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Ralstonia solanacearum (E.F. Smith) Yabuuchi, is the cause of bacterial wilt of tomato
and one of the most severe pathogens of solanaceous crops with a very wide host range.
There is little information on R. solanacearum strains in Maseno region in Kenya despite
the fact that bacterial wilt of tomato is of economic importance. The objective of this
study was to isolate the strains of R. solanacearum of tomato and characterize
morphologically and biochemically Ralstonia solanacearum races and biovars from
infected tomato plants in Maseno region. This study was conducted at Maseno
University in the Department of Botany at Microbiology Laboratory. Ten diseased
tomato plants from Maseno, Mariwa, Seme and Hollo were collected and cut into small
sections (0.5–1cm). The plant sections were then plated onto Triphenyl tetrazolium
chloride (TZC) media. Profiling of the pathogen was done morphologicaly using
culture techniques; biochemical tests included Gram staining test, Potassium hydroxide
test, Catalase oxidase test, Gas production test, Starch hydrolysis test and sugar
utilization test. The races were then identified by pathogenicity test on wide host range.
All the isolates had fluidal pinkish red centered colonies on TZC media, they were
Gram negative, potassium hydroxide solubility positive, produced gas from glucose,
ooze test positive and did not hydrolyse starch which is typical of R. solanacerum. R.
solanacearum strains from infected tomato plants in Maseno region were race 3 biovar 1
and race 3 biovar 3. All isolates were pathogenic on tomato plants.

1. INTRODUCTION
Bacterial wilt is caused by Ralstonia solanacearum, which was formerly known as Pseudomonas solanacearum E.F.
Smith, is one of the most devastating, important and wide-spread bacterial diseases of crops in tropical
environments [1]; [2]. R. solanacearum is an aerobic non-sporing Gram negative plant pathogenic bacterium [3]. It
is soil borne and motile with a polar flagellar tuft and sometimes 1 to 4 polar flagella. It colonizes the xylem,
causing bacterial wilt in a wide range of potential host plants [4].
Ralstonia solanacearum is a complex species with exceptional diversity among strains regarding host range,
geographical distribution, pathogenicity, epidemiological relationships and physiological properties [5]. This
complex species has been subdivided into five Landraces on the basis of differences in host range [6] and six
biovars on the basis of carbohydrate utilization [7]. There is no information on the races and biovars found in
Maseno Region.
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The landrace and biovar classification has gained wide acceptance for subdividing R. solanacearum [8]. The
racial pattern system groups the strains of R. solanacearum according to their ability to infect different host plants,
viz., landrace 1 the most widely distributed in the world and comprises of many strains having a wide host range
and is pathogenic on different solanaceous plants and weed hosts [6] landrace 2 is restricted to triploid banana and
Heliconia; landrace 3 usually occurs at higher altitudes in tropical areas and in those with temperate climate and
affects mainly potato and tomato and to an extent, other hosts such as solanaceous weeds and geranium, landrace 4
infects ginger, and landrace 5 is pathogenic to mulberry [9] The biovar scheme divides the species into five groups
on the ability of the strains to metabolise or oxidise specific hexose sugars and disaccharides [10]. At present, there
is lot of controversy regarding the prevalence of strains in the various parts of the world. In Kenya however,
limited information is available on the prevalence of biovars, landraces and strains in various parts of the country
especially Western Kenya region. Therefore, the present investigations on isolates of R. solanacearum causing wilt
on tomato plants in Maseno region was carried out.

2. MATERIALS AND METHODS
2.1. Study Site
This study was conducted at Maseno University in the Department of Botany Microbiology Laboratory.
Maseno is situated in Western, Kenya, its geographical coordinates are 0° 10' 0" South, 34° 36' 0" East and the
altitude is 1,503 metrers or 4,934 feet above sea level (KNBS, report, 2013). Maseno receives both short and long
rains averaging 1750mm per annum with mean temperature of 28.7 0C.The study was carried out between October
2015 and April 2016.
2.2. Ralstonia Solanacearum Infected Plant Sample Collection
A total of 10 diseased tomato plants were collected from four sites i.e Maseno, Holo, Seme and Mariwa, where
they were selected on the basis of tomato production and representative of Maseno division. From each plant, 5
samples were prepared. Field diagnosis of infected plant samples was done by critically observing the bacterial wilt
symptoms which included wilting, yellowing of leaves, stunting of growth and observance of narrow dark stripes
corresponding to the infected vascular bundles beneath the epidermis [7]. Simple random sampling technique was
used for collection of samples so as to eliminate selection bias and for accuracy of representation.

Plate-1. R.solanacearum infected plant part showing leaf epinasty

2.3. Isolation of Ralstonia Solanacearum
Collected tomato plant materials were surface sterilized with 1% Sodium Hypochlorite (NaOCl) solution for 1
to 2 min, followed by three repeated washings with distilled water and blot dried according to procedure by Singh,
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et al. [11]. The plant sections (0.5–1 cm) were then plated onto 2, 3, 5 triphenyl tetrazolium chloride (Kelman’s
TZC agar) medium (glucose 10 g, peptone 10 g, casein hydrolysate 1 g, agar 18 g, distilled water 1000 ml). 5 ml of
TZC solution filter sterilized was added to the autoclaved medium to give final concentration of 0.005%) according
to the procedure of Seleim, et al. [12]. The plates were incubated at 28oC ± 2°C for 24–48 hr. The virulent colonies
in the medium characterized by dull white colour, fluidal, irregularly round with light pink centres were further
streaked on TZC medium to get pure colonies of the bacterium (Plate 2).

Plate-2. Appearance of R.solanacearum on TZC media.

2.4. Preservation of Ralstonia Solanacearum
Two loopfuls of bacterium from 48hr old colonies grown on Kelman’s TZC Agar was transferred to 5 mL of
sterile double distilled water in screw capped vials according to procedure by Grover, et al. [13]. They were stored
under refrigeration at 20oC for maintenance of virulence. To revive an isolate, the stored bacteria were streaked on
TZC Agar medium and well separated fluidal colonies were selected.
2.5. Preparation of Ralstonia Solanacearum
A bacterial suspension prepared by pouring sterile distilled water over 24hr old bacterial growths on Nutrient
agar slants, the suspension was then poured into a test tube and adjusted to optical density (O.D) 0.5 in
Spectrophotometer (Novaspec II) in blue filter (425nm) to obtain a bacterial population of 1 x 10 8 colony forming
unit per milliltter of the suspension according to the procedure by Mushore and Matuvhunye [14].
2.6. Simple Staining of Ralstonia Solanacearum
Fresh pure culture of the bacterium were stained by Ziehl’s carbolfuchsin according to the procedure by
Weller, et al. [15]. Bacteria cells were spread over the central area of the slide by use of an inoculating loop. The
slides were placed on a dryer with smeared surface upwards, and air dried for 30 minutes. The dried smear was then
heat fixed. The smear was then covered with carbol fuchsin stain and heated until vapour just began to rise (about
60 degree Celsius). The heated stain was allowed to remain on the slide for 5 minutes and then washed off with
clean water. The smear was then covered with 3% v/v acid alcohol for 2-5 minutes (or 20% sulfuric acid). It was
then washed well with clean water. The cells were then stained with methylene blue and viewed on a microscope
(Nikon) under oil immersion for determination of size, shape and arrangement of cells.
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2.7. Cultural Studies of the Bacterium (Ralstonia Solanacearum)
Cultural characteristics of the bacterium such as size and shape of colonies, colour of colonies, surface margin of
colonies, and growth on nutrient agar (NA) and in nutrient broth were studied according to the procedure by
Pawaskar, et al. [16].
2.8. Gram Staining Test of Ralstonia Solanacearum
Gram staining of R.solanacearum was done according to the procedure by Chaudhry and Rashid [17]. A loop
full of the bacterium was spread on a glass slide and fixed by heating on a very low flame. Aqueous crystal violet
solution (0.5%) was spread over the smear for 30 seconds and then washed with running tap water for one minute.
It was then flooded with iodine for one minute, rinsed in tap water and decolorized with 95% ethanol until colorless
runoff. After washing, the specimen was counter-stained with safranin for approximately 10 seconds, washed with
water, dried and observed microscopically at Mg X10, Mg X 40 and MgX 100 using oil.
2.9. Potassium Hydroxide Test for Ralstonia Solanacearum
Bacteria was aseptically removed from petri plates with an inoculating wire loop, placed on glass slide in a drop
of 3% Potassium hydroxide (KOH) solution, stirred for 10 seconds and observed for the formation of slime threads
according to the procedure by Senthilkumar, et al. [18] 18. The colony’s solubility in 3% KOH solution eliminated
any possible confusion of the organism with other wilt causing pathogen of tomato.
2.10. Catalase Oxidase Test of Ralstonia Solanacearum
Young agar cultures (18-24 hrs) and 3% hydrogen peroxide (H2O2) were used to observe production of gas
bubbles according to the procedure by Chaudhry and Rashid [17]. A loop full of bacterial culture was mixed with a
drop of H2O2 on a glass slide and observed for the production of gas bubbles with unaided eye and under a
dissecting magnification of 25X.
2.11. Gas Production Test for Ralstonia Solanacearum
The ability of the culture to produce gas was tested by growing the organism in nutrient broth containing 2
per cent glucose, according to the procedure by Pawaskar, et al. [16]. The medium was distributed in test tube
containing inverted Durham’s tube. These were sterilized by autoclaving at 15 lbs psi for 20 minutes. The tubes
were inoculated with 0.5 ml of bacterial suspension and incubated at room temperature (28 ± 1 0C) for seven days.
Gas production was indicated by air bubbles in the inverted Durham’s tube.
2.12. Starch Hydrolysis Test for Ralstonia Solanacearum
The ability of bacterium to hydrolyze starch was studied by growing on nutrient agar containing one per cent
soluble starch according to the procedure by Kumar and Khare [19]. The sterilized liquefied nutrient agar was
poured to sterilized Petri plates and allowed to solidify. The culture was inoculated in the center of the plates and
incubated for seven days at room temperature (28 ± 1 0C). The plates were then flooded with Lugol’s iodine (Iodine
1g, potassium iodide 2gm and distilled water 300 ml). Clear zone around bacterial culture was an indication of
positive test.
2.13. Profiling of R. Solanacearum Isolates into Biovars
Biovars of R. solanacearum strains were determined by standard procedure according to Grover, et al. [13]. The
following basal medium was used for biovar identification: NH 4H2PO4, 1.0 g; KCl, 0.2 g; MgSO4.7H2O, 0.2 g;
Peptone, 1.0 g; 1% (wv-1) aqueous solution of bromothymol blue, 0.3 ml; agar, 1.5 g; distilled water, 1litre. The pH
of the medium was adjusted to 7.1 with 40% (wv-1) NaOH solution before addition of the agar. 5ml of a 10% (wv -1)
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pre-sterilized solution of the sugars (lactose, maltose and cellobiose) and sugar alcohols (mannitol, sorbitol and
dulcitol) was added to 45 ml of molten cooled basal medium separately. 200μl of these media was then dispensed
into each test tube. Hayward’s medium without a carbon source and un-inoculated test tubes served as control.
Each test tube was inoculated with 3 μl of a 2 x 109 CFU ml-1 cell suspension prepared from overnight Kelman’s
TZC broth culture. The cultures were incubated at 28±1 oC and examined at 3, 7 and 14 days for change of pH
(yellow colour). Positive cultures changed the culture medium from green to yellow. Each test was replicated three
times.
2.14. Landrace Identification
The landraces of Ralstonia solanacearum were identified by pathogenicity test on wide host range [20].
Seedlings of eggplant, tomato, potato, tobacco, peanut and pepper were raised in tray. One month (30 days) old
seedlings were inoculated by soil inoculation method. The incubated plants were then kept in the greenhouse until
symptoms development.

3. RESULTS
3.1. Isolation of Ralstonia Solanacearum
Isolation of the bacterium was done from tomato (S. lycopersicum), plants showing typical symptoms of bacterial
wilt. Such signs were: lower leaves turning pale yellow, loss of leaf turgidity followed by drooping of leaves and
sudden wilt of the plants (plate 3). The vascular bundles of the infected plants showed brown discoloration (plate 4).
Infected plants showed milky white bacterial streaming from diseased stem and thus were ooze test positive (plate
5).

Plate-3. Tomato plant showing symptoms of R.solanacearum infection
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Plate-4. Longitudinal section of R.solanacearum infected tomato stem with vascular bundles showing brown discoloration.

Plate-5. Milky white bacteria streaming from diseased stem suspended in water.

3.2. Morphological Profiling of Ralstonia Solanacearum
Fluidal pinkish red centered colonies of typical R. solanacerum were observed on TZC media (Plate 6, 7 and 8).
Virulent colonies appeard white with pink colour at the centre. The different colony morphology was observed,
colonies were irregular, white and fluidal (plate 9 and 10) on nutrient agar media.
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Plate-6. Tomato stem sections isolation on TZC medium.
Plate-7. Typical colonies of R.solanacearum on TZC medium.
Plate-8. Confirmation of Ralstonia solanacearum on TZC medium.
Plate-9. Tomato stem sections isolation on Nutrient Agar medium.
Plate-10. Appearance of of Ralstonia solanacearum on Nutrient Agar medium showing whirling pattern.
Table-1. Morphological profiling of four isolates of R. Solanacearum on TZC media

Sno.
1
2

Isolate
Maseno
Mariwa

3
4

Seme
Hollo

Morphology on TZC medium
irregular with smooth margin, slimy dull white colonies with pink to red center
moderately fluidal, irregularly shaped, convex, dull white colonies with pink
colored center and bluish margin
irregular with smooth margin, slimy dull white colonies with pink to red center
irregular with smooth margin, slimy dull white colonies with pink to red center

3.3. Gram’s Stain of R.Solanacearum
The microscopic results showed that all the isolates of R.solanacearum did not retain violet colour i.e. the
isolates retained counter stain (pink colour) (plate 10). This was an indication that all isolates of R. solanacearum
representing each group are gram negative and straight or curved rod shaped.
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Plate-10. Appearance of Ralstonia solanacearum cells after gram staining (Mgx100)

3.4. Potassium Hydroxide Solubility Test
The Gram negative test of R.solanacearum was also confirmed by Potassium hydroxide solubility test. An elastic
thread or viscous thread was observed when the loop was raised from the bacterial solution by tooth pick, a few
centimeters from glass slides for all the isolates from the four sites indicating that all groups of R.solanacearum
isolates were Gram negative (Table 2).
3.5. Catalase Oxidase Test
All the isolates tested produced gas bubbles during these tests (Table 2), indicating that these might be
Ralstonia solanacearum.
3.6. Gas Production
All the isolates tested produced gas from glucose within eighteen hours of incubation (Plate 11, Table 2).

Plate 11 .Gas production by R.solanacearum isolates.

3.7. Starch Hydrolysis
Starch hydrolysis test of the bacterium showed that all the isolates from the four sites were unable to hydrolyse
starch (Plate 12, Table 2); no clear zone surrounding the bacteria growth was observed when plates were flooded
with Lugol’s iodine (IKI) solution.
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Plate-12. Starch hydrolysis
Table-2. Profiling of Ralstonia solanacearum strains isolated from bacterial wilt infected tomato plants in Maseno region.

TEST
Gram’s Stain
Potassium Hydroxide Solubility Test
Catalase oxidase test
Gas production
Starch hydrolysis
Ooze test
Growth on Tzc

Maseno isolate
_
+
+
+
_
+
+

Mariwa isolate
_
+
+
+
_
+
+

Seme isolate
_
+
+
+
_
+
+

Holo isolate
_
+
+
+
_
+
+

Legend: += Positive reaction; - =Negative reaction

3.8. Biochemical Profiling of R. Solanacearum
The oxidation reaction was indicated by the change of the color of Hayward’s medium. The results revealed a
change of color from green to yellow color indicating the oxidization of sugars by bacterial isolates (plate 13). All
tested strains utilized glucose and fructose invariably. However marked differences were observed in the ability of
the strains to oxidize three dissacharides (Lactose, Celiobiose and Maltose) and three sugar alcohols (Mannitol,
Sorbitol and Ducitol). Three strains were classified as biovar III and one strain as biovar I based on Haywards
classification scheme [21]. Biovar III strains (Maseno, Seme and Holo) oxidized all of the sugar and sugar alcohols
while biovar I strain (Mariwa) didn’t oxidize any of the disaccharides or sugar alcohols even after five weeks of
incubation (Table3). No reaction was produced in inoculated media without carbohydrate source.
Table-3. Biochemical differentiation of Ralstonia solanacearum into biovars

ISOLATE
Distilled
water(control)
Maseno
Mariwa
Seme
Holo

Glucose
-

Fructose
-

Lactose
-

Celiobiose
-

Maltose
-

Mannitol
-

Sorbitol
-

Ducitol
-

Biovar
-

+
+
+
+

+
+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

III
I
III
III

Legend: += Positive reaction or change of colour;
-= Negative reaction or no change of colour
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Plate-13. Carbohydrate utilization test for strains of R.solanacearum.

3.9. Designation of Landraces of R. Solanacearum in Maseno Region
The landraces of R. solanacearum were identified by pathogenicity tests in wide host which included; tomato,
Potato, Pepper and eggplant. Initial symptoms of wilting in susceptible hosts appeared 3-4 days after stem
inoculation. The symptoms consisted of wilting of the inoculated leaf and eventually the whole plant wilted. The
result of the pathogenicity test showed that all of the groups of R.solanacearum isolates tested in the study were able
to cause wilt symptom in inoculated tomato, Potato, Pepper and eggplant plants. The four strains (Maseno,
Mariwa, Seme and Holo) were highly virulent on potato and tomato plants but were moderate to slight virulent on
eggplant and Pepper after four weeks of inoculation (Table 4).
The four strains (Maseno, Mariwa, Seme and Holo) were highly virulent on potato and tomato plants but were
moderate to slight virulent on pepper and low virulent on eggplant after four weeks of inoculation. But other hosts
such as tobacco and peanut did not show wilting symptoms. Therefore, all the four strains from Maseno region had
characteristic of race 3 with a limited host range on potato, tomato and a few other hosts (Table 4). The limited
host range is the characteristic of landrace 3 of R.solanacearum [22].
Table-4. Pathogenicity test on potato, tomato, pepper and egg plant and classification of Ralstonia solanacearum strains in Maseno region

ISOLATE
Distilled water
MASENO
MARIWA
SEME
HOLO

TOMATO
0
H
H
H
H

POTATO
0
H
H
H
H

PEPPER
0
M
M
M
M

EGGPLANT
0
L
L
L
L

TOBACCO
0
0
0
0
0

PEANUT
0
0
0
0
0

Legend: Average disease indices of 9 plants at 28 days after inoculation and rating scales [20] were as followed: H, High(disease index 4.1 to 5.0); M, Moderate (2.6
to 4.0); L, Low (1.1 to 2.5); and, 0, None (1.0)
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3.9. Response of Tomato to Infection by Ralstonia Solanacearum
Typical bacterial wilt symptoms were observed one week after transplanting. The cause of wilt was confirmed
to be R. solanacearum by looking for bacterial ooze (Plate 14) and isolating the bacterium from wilted plants
followed by culture on TZC medium. The tomato cultivar used, Rio Grande, was very susceptible to bacterial wilt.
Disease incidence progressed rapidly beginning week one after transplanting.

Plate-14. Milky white bacteria streaming from diseased stem suspended in water.

Plate-15. A mature tomato plant grown under greenhouse conditions showing symptoms of bacteria wilt.
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4. DISCUSSION
4.1. Isolation of Ralstonia Solanacearum
The results described herein are similar to those reported by Zubeda and Hamid [23]. Virulence of an isolate
can be determined on the basis of colony colour on TZC media. Virulent wild type colonies are usually large,
elevated, fluidal and either entirely white or with a pale red center; avirulent mutant colonies were butyrous, deepred often with a bluish border.
4.2. Morphological Profiling of Ralstonia Solanacearum
Cultural traits on different media are important tools for identification of Ralstonia solanacearum. Present results
agreed with those reported by [24-26] and Maji and Chakrabartty [27]. This is the characteristic feature of R.
solanacearum. According to Rohini, et al. [28] triphenyl tetrazolium chloride (TZC) medium is used to distinguish
R. solanacearum among other bacteria during isolation. Also when TZC medium is used with R. solanacearum, it
shows the difference between avirulent colonies that look dark red from the fluidal virulent that are white with pink
center [25, 29]. In the present study, the colonies were fluidal whitish with a pink center, indicating virulent
species of R. solanacearum.
The results of cultural studies are in close conformity with Mahdy, et al. [30] who described the colonies of R.
solanacearum as white, wet, shining, circular, raised and smooth. Pawaskar, et al. [16] and Tahat and Sijam [31]
also recorded similar observations regarding colony characters of R. solanacearum . The above results showed that
these isolates were R. solanacearum.
4.3. Gram Stain
All of the plant pathogenic bacteria are usually Gram negative except Clavibacter and Streptomyces [32]
;[33]. All four tomato strains of R. solanacearum (Maseno, Mariwa, Seme and Holo) from Maseno region were
Gram-negative. The results of this study agreed with Wang, et al. [34] who reported that R. solanacearum are
Gram-negative. Gram reaction by staining is a necessary initial step for the identification and classification of
bacteria from any source. The outcome of this test is literally fragile cell walls, which are bound by an outer
membrane. Gram-positive bacteria have a thick mesh-like cell wall made of peptidoglycan (50-90% of cell wall),
which stain purple and Gram-negative bacteria have a thinner layer (10% of cell wall), which stain pink. Gramnegative bacteria also have an additional outer membrane which contains lipids, and is separated from the cell wall
by the periplasmic space.
4.4. Potassium Hydroxide Solubility Test
The results reported herein are similar to those reported by Rahman, et al. [25] who reported that Gram
negative bacteria had viscous thread when lifted glass slide when mixed with 3% KOH. These results could be due
to the outer membrane of Gram-negative bacteria being readily disrupted on exposure to 3% KOH releasing the
viscous DNA according to Ahmed, et al. [7] who performed a similar test on R. solanacearum causing bacterial wilt
disease of potato in Bangladesh. Solubility test confimed that R.solanacearum isolates were Gram negative.
4.5. Catalase Oxidase Test
All Gram-negative bacteria produced gas bubbles when they were mixed with a drop of Hydrogen peroxide on
glass slide thus they were catalase oxidase positive. Present results agreed with those reported by Mwankemwa
[35] and Teng, et al. [36]. These results could be attributed to the presence of catalase enzyme in R. solanacearum.
Slesak, et al. [37] working with Gram-negative concluded that Hydrogen peroxide (H2O2) is a byproduct of aerobic
respiratory metabolism in aerobic bacteria. Production of gas bubbles gives a clue for presence of aerobic bacteria.
Catalase is an enzyme, which is produced by microorganisms that live in oxygenated environments to neutralize
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toxic forms of oxygen metabolites; H2O2. The catalase enzyme neutralizes the bactericidal effects of hydrogen
peroxide and protects them against the toxic effects of H 2O2. Anaerobes generally lack the catalase enzyme.
Catalase mediates the breakdown of hydrogen peroxide H2O2 into oxygen and water. Only aerobic bacteria produce
catalase enzyme hence the test bacteria (Ralstonia solanacearum) was conrnfirmed to be aerobic in nature.
4.6. Gas Production Test
Gas production test indicated that the bacterium (R. solanacearum) produced gas from glucose within eighteen
hours of incubation. The result are in conformation with Pawaskar, et al. [16]; Zhou, et al. [38] and Houfani, et al.
[39] who reported that R. solanacearum produce gas from dextrose, glucose and salicilin. Production of gas may be
attributed to the presence of enzyme systems in bacteria which allow them to oxidize environmental nutrient
sources. Many bacteria possess the enzymes system required for the oxidation and utilization of the simple sugar,
glucose. Bacterial utilization of different energy sources in the medium depends on the specific enzymes of each
bacterium. The characteristics feature of the enzyme production in the bacteria enables them to use diverse
carbohydrates and this in turn aid in the identification of unknown bacteria.
4.7. Starch Hydrolysis Test
Starch hydrolysis test of the bacterium showed that the bacterium were unable to hydrolyse starch. This results
are similar to those of Pawaskar, et al. [16] who reported R. solanacearum as negative in starch hydrolysis. Similarly
Zhang, et al. [40]; Nouri, et al. [41] and Vaneechoutte, et al. [42] also reported R. solanacearum to be negative in
starch hydrolysis. These results can be attributed to the absence of some exoenzymes (amylases) by R.solanacearum
[43]. Starch agar is a differential medium that tests the ability of an organism to produce certain exoenzymes
including amylase and oligo-1, 6-glucosidase that hydrolyze starch. Starch molecules are too large to enter the
bacterial cell, so some bacteria secrete exoenzymes to degrade starch into subunits that can then be utilized by the
organism. It is on this basis that R.solanacearum strains were classified as negative in starch hydrolysis.
4.8. Profiling of R. Solanacearum Isolates into Biovars
Ralstonia solanacearum isolates varied in utilization pattern of different sugars but Biovar 1 didn’t utilize any
sugar from sugar test Biovar 3 isolates, utilized Mannitol, Sorbitol, Ducitol, Maltose, Lactose and Cellubiose.
Biovar 3 seems more prevalent in Maseno region; it was present in Maseno, Seme and Holo sites. Biovar 1 is
restricted to Mariwa only. These results concurred with those obtained by Hassan, et al. [44] who performed
similar biochemical test on all bacterial wilt strains from Rawalpindi and Islamabad whose results of the biovar test
showed that all seven groups of R.solanacearum isolates oxidized disaccharides (Sucrose, lactose, maltose) and sugar
alcohols (manitol, sorbitol and dulcitol) within 3-5days.
In different utilization pattern of various sugars; pathogenic variability and virulence pattern of R. solanacearum
belonging to Biovar 1 and Biovar 3 could be due to genetic variability among different strains of pathogen [13].
Genetic variation represents an alternative adaptive strategy, which by providing some degree of diversity ensures
survival in specific niches and adaptation to sudden changes in the environment. By responding to specific
environmental signals, regulatory genes allow bacteria to adapt to changes in their habitat. High virulence of
Biovar 3 strains could be due to their wide host range and compatibility with number of environmental factors
favorable for disease appearance such as temperature, rainfall, soil type, inoculum potential, and other soil biological
factors such as wilt complexes formed among nematodes (Meloioigyne spp), Fungi (Fusarium spp.) and R.
solanacearum.
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4.9. Designation of Landraces of R. Solanacearum in Maseno Region
All groups of R.solanacearum isolates causing bacterial wilt of tomato collected from four (Maseno, Mariwa,
Seme and Holo) tomato growing areas in Maseno region belong to landrace 3. The strains showed high to
moderate virulence on potato, tomato and eggplant. Therefore, all of them had characteristic of landrace 3 with a
limited host range on potato, tomato and pepper (Table 4). In a host range study, all strains were pathogenic
(moderate to high) on potato, tomato and eggplant. But other hosts such as pepper showed low level of
pathogenicity but tobacco and peanut did not show any wilt symptoms. The limited host range is the characteristic
of landrace 3 of R.solanacearum. The findings of this study were in line with those obtained by Tjou-Tam-Sin, et al.
[45]; Manasa, et al. [46] and Ahmed, et al. [7] who classified R. solanacearum into five landraces. Five landraces
have been described so far, but they differ in host range, geographical distribution and ability to survive under
different environmental conditions. Landace 1 infects many solanaceous plants such as brinjal, tomato, tobacco,
pepper and other plants including some weeds. Landace 2 causes wilt of triploid banana (Musa spp.) and Heliconia
spp., while landrace 3 infects potato and tomato but it is weakly virulent on other solanaceous crops, landrace 4
infects ginger and landrace 5 infects mulberry. The results of this study primarily indicated that bacterial wilt
pathogen of tomato; R. solanacearum belongs to landrace 3.
Funding: This study was funded by National Commission for Science, Technology and Innovation
(NACOSTI).
Competing Interests: The authors declare that they have no competing interests.
Contributors/Acknowledgement: The authors would like to thanks Maseno University administration for
providing the required facilities and working environment through Department of Botany making the
research successful.

REFERENCES
[1]

J. Mansfield, S. Genin, S. Magori, V. Citovsky, M. Sriariyanum, P. Ronald, M. A. X. Dow, V. Verdier, S. V. Beer, and
M. A. Machado, "Top 10 plant pathogenic bacteria in molecular plant pathology," Molecular Plant Pathology, vol. 13,
pp. 614–629, 2012.

[2]

View at Google Scholar | View at Publisher

M. T. Nguyen and S. L. Ranamukhaarachchi, "Soil-borne antagonists for biological control of bacterial wilt disease
caused by Ralstonia solanacearum in tomato and pepper," Journal of Plant Pathology, vol. 4, pp. 395–405, 2010.

View at

Google Scholar

[3]

G. A. K. Sutariati and S. Ilyas, "Biological seed treatment for controlling anthracnose disease of hot pepper,"
International Journal of Sustainable Tropical Agricultural Sciences, vol. 1, pp. 110-117, 2015.

[4]

K. A. Yadeta and B. P. Thomma, "The xylem as battleground for plant hosts and vascular wilt pathogens," Induced
Plant Responses to Microbes and Insects, vol. 1, pp. 110-116, 2014.

[5]

M. I. Siri, A. Sanabria, and M. J. Pianzzola, "Genetic diversity and aggressiveness of Ralstonia solanacearum strains
causing bacterial wilt of potato in Uruguay," Plant Disease, vol. 95, pp. 1292–1301, 2011.

View at Google Scholar | View at

Publisher

[6]

S. Murugaiyan, J. Y. Bae, J. Wu, S. D. Lee, H. Y. Um, H. K. Choi, E. Chung, J. H. Lee, and S. W. Lee, "Characterization
of filamentous bacteriophage PE226 infecting Ralstonia solanacearum strains," Journal of Applied Microbiology, vol. 110,
pp. 296–303, 2011.

[7]

View at Google Scholar | View at Publisher

N. N. Ahmed, M. R. Islam, M. A. Hossain, M. B. Meah, and M. M. Hossain, "Determination of races and biovars of
Ralstonia solanacearum causing bacterial wilt disease of potato," Journal of Agricultural Science, vol. 5, pp. 86-91, 2013.
View at Google Scholar | View at Publisher

[8]

F. Meng, "Ralstonia solanacearum species complex and bacterial wilt disease," Journal of Plant Pathology and
Microbiology, vol. 4, pp. 119-130, 2013.

View at Google Scholar | View at Publisher

417
© 2017 AESS Publications. All Rights Reserved.

Journal of Asian Scientific Research, 2017, 7(9): 404-420

[9]

K. Chandrashekara, M. Prasannakumar, M. Deepa, A. Vani, and A. Khan, "Prevalence of races and biotypes of
Ralstonia solanacearum in India," Journal of Plant Protection Research, vol. 52, pp. 53–58, 2012.

View at Google Scholar | View at

Publisher

[10]

M. K. Prasannakumar, K. N. Chandrashekara, M. Deepa, A. Vani, and A. N. A. Khan, "Finger printing of Ralstonia
solanacearum isolates by Rep-PCR and RAPD," Pest Management in Horticultural Ecosystems, vol. 18, pp. 179–187, 2013.
View at Google Scholar

[11]

A. Singh, A. Jain, B. K. Sarma, R. S. Upadhyay, and H. B. Singh, "Rhizosphere competent microbial consortium
mediates rapid changes in phenolic profiles in chickpea during sclerotium rolfsii infection," Microbiological Research, vol.
169, pp. 353–360, 2014.

[12]

View at Google Scholar | View at Publisher

M. A. Seleim, K. A. Abo-Elyousr, K. M. Abd-El-Moneem, and F. A. Saead, "First report of bacterial wilt caused by
Ralstonia solanacearum Biovar 2 race 1 on tomato in Egypt," Plant Pathology Journal, vol. 30, pp. 299-310, 2014.

View at

Google Scholar | View at Publisher

[13]

A. Grover, S. K. Chakrabarti, W. Azmi, and S. M. P. Khurana, "Rapid method for isolation of PCR amplifiable genomic
DNA of Ralstonia solanacearum infested in potato tubers," Advances in Microbiology, vol. 2, pp. 441-446, 2012.

View at

Google Scholar | View at Publisher

[14]

J. Mushore and M. Matuvhunye, "Antibacterial properties of Mangifera indica on staphylococcus aureus," African
Journal of Clinical and Experimental Microbiology, vol. 14, pp. 62–74, 2013.

[15]

View at Google Scholar | View at Publisher

D. Weller, A. Andrus, M. Wiedmann, and H. C. Den Bakker, "Listeria booriae sp. nov. and Listeria newyorkensis sp.
nov., from food processing environments in the USA," International Journal of Systematic and Evolutionary Microbiology,
vol. 65, pp. 286–292, 2015.

[16]

View at Google Scholar | View at Publisher

J. Pawaskar, M. S. Joshi, S. Navathe, and R. C. Agale, "Physiological and biochemical characters of ralstonia
solanacearum," International Journal of Research in Agricultural Sciences, vol. 1, pp. 2348-3997, 2014.

[17]

Z. Chaudhry and H. Rashid, "Isolation and characterization of Ralstonia solanacearum from infected tomato plants of
soan skesar valley of Punjab," Pakistan Journal of Botany, vol. 43, pp. 2979–2985, 2011.

[18]

View at Google Scholar

M. M. Senthilkumar, A. R. Selastin, and G. Gopalaswamy, "Characterization of devastating phytopathogen Ralstonia
solanacearum from wilt infected Brinjal plants from Mizoram, India," Life Sciences Leaflets, vol. 55, pp. 6-13, 2014.

[19]

S. Kumar and S. K. Khare, "Chloride activated halophilic α-amylase from Marinobacter sp. EMB8: Production
optimization and nanoimmobilization for efficient starch hydrolysis," Enzyme Research, vol. 2015, pp. 1-9, 2015.

View at

Google Scholar | View at Publisher

[20]

S. P. Dhital, N. Thaveechai, and S. K. Shrestha, "Characteristics of Ralstonia solanacearum strains of potato wilt
disease from Nepal and Thailand," Nepal Agriculture Research Journal, vol. 4, pp. 42-47, 2001.

View at Google Scholar | View at

Publisher

[21]

A. C. Hayward, "Characteristics of pseudomonas solanacearum," Journal of Applied Bacteriology, vol. 27, pp. 265 -277,
1964.

[22]

View at Google Scholar

I. W. Buddenhagen, L. Sequeira, and A. Kelman, "Designation of races in pseudomonas-solanacearum. In:
Phytopathology," American Phytopathological Society 3340 Pilot Knob Road, St Paul, MN 55121 USA, vol. 52, pp. 726737, 1962.

[23]

C. Zubeda and R. Hamid, "Isolation and characterization of Ralstonia solanacearum from infected tomato plants of
Soan Skesar valley of Punjab," Pakistan Journal of Botany, vol. 43, pp. 2979-2985, 2011.

[24]

View at Google Scholar

A. R. Popoola, S. A. Ganiyu, O. A. Enikuomehin, J. G. Bodunde, O. B. Adedibu, H. A. Durosomo, and O. A. Karunwi,
"Isolation and characterization of Ralstonia solanacearum causing bacterial wilt of tomato in Nigeria," Nigerian Journal
of Biotechnology, vol. 29, pp. 1-10, 2015.

[25]

View at Google Scholar | View at Publisher

M. F. Rahman, M. R. Islam, T. Rahman, and M. B. Meah, "Biochemical characterization of Ralstonia solanacerum
causing bacterial wilt of brinjal in Bangladesh," Progressive Agriculture, vol. 21, pp. 9–19, 2013.

View at Google Scholar | View at

Publisher

418
© 2017 AESS Publications. All Rights Reserved.

Journal of Asian Scientific Research, 2017, 7(9): 404-420

[26]

M. A. A. Seleim, F. A. Saead, K. M. H. Abd-El-Moneem, and K. A. M. Abo-Elyousr, "Biological control of bacterial wilt
of tomato by plant growth promoting rhizobacteria," Plant Pathology Journal, vol. 24, pp. 221-233, 2011.

[27]

S. Maji and P. K. Chakrabartty, "Biocontrol of bacterial wilt of tomato caused by Ralstonia solanacearum by isolates of
plant growth promoting rhizobacteria," Australian Journal of Crop Science, vol. 8, pp. 208-221, 2014.
[28]

View at Google Scholar

I. B. Rohini, K. T. Rangaswamy, and R. Achari, "Isolation and characterization of Ralstonia solanacearum

causing bacterial wilt of solanaceae crops," International Journal of Current Microbiology and Applied Sciences, vol. 6, pp.
1173-1190, 2017.
[29]

View at Google Scholar | View at Publisher

S. Nishat, I. Hamim, M. I. Khalil, M. A. Ali, M. A. Hossain, M. B. Meah, and M. R. Islam, "Genetic diversity of the
bacterial wilt pathogen Ralstonia solanacearum using a RAPD marker," Comptes Rendus Biologies, vol. 338, pp. 757–
767, 2015.

[30]

View at Google Scholar | View at Publisher

A. M. Mahdy, G. M. El-Habbaa, F. G. Mohamed, and A. A. Badr, "Virulence of Ralstonia solanacearum the causal of
potato brown rot disease under Egyptian conditions," Annals of Agricultural Science Moshtohor, vol. 50, pp. 59-67, 2012.

[31]

M. M. Tahat and K. Sijam, "Ralstoina solanacearum: The bacterial wilt causal agent," Asian Journal of Plant Sciences,
vol. 9, pp. 385-402, 2010.

[32]

View at Google Scholar | View at Publisher

A. V. Polkade, S. S. Mantri, U. J. Patwekar, and K. Jangid, "Quorum sensing: An under-explored phenomenon in the
phylum actinobacteria," Frontiers in Microbiology, vol. 7, pp. 120-124, 2016.

[33]

M. A. Tancos, L. Chalupowicz, I. Barash, S. Manulis-Sasson, and C. D. Smart, "Tomato fruit and seed colonization by
Clavibacter michiganensis subsp. michiganensis through external and internal routes," Applied and Environmental
Microbiology Journal, vol. 79, pp. 6948–6957, 2013.

[34]

View at Google Scholar | View at Publisher

K. Wang, P. Remigi, M. Anisimova, F. Lonjon, I. Kars, A. Kajava, C. H. Li, C. P. Cheng, F. Vailleau, and S. Genin,
"Functional assignment to positively selected sites in the core type III effector RipG7 from Ralstonia solanacearum,"
Molecular Plant Pathology, vol. 7, pp. 1220-1229, 2016.

[35]

Z. Mwankemwa, "Occurrence and distribution of potato bacterial wilt disease and variability of its causal agent in
Southern Highlands of Tanzania," Doctoral Dissertation, Sokoine University of Agriculture, 2015.

[36]

S. K. Teng, N. A. A. Aziz, M. Mustafa, R. Laboh, I. S. Ismail, S. R. Sulaiman, and S. Devi, "The occurrence of blood
disease of banana in Selangor, Malaysia," International Journal of Agriculture and Biology, vol. 18, pp. 43-47, 2016.

View at

Google Scholar

[37]

I. Slesak, H. Slesak, P. Zimak-Piekarczyk, and P. Rozpądek, "Enzymatic antioxidant systems in early anaerobes:
Theoretical considerations," Astrobiology, vol. 16, pp. 348–358, 2016.

[38]

View at Google Scholar | View at Publisher

T. Zhou, D. Chen, C. Li, Q. Sun, L. Li, F. Liu, Q. Shen, and B. Shen, "Isolation and characterization of pseudomonas
brassicacearum J12 as an antagonist against Ralstonia solanacearum and identification of its antimicrobial
components," Microbiological Research, vol. 167, pp. 388–394, 2012.

[39]

View at Google Scholar | View at Publisher

A. A. Houfani, T. Větrovský, P. Baldrian, and S. Benallaoua, "Efficient screening of potential cellulases and
hemicellulases produced by Bosea sp. FBZP-16 using the combination of enzyme assays and genome analysis," World
Journal of Microbiology and Biotechnology, vol. 33, pp. 29-31, 2017. View at Google Scholar | View at Publisher

[40]

Y. Q. Zhang, W. J. Li, K. Y. Zhang, X. P. Tian, Y. Jiang, L. H. Xu, C. L. Jiang, and R. Lai, "Massilia dura sp. nov.,
Massilia albidiflava sp. nov., Massilia plicata sp. nov. and Massilia lutea sp. nov., isolated from soils in China,"
International Journal of Systematic and Evolutionary Microbiology, vol. 56, pp. 459–463, 2006.

View at Google Scholar | View at

Publisher

[41]

S. Nouri, M. Bahar, and M. Fegan, "Diversity of Ralstonia solanacearum causing potato bacterial wilt in Iran and the
first record of phylotype II/biovar 2T strains outside South America," Plant Pathology, vol. 58, pp. 243–249, 2009.

View

at Google Scholar | View at Publisher

[42]

M. Vaneechoutte, P. Kämpfer, T. De Baere, E. Falsen, and G. Verschraegen, "Wautersia gen. nov., a novel genus
accommodating the phylogenetic lineage including Ralstonia eutropha and related species, and proposal of Ralstonia

419
© 2017 AESS Publications. All Rights Reserved.

Journal of Asian Scientific Research, 2017, 7(9): 404-420

[Pseudomonas] syzygii (Roberts et al. 1990) comb. Nov," International Journal of Systematic and Evolutionary
Microbiology, vol. 54, pp. 317-327, 2004.
[43]

View at Google Scholar | View at Publisher

G. A. Achari, "Interactions of Ralstonia solanacearum, a bacterial wilt pathogen with the xylem residing bacteria in
solanaceous vegetables," Doctoral Dissertation, Goa University, 2015.

[44]

S. Hassan, M. Inam-Ul-Haq, F. Naz, M. I. Tahir, and Z. Ali, "In vitro investigations on host specificity of Ralstonia
solanacearum among solanaceous crops and its biological control in tomato," Pakistan Journal of Botany, vol. 48, pp.
1279–1287, 2016.

[45]

View at Google Scholar

N. N. A. Tjou-Tam-Sin, J. L. J. van de Bilt, M. Westenberg, M. Bergsma-Vlami, H. J. Korpershoek, A. M. W. Vermunt,
E. T. M. Meekes, H. A. S. Teunissen, and J. Van Vaerenbergh, "First report of bacterial wilt caused by Ralstonia
solanacearum in ornamental Rosa sp," Plant Disease, vol. 2, pp. 250-255, 2016.

[46]

M. Manasa, M. K. Reddy, and R. Mahmood, "BOX-PCR and ERIC-PCR based genomic finger printing among
Ralstonia solanacearum isolates associated with wilt disease of solanaceous vegetables," International Journal of
Scientific Research, vol. 4, pp. 619-624, 2016.

Views and opinions expressed in this article are the views and opinions of the author(s), Journal of Asian Scientific Research shall not be responsible or
answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.

420
© 2017 AESS Publications. All Rights Reserved.

