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ABSTRACT

Bacteriophages that show lytic replication cycle resulting in bacterial cytolysis form excellent biocontrol agents for
phytopathogens. Ralstonia solanacearum is the causative agent of bacterial wilt of economically important crop
plants worldwide for which bacteriophage-based control therapy is currently being evaluated. In this study, we
report the isolation and characterization of Myoviridae phage vB_RsoMSS4 ($SS4) capable of reducing R.
solanacearum infection in potato tubers as well as tomato plantings. The select phage also showed host specificity
with no lytic activity against beneficial plant growth promoting rhizobacteria.
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Ralstonia solanacearum, formerly Pseudomonas
solanacearum are Gram negative bacterial phytopathogens
capable of causing wilt disease in over 200 different crop
species of economic importance [1-2]. Upon infection, the
pathogen colonizes in the vascular tissue, causing xylem
destruction resulting in leaves and stem wilting with
ultimately collapse and death of the plant. R. solanacearum
are reported to be resistant to copper and antimicrobial
based chemical treatments with the ability to persist in the
soil environments for long time periods using alternative
hosts causing devastating crop damage [3-4]. Yield losses
caused by R. solanacearum varying according to their host
plant; 0 to 91% in the tomato, 33 to 90% in the potato, 10 to
30% in tobacco, 80 to 100% in the banana, and up to 20% in
the groundnut [5]. n India, total yield loss due to bacterial
wilt is 25-75% in farmers’ field [6].

Use of Iytic and R. solanacearum
bacteriophages for the effective
phytopathogen offers an effective, ecofriendly and
economical alternative therapy [7-10]. Bacteriophages
(phage) are obligate intracellular viral parasites whose lytic
replication cycle can be used for biocontrol by cell death of
targeted phytopathogen. Phages are naturally present in
abundance in the environment and their population is
regulated by the presence of host bacterium. Bacteriophages
as biopesticides [11] are gaining popularity and support due
to their several advantages which include narrow host

specific
biocontrol of the
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specificity, safety to beneficial organisms, genetic plasticity,
non-toxic nature to eukaryotic cells, abundance in nature
and ease of application. Applications of lytic bacteriophages
in the environment are also self- controlled by the presence
of living host and this is also referred to as the auto dosing
effect [12]. Bacteriophages for the control of
phytopathogens have been studied for Xanthomonas oryzae
(bacterial blight and spot disease) [13-14], Pseudomonas
syringae (bacterial blight of leek, kiwifruits canker) [15-16],
Erwinia amylovora (fire blight of apple, pear and raspberry)
[17], soft rot Enterobacteriaceae [18-19], as well as
Ralstonia solanacearum (bacterial wilt) etc., [20-22]. The
effective use of phage application for the control of plant
diseases has been used to develop commercial formulations
such as Agriphages (Omnilytics), Erwiphages, biolyse for
soft rot Enterobacteriaceae. Several patents have also been
granted for phage biocontrol of food and agriculture
industry.

Phages specific to infecting particular races of R.
solanacearum can also be used for the development of
highly specific phytopathogen diagnostic tools (phage
typing) in soil or infected plant materials. Hence, isolation
and characterization of bacteriophages can be very useful for
the diagnosis as well as biocontrol of R. solanacearum. In
this study, we report the isolation of Ralstonia
solanacearum F1C; specific phage vB_RsoMSS4 phage and
study its effectiveness in controlling bacterial wilt disease in
potato tubers and tomato plants.

MATERIAL AND METHODS
Bacterial strain and culture condition

Ralstonia solanacearum FiC; (obtained from Dr.
Suvendra Roy, Department of Molecular & Biotechnology,
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Tezpur University, Assam) was maintained on the Tryptone
Soy Agar (TSA) or 2,4,6-Triphenyl tetrazolium chloride
(TTC) medium (Hi Media, India) at 37°C. All chemicals and
media were procured from HiMedia, Mumbai, India.

Bacteriophage spot assay and plaque assay

Phage SS4 was isolated wusing Ralstonia
solanacearum F1C; as host, supernatants were collected and
filtered through PES membrane syringe (0.45um pore size)
(Himedia, Mumbai, India). To detect the presence of phages
in supernatant, spot test was carried out as described by
Chang et al. with some modifications. Briefly, 10 ul diluted
phage were spot inoculated on molten agar (0.4% w/v)
containing host cells of 10" CFU/ml. Clear zones of plaques
were observed after incubating the plates overnight at 37°C.
The phage titer was determined by plaque assay by
employing double agar overlay technique.

Bacteriophage propagation and purification

All the isolated bacteriophages were purified by
successive single-plaque isolation until homogenous plagques
were obtained as per described by Sambrook et. al. [23].
Briefly, one well separated bacteriophage was picked with
sterile inoculation loop with the surrounding cell mass and
inoculated into 200 ml Tryptone Soy Broth (TSB), in which
overnight culture of 10° host cells was added and incubated
at 37°kC with agitation at 140 rpm for phages stock
preparation. After complete lysis, the mixture was
centrifuged (10,000 rpm, 10 min, 4°C), filter sterilized and
treated with chloroform (1% v/v) to remove any bacterial
contamination. Purified bacteriophages further concentrated
in SM buffer (50 mmol It Tris-HCI at pH 7.4, 100 mmol I*
NaCl, 10 mmol It MgSO4, and 0.01% gelatin) by using
PEG-8000 method with some modifications [24].
Concentrated phages were stored in aliquots at -20°C for
long term storage. Short term stock preparations were
maintained at 4°C for further use.

Host range determination

Host range was also determined by performing spot
assay as described with different bacterial hosts. Log phage
cultures of hosts such as Pseudomonas aeruginosa ATCC
15442, E. coli, fluorescent Pseudomonas GD2, P.
aeruginosa R32 were used in spot assay as described
previously.

Transmission electron microscopy

To observe bacteriophages morphology, transmission
electron microscopy was performed as described by
Goodridge et al, 2003 with some modifications. Drops of
ultracentrifuge bacteriophages samples were dropped on
copper coated grids (diameter, 3 mm; 300 meshes). After 5
min, the bacteriophages particles were stained with 2%
(w/v) phosphotungstic acid (PTA) for 10s. The grids were
allowed to dry for 20 min and examined under a
transmission electron microscope (FEI Tecnai S Twin, at
200 kv) facility used at the All India Institute of Medical
Sciences, New Delhi, India.

Plant bioassay

Potato tuber slices as well as tomato plant pot assays
were used to determine the ability of the phage formulation
to inhibit phytopathogen as described previously [25-26].
Infectivity of potato tuber was measured on days required
for tuber browning and vascular collapse of lesion size. 10

days old tomato seedlings of variety New Uday were used
for the plant bioassay study by soil drenching method. The
experiment was designed in triplets for plastic pots
containing 145 g soil per pot. The log culture was prepared
in TSB and washed with phosphate buffer. Adjust the
optical density 108 cfu/ml of log culture (10 ml for each
pot). Fresh tomato plants were washed PBS and dipped plant
roots in log culture of F1C1 for 10 min and then transfer to
the pots and poured the culture around the root. For phage
biocontrol, plantlings were treated with 1 ml phage
suspension (1.0 MOI) mixed with 10 ml log culture (108
cfu/ml) dipped and transfer to the pots in the same way and
for control tomato seedlings treated with phosphate buffer,
no culture and no phages was used.

Subjective scale was used for disease symptoms in
tomato plants. Gradel: 25% plant leaves wilted; Grade 2:
26-50% of plant leaves wilted; Grade 3: 51-75% plant leave
wilted; Grade 4: 76% or more plant leaves wilted and stem
collapse. All experiments were performed in triplicates.

Statistical analysis

Statistical analysis was done using student’s t test. All
experiments were repeated at least twice in performed in
triplicates. p< 0.05 was considered as biologically
significant.

RESULTS AND DISCUSSION

Bacteriophage isolation and characterization

Ralstonia solanacearum F1C1 was used as a host for
spot assay to screen for phages that could show clear lytic
activity. As shown in (Fig 1a), only phage ¢$SS4 produced
clearance in spot assay. When R. solanacearum F1C; was
infected with $SS4 phage on potato tubers and reisolated
after 72 h, clear plaques of about 2-3 mm irregular boundary
were again recovered (Fig 1b). Following single plaque
isolation, the phage was propagated as described in
materials and methods and its activity was assayed.

Transmission Electron Microscopy was performed for
morphological study of the phage SS4 (Fig 2). TEM image
shows the presence of tailed bacteriophage with an
icosahedral head. The tail appears to be contractile and rigid.
The size of the phage is approximately 200 + 50 nm in
length by 40 + 10nm in width. Based on the TEM study, the
phage was characterized to belong to Myoviridae and is
designated as vB_RsoMSS4.

Negative staining is the simplest method can be
performed by phosphotungstates (PT) and uranyl acetate
(UA) salts for direct virus visualization under transmission
electron microscope [27]. TEM is fast, easiest and advance
technology contributes to a high level of phage classification
to study wvirus’s morphology, nature and genetic
organization. Negative staining is much faster than genome
analysis to perform and data deriving from virus
visualization under TEM make available valuable
information in short time. In addition to morphological
analysis, it also helpful to understand about interaction study
between phages and their host (adsorption of phages on
bacterial cell surface) as well as correlation between phages
and host present in the same environments. Bacteriophages
are host dependent, occur wherever bacterial host present so
helpful to identify these viruses as good indicators of
bacterial ~ contaminations  (phage  typing)  hence
bacteriophages to employ in prophylaxis (phage therapy) or
in bio-decontamination [28].
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Fig 1 (A) Spot assay of phage $SS4 against R. solanacearum F,C;. (B) Plaques isolated using double overlay agar assay showing clear
plaques. (C) TEM micrograph of phage $SS4 showing icosahedral head and rigid tail with base plate

B) R. solanacearum F1Cy

A) Control uninfected .
infected potato tuber

potato tuber slice

C) Phage ¢SS4 + R.
solanacearum F,Cy
slice treated potato tuber

D) Methylene blue
staining of material from
wilted spot of F,C; treated
potato tuber slice

E) Methylene blue staining
of material from wilted spot
of $SS4 + F1C; treated
potato tuber slice

Fig 2 Phage ¢S54 activity against R. solanacearum F1C; infections in potato tubers

Fig 3 Tomato plantling experiment on treatment with phage vRsoMSS4

Diverse bacteriophages infecting different phytotypes
of Ralstonia solanacearum have been isolated which include
filamentous Inoviridae (¢pRSM-1 and ¢RSS-1 prophage),
contractile tail containing Myoviridae (pRSAL) with wide
host range, short non contractile tail Podoviridae (pRSB1)
and non-contractile tail Siphoviridae ($pRSC1) [29].
Amongst, only dpRSL1 was found to 100% successful for
bacterial wilt biocontrol depending on the condition,
reported from Japan [30]. Other reports of lytic phage
isolation against Ralstonia solanacearum include ¢hRsS6

Podoviridae, found as effective biocontrol potential in
tomato plants [31]. Phages PE204 of Podoviridae family,
with a good potential of 30% to 100%, depending upon the
multiplicity of infection of phages for bacterial wilt
biocontrol was discovered in Korea [32]. The combination
of two Podo-viruses (J2 and ¢RSB2) efficiently lysed
Ralstonia solanacearum cells in contaminated soil but only
J2 treatment enabled to prevent disease development in
tomato plants [33]. Lytic phages ¢RP15 Myoviridae,
infecting Ralstonia solanacearum was isolated in Thailand
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[34]. Two bacteriophages dRSSKD1 & $pRSSKD2 against
R. solanacearum having wide host range have been reported
from Indonesia [35]. Recently reported phage cocktail (P1)
demonstrated different inhibition patterns upto 98% against
growth of the bacterial wilt causing Ralstonia solanacearum
[36]. The application of six lytic phages cocktail from Sri
Lanka, applied to the rhizospheric soil of the tomato plants
as soil drench resulted the reduction of bacterial wilt
incidence by approximately 10-20% [37].

However, some lysogenic phages are also reported to
reduce virulence of bacterial strain rather than complete loss
of virulence. Filamentous phage ¢HPE226, member of
Inoviridae having the properties of both lytic and lysogeny
showed high virulence against Ralstonia solanacearum
strain [38]. Another filamentous phage ¢Rs551 also
demonstrated in reduced virulence strain of R. solanacearum
race 3 hiovar 2 strain by reducing EPS production reported
by [39].

Table 1 Host range determination for phage SS4 on different phytopathogens and plant growth promoting bacteria

Host Spot assay
Ralstonia solanacearum F1C: +
Pseudomonas aeruginosa ATCC 15442 +

Pseudomonas aeruginosa R32

Escherichia coli

Staphylococcus aureus

Plant growth promoting Pseudomonad GD1
Raltonia solanacearum RS1

Host range determination

Host range experiments were set up using spot assay
was carried with phage vB_RsoMSS4 on different bacteria
such as plant growth promoting Pseudomonads, gram
negative bacteria such as E. coli, Gram positive bacteria
Staphylococcus aureus and Ralstonia solanacearum F1C; as
control (Table 2). The data indicates that the phage is host

specific for Ralstonia solanacearum FiCi. Positive spot
assay with Pseudomonas aeruginosa ATCC 15542 indicates
some cross-reactive surface proteins between R.
solanacearum F;1C; and P15. The phage is good candidate as
biocontrol agents as it showed no lytic activity against plant
growth promoting Pseudomonads and can be safely used
without affecting beneficial organisms in the soil.

Table 2 Plant bioassay with phage treatment of Ralstonia solanacearum F1C; infected potato tuber after 10 days

Experimental set-up

Lesion size

Colony count Plaque isolated

Control
Pathogen control (F1C1)
Phage treated (phageSS4 + F1C1)

No lesions
3.2cm x 1.8cm

No lesion

O cfu/g -
2.7 x 10%cfu/g -
4.2 x 10* cfu/g 2.4 x10? pfu/g

Biocontrol activity

In order to test the efficacy of phage treatment on
Ralstonia solanacearum (FiC:) pathogenicity the potato
tuber model as well tomato plant bioassay was used. Sterile
potato tubers of approximately equal sizes were inoculated
with  10® cfu in 100 pl of F;C; isolate or
F1C1+vB_RsoMSS4 phage in the form of a spot in potato
tuber center. Uninoculated tubers served as negative control.
The potato tubers were observed for any changes in the
tissue architecture. (Fig 3a) shows that the infected tuber
showed symptoms of vascular browning and bacterial slime
droplets. By 72h, severe browning and vascular collapse was
observed in the infected tuber but no such features were

observed in the phage treated F;:C; + vB_RsoMSS4 samples.
Further, samples were withdrawn from the infected tuber to
test for the presence of the pathogen (0.1g/ml of DW).
Accordingly, (Table 1), no Ralstonia/micro-organisms or
plaques were isolated from uninfected tuber, 108cfu/g from
infected tuber and 4.2 x 10* cfu/g from F.C; +
vB_RsoMSS4 samples. Further when double layer agar
overlay plaque assay was performed from the tuber material,
240 plagques/g tissues were obtained. Microbial methylene
blue staining of the sample for the presence of F1C; showed
reduced bacterial samples in the phage treated tubers (Fig
3b). Hence phage treatment was capable of ameliorating
infection of F1C; in potato tuber by 50%, even as no
symptoms were observed.

Table 3 Plant bioassay with phage treatment of Ralstonia solanacearum infected tomato plantings

Experimental set-up

Shoot height at day 10 (cm)

Days of wilting

Control 7.2cm -
F1C; control 1 cm (Collapsed) 4
PhagedSS4 treated 5.6 cm -
Further, 6-7 days old tomato seedlings were R. solanacearum F;C; strain. The uninfected plant showed

inoculated with 10® cfu/ml Ralstonia solanacearum F;C;
and treated with 108 pfu/mlvB_RsoMSS4. Within 6 days of
inoculation, almost all the tomato plantlings were killed by

no wilting and height of the plant at day 10 was recorded to
be 7.6 cm with about 6 leaves. Phage vB_RsoMSS4 +
Ralstonia solanacearum treated planting showed no wilting
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and was standing with leaves intact at 5.6 cm even as effects
of browning could be seen in comparison to uninfected plant
and was showed Grade 1 disease symptoms. The pathogen
infected tomato plant showed wilting of grade 4.0 as shown
in (Fig 4) as one of three similar experiments. Phages for
Ralstonia solanacearum include ¢RSL-1 (Myoviridae),
®RSM-3 (Inoviridae, filamentous), ¢RSB-1 which have
been reported to have efficacious biocontrol activity against

wilting activity of Ralstonia solanacearum F;1C; in potato
tuber as well tomato plant. The phage is also highly host
specific and showed no activity against beneficial plant
growth promoting bacteria. Hence, these phages can be good
candidates for biocontrol and strain typing agents. The
phages show great potential in developing it as a biocontrol
formulation for the control of Solanaceae crop infections
caused by Ralstonia solanacearum.

Ralstonia solanacearum.

was found to have the potential to reduce the pathogenic

1.

2.

3.

10.

11.
12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Acknowledgement
CONCLUSION
Authors (SDK) is grateful to Minor Research Grant
(CSIMU/CDC/143/2018) from CSJM University, Kanpur
for financial support.

vB_RsoMSS4 phage belonging to Myoviridae family

LITERATURE CITED
Wang X, Wei Z, Yang K, Wang J, Jousset A, Xu Y, Shen Q, Friman VP. 2019. Phage combination therapies for bacterial
wilt disease in tomato. Nat. Biotechnology 37(12): 1513-1520.
Ye M, Sun M, Huang D, Zhang Z, Zhang H, Zhang S, Hu F, Jiang X, Jiao W. 2019. A review of bacteriophage therapy for
pathogenic bacteria inactivation in the soil environment. Environ. Int. 129:488-496.
Golkar Z, Bagasra O, Gene Pace D. 2014. Bacteriophage therapy: A potential solution for the antibiotic resistance crisis.
Jr. Infect. Dev. Ctries 8: 129-136. https://doi.org/10.3855/jidc.3573

. Umrao PD, Kumar V, Kaistha SD. 2021. Biocontrol potential of bacteriophage ¢spl against bacterial wilt-causing

Ralstonia solanacearum in Solanaceae crops. Egypt Jr. Biol. Pest Control 31: 61. https://doi.org/10.1186/s41938-021-
00408-3.

. Elphinstone JG, Allen C, Prior P, Hayward AC. 2005. The current bacterial wilt situation: a global overview. Am.

Phytopathol. Soc. APS Press St Paul. 9-28.

. Dutta P. 2013. Efficacy of bioformulations against bacterial wilt of tomato caused by Ralstonia solanacearum 27: 64-66.
. Criscuolo E, Spadini S, Lamanna J. 2017. Bacteriophages and their immunological applications against infectious threats.

Jr. Immunol. Research 3780697. https://doi.org/10.1155/2017/3780697

. Doss J, Culbertson K, Hahn D. 2017. A review of phage therapy against bacterial pathogens of aquatic and terrestrial

organisms. Viruses 9: https://doi.org/10.3390/v9030050

. Barua P, Nath PD. 2018. Bacteriophages : A potential next generation biocontrol tool for plant disease management. Int.

Jr. Curr. Microbiol. Appl. Sci. 7: 1103-1112.

Jones JB, Vallad GE, Iriarte FB, et al. 2018. Considerations for using bacteriophages for plant disease control. 2:208-214.
https://doi.org/10.4161/bact.23857

Kaistha SD, Pramila Devi Umrao SSS. 2018. Bacteriophages as biopesticides. Jr. Pestic Biofertilizers. pp 1-5.

Ly-Chatain MH. 2014. The factors affecting effectiveness of treatment in phages therapy. Front Microbiology 5: 1-7.
https://doi.org/10.3389/fmich.2014.00051

Ranjani P, Gowthami Y, Gnanamanickam S, Palani P. 2018. Bacteriophages : A new weapon for the control of bacterial
blight disease in in rice caused by Xanthomonas oryzae. Microbiol. Biotechnol. Letters 46: 346-349.
https://doi.org/10.4014/mbl.1807.07009

Balogh B, Thi N, Nga T. 2018. Relative level of bacteriophage multiplication in vitro or in phyllosphere may not predict
in planta efficacy for controlling bacterial leaf spot on tomato caused by Xanthomonas perforans. Front. Microbiol. 9:
2176. https://doi.org/10.3389/fmich.2018.02176

Rombouts S, Van Vaerenbergh J, Volckaert A. 2016. Isolation and characterization of Pseudomonas syringae pv. porri
from leek in Flanders. Eur. Jr. Plant Pathology 144: 185-198. https://doi.org/10.1007/s10658-015-0761-1

Frampton RA, Taylor C, Holguin Moreno AV. 2014. Identification of bacteriophages for biocontrol of the kiwifruit
canker phytopathogen Pseudomonas syringae pv. actinidiae. Appl. Environ. Microbiology 80: 2216-2228.
https://doi.org/10.1128/AEM.00062-14

Schwarczinger |, Kiss E, Sule S. 2011. Control of fire blight by bacteriophages on apple flowers. Acta Horticulturea 896:
457-462. https://doi.org/10.17660/ActaHortic.2011.896.66
Czajkowski R. 2016. Bacteriophages of Soft Rot
https://doi.org/10.1093/femsle/fnv230

Carstens AB, Djurhuus AM, Kot W, Hansen LH. 2019. A novel six-phage cocktail reduces Pectobacterium atrosepticum
soft rot infection in potato tubers under simulated storage conditions. FEMS Microbiol. Letters 1: 9.
https://doi.org/10.1093/femsle/fnz101

Bhunchoth A, Phironrit N, Leksomboon C. 2015. Isolation of Ralstonia solanacearum-infecting bacteriophages from
tomato fields in Chiang Mai, Thailand, and their experimental use as biocontrol agents. Jr. Appl. Microbiology 118:
1023-1033. https://doi.org/10.1111/jam.12763

Addy HS, Azizi NF, Mihardjo PA. 2016. Detection of bacterial wilt pathogen and isolation of its bacteriophage from
banana in Lumajang area, Indonesia. Int. Jr. Agron. 1-7. https://doi.org/10.1155/2016/5164846

Mihara T, Nasr-Eldin MA, Chatchawankanphanich O. 2016. A Ralstonia solanacearum phage ¢RP15 is closely related to
Viunalikeviruses and encodes 19 tRNA-related sequences. Virol Reports 6: 61-73.
https://doi.org/10.1016/j.virep.2016.07.001

Enterobacteriaceae A minireview.

pp 1-6.

¢ CARAS



Res. Jr. of Agril. Sci. (Sep-Oct) 12(5): 1703-1708 1708

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Ahmad AA, Ogawa M, Kawasaki T. 2014. Characterization of bacteriophages Cpl and Cp2 , the Strain-Typing Agents
for Xanthomonas axonopodis pv. citri. Appl. Environ. Microbiol. 80: 77-85. https://doi.org/10.1128/AEM.02310-13
Yamamoto KR, Alberts BM, Benzinger R. 1970. Rapid bacteriophage sedimentation in the presence of polyethylene
glycol and its application to large-scale virus purification. Virology 40: 734-744. https://doi.org/10.1016/0042-

6822(70)90218-7

Kalpage MD, Costa DM De. 2014. Isolation of bacteriophages and determination of their efficiency in controlling
Ralstonia solanacearum causing bacterial wilt of tomato. Trop. Agric. Res. 26: 140-151.

Mell LFS, Radl A, Isidro M-Z. 2014. Agricultural soil supports the survival of Ralstonia solanacearum bacteriophage
®RsS6 with biocontrol potential. Jr. Exp. Biol. Agric. Sci. 2: 91-97.

Ackermann H, Tiekotter KL. 2012. Murphy’s law—if anything can go wrong, it will. 7081:.
https://doi.org/10.4161/bact.20693

Aprea G, Angelo ARD, Prencipe VA, Migliorati G. 2015. Bacteriophage morphological characterization by using
transmission electron microscopy. 9: 214-220. https://doi.org/10.17265/1934-7391/2015.05.004

Alvarez B, Biosca EG, Lopez MM. 2010. On the life of Ralstonia solanacearum, a destructive bacterial plant pathogen.
Technol. Educ. Top. Appl. Microbiol. Microb. Biotechnol. pp 267-279.

Fujiwara A, Fujisawa M, Hamasaki R. 2011. Biocontrol of Ralstonia solanacearum by treatment with lytic
bacteriophages. Appl. Environ. Microbiology 77: 4155-4162.

Yamada T, Kawasaki T, Nagata S. 2007. New bacteriophages that infect the phytopathogen Ralstonia solanacearum.
Microbiology 153: 2630-2639. https://doi.org/10.1099/mic.0.2006/001453-0

Young J, Wu J, Lee HJ. 2012. Biocontrol potential of a Lytic bacteriophage PE204 against bacterial wilt of tomato. Jr.
Microbiol. Biotechnology 22: 1613-1620.

Singh N, Phukan T, Sharma PL, Kabyashree K, Barman A, Kumar R, Sonti RV, Genin S, Ray SK. 2018. An innovative
root inoculation method to study Ralstonia solanacearum pathogenicity in tomato seedlings. Phytopathology 108(4):
436-442.

Ramesh R, Achari GA, Gaitonde S (2014) Genetic diversity of Ralstonia solanacearum infecting solanaceous vegetables
from India reveals the existence of unknown or newer sequevars of phylotype | strains. Eur. Jr. Plant Pathology
140(3): 543-562.

Jones JB, Vallad GE, Iriarte FB, Obradovi¢ A, Wernsing MH, Lee E. 2018. Considerations for using bacteriophages for
plant disease control. Bacteriophage 2(4): 208-214.

Wei C, Liu J, Maina AN. 2017. Developing a bacteriophage cocktail for biocontrol of potato bacterial wilt. Virol Sin 32:
476-484. https://doi.org/10.1007/s12250-017-3987-6

Buttimer C, McAuliffe O, Ross RP, Hill C, O’Mahony J, Coffey A. 2017. Bacteriophages and bacterial plant diseases.
Front Microbiology 8: 1-15.

Murugaiyan S, Bae JY, Wu J. 2011. Characterization of filamentous bacteriophage PE226 infecting Ralstonia
solanacearum strains. Jr. Appl. Microbiology 110: 296-303. https://doi.org/10.1111/j.1365-2672.2010.04882.x

Ahmad AA, Stulberg MJ, Mershon JP. 2017. Molecular and biological characterization of ¢ Rs551, a filamentous
bacteriophage isolated from a race 3 biovar 2 strain of Ralstonia solanacearum. PLoS One 12: 1-19.

¢ CARAS



