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ABSTRACT 

 

Chili (Capsicum annuum) belongs to family solanaceae and is one of the most 

common cultivated crops of the world. Chili has been cultivated on 63.6 thousand 

hectares in Pakistan with a production of 147.2 thousand tons in 2012-13.Bacterial 

wilt caused by Ralstonia solanacearum is a highly challenging and destructive 

disease of solanaceous crops. R. solanacearum is a soil and water borne bacterium 

which enters the plant roots, multiplies through the xylem, and collapses the host. 

The bacterial wilt infects more than 450 plant species belonging to 54 different 

botanical families. Major hosts include tomato, hot pepper, sweet pepper and 

potato. Eighty countries are affected with a loss of $ 1 billion each year.  As the 

information regarding distribution of bacterial wilt in different agro-ecological 

zones of Pakistan, pathogenic variability among different isolates, genetic diversity 

of the bacterium and response of different chili cultivars towards the pathogen is 

lacking therefore the present studies were carried out. Major chili growing areas 

from different agro-ecological zones were surveyed for the determination of 

incidence, prevalence, biovars identification, pathogenic variability and genetic 

diversity of different isolates of Ralstonia solanacearum. Chili germplasm 

comprising 28 varieties was screened for their relative resistance or susceptibility 

against the highly virulent strain (RsBd 6) of the bacterium in the glasshouse. The 

maximum incidence of 22% of bacterial wilt was recorded in district Badin while 

the incidence was the minimum (4.4%) in district Loralai. The disease incidence 

was found to be the maximum (19.5%) in Indus delta and was the minimum in 

Western dry mountains (5%). Maximum incidence was observed in Sindh province 

followed by Punjab (11.4%) and was the minimum in Baluchistan (4.9%). The 
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overall incidence in the country was 9.95%. The prevalence was found to be the 

maximum in Sindh (100%) followed by Punjab (84%) with an overall prevalence 

of 75.8% in the country. A total of 114 isolates of R. solanacearum from eight 

agro-ecological zones were isolated, confirmed by immunoStrips and characterized 

by employing different biochemical tests. The biovars were identified on the basis 

of sugar consumption. Of the 114 isolates, 92 were distinguished as biovar 3 while 

22 were recognized as biovar 4. Both the biovar 3 and biovar 4 were diagnosed 

from Sindh and Punjab while only biovar 3 was distinguished from Baluchistan 

and Khyber Pakhtoonkhwa. The isolates varied in pathogenicity when tested on 

highly susceptible cv. California wonder; 21.9% isolates were found highly 

virulent, 29.8% virulent, 25.4% weakly virulent and 22.8% were avirulent. The 

isolates were then confirmed through PCR by using specific primers and running 

on 1% agarose gel visualized under UV light. The screening of chili germplasm 

against the bacterium revealed that two cultivars viz. Skyline II and Hifly were 

highly resistant. Sanam was the only cultivar which was identified as resistant. 

Five cultivars were categorized as moderately resistant. The cultivars Maxi and 

Talhari were found highly susceptible to the pathogen while rest of the varieties 

was either susceptible or moderately susceptible. It is concluded that bacterial wilt 

caused by R.solanacearum is prevalent throughout the country in all the agro-

ecological zones with varying intensities warranting stringent surveillance and 

control measures. As variations have been observed in the virulence of R. 

solanacearum isolates, management strategies should be followed accordingly. 

Resistant and moderately resistant cultivars have been identified, therefore, 

recommended for cultivation.    
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 Chapter 1 

INTRODUCTION 

 Vegetables‟ importance in human nutrition has long been recognized as 

these are considered as important commodities in the developing countries facing 

malnutrition. Vegetables are a good source of vitamins, essential proteins, minerals 

and also complement the starchy staple foods. Vegetables provide excellent 

income-generating opportunities to small farmers as they are high valued crops. 

Capsicum (Capsicum annuum L.) is one of the world‟s most popular 

vegetables from solanaceae family after potato and tomato and is being used 

mainly as spices and condiments. About 150 different types of chilies are 

characterized on the basis of their shape, color and pungency. C. annuum and C. 

frutescens are among the most commonly grown species in Pakistan (Berke, 2002). 

The Pungent flavor of chili has transformed the cooking of tropical 

countries. Red pepper is an important component in various by-products like 

pickles, chili vinegar, tomato sauce, rice dishes, soups and condiments as curry 

powders. The principle flavoring content in chili is capsaicin (AVRDC, 2002). 

Chili also possesses medicinal values being carminative, appetite stimulant, 

tonic, antispasmodic, antiseptic, anti-rheumatic etc. It also regulates blood in the 

body influencing the heart quickly and then gradually extends its effect to arteries, 

capillaries and nerves. Chili is an important source of vitamins (A, B, C and G) and 

contains substantial amount of minerals including iron, magnesium, calcium, 

phosphorus, sulfur and potassium (Berke, 2002; Anonymous, 2003).      

Chili is cultivated approximately on 1.9 million hectares in the world 

(FAO, 2012). It is widely cultivated in equatorial America and Asia as edible 
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pungent fruit. It is extensively distributed throughout the tropical and subtropical 

regions of the world. In terms of yield, Morocco stands first with 18.88 tons/ha 

followed by Jamaica having 16.53 tons/ha while Pakistan ranks at 28
th

 position 

with 2.31 tons/ha yield (FAO, 2012). In Pakistan it is cultivated on an area of 65 

thousand hectares with major contribution by Sindh province. The area under chili 

cultivation in the province of Sindh is about 52.8, Punjab 5.1, Balochistan 5.2 and 

Khyber Pakhtoonkhwa 0.5 thousand hectares, contributing 137.0, 7.4, 5.0 and 0.6 

thousand tons production respectively. The total production of the country is 150 

thousand tons (FAO, 2012). The production of chilies decreased significantly due 

to abiotic factors especially the heavy rains and floods in the country and the biotic 

factors including, fungi, viruses, nematodes and particularly the bacteria.  

Many plant bacteria including, Clavibacter michiganensis subsp. 

michiganensis, C. michiganensis subsp. insidiosus, C. michiganensis subsp. 

nebraskensis, Erwinia trachiophila, Pantoea stewartii are responsible for inciting 

wilt in a variety of plants known as bacterial wilt. However, one of the most 

important pathogen associated with bacterial wilt is Ralstonia solanacearum. The 

pathogen has large host range, wide geographic distribution and high destructive 

potential (Hayward and Hartman, 1994).  

More than 450 plant species belonging to 54 botanical families particularly 

solanaceous crops are natural hosts of R. solanacearum (Wicker at al., 2007). R. 

solanacearum is a xylem inhabiting vascular bacterium. It is basically soil and 

water borne pathogen and can also be transmitted through grafting, budding, tubers 

in vegetative crops like bananas, potatoes and ornamentals (Flores-Cruz and Allen, 

2009). The other major sources of dissemination are waterways (Elphinstone, 
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2005). Once it enters the xylem vessels it blocks the water and mineral supply to 

the plants and results in manifestation of symptoms like stunting, yellowing and 

vascular browning (Smith, 1920; Kelman, 1953). Kelman (1953) also described 

that the leaves show epinasty, growth of adventitious roots on the stem and the 

narrow dark strips beneath the epidermis. Smith (1896) observed the slimy viscous 

ooze after cutting the transaction of the stem. Smith (1920) reported that the slimy 

viscous ooze was the result of degradation of xylem vessels and ultimately leads to 

the death of the plants.  

R. solanacearum is a member of the class Beta-Proteobacteria (Garrity et 

al., 2005) previously known as Pseudomonas solanacearum (Smith, 1914) and 

afterwards Burkholderia solanacearum and finally was given the name Ralstonia 

solanacearum (Yabuuchi et al., 1992).  

The bacterium is Gram-negative, rod-shaped and strictly aerobic. The 

phenotypic as well as the genetic variations among different strains have provoked 

the researchers to define R. solanacearum as a species complex (Gillings and Fahy, 

1994; Fegan and Prior, 2005). On the basis of different host ranges and ability to 

acidify the panel of carbohydrates, it is categorized into five races and five biovars 

respectively (Denny, 2006). Based on restriction fragment length polymorphism 

(RFLP) analyses, the species can be divided into two major divisions. The division 

1, includes the isolates from Asia (biovars 3, 4 and 5) while the division 2 contains 

the strains isolated from America (biovars 1, 2 and N2) (Cook et al., 1989; Cook 

and Sequira, 1994). Through 16S rRNA gene sequence analysis, the division 2 was 

further separated and comprised strains from Indonesia (Taghavi et al., 1996) 
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while Poussier et al. (1999 and 2000) introduced a fourth group of strains from 

Africa through phylogenetic analysis of hrpB and endoglucanse genes.  

Bacterial wilt caused by R. solanacearum (Smith, 1896 and Yabuuchi et 

al., 1995) is very much challenging and one of the most destructive diseases of 

vegetables particularly solanaceous crops worldwide (Hayward, 2005). The disease 

was first reported from Asia and South America in late 1880‟s and was for the first 

time isolated from potato. In European Union it is considered as a quarantine 

organism (Anonymous, 2000) and a potential bioterrorism agent in USA (Lambert, 

2002).   

R. solanacearum causing bacterial wilt has never been focused by the 

extension workers, researchers, farming community and the policy makers for 

agriculture. Due to its huge worldwide crop losses, the disease is now receiving 

global profile (Allen et al., 2005). The pathogen is a threat to all over the world 

including developing as well as the developed countries. That is why it is listed in 

top ten phytopathogenic bacteria affecting agriculture in US Agro-terrorism 

Protection Act (Hong et al., 2012), particularly biovar 2 race 3 is subjected to strict 

quarantine regulation throughout America and Europe as it is highly virulent at 

cool temperatures (Gillan, 2003; Michael, 2004a and 2004b). Over 80 countries all 

over the world are affected by this pathogen which causes annual damage more 

than $1billion each year (Champoiseau et al., 2009; Hong et al., 2012).   

In Pakistan, the disease was reported for the first time by Geddes (1989). 

Later on Burney et al. (1999) conducted extensive surveys and reported that the 

incidence and severity of the disease was increasing in solanaceous crops in Sindh 

and Punjab provinces of Pakistan.  
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The conditions in Pakistan especially during the months of moonsoon 

(rainy season) favor the attack of the pathogen and the crops particularly chili is 

heavily attacked by R. solanacearum resulting in bacterial wilt which incurs heavy 

losses.   

 As the information regarding distribution of bacterial wilt in different agro 

ecological zones of Pakistan, pathogenic variability among different strains of the 

bacterium, and the response of different chili cultivars towards the pathogen is 

lacking, therefore, the present studies were carried out with following objectives 

1. Determination of incidence and prevalence of bacterial wilt in different 

agro ecological zones of Pakistan 

2.  Identification and characterization of R. solanacearum strains from major 

chili growing areas of Pakistan 

3. Assessment of pathogenic variability among different strains of R.  

solanacearum from different agro ecological zones of Pakistan 

4. Host status of available chili germplasm against R. solanacearum in 

Pakistan 
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Chapter 2 

REVIEW OF LITERATURE 

2.1. CHILI CROP 

Chili was originated from the Latin American tropical regions of South 

(New Mexico and Guatemala) approximately 7500 BC ago. Mexico is considered 

the native of chilies. Portuguese prior to 1585 brought hot chilies from Brazil to 

Indo-Pak subcontinent. Chilies are rich in vitamins, especially vitamins C, pro-

vitamin A, E, P (citrin), B1 (thiamine), B2 (riboflavin), B3 (niacine) and also 

contains appreciable amounts of calcium, phosphorus and iron (MacGillivary, 

1961; Macrae et al., 1993; Bosland and Votava, 1999). There are many nutritional, 

medicinal and economic benefits associated with chili production. Chili is not only 

an important ingredient in food but also is used for culinary applications. It 

comprises numerous chemicals including steam-volatile oils, fatty oils, 

capsaicinoids, carotenoids, vitamins, proteins, fiber and mineral elements (Bosland 

and Votava, 2003). Fresh green chili contains more vitamin C than citrus fruits 

while fresh red chili has more vitamin A than carrots (Osuna-Garcia et al., 1998; 

Marin et al., 2004).     

India is the largest grower of chili in the world with total cultivation of 

792,000 hectares and contributes 42.2% of world‟s chili cultivation standing 1
st
 in 

the world. The area under chili cultivation in Pakistan is 65,000 hectares with a 

share of 3.5% in world‟s chili cultivation and ranks at 6
th

 position. India is the 

largest producer of chili with annual production of 1376,000 tons contributing 

42.5% share in world‟s chili production and again holds 1
st
 position. On the other 

 

6 
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hand, Pakistan with 150,000 tons of production contributes 4.6% in world‟s 

production and stands at 5
th

 position among chili producers of the world. In the 

world, per hectare yield of chili is the maximum in Morocco (18.88 tons/ha) and is 

on the top position while Pakistan with 2.51 tons/ha yield ranks at 30
th

 position. 

However, in this regard India does not fall in the top 30 countries in spite of being 

the largest producer of chili (FAO, 2013). 

Under natural environmental conditions of South Asian countries, chili 

became more susceptible to a wide range of diseases (Green, 1991; Hameed et al., 

1995). Fungi and bacteria are among the most important plant pathogens and cause 

a number of foliar (leaf), fruit, stem or root diseases resulting in heavy yield losses 

(Kamal and Moghal, 1968; Hafiz. 1986; Ahmed and Iqbal, 1989; Hussain at al., 

1990; Sultan et al., 1990; Khaleeqe and Khan, 1991; Mushtaq and Hashmi, 1997).  

2.2. RALSTONIA SOLANACEARUM (BACTERIAL WILT) 

The bacterium (R. solanacearum) was reported for the first time at the end 

of the 19
th

 century from Asia and United States of America causing bacterial wilt 

disease of solanaceous crops. In the beginning, it was known as Bacillus 

solanacearum and then Pseudomonas solanacearum (Smith, 1896). Later on it was 

given the name as Burkholderia solanacearum and finally Ralstonia solanacearum 

(Yabuuchi et al., 1992 and 1995). R. solanacearum, the incitant of bacterial wilt 

disease, is one of the major and important constrictions in the production of 

solanaceous crops in temperate, subtropical and tropical regions of the world 

(Buddenhagen and Kelman, 1964; Hayward, 1991). 
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2.2.1. General Characteristics 

R. solanacearum is a gram-negative, non capsulated rod shaped bacterium 

(Kelman, 1953; Alvarez et al., 2010). The average size of the bacterium is 0.5 to 

0.7 by 1.5 to 2.5 μm (Denny and Hayward, 2001). The optimum growth of the 

bacterium occurs at 28°C but it can also grow at 37°C (Kelman, 1953). The 

bacterium shows different morphologies when grown on agar media from fluidal 

(mucoid) to non-fluidal (non-mucoid) growth (Kelman, 1953; EPPO, 2004). The 

virulent and avirulent strains can be differentiated by growth on tetrazolium 

chloride medium. The colonies of white mucoid growth with pink color in center 

are reported as virulent while round, red and convex colonies with dry pattern are 

strictly avirulent (Kelman, 1954). The non mucoid colonies showed non virulent 

characteristics while the mucoid colonies showed virulent response when tested for 

pathogenicity. This phenomenon is very common in most of R. solanacearum 

strains (Brumbley and Denny, 1990) and is known as “Phenotypic Conversion” 

(Denny et al., 1994; Poussier et al., 2003). The mucoid growth of the bacterium is 

due to accumulation of an exopolysaccharide (Alvarez et al., 2010). R. 

solanacearum colonies changed from fluidal to non fluidal shape when kept on the 

nutrient agar medium for a long time (Alvarez et al., 2010). The bacterium showed 

positive response to catalase and oxidase activity (Stevenson et al., 2001). It 

showed inhibited growth with 2% concentration of sodium chloride in broth 

culture (Stevenson et al., 2001; EPPO, 2004). The bacterial colonies showed non 

florescent response under UV light even it showed brown pigments on some of the 

media (Denny and Hayward, 2001). The genome of R. solanacearum is structured 
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into two circular replicons usually known as chromosome and mega plasmid 

(Remenant, 2010) 

2.2.2. Geographical Distribution 

R. solanacearum is prevalent in tropical, subtropical and temperate regions 

of the world (Hayward, 1994a; Agrios, 2005). The bacterium has also been 

reported from Australia, Indonesia, China, Pakistan, India, Bangladesh, Philippines 

and Middle East (CABI/EPPO, 1998). The bacterium is composed of a diverse 

group of strains diverging in their geographical origin, pathogenic behavior and the 

host range (Denny, 2006; Genin, 2010). The strains from different origins are 

determined by their host specificity, environmental conditions and geographical 

distribution (Anderson and Gardner, 1999).  Buddenhagen et al. (1962) identified 

five races and five biovars of R. solanacearum on the basis of host range variations 

and metabolic properties respectively (Hayward, 1994b; He et al., 1983). Biovar 3 

is prevalent in different agro ecological and climatic zones of India (James et al., 

2003). Horita et al. (2005) deliberated the distinctiveness of R. solanacearum 

biovar N2 strains isolated in Asia and from South America, Africa and Europe. He 

observed distinct differences among strains from Asian and other countries. The 

strains from Race 1, 2, 4 and 5 can survive at high temperature of 35°C (Gabriel et 

al., 2006). 

2.2.3. Host Range of R. solanacearum 

R. solanacearum is composed of strains with unreliable biochemical 

properties and is considered as polymorphic which can infest large variety of 

possible hosts (Smith, 1896; Yabuuchi et al., 1995). R. solanacearum perhaps is 
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one of the most destructive plant pathogenic bacteria all over the world. It holds 2
nd

 

position among the most destructive top ten plant pathogenic bacteria after 

Pseudomonas syringae due to its wide host range, extensive geographical 

distribution with large group of strains and pathogenic behavior. The bacterium is 

responsible for heavy losses worth $ 1 billion every year (Champoiseau et al., 

2009). More than 450 plant species belonging to 54 different botanical families are 

affected by R. solanacearum (Wicker et al., 2007). Race 1 is known as solanaceous 

strain and is found all over the world particularly the tropical areas and infects the 

solanaceous crops like chili, tomato, potato, tobacco and many other plant families 

(CABI/EPPO, 1998). Race 2 infects bananas and causes Moko disease in South 

America while in Philippines it results in a so-called Bugtok disease. Race 3 is 

common in tropical, subtropical and temperate regions of the world and infects 

potato, tomato and chili plants (Pradhanang et al., 2000). Race 3 is more violent on 

gingers (Zingiber officinale), Hedychium gardnerianum while Race 5 is more 

aggressive on Morus (Persley et al., 1986). Race 3 has also been found on non-

solanaceous weed hosts without producing any symptoms (Pradhanang et al., 

2000; Janse et al., 2004).  

Solanaceae and Musaceae plant families are highly specific for different 

strains of R. solanacearum (Anderson and Gardner, 1999).  Deslandes et al. (1998) 

reported that some of the Arabidopsis accessions showed susceptible response 

against R. solanacearum. Most of the dicotyledons and a few of the 

monocotyledons including bananas are affected by the bacterium (Stevenson et al., 

2001). Most commonly infected hosts are chili, tomato, potato, tobacco, aubergine 

and banana (Wang and Lin, 2005). Race 1 is prevalent in all the parts of the world 
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infecting more than 50 families of plants, including ornamental crops, vegetables, 

fruits, tobacco, ginger, chili and groundnut (Wong and Lin, 2005). Major crops 

infected by this bacterium are tomato and tobacco from USA (Davis et al., 2000; 

Fegan and Prior, 2005); banana from Central America and Caribbean (EPPO, 

1999) and potato from Europe (Danial et al., 2006). Biovar 2 race 3 is the most 

important strain which infects diversity of plants including solanaceous crops, 

mulberry in China and ginger in Asia and incurs heavy losses (Monther and 

Kamaruzaman, 2010).  

2.2.4. Pathogenic Characteristics  

The disease development, severity and symptoms‟ expression depend upon 

the pathogenicity of the pathogen and the susceptibility of the host plant. It is a 

predominant disease of temperate and warm humid tropical regions of the world 

(Hayward, 1991). It varies according to the aggressiveness and susceptibility of the 

host plants. The bacterium causes wilting and collapse of complete plant while in 

some cases, the presence of pathogen results in stunted growth and dwarfism 

(Kelman, 1953). He et al. (1983) compared 29 strains on the basis of cultural and 

physiological properties isolated from 14 infected different host plants and by 

checking the pathogenicity against six different host plants confirmed that most of 

the R. solanacearum strains from China are similar with the races and strains from 

other regions of the world. The bacterium has the ability to produce several cell 

wall degrading enzymes through type II secretion system (T2SS) (Haung et al, 

1998). The virulence of R. solanacearum is controlled by highly structured sensory 

and regulatory network (Schell, 2000). The genes in the bacterium that code for 

hydrolytic enzymes and hrp genes play important role for the control of disease 
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development and hypersensitive reactions (Boucher et al., 2001). R. solanacearum 

has the ability to adapt different natural conditions during its life cycle and 

survives in harsh soil environment for infecting the hosts (Genin and Boucher, 

2002 and 2004). R. solanacearum possesses various genes which play a role in 

colonizing, wilting, exopolysaccharides, hypersensitive reaction and pathogenicity 

(hrp) genes, structural genes encoding proteins injected by the bacterium through 

type III secretion system (T3SS) into the plant cell (Genin and Boucher, 2004). 

The external symptoms expressed the pathogenic character and its presence inside 

the host. Liu et al. (2011) observed seven pathogenic strains of R. solanacearum 

isolated from infected Pogostemon cablin which contains four biotypes. The 

strains HX4, HX7 and HX1, HX6 and HX2, HX5 and HX3 belongs to biotypes I, 

II, III and IV respectively, strains HX4 and HX5 being highly virulent can cause 

higher plant mortality. Zubeda and Hamid (2011) isolated R. solanacearum from 

different areas of Pakistan on the basis of pathogenicity and biochemical tests.  

2.2.5. Isolation of R. solanacearum 

There are different techniques for the isolation of R. solanacearum. The 

researchers try to follow the best techniques to avoid contamination for getting 

pure colonies. French et al. (1995) obtained growth of the bacterium on TZC 

medium after 48 hours. He observed virulent colonies as mucoid, elevated and 

exclusively white or with pale red center while avirulent colonies showed non 

mucoid and deep red growth on the same medium. He also confirmed that after 

making some modifications in Kelman‟s TZC medium, the bacterium can be 

isolated from soil and water. The bacterium can be isolated from the ooze by 

mixing it with sterilized distilled water, streaking the suspension on suitable media 
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like Nutrient agar (Waller, 2002), Kelman‟s Tetrazolium chloride (TZC) agar and 

keeping at 32
o
C for 48 hours (French et al., 1995). Waller et al. (2002) isolated the 

bacterium directly from plants‟ ooze and exudates. The bacterium can be isolated 

at early stage of infection from the plants like tomato, chili, potatoes and tobacco 

infected with bacterial wilt. The bacterium can be isolated from soil, roots and 

stem of the plants (Saddler, 2002).  

2.2.6. Maintenance of Bacterial Culture 

There are different techniques to preserve the bacterium for a long period 

of time. By making R. solanacearum suspension in sterilized distilled water and 

it‟s storage at room temperature is more effective, virulent and viable (Currier and 

Morgan, 1981). Stead (1992) observed that the Pseudomonas solanacearum 

culture can be stored in freeze-dried form or on beads at -80ºC. He also observed 

that the bacterium lost its virulence when repeatedly cultured on agar media. Shew 

and Lucas (1991) and French et al. (1995) observed that if bacterium is kept on the 

specific medium in laboratory condition, it loses its virulence. They also 

introduced the technique to store the bacterium for years by using sterilized 

distilled water or making agar slants with covering layer of mineral oil. Van 

Overbeek et al. (2004) observed the effect of temperature on the total number of 

cells of the bacterium and found that incubation at 20°C for 132 days resulted in 

increased number of cells while number of cells decreased at 4°C after 84 days.  

2.2.7. Inoculation Techniques 

Different techniques are used to inoculate plants with R. solanacearum 

(Waller, 2002). These include soil drenching, root dip method and aerial spray. 

Other factors which facilitate bacterial entry into the host are root injuries by 
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insects, nematodes, rodents, agricultural equipments and transplantation.  Jian and 

Caitilyn (2006) confirmed that for successful infection physical damage is 

required. The common and risky source of inoculum is contaminated stream or 

pond water used for irrigation purpose (Hong et al., 2008). The bacterium has the 

ability to infect the plants; it is more pathogenic when inoculated through damaged 

area as compared to inoculation through healthy parts. As the bacterium is a soil 

borne, drenching after wounding the roots with sterilized knife is the most 

effective. Buonaurio et al. (2008) described that the natural openings like 

hydathodes, stomata, nectarines and lenticels also facilitate R. solanacearum entry 

for inciting the disease. The bacterium can also enter the roots through microscopic 

wounds caused by lateral roots emergence.  

2.2.8. Survival of R. solanacearum  

Buddenhagen and Kelman (1964) and Kelman (1953) observed that the 

bacterium can survive much better in well-drained soils with some moisture while 

drought conditions and flooding adversely affect bacterial populations in the soil. 

Resistant host plants may become more susceptible to the pathogen at high 

temperatures (Dropkin, 1969). Lucas (1975) reported that high concentrations of 

nitrate in tobacco fields depress bacterial growth as well as wilt. The most 

important environmental factor that affects host-pathogen interactions is 

temperature. Plants resistant to R. solanacearum at moderate temperatures become 

more susceptible at high ambient temperatures (Hayward, 1991). Host resistance to 

R. solanacearum is difficult to maintain in environment with high humidity and 

temperature. An increase in temperature to a range of 30 to 35ºC is associated with 

an increase in severity of the disease caused by R. solanacearum in several hosts 
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(Hayward, 1991). The pathogen moves rapidly through the plant at temperatures 

above 28ºC and cultivars that seem resistant at lower temperatures become 

susceptible when exposed to temperatures higher than 28ºC (Prior et al., 1996). 

Lucas (1975) observed that concentration of nutrients in the soil also affect 

bacterial growth and development of disease in plants. Kang et al. (2002) observed 

maximum population of R. solanacearum during the months of June and July 

while it was low in August. He also found a negative correlation between increased 

level of phosphate contents in the soil and disease incidence. The bacterium can 

survive in the soil without its proper host for longer periods and is considered as 

the primary source of disease (AVRDC, 2005). The bacterium is a serious problem 

in low lying soils that retain the moisture for longer periods and in heavy soils. The 

pathogen can survive in all types of soils preferably the acidic soils with soil pH < 

7.  

2.2.9. Genetic Diversity of R. solanacearum  

R. solanacearum has shown great genetic diversity. The genome of R. 

solanacearum was sequenced for the first time in 2002 (Salanoubat et al., 2002). 

Tejeda Gomez (2006) discussed the application of molecular techniques to analyze 

the genetic diversity, phylogenetic and evolutionary relationships among R. 

solanacearum strains. Castillo and Greenberg (2007) explored the genetic diversity 

of five housekeeping genes and found that all housekeeping loci studied had high 

genetic variation and consistent while the virulence related gene sequences are 

more diverse. Lewis et al. (2007) by using enterobacterial repetitive intergenic 

consensus (ERIC)-PCR found genetic diversity within different isolates and was 

confirmed through Immuno-assay, PCR amplication, phylotyping and sequence 
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analysis of the pathogen causing disease in geranium plants (Ji et al., 2007). 

Norman et al. (2009) collected one hundred and seven R. solanacearum strains 

over a 10-years period from imported propagative material and compared with 32 

already characterized strains and found that newly imported biovar 1 strains 

showed genetic differences from the existing ones.   

2.2.10. Phylogeny of R. solanacearum 

R. solanacearum has very wide host range and is prevalent in all the 

geographical regions of the world and has different classifications. On the bases of 

sequences of several genes, the bacterium has been grouped into four phylotypes 

(Poussier et al., 2000). Fegan and Prior (2005) confirmed the occurrence of 

phylotype-I and II from Asia and America respectively while phylotype III was 

reported from Africa. On the other hand, Indonesian strains were included in 

Phylotype IV and were further subdivided into sequevars and differ in 

endoglucanase gene sequence. Fegan and Prior (2005) reported that on the basis of 

endoglucanase gene sequence, Phylotype I and IV are almost similar. Genotypic 

and phenotypic variations from all phylotyping schemes are categorized into 

phylotype 1 through IV. This scheme correlates strains from different geographical 

origin rather than the phenotypic characteristics that only verify the biovars. In this 

scheme the clustering of strains was done on the basis of sequences of four marker 

genes, i.e 16S-23S rRNA gene intergenic spacer (ITS) region, hrpB, egl, mutS 

sequences and amplified fragment length polymorphism (AFLP) (Fegan and Prior, 

2005).  Lewis et al. (2007) compared Phylotype I strains by using hrpB and mutS 

genes and found that phylotype I is more similar to phylotype III which is an 

African strain. Each phylotype is further subdivided into groups called 
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“sequevars”. More than twenty sequevars have been differentiated on the basis of 

endoglucanase gene sequence analysis. Xu et al. (2009) identified two phylotypes 

of R. solanacearum from 13 Chinese provinces by using phylotype-specific 

multiplex-PCR from 286 strains from 17 plant species. Dinesh et al. (2010) 

characterized 65 strains collected from northern India and detected 58 as biovars 3 

and 7 as biovar 4. He also confirmed them as Race 1 after PCR amplification and 

sequence analysis. 

2.3. SYMPTOMS OF BACTERIAL WILT DISEASE  

R. solanacearum produces variety of symptoms on different hosts causing 

wilting and rotting of the host (Yabuuchi et al., 1995). External symptoms of the 

disease include stunting, wilting, yellowing of leaves, epinasty, development of 

narrow dark strips under the epidermis and formation of adventitious roots on the 

stem (Kelman, 1953). Later Boucher et al. (1992) reported that wilting is the result 

of multiplication of bacteria in the xylem vessels causing the clogging of vascular 

bundles. The internal symptoms include discoloration of xylem vessels at early 

stage which progresses to pith and cortex and finally resulting in the necrosis. In 

severe infections slimy viscous ooze appears when the stem is cut across. The 

degradation of xylem vessels results in the death of the plants. Saddler (2002) 

observed defoliation when the plants were severely attacked by the bacterium. 

Anderson and Gardner (1999) observed appearance of internal symptoms in 5-10 

days after inoculation, early chlorosis of younger leaves than older and finally 

wilting of plants after 3-4 weeks of infection. Clough et al. (1997) reported that a 

concentration of 10
6 

and 10
10 

cfu/ml of bacteria can cause heavy infections in the 

hosts. The disease is highly destructive on solanaceous crops throughout the world 
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(Hayward, 2005). Presence of root- knot nematodes (Meloidogyne spp.) enhances 

the severity and development disease (AVRDC, 2005). 

2.3.1. Dissemination of R. solanacearum 

R. solanacearum can be disseminated worldwide through propagative 

material, soil and water. Planting material is considered as the major agency of 

disease spread in the world (Lu, 1973; Elphinstone, 1996; Champoiseau et al., 

2009). The bacterium can also be disseminated to neighboring plants by infected 

roots (AVRDC, 2005; Monther and Kamaruzaman, 2010).   

2.3.2. Losses by R. solanacearum 

Many economically important crops like potato, tomato, tobacco, chili and 

egg plant are seriously affected by R. solanacearum. The causal agent of bacterial 

wilt is responsible for huge losses to a large number of plants particularly the 

solanaceaous crops and bananas in different regions of the world (Kongkiattikajorn 

and Thepa, 2007). It is very hard to collect information regarding losses due to R. 

solanacearum. However, according to an estimate $ 1 billion is thought to be lost 

every year (Champoiseau et al., 2009) by this disease.  

2.4. MANAGEMENT OF R. SOLANACEARUM 

Keeping in view the serious losses caused by R. solanacearum to 

economically important crops, necessary control measures should be followed to 

avert yield losses. Various strategies have been used for the management of this 

bacterium. Organic wastes like cattle manure, house hold compost and crop 

residues can be used to manage bacterial wilt (Hartman et al., 1993; Akiew and 

Trevorrow, 1999; Momol et al., 2000; Bailey and Lazarovits, 2003; Schonfeld et 

al., 2003). Guo et al. (2001) tested six bacterial strains i.e. Corynebacterium sp. 
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BT6, Bacillus spp. FH17 and BB11, Escherichia sp. BT4, Serratia sp. J2 and 

Pseudomonas sp. J3 in greenhouse for their efficacy against R. solanacearum. All 

the strains except Corynebacterium sp. BT6 proved effective in controlling the 

pathogen and resulted in increase in yield.  Khan et al. (2007) reported that extracts 

of Harar and Euphorbia significantly inhibited the growth of R. solanacearum. 

Wagura et al. (2011) investigated the effects of crude plant extract of Ipomea 

batatas and reported to be effective in controlling bacterial colonies to varying 

degree. Pawaskar et al. (2014) found that application of Streptomycine sulphate @ 

500 ppm and Pseudomonas fluorescens @ 2% caused maximum reduction in the 

incidence of bacterial wilt. One of the important methods to get rid of this disease 

is the use of disease free seed and cultural practices like crop rotation (Berrios and 

Rubirigi, 1993; Gunadi et al., 1998; Lemaga et al., 2001). Steam and chemical 

disinfection of soil has been more impressive as compared to organic extracts and 

other methods (ENDURE, 2007). The disease can also be managed by improving 

host plant nutrition. The application of nitrogen at the time of planting is effective 

against bacterial wilt (Partha and Mandal, 2009). Use of resistant varieties and 

bacterium free soil can reduce the disease development (Tusiime et al., 1996; 

Kelaniyangoda et al., 2000).   

2.4.1. Screening of germplasm against R. solanacearum 

Due to association of harmful effects with the use of chemicals and 

development of resistance in the bacterium against the chemicals, use of resistant 

cultivars is emphasized. Resistant cultivars are cheap, ecofriendly and lasting. 

Different cultivars have been screened for resistance to bacterial wilt. Thaveechai 

et al. (1999) tested 10 Capsicum annuum varieties for their resistance against R. 
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solanacearum and found PBC006 as resistant. Lin et al. (1999) screened 123 

cultivars of hot and sweet chilies (Capsicum spp.) against R. solanacearum and 

reported that all the hot chili cultivars were highly resistant while those of sweet 

chili were highly susceptible.  

 Singh and Sood (2004) tested the level of resistance and susceptibility of 

30 genotypes of sweet chili comprising exotic and indigenous collections against 

R. solanacearum in sick plots in India. Two genotypes IHR-546 and PBC 631 

showed highly resistant response, 5 genotypes viz. Arka Gaurav, PBC 505, Cap B, 

Bestidon and Cap C were found moderately resistant while the rest of 23 genotypes 

appeared as moderately to highly susceptible. Cavalcante et al. (2005) evaluated 

25, 28 and 13 progenies of natural and open pollinated populations of Piper. 

hispidinervum and P. aduncum respectively for resistance against biovar I and race 

I of R. solanacearum. After 30 days of inoculation, no progeny or population of P. 

hispidinervum and P. aduncum were completely resistant except for the progeny 

12 of P.  aduncum. 

 Hussain et al. (2005) screened 15 brinjal accessions to R. solanacearum 

and found EG 203 and EG 193 as resistant and moderately susceptible respectively 

against the bacterium while the rest of the accessions were susceptible.  

 Hossain et al. (2007) tested 20 cultivars of brinjal and tomato in 

Bangladesh against R. solanacearum. A single cultivar of tomato (Surakha) 

showed resistance to R. solanacearum. Padalkar et al. (2012) assessed 26 chili 

genotypes to find resistance against bacterial wilt and found only one genotype 

(Jwala) as moderately resistant to the disease. Pawaskar et al. (2014) after 

evaluating 33 varieties/genotypes of chili against R. solanacearum reported that 
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none of the genotype was immune, 11 varieties were moderately resistant while the 

rest were susceptible to highly susceptible. 
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Chapter 3 

MATERIALS AND METHODS 

3.1. DESCRIPTION OF THE SURVEYED AREAS 

The studies on the determination of incidence and prevalence of bacterial 

wilt of chilies caused by Ralstonia solanacearum were conducted in eight agro 

ecological zones of Pakistan. Pakistan is situated between latitude 30° 00‟N and 

longitude 70° 00 „E in Asian subcontinent. The climate of Pakistan is almost dry 

and intense, like extremely hot in summers and extremely cold in winters with less 

rainfall. The climate of Pakistan varies from place to place. The  northern parts are 

having high mountains intermingled with valleys and in the southwards there is 

Pothwar region followed by Indus plain, which is 322 km wide and 1287 km long 

with 1% inclined from north to south. The Balochistan plateau is in the western 

parts bordering with high to low mountains from north to east. Pakistan has two 

Sandy Deserts in the Indus basin; the Thar Desert in lower part while the Thal 

Desert is in the upper part. With diversified ecologies, Pakistan has been classified 

into different agroecological zones. The salient features of these agro ecological 

zones of the country have been described in Table 3.1 and 3.2. 

3.2. STUDIES ON THE DISTRIBUTION OF RALSTONIA    

SOLANACEARUM 

 For recording incidence of bacterial wilt in Pakistan, an extensive survey of 

chili was conducted during 2013-14 in 14 major chili cultivating districts falling in 

8 agro ecological zones of Pakistan (Table 3.3 and Figure 3.1). 
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Table 3.1: Meteorological parameters of eight agro ecological zones of Pakistan   

 

 

 

 

S. No Agro Ecological Zones  Districts Temperature (°C) Rain Fall (mm)/month Relative 

Humidity 

(%) 

Summer Winter  Summer Winter 

1 Indus Delta Thatta, Badin 34-45 19-20 75 > 5 67-87 

2 Southern Irrigated Plain Mirpur Khas, Umer Kot 40-45 08-12 16-20 > 4 55-60 

3 Sandy Deserts Bahawalpur, Sanghar 39-41 07-10 32-46 > 4 44 

4 Northern Irrigated Plain Multan, Pakpattan, Kasur 41-48 06-28 75-108 14-22 51 

5 Barani Areas Attock 35-38 03-06 200 36-50 56 

6 Wet Mountains Nowshera 35 00-04 236 116 64 

7 Western Dry Mountains Karak, Loralai 30-39 -0.3-7.7 45-95 47 58 

8 Sulaiman Piedmont Barkhan 40.5 5.7-7.6 21-38 13 32 



24 
 

Table 3.2: Soil conditions and crops of eight agro ecological zones of Pakistan 

 

S.No Agro Ecological 

Zone 

Districts Soil Type Soil pH Organic 

matter 

(%) 

Major Crops 

1 Indus Delta Thatta, Badin Clayey and silty 7.6-8.2 0.5-0.8 Cotton, Sugar cane, Wheat, Maize, 

Millet, Barley and Vegetables 

2 Southern Irrigated 

Plain 

Mir Pur Khas, 

Umer Kot 

Silty and sandy loam 6.8-7.2 0.4-0.5 Cotton, Sugar cane, Wheat Maize, 

Millet, Barley and Vegetables 

3 Sandy deserts Bahawalpur, 

Sanghar 

Sandy soils  and moving dunes 

with strips of clayey soils  

7.8-8.3 0.4 Cotton, Sugar cane, Wheat Maiz 

Millet, Barley, xerophytic 

vegetation and Vegetables 

4 Northern Irrigated 

Plain 

Multan, Pakpattan, 

Kasur 

Sandy loam, clay loam, silt loam  

and 15 % saline -sodic 

7.5-

7.8.2 

04-0.6 Cotton, Sugar cane, Wheat, 

oilseeds, rice 

5 Barani areas Attock Non-calcareous to moderately 

calcareous, silt loams and with 

west southern part mainly 

calcareous 

7.5-7.7 <0.5 Sorghum, Millet, Maize, Pulses, 

Ground nut, wheat and vegetables 

6 Wet Mountains Nowshera Silt loam to silty clays, non-

calcareous to slightly calcareous 

7.5-8.1 0.4-0.6 Maiz, Wheat, Fruits (Apples). 

Olives Forests and vegetables 

7 Western Dry 

Mountains 

Karak, Loralai Loamy, deep and calcareous 8.3 0.3-0.5 Wheat, Grazing, apples, plums, 

apricots, grapes, peaches and 

vegetables 

8 Sulaiman 

Piedmont 

Barkhan Silt loam, deep and strongly 

calcareous 

8.5 0.3-0.4 Xerophytic vegetation, grasses, 

wild olives, fruits, vegetable and 

wheat 
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Table 3.3: Area under chili cultivation in the surveyed districts falling in eight    

                  agro ecological zones of Pakistan 

Districts                Area  (in acres)        Agro ecological zone 

Thatta 4342  

Badin 15216 Indus Delta 

Total area 19558  

Umerkot 35445  

Mirpur Khas 12821 Southern Irrigated Plain 

Total area 48266  

Sanghar 2560  

Bahawalpur 760 Sandy Deserts 

Total area 3320  

Multan 1800  

Pakpattan 1120 Northern Irrigated Plain 

Kasur 1200  

Total area 4120  

Attock 615 Barani Areas 

Total area 615  

Nowshehra 1350 Wet Mountains 

Total area 1350  

Karak 1200  

Loralai 933 Western  Dry Mountains 

Total area 2133  

Barkhan 4077 Sulaiman Piedmont 

Total area 4077  
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Figure 3.1: Map showing agro ecological zones of Pakistan 

 

 

ID:  Indus Delta 

SIP:  Southern Irrigated Plain 

SD: Sandy Deserts 

NIP:  Northern Irrigated Plain 

BA:  Barani Areas 

WM:  Wet Mountains 

WDM: Western Dry Mountains 

SP:  Sulaiman Piedmont 
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 From each district, 10 sites were randomly selected making a total of 140 

sites. From each site one field of chili (~ 1 acre) was randomly selected for 

recording incidence of bacterial wilt. From each randomly selected site, 50 chili 

plants were observed randomly following zigzag pattern for recording incidence of 

bacterial wilt. Wilted plants showing characteristic symptoms (Section 3.3) were 

recorded and the association of bacterium was confirmed by immunostrip in the 

field (Section 3.4). The incidence of bacterial wilt of each site was calculated by 

the following formula. 

   No. of wilted plants 

Incidence (%) =         ----------------------------- ×   

                   Total no. of plants 

 Similarly, the incidences of all the districts, agro ecological zones, 

provinces and finally the whole country were calculated.  

 Disease prevalence of bacterial wilt in each district, agro ecological zone, 

province and the country was reckoned by the following formula. 

           No. of infected fields 

Prevalence (%) =         ----------------------------------------- ×   

                          Total no. of fields observed 

 3.3. SYMPTOMATOLOGICAL CONFIRMATION OF BACTERIAL WILT 

The wilted plants were identified by the characteristic symptoms of the 

disease. These symptoms include wilting, stunting and yellowing of foliage, leaf 

epinasty, adventitious root growth on the stem, narrow dark strips corresponding to 

the infected vascular bundles beneath the epidermis. Internal symptoms include 
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progressive discoloration of vascular tissues mainly xylem and appearance of 

slimy viscous ooze when the stems were cut transversely (Figure 3.2).  

3.4. SEROLOGICAL CONFIRMATION OF RALSTONIA SOLANACEARUM    

IN WILTED PLANTS  

In situ association of R. solanacearum with the wilted plants was confirmed 

serelogically by using immuostrips. The test is a rapid mean of confirming the 

presence of R. solanacearum with crops in field conditions. ImmunoStrips (STX 

33900/0025 Rs) from Agdia company were kept tightly in a sealed container with 

desiccant all the time. The container along with sample buffer was stored at 4
o
C 

between uses. Prior to using the kit, it was removed from the ice box to allow the 

components to warm at room temperature for 15 minutes. When BEB1 buffer 

showed white precipitate or cloudy appearance it was considered as ready for use. 

This immmunoStrip is intended for use with plants samples having symptoms of R. 

solnacearum. These strips were used at species level not for race or biovars (Opina 

and Miller, 2005) as shown in figure 3.3. 

3.5. SAMPLING FOR COLLECTION OF R. SOLANACEARUM STRAINS  

 A total of 114 strains of R. solanacearum associated with chili were 

collected from 14 major chili growing districts falling under eight agro ecological 

zones situated in four provinces of the country. Chili plants showing the 

characteristic symptoms of bacterial wilt (Section 3.3) were excavated carefully 

(Figure 3.4) along with soil from the rhizosphere, placed in polythene bags, 

labeled (with host information, locality and date of collection), kept in cold place 
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and brought to laboratory for further analyses. 

3.6. ISOLATION OF R. SOLANACEARUM  

The bacterium was isolated from soil and stem samples collected from 

different sites of each district of eight agro ecological zones as described below 

3.6.1. Isolation from Soil  

The bacterium was isolated from soil by using serial dilution method 

(Figure 3.5). For this purpose 1 gm of soil was taken and homogenized in 9 ml of 

distilled water and dilution series of 10
6
 and 10

7
were made by adding requisite 

amount of distilled water. By using micro pipette, 100 μl  from each dilution series 

of 10
6
 and 10

7
  were taken and spread on the Semi-selective Medium, South Africa 

(SMSA) media plates and incubated at 28ºC for 48 hrs for bacterial growth. 

(Englebrecht, 1994) (Figure 3.6). 

3.6.2. Isolation from Stem 

Stem segments of approximately 10 cm in length of wilted plants were 

taken from crown region, surface sterilized with 70% ethanol and cut into small 

pieces. These pieces were then kept in 5 ml sterile distilled water for 5 minutes 

with continuous shaking in a shaker at room temperature. The bacterial suspension 

(100 μl) from each sample was streaked separately on the TTC (Triphenyle 

Tetrazolium Chloride) medium, spread uniformly and incubated as mentioned 

above (Hugh and Leifson, 1953) as shown in figure 3.7 and 3.8.                    
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3.7. PURIFICATION OF R. SOLANACEARUM  

For obtaining pure cultures, a single colony from each bacterial culture 

isolated from soil and stem were re-streaked on TTC and Nutrient agar media 

under sterile conditions. The single colonies were taken again from TTC medium 

and re-streaked on SMSA media containing TZC, Cyclohexamide, Bacitracin, and 

Penicillin to avoid contamination (Figure 3.9 and 3.10). 

3.8. CONFIRMATION OF R.  SOLANACEARUM ISOLATES 

 The purified cultures of 114 isolates of R. solanacearum were further 

confirmed serologically (Opina and Miller, 2005) (Section 3.4) and by their 

hypersensitive response.   

3.8.1. Hypersensitive Response (HR) 

 The isolates confirmed serologically were tested for hypersensitivity 

reaction on tobacco. Bacterial suspension of 10
8
 cfu/ml from each isolate was 

prepared in sterilized distilled water and infiltrated into leaf mesophyll of tobacco 

plants by using sterilized syringe. The distilled water was used as a positive 

control. Each strain was inoculated twice in the same leaf and the same procedure 

was repeated on three plants. The plants were incubated at 28
o
C and observed after 

24 and 48 h for the development of necrosis (HR) in the inoculated areas of the 

leaves. The confirmed purified strains were coded accordingly (Figure 3.11).  
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Figure.3.2. Disease symptoms of bacterial wilt caused by Ralstonia solanacearum 

           (A: Wilting, B: Vienal discoloration, C: Stunted growth, D: Bacterial ooze) 

 

 

A B 

D C 
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Figure: 3.3. Confirmation of Ralstonia solanacearum by using Immunostrips  

A:   BEB buffer, infected plant and immunostrip (Test in progress)  

B: Formation of two red lines on strips showing presence of Ralstonia 

solanacearum in infected plant 

 

        

    

Figure: 3.4. Disease sampling of bacterial wilt of chili  

A and B Plant disease sample collection from different agro ecological zones of     

Pakistan 

 

 

 

  A   B 

+Ve Result 

A   B 
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Figure: 3.5. Serial dilution series for isolation of Ralstonia solanacearum from soil 

 

 

    

 Figure: 3.6.  Isolation of Ralstonia solanacearum from soil on TTC and SMSA 

media 

A: Growth on TTC medium 

B: Growth on SMSA medium 

 

 

 

  A   B 
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Figure: 3.7. Isolation of Ralstonia solanacearum from stem segments  

A: Preparation for Isolation  

B: Surface sterilization and cutting of diseased lesions aseptically 

C: Maceration of diseased tissues  

D: Bacterial suspension streaking 

 

 

 

 

 

 

 

  A   B 

  C  D 

Aa
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Figure: 3.8. Bacterial culture isolated from diseased plants 

A: Incubation in growth chamber B: Colonies development 

    

   Figure: 3.9.Bacterial culture of Ralstonia solanacearum from different plant parts 

A: Bacterial cultutre on Nutrient agar and SMSA medium 

B: Bacterial culture on Nutrient agar from stem and on SMSA from ooze 

       
   

Figure: 3.10. Pure culture of Ralstonia solanacearum  

A:  Pure culture on SMSA medium   B: Pure culture on Nutrient agar medium 

 

  A   B 

  A   B 

  A   B 
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 3.9. CHARACTERIZATION OF R. SOLANACEARUM  

        The isolates with positive HR were further characterized morphologically and 

biochemically. 

3.9.1. Morphological Characterization  

For morphological characterization of bacterial strains, the culture of each 

strain was streaked on modified TTC media containing TZC to have pinkish fluidal 

growth. The single colonies were observed for their shape, size and motility. 

3.9.2. Biochemical Charactreization of R. solanacearum  

 All the strains were biochemically characterized by employing different 

biochemical tests as detailed below. 

3.9.2.1. Gram Reaction 

  For gram reaction a single medium sized bacterial colony was picked and 

mixed with 100 μl of distilled water on glass slide and staining was done as 

described by Schaad (1980). The slides having reddish pink staining were regarded 

as gram negative while those with violet blue staining were designated as gram 

positive.  

 3.9.2.2. Catalase Activity 

 Bacterial colonies from fresh pure culture were picked with sterilized tooth 

picks and mixed with few drops of 3% H2O2 on a glass slide. The isolates which 

produced gas bubbles were found to be +ve (Schaad, 1980) as shown in figure 

3.12. 
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3.9.2.3. KOH Solubility Test   

A drop of 3% potassium hydroxide (KOH) was placed on a glass slide and  

 a single colony was taken from agar medium by using sterilized cool loop. The 

bacterial culture was mixed thoroughly with KOH drop until suspension is 

obtained. After lifting with tooth pick, loop formation resulted in positive test as 

shown in figure 3.13 

 3.9.2.4. Oxidase Activity  

 Pure 24-48 hr fresh culture was taken with sterilized wire loop and placed 

on BD BBL
TM 

Dryslide
TM   

Oxidase with Lot No. 3224136 impregnated with 

tetramethyl-p-phenylenediamine dihydrochloride. The appearance of purple color 

in 10 seconds resulted in a positive reaction while change in color after 60 seconds 

was considered as delayed positive reaction (Kovacs, 1956) as shown in figure 

3.14 

3.9.2.5. Pigment Production  

  Fresh bacterial culture was streaked on Kings B medium and incubated at 

25
o
C. After 48 hr the colonies were observed under normal light for non-

fluorescent pigment and for fluorescent pigment, colonies were visualized in dark 

under long wave length uv light (King et al., 1954) as shown in figure 3.15.   

3.9.2.6. Lipase Activity 

 To observe the bacterial growth surrounded by precipitate appearance, 24-

48 hours fresh colonies were streaked across different halves of media plates 

containing Sierra‟s medium and incubated at 30
o
C. 
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3.9.2.7. Levan Production   

 For levan production the pure bacterial colonies were streaked on 523 

medium with 5% extra sucrose, and incubated at 30
 o

C for 48 hr and observed for 

levan production. (Schaad, 1980) as shown in figure 3.16. 

3.9.2.8. Gas Production  

 Van den Mooter media contained in test tubes were inoculated with fresh 

bacterial culture and kept under daily observation for gas production. The 

production of gas was graded as a positive result (Van den Mooter, 1987). 

3.9.2.9. Growth at 37ºC and 41 ºC 

 The growth of the bacterium was observed on medium at 37ºC but there 

was no growth at all at 41ºC (Eden-Green et al., 1994). 

3.9.2.10. Mucoid Growth  

  A mucoid growth was observed in some strains on TTC medium while 

there were non mucoid growth in case of some other strains particularly the 

avirulent strains. 

3.10. OXIDATION AND FERMENTATION ACTIVITY 

           Basal medium contained in test tubes was stabbed with bacterial colonies 

from 523 medium as described by Hayward (1964). The tubes were properly 

sealed and observed for gradual pH change. The change in color from green to 

yellow was subjected to positive reaction.  

3.10.1. Identification of Biovars 

 The bacterial strains were identified into biovars on the basis of utilization 

of different sugars. One gram of each disaccharides (maltose, cellobiose, lactose) 

and hexose alcohol (dulcitol, mannitol, and sorbitol) was mixed with 9 ml of 
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sterilized distilled water to make 10% of the solutions. The sugars were sterilized 

by filtering through 0.2 μm pore size filters (Orange scientific, GyroDisc CA-PC 

sterile, endotoxin-free, Hydrophilic with catalogue No. 1520012 having cellulose 

Acetate membrane 30 mm) and from each sugar and carbohydrate, 10 ml was 

added in 190 ml of Ayer‟s medium, distilled water serving as control. The medium 

containing agar was plated, a suspension of bacterial culture @ 10
8
 cfu/ml was 

prepared and 25 µl was taken and inoculated onto the surface of Ayer‟s mineral 

base medium amended with carbohydrates. The plates were incubated at 28
o
C and 

observed for the absence or presence of bacterial growth.  

 Based on oxidation and utilization of different sugars and carbohydrtaes, R. 

solanacearum strains were categorized into biovars (Hayward, 1964; He et al. 

1983) as given in Table 3.4. 

3.11. MEDIA USED IN THE STUDIES 

The media used for isolation and characterization of R. solanacearum are 

given below with their compositions 

3.11.1. TTC Media (Triphenyl Tetrazolium Chloride) 

  TTC is used as a general medium for isolation and growth of R. 

solanacearum. At this medium the bacterium gives pink centered white colonies. 

3.12. CONFIRMATION OF RALSTONIA SOLANACEARUM STRAINS BY 

USING MOLECULAR TOOLS 

All 114 isolates of R. solanacearum after confirmation through biochemical, 

serological and pathological tests were subjected to molecular confirmation. The 

strains were cultured on SMSA medium and fresh pure culture was used for further 

molecular tools.  
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Table 3.4: Classification of biovars on the basis of consumption of different sugars 

 

Disaccharides 

/Hexose alcohol 

Biovar 1 Biovar 2 Biovar 3 Biovar 4 Biovar 5 

Cellobiose - + + - + 

Lactose  - + + - + 

Maltose - + + - + 

Sorbitol - - + + - 

Dulcitol - - + + - 

Mannitol - - + + + 
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The recipe for 1000 ml of distilled water was as follows.   

Casein hydrolysate  1.0 g 

Peptone 10.0 g 

Glycerol 5.0 ml 

Agar 15.0 g 

 TZC was added after autoclave and cooling the media to 50°C 

2,3,5-triphenyl tetrazolium chloride  0.05 g 

 

3.11.2. CPG Medium (Casamino Peptone Glucose) 1000 ml 

Casein hydrolysate  1.0 g 

Peptone 10.0 g 

Glycerol 5.0 ml 

Agar 15.0 g 

 Autoclaved at 121°C with 15-psi pressure for 20 minutes   

 

3.11.3. SMSA Medium (Specific Media, South Africa) 1000 ml 

Casein hydrolysate  1.0 g 

Peptone 10.0 g 

Glycerol 5.0 ml 

Agar 15.0 g 

 

 After autoclaving and cooling the media to 50°C following antibiotics dissolved in 

70% ethanol were added   

Triphenil tetrazolium chloride (1%) 5.0 ml 

Crystal violet 1% 0.5 ml 

Chloromycetin 1% 0.5 ml 

Bacitracin 1% 2.5 ml 

Penicillin 0.15 0.5 ml 

Polymyxin B sulfate 1% 10.0 ml 
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To avoid from fungal contamination  add: 

Cycloheximide  1% in 70% ethanol 2.5 ml 

  

3.11.4. 523 Medium (1000 ml) 

K2HPO4  0.2 g 

MgSO4.7H2O 0.3 g 

Yeast Extract 4.0 g 

Sucrose 10.0 g 

Casein hydrolysate 8.0 g 

Agar 15.0 g 

 

3.11.5. Kings B Medium 

 Peptone 20.0 g 

K2HPO4 1.5 g 

Glycerol 10.0 g 

MgSo4.7H2O 1.5 g 

Tyrosine 1% 

Agar 15.0 g 

Distilled water 1000 ml 

 

3.11.6. Basal Medium (Ayers) 

Peptone 0.9 g 

NH4H2PO4 0.9 g 

KCl 0.18 g 

MgSo4.7H2O 0.18 g 

Bromothymol blue 72.0 g 

Distilled water 810 ml 

NaoH  to adjust the pH  7.0 

Agar   3.0 g 
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3.11.7. Sierra’s Medium 

Peptone 10.0 g 

NaCl 5.0 g 

Agar 17.0 g 

CaCl2.H2O 0.1 g 

Distilled water 1000 ml 

 

3.11.8. Nutrient Agar: 

Nutrient agar 28 g 

Distilled water 1000 ml 

 

3.11.9. Van den Mooter Medium 

KH2PO4 (0.005 %) 0.5 g 

MgSo4.7H2O (0.2%) 2.0 g 

K2HPO4 (0.005 %) 0.5 g 

Yeast extract (0.5%) 5.0 g 

Sodium succinate (0.2%) 2.0 g 

KNO3 (o.3%) 3.0 g 

Distilled water 1000 ml 

Adjusted  pH-6.7  

 

3.11.10. Nutrient Broth  

Beef extract 3 g 

Peptone 5 g 

Distilled water 1000 ml 
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Figure: 3.11: HR positive results           

         

Figure: 3.12. Catalase Positive Results        Figure 3.13. KOH Positive Results   

 

       
Figure: 3.14. Oxidase Positive                        Figure:3.15. Non-flouriscent colonies   

under UV  light 

      

Figure:3.16 Levan Test                                    A: Levan –Ve       B: Levan +Ve 

  

 

              

  A   B 

  A   B 
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3.12.1. Preparation of Genomic DNA from Bacteria 

DNA extraction of all isolates were done and quantified by using nanodrop 

and finally by running on 1% agarose gel electrophoresis. 

The following methods were used for DNA extraction 

1. CTAB method  

2. DNeasy Blood & Tissue Kit  

3.12.1.1. CTAB method 

Bacteria from a saturated liquid culture were lysed and removed proteins by 

digestion with proteinase K. Cell wall debris, polysaccharides and remaining 

proteins were removed by selective preparation with CTAB and high-molecular 

weight DNA were recovered from the resulting supernatant by isopropanol 

precipitation.  

Inoculation of 5 ml liquid culture with bacterial strains were done and kept 

at appropriate temperature for complete saturation. It took several hours to several 

days depending on the growth rate. Spinning of 1.5 ml of culture in micrcentrifuge 

for 2-3 minutes was done until the formation of complete pellet. The supernatant 

was discarded. The pellet was resuspended with 567 µl TE buffer by repeated 

pipetting.  After that 30 µl of 10% Sodium DodysiSDS and 3 µl of 20 µg/ml 

proteninase K were added to give final concentration of 100µg/ml proteinase K in 

0.5 % SDS. It was then mixed thoroughly and incubated at 37ºC for 60 minutes. 

After incubation 100 µl of 5M NaCl  and 80 µl  of CTAB/NaCl  solutions were 

added, homogenized  and kept at 65ºC for 10 minutes.  An equal volume (0.7-0.8 

ml) of chloroform/isoamyl alcohol was added and mixed thoroughly and spinned 
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for 4-5 minutes in a microcentrifuge. The aqueous, viscous supernatant was 

removed into a fresh microcentrifuge tube, leaving the interface behind. An equal 

volume of phenol/chloroform/isoamyl alcohol was added, extracted thoroughly and 

spinned for 4-5 minutes in microcentrifuge. The supernatant was transferred in a 

fresh tube and added 0.6 vol isopropanol to precipitate nucleic acids by shaking the 

tubes back and forth until stringy white DNA precipitate clearly visible. It was then 

kept in -20ºC overnight and spinned at 15000 rpm for 30 minutes for DNA pellet 

formation. The DNA was washed with 70% ethanol to remove residual CTAB and 

again spinned for 4-5 minutes at room temperature. The supernatant was carefully 

removed and the pellet was briefly dried in a lyophilizer. The pellet was 

redissolved in 100 µl of TE buffer and kept in refrigerator for further use.  

3.12.1.1. DNeasy Blood & Tissue Kit  

Qiagen kit, cat. Nos. 69504 and 69506 was used for genomic DNA extraction 

and protocol was followed given by Qiagen company. 

3.12.2. PCR analyses 

The genomic DNA for PCR templates were isolated by using CTAB  

method and Qiagen DNeasy Blood & Tissue Kit from R. solanacearum cells. The 

PCR reactions were performed in a 250-μl tubes using Bio-Rad thermocycler. To 

avoid from handling error every time fresh reaction mixture was prepared.  The 

reaction mixture containing DIH2O 11.374 μl, buffer 5μl, dNTPs 4μl, MgCl2 1.5 

μl, forward primer 0.5 μl, reverse primer 0.5 μl and taq polymerase 0.125 μl were 

used for one sample. The reaction mixture was distributed into PCR tubes with 23 

μl in each tube and for giving final volume of 25 μl, 2 μl of DNA template was 
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added in each tube and placed in thermocycler. The protocol was followed as 

prescribed below for egl gene only. 

Hot start  95°C  5 min   

 95°C  45 s  30 Cycles  

 68°C  30 s  

 72°C  60 s  

Extension  72°C  10 min   

 4°C  For ever   

 All R. solanacearum strains classified to species level were confirmed by 

universal primers 759/760 in PCR which amplifies 280-bp fragments for all R. 

solanacearum strains. (Opina et al., 1997). 

The PCR amplified product was run on 1% agarose gel by using 

GeneRuler
TM

 1kb DNA Ladder. The results showed that all the 114 isolates gave 

positive results by giving fragments at 750 bp with egl gene. By using flic gene the 

fragments were found at 400 bp while using the universal primers 759/760 the 

fragments were found at 281 bp which confirmed the R. solanacearum as shown in 

figure 3.18. 

3.12.2.1. Primer dilution 

For diluting the primers short spinning was done and primers were diluted 

by dissolving fresh primers with 10X volume as its concentration. It gave us 

concentration of 0.0001M or 0.1mM.  To prepare the primers for use the stock was 

diluted to 1:10 ratio for concentration of 10 µM. From this, 1 µl was used for 

typical PCR reaction which gave us final concentration of 10 pico moles in a PCR 

reaction. The stock solution was kept at -20ºC.  
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3.12.2.2. Primers used  

 The following primers were used during the study for PCR amplification. 

The protocol for every primer was used according to its annealing temperature.  

Primer Sequence bp 

JHFEGL   5‟GACGATGCATGCCGCTGGTCGC 3‟      750 

JHREGL  5‟ CACGAACACCACGTTGCTCGCATTGG 3‟  

AU759F  5‟ GTCGCCGTCAACTCACTTTCC 3‟ 280 

AU759R  5‟ GTCGCCGTCAGCAATGCGGAATCG 3‟ 

FLICF  5‟ GAACGCCAACGGTGCCAACT 3‟ 400 

FLICR  5‟ GGCGGCCTTCAGGGAGGTC 3‟ 

   

3.12.3. Gel Electrophoreses  

 To prepare 1 % agarose, 1gram of agarose was mixed in 100 ml of 1xTAE 

buffer solution by heating in an oven, allowed to cool to 50
o
C and by adding 

0.04% ethidium bromide and poured into gel loading tray. The gel was allowed to 

solidify at room temperature. The gel was then placed into a gel running tank filled 

with a 0.5x TAE buffer. For loading marker, 1μl of loading dye, 4 μl of TAE 

buffer or distilled water and 1 μl of marker was mixed and loaded while for 

running the amplified samples 1 μl of loading dye and 5 μl of DNA sample was 

loaded. After loading the samples the electrodes were fixed and the gel was 

allowed to run for 30 minutes at constant voltage of 120 amps. The gel was then 

visualized under the gel doc system for observation of bands as shown in figure 

3.19. 

3.13. PRESERVATION OF BACTERIA 

The purified and confirmed isolates were preserved for further studies. Two 

methods were adopted for the preservation of pure culture 
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3.13.1. Preservation at room temperature 

 Fresh pure 24-48 hrs culture was used for preservation of bacterium for 

further studies. Typical virulent separated colonies of R. solanacearum were 

picked using sterile loop and homogenized with 1 ml of sterilized distilled water, 

mixed properly and kept at room temperature for further use.  

3.13.2. Preservation at -80ºC  

A pure single colony of R. solanacearum was picked by using sterile loop 

and inoculated in cryovial containing  5 ml of TZC broth having  TZC salt and 

kept at 28ºC overnight on rotary shaker at 175 rpm. Later on by adding 1 ml of the 

bacterial culture it was centrifuged and the supernatant was discarded and 88 μl of 

DMSO (Dimethylsulfoxide) was added in the tube re-suspended to pellet and kept 

in fresh 912 μl TZC broth mixed properly and stored at -80ºC. 

3.14. VARIABILITY AMONG R. SOLANACEARUM STRAINS 

 Variability among 114 strains of R. solanacearum was studied by 

hypersensitivity response, growth of the bacterium on medium and their 

pathogenicity. 

3.14.1. Pathogenic variability among R. Solanacearum strains 

For determination of pathogenic variability following methodologies were 

followed 

3.14.1.1. Preparation of inoculum 

 Each strain was grown on TTC medium for 24-48 hr to get fresh culture. 

The pure culture was suspended in sterilized distilled water and adjusted to 10
8
 

cfu/ml through serial dilution series. 
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Figure: 3.17. DNA extraction from fresh culture of R. solanacearum 

          

Figure: 3.18. PCR amplification of DNA of R. solanacearum strains 

   

Figure: 3.19. Genomic DNA fragments of R. solanacearum isolates on 1%       

agarose gel 

 

 

  B 
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3.14.1.2. Raising of nursery 

 The seeds of highly susceptible variety of chili i.e. Aruba were soaked in 

water for 24 hours for its proper germination. The soaked seeds were sown in 

germination trays containing sterilized peat mass. The trays were put in the 

glasshouse at a temperature of 25
o
C (Peter et al., 1984).  

3.14.1.3. Evaluation of pathogenic variability 

The pathogenic variability among 114 strains of R. solanacearum 

consisting of Biovar 3 and 4 was assessed on the highly susceptible variety of chili 

(Aruba) by using the method described by Klement et al. (1990). The experiment 

was carried out in the glasshouse of Pir Mehr Ali Shah Arid Agriculture University 

Rawalpindi. The seeds of highly susceptible variety of chili i.e. Aruba were soaked 

in water for 24 hours for its proper germination. The soaked seeds were sown in 

germination trays containing sterilized peat mass. The trays were put in the 

glasshouse at a temperature of 25
o
C. Three weeks after emergence, the seedlings at 

3-4 leaf stage were transferred to polythene bags measuring 12.75×10.15 cm 

containing sterilized soil (sand and compost at the ratio of 3:1:1).  

The purified cultures of 114 strains of R. solanacearum were individually 

prepared and adjusted to 10
7
cfu/ml. Three-week old chili seedlings were then 

separately inoculated with 50 ml of bacterial suspension from each strain through 

soil drenching. One third part of each root system was injured prior to drenching to 

facilitate penetration of the bacterium. Each strain was inoculated on four chili 

plants. Symptoms of bacterial wilt were observed 10 days after inoculation of the 

pathogen. The association the bacterium with the symptom development was 

confirmed by immunostrips (Section. 3.4).  
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3.14.1.4. Criteria for assessment of variability 

The virulence of strains was categorized by following the scale described in 

Table 3.5 (Shahbaz et al., 2015). 

 3.15. SCREENING OF CHILI GERMPLASM FOR RESISTANCE 

3.15.1. Germplasm Collection  

The chili germplasm consisted of 28 genotypes collected from different 

sources (Table 3.6)  

3.15.2. Bacterial Culture 

The purified culture of the highly virulent strain of R. solanacearum Biovar 

3 designated as RsBd6 was prepared and adjusted to 10
7
cfu/ml.  

3.15.3. Preparation of Nursery 

The seeds of 28 chili genotypes were soaked in water for 24 hours for its 

proper germination. The soaked seeds were sown in germination trays containing 

sterilized peat mass. The trays were put in the glasshouse at a temperature of 25
o
C 

as shown in figure 3.20, 3.21 and 3.22.  

3.15.4. Screening of chili germplasm against R. solanacearum 

        The experiment for screening of chili germplasm for resistance or 

susceptibility to R. solanacearum was carried out in the glasshouse of Pir Mehr Ali 

Shah Arid Agriculture University Rawalpindi in 2014. 

Three weeks after emergence, the seedlings at 3-4 leaf stage were 

transferred to polythene bags measuring 12.75×10.15 cm containing sterilized soil 

(sand and compost at the ratio of 3:1:1).  
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 Table 3.5 Pathogenicity scale (Shahbaz et al., 2015) 

0  No Symptoms   Avirulent  

1  Partial symptoms  Weakly Virulent  

2  Complete wilting  Virulent  

3  Plant collapsed and dead  Highly Virulent  
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The plants in pots were arranged in completely randomized design (CRD) 

with four replications of 10 plants in each tray in glasshouse with controlled 

temperature between 24-37ºC.  

Three-week old chili seedlings of each genotype were then separately 

inoculated with 50 ml of the bacterial suspension through soil drenching. One third 

root system of each genotype was injured prior to drenching to facilitate 

penetration of the bacterium (Figure 3.23 and 3.24). After inoculation, the plants 

were watered at alternative days and symptoms of bacterial wilt were observed 14 

days after inoculations up to six weeks. The wilt symptoms and wilted plants were 

recorded and graded with disease rating scale of 0-5 (Winstead and Kelman, 1952) 

given in Table 3.7. The association of the bacterium with the symptom 

development was confirmed by immunostrips (Section 3.4)  

3.15.5. Disease Rating Scale (Winsted and Kelman 1952 

0          Plants did not show any wilt symptom 

I  1-20% plants wilted 

2  21-40% plants wilted 

3 41-60% plants wilted 

4  61-80% plants wilted 

5 More than 80% plants wilted 

3.15.6. Disease Index 

The disease index of bacterial wilt on each genotype was calculated by the 

following formula 

Disease Index= {(No. of Plants at Disease rating score “1” × 1) + (No. of Plants at 

Disease rating score “2” × 2) + (No. of Plants at Disease rating score “3” × 3) + 
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(No. of Plants at Disease rating score “4” × 4) + (No of Plants at Disease rating 

score “5” × 5} / (Total Number of Plants Observed *5). 

The germplasm were then categorized following the scale given in Table 3.7.  
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Table 3.6: Chili germplasm for screening against R. solanacearum  

S.No. Genotype Source 

1 Ghotki Chili research station Kunri 

2 Sangri Chili research station Kunri 

3 Hot Shot Open Market 

4 Red Gaint Federal seed certification 

5 Hot queen Federal seed certification 

6 Long green Federal seed certification 

7 Black Master Open Market 

8 Baby hot chili Open Market 

9 Tata puri Open Market 

10 NARC 16/7 National Agricultural Research Center 

11 NARC 16/4 National Agricultural Research Center 

12 Sky red Federal seed certification 

13 Loungi Chili research station Kunri 

14 Neelum Chili research station Kunri 

15 Elpaso Open Market 

16 Nagina Chili research station Kunri 

17 NARC 16/9 National Agricultural Research Center 

18 Sanam Federal seed certification 

19 Skyline II Federal seed certification 

20 Hifly Federal seed certification 

21 Talhari Chili research station Kunri 

22 Maxi Chili research station Kunri 

23 California wonder Chili research station Kunri 

24 Yollo wonder Chili research station Kunri 

25 Jalapeno Open Market 

26 Bahawalpur desi Open Market 

27 Gola peshaweri Open Market 

28 Red fire Chili research station Kunri 
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Table 3.7: Scale based on disease index for the categorization of chili germplasm 

 

0-0.2     Highly resistant 

0.21-0.3    Resistant 

0.31-0.4    Moderately resistant 

0.41-0.5    Moderately susceptible 

0.51-0.6    Susceptible 

0.61-0.9    Highly susceptible 

0.91-1.0    Extremely susceptible 
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Figure. 3.20. Soil preparation     Figure. 3.21. Seed sowing 

     

Figure. 3.22.Nursery development     Figure. 3.23. Culture inoculation 

     

Figure. 3.24. Screening of chili germplasm  
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Chapter 4 

RESULTS  AND DISCUSSION 

4.1. INCIDENCE AND PREVALENCE OF BACTERIAL WILT 

(RALSTONIA SOLANACEARUM) OF CHILI IN DIFFERENT AGRO 

ECOLOGICAL ZONES OF PAKISTAN. 

 The overall incidence of R. solanacearum in the country was found to be 

10% and the prevalence of 76% was recorded as shown in Figure 4.1. 

 Of the four provinces, maximum disease incidence of 16.4% was recorded 

in Sindh province followed by Punjab and Khyber Pakhtoonkhwa showing 11.4% 

and 7% disease incidences respectively. On the other hand minimum incidence of 

4.9% was observed in the province of Balochistan (Fig.4.2). As regards 

prevalence, the same pattern was observed. The prevalence of bacterial wilt was 

the maximum (94%) in the province of Sindh followed by Punjab and Khyber 

Pakhtoonkhaw provinces giving 84% and 65% disease prevalence respectively.  

On the contrary, the minimum disease prevalence of 60% was observed in 

Balochistan province as shown in figure 4.3. 

 Out of 8 agro ecological zones the maximum disease incidence of 19.5% 

was observed in Indus delta followed by Sandy Deserts (14.1%) while the 

minimum disease incidence of 5.0% was found in Western dry mountains. The 

disease incidence in other zones ranged between 5.% and 14.1% as shown in figure 

4.4.  
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Figure 4.1: Incidence and prevalence of bacterial wilt disease in Pakistan 

 

        

Figure 4.2: Incidence of bacterial wilt in four provinces of Pakistan 
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Figure 4.3: Prevalence of bacterial wilt in four provinces of Pakistan 

 

 

 

Figure 4.4: Incidence of bacterial wilt disease in eight agro ecological zones of 

Pakistan 
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 In case of disease prevalence, the maximum disease prevalence was 

observed in Indus delta which was found 100% followed by 90% in Southern 

irrigated plain while the minimum disease prevalence of 60% was recorded in 

Western dry mountains and Sulaiman piedmont. The prevalence ranged between 

70 and 86.6% in other agro ecological zones as shown in Figure 4.5. 

 Of the 14 districts the maximum disease incidence of 22% was observed in 

district Badin followed by district Thatta (17%) while the minim disease incidence 

of 4.4 %. was observed in district Loralai The disease incidence varied form 5.6 % 

to 16.6% in the remaining districts as shown in figure 4.6. Similarly, the maximum 

disease prevalence was found in Thatta, Badin and Mirpurkhas districts which 

were 100% while the minimum disease prevalence of 60% was observed in Karak, 

Loralai and Barkhan districts. The rest of the districts had disease prevalence 

ranging from 80 % to 90 % (Figure 4.7). 

 The individual incidences of R. solanacearum in each site of each district 

have been shown in Tables 4.1 to 4.14. 

4.2. IDENTIFICATION AND CHARACTERIZATION OF R.  

SOLANACEARUM ISOLATES FROM MAJOR CHILI GROWING AREAS 

OF PAKISTAN 

A total of 114 isolates were collected from eight agro ecological zones of 

Pakistan and were characterized by using different cultural and biochemical tests 

and confirmed by using molecular tools. The confirmed islates were then grouped 

into biovars on the basis of utilization of disaccharides and hexose alcohols.     
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Figure 4.5: Prevalence of bacterial wilt disease in eight agro ecological zones of 

Pakistan 

 

 

 

 

Figure 4.6: Incidence of bacterial wilt disease in fourteen districts of Pakistan 
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Figure 4.7. Prevalence of bacterial wilt disease in fourteen districts of Pakistan  
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Table 4.1: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Thatta (Indus Delta) 

S. No. Villages No. of infected 

Plants 

Disease Incidence 

(%) 

1 Goth Chato Chand 2 4 

2 Goth Umed Ali 6 12 

3 Saeed pur 8 16 

4 Goth Rais Muhammad Qasim 11 22 

5 Goth Qaisrani 9 18 

6 Goth Shoro 6 12 

7 Sajawal bypass 11 22 

8 Goth Rahim Bux Jakhro 12 24 

9 Rais wali dad Jokhio 9 18 

10 Gujjo 11 22 

 Total incidence 85 17% 

 

 

Table 4.2: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Badin (Indus Delta) 

S. No. Villages No. of infected 

Plants 

Disease Incidence 

(%) 

1 Nabi Bux Pitafi 11 22 

2 Matli Bypass 9 18 

3 Kot Ghulam Shah 7 14 

4 Gul Khan Nizamani village 11 22 

5 Talhar 13 26 

6 Matli 29 58 

7 Haji Ahmad Zaur 6 12 

8 Peru Lashari (Tando Bagh) 8 16 

9 Seerani 5 10 

10 Lal Bux Notkani 11 22 

 Total incidence 110 22% 
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Table 4.3: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Mirpur Khas (Southern Irrigated Plain) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 M.Yousaf Bhanger 8 16 

2 Umer Bughio 7 14 

3 Hot Khan Leghari 8 16 

4 Doulat Leghari 8 16 

5 Mubarak Leghari 7 14 

6 Hassan Ali Rind 11 22 

7 Rehan Helepoto 9 18 

8 Faqir Abdul Karim 7 14 

9 Gul Muhammad Rind 6 12 

10 Ali Nawaz Shah 8 16 

 Total Incidence 79 15.8% 

  

Table 4.4: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Umer Kot (Southern Irrigated Plain) 

 

S. No. Villages No. of infected      

Plants 

Disease Incidence (%) 

1 Chegro ( kunri) 8 16 

2 Bostan 0 0 

3 Gapna 6 12 

4 Dar gah Mskin Shah 7 14 

5 Noor shah 11 22 

6 Pandhrio 4 8 

7 Ali Mardan Shah 6 12 

8 Digho 4 8 

9 Haji Ameen Arain 0 0 

10 Rana Jageer 8 16 

 Total Incidence 54 10.8% 
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Table 4.5: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Sanghar (Sandy Deserts) 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Hafiz  Hingoro 8 16 

2 Sobho dero 11 22 

3 Haji Manak Marri 9 18 

4 Hada Morri 13 26 

5 Khani Rajar 6 12 

6 Dodo Khan Marri 4 8 

7 Jaffar Khan Qaim Khani 12 24 

8 Qasi Hingoro 8 16 

9 Nale Chango Hingoro 0 0 

10 Usman Chanhyo 12 24 

 Total Incidence          83           16.6% 

Table 4.6: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Bahawalpur (Sandy Deserts) 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Chak No.11 BC 7 14 

2 Chak No. 12 BC 9 18 

3 Pakka Bara  6 12 

4 Moga cheema chowk 0 0 

5  Chak No. 28 BC 7 14 

6 Chak No 15BC 8 16 

7 Chak 25. BC 7 14 

8 Khanqa Sharif 8 16 

9 Chak 8 No. BC 0 0 

10 Mubarak Pur 6 12 

 Total Incidence 58 11.6% 
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Table 4.7: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Multan (Northern Irrigated Plain) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Basti Nihal 5 10 

2 Tatay Pur 4 8 

3 Lutaf Abad 9 18 

4 Qadir Pur Raan 6 12 

5 Basti Okar 8 16 

6 Chah Tali wala 0 0 

7 8 Kassi 0 0 

8 5 kassi 2 4 

9 Lar 6 12 

10 Gardezi Mor 4 8 

 Total Incidence 44 8.80% 

Table 4.8: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Pak Pattan (Northern Irrigated Plain) 

S. No. Villages No. of infected 

Plants 

Disease Incidence 

(%) 

1 Chak No 19/SP 9 18 

2 Chak No.20/ SP 8 16 

3 Chak no.30/ SP 7 14 

4 Chak no.17/ SP  0 0 

5 Chak no.16 / SP  9 18 

6 Kot khuda Bux 9 18 

7 Abadi khairabad 11 22 

8 Marlay 10 20 

9 Behrampur 7 14 

10 Jawaya Mal 10 20 

 Total Incidence 80 16 % 
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Table 4.9: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Kasur (Northern Irrigated Plain) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Ada dollay wala 3 6 

2 Faqeeria wala 4 8 

3 Tullo wala 0 0 

4 Kotla sheik Natha 7 14 

5 Kani wala 8 16 

6 Kot Haji Shoukat Ali  6 12 

7 Fatoohi wala  8 16 

8 Singh wala 9 18 

9 Shah arur singh 8 16 

10 Kot islam pur 5 10 

 Total Incidence 58 11. 6% 

 

Table 4.10: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Attock (Barani Areas) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Bahadar khan 6 12 

2 Chachian 5 10 

3 Musa 5 10 

4 Sherani 4 8 

5 Dhoke Noor 6 12 

6 Khagwani 0 0 

7 Shah Dher 8 16 

8 Syden 5 10 

9 Dhok Trairah 0 0 

10 Marri Kanjour 7 14 

 Total Incidence 46 9.2% 
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Table 4.11: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Loralai (Western Dry Mountains) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence 

(%) 

1 Kach Amakzai 2 4 

2 Sadar Bori 0 0 

3 Uryagi 0 0 

4 Poonga  0 0 

5 Cheena  3 6 

6 Alizai 5 10 

7 Mekhtar 3 6 

8 Tore 0 0 

9 Thal 5 10 

10 Nasir Abad 4 8 

 Total incidence 22 4.4% 

Table 4.12: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Karak (Western Dry Mountains) 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Takht Nasrati 0 0 

2 Khada 5 10 

3 Ahmad Abad 4 8 

4 Warana Wilayat Khail 0 0 

5 Paloski banda 6 12 

6 Warana Muskana Banad 5 10 

7 Warana Mashan Kheil 4 8 

8 Warana Majeed Ullah 0 0 

9 Ambrin Kala 4 8 

10 Handai 0 0 

 Total incidence 28 5.6% 
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Table 4.13: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Barkhan (Sulaiman Piedmont) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence 

(%) 

1 Nahar kot 0 0 

2 Bahudara 0 0 

3 Jhilishaani 2 4 

4 Vitakari 3 6 

5 Jharoti 0 0 

6 Landa 7 14 

7 Lema zareen 4 8 

8 Basti soman 6 12 

9 Hajikot 0 0 

10 Eshaani 5 10 

 Total Incidence 27 5.4% 

 

Table 4.14: Incidence of bacterial wilt of chilies caused by R. solanacearum in ten 

sites of district Nowshera (Wet Mountains) 

 

S. No. Villages No. of infected 

Plants 

Disease Incidence (%) 

1 Adam zai 4 8 

2 Nodiha 0 0 

3 Zara  Miana 8 16 

4 Misri Banda 0 0 

5 Banda Nabi 0 0 

6 Aza khel 7 14 

7 Akramabad 3 6 

8 Ghani abad 9 18 

9 Tanu dheri 4 8 

10 Khali rokhan 7 14 

 Total Incidence 42 8.4% 



72 
 

4.2.1. Hypersensitive Response and Growth Pattern of R. solanacearum  

          Strains 

Of all the 114 isolates of R. solanacearum collected from eight agro 

ecological zones, 88 showed positive HR while 26 isolates gave negative HR. The 

isolates also differed in their growth pattern. The isolates exhibited two types of 

growths. Of the total isolates, 88 isolates having positive HR showed mucoid 

growth while the isolates with negative HR were found non mucoid in growth as 

shown in Figure 4.8. The zone wise categorization of isolates regarding these 

parameters is given in Table 4.15. 

4.2.2. Biochemical Characterization 

All the 114 strains of R. solanacearum showed positive responses to all the 

biochemical tests used for confirmation of the bacterium as shown in Table 4.16. 

The individual responses of 114 strains of R. solanacearum collected from 

14 major chili growing districts of 8 agro ecological zones of the country to 

hypersensitivity and to all the biochemical tests applied for characterization of 

these strains (section 3.4) are given in Table 4.17.  

4.2.3. Molecular Confirmation 

All the 114 strains of R. solanacearum gave bands at 750 bp with egl gene, 

at 400 bp with flic gene while using the universal primers 759/760 the fragments 
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were found at 281 bp when visualized under gel doc system which confirmed that 

all the strains belong to R. solanacearum as shown in figure 4.9 to 4.12. 

4.2.4. Identification of Biovars 

Out of 114 R. solanacearum strains, 92 (81%) were identified as Biovar 3, 

while the remaining 22 (19%) were recognized as Biovar 4. Biovar 3 was recorded 

from all the four provinces and was found to be predominant in all the provinces 

while Biovar 4 found in the Punjab and Sindh provinces only as shown in Table 

4.18.  

Similarly, biovar 3 was observed from all the eight agro ecological zones 

and found to be predominant. On the other hand, biovar 4 was recorded from four 

agro ecological zones. The zone wise and district wise distribution of biovars 3 and 

4 is given in Table 4.19.  

The zone wise and district wise summary of 114 characterized strains of R. 

solanacearum into biovar 3 and 4 is given in Table 4.20 while individual responses 

of 114 strains of R. solanacearum to different sugars in eight agro ecological zones 

is given in Table 4.21. 

4.3. VARIABILITY AMONG DIFFERENT ISOLATES OF RALSTONIA 

SOLANACEARUM FROM DIFFERENT AGRO ECOLOGICAL ZONES OF 

PAKISTAN 

In the present studies variations in hypersensitive response, growth and 

virulence were observed among 114 strains of R. solanacearum collected from 

eight agro ecological zones of Pakistan.  
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Figure 4.8. Mucoid and Non-mucoid growth on SMSA medium 

A: Mucoid growth                                                         B: Non-mucoid growth 

 

     

Figure 4.9. PCR amplified fagments by using universal primers (759/760) 

 for Ralstonia solanacearum  

  A   B 
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Figure 4.10. Fragments by using 16S   Figure 4.11. PCR amplified products    by 

using primers 759/760 (280bp), flic 

(400bp) and egl, (750bp) on 1% agarose 

gel)                                          

        

Figure: 4.12. PCR amplified fragments at 750 bp by using egl gene 
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Table 4.15: Hypersensitive response and growth pattern of R. solanacearum strains in eight agro ecological zones of Pakistan  

 

Zone  Districts Isolates with +ve HR and Mucoid Growth Isolates with -ve HR 

and Non-Mucoid 

Growth 

Indus delta Thatta  RsTt1, RsTt3, RsTt5, RsTt2, RsTt6, RsTt8, RsTt9, RsTt10, RsTt4 RsTt7  

Badin RsBd1, RsBd7,  RsBd2, RsBd4, RsBd5, RsBd9, RsBd3, RsBd6, RsBd8 RsBd10 

Southern 

Irrigated 

Plain 

Mirpur Khas  RsMp3, RsMp8, RsMp2, RsMp4, RsMp9, RsMp5, RsMp6, RsMp7, 

RsMp10,  

RsMp1 

Umer Kot RsUm2, RsUm5,  RsUm3, RsUm4, RsUm6, RsUm7  

Sandy 

Deserts 

Bahawalpur  RsBw2, RsBw1, RsBw5, RsBw7, RsBw3, ,  RsBW4, RsBw6, RsBw8  

Sanghar RsSg1, RsSg2, RsSg4,  RsSg5, RsSg6, RsSg7,RsSg8, RsSg9 RsSg3 

Northern 

Irrigated 

plain 

Multan  RsMn2, RsMn3, RsMn5, RsMn6, RsMn7, RsMn8 RsMn1, RsMn4 

Pakpattan  RsPP2, RsPP3, RsPP4, RsPP5, RsPP, 7RsPP9 RsPP1, RsPP7, RsPP8 

Kasur RsKr4, RsKr9, RsKr2, RsKr5. RsKr8, RsKr7 RsKr1, RsKr3, RsKr6 

Barani Areas Attock RsAk1, RsAK2, RsAk3, RsAk5, RsAk7, RsAk8 RsAK4, RsAK6 

Wet 

Mountains 

Nowshera RsNw1, RsNw3, RsNw7, RsNw6, RsNw5 RsNw2, RsNw4 

Western dry 

Mountains 

Karak  RsKK1, RsKK4, RsKK2, RsKK5  RsKK3, RsKK6  

Loralai RsLi1, RsLi2, RsLi4, RsLi6 RsLi3, RsLi5 

Sulaiman 

Piedmont 

Barkhan RsBn1, RsBn4, RsBn5 RsBn2,  RsBn3, RsBn6 
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Table 4.16:  Summary of biochemical characterization of R. solanacearum strains 

 

Sr. No. Biochemical test Response 

1 Gram Staining  All strains were  found gram negative 

2 Catalase Activity All strains were positive for Catalase activity 

3 KOH Loop Test All strains produced loop when mixed with 3% 

KOH 

4 Oxidase Test 

 

All strains produced purple color and were 

considered as positive 

5 Levan Production No Levan Production by any  strains and found 

to be positive 

6 Growth at 37⁰C All strains grew well at 37⁰C 

7 Growth at 41⁰C None of the strains produced its colony at 41⁰C 

8 Aerobic Growth None of the strain tested conferred anaerobic 

growth. This showed the strict aerobic nature of 

the bacterium.  

9 Catalase Activity The fresh pure colonies of R. solanacearum 

produced gas bubbles when mixed with a drop of 

hydrogen peroxide and confirmed the bacterium 

as gram negative.  

10 Pigment Production None of the strains produced  flourescent 

pigment under UV light  
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Table 4.17: Individual response of 114 strains of Ralstonia solanacearum to            

hypersensitivity and biochemical tests 

S
.N
o
. 

D
istrict 

Iso
late 

V
ariety

 

H
R

 

G
S

 

C
A

 

K
O
H

 

O
A

 

G
P

 

L
P

 

P
P

 

L
A

 

G
-3
7
 °C

 

G
-4
1
 °C

 

M
G

 

R
esu

lts 

1 

A
tt
o
ck

 

RsAK1 Ghotki + - + + + + - - + + - + + 

2 RsAK2 Sanam + - + + + + - - + + - + + 

3 RsAK3 Sanam + - + + + + - - + + - + + 

4 RsAK4 Ghotki - - + + + + - - + + - - + 

5 RsAK5 
Gola 

Peshawari 
+ - + + + + - - + + - + + 

6 RsAK6 Ghotki - - + + + + - - + + - - + 

7 RsAK7 Skyline II + - + + + + - - + + - + + 

8 RsAK8 Talhari + - + + + + - - + + - + + 

9 

K
ar
ak

 

RsKK1 Loungi + - + + + + - - + + - + + 

10 RsKK2 Hifly + - + + + + - - + + - + + 

11 RsKK3 Talhari - - + + + + - - + + - - + 

12 RsKK4 Neelum + - + + + + - - + + - + + 

13 RsKK5 Elpaso + - + + + + - - + + - + + 

14 RsKK6 Redfire - - + + + + - - + + - - + 

15 

L
o
ra
la
i 

RsLi1 Nagina + - + + + + - - + + - + + 

16 RsLi2 Cv-1 + - + + + + - - + + - + + 

17 RsLi3 Ghotki - - + + + + - - + + - - + 

18 RsLi4 Cv -7 + - + + + + - - + + - + + 

19 RsLi5 Loungi - - + + + + - - + + - - + 



79 
 

20 RsLi6 Loungi + - + + + + - - + + - + + 

21 
K
as
u
r 

RsKr1 Loungi - - + + + + - - + + - - + 

22 RsKr2 Skyline II + - + + + + - - + + - + + 

23 RsKr3 Loungi - - + + + + - - + + - - + 

24 RsKr4 Loungi + - + + + + - - + + - + + 

25 RsKr5 Nagina + - + + + + - - + + - + + 

26 RsKr6 Loungi - - + + + + - - + + - - + 

27 RsKr7 Loungi + - + + + + - - + + - + + 

28 RsKr8 Ghotki + - + + + + - - + + - + + 

29 RsKr9 Skyline II + - + + + + - - + + - + + 

30 

P
ak
 P
at
ta
n

 

RsPP1 Hifly - - + + + + - - + + - - + 

31 RsPP2 Skyline II + - + + + + - - + + - + + 

32 RsPP3 Ghotki + - + + + + - - + + - + + 

33 RsPP4 Loungi Tall + - + + + + - - + + - + + 

34 RsPP5 Desi + - + + + + - - + + - + + 

35 RsPP6 Maxi + - + + + + - - + + - + + 

36 RsPP7 Maxi - - + + + + - - + + - - + 

37 RsPP8 Nagina - - + + + + - - + + - - + 

38 RsPP9 Maxi + - + + + + - - + + - + + 

39 

M
u
lt
an

 

RsMn1 Redfire - - + + + + - - + + - - + 

40 RsMn2 Hifly + - + + + + - - + + - + + 

41 RsMn3 Ghotki + - + + + + - - + + - + + 

42 RsMn4 Skyline II - - + + + + - - + + - - + 
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43 RsMn5 Ghotki + - + + + + - - + + - + + 

44 RsMn6 
Bahwalpur 

desi 
+ - + + + + - - + + - + + 

45 RsMn7 Gghotki + - + + + + - - + + - + + 

46 RsMn8 Skyline II + - + + + + - - + + - + + 

47 

B
ah
aw

al
p
u
r 

RsBw1 Hifly + - + + + + - - + + - + + 

48 RsBw2 
Bahawalpur 

desi 
+ - + + + + - - + + - + + 

49 RsBw3 Talhari + - + + + + - - + + - + + 

50 RsBw4 Loungi tall - - + + + + - - + + - - + 

51 RsBw5 Sanam + - + + + + - - + + - + + 

52 RsBw6 Loungi tall - - + + + + - - + + - - + 

53 RsBw7 Loungi + - + + + + - - + + - + + 

54 RsBw8 Skyline II - - + + + + - - + + - - + 

55 

S
an
g
h
ar

 

RsSg1 Talhari + - + + + + - - + + - + + 

56 RsSg2 loungi  tall + - + + + + - - + + - + + 

57 RsSg3 Ghotki - - + + + + - - + + - - + 

58 RsSg4 Ghotki + - + + + + - - + + - + + 

59 RsSg5 Talhari + - + + + + - - + + - + + 

60 RsSg6 Maxi + - + + + + - - + + - + + 

61 RsSg7 Talhari + - + + + + - - + + - + + 

62 RsSg8 Maxi + - + + + + - - + + - + + 

63 RsSg9 Talhari + - + + + + - - + + - + + 

64 

T
h
at
ta

 RsTt1 Talhari + - + + + + - - + + - + + 

65 RsTt2 Talhari + - + + + + - - + + - + + 
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66 RsTt3 Talhari + - + + + + - - + + - + + 

67 RsTt4 Talhari + - + + + + - - + + - + + 

68 RsTt5 Ghotki + - + + + + - - + + - + + 

69 RsTt6 Talhari + - + + + + - - + + - + + 

70 RsTt7 Talhari - - + + + + - - + + - - + 

71 RsTt8 Maxi + - + + + + - - + + - + + 

72 RsTt9 Ghotki + - + + + + - - + + - + + 

73 RsTt10 Skyline II + - + + + + - - + + - + + 

74 

B
ad
in

 

RsBd1 Talhari + - + + + + - - + + - + + 

75 RsBd2 Skyline II + - + + + + - - + + - + + 

76 RsBd3 Ghotki + - + + + + - - + + - + + 

77 RsBd4 Ghotki + - + + + + - - + + - + + 

78 RsBd5 Talhari + - + + + + - - + + - + + 

79 RsBd6**   Talhari  + - + + + + - - + + - + + 

80 RsBd7       Sanam + - + + + + - - + + - + + 

81 RsBd8 Talhari + - + + + + - - + + - + + 

82 RsBd9 Skyline II + - + + + + - - + + - + + 

83 RsBd10 Ghotki - - + + + + - - + + - - + 

84 

M
ir
p
u
r 
K
h
as

 

RsMp1 Sanam - - + + + + - - + + - - + 

85 RsMp2 Skyline II + - + + + + - - + + - + + 

86 RsMp3 Ghotki + - + + + + - - + + - + + 

87 RsMp4 Skyline II + - + + + + - - + + - + + 

88 RsMp5 Talhari + - + + + + - - + + - + + 
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89 RsMp6 loungi + - + + + + - - + + - + + 

90 RsMp7 loungi + - + + + + - - + + - + + 

91 RsMp8 loungi + - + + + + - - + + - + + 

92 RsMp9 Ghotki + - + + + + - - + + - + + 

93 RsMp10 Talhari + - + + + + - - + + - + + 

94 

U
m
er
 K
o
t 

RsUm1 Nagina + - + + + + - - + + - + + 

95 RsUm2 Ghotki + - + + + + - - + + - + + 

96 RsUm3 Ghotki + - + + + + - - + + - + + 

97 RsUm4 Ghotki + - + + + + - - + + - + + 

98 RsUm5 Skyline II + - + + + + - - + + - + + 

99 RsUm6 Ghotki + - + + + + - - + + - + + 

100 RsUm7 Nagina + - + + + + - - + + - + + 

101 RsUm8 Skyline II + - + + + + - - + + - + + 

102 

B
ar
k
h
an

 

RsBn1 Hifly + - + + + + - - + + - + + 

103 RsBn2 Sanam - - + + + + - - + + - - + 

104 RsBn3 Desi - - + + + + - - + + - - + 

105 RsBn4 Sanam + - + + + + - - + + - + + 

106 RsBn5 Talhari + - + + + + - - + + - + + 

107 RsBn6 Talhari - - + + + + - - + + - - + 

108 

N
o
w
sh
er
a 

RsNw1 Sanam + - + + + + - - + + - + + 

109 RsNw2 Sanam - - + + + + - - + + - - + 

110 RsNw3 
Gola 

Peshawari 
+ - + + + + - - + + - + + 

111 RsNw4 Skyline II - - + + + + - - + + - - + 
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112 RsNw5 Loungi tall + - + + + + - - + + - + + 

113 RsNw6 Maxi + - + + + + - - + + - + + 

114 RsNw7 loungi dawrf + - + + + + - - + + - + + 

 

HR (Hypersensitive response), GS (Gram Staining), CA (Catalase Activity), KOH 

(KOH Loop Test), OA (Oxidase Activity), LP (Levan Production),  PP (Pigment 

production), LA (lipase activity), GP (Gas production),  G-37 °C (Growth), G-41 

°C (Growth) and MG (Mucoid growth) 

** Highly virulent strain 
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Figure 4.13. Utilization of disaccharides and hexsoe alcohols by Ralstonia solanacearum 

strains 

(A, B, C, D change in colour from green to yellow showing +ve results) 
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Table 4.18: Distribution of biovars in the four Provinces of Pakistan  

Province Total 

Isolates 

%age Biovar 3 %age Biovar 4 %age 

Sindh 47 41 33 70 14 30 

Punjab 42 37 34 81 08 19 

KPK 13 11 13 100 - - 

Balochistan 12 11 12 100 - - 

Pakistan 114 - 92 81 22 19 

 

Table 4.19: Distribution of biovars in different agro ecological zones and districts 

of Pakistan  

Agro 

ecological 

zone  

District Total 

isolates  

%age Biovar3 %age Biovar4 %age 

Indus 

delta 

Thatta 10  8.77 06  60.0 04  40.0 

Badin 10  8.77 07  70.0 03  30.0 

Total 20  17.54

% 

13  65.0 07  35.0 

Southern 

irrigated 

plain 

Mir Pur 

Khas 

10  8.77 08  80.0 02  20.0 

Umer Kot 08  7.00 05  62.5 03  37.5 

Total 18  15.78

% 

13  72.2

% 

05  27.8 

Sandy 

deserts 

Bahawalpu

r 

08  7.00 07  87.5 01  12.5 

Sanghar 09  7.89 07  77.8 02  22.2 

Total 17  14.9 14  82.0 03  18.0 

Northern 

irrigated 

plain 

 

Multan 08  7.00 06  75.0 02  25.0 

Pakpattan 09  7.89 06  66.7 03  33.3 

Kasur 09  7.89 07  77.8 02  22.2  

Total 26  22.8 19  73.0 07  27.0 

Barani 

areas 

Attock 08  7.00 08  100.0 -  -  

Total 08  7.00 08  100.0 -  -  

Wet 

mountains 

Nowshera 07  6.14 07  100.0 -  -  

Total 07  6.14 07  100.0 -  -  

Western 

dry 

mountains 

Karak 06  5.26 06  100.0 -  -  

Loralai 06  5.26 06  100.0 -  -  

Total 12  10.52

% 

12  100.0 -  -  

Sulaiman 

piedmont 

Barkhan 06  5.26 06  100.0 -  -  

Total 06  5.26 06  100.0 -  -  

Pakistan Grand total 114  - 92 

 

81.0 22 

 

19.0 
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Table 4.20: Zone wise and district wise biovar characterization of 114 strains of  

    R. solanacearum               

 

Zone District Biovar 3 Biovar 4 

Indus delta Thatta  RsTt2, RsTt4, RsTt6, RsTt7, 

RsTt8,RsTt9 

RsTt1, RsTt3, 

RsTt5, RsTt10 
Badin RsBd3, RsBd4, RsBd5, 

RsBd6, RsBd7, RsBd9, 

RsBd10 

RsBd1, RsBd2, 

RsBd8 
Southern 

Irrigated Plain 

Mirpur Khas  RsMp1, RsMp2, RsMp3, 

RsMp4, RsMp5, RsMp6 

RsMp8 

RsMp7, 

RsMp9 
Umer Kot RsUm3, RsUm4, RsUm4, 

RsUm5, RsUm6, RsUm8 

RsUm1, 

RsUm2, 

RsUm7 Sandy Deserts Bahawalpur  RsBw1, RsBw2, RsBw3, 

RsBw4, RsBw6, RsBw7 

RsBw8 

RsBw5 

Sanghar RsSg1, RsSg2, RsSg3, 

RsSg5, RsSg7, RsSg8, 

RsSg9 

RsSg4, RsSg6 

Southern 

Irrigated plain 

Multan  RsMn1, RsMn3, RsMn4, 

RsMn6, RsMn7, RsMn8 

RsMn2, 

RsMn5 
Pak Pattan RsPP1, RsPP3, RsPP4, 

RsPP7, RsPP8, RsPP9 

RsPP2, RsPP5, 

RsPP6 
Kasur RsKr1, RsKr2, RsKr3, 

RsKr5, RsKr7, RsKr8, 

RsKr9 

RsKr4, RsKr6 

Barani Areas Attock RsAK1, RsAK2, RsAK3, 

RsAK4, RsAK5, RsAK6, 

RsAK7, RsAK8 

 

 

 

- 

Wet Mountains Nowshera RsNw1, RsNw2, RsNw3, 

RsNw4, RsNw5, RsNw6 
- 

Western dry 

Mountains 

Karak  RsKK1, RsKK2, RsKK3, 

RsKK4, RsKK5, RsKK6 
- 

Loralai RsLi1 RsLi2, RsLi3, RsLi4, 

RsLi5, RsLi6 
 

Sulaiman 

Piedmont 

Barkhan RsBn1, RsBn2, RsBn3, 

RsBn4, RsBn5, RsBn6, 

RsBn7 

- 
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Table 4.21: Individual response of 114 strains of R. solanacearum to different  

                 disaccharides and hexose alcohols. 

S.No. Isolate Variety District M S D L MA C Biovar 

1 RsAK1 Ghotki 

A
tt
o
ck

 

+ + + + + + 3 

2 RsAK2 Sanam + + + + + + 3 

3 RsAK3 Sanam + + + + + + 3 

4 RsAK4 Ghoti + + + + + + 3 

5 RsAK5 
Gola 

Peshawari 
+ + + + + + 3 

6 RsAK6 Ghotki + + + + + + 3 

7 RsAK7 Skyline II + + + + + + 3 

8 RsAK8 Talhari + + + + + + 3 

9 RsKK1 Loungi 

K
ar
ak

 

+ + + + + + 3 

10 RsKK2 Hifly + + + + + + 3 

11 RsKK3 Talhari + + + + + + 3 

12 RsKK4 Neelum + + + + + + 3 

13 RsKK5 Elpaso + + + + + + 3 

14 RsKK6 Redfire + + + + + + 3 

15 RsLi1 Nagina 

L
o
ra
la
i 

+ + + + + + 3 

16 RsLi2 Cv-1 + + + + + + 3 

17 RsLi3 Ghotki + + + + + + 3 

18 RsLi4 CV-7 + + + + + + 3 

19 RsLi5 Loungi + + + + + + 3 

20 RsLi6 Loungi + + + + + + 3 

21 RsKr1 loungi 

K
as
u
r 

+ + + + + + 3 

22 RsKr2 Skyline II + + + + + + 3 

23 RsKr3 Loungi + + + + + + 3 

24 RsKr4 Loungi + + + - - - 4 

25 RsKr5 Nagina + + + + + + 3 

26 RsKr6 Loungi + + + - - - 4 

27 RsKr7 Loungi + + + + + + 3 
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28 RsKr8 Ghotki + + + + + + 3 

29 RsKr9 Skyline II + + + + + + 3 

30 RsPP1 Hifly 

P
ak
 P
at
ta
n

 

+ + + + + + 3 

31 RsPP2 Skyline II + + + - - - 4 

32 RsPP3 Ghotki + + + + + + 3 

33 RsPP4 
Loungi 

Tall 
+ + + + + + 3 

34 RsPP5 Desi + + + - - - 4 

35 RsPP6 Maxi + + + - - - 4 

36 RsPP7 maxi + + + + + + 3 

37 RsPP8 Nagina + + + + + + 3 

38 RsPP9 maxi + + + + + + 3 

39 RsMn1 Redfire 

M
u
lt
an

 

+ + + + + + 3 

40 RsMn2 Hifly + + + - - - 4 

41 RsMn3 ghotki + + + + + + 3 

42 RsMn4 Skyline II + + + + + + 3 

43 RsMn5 Ghotki + + + - - - 4 

44 RsMn6 
Bahwalpu

r desi 
+ + + + + + 3 

45 RsMn7 ghotki + + + + + + 3 

46 RsMn8 Skyline II + + + + + + 3 

47 RsBw1 
Bahwalpu

r desi 

B
ah
aw

al
p
u
r 

+ + + + + + 3 

48 RsBw2 Hifly + + + + + + 3 

49 RsBw3 Talhari + + + + + + 3 

50 RsBw4 
Loungi 

tall 
+ + + + + + 3 

51 RsBw5 Sanam + + + - - - 4 

52 RsBw6 
Loungi 

tall 
+ + + + + + 3 

53 RsBw7 Loungi + + + + + + 3 

54 RsBw8 Skyline II + + + + + + 3 

55 RsSg1 Talhari 

S
an
g
h
ar

 

+ + + + + + 3 

56 RsSg2 
Loungi  

tall 
+ + + + + + 3 
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57 RsSg3 Ghotki + + + - - - 4 

58 RsSg4 Ghotki + + + + + + 3 

59 RsSg5 Talhari + + + + + + 3 

60 RsSg6 Maxi + + + - - - 4 

61 RsSg7 Talhari + + + + + + 3 

62 RsSg8 Maxi + + + + + + 3 

63 RsSg9 Talhari + + + + + + 3 

64 RsTt1 Talhari 

T
h
at
ta

 

+ + + - - - 4 

65 RsTt2 Talhari + + + + + + 3 

66 RsTt3 Talhari + + + - - - 4 

67 RsTt4 Talhari + + + + + + 3 

68 RsTt5 Ghotki + + + - - - 4 

69 RsTt6 Talhari + + + + + + 3 

70 RsTt7 Talhari + + + + + + 3 

71 RsTt8 Maxi + + + + + + 3 

72 RsTt9 Ghotki + + + + + + 3 

73 RsTt10 Skyline II + + + - - - 4 

74 RsBd1 Talhari 

B
ad
in

 

+ + + - - - 4 

75 RsBd2 Skyline II + + + - - - 4 

76 RsBd3 Ghotki + + + + + + 3 

77 RsBd4 ghotki + + + + + + 3 

78 RsBd5 Talhari + + + + + + 3 

79 RsBd6 Talhari + + + + + + 3 

80 RsBd7 sanam + + + + + + 3 

81 RsBd8 Talhari + + + - - - 4 

82 RsBd9 Skyline II + + + + + + 3 

83 RsBd10 Ghotki + + + + + + 3 

84 RsMp1 sanam 

M
ir
p
u
r 
K
h
as

 + + + + + + 3 

85 RsMp2 Skyline II + + + + + + 3 

86 RsMp3 Ghotki + + + + + + 3 

87 RsMp4 Skyline II + + + + + + 3 



90 
 

88 RsMp5 Talhari + + + + + + 3 

89 RsMp6 loungi + + + + + + 3 

90 RsMp7 loungi + + + - - - 4 

91 RsMp8 loungi + + + + + + 3 

92 RsMp9 ghotki + + + - - - 4 

93 RsMp10 Talhari + + + + + + 3 

94 RsUm1 nagina 

U
m
er
 K
o
t 

+ + + - - - 4 

95 RsUm2 Ghotki + + + - - - 4 

96 RsUm3 Ghotki + + + + + + 3 

97 RsUm4 Ghotki + + + + + + 3 

98 RsUm5 Skyline II + + + + + + 3 

99 RsUm6 Ghotki + + + + + + 3 

100 RsUm7 nagina + + + - - - 4 

101 RsUm8 Skyline II + + + + + + 3 

102 RsBn1 Hifly 

B
ar
k
h
an

 

+ + + + + + 3 

103 RsBn2 sanam + + + + + + 3 

104 RsBn3 Desi + + + + + + 3 

105 RsBn4 sanam + + + + + + 3 

106 RsBn5 Talhari + + + + + + 3 

107 RsBn6 Talhari + + + + + + 3 

108 RsNw1 sanam 

N
o
w
sh
er
a 

+ + + + + + 3 

109 RsNw2 sanam + + + + + + 3 

110 RsNw3 
Gola 

Peshawari 
+ + + + + + 3 

111 RsNw4 Skyline II + + + + + + 3 

112 RsNw5 
Loungi 

tall 
+ + + + + + 3 

113 RsNw6 Maxi + + + + + + 3 

114 RsNw7 
loungi 

dawrf 
+ + + + + + 3 

 

M (Mannitol), S (Sorbitol), D (Dulcitol, L (Lactose), MA (Maltose), C (Cellibiose) 
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4.3.1. Variability in HR and growth 

Of all the 114 isolates of R. solanacearum, 88 showed positive HR and 

mucoid growth while 26 isolates gave negative HR with non mucoid growth. 

 Out of 114 strains of R. solanacearum consisting of biovar 3 and 4, 22.8% 

were found avirulent, 25% weakly virulent, 29.3% virulent and the remaining 

21.9% were highly virulent (Figure 4.14).  

Among 92 R. solanacearum biovar 3 strains, 21.7 % were identified as 

Avirulent, 25% weakly virulent, 34.4% virulent and 22.8% were highly virulent in 

the eight agro ecological zones of the country. The zone wise division of strains is 

given in Table 4.22. Similarly, out of 22 R. solanacearum biovar 4 strains, 27.3% 

each were detected as avirulent, weakly virulent and virulent while 18.2% strains 

were found highly virulent. The zone wise distribution of strains is given in Table 

4.23. The avirulent, weakly virulent, virulent and highly virulent strains in the 

country, its four provinces and eight agro ecological zones have been give in Table 

4.24, 4.25 and 4.26 respectively. 

Relationship was also found between growth and virulence among the R. 

solanacearum strains of the isolates. The strains having non-mucoid growth have 

been found avriulent while those with mucoid growth were weakly virulent to 

highly virulent. Similarly, strains showing positive HR were virulent while those 

with negative HR were found as avirulent. 

 

 4.4. HOST STATUS OF CHILI GERMPLASM TO RALSTONIA 

SOLANACEARUM 

 

 Twenty eight chili cultivars were tested for their relative resistance or 

susceptibility against bacterial wilt on the basis of disease index. The cultivars 

showed variations regarding disease index. The mean disease index of each 

cultivar is given in Table 4.28. Two cultivars namely Skyline-II and Hifly 
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appeared as highly resistant. Sanam was the only cultivar found to be resistant 

against the bacterium. On the basis of mean disease index twelve cultivars were 

categorized as moderately resistant against the bacterial wilt. On the other hand, 

seven cultivars were rated as moderately susceptible and three were found 

susceptible. Two cultivars Talhari and Maxi appeared as highly susceptible while 

California wonder was the only cultivar found to be extremely susceptible (Table 

4.29).       
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Figure 4.14: Pathogenic variability among R. solanacearum strains in Pakistan 
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Table 4.22:  Pathogenic variability among isolates of R. solanacearum Biovar 3 

Agro Ecological Zone  Total 

isolates 

A virulent %age Weakly  

virulent 

%age Virulent %age Highly 

virulent 

%age 

Barani Areas  08 2 25.0 1 13.5 3 37.5 2 25.0 

Western Dry Mountains  12 4 33.0 2 16.6 5 41.6 1 8.33 

Northern Irrigated Plain  19 5 26.3 4 21.0 6 31.5 4 21.0 

Sandy Deserts  14 3 21.0 5 35.7 3 21.0 3 21.0 

Indus Delta  13 1 7.69 3 23.0 5 38.0 4 30.7 

Southern Irrigated Plain  13 - 00.0 3 23.0 4 30.7 6 46.0 

Sulaiman Piedmont  06 3 50.0 2 33.0 1 16.6 - 00.0 

Wet Mountains  07 2 28.5 3 42.8 1 14.2 1 14.2 

Total 92        20       23       28       21 

Percentage                         21.74                      25.00                    30.43                       22.82 
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Table 4.23:  Pathogenic variability among isolates of R. solanacearum Biovar 4 

Agro Ecological Zone  
Total 

isolates  

A 

virulent  
%age 

Weakly 

virulent 
%age Virulent %age 

Highly 

virulent 
%age 

Northern irrigated plain 07 3  42.85 2 28.57 1  14.28 1 14.28 

Sandy deserts  03 1  33.33 1 33.33 1  33.33 - 0.00 

Indus delta  07 1  14.28 2 28.57 3  42.85 1 14.28 

Southern irrigated plain 05 1  20.00 1 20.00 1  20.00 2 40.00 

Total 22 06 06 06 04 

Percentage 
 

                   27.27                    27.27                   27.27                   18.18 
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Table 4.24:  Pathogenic characterization of different isolates of Ralstonia 

solanacearum from Pakistan 

 

Avirulent (25) RsAK4, RsAK6, RsKK3, RsKK6, RsLi3, RsLi5, RsKr1, 

RsKr3, RsKr6, RsPP1, RsPP6, RsPP8,RsMn1, RsMn4, 

RsBW4, RsBw6, RsBw8, RsSg3, RsTt7, RsBd10, 

RsMp1, RsBn2,  RsBn3,  RsNw2, RsNw4 

Weakly Virulent 

(30) 

RsAK2, RsKK1, RsKK4, RsKr4, RsKr9, RsPP3, RsPP5, 

RsPP9, RsMn8, RsBw2, RsSg2, RsSg4, RsSg6, RsSg8, 

RsSg9, RsTt1, RsTt3, RsTt5, RsBd1, RsBd7, RsMp3, 

RsMp8, RsUm2, RsUm5, RsBn1, RsBn4, RsBn5, 

RsNw1, RsNw3, RsNw7 

Virulent (34) RsAk1, RsAk3, RsAk7, RsKK2, RsLi1, RsLi2, RsLi4, 

RsLi6, RsKr2, RsKr5. RsKr8, RsPP2, RsPP4, RsMn5, 

RsMn7 RsBw1, RsBw5, RsBw7, RsSg7, RsTt2, RsTt6, 

RsTt8, RsTt9, RsBd2, RsBd4, RsBd5, RsBd9, RsMp2, 

RsMp4, RsMp9,  RmUm1,RsUm8, RsBn6, RsNw6 

Highly Virulent (25) RsAk5, RsAk8, RsKK5, RsKr7, RsPP7, RsMn2, RsMn3, 

RsMn6, RsBw3, RsSg1, RsSg5, RsTt4, RsTt10, RsBd3, 

RsBd6, RsBd8, RsMp5, RsMp6, RsMp7, RsMp10, 

RsUm3, RsUm4, RsUm6, RsUm7, RsNw5 
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Table 4.25: Pathogenic characterization of Ralstonia solanacearum isolates in 

different Provinces of Pakistan  

 

Province Avirulent Weakly 

Virulent 

Virulent Highly 

Virulent 

Sindh RsSg3, RsTt7, 

RsBd10, RsMp1 

RsSg2, 

RsSg4 

RsSg6, 

RsSg8, 

RsSg9, 

RsTt1, 

RsTt3, 

RsTt5, 

RsBd1, 

RsBd7, 

RsMp3, 

RsMp8, 

RsUm2, 

RsUm5 

RsSg7, RsTt2, 

RsTt6, RsTt8, 

RsTt9, RsBd2, 

RsBd4, RsBd5, 

RsBd9, RsMp2, 

RsMp4, RsMp9,  

RmUm1,RsUm8 

RsSg1, 

RsSg5, 

RsTt4, 

RsTt10, 

RsBd3, 

RsBd6, 

RsBd8, 

RsMp5, 

RsMp6, 

RsMp7, 

RsMp10, 

RsUm3, 

RsUm4, 

RsUm6, 

RsUm7 

Punjab RsAK4, 

RsAK6, RsKr1, 

RsKr3, RsKr6, 

RsPP1, RsPP6, 

RsPP8,RsMn1, 

RsMn4,RsBW4, 

RsBw6, RsBw8 

RsAK2,  

RsKr4, 

RsKr9, 

RsPP3, 

RsPP5, 

RsPP9, 

RsMn8, 

RsBw2 

RsAk1, RsAk3, 

RsAk7, RsKr2, 

RsKr5. RsKr8, 

RsPP2, RsPP4, 

RsMn5, RsMn7 

RsBw1, RsBw5, 

RsBw7 

RsAk5, 

RsAk8,RsKr7 

RsPP7, 

RsMn2, 

RsMn3, 

RsMn6, 

RsBw3, 

Khyber 

Pakhtoonkhwa 

RsKK3,RsKK6, 

RsNw2, RsNw4 

RsKK1, 

RsKK4, 

RsNw1, 

RsNw3, 

RsNw7 

RsKK2, RsNw6 RsKK5, 

RsNw5 

Balochistan RsLi3, RsLi5, 

RsBn2,  RsBn3 

RsBn1, 

RsBn4, 

RsBn5 

RsLi1, RsLi2, 

RsLi4, RsLi6, 

RsBn6 

- 
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Table 4.26:  Pathogenic Characterization of Ralstonia solanacearum isolates in different agro ecological zones of Pakistan 

  

Agro Ecological Zone Avirulent Weakly Virulent Virulent Highly Virulent 

Indus delta 

 

RsTt7, RsBd10 RsTt1, RsTt3, RsTt5, 

RsBd1, RsBd7 
RsTt2, RsTt6, RsTt8, 

RsTt9, RsBd2, RsBd4, 

RsBd5, RsBd9 

RsTt4, RsTt10, RsBd3, 

RsBd6, RsBd8 

Southern Irrigated 

Plain 

RsMp1 RsMp3, RsMp8, 

RsUm2, RsUm5 
RsMp2, RsMp4, RsMp9,  

RmUm1,RsUm8 
RsMp5, RsMp6, RsMp7, 

RsMp10, RsUm3, 

RsUm4, RsUm6, 

RsUm7 

Sandy Deserts RsBW4,RsBw6, RsBw8, 

RsSg3 
RsBw2, RsSg2, RsSg4,  

RsSg6, RsSg8, RsSg9 
RsBw1, RsBw5, RsBw7, 

RsSg7 
RsBw3, RsSg1, RsSg5 

Northern Irrigated 

plain 

RsKr1, RsKr3, RsKr6, 

RsPP1,RsPP7, 

RsPP8,RsMn1, RsMn4 

RsKr4, RsKr9, RsPP3, 

RsPP5, RsPP9, RsMn8,  
RsKr2, RsKr5. RsKr8, 

RsPP2, RsPP4, RsMn5, 
RsMn7 

RsKr7, RsPP7, RsMn2, 

RsMn3, RsMn6 

Barani Areas RsAK4, RsAK6 RsAK2 RsAk1, RsAk3, RsAk7 RsAk5, RsAk8 

Wet Mountains RsNw2, RsNw4 RsNw1, RsNw3, RsNw7 RsNw6 RsNw5 

Western dry 

Mountains 

RsKK3, RsKK6, RsLi3, 

RsLi5 
RsKK1, RsKK4, RsKK2, RsLi1, RsLi2, 

RsLi4, RsLi6 
RsKK5 

Sulaiman Piedmont RsBn2, RsBn3 RsBn1, RsBn4, RsBn5 RsBn6 - 
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Table 4.27: Mean disease index (%) on chili cultivars 

S.No.   Names of Varieties  DI (%) Ranking  

1 Skyline-II 0.00 Highly resistant 

2 Hifly 0.00 Highly resistant 

3 Sanam 0.20 Resistant 

4 Ghotki,  0.24 Moderately resistant 

5 Yolo wonder,  0.26 Moderately resistant 

6 Sangri 0.22 Moderately resistant 

7 Baby hot chili 0.23 Moderately resistant 

8 Jalapeno 0.27 Moderately resistant 

9 Hot shot 0.29 Moderately resistant 

10 Red Gaint 0.25 Moderately resistant 

11 Hot queen 0.23 Moderately resistant 

12 Black Master 0.29 Moderately resistant 

13 Long green  0.30 Moderately resistant 

14 Bahawalpur Desi 0.21 Moderately resistant 

15 Gola peshaweri 0.23 Moderately resistant 

16 Tata puri 0.43 Moderately susceptible 

17 NARC 16/7 0.47 Moderately susceptible 

18 NARC 16/4 0.49 Moderately susceptible 

19 sky red 0.44 Moderately susceptible 

20 Nagina 0.43 Moderately susceptible 

21 Elpaso 0.45 Moderately susceptible 

22 Red fire 0.48 Moderately susceptible 

23 NARC 16/9 0.53 Susceptible 

24 Loungi 0.58 Susceptible 

25 Neelum 0.60 Susceptible 

26 Talhari 0.78 Highly susceptible 

27 Maxi 0.83 Highly susceptible 

28 California wonder 0.94 Extremely Susceptible 
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Table 4.28: Reaction of chili cultivars towards R. solanacearum 

S.  No. Mean 

Disease 

Index  

 Variety  Reaction  

1 0-0.2  Skyline II, Hifly  Highly Resistant  

2 0.21-0.3  Sanam  Resistant  

3 0.31-0.4  Ghotki, Yolo wonder, Sangri, Baby Hot 

Chili, Jalapeno, Hot shot, Red Gaint, Hot 

queen, Black Master Bahawalpur desi, 

long green, Gola Peshawari 

Moderately 

Resistant  

4 0.41-0.5 Tata puri , NARC 16/7, NARC 16/4, Sky 

red,  Nagina, Elpaso, Red fire  

Moderately 

Susceptible 

5 0.51-0.6 NARC 16/9, Loungi, Neelum  Susceptible 

6 0.61-0.9  Talhari, Maxi 

 

 

 

Highly 

Susceptible 

 
7 

 

0.91-1.0 California wonder  Extremely 

Susceptible 
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DISCUSSION 

 Ralstonia solanacearum is widespread in warm temperate, tropical and 

subtropical regions of the world. In Asia it has been reported from almost all the 

countries (Bekele et al., 2011; Ahmed et al., 2013). R. solanacearum does not have 

uniform biology, host range and act as complex variants, as it does not behave as 

single bacterium that is why it is described into biovars, races, groups, sub-races 

and strains.  

 In the present studies an overall incidence of 10% and prevalence of 76% 

of bacterial wilt of chilies caused by R. solanacearum was recorded in the country. 

Incidence and prevalence varied among provinces, agro ecological zones and 

fourteen major chili growing districts of the country. Variations in the incidence of 

bacterial wilt are attributable to the diversity of R. solanacearum strains, variations 

in soil types in different agro ecological zones.   

The maximum disease incidence of 19.5% was recorded from Indus Delta 

while the minimum of 5% was recorded from Western Dry Mountains. The Indus 

Delta and Southern Irrigated Plain are the major chili growing areas from Sindh 

province with repeated cultivation of chili crop. Multi cropping and intercropping 

are common practice in these areas. The farmers in these zones have large land 

holdings and chili is the major crop. In addition to chili other solanaceous 

vegetables are also widely grown. The crop is mainly grown by the tenants who do 

not use certified seed. The same germplasm comprising few local varieties is 

cultivated years after year. On the other hand farmers of Western Dry Mountains, 

Wet Mountains and Sulaiman Peidmont have small land holdings and do not 

follow the same cropping pattern. Chili is also not grown repeatedly in certain 
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areas in these zones. These zones except Wet Mountains receive low rainfall. 

There is no intensive cropping in these zones.  

There are reports that the areas with inter-cropping and repeated cropping 

practices result in increase in bacterial wilt severity each year (Persley et al., 

1985). It is well documented that R. solanacearum is more sever in areas having 

temperature range of 24–35°C (Lemay et al., 2003) as temperature plays an 

important role in host-pathogen interaction as well as the survival of pathogen in 

the soil. The variations in soil temperature are more influential in disease initiation 

and severity as compared to variation in air temperature (Gallegly and Walker, 

1949). The increase in bacterial wilt disease is directly proportional to soil 

temperature but it varies from cultivar to cultivar (Grieve, 1943; Vaughan, 1944; 

Kelman, 1953; Mew and Ho, 1977; Tajul et al., 2011). The movement rate of the 

pathogen in the stem is directly dependent on soil temperature (32ºC opt.) and 

moisture (Kelman, 1953). Vaughan (1944) reported that at temperature below 

21
o
C, bacterial wilt symptoms did not develop.  

 In Pakistan such conditions prevail during the monsoon season which favor 

disease development. These conditions favor the multiplication of the bacterium 

and support the claim of Linus et al. (2004) who reported the positive relationship 

between bacterial wilt incidence and moisture. The pathogen can survive in all 

types of soils including sandy and clay types. The bacterium can also survive in 

both acidic and basic soils in nature but prefers the acidic soils with pH ˂7.0. 

 The main reasons for its dominance in the country are the cultivation of 

multiple crops. The solanaceous vegetables are grown throughout the year almost 
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all are the hosts of R. solanacearum. Banana which is a good host of R. 

solanacearum is widely grown in Sindh province and helps in the spread of the 

bacterium.  

 The other reasons for its spread and development include incognizance of 

the farmers about this pathogen. They are incognizant of the mechanism of 

invasion and spread of the bacterium. 

 The bacterium has the ability to survive in the soil and irrigation water. 

High soil moisture and wet or rainy seasons are contributory factors to high disease 

severity. The bacterium reproduces and grows well at soil moisture of 0.5 to 1 bar 

which is favorable for the reproduction and survival of R. solanacearum while soil 

moisture of -5 to -15 bars becomes unconducive for the pathogen (Nesmeth and 

Jenkins, 1985). The soil and environmental conditions prevailing in Indus Delta, 

Southern Irrigated Plain and Sandy Deserts of Sindh and Punjab provinces favour 

R. solanacearum and are attributable to high incidence and severity of the this 

disease which confirms the the findings of Nesmetho and Jenkins (1985). 

 The other major sources of dispersal of R. solanacearum are infected 

planting material (infected potato tubers and seedlings raised in infested soils) 

(Olsson, 1976), use of uncertified seed, weeds and contaminated farm implements 

(Buddenhagen and Kelman, 1964; Sumithra et al., 2000; Umesha et al., 2005). In 

developing countries like Pakistan the implements are not disinfected prior to use 

in other healthy fields. Similarly the bacterium develops on different weeds which 

provide a continuous source of its survival and infection. Likewise, the inoculum 

of the bacterium also builds up in the soil due to repeated and continuous growing 
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of same crops and intercropping with susceptible hosts which results in severity of 

the disease.  

In the present studies, 114 isolates of R. solanacearum collected from 

different agro ecological zones of the country were classified into biovars. The 

study revealed that there were no biovar 1, 2 and 5 in the country and only biovar 3 

and 4 were found prevalent with varying proportions in different agro ecological 

zones. In the country 81% isolates were identified as biovar 3 and the remaining 

19% were detected as biovar 4. Biovar 3 was found in all the agro ecological zones 

as against biovar 4 which was observed from four agro ecological zones. The 

predominance of biovar 3 in the country is attributable to favourable climatic 

conditions, edaphic factors, cropping pattern as against biovar 4 which seems to be 

impervious to most of these factors. 

 Biovar 2 which is a bio-agent in USA and Europe is favored by cold 

environment. Contrarily, the conditions for this biovar in Pakistan are not 

propitious. On the other hand, biovar 3 and 4 are mainly Asian strains and grow 

well in the country as conditions for their development, infection, pathogenesis and 

dissemination are favorable. Biovar 3 was found dominant in all the provinces and 

agro ecological zones of the country mainly in Sindh and Punjab provinces. The 

main reasons for its dominance are the cultivation of multiple crops. The 

solanaceous vegetables are grown throughout the year almost all are the hosts of R. 

solanacearum.  

 Present findings in this regard are contradictory from those of Shahbaz et 

al. (2015). In the present studies only biovar 3 and 4 were found while Shahbaz et 
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al. (2015) reported biovar 1, 2 and 3 on chilies from Pakistan. Biovar 1 and 2 were 

only found in districts of Rawalpindi and Islamabad where chilies are grown on 

small scale on scattered fields which are not major chili growing areas. In the 

present studies biovar 3 was found to be predominant and 81% isolates were 

identified as biovar 3 and corroborated the findings of Shabaz et al. (2015) who 

reported that 84% of the isolates of R. solanacearum were biovar 3. In the present 

study 19% of the isolates were recognized as Biovar 4 which has been observed for 

the first time infecting chili. 

It is concluded that biovar 3 is widely prevalent in the country as the 

environmental conditions and other factors mentioned above are favourable for its 

spread. Therefore, control strategies should be adopted accordingly to minimize 

losses caused by this biovar and its spread.   

In the present studies variations in hypersensitivity response, growth and 

virulence were observed among 114 strains of R. solanacearum collected from 

eight agro ecological zones of Pakistan. Of all the 114 isolates of R. solanacearum, 

88 showed positive HR, mucoid growth and were virulent while 26 isolates gave 

negative HR with non mucoid growth and were found to be avirulent strains of R. 

solanacearum. Relationship was also found between growth and virulence among 

R. solanacearum isolates. The strains having non-mucoid growth have been found 

avriulent while those with mucoid growth were weakly virulent to highly virulent. 

Similarly, strains showing positive HR were virulent while those with negative HR 

were found as avirulent. 
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The variations in these parameters might be due to differences in 

temperature, moisture, soil types, and other edaphic factors of various districts of 

eight agro ecological zones of the country. Morphological variability in terms of 

growth has also been reported by many workers among different isolates of R. 

solanacearum (Smith, 1920, Kelman, 1953; Denny and Hayward, 2001; EPPO, 

2004) which corroborated our findings. Two types of morphological colonies of R. 

solanacearum can be typically observed on agar plates: fluidal or mucoid and 

afluidal or non-mucoid (Smith, 1920, Kelman, 1953; Denny and Hayaward, 2001; 

EPPO, 2004). The mucoid substance is produced by the accumulation of an 

exopolysaccharide (EPS), which causes these mucoid colonies to exhibit a typical 

irregularity of their surfaces (Smith, 1920), often with characteristic whorls in the 

centre. Under certain conditions, R. solanacearum colonies spontaneously undergo 

a change in morphology from fluidal to afluidal and are linked to a great reduction 

in disease-inducing capacity of these cells (Kelman, 1954; Buddenhagen and 

Kelman., 1964; Brumbley et al., 1990). This phenomenon is known as “Phenotypic 

Conversion” (PC) (Denny et al., 1994; Poussier et al,. 2003) and occurs in most R. 

solanacearum strains (Kelman, 1954). PC-type variants can be easily observed by 

prolonged culture on agar plates (Kelman, 1954; Buddenhagen and Kelman., 

1964), and when the organism is grown in a non-aerated liquid medium with 

glucose and an organic source of nitrogen (Kelman and Hraschka,  1973). Virulent 

strains are mainly non-flagellated and non-motile while avirulent strains usually 

contain 1-4 polar flagella and are highly motilie (Kelman and Hraschka, 1973). 

It has been reported that all virulent strains (mucoid colonies) of R. 

solanacearum produce EPS (Kelman, 1954; Buddenhagen and Kelman., 1964; 
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Boucher et al., 1992; Poussieret et al., 2003), while EPS-deficient mutants (non-

mucoid colonies) are avirulent. R. solanacearum EPS appears to be highly 

heterogeneous, since it has a varying composition among strains (Drigues et al., 

1985). In planta, EPS would probably act by occluding xylem vessels, interfering 

directly with normal fluid movement of the plant, or by breaking the vessels due to 

hydrostatic overpressure (Schell, 2000). On the other hand, EPS I might also favor 

stem colonization by the pathogen, since EPS I-deficient mutants have been shown 

to multiply more slowly, and colonize poorly the stem of infected plants (Saile et 

al., 1997; Araud-Razou et al., 1998). In that sense, EPS I would be contributing to 

minimizing or avoiding the recognition of bacterial surface structures such as pili 

and/or lipopolysaccharide by plant defense mechanisms (Young and Sequiera, 

1986; Araud-Razou et al., 1998). As EPS-deficient mutants can infect and multiply 

to some extent in planta without inducing wilting symptoms, EPS might take part 

mainly in late stages of the process, modulating disease severity rather than the 

infective ability of the bacterium. In R. solanacearum, EPS is thought to be the 

main factor accounting for virulence of the pathogen (Schell, 2000; Hikichi et al., 

2007). 

Pathogenic variability among different strains might also be due to genetic 

and physiological differences. Pathogenesis along with genetic diversity plays a 

specific role in host-plant resistance. Isolates having morphological similarity are 

not necessarily identical genetically, they might have some differences. The 

variable genetic pattern contributes to variation in morphology and pathogenesis, 

which has been confirmed by using different molecular tools (Fuhlbohm, 1997; 
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Mayek-P´erez et al., 2001; Almeida et al., 2003; Jana et al., 2003; Reyes-Franco et 

al., 2006; Rajkumar et al., 2007; Allaghebandzadeh et al., 2008). 

 Pathogenic variability might have been related to the phenomena of host 

specialization as has been observed in phytopathogenic fungus Macrophomina 

phaseolina. Su et al. (2001) found host specialization in maize on the basis of 

pathogenic, genetic and physiological differences. Similarly, Cloud and Rupe 

(1988) analyzed host specialization in soybean. This mechanism takes long time to 

establish within a specific host. R. solanacearum does not have uniform biology, 

host range and act as complex variants, as it does not behave as single bacterium 

that is why it is described into biovars, races, groups, sub-races and strains.  

It is quite evident that variability in morphology, pathogenicity and so forth 

is imperative for the bacterium to have better adaptation in response to diversified 

environmental behavior. It also leads to host plant resistance, development of 

resistant varieties of different crops against bacterial wilt, and implementation of 

new disease controlling strategies. 

The present work reports the comparative resistance and susceptibility of 

28 chili cultivars to bacterial wilt caused by R. solanacearum. The search for a 

source of genetic resistance to bacterial wilt of various vegetables has been 

pursued in several countries. In et al. (1996) dealt with the resistance of varieties of 

tomatoes to R. solanacearum. Of 31 varieties, only three were moderately resistant, 

other varieties were assessed as susceptible. During 1986–1991, Sharma and 

Kumar (1997) and Sharma et al. (1997) tested in India new bred lines of tomatoes 

for resistance to R. solanacearum. Three of them, medium resistant with high 
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yields, were recommended for waterlogged regions. Scott et al. (2009) obtained an 

array of large-fruited breeding lines from eight crosses at the F5 generation, which 

demonstrated high level of resistance to R. solanacearum. Carmeille et al. (2006) 

and Hai et al. (2008) tested some introductions from this genus and found some 

accessions with high level of resistance to R. solanacearum. The genotypes Acc 

99, Sweet 72, Acc 151 and Hy 5 have been reported as resistant by Tewari (1986), 

BWR-1 and BWR-5 by Bora et al. (1993) and Seshadri (1998), BT-18 by Mishra 

et al. (1995), cultivar Sonali by Patil et al. (1990) and Swarna Lalima, Swarna 

Naveen and B-17 by Sharma et al. (2006). Padalkar et al. (2012) tested twenty six 

chilli genotypes among which Jayanti was susceptible to wilt disease while Jwala 

was moderately resistant. Similarly, Pawaskar et al. (2014) evaluated thirty three 

varieties/genotypes of chilli to bacterial wilt incited by R. solanacearum. No 

variety was immune. Eleven varieties were found moderately resistant while nine 

were susceptible and two were highly susceptible. The rest of others were 

moderately susceptible.  

In the studies reported in this dissertation, two cultivars namely Skyline-II 

and Hifly appeared highly resistant to the highly virulent strain of R. 

solanacearum. Sanam was the only cultivar found to be resistant against the 

bacterium. Twelve cultivars were categorized as moderately resistant against 

bacterial wilt. On the other hand, 7 cultivars were rated as moderately susceptible 

and 3 were found susceptible. Two cultivars Talhari and Maxi appeared as highly 

susceptible while California wonder was the only cultivar found to be extremely 

susceptible. 
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Tikoo et al. (1990) recorded that simple genetic control may underlie the 

bacterial wilt resistance in some resistance stocks originating from the tropical 

areas. Grimault et al. (1995) reported that the inheritance of resistance to bacterial 

wilt in tomato is by a single dominant gene. Oliveira et al. (1999) observed the 

importance of additive gene effects on the resistance against bacterial wilt while, 

Monma et al. (1997) reported that bacterial wilt resistance is partially recessive.  

A suitable inoculation method is necessary for the determination of 

resistance to the pathogen. Vudhivanich (1997) tested six levels of the bacterial 

suspension concentration (10
3
–10

8
 cfu/ml) on 10 varieties of tomatoes (aged 30 

days). At the low concentration of bacteria, varieties appeared to be resistant, 

however, with the increasing concentration of the pathogen their resistance 

proportionally decreased. The knowledge of isolate races is also needed for the 

determination of resistance to the pathogen. Race 1 attacks potato, tomato, tobacco 

and banana. Its optimum temperature ranges from 35 to 37°C. Under conditions of 

a temperate zone, it can occur only in greenhouses. Race 3 shows lower optimum 

temperature (27°C) and attacks mainly potato and tomato (Kudela et al., 2002).  

The resistance to bacterial wilt is strain specific and temperature dependent 

as has been observed in potato (French and De Lindo, 1982). Environmental 

conditions and locations also influence resistance against bacterial wilt.  Hanson et 

al. (1996) reported variable reaction of tomato lines to bacterial wilt evaluated at 

several locations in Southeast Asia. They found that tomato lines which were 

resistant to bacterial wilt in Malaysia and Taiwan showed susceptible reactions in 

Philippine and Indonesia. This recommends that the germplasm should be 
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evaluated at its local conditions against particular isolates of the pathogen of that 

area. 

In the present study all the chili cultivars were artificially inoculated with 

highly virulent strain of R. solanacearum. It was observed that the resistant 

cultivars did not show any symptoms throughout the study period up to 41
st
 day 

while susceptible cultivars showed 50% wilting within 14 days after inoculation. 

Complete wilting occurred within 17 days in susceptible cultivars. This is due to 

increase in bacterial populations and rapid colonization of vascular tissues in 

susceptible cultivars while the multiplication and colonization of bacterium was 

slower in resistant cultivars which substantiate the findings of Cafati and Saettler 

(1980) and Grimault et al. (1993) who observed lower multiplication of 

Xanthomonas phaseoli on resistant beans and that of P. solanacearum on tomato 

plants. Similarly, Tomasik and Goodman (1986) reported that the population of 

Erwinia amylovora in susceptible apple was 10
4
 times higher than that in resistant 

apple variety. Grimault and Prior (1993) reported that resistant plants have the 

ability to tolerate the pathogen and act as symptomless carriers (Winstead and 

Kelman, 1952). Thus the resistant cultivars of chili (Skyline II and Hifly) might 

have acted as symptomless carriers as the phenomenon has been observed in 

tobacco (Winstead and Kelman, 1952), potato (Ciampi and Sequeira, 1980) and 

tomato (Prior et al., 1994). 
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SUMMARY 

Chili (Capsicum annuum) belongs to family solanaceae and is one of the 

most common cultivated crops of the world. Chili has been cultivated on 63.6 

thousand hectares in Pakistan with a production of 147.2 thousand tons in 2012-

13. Bacterial wilt caused by R. solanacearum is a highly challenging and 

destructive disease of solanaceous crops. R. solanacearum is a soil and water 

borne bacterium which enters the plant roots, multiplies through the xylem, and 

collapses the host. The bacterial wilt infects more than 450 plant species 

belonging to 54 different botanical families. Major hosts include tomato, hot 

pepper, sweet pepper and potato. Eighty countries are affected with a loss of $ 1 

billion each year.   

As the information regarding distribution of bacterial wilt in different 

agroecological zones of Pakistan, pathogenic variability among different isolates 

of the bacterium and response of different chili cultivars towards the pathogen is 

lacking therefore the present studies were carried out.  

Major chili growing areas from different agro ecological zones were 

surveyed for the determination of incidence, prevalence, biovars identification and 

pathogenic variability among different strains of R. solanacearum. Chili 

germplasm comprising 28 varieties was screened for their relative resistance or 

susceptibility against the highly virulent strain (RsBd 6) of the bacterium in the 

glasshouse.  
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The maximum incidence of 22% of bacterial wilt was recorded in district 

Badin while the incidence was the minimum (4.4%) in district Loralai. The 

disease incidence was found to be the maximum (19.5%) in Indus Delta and was 

the minimum in Western Dry Mountains (5%). Maximum incidence was observed 

in Sindh Province followed by Punjab (11.4%) and was the minimum in 

Balochistan (4.9%).  

A total of 114 isolates of R. solanacearum from eight agro ecological zones 

were isolated, confirmed by immunostrips and characterized by employing 

different biochemical tests. The biovars were identified on the basis of sugar 

consumption. Of the 114 isolates, 92 were distinguished as biovar 3 while 22 were 

recognized as biovar 4. Both the biovar 3 and biovar 4 were diagnosed from Sindh 

and Punjab while only biovar 3 was distinguished from Balochistan and Khyber 

Pakhtoonkhwa. The isolates were then confirmed through PCR by using specific 

primers and running on 1% agarose gel visualized under UV light.  

The isolates varied in hypersensitive response, growth and pathogenicity 

(virulence) when tested on highly susceptible cv. Aruba; 21.9% isolates were 

found highly virulent, 29.8% virulent, 25.4% weakly virulent and 22.8% were 

avirulent. 

Relationship was also found between growth and virulence among R. 

solanacearum isolates. The strains having non-mucoid growth have been found 

avriulent while those with mucoid growth were weakly virulent to highly virulent. 

Similarly, strains showing positive HR were virulent while those with negative 

HR were found as avirulent. 
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 The screening of chili germplasm comprising 28 varieties against the 

bacterium revealed that two cultivars viz. Skyline II and Hifly were highly 

resistant. Sanam was the only cultivar which was identified as resistant. Five 

cultivars were categorized as moderately resistant. The cultivars Maxi and Talhari 

were found highly susceptible to the pathogen while rest of the varieties was 

either susceptible or moderately susceptible.  

It is concluded that bacterial wilt caused by R. solanacearum is fairly 

prevalent throughout the country in all the agro ecological zones with varying 

intensities warranting stringent surveillance and control measures. As variations 

have been observed in the virulence of R. solanacearum isolates, management 

strategies should be followed accordingly. Resistant and moderately resistant 

cultivars have been identified, therefore, recommended for cultivation.    
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CONCLUSIONS 

Bacterial wilt caused by R. solanacearum is widely prevalent throughout 

the country in all the agro ecological zones with varying levels of intensities. 

Biovar 3 was found to be prevalent in all the agro ecological zones of 

Pakistan and was found to be more pathogenic as compared to Biovar 4 which 

was reported from four agro ecological zones.  

Variations have been observed in hypersensitivity response, growth 

patterns and virulence (pathogenicity) among 114 strains of R. solanacearum. 

Resistance and moderately resistance reaction have been identified in some 

of the cultivars against the highly virulent strain of the bacterium among the 

indigenous germplasm of chili.    
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RECOMMENDATIONS 

As bacterial wilt is widely distributed in the country, stringent surveillance 

and control measures are needed to preclude the spread and severity of the disease. 

The control strategies will help avert yield losses.    

Bacterial strains from different agro ecological zones and provinces have 

been found to differ in their virulence; therefore, control strategies should be 

adopted accordingly keeping in view the virulence of strains and environmental 

conditions of that particular area or zone. It is further suggested that in futuristic 

studies genetic variations should be determined among these strains.    

Some of the chili cultivars appeared as resistant and moderately resistant 

against bacterial wilt, therefore, cultivation of these cultivars should be 

recommended and be included in integrated disease management programs.    
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