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ABSTRACT
Ralstonia solanacearum is the causative agent of wilt disease in plants, which
constitutes a severe problem to agricultural crops, particularly for potato production in
Madagascar. The present study focuses on the isolation, in vitro and in vivo assays of
potential rhizospheric and endophytic bacteria associated with healthy potato plant,
capable to inhibit the growth of Ralstonia solanacearum for controlling potato bacterial
wilt. A total of 77 bacteria strains were isolated from six soil rhizospheric samples and
six vegetal material samples of healthy potatoes in the district of Antsirabe II. Forty of
them were telluric actinomycetes, 25 were endophytic actinomycetes and 12 were
fluorescent Pseudomonas spp. An additional 30 phytopathogenic isolates were obtained
from six rhizopsheric soil samples of diseased potatoes. Morphological, cultural,
biochemical characterization and molecular identification with the Ralstonia
solanacearum specific primers 759/760 revealed that 24 of the pathogenic isolates
belong to the Ralstonia solanacearum species, biovar two; the causal agent of potato
bacterial wilt. Isolates from healthy plants were, then, examined in vitro and in vivo for
their antagonistic activity against Ralstonia solanacearum strain for their potential to
improve potato plant growth. In vitro antagonism of actinomycete and Pseudomonas
isolates against Ralstonia solanacearum development was performed using agar
diffusion technique, while in vivo tests were conducted under greenhouse conditions.
Ten antagonistic strains including two Pseudomonas, four telluric actinomycetes, and
four endophytic actinomycetes inhibited the tested Ralstonia strain. Four strains, E7,
E13 (endophytic actinomycete from root potatoes), S25 (telluric actinomycetes) and P7
(fluorescent Pseudomonas), showed high antagonistic activity against the pathogen
with zones of inhibition from 23 to 40 mm. Of the fours strains tested in greenhouse,
E7 significantly reduced (p < 0.05) the percentage of Ralstonia solanacearum that
infected plants by 72.04%. The isolates E13 and S25 have also been demonstrated to
improve plant growth by increase of plant height to 44.63% and 44.84%, fresh weight
to 68.75% and 75.85% and dry weight to 86.17% and 115.42%, respectively compared
with non-treated control. Morphological and cultural characterization of these three
active isolates showed that they belong to the genus Streptomyces. The antagonism of
these isolates against Ralstonia solanacearum according to in vitro and in vivo tests
results, along with their high efficiency as regards the improvement of plant
development, suggests that these three actinomycete strains E7, E13 and S25 could be
useful for biocontrol of potato bacterial wilt.
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INTRODUCTION
Bacterial wilt caused by the various subgroups of the plant pathogenic bacterium
Ralstonia solanacearum is an important disease of crop plants in tropical, subtropical
and warm temperate regions. This pathogen has a wide host range and infects more than
450 monocotyledonous and dicotyledonous plant species belonging to 54 botanical
families [1].
Bacterial wilt of potato (Solanum tuberosum L.) is a serious constraint to potato
production and exportation in small-scale farms in the Vakinankaratra region, the main
potato-farming region in Madagascar. The disease occurs in almost all potato-growing
areas including paddy rice fields and causes severe losses of potato yield and quality
specifically during the warm and rainy season. Visible symptoms are foliage wilting
and stunting which could be followed by tubers rotting showing a vascular ring or a
grey-brown discoloration of vascular tissues.
Infested soil and infected potato seed tubers and plants are the main sources of disease
inoculum but contaminated surface water used for irrigation and contaminated tools
may also spread the disease. As Ralstonia solanacearum strains can survive in soil and
in the rooting system of many hosts including weeds, soil fumigation and crop rotation
alone cannot control bacterial wilt. The use of resistant varieties of potato has
significantly reduced bacterial wilt incidence but resistance is strain-specific and varies
with temperature, soil moisture and other by environmental conditions. Many studies
report that biological control is a promising alternative strategy for the integrated
control of bacterial plant diseases. Therefore, the effectiveness of microbial antagonists
against Ralstonia solanacearum growth has been reported in the present work. Among
these antagonistic microorganisms, actinomycetes are well-known and classified
among the most active [2].
In addition, some Pseudomonas spp. have been shown to initiate the expression of plant
defense mechanisms [3].
The bioprotection conferred by these microbial agents may be based on competition for
essential nutrients, antagonistic activity against the growth of pathogens through the
production of antibiotics or enzymes, or their ability to stimulate defense systems in the
plant host. In the wild, the rhizosphere of healthy plants includes Pseudomonas and/or
actinomycetes capable of ensuring the defense of the plants against bacterial agents
and/or phytopathogenic fungi.
Thus, the objective of this study was to identify possible biocontrol strains against
bacterial wilt by isolating bacteria (actinomycetes and Pseudomonas strains) from
healthy potato plants, evaluating in vitro their potential antagonism against isolated and
characterized Ralstonia solanacearum from infected soil, and testing their plant growth
potential under greenhouse conditions.
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MATERIALS AND METHODS
Soil and plant sampling
Soil samples were collected in the rhizosphere of two potato varieties (Meva and
Diamondra) in two sites (Antanetibe and Ankotrabe ambony) of the district of
Antsirabe II in Vakinankaratra region, the main production region of potato. For telluric
strains isolation, soil samples were taken under healthy potato plants. For endophytic
actinomycetes isolation, three samples of healthy plant material (leaves, stems and
roots) were used, and for phytopathogenic bacteria isolation, soil samples were
collected under diseased potato plants.
Twelve soil samples were collected from these two sites with three samples per site.
100 g of each sample were collected and placed in sterile plastic bags. Samples were
then maintained at +4°C until use.
Phytopathogenic bacteria isolation and identification
The serial dilution method was applied to isolate Ralstonia solanacearum from soil.
One g of soil sample was added to 9 ml of sterile distilled water. Soil suspension was
shaken in rotary shaker at 160 rpm until homogenization and suspensions were plated
in Kelman’s triphenyl tetrazolium chloride (TZC) agar medium [4] supplemented with
one percent of yeast extract. Plates were incubated for 48h at 28°C. Bacterial colonies
developing the typical irregular mucoid of Ralstonia solanacearum morphotype were
subcultured on fresh TZC medium for further purification. Pure isolates were, subjected
to phenotypic identification [5], biovar determination [6] and molecular
characterization.
PCR amplification for species confirmation
Genomic DNA of isolates was extracted using DNeasy Blood & Tissue Kit (Qiagen,
Cat. No. 69504) according to the manufacturer’s instructions. A singleplex PCR with
the Ralstonia solanacearum - specific primers 759/760 (5' GTC GCC GTC AAC TCA
CTT TCC 3' and 5' GTC GCC GTC AGC AAT GCG GAA TCG 3') [7] was carried
out in a 25 μl reaction volume with the following reagents: ~2 ng/μl of template DNA,
0.625 U of GoTaq Flexi, 4 pmoles of each primer, 1.5 mM MgCl2, 0.2 mM dNTP
(Promega) and 1X supplied amplification buffer PCR. The reaction was performed at
the following steps: a denaturation step at 96°C for 5 min, 30 cycles at 94°C for 15 s,
29°C for 30 s and 72°C for 30 s, followed by a final extension at 72°C for 10 min. The
expected 280-bp reference PCR products from the ribosomal DNA specific of
Ralstonia solanacearum species were revealed by electrophoresis through 1.5%
agarose gel in 50X TAE (Tris-acetate-EDTA) buffer stained with ethidium bromide
and gels were imaged in GeneSnap (a Syngene Bioimaging System, Syngene) with UV
transilluminator at a wavelength of 302 nm [7].
Isolation of antagonistic isolates
Fluorescent Pseudomonas spp. were isolated and counted using the King et al.
technique [8]. This technique is based on the observation of pyoverdine under
ultraviolet light at 254 nm, a fluorescent pigment which represents the majority of
siderophores produced by these bacteria. For this, 1 g of each soil sample is weighed
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and then serial dilutions (with 9 ml of PBS) were performed. Inoculation was done on
the surface; inoculated plates were incubated at 28°C. All fluorescent colonies are
counted and collected using a pre-sterilized “toothpick” and then subcultured into new
plates containing King B medium.
Endophytic actinomycetes from leaves, stems and roots of healthy potato plant were
isolated according to the method described by Fischer et al. [9].
Plant samples were washed in water and surface sterilized in ethanol 70% for 30 s.
Then, they were treated with sodium hypochlorite (3%) for 3 min followed by three
successive washings in sterile water. Each sample was divided into pieces of ca. 1 cm
and pieces were aseptically transferred into petri dishes containing Starch Casein Agar
medium (SCA) [10].
Actinomycete isolation from rhizospheric soil samples was performed by soil dilution
plating technique on Starch Casein agar [11].
Selected colonies of actinomycetes (rough, chalky) were subcultured by incubating at
30°C and maintained on Waksman agar slants. Cultures were then kept at room
temperature and 4°C or -20°C. Strains were subcultured to fresh media every two
months.
In vitro antagonism assay
Antagonistic activity of actinomycete and Pseudomonas isolates against the most
pathogenic Ralstonia solanacearum strain R15 (pathogenicity assay not shown) was
tested according to Almoneafy’s method [12].
A culture of Ralstonia solanacearum was grown overnight in nutrient broth and then
centrifuged. The cell pellet was suspended in sterilized saline solution (0.85% NaCl).
Ten ml of Ralstonia suspension (108 CFU/ml) were mixed with 1 l of melted YPGA
medium added with 5 ml of 2, 3, 5-triphenyl tetrazolium chloride (TZC), poured into
sterile plates and allowed to solidify.
Thereafter, tested isolates were transferred to the surface of YPGA medium with sterile
toothpicks and incubated at 28°C for four days for actinomycetes and two days for
Pseudomonas. Four replicates were done under completely randomized design (CRD)
for this assay. The inhibition of Ralstonia growth was revealed by the presence of clear
halos without pinkish coloration around the tested isolates.
In planta assay
Four isolates were selected for further test based on their in vitro activity against
Ralstonia solanacearum. Glasshouse experimentation was used to test their ability to
suppress potato bacterial wilt. Inocula were prepared by growing tested antagonistic
isolates on SCA (actinomycetes) and on King B media (fluorescent Pseudomonas).
Plates were then incubated at 30oC for two weeks for actinomycetes and two days for
Pseudomonas.
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The potato variety “Spunta” which is highly susceptible to Ralstonia solanacearum,
was used in this assay. Cuttings were sterilized in sodium hypochlorite solution 2% for
2 min and washed thoroughly in sterile water. Samples were, then, soaked overnight in
the bacterial suspension (108 CFU/ml) and cuttings immersed in sterile saline served as
controls. Thereafter, potatoes inoculated with bacteria were planted into pots containing
sterile soil mixed with peat and infected with the most pathogenic Ralstonia
solanacearum strain (R15). The pots were placed in a greenhouse and maintained at
30°C and, 60% humidity in order to favor disease development. Furthermore, two
control treatments were prepared: control one (C1) where cuttings were treated with
pathogen only and control two (C2) where cuttings were planted without pathogen or
tested antagonistic isolates. Every treatment was run in four replicates with five plants
in each pot. All treatments were distributed in a randomized position to avoid any
positional effect on plant growth.
The treated plants were monitored for disease development for 30 days and disease
index was rated using the following scale: DI 0: no wilting; DI 1: 1-25% wilt symptom;
DI 2: 26-50% wilt symptom; DI 3: 51-75% wilt symptom; DI 4: 76-100% wilt
symptom or dead [13].
The disease incidence and biocontrol efficacy were estimated accordingly [14]:
Disease incidence (%) = [(Disease index x number of diseased plant in this
index)/(Total number of plants investigated x the highest disease index)] x 100.
Biocontrol efficacy (%) = [(Disease incidence of control - Disease incidence of
antagonist-treated group)/(Disease incidence of control)] x 100.
Plant growth parameters evaluation
After two months of treatment, the effect of antagonistic isolates on plant growth was
assessed in terms of plant height, fresh and dry biomass weight. Dry biomass was
obtained by drying plant samples at 60°C for three days. Moreover, growth promotion
efficacy (GPE) was calculated to show the relative effect of antagonistic isolates on
plant growth compared with the two control treatments by the following formula [12]:
Growth promotion efficacy (%) = [(Growth parameter in antagonist-treated group Growth parameter in control group)/(Growth parameter in control group)] x 100.
Characterization of active bacterial strains
Three actinomycetes isolates that showed high antagonistic activity and enhanced plant
growth in greenhouse were characterized morphologically following the directions
given by the International Streptomyces Project (ISP) [15] and Bergey's Manual of
Systematic Bacteriology [16]. Cultural characteristics of pure isolates in various media:
ISP2, ISP4, ISP5, Starch Casein Agar were recorded after incubation for seven to 21
days at 30°C. Morphological observations were made using a light microscope [15].
Statistical analysis
The GenStat software was used for data analysis [17]. Mean comparisons were
conducted using a Least Significant Difference (LSD) test (P < 0:05).
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RESULTS
Isolation and characterization of Ralstonia solanacearum strains
Thirty strains were isolated from six soil rhizospheric samples under diseased potato
plants based on morphological and cultural characteristics. Among these, 24 strains not
showing fluorescent pigment production were subjected to biochemical
characterization including biovar determination. The results given in Table 1 show that
all isolates have catalase and oxidase enzymes. They use disaccharides including
cellobiose, maltose and lactose but not sugar alcohols. On the basis of biochemical tests,
strains are grouped into biovar two and PCR results show that the 759/760 primer set
amplified a 280-bp fragment for all strains, supporting their identity as Ralstonia
solanacearum (Figure 1).

Figure 1: DNA bands of Ralstonia solanacearum (280pb) in agarose gel after PCR
amplification M: 1kb sizing ladder; R.s+: Ralstonia solanacearum
reference strain (GMI1000), R.s-: negative control (no template)
Isolation and in vitro screening of antagonistic isolates
A total of 77 strains were obtained from two varieties of potato vegetal material and its
rhizospheric soils (40 telluric actinomycetes, 25 endophytic actinomycetes and 12
fluorescent Pseudomonas spp.). Among 77 isolates screened, ten isolates P7, P10, S18,
S19, S23, S25, E4, E7, E12 and E13 inhibited Ralstonia solanacearum strain
development. Out of these, four isolates E7, S25, P7 and E13 gave a large zone
inhibition with 40, 34, 26 and 23 mm diameter respectively; while the remaining
isolates presented an inhibition zone from 9 to 20 mm of diameter (Figure 2).
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Figure 2: Diameter of inhibition zone (mm) of ten antagonistic bacterial strains on
Ralstonia solanacearum E: Endophytic actinomycetes; S: Telluric
actinomycetes; P: Fluorescent Pseudomonas
In vivo evaluation of potential antagonists
Antagonistic bacterial strains showed significant differences in their ability to suppress
potato bacterial wilt. Isolate E7 showed the lowest value of wilt incidence as well as
the highest value of biocontrol efficacy against Ralstonia solanacearum with 20.08 and
72.04%, respectively. However, isolate P7 exhibited the highest disease incidence and
the lowest value of biocontrol efficacy with 68.98 and 4.53%, respectively. Isolates E13
and S25 sustained significantly lower disease incidence and biocontrol efficacy
compared with control (Table 2).
Indeed, significant differences among treatments regarding plant height and biomass
were noted. The highest values were recorded for plants treated with the isolates E13
and S25 for all measured parameters compared to the control and other treatments
(Table 3). The weights of fresh shoot biomass were 8.75 and 9.118 g, respectively with
a corresponding GPE 68.75 and 75.85%. Those of dry shoot biomass were, however,
3.64 and 3.15 g with a GPE 115.42 and 86.7%, respectively. Otherwise, plant heights
were 60.66 and 60.75 cm for treatments with E13 and S25. Their GPE were 44.63 and
44.84%, respectively.
Cultural and morphological characterization of selected isolates
The three isolates E7, E13 and S25 grew on a range of agar media showing morphology
typical of Streptomycetes. The color of the substrate mycelium and aerial spore mass
varied (brown and white for the isolates E7 and S25, red for the isolate E13). The isolate
E13 produced diffusible pigment on SCA agar media. Melanin was produced on
peptone-yeast extract agar (ISP6) and ISP7 agar.

9769

Aerial hyphae of all isolates differentiated into long spiral chains of cylindrical spores.
The vegetative hyphae of all isolates were branched but not fragmented. Verticils were
not detected.
DISCUSSION
From two infected potato fields in Antsirabe II district in the Vakinankaratra region of
Madagascar, 30 phytopathogenic strains of Ralstonia solanacearum were isolated from
six soil samples. Polymerase chain reaction (PCR) amplification with specific primers
confirmed that the isolates were Ralstonia solanacearum strains and biochemical test
showed that they belong to the biovar two. Thus, our result is different from those
reported by some authors [18, 19] in a survey of potato plants for bacterial wilt in
Madagascar, where Ralstonia solanacearum was found to belong to the biovar one. To
our knowledge, this is the first record of Ralstonia solanacearum strain, biovar two in
Madagascar. However, further investigation is necessary for origin confirmation and
phylotype classification.
An Additional, 77 strains for biocontrol test were isolated from healthy plants and their
rhizospheric soils. Among these, antagonism assays showed that ten isolates displayed
remarkable antagonistic activity against Ralstonia solanacearum and the isolates E7,
E13, S25 and P7 exhibited the highest inhibition effect. Some previous studies reported
that actinomycetes and fluorescent Pseudomonas spp. showed antagonistic activity
against phytopathogenic bacteria and fungi [20, 21, 22]. This antagonistic mechanism
may be due to antibiosis or production of siderophores or both [23]. Moreover,
endophytic actinomycetes were found to produce at least three kinds of antagonistic
substances in plant tissues including antibiotics, enzymes and siderophores [24]. The
inhibition of pathogen bacteria development could be due to the emission of volatile
secondary metabolites secreted by actinomycetes.
In greenhouse experimentation, the application of two endophytic actinomycete strains
and one telluric actinomycete on potato plants induced good reduction of disease
severity of potato bacterial wilt. This reduction was significantly higher than observed
with the Pseudomonas isolate. Furthermore, plants treated with these three strains
showed high values of plant height and biomass (fresh and dry weight) compared with
the control treatment. Previous work has demonstrated that root-associated bacteria are
promising tools to control soil-borne pathogens and to enhance plant growth [25]. This
is in agreement with our study which shows that E7, E13 (endophytic actinomycetes
isolated from potato roots) are active against Ralstonia solanacearum and significantly
improve plant growth.
Plant growth promotion may be due to the production of plant growth promoters by
efficient strains. Several species of Streptomyces secrete indole-three-acetic acid (IAA)
when fed with L-tryptophan and improve plant growth [26]. It has been also
demonstrated that some endophytic actinomycetes produce plant growth promoters
with auxin-like activity; these compounds were shown to accelerate the formation of
plant adventitious roots [27].

9770

One isolate of Pseudomonas (P7) showed high antagonism in vitro but resulted in the
lowest disease suppression in planta. A previous study demonstrated that fluorescent
Pseudomonas may succeed as a biocontrol agent in vitro or under controlled conditions
but fail under pot experiments and field conditions [28]. This could be explained by the
fact that the development of the biocontrol agents is influenced by environmental
factors such as unfavorable conditions for growth and competition with other
microorganisms.
Cultural and morphological characterization of the three active isolates using a light
microscopy showed that they belong to the genus Streptomyces. Branching filaments,
abundant aerial mycelia, and long chains of small rectiflexible spores are visible, all of
which are characteristic of Streptomyces sp. [29]. These isolates showed opaque, rough,
nonspreading colonies which adhere to agar medium as described in Bergey's Manual
of Determinative Bacteriology [16, 30]. Morphological examination indicated that the
three isolates belong to the genus Streptomyces.
In conclusion, this study reports for the first time the antagonistic activity of
actinomycetes and Pseudomonas strains against Ralstonia solanacearum, the causal
agent potato bacterial wilt in Madagascar. Therefore, further work will be needed to
investigate the mode of action of the strains that showed high antagonistic activity and
high performance to enhance plant growth (E7, E13 and S25) and to confirm their
effectiveness under natural conditions.
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Table 1: Identification of isolates based on biochemical characterization and
biovar determination
Isolate

Biochemical test

Biovar determination

Character

Disaccharides and sugar alcohols

Catalase

Oxydase

Mal

Lac

Cel

Dul

Man

Sor

+

+

+

+

+

-

-

-

R1-R2-R3-R4-R5-R6-R7R8- R9- R12-R13-R14
R15-R17-R18-R20-R21R22-R23-R25-R26-R27R28-R30
Mal: Maltose; Lac: Lactose; Cel: Cellobiose; Duc: Dulcitol; Man: Mannitol; Sor:
Sorbitol; R: Ralstonia strains
+ indicates presence and – indicates absence of the character

Table 2: Disease incidence and biocontrol efficacy of treatments with four isolates
E7, E13, S25 and P7 against Raltsonia solanacearum
Treatment

Disease incidence (%)

Biocontrol efficacy (%)

E7+R.s

20.08 ± 1.46c

72.04 ± 1.14a

E13+R.s

50.37 ± 1.62b

30.60 ± 1.56c

S25+R.s

47.26 ± 0.99b

34.41 ± 2.13b

P7+R.s

68.98 ± 1.27a

4.53 ± 0.91d

R.s

71.06 ± 0.91a

-

Mean followed by the same letter within a column are not significantly different as
determined by the LSD test (p < 0.05)
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Table 3: Effect of application of antagonistic bacterial isolates and Ralstonia
solanacearum on the height and weight of fresh and dried potato plants
Treatment

Fresh shoot biomass (g)

Dry shoot biomass (g)

Plant height (cm)
Mean

Mean

GPE (%)

Mean

GPE (%)

E7+R.s

5.91 ± 0.25d

13.87

2.05 ± 0.06c

21.33

52.11 ± 1.57b

24.24

E13+R.s

8.75 ± 0.48a

68.75

3.64 ± 0.43a

115.42

60.66 ± 1.27a

44.63

S25+R.s

9.11 ± 0.13a

75.85

3.15 ± 0.09b

86.17

60.75 ± 1.28a

44.84

P7+R.s

3.94 ± 0.28f

-

1.84 ± 0.13c

8.92

48.66 ± 0.96c

16.02

R.s

5.18 ± 0.36e

-

1.69 ± 0.09d

-

41.94 ± 1.14e

-

Saline solution

6.77 ± 0.19c

-

2.97 ± 0.09b

-

46.01 ± 0.77d

-

Mean followed by the same letter within a column are not significantly different as
determined by the LSD test (p < 0.05); Data represent means of the experiment with
four replications each.
GPE: Growth Promotion Efficacy
R.s: Ralstonia solanacearum
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