorded after 14 days and the efficacy in controlling 

early blight disease was 72.9%.  The above-

mentioned results are in general agreement according 

to [23]who mentioned that T. harzianum was the best 

antagonist against A. solani growth, followed by T.  

Koningii, T. hamatum and T. Longibrachiatum, while 

B. subtilis registered the second grade and proved 

application of the bioagents individually proved the 

highest inhibition zone in vitro and reduced disease 

severity of early blight disease of potato under 

greenhouse and field. 

     In vitro, the most effective evaluation method of 

A. solani is the use of microorganism 

i.e.,Trichoderma, viride, Bacillus subtilis and Bacilus. 

megaterium. As well as, application of bioagents 

against early blight in potato plant (cv. Lady Rosetta) 

infected with A. solani under greenhouse and field 

conditions. Recently an ecofriendly biocontrol agent, 

Bacillus subtilis has received much attention by both 

conventional and organic farmers to suppress plant 

diseases [48]; [37]. Biological control of A. solani 

with Trichoderma sp. has been proved more effective 

and environment friendly [16].Trichoderma species 

besides inhibiting growth of fungi also promote 

growth and development of plant [39]. T. harzianum 

and T. viride inhibiting the mycelial growth of A. 

solani[6]. [7]tested six strains of Pseudomonas 

fluorescns in vivo and in vitro for their biological 

control potential against A. solani. Evaluated B. 

subtilis and Trichodemaharzianum in vitro against A. 

solani growth isolated from early blight infected 

potato leaves [1]. Kuczynska (1983) mentioned that 

the most pathogenic fungi for leaves and tubers of 

potato were A. solani and A. alternate. A. solani 

isolated from potato leaves was pathogenic 

independently to 3 potato cultivars in 1983 and 1984 

[22]. [29]found variability among 109 isolates of A. 

solani in their pathogenicity to potato plants. Their 

fungal isolates were classified according to the 

necrotic leaf area as lower, middle and highly 

aggressiveness. 

Conclusions 

In conclusion, the results obtained of pathogenicity 

showed that all of the tested isolates proved to be 

pathogenic to the tested potato (cv. Lady Rosetta) 

causing symptoms of early blight comparing with the 

control. The fungal isolate No. 1 which was obtained 

from (El-Borgia, Minia governorate) was the most 

aggressive isolate with the highest significant values 

of disease severity (44.30 and 56.19%) during the 

two successive seasons of (2019/2020) and 

(2020/2021), respectively.                           
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      The results obtained by RAPD-PCR, SDS-PAGE 

protein patterns and phylogenetic analysis showed 

that isolates 1, 2 and 3 that have the highest 

pathogenicity were similar to each other and share the 

same cluster, while the other fungal isolates 4 and 5 

with low pathogenicity were close to each other. 

Also, data showed that there is no relationship 

between pathogenicity and the geographic 

distribution of all tested A. solani isolates.                  

            

      The antagonism of some living organisms such 

as: (Trichodermaharizianum, Trichodermavirde) and 

(Bacillus subtilis and B. megaterium)were studied in 

vitro against mycelial growth and disease severity of 

potato early blight under greenhouse and field 

conditions were studied in two successive seasons.  

Results indicated that the in vitro antagonistic 

testshowed that Trichodermaharzianum was the best 

bioagent that gave the highest inhibition zone 

(67.33cm) against the most aggressive A. solani 

isolates as compared with all other bioagents and 

gave the lowest values of early blight disease severity 

during the two seasons (19.77, 11.25) and (25.32 and 

10.66%, respectively)compared to the other 

treatments, the control (infected and untreated potato 

plants). 
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