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ABSTRACT 

 

Field and laboratory investigations for distribution of bacterial wilt (BW) caused by Ralstonia solanacearum in 

different vegetable growing areas of Pakistan (during April-September 2008-09) revealed that sweet pepper was 

highly susceptible with overall incidence percentage of 21.9% followed by hot pepper (16.6%), tomato (13.3%), 

potato (10.5%) and brinjal (5.5%). Aggregate incidence in the whole country was 13.8%. Most of the isolates 

were obtained from soil (17.2%) and plant samples (18.8%). The disease was mainly distributed in Islamabad 

Capital Territory and Punjab with BW incidence of 19.2% and 13.9% respectively. Along with bacterial wilt a 

number of other diseases i.e. Verticillium  and Fusarium wilt, Root knot nematodes (Meloidogyne spp.), 

Phytophthora rot (Phytophthora capsici), stem rot/Southern blight of tomato (Sclerotium rolfsii), Chilli leaf curl 

virus, bacterial blights (Xanthomonas compestris  and Pseudomonas syringae) were found to be associated with 

the wilt syndrome of solanaceous crops. Most of the farmers were not certain about bacterial wilt symptomology 

and management. Mean values in BW affected areas were 9.9 soil pH, 29.5 ºC, 71.59% RH and 71.86 mm 

rainfall. The tests further revealed that biovar 2 and 3 were more prevalent in Pakistan with 80 % majority of 

strains belonging to biovar 3.  Predominant biovar in potato was biovar 2 (mostly in Northern territory of the 

country). Studies further revealed that rest of strains obtained from tomato, sweet pepper, hot pepper and brinjal 

were mainly biovar 3. In addition, some biovar 3 strains were also found to be associated with sweet pepper and 

hot pepper seeds.  

Key words: bacterial wilt, Pakistan, Ralstonia solanacearum, Biovar, solanaceous crops, sweet pepper, 

incidence and distribution. 

 

INTRODUCTION 

 

Bacterial wilt caused by Ralstonia solanacearum 

(Smith, 1896; Yabuuchi et al., 1995) is highly 

challenging and one of the most destructive diseases of 

solanaceous crops worldwide (Hayward, 2005). The 

disease is predominant in warm humid tropical and 

temperate regions of the world (Hayward, 1991). 

Bringing about severe crop losses worldwide, the 

disease is now receiving global profile (Allen et al., 

2005). It is disturbing agriculture and even trade 

negotiations in the developing as well as developed 

world. It is listed as one of the top ten microorganisms 

affecting agriculture in U.S. Agro-terrorism  Protection 

Act of USDA (2002) and subjected to strict quarantine 

regulations throughout Europe and America (Gillan, 

2003; Michael, 2004a, 2004b). 

Ralstonia solanacearum has exceptionally wide 

diversity having strains originating from different 

geographical origins and hosts (Buddenhagan and 

Kelman, 1964; Hayward, 1964, 1991, 1994). The host 

range of the bacterium is unusually broad together with 

hundreds of plant species (Hayward, 1994). 

Worldwide, major hosts are: Lycopersicon esculentum 

(tomato), Capsicum annuum (sweet pepper), Solanum 

tuberosum (potato), Solanum melongena (aubergine), 

Nicotiana tabacum (tobacco), Arachis hypogaea 

(groundnut), Musa paradisiaca (banana and plantain) 

and Heliconia spp. (Wang and Lin, 2005a). 

The disease has been reported from at least twenty one 

countries in Africa (CABI and EPPO, 1998). Race 3 

(biovar 2) strains belonging to phylotype II 

predominate in South America (Davis et al., 2000). All 

major strains reported from North America fall under 

phylotype II (Fegan and Prior, 2005). Main crops 

affected are tomato and tobacco. The predominant 

strains found in Caribbean and Central America belong 

to phylotype II. Banana is the major crop to be affected 

(EPPO, 1999). The most economically important crop 

affected by bacterial wilt in European countries is 

potato (Annon, 1998). RS biovars 2 (race 3) have been 

reported from different parts of Queensland, Australia 

(Hyde et al., 1992). Race 3 (biovar 2) strains are 

widely distributed in Asia (including Pakistan, India, 

Bangladesh, China and Philippines) and Middle East 

countries (Lebonan and Iran). Majority of the strains 
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isolated from Asia belong to phylotype 1 (EPPO, 

1999). 

In Pakistan, the disease was first reported in 1989 

(Geddes, 1989). This disease may jeopardize the future 

cultivation of many Solanaceae vegetables in Punjab 

and Sindh provinces. Bacterial wilt frequency extended 

from 5-25 % in these provinces (Burney et al., 1999). 

RS was isolated from seeds as well as plant samples 

obtained from different tomato growing areas of 

Punjab province and biovar 3 strains was observed 

were more aggressive on tomato (Begum, 2005).  

Agroecological conditions of Pakistan are best suited 

for the production of most of the vegetables. 

Vegetables are grown over an area of 296337 ha with 

production of 3124763 t/year. Potato (average 

production 13.34 t/ha), tomato (average production 

10.12 t/ha), brinjal (average production 9.97 t/ha) and 

chillies (average production 1.90 t/ha) are one of the 

most economically important vegetables grown in 

Pakistan (GOP, 2010). Punjab is the largest producer 

of potato, tomato and brinjal, while Sindh is a major 

chilli growing province of the country. The production 

of these vegetables is not only vital for healthy diets 

and productive lives but also vital for strong economy 

of Pakistan. Favored by conditions of humidity and 

temperature during monsoon season all Solanaceae 

crops are heavily attacked by bacterial wilt in Pakistan. 

Studies on incidence and distribution of BW in 

different solanaceous crop growing areas was therefore 

found necessary to elaborate current status of BW in 

the country which would better help to formulate 

strategies for its diagnosis and  management.  

 

MATERIALS AND METHODS 

 

Collection of samples: Overall 406 samples were 

collected from 28 different agroecolological locations 

in Pakistan (including 3 from Baluchistan province, 11 

from Punjab Province, 6 from Khyber Pakhtunkhwa 

province, 5 from the province of Sindh and 3 from 

Federal Capital (Fig. 4.1). Vegetable growing areas 

were surveyed for the collection of bacterial wilt 

infected seed, soil and plant samples during growing 

season (April-September 2008-09). Diagnosis of 

bacterial wilt symptoms in field was done (Wang, 

1998; CABI/EPPO, 1998; Wang and Lin, 2005a). Soil 

samples were taken from the rhizosphere of wilted 

plants. Simple random sampling technique was used 

for collection of diseased samples. Samples were kept 

in polythene bags, labeled (with host information, 

locality and date of collection) and brought to 

laboratory for further analysis.  

The information regarding various agronomical, 

biophysical and economical factors was collected from 

National Agrometereological Centre, Pakistan 

Meteorological Department, Islamabad, Soil Survey of 

Pakistan.  

Disease diagnosis and calculation of incidence: 

Isolation and identification of Ralstonia solanacearum 

strains was done using the protocol described by Wang 

(1998) and Hayward (1991). Specific differentiation 

into biovars was done on the basis of strains capacity 

to consume various sugar sources (Kado and Heskett, 

1990; Hayward, 1991).  Presence of RS strains was 

further confirmed through Double Antibody Sandwich 

ELISA kits (Neogen Phytodiagnostics, Europe).  

The information regarding date of collection, host crop, 

source, place of collection, and characterization results 

i.e. biovars, pathogenecity was also summarized and 

used for further analysis. Disease incidence in various 

areas/hosts was calculated according to total number of 

confirmed isolates (for RS) out of total isolates 

obtained. The details of the disease incidence and 

biophysical data (soiltype , soil pH, temperature, 

relitive humidity, rainfall, average temperature during 

monsoon season) were further used to study the 

adaptability of Bacterial Wilt pathogen in various 

environments. 

Statistical analysis: Data obtained from disease 

incidence were statistically analyzed through statistical 

software’s MSTAT-C, STATISTICA Version 7 and 

SPSS version 18 with additional help from Steel and 

Torrie (1980), Steel et al. (1996) and Saitou and Nei 

(1987). 

 

RESULTS 

 

Field and laboratory investigations revealed that 

Bacterial wilt was associated with all major 

solanaceous hosts i.e. potato, tomato, chilies and 

brinjal. However, high prevalence of the disease was 

noticed in chilies, especially sweet pepper varieties in 

vegetable growing areas of Punjab and Islamabad 

Capital Territory. Along with bacterial wilt a number 

of other diseases i.e. Verticillium  and Fusarium wilt, 

root knot nematodes (Meloidogyne spp.), Phytophthora 

rot (Phytophthora capsici), stem rot/Southern blight of 

tomato (Sclerotium rolfsii), Chilli leaf curl virus,  

bacterial blights (Xanthomonas compestris, 

Pseudomonas syringae) were found to be associated 

with the wilt syndrome of solanaceous crops. Many 

local names i.e.   Saroo, jhulsao, Murjhao, Pata marore 

and Bacteriyayee sarand were being used for this 

disease.  
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Table 1. Summary of agronomic measures related with Bacterial Wilt incidence in Pakistan 

Sr No Query Information Gathered 

1 General Plant Protection Measures 

Insecticides (Supermethrin), Fungicides (Mancozeb, Chloropicrin), Fertilizers  

(organic fertilizers, DAP, Urea, Green fast), Crop rotation 

2 Other Diseases found with Wilt 

Chilli Leaf Curl Virus, Fusarium Wilt, Root knot Nematode, Root Rot (Phytophthora 

capsici), Bacterial spots and blight ( Xanthomonas compestris, Pseudomonas syringae), 

Stem rot/Southern Blight of Tomato (Sclerotium rolfsii). 

3 Farmers awareness about disease 43 % in Punjab, 30 % in NWFP, 22% in Balochistan, 10% in Sindh, 41% in Federal Capital 

4 Local name Saroo, Jhulsao, Murjhao, Pata Marore, Bacteriyaye Sarand 

5 Occurance of Bacterial wilt New to 20 years 

6 Most devastating stage Fruiting Stage, Near Harvesting 

7 Major cropping Sequence 

Sweetpepper ,Tomato, Brinjal; Sweet Pepper, Hot Pepper, Brinjal; Sweet pepper with 

Okra;  Sweet Pepper, Bitter Guard, Cucumber and Okra;  Sweet Peppper and Sunflower; 

Peppers Maiz, Peppers; Potato, Vegetables, Hot Pepper 

____________________________________________________________________________________________________________ 

 

 

Table 2 Summary of Economics of vegetable farmers in Pakistan 

Sr No Query Information Gathered 

1 Size of Farm 
2 Marlas- 120 Kanal (Punjab), 20-130 Kanal (Khyber Pakhtunkhawa), 100-500 Acres (Sindh), 

1-200 Acres (Balouchistan) 

2 Average Plant Protection costs 
Rs 400/ Acre (Punjab) 

3 Source of  Commercial Seed 
 

Hot Pepper (70% Local, 30% Imported) 

  
Sweet Pepper (10% Local, 90% Imported) 

  
Brinjal (10% local, 90% Imported), 

______________________________________________________________________________________________________________
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Table 3. Cropping calendar of major solanaceous vegetables in Pakistan. 

 

  
MARCH APRIL  MAY  JUNE  JULY  AUGUST  SEP  OCT  NOV  DEC  JAN  FEB  

Max 

Rainfall                   …...      

Max Temp                         

Punjab 

Potato   
Harvested 

            
    Planted   

(Spring)                          
Potato 

       Planted 
    

Harvested 
  

(Automn)  
  

    
 

       

Sweet 

pepper    

  

Harvested 

  

  

    

Planted 

      

                          
Hot 

pepper    

  

Harvested 

  

  

  

Planted 

      

                
Brinjal  

  
  

Harvested 
  

  
    

Planted 
      

                          

Tomato 
Harvested 

    
 

  
Planted 

      

(off 
Season)    

    
 

       

tomato 
Planted 

  
Harvested 

                

Sindh 
Sweet 

pepper                          

Hot 
pepper    Planted       Harvested           

  
              

Tomato Harvested     Planted     Harvested     

Balouchistan 

Tomato 
  Planted     Harvested          

UpHills                         

Tomato 
              Planted       Harvested 

Plains                         

Pepper   Planted     Harvested             

Uphills                         

Pepper     Harvested             Planted   

Plains                         

Khyber Pakhtoon Khawa 
Tomato 

Planted     Harvested               
Tomato 

                        

Off season             Planted     Harvested   

                          
Pepper   Planted     Harvested             
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Most of farmers were not certain about bacterial wilt 

symptomology and its causal organism. In the 

province of Punjab 43% farmers knew about the 

disease followed by Federal Capital (41%), Khyber 

Pakhtunkhawa (30%), Balouchistan (22%) and Sindh 

(10%). Investigations about bacterial wilt history 

revealed that the disease had been established in some 

fields of Punjab province from the past 20 years where 

repeated out breaks of the disease were being 

observed during monsoon season each year (Table 1). 

A study of economics of vegetable farmers indicated 

that the farm size of vegetable farmer ranged from 2 

Marlas to 200 acres. Average farmer was spending 

almost Rs 400 peacre on plant protection measures 

(which included use of some insecticides and 

fungicides) (Table 2). The only management strategy 

adopted for Bacterial wilt was crop rotation in some 

areas. However due to soil borne nature of the 

pathogen, the disease out breaks were reported on the 

same areas even when susceptible varieties were 

regrown after gap of 2-3 years of crop rotation with 

non-host crops. 

It came out that BW in Pakistan was found in areas 

with diverse soil, pH, temperature, relitive humidity, 

rainfall and topographical patterns. Mostly BW 

affected soils were alkaline, calcareous in nature. 

Descriptive statistical analysis showed that mean 

values in diseased areas were 9.9 for pH, 29.5 ºC for 

temperature, 71.59 for relitive humidity and 71.86 mm 

for rainfall (Graph 1). Cropping sequence studies 

further inferred that disease is prevalent during high 

temperature and humidity within the months of June-

July when most of solanaceous crops are near to 

harvesting stage (Table 3). Most of the commercial 

varieties used by farmers were imported whose 

disease resistance information was not known. In case 

of sweet peppers, 90% seed used was imported, which 

proved to be highly susceptible in our studiesncidence 

and Distribution of Bacterial Wilt:From the 

province of Baluchistan an aggregate of 12.5% disease 

incidence was recorded with 16.16 % in Pishin, 

11.11% from Khuzdar and Loralai areas. A total of 

14.28% isolates were obtained from soil samples. In 

Punjab province disease incidence of 13.93% was 

recorded. Highest disease incidences were recorded 

from Kasur (25%), Attock (23%), Rawalpindi 

(18.18%), Taxila (18.18%) and Hassanabdal 

(16.16%). Most of the isolates were obtained from soil 

(8.3%) and seeds (7.14%). From Khyber 

Pakhtunkhawa/ Gilgit Baltistan region disease 

incidence was 10.95 % with highest percentage 

observed in Peshawer (16.16%), Bannu (16.16%), 

Skardu (11.11%), Kohat (10%) and Gilgit (10%) and 

Mansehra (8.33%).Most of the isolates were obtained 

from seeds/ potato tubers (13.79%) and soil (10%).   

In Sindh province the disease incidence was 12.72% 

with highest percentage found in Kunri (18.18%), 

Baddin (15.78%), Hyderabad (12.5%) and Mirpur 

(7.69%).Greater parts of isolates were obtained from 

plants sources (18.18%) and seeds (12.5%). In 

Islamabad Capital Territory highest disease incidence 

was observed i. e 19.23%. Further investigation 

revealed that sweet pepper was highly susceptible 

with . overall incidence percentage of 21.95% 

followed by hot pepper (16.6%), tomato (13.33%), hot 

pepper (10.5%) and brinjal (5.5%). Aggregate 

incidence in the whole country was 13.8% (Fig. 2). 

Most of thesolates were obtained from soil (17.2%) 

and Plant (18.8%) (Fig. 3).  R. solanacearum was 

mainly distributed in Islamabad Capital territory and 

Punjab province (Fig 1).  

It was further revealed that biovar 2 and 3 were more 

prevalent biovars in Pakistan with 80 % majority of 

strains belonging to biovar 3.  Predominant biovar in 

Potato was biovar 2 (mostly distributed in Northern 

territory of the country). Studies further revealed that 

rest of strains obtained from Tomato, Sweet Pepper, 

Hot Pepper and brinjal were mainly biovar 3. 

Categorization led to conclusion that among tomato, 

8.3% strains were biovar 2 while 91.6% strains were 

biovar 3, while in Sweet Pepper 83.3% of strains were 

biovar 3 and 16.6 % were biovar 2. Likewise, in Hot 

Pepper 11.11% strains were biovar 2 and 88.8% 

strains were biovar 3. One strain isolated from brinjal 

belonged to biovar 3. The leading biovar in 

Baluchistan and Sindh Provinces was biovar 3 while 

76.3% isolates turned out to be biovar 3 and 23.5 % as 

biovar 2 from Punjab. In Khyber Pakhunkhawa/Giglit 

Baltistan provinces, both biovars were isolated in 

equal proportion (Fig 2).  

 

DISCUSSION 

 

All over the world the disease is very common in 

tropical regions during warm and humid weather 

conditions (Temperature range mostly 30-35 
o
C). In 

Pakistan the favorable condition for this disease 

prevails during monsoon season (July-August when 

ideal conditions for high humidity and temperature 

prevail and the crops are near to harvesting stage). 

According to the findings of the present study, the 

disease is well established in various solanaceous 

crops grown in variety of vegetable growing areas of 

the country. High BW incidence in sweet pepper give 

an evidence that the strains affecting this host are 

highly specific and virulent as compared to rest of 
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strains prevalent in the country. Presence of BW 

pathogen in areas with diverse soil, pH, temperature, 

relative humidity, rainfall and topographical patterns 

reveal that strains causing this disease are highly 

diverse and quite adaptable to various biophysical 

conditions. Recent research work has shown that RS 

adapts different life styles according to the different 

environmental conditions. Different sets of genes are 

expressed during its different phases of life cycle as 

plant pathogen and as saprophyte (Allen et al., 1997).   

In continuation with previous findings of Burney 

(1995) and Begum (2005) the present studies revealed 

the widespread occurrence of RS biovar 3 strains. 

Prevalence of biovar 3 strains in different agro 

climatic zones of India has also been reported (Jemes 

et al., 2003). High incidence of biovar 3 strains also 

exhibit that these have broad host range and are well-

adapted to various degrees of biophysical conditions 

and other biological factors such as interactions with 

various mycroflora in soil. It was also observed that 

biovar 2 strains were mainly isolated from Potato 

grown in northern territory of the Punjab and Khyber 

Pakhtunkhwa provinces (mostly cool temperate 

climate). Race 3 (biovar 2) strains are widely 

distributed in Asia (including Pakistan, India, 

Bangladesh, China and Philippines) and Middle East 

countries (Lebonan and Iran) (CABI and EPPO, 

1998). However, a number of researchers have 

observed that biovar 2 strains have more adaptation to 

cooler temperatures. Danial et al. (2006) observed that 

RS strains (race 3/biovar 2A) were mainly responsible 

for outbreak of potato brown rot in Europe. Biovar II 

strains had limited host range (only affecting potato) 

as compared to biovar 3 strains (Lemessa and Zeller, 

2007). 

 Another complexity of this disease as observed in the 

present studies is the association of a number of other 

diseases with the wilt syndrome of solanaceous crops. 

This could easily confuse while surveying for BW 

incidence in field. Wilt symptoms in pepper are often 

confounded with Phytophthora capsici  (CABI/EPPO, 

1998). In case of potato, plants or tubers have some 

time latent infection and no external symptoms could 

be seen. Symptoms may also be confounded with 

other bacterial diseases i.e. Clavibacter michiganensis 

subsp. sepedonicus (causal organism for potato ring 

rot). Synergistic interaction between the bacterium 

(Ralstonia solanacearum), fungi (Fusarium solani and 

F. oxysporum) and root-knot nematode (M. incognita) 

can increase bacterial wilt incidence (Verma et al., 

1997; Pathak et al., 1999; Lin, 2001, Wang and Lin , 

2005b). On the other hand, certain rhizosphere 

bacteria have antagonistic activity against virulent 

strains of RS in soil (Silva and Da, 2000; Toyota and 

Kimura, 2000). This emphasizes that studies on the 

interaction of RS with other soil borne mycoflora is 

pre requisite for its specific detection and 

management. Association of wilt pathogen with seeds 

reveals the possible spread of this disease through 

seeds (Roopali, 1994); Sumithra et al., 2000,; Umesha 

et al., 2005).  

Field investigations further indicated that most of 

farmers were not certain about bacterial wilt 

symptomolgy and were using in adequate 

management practices for BW. This depicted gap 

between the technologies generated and adopted by 

the farmers (Allen and Hayward, 2005). Inadequate 

credit services to adopt good agricultural practices, 

non availability of insurance cover from 

Governement, poor linkage between local and 

international research institutes, negligence of disease 

resistance information in breeding programs 

(especially bacterial problems), un availability of 

healthy and certified are additional problems of 

Pakistani farmers.  

In order to address the challenges discussed above 

massive international collaborations and linkages 

should be developed for better understanding of this 

disease and to apply the outcomes of the research 

where they are most needed. Extended genetic and 

molecular studies for both Ralstonia solanacearum 

and its major solanaceous hosts would better help to 

understand resistance mechanism for this disease 

(Denny, 2005). Climate change i.e. increased rainfall, 

temp and humidity have increased the chances for the 

spread of bacterial wilt pathogen. Conducive 

environmental conditions can also facilitate the spread 

of disease to non solanaceous hosts i.e. banana, 

dinger, sunflower and peanut. This is challenging for 

many countries like Pakistan whose agriculture 

industry is the mainstay of the economy and no 

disease resistant material is available against major 

disease threats. If the prophecies on the adverse 

affects of on global warming come about, then this 

disease is anticipated to become a serious threat to 

cultivation of many crops across the world (Jack, 

1999; Mazzucchi et al., 2000). The probable 

consequences of these transformations impart urgency 

to collaborative research efforts for the management 

of this disease.  It is hoped the information generated 

through present study would serve as a base line for 

improved disease diagnostics and monitoring as well 

as increased international collaboration for 

management of this disease worldwide.  
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Graph 1. Box and whisker plot for biophysical parameters related with disease incidence 

     

 

 

 

 

 

 

 

 

 

 

 

 

 Graph 2. Incidence of Bacterial Wilt in Pakistan (area and crop wise). 

 

 
          Graph 3 . Incidence of Bacterial Wilt in Pakistan (from different sources). 
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Fig. 1 Distribution of Bacterial Wilt in various hosts in Pakistan. 

 
Fig.2 Distribution of different biovars of Ralstonia solanacearum in Pakistan. 
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