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Potato is one of the most important vegetable crops in Bangladesh which
made it 7th producer in the world. This vegetable crop is affected by one of
the most notorious soil borne pathogen, Ralstonia solanacearum and caused
wilt symptoms in plant and brown rot in potato tuber throughout the world.
The pathogen entered into the plants through different natural opening and
wounds and is easily disseminated via infected biological material (seeds,
vegetatively propagative materials, plants etc.), soil, contaminated irrigation
water, surface water, farm equipment etc. and could survive for many years
in association with alternate hosts. The bacteria is a quarantine organism
being economically a serious problem for potatoes and other major crops in
many tropical, subtropical and warmer areas of the world. It has an unusually
wide host range including economically important crops (potato, tomato,
tobacco, banana, ginger, geranium etc.) and weeds. The disease appeared as
rapid and fatal wilting symptoms in the potato plants and vascular browning
and/or rotting on tubers. The pathogen can be detected through the isolation
of the bacteria on semi-selective TZC and/or selective SMSA (modified)
media and through different biochemical tests and /or molecular test. It is
a Gram-negative type bacterium, subdivided into five races based on host
range and race 3 biovar III is reported in Bangladesh. Direct yield losses
caused by R. solanacearum may vary 33 to 90% depending on the different
factors such as cultivar, climate, soil type, cropping pattern, strain of the
bacteria etc. Due to the latent infection of tuber by this organism, Bangladesh
had been facing a temporary embargo on potato export which was imposed
by Russia during 2014-15. But, latency and some other survival strategy of
the pathogen created much more problems with disease detection, control
and dispersal. The biological features of this pathogen makes it unusually
successful against the traditional management practices. Therefore, the
review focused on the biological abilities of R. solanacearum in relation to
dispersal, survival and influences which might be important in designing
effective management against the pathogen.
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1 Introduction

Potato (Solanum tuberosum L.) is a tuber crop be-
longs to the family Solanaceae. It is the 4th impor-
tant crop after wheat, rice and maize in the world,
and Bangladesh is the 7th producer in the world
for more than 85 lakh tons of potato production
(FAOSTAT, 2015). The area of potato production
is still in increasing from 4.44 to 4.62 lakh hectares
in Bangladesh (FAOSTAT, 2015). It is nutritionally
considered a super vegetable as well as a versatile
food item and it produces more carbohydrates per
unit amount than either rice or wheat. However, the
yield of potato is quite low in the country as com-
pared to the major potato growing countries like- Ire-
land and India (FAOSTAT, 2015). The reasons behind
the lower yield of potato includes lower soil fertil-
ity, inadequate supply of certified seeds, use of low
yielding varieties, different pests and diseases etc.
Among them soil borne diseases are considered to
cause a yield loss of as much as 10-20% annually.
Ralstonia solanacearum formerly called Pseudomonas
solanacearum (Yabuuchi et al., 1995) is the most de-
structive soil-borne pathogen (Yuliar et al., 2015) that
affects potatoes in temperate, subtropical and tropical
regions throughout the world by causing bacterial
wilt or brown rot disease (CABI, 2017a; Champoiseau
et al., 2009). It is a vascular disease, which is fatal
in infected plant and has been ranked as one of the
most important bacterial plant pathogens identified
to date, commonly known as bacterial wilt (in case
of infected plant) and brown rot (in case of infected
tubers).

Geographic distributions of the pathogen are
highly influenced by different factors like- availability
and abundance of the host(s) and suitability of the cli-
matic conditions etc. Its world-wide distribution, de-
structive nature and ability to host asymptomatically
over 450 plant species (Prior et al., 1998) has resulted
it to be ranked as the most important bacterial plant
pathogen (Kelman, 1998). The pathogen is world-
wide distributed in major host crops like- potato,
tomato, banana, tobacco etc. with many weeds as
alternate hosts and therefore, it can increase the po-
tential to build up inoculum which may lead to in-
duce a destructive economic impact (Kelman, 1998).
Yield losses due to the disease varied from 33 to 90%
in the potato in different potato growing areas of the
world (Elphinstone, 2005). The total value of Egyp-
tian potato exports fell from a peak of USD 102.12
million in 1995 to USD 7.7 million in 2000 mainly due
to brown rot quarantine, imposed by the European
Union (EU) (Kabeil et al., 2008). In India, this disease
causes 50% crop loss in potato in a regular manner
(Mukherjee and Dasgupta, 1989) and up to 75% losses
as reported in some areas of Karnataka (Gadewar
et al.,, 1991). Reports from Bangladesh quote some
regions as having more than 30% of potato crops af-
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fected by R. solanacearum, with over 14% reduction
in yield (Elphinstone, 2005). Nonetheless, Russia im-
posed a temporary ban on the entry of the potatoes
from Bangladesh in May 2015 on food safety grounds
after detecting this organism (Parvez, 2017).

The disease appears as rapid and fatal wilting
symptoms in host plants (Yuliar et al., 2015) and
infected potato plants die rapidly within 3-4 days.
Older plants first show wilting of the young leaves,
or partial one sided wilting of the plant and stunt-
ing, and finally the plants wilt permanently and die.
The disease can be easily detected in the wilted plant
stem by streaming the milky white oozes within clear
water (Allen and French, 2001). The bacterial wilt is
primarily tuber-borne, but infested soil also serves as
a source of infection. Tuber may carry the pathogen
in vascular tissues, on the tuber surface and within
lenticels (Ghosh and Mandal, 2009; Martin and R,
1985; EPPO, 2004). R. solanacearum is gram-negative,
rod-shaped bacterium measuring 0.5-0.7 x 1.5-2.0 ym
in size. It grows well at 28 to 32 °C in aerobic con-
ditions (Hayward, 1991). Disease severity caused by
the pathogen mostly found to increase while associ-
ated with root nematodes. The combined pathogenic
effect of R. solanacearum and Meloidogyne javanica was
greater than the independent effects of either (Sitara-
maiah and Sinha, 1984). The incidence of bacterial
wilt is far less in the whole tubers than in cut tuber
planting. The pathogen created much more prob-
lems in controlling with chemicals, which was nearly
impossible to apply; antibiotics showed hardly any
effect (Murakoshi and M, 1984; Farag et al., 1982); and
adaptability problems of resistant varieties occurred
due to the strain diversity and latent infection of the
pathogen. However, biocontrol agents showed some
effectiveness in the controlled condition which is still
in its infancy (CABI, 2017a). Therefore, it is listed
as a quarantine organism (CABI, 2017a). Hardships
were observed in managing the pathogen through tra-
ditional management practices as it possesses some
especial features viz. their abilities to- grow endo-
phytically (tending to grow inward into tissues), sur-
vive in the soil especially in the deeper layers, travel
along water, have VBNC (viable but non-culturable)
and/or PC (phenotypic conversion) phenomena, and
their relationship with weeds as asymptomatic alter-
nate hosts (Wang and Lin, 2005) allow them to survive
long in the environment and threatens the production
and export businesses of potato.

Considering the facts discussed, without having
prior knowledge on those behavioral pattern of the
pathogen, it seems unrealistic to design an effective
management strategy against the pathogen. There-
fore, the review paper focuses on the deceitful bi-
ological feature(s) of R. solanacearum in relation to
dispersal, survival and influences.
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2 Description of the Pathogen

2.1 Identity

The bacteria were first named as Bacillus solanacearum.
After several revisions, it was called for many years
Pseudomonas solanacearum. The latest revision has set-
tled on the name Ralstonia solanacearum (CABI, 2017a).

2.2 Taxonomic tree

Domain: Bacteria

Phylum: Proteobacteria
Class: Betaproteobacteria
Order: Burkholderiales
Family: Ralstoniaceae
Genus: Ralstonia

Species: Ralstonia solanacearum

2.3 Taxonomy

The bacterium is described as a non-spore forming
(spores in bacteria terminology are survival struc-
tures rather than units of reproduction as in fungi),
Gram-negative, rod-shaped bacterium 0.5-0.7 x 1.5-
2.0 ym in size which is nitrate-reducing, ammonia-
forming and grows well in aerobic conditions (Hay-
ward, 1991). It’s optimum growth temperatures rang-
ing from 27-37 °C, depending on the strain. Maxi-
mum temperature for growth is about 39 °C and the
minimum between 10-15 °C (Shekhawat et al., 1992).
Populations within this genus and species can be fur-
ther divided into races and biovars based on differing
host ranges, biochemical properties, and serological
reactions. The shape and size of the causal organism
was first described as a small rod with one polar flag-
ellum with rounded ends. The size of the bacterium
vary according to different growing conditions (Kel-
man, 1953). Bacteria isolated from infected tissues
were appeared as very short rods (0.3-0.6 x 0.4-1.2y)
and those taken from young broths or cultures tend to
be longer (ranging from 0.4-0.6 x 1.0-1.8y), whereas
those from old cultures have a short coccus-like form
(Kelman, 1953). Yabuuchi et al. (1995) reclassified
Burkholderia solanacearum as Ralstonia solanacearum
which was based on the studies involving phenotypic
characterization, rIRNA-DNA hybridization, phylo-
genic analysis of 165rDNA nucleotide sequences, and
analysis of cellular lipids and fatty acids.

2.4 Subspecific classification

Several attempts have been made to find a suitable
classification system for the isolates of R. solanacearum
as they often differ in host range, geographical distri-
bution, pathogenicity, epidemiology and physiologi-
cal properties in the form of race(s), biovar(s) and/or
phylotype(s).
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2.5 Races and biovars

Sub-specific classification is achieved into 5 races
by determining the hosts that are primarily affected.
Nishat et al. (2015) reported the variation in R.
solanacearum isolates of potato which was observed
among different growing areas of Bangladesh. It was
showed that the isolates were belonged to race 3 bio-
var III. According to Hayward (1994), five biovars
can be identified based on their ability to utilize three
hexose alcohols, namely mannitol, sorbitol, dulcitol;
and to produce acids from the three disaccharides,
lactose, maltose and cellobiose. R. solanacearum is con-
sidered a ‘species complex’, due to significant varia-
tion within the group (Fegan and Prior, 2005). It is
historically subdivided into five races based loosely
on host range and, five biovars based on their ability
to acidify a panel of 5 to 8 carbohydrate substrates.

2.6 Phylotypes

A phylogenetically meaningful system based on DNA
sequence analysis Fegan and Prior (2005); Prior and
Fegan (2005) have classified R. solanacearum into four
major genetic groups called phylotypes that reflect
the geographical origin and ancestral relationships of
the strains.

Box 1. Geographical origin and ancestral rela-
tionships of the strains of R. solanacearum

Phylotype I Asia
Phylotype II America
Phylotype III Africa
Phylotype IV Indonesia

Phylotypes are further subdivided into sequevars
based on the sequence of the endoglucanase (egl)
gene (Fegan and Prior, 2005; Prior and Fegan, 2005).
Within each of the races or biovars there are numer-
ous subtypes that can be associated with certain geo-
graphical regions (He, 1983) and this, together with
R. solanacearum enjoys a world-wide distribution.

3 Distribution

Bacterial wilt affects crops of economic importance in
almost all the tropical, subtropical and warmer tem-
perate regions of the world. Biovar 2 presumed to
have originated in South America (presumed site of
origin of the potato) now has a wide spread distribu-
tion which can be transmitted as latent infections in
potato seed tubers. In many countries of Southern Eu-
rope such as Portugal, biovar 2 is the sole biovar. This
is also true for the Mediterranean area, Argentina,
Chile and Uruguay (Hayward, 1991). Biovars 1 and 2
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Table 1. Characteristics of races and their relationship to biovars of R. solanacearum
Race  Host range Geographic distribution Biovar
1. Wide (tobacco, tomato, solanaceous and nonsolanaceous weeds, Asia, Australia, America, Bangladesh 3,4,1
diploid bananas, groundnut, potato, pepper, eggplant, olive, ginger,
strawberry, geranium, Eucalyptus, other plants)
2. Triploid bananas, other Musa spp. Caribbean, Brazil, Philippines 1
Potato and tomato Worldwide except US and Canada 2 or 2At
4. Ginger, Unknown Australia, China, Hawaii, India, Japan, 4,3
Mauritius, South Asia, India
5. Mulberry tree China 5

Typical race 3 strains are sometimes referred to as biovar 2A. New race 3 strains from the Amazon basin have been placed in a new biovar,

designed as 2T or N2 (their relation to races is unclear).

¥ Source: Champoiseau (2008)

Table 2. Biological strategies of R. solanacearum contributing to management difficulties through traditional

management practices

Biol. feature  Type Condition References

Mode of en- i) Wounds in the Especially the wounds created by root-knot nematodes (Meloidogyne spp.); Johnson and Schaal

try root system by ne- and the points of secondary root emergence. (1952); Kelman (1953,
matodes or other 1965)

ii) Unwounded root ~ When relatively large numbers of bacteria are available it is also possible. ~ Kelman (1965)
infection

Inoculum i) Infected plant ma- When bacterial masses adhere to soil particles, it enhance the survival = Shekhawat et al. (1992);

sources and terials (seeds, plant, of the pathogen, tubers can carry the bacteria in three manners, namely ~ Sunaina et al. (1989)

dispersal tuber etc.) externally on tuber surfaces, in lenticels and in the vascular tissues; during

storage, bacterial populations reached a non-detectable limit within 30-60

days at 4 °C and 60-90 days at room temperature.
ii) Infested soil, irri- ~ Dissemination through infested water, mechanical dissemination by in-  Kelman (1953)
gation water, equip-  fested equipment both occurs in the field during irrigation and sorting of
ments etc. seed tubers; dissemination by chewing insects on potato (colorado potato

beetle, Leptinotarsa declimlineata Say.) etc. have been reported.
iii) Infected host de-  Infected host debris is an important carrier as short-term shelter in soil ~ Graham (1979);
bris, alternate hosts ~ which allows the survival of R. solanacearum between the growing seasons ~ Shekhawat et al. (1992);
and weeds with no  and serves as a transmission agent; the plant parts (eg. tubers) withno  Hayward (1991); Prior
visible symptom visible symptom ensures the uninterrupted dispersal of the pathogen; et al. (1998)

more than 450 species of weeds serves as symptomless alternate hosts of

the pathogen.

Survival "PC’—~(phenotypic It has the ability to change from virulent to avirulent state termed as ‘phe-  Poussier et al. (2003); Ne-
conversion)  phe- notypic conversion’ (PC) by reduced production of extracellular proteins  smith (1985); Denny et al.
nomena and polysaccharides; which keeps them to remain withstand and viable  (1994)

for a very long periods like 2 to 10 years; and can survive in various types
of soils worldwide.

Latency Inoculum level and  Latency shows when inoculum level decrease and certain environmental ~Devi et al. (1982);
certain environmen-  stresses occurs. Such as exposure to low temperatures, anaerobiosis etc. =~ Shekhawat and Per-
tal stresses. makes them symptomless and undetectable [termed as viable but non  ombelon (1991); Eddins

culturable (VBNC) state]; even occasionally, tubers produced on the symp-  (1941)
tomatic plants did not show infection rather diseased tubers were found
on plants with no visible symptom.

Favorable Temperature It cannot survive at >40 °C, becomes severe between 35~24 °C, produces =~ Ciampi and Sequeira

environ- no visible symptom at <16 °C; and could survive long in lower temper-  (1980); Seneviratne

ment ature even at 4 °C, which makes it capable of dispersal and survival for ~ (1988); Granada and

long period.

Sequeira (1983)

Moisture and irriga-
tion

It can survive long in the environment without doing much destruction,
but moisture in the poor soil influenced the devastation of crop by the
pathogen; could be disseminated with the irrigation water; and could
make the disease level increased and affected synergically while in the
optimum temperature.

Shekhawat et al. (1992)
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are predominant in the Americas. In Australia, how-
ever, biovar 3 predominates, biovars 2 and 4 occur-
ring to a lesser extent. Biovars 2, 3 and 4 also occur in
India, Indonesia, Papua New Guinea, Sri Lanka and
China (together with biovar 5). Only Philippines have
all of biovars 1-4 and here as elsewhere in Asia, bio-
var 3 predominates in the lowland regions (Hayward,
1991; CABI, 2017a). However, report from Ahmed
et al. (2013) and Nishat et al. (2015) showed that the R.
solanacearum isolates causing bacterial wilt of potato
in Bangladesh were belonging to Biovar III and Race
3.

4 Host Range

R. solanacearum is known to have a very extensive
host range including not only economically impor-
tant crop plants such as potato, tomato, tobacco and
banana, but also ornamental plants, trees and weeds.
Species from more than 44 plant families have been
identified by Hayward (1991) and more hosts are be-
ing recognised and described. Some of the reports in-
cluded onion, Allium cepa (Girard et al., 1992); custard
apple, Annona spp., (Mayers and Hutton, 1987); florist
geranium, Pelagornium hortorum (Strider, 1981); straw-
berry, Fragaria spp., (Hsu, 1991) and radish, Raphanus
sativus L., (Hsu, 1991), etc. Cassava is cultivated in
many countries where bacterial wilt is endemic, yet
the disease on this host appears to be confined to
Indonesia. Similarly bacterial wilt on sweet potato
has only been reported in China (Hayward, 1991). R.
solanacearum, biovar 3, has also been noted on cashew
in Indonesia and the Alexandra palm in Queensland,
Australia (Hayward, 1991). An alternative theory is
that the pathogen hosts such crops may only where
a number of environmental factors conducive to dis-
ease expression coincide, such as temperature regime,
rainfall, soil type, inoculum potential, and other bio-
logical factors such as nematode populations (Hay-
ward, 1991, 1994).

All hosts of R. solanacearum do not necessarily
express symptoms and can serve as symptomless
carriers. The slow rate of colonisation and disease
progress in symptomless hosts allows the bacteria to
stay viable longer, serving as an inoculum source for
susceptible crops or wild hosts. Studies conducted by
Shekhawat et al. (1992) indicated that R. solanacearum
can even survive symptomless in roots of weed-hosts
and in plants considered to be non-hosts in more
than 450 species which have been reported as hosts
or symptomless carriers (Prior et al., 1998) of certain
strains of R. solanacearum.

5 Symptoms and diagnosis

Symptoms R. solanacearum causes potato infection
in two ways- i) premature wilting and plant death
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symptoms namely ‘bacterial wilt” leading to total
loss of yield; and ii) tuber rotting symptoms namely
‘brown rot” occurs in the transit or storage. On potato
plants, symptoms due to the blocking of the vessels
(Kelman, 1953) caused by the bacteria is the major
cause of wilting. The symptom starts with slight wilt-
ing of the leaves at the ends of the branches during
the heating of the day which recovers at night; even-
tually, plants fail to recover which is soon followed by
total wilting and if the base stem of the affected plant
is cut transversely, the bacterial oozes comes out as
milky white threads when kept in a beaker with water
(Fig. 1). Such threads are not formed by other bacte-
rial pathogens of potato. In advanced stage, epinasty
of the petioles may occur and die (Fig. 1). However,
under cool growing conditions, wilting and other fo-
liar symptoms may not occur.

Symptoms in tubers, mostly occurs as vascular
browning and rot and pitted lesions (Shekhawat et al.,
1992). In vascular rot, the vascular tissues looks like
a water soaked circle, which subsequently may turn
brown. A cross section will show a brown vascular
bundle ring. As the tuber is pressed, slimy drops
will be out of the ring. The lesions on tuber are pro-
duced due to infection through lenticels (skin pores)
(Ghosh and Mandal, 2009; Martin and R, 1985; EPPO,
2004). If potato tubers are formed in the infected
plants those will possibly show the symptoms (Fig. 1).
On tubers, external symptoms may or may not be vis-
ible, depending on the state of disease development.
R. solanacearum can be distinguished by the bacterial
ooze that often emerges from the eyes and stolon-end
attachment of infected tubers. Soil may adhere to the
tubers at the eyes (Database, 2004).

Detection R. solanacearum can be identified from ei-
ther symptomatic or asymptomatic plants and from
water or soil samples by means of several microbi-
ological and molecular methods (Priou et al., 2006;
Schaad et al., 2001; Weller et al., 2000). Screening
tests can facilitate early detection of R. solanacearum
in plants or contaminated soil and water samples,
but they cannot be used to identify the race or biovar.
These screening tests include bacterial streaming, plat-
ing on a semi-selective medium such as TZC medium
etc. (Elphinstone et al., 1996), polymerase chain reac-
tion (PCR) with specific primers, and pathogenicity
tests using susceptible hosts such as tomato seedlings
(Elphinstone et al., 1996; Schaad et al., 2001; Weller
et al., 2000). Commercially-available immunostrips
can be used for rapid detection of R. solanacearum
in the field or lab. The biovar test is a biochem-
ical assay based on the differential ability of the
pathogen strains to produce acid from a panel of
disaccharides and sugar alcohols, requires special-
ized media and may take days to several weeks.
Strains of R. solanacearum can be sub-classified into
phylotypes and then into sequevars using PCR and
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Figure 1. a) Symptoms of bacterial wilt on potatoe plants; b) bacterial streaming from the stem section; c)
vascular discolouration on the infected stem; and d) bacterial ooze on vascular tissues of the tuber
(Champoiseau et al., 2009)
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gene sequence analysis (Champoiseau et al., 2009).
Many standard methods for detection (of latent in-
fection), identification and preparation of media for
R. solanacearum, used in official EU testing schemes,
can be found in (EU, 1998; Lelliott and Stead, 1987;
Database, 1990). Detection of latent infection is by per-
forming an immuno-fluorescence test and/or selec-
tive plating on SMSA medium eventually combined
with optional PCR assays, ELISA or fluorescent in
situ hybridization tests which can be performed for
added sensitivity (Database, 2004). A combination of
at least two different complementary tests is required
to unambiguously identify the species and biovar. Un-
equivocal identification of R3bv2 must rely on at least
two distinct methods of screening and biovar test
(Champoiseau et al., 2009). SMSA medium as mod-
ified by Elphinstone et al. (1996) has been used suc-
cessfully in Europe for latent infection (Elphinstone
et al., 1998). Isolation from symptomatic material
can easily be performed using Kelman’s tetrazolium
medium. In some cases when secondary infections
are present and isolation on selective media is neces-
sary. A presumptive test in the field can be the water
streaming test as described under disease symptoms
or a serological agglutination test using a field kit in
the form of a lateral flow device (Danks and Barker,
2000).

6 Importance

R. solanacearum is the most serious pathogen of potato
plants in tropical regions and can cause serious losses
in temperate regions. A review of the older literature
can be found in (Kelman, 1953). It is responsible for
an estimated $1 billion US in losses each year Elphin-
stone (2005) and globally, the disease has been estim-
pated to affect about 1.7 million hectares of potatoes
in approximately 80 countries, with global damage
estimate of over USD 950 million per annum thereby
contributing to yield losses in potatoes of about 75%
at medium to high altitudes (1500-2800 m) (Cham-
poiseau et al., 2009). Seed borne wilt or latent infec-
tion in potato has often been resulted in severe out
breaks of bacterial wilt (French, 1985). Yield losses
continue during storage and transit due to rotting
and decay leading to even more revenue losses. The
disease has been estimated to affect three million farm
families, which accounts for about 1.5 million ha) in
around 80 countries. In addition to causing yield
losses in field crops, management efforts for preven-
tion, eradication, and control of R. solanacearum are ex-
tremely costly, which contribute heavily to economic
losses (IPDN, 2014).

Different yield loss status has been reported in
several countries (Fig. 2). In Bolivia, potato yield loss
at harvest ranged from 30- 90% and losses during
storage were as high as 98% (IPDN, 2014; Coelho and
Nutter, 2005). In Nepal, tuber rotting occurred in an
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average of 10% of stored potato, with a maximum of
50%. Crop losses in small farms in the Nepalese hills
were up to 100%, mainly due to poor cultural prac-
tices, such as keeping seed from infected crop (IPDN,
2014; Elphinstone, 2005). Complete crop losses in
small holdings in Nepal resulted from poor cultural
practices including using seed from affected crops for
subsequent plantings (CABI, 2017b). In Venezuela,
in the period 1992-1996, R. solanacearum was found
in most localities between 1100 and 3000 m above
sea level, but was not found in localities at altitudes
greater than 3000 m (CABI, 2017b). The potato pro-
duction and yield losses due to bacterial wilt as high
as 100 per cent have been reported in parts of tropical
Africa (Shivani, 2016). In Kenya, the potato indus-
try is threatened by bacterial wilt (BW) because soils
in most production areas are infested with the wilt
causing bacterium and over 50% yield losses have
been reported (IPDN, 2014). The farmers reported ex-
periencing yield losses ranging from 5% to 80% due
to bacterial wilt. According to some recent studies,
the disease is found in all the potato growing areas
of Kenya and the country is affecting 77% of potato
farms which had been introduced with tuber seeds
imported from Europe (Kaguongo et al., 2010). Vari-
ous reports from Kenya have indicated that there was
an increase in the incidence of brown rot of potato
due to the spread and build-up of the disease in the
majority of the potato growing zones (IPDN, 2014;
Ajanga, 1993; Barton et al., 1997; Ateka et al., 2001).
Potato yield losses in Uganda estimated about 30%
(IPDN, 2014; Alacho and Akimanz, 1993), with more
severe losses being 100% (IPDN, 2014). In Burundi,
losses of 64.1% were reported in seed potato IPDN
(2014). Heavy losses of potato due to this disease
were reported from the South Atlantic and Gulf Coast
states of the USA (Kelman, 1953). Extensive losses
of potato were reported in Greece (Zachos, 1957). In
Israel, losses were heavier in the spring potato crop
than the autumn crop, because of the higher grow-
ing temperatures in spring (Volcani and Palti, 1960).
Kabeil et al. (2008) reported that potatoes were one
of the largest exported crops in Egypt. Yet, the to-
tal value of Egyptian potato exports fell from a peak
value of US$ 102.12 million in 1995 to $US 7.7 million
in 2000 mainly due to this organism related quaran-
tine restrictions imposed by the European Union (EU)
which used to account for about 70-90% of Egyptian
potato exports and it represented a drop from approx-
imately 419,000 metric tons to 48,500 tons. Multipli-
cation by cutting seed potato seriously increases the
risk of high losses. Cut seed potato increased disease
incidence by 250% and reduced yield by 40% (CABI,
2017b). In India, a yield loss study with one cultivar
of tomato showed 10-100% mortality of plants and
0-91% yield loss (Elphinstone, 2005). In India, this dis-
ease causes 50% crop loss in potato in a regular man-
ner and up to 75% losses as reported in some areas of
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Reference % loss of potato
Elphinstone (2005) Bangladesh - 15
Elphinstone (2005) Nepal - 195
Shivani (2016) Tropical Africa - | 97
Mukherjee and Dasgupta (1989); Elphinstone (2005) India 190
Ajanga (1993) Kenya [ 50
Opio (1988) Uganda - | 97
Berrios and Rubirigi (1993) Burundi - | 65
Coelho and Nutter (2005) Bolivia - 190

0 20 40 60 80 100

Figure 2. Loss status of potato in different countries caused by R. solanacearum

Karnataka (Mukherjee and Dasgupta, 1989). Reports
from Bangladesh quote some regions as having more
than 30% of potato crops affected by R. solanacearum,
with over 14% reduction in yield (Elphinstone, 2005).

In Bangladesh, R. solanacearum incidence (Fig. 3)
was recorded 9.07% in Jamalpur area, 19.98% in Nil-
phamari area and 22.65% in Munshigonj area. Dur-
ing the fiscal year (2014-2015), exports of the pro-
duced potato had been hindered because of the em-
bargo imposed by Russia due to the infection of the
pathogen. So, the potato growers and businessmen of
Bangladesh had experienced much problems on the
disease especially in case of export to other countries
like- Malaysia, Indonesia, Sri Lanka, Thailand, Hong
Kong, Vietnam, Maldives etc. (Chakraborty and Roy,
2016).

6.1 Difficulties in effective control

The biological features (Table 2) of the pathogen
successfully created difficulties in effective manage-
ment through traditional management practices. Soil
fumigants showed either slight or no effects (Mu-
rakoshi and M, 1984) except chloropicrin among
others [methyl bromide, DD MENCS (a mixture of
methyl isothiocyanate, dichloropropane and dichloro-
propene), and metham] (Enfinger, 1979). However,
one hundred years ago, chloropicrin was used dur-
ing World War I as tear gas and ‘vomiting gas’ and
scientists have concluded that chronic exposure may
results in ‘very high” cancer risks (Froines, 2010) and
those are prohibited in some countries due to the risks
posed to pesticide operators and aquatic organisms,
birds, and bees. Chemical control is nearly impossible
to apply and antibiotics such as streptomycin, ampi-
cillin, tetracycline and penicillin showed hardly any
effect (Farag et al., 1982); in fact, streptomycin applica-
tion increased the incidence of bacterial wilt in Egypt
(Farag et al., 1986). Biological control has been investi-
gated, but is still in its infancy. Although moderate to
highly resistant potato varieties have been released,
but the race and strain diversity of the pathogen and
high frequency of latent infection in tubers, are still

in list of major problems. Besides, the resistant cul-
tivars to be adapted in different agro-climatic zones
has been faced difficulties due to different strains of
the pathogen. Another concern lies in the expres-
sion of resistance for plant breeders which is strongly
affected by environmental factors (Database, 2017a).

6.2 Risk Category of R. solanacearum

Under those circumstances, R. solanacearum is listed
as a regulatory pathogen in A2 group (the group of
quarantine pest which can be present in the location
but cannot be widely distributed there and has to be
officially controlled) quarantine organism (Database,
2017b) and is listed by Asia and Pacific Plant Protec-
tion Commission (APPPC) and International Associ-
ation of Professional Security Consultants (IAPSC).
The occurrence of different races and strains of the
pathogen with varying virulence under different en-
vironmental conditions presents a serious danger to
European and Mediterranean potato and tomato pro-
duction. Therefore, the absence of the bacterium is an
important consideration for countries exporting seed
potatoes (CABI, 2017a).

7 Management difficulties

As a soil-borne pathogen, it was found to be in var-
ious types of soils worldwide. Bacterial wilt was
found to survive in some fallow soil for periods of 2
to 10 years (Nesmith, 1985). Buddenhagen and Kel-
man (1964) reported that under certain conditions,
R. solanacearum colonies spontaneously undergo a
change from fluidal to afluidal form of morphology,
linked to a great reduction in disease-inducing capac-
ity of these cells. In this form the bacteria can con-
serve energy and cellular resources thereby increases
its survival. When suitable host is available, the bac-
teria multiply. Once sufficient cell density is obtained
the extracellular virulence factors are produced they
become virulent and infectious. The survival of R.
solanacearum in soil was affected by several factors
such as initial inoculum concentration, whether the
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land is fallow or cropped to a non-susceptible host,
as well as the biological, chemical and physical prop-
erties of the soil etc. (Moffett et al., 1983). The tem-
perature, moisture and oxygen status of the soil is
further factors that influence the longevity of the
pathogen. This deceitful biological features (Table 2)
of the pathogen that has discussed below, contributes
to management difficulties through traditional man-
agement practices and causes the pathogen unusually
successful in infecting the suitable hosts.

7.1 Biology in relation to disease devel-
opment and survival

Mode of entry R. solanacearum usually enters its
hosts via wounds in the root system (Johnson and
Schaal, 1952). Cultural practices such as interplanting
prior to harvest often lead to increased root damage
(Kelman, 1953). The role of nematodes, especially
Meloidogyne spp. in providing the wound for bac-
terial entry has been mentioned by several authors
(Kelman, 1953; Buddenhagen and Kelman, 1964; Hay-
ward, 1991; Shekhawat et al., 1992). Nematodes may
also modify the host tissue by making it more suit-
able for bacterial colonisation (Hayward, 1991). Wilt
resistant cultivars have been noted to become sus-
ceptible when attacked by nematodes. Root decay
caused by unfavourable soil conditions is believed to
provide further entrance sites for the pathogen. Inva-
sion through insect wounds has been noted on potato
tubers. Even infection of aerial parts via wounds
has been reported under field conditions (Hayward,
1991). The presence of root-invading parasitic fungi
such as Phytophthora in the soil is believed to be an-
other factor that may influence infection, although
contradicting observations have been made in this
regard (Hayward, 1991).

Histopathology (changes in tissue due to infection)
of the host Wallis and Truter (1978) studied the
histopathology of tomato plants infected with R.
solanacearum, on the spread of the pathogen within
the host and the progressive destruction of its vas-
cular tissue. In the study, it was observed a slow
migration of bacteria during the first 48 hours after
inoculation and no bacteria could be detected at a
distance greater than 3, 5 cm from the cut root-tip
and no bacteria was observed in the xylem vessels.
During the next 24 hrs, however, disruption and col-
lapse of tyloses had occurred, releasing the bacteria
into the xylem vessels. During the 3rd day ie. 72
hours after inoculation the inoculated plants started
to wilt and fluid uptake decreased relative to that
in control plants. This observation correlates with
the time when tyloses, after often obstructing vessels,
collapsed, became disrupted and released bacteria
into the xylem vessels. At the 6th day ie. 144 hours
after the inoculation the bacteria in the root vessel
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had reached a large number. Tissue collapse was ob-
served at the 7th day ie. after 168 hours and various
plugging substances were noted in the vessels and
cells of diseased plants were also observed. Complete
wilting of all test plants occurred at the 8th day ie.
about 192 hours after inoculation (Wallis and Truter,
1978).

Sources of inoculum and modes of dispersal Two
major sources of inoculum exist, namely infected
planting materials (seeds/ tubers/ vegetatively prop-
agative materials) and infested soil. Infected plants
decaying in the soil can release masses of bacterial
cells in a slime layer. These slime masses can ad-
here to soil particles and form pellets enhancing its
survival (Shekhawat et al., 1992). The populations
in the soil can then increase or decrease, depend-
ing on the presence of alternative hosts and cultural
practices. The inoculum threshold for initiating dis-
ease depends highly on predisposing factors. In-
fected planting material such as potato tubers is the
most effective source of inoculum and means of dis-
persal. Since the pathogen can be carried latently
within tubers, controlling of the pathogens’ transmis-
sion is complicated. Tubers can carry the bacteria in
three manners, namely externally on tuber surfaces,
in lenticels and in the vascular tissues (Martin and
R, 1985; Shekhawat et al., 1992; EPPO, 2004; Ghosh
and Mandal, 2009). Although surface carried bacteria
can be eliminated by chemical treatments, internal
infections remain a threat. A study showed that dur-
ing storage, bacterial populations decreased rapidly
on the tuber surface reaching a non-detectable limit
within 30-60 days at 4 °C and 60-90 days at room
temperature. But in lenticels and vascular tissues
R. solanacearum could still be detected after 240 days
(Sunaina et al., 1989). Irrigation water, mechanical dis-
semination by infested equipment, sometimes chew-
ing insects on potato (colorado potato beetle, Leptino-
tarsa declimlineata Say.) etc. also have been reported
(Kelman, 1953). Infected host debris is an important
short-term shelter for R. solanacearum in soil (Graham,
1979) allowing survival between growing seasons. It
also serves as a transmission agent. This is especially
for race 3 which has a limited alternative host range.
Weeds serving as hosts are well-documented sources
of inoculum and contribute greatly to the survival
of R. solanacearum in the absence of a cultivated host.
They may also serve as a source of infection when
virgin lands are cleared for cultivation (Buddenhagen
and Kelman, 1964; Martin, 1981).

Presence in the virgin soils The occurrence of R.
solanacearum in newly cleared lands or virgin soils has
been cited in literature (Kelman, 1953; Sequeira and
Averre, 1961; Martin, 1981) and has been attributed
to the presence of wild hosts in the indigenous flora.
Martin (1981) found that biovar 1 (race 1) and biovar
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Figure 3. Incidence (%) of R. solanacearum recorded in different potato growing areas of Bangladesh (redrawn

from Ahmed et al. (2013)

2 (race 3) of the pathogen attacked potatoes grown
in virgin soils in the Amazon basin. No potatoes or
other wilt-susceptible crops had been planted before
and infestation by contaminated water or by plant-
ing infected seed was excluded. This suggested that
those strains were indigenous to the region.

Latency A primary factor contributing to the per-
sistence of the bacteria in the potato production and
export business is that this disease can exist as symp-
tomless/ latent infections. A number of variables can
determine whether or not a bacterial wilt infection
will be asymptomatic. Inoculum dosages at the time
of infection and environmental conditions mainly af-
fect expression of disease symptoms (Devi et al., 1982).
Additionally, the frequency of disease expression in a
field may be so low that its detection in seed potato
fields during field inspections is extremely difficult,
if possible at all. This bacterium is known to enter a
viable but not culturable (VBNC) state under some
circumstances, such as exposure to low temperatures,
anaerobic conditions (Shekhawat and Perombelon,
1991); this may complicate culture-based diagnostic
methods (van Elsas et al., 2001). Temperature has an
influence on the symptom expression of the disease.
In general it may be accepted that symptoms are more
intensely expressed with an increased temperature.
At lower temperatures a larger extent of latent infec-
tion occurs, whilst plants and tubers show no visual
symptoms (Shekhawat et al., 1992). That means, tu-
bers look like no visual symptoms of pathogen but
present in reality, which could be a potential source
of disease at the next season. Even occasionally, tu-

bers produced on the symptomatic plants did not
show infection whereas, diseased tubers were found
on plants with no visible symptom (Eddins, 1941).
This tendency holds great danger for the seed potato
production and export.

7.2 Biology in relation to influences

Temperature Temperature requirements for opti-
mal growth are known to differ for the various strains.
In case of plant infection race3 biovar2 (R3bv2) is
most severe between 24 and 35 °C and decreases in
aggressiveness when temperature exceeds 35 °C or
fall below 16 °C. Active disease at temperatures be-
low 16 °C is rare (Ciampi and Sequeira, 1980). R3bv2
isolates have a lower optimum growth temperature
than strains of race 1 (Thurston, 1963). Disease devel-
opment in terms of wilting and visible tuber infection,
is known to occur at lower temperatures of 14/16 °C
with biovar 2 than with biovar 3 (race 1) (Swanepoel,
1990). Shekhawat and Perombelon (1991) studied the
survival rates of biovar 3 (race 1) and biovar 2 (race
3) at various temperatures and confirmed that race 1
is better adapted to a wider range of temperature for
growth than race 3; and population decline and loss
of virulence of both races was slowest between 10-30
°C. At low temperature of 5 °C, population decline
was the same for both races, reaching undetectable
levels within 12 weeks. Granada and Sequeira (1983)
however reported that soil kept in plastic bags at 4
°C maintained bacterial wilt populations for 673 days
which indicated that long-term survival in deeper
soil at low temperatures is possible. However, the
pathogen was able to survive in some soil samples
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kept at 40 °C for seven days, but not in those kept at
43 °C (Seneviratne, 1988).

Soil moisture Moisture is an important factor of
dispersal this pathogen. It may survive in the envi-
ronment for long without creating much destruction,
but it is moisture in the poor soil which influenced the
devastation of crop by the pathogen. Soil moisture
may influence at least four aspects of the bacterial
wilt disease, namely the survival of the bacterium in
its free state in soil, rate of infection, disease develop-
ment after infection and spread through the soil. Na-
tive farmers in India noted the relationship between
soil moisture and bacterial wilt from an early date
and attributed the disease with higher level of mois-
ture (Shekhawat and Perombelon, 1991). According
to Shekhawat et al. (1992) soil moisture and tempera-
ture have a synergistic effect on disease development,
which high temperatures or high soil moisture alone
will not induce. However, it is very sensitive to desic-
cation (Champoiseau, 2008).

Soil health and soil organic matter Moffett et al.
(1983) noted a greater population decline of R.
solanacearum in the clay loam than in clay or sandy
loam at higher pressure potentials while in a study
on the effect of moisture and soil type on the sur-
vival of R. solanacearum. In the study, the increased
decline of population was attributed to the higher
microbial activity associated with the soil organic
matter which was due to increased competition for
nutrition with other soil microbes and exposure to
increased microbiostasis. Tanaka (1976) reported the
relation between organic matter, microbes and Ralsto-
nia populations. In case of higher levels of organic
matter and microbial activity in surface soil, the pop-
ulation of R. solanacearum decline was faster than in
the subsoil with a lower content of these, and there-
fore, addition of manure to the subsoil reduced the
populations considerably. Nesmith (1985) found that
soil type influenced soil moisture and antagonistic
microbial populations, which in turn affected the Ral-
stonia populations. However, in a study conducted
by Shekhawat and Perombelon (1991) population de-
cline was slower in clay than in sand even under dry
conditions. In Indonesia bacterial wilt is most severe
in heavy clay soils whereas in China it is prevalent in
sandy, especially gritty soil, and not in heavy clay or
loam (Hayward, 1991).

Soil pH Although the optimum pH for growth of
R. solanacearum in vitro is about 6.8, bacterial wilt has
been reported in both acidic and alkaline soils. In
North Carolina a higher incidence of potato wilt oc-
curred in soil with a pH 4.5. However, in Japan and
Ceylon the occurrences were often alkaline, in one
instance a soil pH of 8.5 was recorded (Kelman, 1953).
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Soil layers Results of several authors (McCarter
et al., 1969; Okabe, 1971; Tanaka and Noda, 1973)
suggested that R. solanacearum can survive in deeper
layers of certain soils. Once the pathogen has entered
the deeper layers it can survive in localized microsites
(debris or ‘free soil’), even where microbial activity is
likely to be low (Lloyd, 1978). Other authors (Okabe,
1971; Tanaka, 1976; Graham and Lloyd, 1979) also
reported higher concentrations of R. solanacearum at
deeper soil layers. ? observed the distribution of the
pathogen in the 0-80 cm layer of naturally infested
sandy loam soil, and noted a higher population at all
depths even after one year of fallow. Sunaina et al.
(1989) supported the hypothesis that the depth of root
systems of hosts might govern vertical distribution.
They found that during the potato season popula-
tion build-up was higher in the top 30 cm than in
the deeper soil layers. During the non-cropping sea-
son the population declined much quicker in the top
30 cm as compared to deeper layers, and in the top
20 cm it decreased to an undetectable level. How-
ever, the pathogen survived at the 20-60 cm soil level
even after the field had been kept fallow for 7 months.
Longer survival of the pathogen was expected to be
in deeper soil layers due to the undisturbed remain-
ing root debris with bacterial exudates (Sunaina et al.,
1989).

Soil anaerobiosis Longevity of R. solanacearum is
also affected by the oxygen status of the soil. Anaer-
obic conditions cause a more rapid population de-
cline with undetectable levels being reached within
7 weeks, whereas 11 weeks where required under
aerobic conditions to reduce the population to un-
detectable limits. However, anaerobic conditions fa-
vored a shift of pathogen from virulent to avirulent
state (Shekhawat and Perombelon, 1991).

8 Recommendation

R. solanacearum is an important bacterial pathogen
for both developing and developed countries and
directly related to economic hardship to potato grow-
ers. Despite this, there are lamentably few options
of control and it is urgently required to perform an
advanced research on the pathogen management con-
sidering those biological manner of R. solanacearum.
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