
CHAPTER! 

GENERAL INTRODUCTION 

The potato (Solanum tuberosum L.) is indigenous to the Peruvian and Bolivian Andes mountains 

in South America, where it was discovered by Spanish explorers in 1532 (Brown, 1993; Steyn, 

1999). The potato was shipped to Europe and introduced into Spain in 1573. From Europe it was 

introduced to North America and the rest of the world, including South Africa (Aartappelreeks, 

1974; Brown, 1993; Zuckerman, 1998). Potatoes are currently grown as a major food source in 

most countries with a temperate climate (Rich, 1983). Globally it is the fourth most important 

staple food after wheat, rice and maize (Hawkes, 1992). 

South Africa is the largest potato producer in Africa, annually producing approximately 1.6 

million tons (potatoes South Africa, 1998/99). The country is divided into 14 production regions, 

stretching from coastal areas to 2000 m above sea level (Steyn, 1999). Because of the wide 

climatic spectrum of these regions, potatoes can be produced throughout the year. Tubers are 

mainly sold on local fresh produce markets and only 6.8% is exported to neighbouring countries 

such Namibia, Botswana, Mozambique, Angola and Swaziland (Potatoes South Africa, 1998/99). 

Some of the best known and widely cultivated potatoes in South Africa include cultivars such as 

Up-to-Date, BPI, Vanderplank and Buffelspoort (Potatoes South Africa, 1998/99). According to 

Nortje (1999), seed potatoes are produced in all provinces of South Africa with the Western Cape 

currently producing 35% of all certified tubers. More than 70% of South Africa's potatoes are 

produced from certified tubers. 

One of the most important diseases of potatoes is bacterial wilt. This disease is caused by the 

bacterium, Ralstonia solanacearum (Smith) (Kelman, 1953; Yabuuchi et al., 1995). It was first 

isolated in 1896 and identified and described by Erwin F. Smith. In 1914, it was reported for the 

first time on potatoes in South Africa, but it was not until 1978 that research on this disease 

gained momentum after its presence was established in a number of seed potato crops (Swanepoel 

and Young, 1988). The pathogen causes typical wilt symptoms in above ground plant parts 

(Harrison, 1961). The first symptoms usually appear during the warmer spells of the day with a 

slight drooping in the tip of one or two of the lower leaves. Within a few days infected plants 

will be completely wilted and eventually die (Kelman, 1953). Tubers mayor may not show 
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external symptoms (Shekhawat et al., 1992). When a diseased tuber is cut in half, distinct brown 

discoloration and localised decay can be seen in the vascular ring. If slight pressure is applied to 

the cut tuber, typical greyish.white bacterial slime will ooze from the vascular ring (Shekhawat et 

al., 1992). 

Currently bacterial wilt is not a threat for the South African potato industry and its presence is 

limited to isolated cases. This is mainly due to the certification scheme implemented on 1 June 

1995 (Nortje, 1997). The scheme requires representative samples of all registered seed potatoes 

to be tested for various diseases. A zero tolerance for R. solanacearum is applied to ensure that 

no infected tubers are sold as seed potatoes. 

Ralstonia solanacearum is also the causal agent of bacterial wilt of a number of other plant 

species (Buddenhagen and Kelman, 1964). Some of the most important agricultural crops 

affected by this pathogen include: tomato, potato, pepper, tobacco, eggplant, groundnuts and 

bananas. A number of ornamental plants, woody perennials as well as a very large group of weed 

species can also be infected (Kelman, 1953; Buddenhagen and Kelman, 1964; Hayward, 2000). 

The pathogen has a worldwide distribution and has been widely reported in all tropical, 

subtropical and warm temperate regions around the world (Kelman, 1953; Hayward, 2000). 

Since the bacterium can infect various crops without inducing symptoms, tests are also required 

for detecting latent infection in plant material and in soil samples (Seal and Elphinstone, 1994). 

Many countries have implemented strict monitoring systems to avoid the introduction of infected 

material and various methods have been developed for detecting the pathogen in situ (Elphinstone 

et al., 1996). The majority of these methods was primarily developed for detection of R. 

solanacearum in plant material and is subject to various difficulties and shortcomings when used 

for detection in soil (Jenkins et al., 1967; Seal and Elphinstone, 1994). Most of the problems 

encountered with detection can be attributed to the heterogeneous nature of soil and the difficulty 

of adequate soil sampling. Selective media cannot effectively detect pathogen concentrations 

much lower than 103 cfu mrl of soil sample (Karganilla and Buddenhagen, 1972; Nesmith and 

Jenkins, 1979; Chen and Echandi, 1981). Using indicator plants to confirm the presence of R. 

solanacearum in suspect fields is effective but time consuming and laborious (Karganilla and 

Buddenhagen, 1972; Graham and Lloyd, 1978). Serological tests such as enzyme-linked 

immunosorbent assay (ELISA) and indirect immunofluorescence antibody staining (IFAS) as 

well as DNA·based methods such as the polymerase chain reaction (PCR) is highly specific and 
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sensitive. They are, however rather expensive and not suitable for frequent use in developing 

countries with limited resources (Seal, 1994; Seal and Elphinstone, 1994). 

Once the pathogen has been detected and isolated from soil its identity needs to be confirmed. 

This can play an important role in the development of control strategies since different strains 

have different abilities to survive (Elphinstone and Aley, 1993). The information may also be 

needed where crop rotation is used as control measure against bacterial wilt. Since different 

strains of the pathogen can infect different host plants (Walker and Stead, 1993; Hayward, 2000), 

knowing what strain is present can play an important role in deciding which plants to use for crop 

rotation. Traditionally, a binary system has been used for isolate classification where isolates 

were differentiated into races or biovars (Buddenhagen et al., 1962; Hayward, 1964; Walker and 

Stead, 1993; Hayward, 1991). Molecular techniques such as PCR provide a fast alternative to 

distinguish between different organisms and have previously been used to illustrate the 

heterogenicity of different R. solanacearnm isolates (Cook et al. 1989; Poussier et al. 1999). 

Ralstonia solanacearnm has an extremely wide host range (Kelman, 1953; Buddenhagen and 

Kelman, 1964; Hayward, 2000) and is able to survive for prolonged periods in the soil 

(McCarter, 1976; Graham et al., 1979). Control of this pathogen is therefore difficult and several 

control methods such as crop rotation and soil amendments should be combined in an integrated 

control program to combat bacterial wilt. Due to the high costs involved as well as the 

detrimental effect that the excessive use of chemicals can have on human health and the 

environment, there has been a global interest in biological control as an alternative method for the 

control of weeds, insects and plant pathogens (Lydon and Duke, 1989; Lampkin, 1990). Akiew 

et al. (1996) and Kirkegraad et al. (1998) illustrated the potential of mustard (Brassicajuncea L.) 

and other cruciferous species as biofumigation agents to suppress R. solanacearnm populations in 

the soiL 

The first objective of this study was to develop an effective detection method for R. 

solanacearum in infested soil. The technique should be easy to apply, affordable, fast and 

sensitive enough to detect low pathogen concentrations. This technique was compared in terms 

of sensitivity, affordability and applicability with existing methods. The second objective of this 

study was to characterise various South African R. solanacearum isolates using different 

molecular techniques. Polymerase chain reactions and restriction fragment length 

polymorphisms (RFLPs) were used to determine the homogeneity of a collection of R. 
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solanacearum isolates. To conclude this study, different herbal plant species were evaluated as 

possible biofumigation agents to suppress the pathogen in soil. 

Literature Cited 

Aartappelreeks. No.AlI1974. A. Inleiding. AI. Waarvandaan kom die aartappel? Departement 

van Landbou-tegniese Dienste, Pretoria. 

Akiew, S., Trevorrow, P.R. and Kirkegraad, J. 1996. Mustard green manure reduces bacterial 

wilt. Bacterial Wilt Newsletter 13: 5-7. 

Brown, C.R. 1993. Origin and history of the potato. American Potato Journal 70: 363-373. 

Buddenhagen, L and Kelman, A 1964. Biology and physiological aspects of bacterial wilt caused 

by Pseudomonas solanacearum. Annual Review ofPhytopathology 2: 203-230. 

Buddenhagen, LW., Sequeira, L. and Kelman, A 1962. Designation of races in Pseudomonas 

solanacearum (Abstr.). Phytopathology 52: 726. 

Chen, W. and Echandi, E. 1981. Bacteriocin producing and semi selective medium for detection, 

isolation and quantification of Pseudomonas solanacearum in soil. Phytopathology 72: 

310-313. 

Cook, D., Barlow, E. and Sequeira, L. 1989. Genetic diversity of Pseudomonas solanacearum: 

detection of restriction fragment polymorphisms with DNA probes that specify virulence 

and hypersensitive response. Molecular Plant-Microbe interaction 2: 113-121. 

Elphinstone, J.G. and Aley, P. 1993. Integrated control ofbacterial wilt of potato in the warm 

tropics of Peru. Pages 276-283 in: Hartman, G.L. and Hayward, AC. (eds). Bacterial 

Wilt. Proceedings of an international conference held at Kaohsiun, Taiwan, 28-31 

October 1992. Canberra, Australia, ACIAR Proceedings 45. 

4 


 
 
 



Elphinstone, J.G., Hennessy, J., Wilson, J.K. and Stead, D.E. 1996. Sensitivity of different 

methods for the detection of Ralstonia solanacearum in potato tuber extracts. Bulletin 

OEPP 26: 663-678. 

Graham, J. and Lloyd, AB. 1978. An improved indicator plant method for the detection of 

Pseudomonas solanacearum race 3 in soiL Plant Disease Reporter 62: 35-37. 

Graham, 1., Jones, D.A and Lloyd, AB. 1979. Survival of Pseudomonas solanacearum race 3 in 

plant debris and latently infected potato tubers. Ecology and Epidemiology 69: 1100-1103. 

Harrison, D.E. 1961. Bacterial wilt of potatoes. 1. Field symptoms of the disease and studies on 

the causal organism, Pseudomonas solanacearum variety Asiaticum. Australian Journal 

ofAgricultural Research 12: 854-87l. 

Hawkes, J.G. 1992. History of the potato crop. Pages 1-9 in: Harais, P. (ed). The potato crop. 

Chapman and Hall, New York. 

Hayward, AC. 1964. Characteristics of Pseudomonas solanacearum. Journal ofApplied 

Bacteriology 27: 265-277. 

Hayward, AC. 1991. Biology and epidemiology of bacterial wilt caused by Pseudomonas 

solanacearum. Annual Review ofPhytopathology 29: 65-87. 

Hayward, AC. 2000. Ralstonia solanacearum. Encyclopedia ofMicology 2nd ed. 4: 32-42. 

Jenkins, Jr. S.F., Morton, D.J. and Dukes, P.D. 1967. Comparison of techniques for the detection 

ofPseudomonas solanacearum in artificially infested soils. Phytopathology 57: 25-27. 

Karganilla, AD. and Buddenhagen, I.W. 1972. Development of a selective medium for 

Pseudomonas solanacearum. Phytopathology 62: 1373-1376. 

Kelman, A 1953. The bacterial wilt caused by Pseudomonas solanacearum. A literature review 

and bibliography. Technical Bulletin No.99 of the North Carolina Agricultural 

Experimental Station. 

5 


 
 
 



Kirkegraad, J.A, Sarwar, M., Matthiessen, IN., Thomas, G. and Monteiro, AA 1998. Assessing 

the biofumigation potential of crucifers. Acta-Horticulturae 459: 105-111. 

Lampkin, N. 1990. Organic farming. Farming Press. Ipswich, United Kingdom. 

Lydon, J. and Duke, S.O. 1989. The potential of pesticides from plants. Pages 1-41 in: Craker, 

L.E. and Simon, J.E. (eds). Herbs, spices and medicinal plants: Recent advances in 

botany, horticulture and pharmacology. VolA. Oryx Press. Phoenix, Arizona. 

McCarter, S.M. 1976. Persistence ofPseudomonas solanacearum in artificially infested soils. 

Ecology and Epidemiology 66: 998-1000. 

Nesmith, W.C. and Jenkins, S.F. 1979. A selective medium for the isolation and quantification of 

Pseudomonas solanacearum from soil. Phytopathology 69: 182-185. 

Nortje, P.F. 1997. Status of seed potato production and the value of certification. Pages 199-205 

in: Potato short course. Potato production in SA with the emphasis on KwaZulu-Natal, 

Agricultural Research Council, Roodeplaat. 

Nortje, P.F. 1999. Moerproduksie in Suid-Afrika. Pages 96-101 in: Steyn, P.J. (ed). Handleiding 

vir aartappelverbouing in Suid-Afrika. Landbounavorsingsraad, Roodeplaat. 

Potatoes South Africa. 1998/99. The South African potato industry. A review. Annual report of 

Potatoes South Africa. 

Poussier, S., Vandewalle, P. and Luisetti, J. 1999. Genetic diversity of African and worldwide 

strains of Ralstonia solanacearum as determined by PCR-restriction fragment length 

polymorphism analysis of the hrp gene region. Applied and Environmental Microbiology 

65: 2184-2194. 

Rich, AE. 1983. Potato diseases. Academic Pres. New York, USA 

6 


 
 
 



Seal, S.E. 1994. DNA· based diagnostic techniques for Pseudomonas solanacearum with 

emphasis on biovars 3 and 4. Pages 27·34 in: Mehan, V.K. and McDonald, D. (eds). 

Groundnut bacterial wilt in Asia. Proceedings of the third working group meeting, 4-5 

July 1994. Oil Crops Research Institute, Wuhan, China. 

Seal, S.E. and Elphinstone, J.G. 1994. Advances in identification and detection of Pseudomonas 

solanacearum. Pages 35·57 in: Hayward, AC. and Hartman, G.L. (eds). Bacterial wilt: 

The disease and its causative agent, Pseudomonas solanacearum. Cab International 

United Kingdom. 

Shekhawat, G.S., Chakrabarti, S.K. and Gadevar, AV. 1992. Potato bacterial wilt in India. 

Technical Bulletin No 38. Central Potato Research Institute, India. 

Steyn, P.J. 1999. Die herkoms en groeistadiums van die aartappelplant. Bladsy 2-6 in: Steyn, PJ. 

(ed). Handleiding vir aartappelverbouing in Suid-Afrika. Landbounavorsingsraad, 

Roodeplaat. 

Swanepoel, AE. and Young, B.W. 1988. Characteristics of South African strains of 

Pseudomonas solanacearum. Plant Disease 72: 403-405. 

Walker, D.R.I. and Stead, D.E. 1993. Potato brown rot: A new threat to potato production in the 

EC. 1993 BCPC Monograph No 54: Plant Health and the European Single Market. 

Yabuuchi, E., Kosako, Y., Yano, I., Hotta, H. and Nishiuchi, Y. 1995. Transfer of two 

Burkholderia and an Alicaligenes species to Ralstonia gen. nov: Proposal of Ralstonia 

pickettii (Ralston, Palleroni and Doudoroff 1973) comb. nov., Ralstonia solanacearum 

(Smith 1896) comb. nov. and Ralstonia eutropha (Davis 1969) comb. nov. Microbiology 

and Immunology 39: 897-904. 

Zuckerman, L. 1998. The potato. How the humble spud rescued the western world. Faber & 

Faber, Boston. 

7 


 
 
 


