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ABSTRACT 
 

Potatoes are widely cultivated in Egypt. This crop considers one of the most important vegetable either for 
local consumption and exportation. Bacterial wilt causing by Ralstonia solanacearum became endemic in 
Egyptian soil awing to the ability of such bacteria to hebetate as saprophyte and parasite on many plants. This 
study was carried out to find out any chemical or natural agent could induce resistance in potato plant against 
these bacteria as preplanted tuber treatment. In this respect water solution of plant material extracts and 
chemical agents were tested either in pots or under field conditions. Data obtained clear by indicated that 
bacterial infection led to dramatic decrease of plant productivity (determined as No. of tuber/plant and total 
weight of such tuber/plant). All tested agents reduced disease incidence on plant foliage and also decreased the 
percentage of affected tubers (visible and latent infection). Jasmonic acid treatment decreased disease severity 
from 36.6% to 10.9%followed by coconut milk solution, mango malformed inflorescence extract, ethyl salicylic 
acid, Agrispon® and Sincocin® in descending order. Under field condition, Jasmonic acid came in the priority 
followed by coconut milk. Both agents significantly reduced infection of yield tubers. In peels of tubers 
previously treated by tested agents, isozymes of soluble peroxidase were electrophoretically separated. In 
control tubers (treated by water) only two bands (p1 and p2), Sincocin® led to elicitation of third band (p3). 
Other tested agents elicited additional bands (P1,P2,P3 and P4) the obtained results revealed that tested agents 
elicit additional peroxidase bands in treated potato tuber peels which may affect bacterial penetration of tuber 
wound or natural openings. 
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Introduction 

 
Potatoes are widely cultivate in Egypt either for local consumption and exportation, bacterial wilt disease, 

caused by Ralstonia solanacearm is one of the major obstacles in the total value of Egyptian potato exports 
(Ibrahim et al., 2005) 

Ralstonia solanacearm (synonym Pseudomonas solanacearmE. F. Smith) (Yabuuchi, et al., 1995) causes 
bacterial wilt, one of the most important and wide spread bacterial disease of many crops in the world. It has 
been recorded on several hundred species representing 44 families of plants (Buddenhagen and Kelman, 1964 & 
Hayward, 1991).This disease considers the second major constraint to potato production in subtropical regions 
worldwide after late blight (Hayward, 1991).The pathogen can be spread within and between countries by soil, 
water, and latently infected planting materials (Ciampi, et al., 1980). 

All trails of bacterial wilt disease management were failed due to the absence of varietal resistance and 
owing to the survival of the pathogen in soil reach twenty years. Therefore, agriculture rotation has not any 
beneficial effect on disease management. Furthermore, actually there are not any bactericidal agent could be 
used for disease control under field condition (Persley, 1992; Jones, 1997&Ibrahim,et al., 2005) 

The greatest economic damage has been reported on potatoes, tobacco and tomatoes in the south-eastern 
USA, Indonesia, Brazil, Colombia and South Africa. In the Philippines, in 1966-1968, there were average losses 
of 15% in tomatoes, 10% in aubergines and Capsicum, and 2-5% in tobacco (Zehr, 1969&Sabet and Barakat, 
1971). In India, there are sometimes total losses in tomato crops. In the eradicated outbreak in Israel, losses 
occurred in potato, being heavier for the spring crop than the autumn crop, because of the high temperatures 
under which the former matures (Volcani&Palti, 1960). Extensive losses on potato were reported in Greece in 
1951-1953 (Zachos, 1957).  

Disease severity mostly increases if R. solanacearum is found in association with root nematodes. In 
tobacco, nematode infestation changes the physiology of the plants, causing susceptibility to bacterial wilt 
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(Chen, 1984). Experiments in India showed that the combined pathogenic effects of R. solanacearum and 
Meloidogyne javanica were greater than the independent effects of either (Sitaramaiah&Sinha, 1984).  

Systemic resistance in plants could be induced by different factors, among them chemical activators, and is 
effective against infection by pathogens in parts of plants distant from the initial site of triggering (Sticheret al., 
1997).Chemical activators of systemic resistance offer a practical means of plant protection (Kessmannet al., 
1994).For all of these reasons, the concept of inducing resistance in plants against fungal, bacterial, viral and 
nematodial diseases became widespread in agriculture (Naylor et al., 1998; Oka et al., 1999; Buonaurioet al., 
2002; Mohan Babu et al., 2002 and Bach et al., 2003). 

This investigation was aimed to study the effect of some safety chemical and plant extract agents as pre-
cultivating tuber treatment on bacterial wilt disease of potato under Egyptian condition in relation to isozyme of 
soluble peroxidase 
 
Material and Methods 

 
All experiments conducted in this study were carried out in Plant Pathology Dept., Fac. of Agric., Ain 

Shams Univ. during 2009/2010.  
 

Bacterial isolates and Pathogenicity test: 
 
R. solanacearum was isolated from infected potato tubers and cultured on LB medium (10 g peptone, 5 g 

yeast extract and 10 g NaCl) at 28°C. One isolates (Rs-T1 of R. solanacearum was used in this study. These 
isolate was characterized and found to be typical in morphological, cultural and physiological characteristics of 
R. solanacearum according to Staley et al., (1984). Rs-T1 was identified as virulent isolate, based on colony 
shape when grown on casamino acids peptone glucose agar medium CPG (peptone 1%, casamino acid 0.1%, 
yeast extract 0.1%, glucose 0.5% and sucrose 0.5%) supplemented with 0.05% 2,3,5triphenyl tetrazolium 
chloride and 1.75% agar. 
 
Plant material: 

 
Potato tubers (Solanum tuberosum L.) cv. Valor (middle size 7 cm long) was used in this study. Tubers 

were obtained from the International Potato Center in KafrAl-Zayat. Tubers were planted in clay pots (25 cm in 
diameter), which contained stream sterilized sandy loam soil (1:2 v/v). Ten pots were used for every particular 
treatment, in addition to 10 pots left as a control.  
 
Inducer agents: 

 
The following plant water extracts and solutions were used in this study: 
1- Water extract of mango malformed inflorescence 75 g/L. Mango malformed inflorescences were 

collected from mango trees showed malformation of their inflorescence. Inflorescences were washed several 
times in tap water then in distilled water. Flowers and fresh shoots were separated weighted then grinding in 
sufficient amount of distilled water in a mortar and pastel. The mixture was filtered in 6 layers of cheesecloth 
and the volume was adjusted by distilled water to be 75g/liter. Solution was autoclaved at 122 ºC for 30 min, 
left to cool, then used as tuber treatment  

2- Water solution of coconut milk 2%. Coconut fruits were obtained from Egyptian market, the outer 
layer was removed and the seed was punctured to get the milk. Milk was diluted by sterilized distilled water to 
be 2 % 

3- Water solution of Agrispon® (1 ml/ liter) 
4- Water solution of Sincocin® 1 ml/liter, Sincocin and Agrispon were a liquid concentrate derived from 

plant extracts and fatty acids and imported from AgSci company, Dallas, USA, and the concentration was 
adjusted to be 1ml/liter. 

5- Water solution of ethyl salicylic acid (125 µl/liter). 
6- Water solution of Jasmonic acid (125 µl/liter). Ethyl salicylic and Jasmonic acid were obtained from 

(Merke) Appropriate volume of both compounds were dissolved individually in 0.5 ml of ethyl alcohol 
(absolute) and the volume was completed to 1 liter by distilled water 

Tubers were treated by soaking in solutions of tested agents for two hours, left to dry and then were 
cultivated in sterile soil. 
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Soil inoculation: 
 
When potato plants reached 12 cm in length, soil inoculation was carried out with 25 ml of 72 hr grown Rs-

T1 and Rs-T2 (2x108  colony-forming unit (CFU/ml).  
 
Disease assessment: 

 
Disease severity was estimated after85 days of planting. It was estimated by two ways: 

1 - Calculate the percentage of infection(%)by dividing the number of branches that showed wilt symptoms by 
the total number of branches X 100 
2 – Calculate disease severity (%) using scale1-5as the following: 
1:There are no noticeable symptoms. 
2: up to-25% wilt symptoms visible on the branches. 
3: 26-50% wilt symptoms visible on the branches. 
4: 51- 75% wilt symptoms visible on the branches. 
5: More than 75%wilt symptoms visible on the branches. 
This verity of infection was estimated according to the following equation: 

 
                                                     ∑   (Infection degree X frequency) 

% Disease severity =-------------------------------------------------------------------- X 100 
                               The highest degree of infection X The total number of plants tested 
 
Plants were collected individually, washed in tap water, left to dry then weight. The basal part of every 

tuber was cut for detection of disease syndrome. Latent infection was determined by isolation of R. 
solanacearum for basal part on King Bteterazolium medium. Tubers consider infected either by visual 
appearance of xylem discoloration and growth of the pathogen on king B medium. (Kempe and Sequeira, 1983). 
 
Field Experiment: 

 
A field (1/2 Fadden) located in El-Deer village, Shebeen El-Kanater, Qulubeiya Governorate was chosen to 

carry out this experiment because it has a long history in heavy epidemic of bacterial wilt of potato. Field was 
divided into plots (7 x 6 m), every plot contained 7 lines. Every plot was specified for one tested agent and three 
plots were left for control. Lines were cultivated by treated tuber as mentioned before. By the end of season 
samples of tubers (50 tuber were taken from every treatment and disease incidence was determined (visible and 
latent infection) as mentioned before or by appearing of bacterial growth on tetrazolium King B medium. 
 
Electrophoretic separation: 

 
Samples of treated tubers were kept for 48h, at room temperature then peel. Peels was taken and stored at – 

80 ºC till used. One gm of peels was treated by liquid nitrogen and ground with 2m/ sodium phosphate buffer 
(pH 6.5) 0.1 M using mortar and pestle. Samples were transferred to Eppendorf tubes, and then centrifuged for 
20 min at 12000 rpm at 4 ºC. Supernatant, containing water-soluble peroxidase were stored at -80 ºC till used, 3 
replicates were prepared for each treatment (Biles and Martyn, 1993). 

  Polyacrylamide gel electrophoresis (PAGE) was performed exclusively in vertical slab 18 x 16 cm Bio 
Rad. According to the method described by Stegemannet al., (1985). 

The solution used for peroxidase visualization consisted of 10 mM benzidine dichloride reagent solution 
made fresh in phosphate buffer (pH6) 0.1.M Five ml of H2O2 0.2 M were added and gel were incubated at 30 ºC 
for 5 min.  
 
Result: 
 
Effect different tested agents on bacterial wilt incidence and yield component: 

 
Potato tubers previously dipped in tested agents, then cultivated in sandy-loam soil were subject to infect by 

Ralstonia solanacearum. Data of this study are illustrated by Table (1) and Table (2). Data obtained indicate that 
disease incidence on non-treated tuber determined as % disease and % disease severity reached 36.4% and 36.1 
% respectively. The efficacy of tested agents on disease incidence was calculated. Jasmonic acid followed by 
coconut milk gave the best results in controlling both parameter followed by ethyl salicylic acid, mango 
malformed influence extract, Sincocin and Agrispon in descending order.  
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In produced yield on tubers, visible and latent infection by bacterial wilt was determined. In control plant 
yield, total infection reached 100%. Tested agents decreased significantly this phenomenon. In this regard, total 
infected tubers reached 28% in case of Jasmonic acid and treatment with coconut milk gave approximately the 
same value. 

Other tested agents laid below them in efficiency. Mango malformed inflorescence extract, ethyl salicylic 
acid and Sincocin caused significant reduction of tuber infection in descending order. 

Yield parameters were determined, number of tubers plants and weight of tubers/plant indicated that the 
reduction of disease incidence led to increase of plant productivity. As presented in Table (2), No. of 
tubers/plant were in control 4.2 tubers/ plant, give a weight 520 g, in case of Jasmonic acid treatment No. of 
tubers/plan reached 10.7 tubers with total weight 1520g/plant followed by the other treatment. The least 
effective agent in controlling bacterial wilt (Agrispon) gave 7.8 tubers/plant with total weight 970g. Other agent 
lay in between.  

Correlation coefficient between all tested parameters i.e. disease incidence and yield component were 
calculated. Data of this calculation are tabulated in Table (3). This value reached +0.91 in case of disease 
control* weight of tubers and reached +0.94 in case of disease control* No. of tubers/plant. 

Highly significant regression coefficient was found between total infection* weight of tubers/plant, total of 
infection * No. of other tubers/plant, visible infection* weight of tubers/plant, visible infection* No. of 
tubers/plant, latent infection* weight of tubers/plant and latent infection* No. of tuber/plant. These values were 
highs that -0.90 in all cases. 

This study was repeated under field conditions. Tracing of visible symptoms on potato foliage revealed the 
absence of any clear symptoms on plant foliage; moreover, no any visible symptoms were recorded in plant 
yield (potato tubers). Determinations of latent infection indicate the presence of 60.0% tubers infected by R. 
solanacearum. All treatments reduced this phenomenon to very great extent. Jasmonic acid, mango malformed 
inflorescence extract, Agrispon and coconut milk gave the best results and ethyl salicylic acid and Sincocin led 
to reduce disease incidence to some extent. 
 
Elecrtrophoretic separation of soluble peroxidase: 

 
Samples of tubers dipped in different agent were stored at room temperature, then peeled (2mm). Soluble 

peroxidase was extracted from tubers peels and it was extracted and subjected to electrophoretic separation. 
Data of this study are presented in Table (5) illustrated by Fig.(1). 

Data obtained indicate that in control tubers only two bands i.e. P1 and P2 are detected. 
Three bands were detected in case of Sincocin treatment. Other agents induced other additional bands i.e. 

P3and P4 
 

Table 1: Effect of different treatments on bacterial wilt disease causing by R solanacearum under artificial infections. 
Treatment Disease % Disease control 

% Disease % Disease severity 
Agrispon 16.8 16.1 55.4 
Jasmonic acid 10.2 9.9 72.28 
Ethyl salicylic acid 13.4 12.9 64.26 
Sincocin 17.7 16.8 53.46 
Mango malformed 13.7 13 63.98 
Coconut milk 10.6 10.5 70.91 
Control 36.4 36.1 00 
LSD 3.6 3.2 -- 

 
Table 2: Effect of treatment on the disease severity of bacterial wilted in potato tubers and yield of tubers in the pot experiment 

Treatment No. of tubers/plant 
Wight of 
tubers/plant 

Visible 
infection % 

Latent 
infection % 

Total infection 

Agrispon 7.8 940 28.6 35.8 64.4 
Jasmonic acid 10.7 1520 15.9 12.6 28.5 
Ethyl salicylic acid 8.5 1150 21.7 25.6 47.3 
Sincocin 7.4 1000 25.6 32.8 58.4 
Mango malformed 8.4 1230 18.4 15.9 34.3 
Coconut milk 10.3 1460 16.8 14.2 31 
Control 4.2 520 52.4 47.6 100 
LSD 1.2 36 3.5 3.9 -- 
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Table 3: Calculations of Correlation Co-efficient between parameter of disease incidence, disease control, visible infection, latent infection  
              and yield parameter  

Parameter Correlation Co-efficient 
Total infection*Wight of tubers/plant - 0.97 
Total infection* No of tubers/plant - 0.95 
Disease control* Wight of tubers/plant + 0.91 
Disease control* No of tubers/plant + 0.94 
Visible infection* Wight of tubers/plant - 0.94 
Visible infection* No of tubers/plant - 0.94 
Latent infection* Wight of tubers/plant - 0.97 
Latent infection* No of tubers/plant - 0.92 
Percentage of infection * weight of tubers/plant - 0.91 

 
Table 4: Effect of treatments on bacterial wilted in potato tubers under field conditions. 

Treatment Latent infection % Disease control 
Agrispon 14 76.66 
Jasmonic acid 12 80 
Ethyl salicylic acid 36 40 
Sincocin 30 60 
Mango malformed 14 76.66 
Coconut milk 16 73.33 
Control 60 -- 

 
Table 5: Electrophoretic separation of peroxidase isozyme by inducer agent on potato tubers 

Treatments 
Peroxidase isozymes 
P1 P2 P3 P4 

Control + + - - 
Ethyl salicylic acid + + + + 
Jasmonic acid + + + + 
Sincocin + + + - 
Agrispon + + + + 
Mango malformed inflorescence. + + + + 
Coconut milk + + + + 

 

 
Fig. 1: Effect of inducer agent’s treatment on Peroxidase isozyme bands on potato tubers. 

 
Whereas: Con: Infected control; CO: coconut milk (2%); Gas: Jasmonic acid (0.125 ml/liter); Eth: ethyl 

salicylic acid (0.125 ml/liter); Agr: Agrispon® (1 ml/ liter); Sin: Sincocin®(1 ml/liter)  and Man: mango 
malformed inflorescence (75 g/L.). 

 
Discussion: 

 
Bacterial wilt of potatoes causing by bacteria Ralstonia solanacearum is one of the most devastating 

disease on potato in Egypt as well as in many tropical and subtropical regions all over the world. (Hayward, et 
al., 1998; Hayward, 2000 and Silveira, et al., 2007). This disease consider one of potato diseases which could 
not management owing to that the causal agent has two phases of nutrition, ether as saprophyte in the absence of 
suitable hosts or as a parasite in presence of suitable hosts (Genin and Boucher, 2004 and Feganand Prior, 
2006). Moreover, actually there is not any varietal resistance between potatoes culture (Jones, 1997&Persley, 
1992). 

Since this bacterial penetrate its hosts especially potatoes either through natural openings naturally 
occurring on tuber surface or through wounds, even this wounds are microscopically, ((Kelman and Sequeira, 
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1965)), therefore, this investigation was planned to study the effect of dipping tuber seeds before planting in 
water extracts with plant origin, i.e. extract of mango malformed infleurescencs, coconut milk solution. 

Sincocin and Agrispon and chemical agents previously known as inducing resistant agents (Gado, 2007 
&Mostafa and Gado, 2007) i.e. water solution of salicylic acid and /or Jasmonic acid(White1979&Weissmann, 
1991).in addition to distilled water as a control. 

When potato shoots reached 15 cm in length, soil was infested by highly virulent bacteria Ralstonia 
solanacearum. After 80days disease incidence was determined. 

Data obtained indicated clearly that all tested agents induced systemic acquired resistance in plants, 
especially Jasmonic acid, coconut milk and other agents came in the second order. 

This variation between tested agents as inducing resistant factors gave a very good opportunity to calculate 
the mathematical relationship between disease severity and plant productivity. Correlation coefficient between 
disease severity and weight tubers (plant reached – 0.91 means that by increasing disease severity, plant 
productivity sharply decreased. As far as the writer is aware, no similar study was carried out before. 

It is well established that Jasmonic acid induces acquired resistance through elicitation of PR protein in 
treated plants, among these proteins protinase inhibitor and peroxidase. (Creelman & Mullet 1997) Protein 
inhibitors affect bacterial nutrition (Boman, 2003&Bulet, 2004) and soluble peroxidase is a marker of H2O 
scavenger. (Sulmanet al., 2001 & Caruso et al., 2001). Coconut milk contain very high amount of plant 
hormone cytokines. (Mukhtar et al., 2009). This hormone play role in stability of protein and encourage protein 
synthesis. In this study, Jasmonic acid and or coconut milk induce of additional bands of peroxidase. 

Mango malformed inflorescence extract treatment significantly reduced disease severity (from 36.1 on 
control plant to 13%). Such extract contain very high amount of phenolic substances in addition to different 
plant hormones. (Ibrahim, et al., 1975 & Dang  and Daulta 1982). This extract also elicits two additional 
peroxidase bands in treated potato tuber peels. 

Ethyl salicylic also, the derivative of salicylic acid induced resistance in potato plants (White1979). It is 
well established that salicylic acid or its derivatives induce resistance of plants through induction PR proteins. It 
elicits two additional bands in peels of treated tubers. 

Sincocin and Agrispon the commercial plants extract produced by Agric. Sci. Dallas Company. These 
extracts in marketing as plant growth promoting agents (Anonim. 1991). In the present study, both extract 
induce resistant in potato plants by unknown mechanism. Sincocin elicit third band and Agrispon elicit 
additional two bands, As indicate in Fig (1) Jasmonic acid and coconut milk elicit very intensive peroxidase 
band (Pr) and in the same time they were the best agents in inducing resistance in potato plants, they increased 
plant productivity by 192.2 % and 180.76 % over control plants respectively. The obtained results in this 
investigation gave a very good opportunity to bacterial wily management by treating tuber seeds before 
planting. 
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