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Bacterial wilt is one of the major and serious diseases of tomato and other solanaceous 
plants caused by Ralstonia solanacearum, one of the most important gram negative, 
aerobic, motile, rod-shaped, and soil borne bacteria. The disease is more prevalent in 
tropical, subtropical and warm temperate region of the world and the yield losses by this 
disease vary from 0 to 91% in the tomato. Thus, this paper intended to review the 
bacterial wilt control of tomato by using naturally and locally available plants and their 
products which have been carried out to date so as to find out gap for future research. 
More than 30 research and technical paper were studied and reviewed. Review focuses 
on plant-derived natural bactericides and their possible applications in agriculture to 
control tomato bacterial wilt that has been intensified as huge potential to inspire and 
influence modern agro-chemical research. Alcoholic leaf extract of Lantana camara, 
incubation of fresh organic matter of Cajanus cajan and Crotalaria juncea, rhizome 
extract of Cucurma longa, aqueous extracts of Adathoda vasica and Tagetes patula and 
essential oil of extracted from Thymol spp and Cymbopogon martini strongly inhibited 
the growth of bacterial pathogen Ralostonia solanacearum. This shows that 
phytobiocides are good alternatives to replace the chemicals in managing the bacterial 
wilt of tomato. The possible mechanisms of action of the plant residues are mainly 
considered to be antimicrobial activities followed by the indirect suppression of the 
pathogen through improved physical, chemical, and biological soil properties. 
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INTRODUCTION1  

Bacterial wilt is one of the major and serious 
diseases of tomato and other solanaceous and 
ornamental plants (Kucharek 1998). The disease is 
more prevalent in the wet tropics, subtropics and 
warm temperate regions of the world (Hayward 
1991; Kelman 1953; Champoiseau and Momol 
2009). The disease is caused by 
the bacterium Ralstonia solanacearum, previously 
known as Pseudomonas solanacearum which is an 
important and destructive soil borne bacterial 
pathogen (Sharma and Kumar 2004; Allen et al. 
2005; Chaudhry and Rashid 2011) with a 
worldwide distribution and strains of this pathogen 
affect more than 200 plant species in over 50 
families throughout the world, including a wide 
range of crop plants, ornamentals and weeds 
(Hayward 1995). The disease is difficult to control 
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(Kucharek 1998) because pathogen can survive 
within a large temperature range (100C to 410C) 
and in diverse environmental conditions (Muthoni 
et al.  1995; Fajinmi and Fajinmi, 2010). The 
pathogen infects the host plant primarily through 
roots and enter into vascular bundles through 
wound formed by lateral roots caused by soil borne 
organisms especially insects and nematodes 
(Adebayo and Ekpo 2005). The disease can also 
transmitted through mechanical damages when 
carrying out intercultural operations (Champoiseau 
and Momol 2009).  

Infected tomatoes plants may be stunted or 
completely wilted, resulting in poor fruit quality 
such as small sized fruits and significant loss of 
yield. The first visible symptoms of bacterial wilt 
are usually seen on the foliage of plants at early 
stage of disease infection. These symptoms consist 
of wilting of the youngest leaves at the ends of the 
branches during the hottest part of the day. At this 
stage, only one or half a leaflet may wilt, and plants 
may appear to recover at night, when the 
temperatures are cooler. As the disease develops 
under favorable conditions, the entire plant may 
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wilt quickly and desiccate although dried leaves 
remain green, leading to general wilting and 
yellowing of foliage and eventually plant death. 
Another common symptom that can be associated 
with bacterial wilt in the field is stunting of plants. 
These symptoms may appear at any stage of plant 
growth, although in the field it is common for 
healthy-appearing plants to suddenly wilt when 
fruits are rapidly expanding (Champoiseau and 
Momol 2009). The yield losses by R. solanacearum 
vary from 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 depending 
upon host, cultivar, climate, soil type, cropping 
pattern, and strain. (Elphinstone 2005). It is very 
difficult to control this pathogen as its abilities to 
grow endophytically, survive in soil, especially in 
the deeper layers, travel along water, and its 
relationship with weeds (Wang and Lin 2005). 

The control of R. solanacearum is challenging 
once the pathogen has infested the soil (Jone 2008). 
Integrated disease management strategies such as 
cultural practices, crop rotation and use of resistant 
cultivars adopted by farmers have been found 
ineffective (Mbaka et al. 2013). However, various 
control strategies including host plant resistance 
(Dalal et al.  1999), transgenic resistance plant (Jia 
et al.  1999), cropping system (Dalal et al.  1999), 
soil amendments (Vincent and Mew 1998), 
integrated control (Katayama and Kimura 1987) 
and biological control (Khalequzzaman et al.  
2002) have been developed. Different control 
methods including cultural, biological and chemical 
control methods have been adopting in Nepal also 
to control bacterial wilt problem in tomato.  But the 
use of locally available plants and their extracts are 
very low.  

The natural plant products derived from plant 
species has the capacity to control diseases caused 
by viruses, bacteria and fungal pathogens. Research 
focused on plant-derived natural bactericides and 
their possible applications in agriculture to control 
plant bacterial diseases has intensified as this 
approach has huge potential to inspire and 
influence modern agro-chemical research. Many 
reports revealed that, plant metabolites and plant 
based pesticides appear to be one of the better 
alternatives as they are known to have minimal 
environmental impact and danger to consumers in 
contrast to synthetic pesticides (Gottlieb et al. 
2002). During the recent decades, many herbal 
extracts have been extensively tested and a myriad 
of reports have been documented outlining the uses 
of plant extracts to control the animal and plant 
diseases (Opara et al. 2010). A good number of 
reports outlined the antimicrobial effects of some 
medicinal plants for plant disease control. Some 
plant extracts were documented as effective 
inhibitors of phytopathogenic bacteria 

(Leksomboon et al. 2000). Plants produce 
antimicrobial agents by secondary metabolism to 
protect themselves from pathogen attack, and 
therefore many plant species possess substantial 
antimicrobial activity (Macdonald 2008). 

MATERIALS AND METHODS 
This paper was prepared by collecting the 

information from all available resources i.e. books, 
journals, annual reports, proceedings etc published 
by different Authors, Researchers, Professors as 
well as research centers and stations. A total of 30 
research papers were collected and intensive review 
was made. Collected information's were 
systematically arranged into different subheadings 
namely; Use of Lantana (Lantana camara), Use of 
Pigeon pea (Cajanus cajan) and Crotolaria 
(Crotalaria juncea), Use of Turmeric (Cucurma 
longa), Use of White cedar (Melia azedarach), 
Garlic (Allium sativum), Malbar nut (Adhatoda 
vasica), Marigold (Tagetes patula) and Nerium 
(Nerium oleander) and Use of Thymol (Thymus 
spp.) and Palmarosa oil (Cymbopogon martinii). 

DISCUSSION  
Control of bacterial wilt in infested soils is 

very difficult. It is generally considered that crop 
rotation with a non-host crop is of minimal value 
because of the wide range of crop and weed hosts 
of the pathogen (Hayward 1991). At present no 
conventional bactericides are known to provide 
effective control of this soil borne pathogen. 
Management of disease using bactericides causes 
environment pollution and the bactericide residues 
are harmful to human health. In addition, the 
intensive and indiscriminate use of pesticides in 
agriculture has caused many problems to the 
environment such as water, soil, animals and food 
contagion; poisoning of farmers; elimination of 
non-target organisms and selection of 
phytopathogens, pest and weed insensitive to 
certain active ingredients (Stangarlin et al. 1999). 
Soil treatments with traditional general-purpose 
fumigants such as methyl bromide did not provide 
satisfactory control of the disease (Chellemi et al. 
1997). 

.Natuarl plants products are important source 
of new agrochemicals for the control of plant 
diseases (Abdel-Monaim et al. 2011; Hassan et al 
2009; Ji et al. 2005; Regnault et al. 2005).Use of 
biological control measures including 
phytobiocides for various soil borne pathogen has 
gained popularity in recent years due to concern of 
environmental and ecological hazards created by 
use of chemical products in disease control (Haas 
and De fago 2005). Plant products are safe, non-
phytotoxic, systemic and biodegradable (Tripathi & 
Dubay 2004). Plant products can be used as green 
manures, dried powders (Naz et al. 2015a,b) and 
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aqueous or organic solvent extracts (Yesmin et al. 
2008; Balestra et al. 2009). Some plants, including 
medicinal plants, have larger amounts of anti-
microbial secondary metabolites. When dried 
powders of such plants are used as soil organic 
amendments, the powders get mixed with soil 
water, get decomposed and release water-soluble 
anti-microbial secondary metabolites which protect 
host plants against pathogens (Naz et al. 2015b). 
Bacterial Wilt, a hard-to-control disease, cannot be 
sustainably managed by any single control method. 
Various strategies have been developed to control 
bacterial wilt include the use of host-plant 
resistance and cropping systems (Dalal et al. 1999), 
transgenic resistant plant (Jia et al. 1999) and 
biological control includes Vesicular-arbuscular 
Mycorrhizae (VAM) (Halos and Zorilla 1979), a 
virulent mutants of R. solanacearum (Dong et al. 
1999), genetically engineered antagonistic bacteria 
(Kang et al. 1995), some naturally occurring 
antagonistic rhizobacteria such as Bacillus spp. (Da 
Silveira et al. 1995) or integration of these 
strategies (Anith et al. 2004). Exploitation of 
naturally available chemicals from plants, which 
retards the reproduction of undesirable 
microorganisms, would be a more realistic and 
ecologically sound method for plant protection and 
will have a prominent role in the development of 
future commercial pesticides for crop protection 
strategies, with special reference to the 
management of plant diseases (Gottlieb et al. 
2002). 

Several studies reported that bacterial wilt was 
suppressed and controlled by plant residues derived 
from, e.g. chili (Capsicum annum) (Teixeira et al. 
2006), Chinese gall (Rhus chinensis) (Yuan et al. 
2012), clove (Syzygyum aromaticum) (Amorim et 
al. 2012), cole (Brassica sp.) (Arthy et al. 2005), 
eggplant (Solanum melongena), (Almeida et al. 
2007), eucalyptus (Eucalyptus globules) (Paret et 
al. 2010), geranium (Geranium carolinianum) 
(Ooshiro et al. 2004), guava (Psidium guajava 
and P. quineense) (Acharya and Srivastava 2009), 
Japanese cedar (Cryptomeria japonica) (Hwang et 
al. 2005), lemongrass (Cimbopogon citratus) (Paret 
et al. 2010), marigold (Tagetes patula) (Terblanche 
and Villiers 1998), neem (Azadirachta indica) 
(Pontes et al. 2011), palmarosa (Cimbopogon 
martint) (Paret et al. 2010), pigeon pea (Cajanus 
cajan), sunn hemp (Crotalaria juncea) (Cardoso et 
al. 2006), thyme (Thymus spp.) (Ji et al. 2005 and 
Pradhanang et al. 2003) and wood wax tree 
(Toxicodendron xylvestre) (Yuan et al. 2012).  The 
possible mechanisms of action of the plant residues 
are mainly considered to be antimicrobial activities, 
followed by the indirect suppression of the 
pathogen through improved physical, chemical, and 
biological soil properties (Cardoso et al. 2006).  

The antibacterial activity of Ralstonia with 
plant extracts have been reported earlier (Lopez et 
al. 2005; Larkin et al. 2007). Though most of the 
botanicals have anti-bacterial effect on most of the 
plant pathogenic bacteria and other microorganisms 
(Chethana et al. 2012). Green plants have been 
shown to represents a reservoir of effective 
chematherapeutants and can provide valuable 
sources of natural pesticides (Dorman et al. 2000). 
Green plants are found to be an effective reservoir 
for the bioactive molecules and can provide 
valuable sources for the discovery of natural 
pesticides (Akhtar et al. 1997). Green manure of 
above-ground parts of pigeon pea (Cajanus cajan) 
and crotalaria (Crotalaria juncea) completely 
suppressed tomato bacterial wilt in 45 days 
(Cardoso et al. 2006). Field application of thymol 
oil (derived from thyme plant) at the rate of 0.72% 
reduced bacterial wilt of tomato by 65-82% (Ji et 
al. 2005). Similalry, Hong et al. (2011) reported 
that combination of thymol and acibenzolar-S-
methyl (ASM) significantly reduces the incidence 
of bacterial wilt and increased the yield of tomato. . 
Garlic extract and clove oil shown to have high 
potential against several microorganisms 
(Jeyaseelan et al. 2010) including R. solanacearum. 
The antibacterial effect of crude medicinal plant 
extract of Curcuma longa, Brassica oleracae and 
Ipomoea batatas on Ralstonia solanacearum were 
also reported (Wagura 2011).. Essential oil 
extracted from the lemon grass (C. citratus) at 
concentration of 0.14% completely inhibited R. 
solanacearum race 4 pathogen in ginger (Paret et al. 
2010). Pradhanang et al. (2003) demonstrated that 
100 percent tomato seedlings are free from R. 
solanacearum when inoculated with soil treated 
with lemon grass (700 ml/liter). Similarly, essential 
oil extracted from aromatic plants (M. piperata, 
palmarosa, geranium, M. arvensis, citronella, M. 
spicata and lemon grass) were found effective 
against R. solanacearum at 1 mg concentration 
(Khan et al. 2007)Phytobiocides are good 
alternatives to replace the chemicals in managing 
the bacterial wilt of tomato caused by Ralstonia 
solanacearum. They are locally available plant 
materials that are found to be effective for the 
management of bacterial wilt disease of tomato. 
Some of identified and tested phytobiocides are:   

Use of Lantana (Lantana camara)  

A study carried out by Banerjee and Chatterjee 
(2012) reported that Lantana camara is effective to 
control the bacterial wilt of tomato. Evaluation of 
antibacterial activity in the alcoholic leaf extract of 
Lantana camara was done by bactericidal bioassay 
method. The antibacterial effect was tested and 
interpreted in terms of the enzyme activities; 
catalase, peroxidase and polyphenol oxidase 
content in the healthy, extract treated and bacteria 
infected tomato plants.  They reported that there 
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was significant increased in the activities of all the 
enzymes in infected sets whereas  enzymes 
activities were decreased in the sets which are 
treated with 50% alcoholic leaf extract of Lantana 
camara. The MIC (Minimum Inhibitory 
Concentration) was measured by using Lantana 
camara crude leaf extract. This shows that Lantan 
camara has potentiality to control the biochemical 
changes in the enzyme caused by bacterial 
infection in tomato plants.  

Use of Pigeon pea (Cajanus cajan) and 
Crotolaria (Crotalaria juncea) 

A fresh organic matter of pigeon pea and 
crotalaria were incubated in soil for 30 and 60 days 
before planting. Tomato seedlings of cv. Santa 
Clara were transplanted into polyethylene bags 
with 3 kg of the planting substrate (infested soil + 
organic matter). The wilting symptoms and 
percentage of flowering plants were evaluated for 
45 days. All evaluated concentrations with 
incorporation and incubation for 30 days of aerial 
parts of pigeon pea and crotalaria controlled 100% 
tomato bacterial wilt. With 60 days of incubation, 
only the 10 % concentration of pigeon pea and 
crotalaria did not control the disease. These results 
suggest that soil incorporation of fresh aerial parts 
of pigeon pea and crotalaria is an effective method 
for bacterial wilt control (Cardoso et al. 2006). 

Use of Turmeric (Cucurma longa) 

A study conducted to analyze the in vitro 
antibacterial potential of turmeric plant against ten 
highly virulent isolates of R. solanacearum. The 
antibacterial activity of the extracts was assayed by 
agar well diffusion method on Tryptone Soya agar. 
The result revealed that the average zone of 
inhibition of the rhizome extract was ranging at 20-
26 mm against R. solanacearum. Various 
concentrations of the extracts were prepared by 
dissolving extracts in DMSO. The minimum 
inhibitory concentration (MIC) was determined by 
two-fold micro broth dilution method for the tested 
pathogens. The MIC of the turmeric extract was 2-
20 μg ml-1. The activities of the solvent extract are 
remarkable when compared with the water extracts. 
Hence, solvent extract will enhance the efficacy of 
turmeric in the activity of R. solanacearum 
infections. This shows that Turmeric has 
antimicrobial property against the R. solanacearum 
(Narasimha et al. 2015). 

Use of White cedar (Melia azedarach), Garlic 
(Allium sativum), Malbar nut (Adhatoda vasica), 
Marigold (Tagetes patula) and Nerium (Nerium 
oleander) 

Finely ground powders of widely available 
medicinal and weed plant species viz., Melia 
azedarach (White cedar), Allium sativum (Garlic), 
Adhatoda vasica (Malabar nut), Tagetes patula 

(Marigold) and Nerium oleander (Nerium) were 
assessed for their antimicrobial activity, both in 
vitro (10% w/v) and in-vivo (10, 20, 30, 40 g/kg of 
potted soil) against R. solanacearum. Aqueous 
extracts (prepared as 10% w/v, soaking for 48-72 
hours and filtering) of A. vasica and T. patula 
inhibited the in-vitro growth of the bacterial 
pathogen over 60% of that produced by the 
standard antibiotic streptomycin while A. sativum 
and N. oleander extracts were less effective against 
R. solanacearum. Using agar well diffusion 
assay, Jeyaseelan et al.  (2010) found out that both 
organic solvents and aqueous extracts of A. 
sativum bulbs restricted the in-vitro growth of plant 
pathogenic bacteria i.e., X. axonopodis and R. 
solanacearum. The higher dose (40 g/kg of soil) of 
A. vasica and T. patula decreased disease severity 
and increased yield and plant growth characters as 
much as the standard antibiotic did. In additional to 
this, no phytotoxicity was observed in tomato plant 
as well. Abo-Elyousr et al. (2009) reported A. 
sativum extract reduced R. solanacearum 
population in in vitro tests and incidence of 
bacterial wilt in field also. Similarly, study 
conducted by Deberdt et al. (2012) shows that 
Allium fistulosum (50% and 100%) significantly 
reduced and controlled the population of R. 
solanacearum in in vitro as well as in field 
condition.  

Garlic exhibited the strongest antibacterial 
activity against bacterial wilt in vitro and in 
vivo followed by Datura and then Nerium. Cold 
water extracts of these plant species were more 
effective than hot water extract in the development 
of the disease in vivo. In greenhouse experiments, 
the application of the tested plant extract to soil at 
the time of inoculation, two days before inoculation 
and two days after inoculation the pathogen, 
significantly reduced the disease index of wilt on 
Super Marmande tomato cultivars. The application 
of plant extracts at the same time as inoculation 
resulted in the highest reduction of disease index 
(Din et al. 2016). 

 Use of Thymol (Thymus spp.) and Palmarosa oil 
(Cymbopogon martinii) 

The essential oil extracted from thymol and 
palmarosa, used at a concentration of 0.7%, were 
evaluated under field conditions for control of 
bacterial wilt of tomato caused by Ralstonia 
solanacearum. The experimental fields were 
artificially infested with the bacterial pathogen. The 
plant essential oils were applied after two hours and 
then the plots were sealed with plastic mulch for 3 
days. Tomato seedlings (cv. Equinox) were 
transplanted into the field 7 days later. This study 
reported that 92.5% of tomato plants (cv. Equinox) 
wilted in the untreated control plots in fall of 2002 
compared to 33.1% and 48.1% in case of thymol 
and palmarosa treated plots respectively in final 
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assessment. Similarly, only thymol was evaluated 
in 2003 (cv. Solar Set.) in which disease incidence 
in untreated plots reached 65.5%, while in treated 
plots only 12% of plants were wilted (Ji et al. 
2005). In addition, tomato plants grown in soils 
treated with thymol or palmarosa oil did not 
develop wilt symptoms under greenhouse 
experimental conditions (Pradhanang et al. 2003). 
Modes of action of the antibacterial property of 
thymol appeared to include disruption of bacterial 
cell membrane integrity by altering protein 
reactions (Juven et al. 1994). Paret et al. (2010)  
evaluated the effect of essential oil derived from 
palmaroa on R. solanacearum race 4 in edible 
ginger and reported that palmarosa oil at 
concentration of 0.07% completely inhibit the 
pathogen. Similarly, study conducted by 
Pradhanang et al. (2003) reported that tomato 
seedlings are free from R. Solanacearum when 
inoculated with soil treated with thymol (700 mg 
liter-1) and palamrosa oil (700 ml liter-1). 

CONCLUSIONS 
Bacterial wilt is one of the major limiting factor of 
solanaceous vegetables production.  The disease is 
caused by the bacterium Ralstonia solanacearum 
which is an important soil borne bacterial pathogen 
with a worldwide distribution and the disease is 
difficult to control because pathogen can survive 
within a wide temperature range (100C to 410C) 
and in diverse environmental conditions. Infected 
tomatoes plants may be stunted or completely 
wilted, resulting in poor fruit quality such as small 
sized fruits and significant loss of yield. Different 
treatments, control measures and strategies have 
been developed and adopted till now but none of 
these practices have seems to perfect and complete 
package for the control of disease. But nowadays 
very cost effective locally available plant materials 
and their extracts have been used and the results 
were also found quite satisfactory compared to 
chemical treatments in terms of cost, control and 
environmental perspective. Use of different plant 
products such as Lantana camara, Crotolaria 
juncea, Cajanus cajan, Allium sativum, Curcuma 
longa, thymus spp. Cymbopogon spp. etc have been 
found to be effective against the control of bacterial 
wilt of tomato.  
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