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ABSTRACT

INTEGRATED MANAGEMENT STRATEGIES AND PATHOGEN DETECTION IN
THE POTATO-STREPTOMYCES SPP. PATHOSYSTEM

By

Elise C. Hollister

The cultivated potato, Solanum tuberosum L., is the world’s most important
dicotyledonous food crop. It is surpassed only by wheat, rice, and corn as the world’s
fourth most important human food source. This research examined the potential use of
environmentally friendly disease management tools in reducing the severity of an
important bacterial disease, potato common scab, as well as examined the potential use of
molecular methods for detection and quantification of the pathogens that cause this
disease (Streptomyces spp.).

Controlled environment and field experiments were conducted to determine the
effectiveness of cultivar resistance and soil moisture in reducing disease incidence and
severity. Cultivar resistance against common scab appeared to be the most effective
means of decreasing scab incidence and severity. When cultivar resistance was
combined with carefully maintaining soil moisture, near field capacity, control of the
disease was slightly enhanced. Common scab reduction also occurred for scab-
susceptible cultivars when soil moisture was maintained at near field capacity; however,
the amount of control was not as effective as the reduced disease incidence and severity
of the intermediately resistant and resistant cultivars.

The use of resistance activators for elicitation of systemic acquired resistance

(SAR) in potato to common scab in field experiments produced variable results. While



many of the elicitor treatments resulted in more scab free tubers in one year, the
following two years no significant differences were noted. Temperature and soil
moisture may have been important variables that led to the interannual variability in these
experiments. Analysis of tuber tissue for the pathogenesis related (PR) protein, chitinase,
was carried out to determine if the activity of this enzyme (a marker for SAR) was
increased. No increase in chitinase activity was observed, thus suggesting that resistance
was not induced by the activators.

PCR and real time PCR were used as methods of pathogen detection and
quantification, respectively. The nec/ gene, which is associated with pathogenicity in
Streptomyces spp., was used to rapidly screen isolates obtained from soil from fields
cropped to potato in the major potato production counties of Michigan. The pathogen
was isolated and detected in each county sampled. Real time PCR was used to quantify
pathogen populations from three Michigan fields. Results indicated slight differences in
pathogen population between the fields. PCR was found to be the better method for
identification of the causal agent, while real time PCR was useful when quantification
was needed. These findings demonstrate that cultivar resistance is the primary method
for managing common scab of potato. Soil moisture application is also an important
management strategy, especially when scab-susceptible cultivars are planted. SAR may
provide more scab-free tubers if combined with other management methods. As a stand-
alone disease management tool, it offered no control against this particular genus of
pathogens. Also, detection of the pathogenic Streptomyces spp. was achieved more
economically and accurately by PCR. Real time PCR was a reliable method for

quantification, but is much less economic if it is to be used as a diagnostic tool.



“Scab remains one of the most important and least satisfactorily controlled
of potato diseases.”
John C. Walker (1969)
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LITERATURE REVIEW

Importance of the Potato

The potato (Solanum tuberosum L.), native of South America’s Andean
highlands, has been cultivated for at least 7,000 years according to studies using scanning
electron microscopy and radiocarbon dating (Martins, 1976). Some archaeological
evidence suggests that wild potatoes were eaten 13,000 years ago in Chile (Simpson and
Ozorgaly, 1995). The potato is a member of the Solanaceous plant family, which is made
up of approximately 96 genera and 2800 species, with the greatest diversity in the
American tropics (Walters and Keil, 1996). Solanaceae is one of the most economically
important plant families. In addition to the potato, it includes the following major crops:
tomato (Lycopersicon esculentum), eggplant, (Solanum melongea), bell peppers and chili
peppers (Capsicum species.), tomatillo (Physalis philadelphica), and tobacco (Nicotiana
tabacum).

Solanum, the genus to which the cultivated potato tuber belongs, contains
approximately 1,000 species. Yet, the cultivated potato belongs primarily to Solanum
tuberosum. This cultivated species is a tetraploid, which consists of two subspecies, S.
tuberosum subsp. tuberosum and S. tuberosum subsp. andigena. At least six additional
cultivated species: Solanum ajanhuiri, S. phureja, S. stenotomum, S. chaucha, S.
Juzepczukii, and S. curtilobum and more than 230 wild species are generally recognized
(Harris, 1992). Due to the extensive work of plant breeders, agronomists, and plant
pathologists, today the potato is grown worldwide as it has become well adapted to cool

temperate zones of the high altitudes of the Andes, at sea level in temperate zones in



North America, Europe, southern Chile and Argentina, and at appropriate altitudes in
intermediary latitudes. As a result of these factors, the potato ranks first as the most
important dicotyledonous food crop, and is surpassed only by wheat, rice, and corn to be
the world’s fourth most important human food source. Hence, understanding diseases
that affect the yield and market quality of such a high-value crop is extremely critical so

that proper disease management strategies can be established.

Streptomyces scabies, The Primary Causal Agent of Potato Common Scab

Common scab of potato is caused by several Gram-positive filamentous species
of Streptomyces, but Streptomyces scabies is the predominant causal agent. Originally
named Oospora scabies, the organism was described as a “bacteria-like fungus”
(Thaxter, 1890). Over twenty years passed before it was determined that it was in fact a
bacterium, and it was renamed Actinomyces scabies (Gussow, 1914). Eventually the
actinomycetes were subdivided, and the pathogen was placed it into the genus
Streptomyces (Waksman and Henrici, 1948).

Streptomyces scabies is an aerobic, soil-borne bacterium that causes a range of
symptoms on the surface of potato tubers including superficial cork-like lesions,
erumpent cushion-like raised scabby lesions, and pitted lesions, which extend through the
tuber periderm into the cortex and vascular storage parenchyma. This bacterium is the
most important plant pathogen in the genus Streptomyces worldwide, and common scab
of potato ranks fourth in severity of potato diseases (Hooker, 1981) and affects potatoes
where ever they are grown. Pathogenic streptomycetes are able to cause a variety of

diseases, including pod wart of peanut, scab disease on radish, carrot, red beet and sugar



beet roots, as well as root rots on the fibrous roots of many plants, such as celery, sweet
potato and eggplant.

In addition to S. scabies, other species within the genus Streptomyces, such as S.
acidiscabies and S. caviscabies have more recently been identified as causal agents of
potato scab. Currently, there is a growing list of more than thirty Streptomyces species
capable of enciting scab lesions on potatoes (Table 1). It is likely that there are more
species that cause scab, but they have yet to be identified.

Historically, identification of the pathogen has been difficult and inaccurate due to
the variability of morphological and physiological characteristics, which were used as the
basis for taxonomy. Only within the last decade have the most efficient methods of
DNA-based methods been used for rapid identification of the various species and strains.
Hence, taxonomic studies of the genetically diverse causative organisms have only

recently been consistent since the development and use of DNA-based detection methods.



TABLE 1. A list of species within the genus Streptomyces that are causal agents
of potato scab, and their reference and year of publication.

Year
Potato Scab Causal Agent Reference Published

Streptomyces scabies Thaxter 1890
Streptomyces violaceus Rossi-Doria 1891
Streptomyces intermedius Kruger 1904
Streptomyces clavifer Millard and Burr 1926
Streptomyces fimbriatus Millard and Burr 1926
Streptomyces sampsonii Millard and Burr 1926
Streptomyces setonii Millard and Burr 1926
Streptomyces wedmorensis Millard and Burr 1926
Streptomyces candidus Krasil'nikov 1941
Streptomyces globisporus Krasil'nikov 1941
Streptomyces longisporus Krasil'nikov 1941
Streptomyces albidoflavus Waksman and Henrici 1948
Streptomyces rimosus Sobin et al. 1953
Streptomyces aureofaciens Corbaz 1964
Streptomyces flaveolus Corbaz 1964
Streptomyces griseus Pridham 1970
Streptomyces atroolivaceous Archuleta and Easton 1981
Streptomyces cinerochromogenes Archuleta and Easton 1981
Streptomyces corchorusii Archuleta and Easton 1981
Streptomyces diastatochromogenes Archuleta and Easton 1981
Streptomyces lydicus Archuleta and Easton 1981
Streptomyces resistomycificus Archuleta and Easton 1981
Streptomyces collinus Dey et al. 1981
Streptomyces acidiscabies Lambert and Loria 1989
Streptomyces caviscabies Goyer et al. 1996
Streptomyces turgidiscabies Miyajima et al. 1998
Streptomyces europaeiscabiei Bouchek-Mechiche et al. 2000
Streptomyces stelliscabiei Bouchek-Mechiche et al. 2000
Streptomyces species strain VKM Ac-2124 Shashkov et al. 2002
Streptomyces luridiscabiei Park et al. 2003
Streptomyces niveiscabiei Park et al. 2003
Streptomyces puniciscabiei Park et al . 2003



The Infection Process

Streptomyces scabies produces non-fragmenting substrate mycelia that colonize the soil,
and it uses extracellular hydrolytic enzymes to obtain nutrition from the organic
compounds present in the soil. Like fungi with non-motile spores, this bacterium
produces spores for aiding in dispersal. The pathogen is spread through soil water, by
wind-blown soil, and on infected seed tubers (Agrios, 2005). The spores and mycelia of
the bacteria overwinter in the soil on infected plant tissue. The spores also contribute to
the survival over periods of drought, freezing temperatures, and anaerobic conditions
produced by water saturation (Agrios, 2005). Streptomyces scabies has been introduced
into the majority of soils by infected seed tubers. Agricultural machinery can also be a
means of dispersal for the pathogen (Agrios, 2005). Once the bacteria have been
introduced into a field, they persist and may survive indefinitely.

The smooth gray spiral spore chains arise from fragmentation of the aerial hyphae
formed from the substrate mycelium. As the cross walls of the aerial hyphae constrict, the
spores are pinched off at the tip and eventually break away. The spores produce one or
two germ tubes that are able to penetrate directly through the immature stomata and
immature lenticels yet to form a protective barrier, as well as wounds on the periderm of
the potato tuber, which is most susceptible to infection during early tuber development.
This period of rapid growth begins when the tuber diameter has reached twice that of the
stolon and will continue for six to eight weeks, depending on cultivar (Loria et al., 1997).
Once the bacterium has gained entry into the tuber, it grows between or through a few

layers of cells, which die, and the pathogen derives nutrients from them (Agrios, 2005).



In response to the bacteria, the living cells surrounding the lesion rapidly divide
and produce many cork layers around the site of entry that isolate the bacteria and many
plant cells as well (Agrios, 2005). Normally, numerous groups of cork cell layers are
produced, and as they are pushed outward from the periderm and sloughed off, the
bacteria are able to grow and multiply in the additional dead cells, leading to the
development of large scab lesions, which are darker in color than healthy skin. Such a
lesion can enlarge through the growing season and produce any or all of the three major
scab symptoms: a) superficial, russet, or surface scab refers to the cork-like lesions that
are darker than the healthy skin; b) cushion-like, erumpent, or raised scab refers to the
corky growth that protrudes from the periderm; and c) pitted or deep scab that penetrates
into the tuber and produces dark, sunken lesions. If infections occur when the tuber is
immature, then one or more of the lesion type(s) will increase in severity as the tuber
enlarges during the growing season. The lesion depth is dependent upon the cultivar
used, on soil conditions, and on the invasion of scab lesions by secondary organisms,
including insects, which are able to chew the cork layers and allow S. scabies to invade
the tuber to a much greater depth (Agrios, 2005). The mechanisms that enable the
pathogen to invade the plant and trigger the host’s response of cork production are not

fully understood.

The Role of Enzymes in Pathogenesis
The role of degradative enzymes during host invasion is not well documented.
The role of cellulolytic and pectinolytic activity of S. scabies has been investigated.

There is a high activity of pectic acid trans-eliminase, but there was no strict correlation



between enzyme activity and virulence (Knosel, 1970). However, since the pathogen
first attacks the middle lamellae of the cells (Lapwood, 1973), it is possible to suggest
that the activity of this enzyme functions as a virulence factor. One report of the
production of indoleacetic acid from tryptophan by S. scabies suggested that this product
may be important in pathogenesis (Hirata, 1959), but the evidence is inconclusive.
Slightly more focus on esterase has demonstrated that pathogenic S. scabies are capable
of breaking down suberin with this heat-stable enzyme (McQueen and Schottel, 1987).
Since suberin, a complex polymer composed of fatty acid polyesters and phenolic
compounds, acts as a physical barrier to pathogens, it has been suggested that esterase
produced by S. scabies may play a role in pathogenicity. Further investigation of the role
of enzymes during the infection process is required because informative correlations

between enzymes and pathogenesis are currently unavailable.

The Role of Thaxtomins in Pathogenesis

In contrast to the role of enzymes, much attention has been paid to scab
phytotoxins in pathogenesis. S. scabies produces a class of phytotoxins, known as
thaxtomins, which have been associated with potato scab. Thaxtomins were first isolated
from potato tubers and were characterized as unique 4-nitroindol-3-yl-containing 2,5
dioxopiperazines (King et al., 1992). Thaxtomin A (Figure 1) is the predominant
phytotoxin produced by both S. scabies and S. acidiscabies, but there are 10 additional
related compounds that have been isolated and characterized (King and Lawrence, 1996;

King et al., 1992).
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Figure 1. Structure of Thaxtomin A, a phytotoxin associated with virulence in plant
pathogenic Streptomyces species.

Most literature has reported thaxtomin synthesis as a necessary pathogenicity
factor. A gene, necl, was cloned from a §. scabies strain and subsequently used to
transform Streptomyces lividans, which is not pathogenic to potato. The transformation
conferred the ability of Streptomyces lividans to necrotize and colonize potato tuber disks
and produce scab like symptoms on immature tubers (Bukhalid and Loria, 1997). The S.
lividans expressing necl did not produce thaxtomin A, but did produce an unidentified,
extracellular, water-soluble compound that caused necrosis on potato tuber disks. In
another study, this gene was structurally conserved among all but one pathogenic
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