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ABSTRACT 

Bacterial canker disease is one of the most economically destructive diseases of tomato (Solanum 

lycopersicum) caused by gram positive bacterium, Clavibacter michiganensis Different disease 

controlling mechanisms have been employed to tackle the problem. These days using plant extracts 

is a new research focus area to reduce the side effect of chemical pesticides. The current study is 

aimed to evaluate antibacterial potential of some medicinal plants against Clavibacter 

michiganensis.   The methanol and aqueous extracts of five medicinal plants namely Vernonia 

amygdalina, Adhatoda shimperiana, Calpurnia aurea, Ricinus cummunis and Moringa oleifera 

were evaluated in vitro using disc diffusion method. The fresh leaves of plants were dried at room 

temperature under shade and ground to fine powder. Extraction was carried out using maceration 

method and the phytochemical composition of extracts was analyzed qualitatively. Clavibacter 

michiganensis was isolated using yeast dextrose calcium carbonate agar (YDC) medium from 

infected tomato fruits collected and identified by colony morphology and pathogenicity test. The 

higher extract yield was obtained from C. aurea (21.5%).  Alkaloids, flavonoids, phenols, terpinoid, 

saponin and tannins were found from the tested extracts. All the tested extracts showed antibacterial 

activity against Clavibacter michiganensis with significantly different inhibition zone diameter. The 

highest antibacterial activity and relative percentage inhibition was showed by extracts of R. 

cummunis followed by V. amygdalina and Moringa oleifera in both solvent extracts.  Extracts of R. 

cummunis and V. amygdalina showed the lowest MIC value (3.15mg/ml and 6.25mg/ml 

respectively). A. schimperiana and R. communis showed bactericidal effect against C. 

michiganensis while M. oleifera and aqueous extract of V. amygdalina showed bacteriostatic effect. 

The extracts of R. communis, V. amygdalina and M.oleifera could be candidates for further 

development as biocides in the control of tomato canker disease. However, further studies should be 

done to evaluate their performance under field conditions. 

 

Key words:  Aqueous extract, Clavibacter michiganensis, Inhibition zone, Medicinal plants, 

Methanol extract, Tomato
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1. INTRODUCTION  

1.1. Background of the study 

Tomato (Solanum lycopersicum) is a widely grown and consumed vegetable crop in Ethiopia. It is 

consumed fresh (raw tomato) or cooked or used to manufacture different processed foods. According 

to FAO (2019) over five million hectares of land around the world produce 180 million tons of 

tomato fruit per year.  Melkamu Alemayehu et al. (2015) reported that 7, 237.35 hectares of land 

produce around 55,514.30 tons of tomatoes in Ethiopia. Small holder farmers have grown tomato for 

long period of time for their livelihood needs. However, tomato plants are susceptible to several 

disorders, diseases and pests. Muthyalu Meniga (2014) has reported that tomato disease is one of the 

major problems of tomato production in Ethiopia.  According to Gatahi (2020) bacterial canker 

disease is one of the major challenges in most tomato growing areas. Kassa Getu in AgroBIG 

program (2018) has also reported the prevalence of diseases and pests as constraints of tomato 

production in Amhara region. He described that bacterial canker is one of the most important 

diseases in the production areas and sowing infected seeds affect both the production and marketing 

system. Tomato is not cultivated during the rainy season due to susceptibility to disease and pest.  

Bacterial canker disease is one of the most economically destructive diseases of tomato (Solanum 

lycopersicum). It is caused by gram positive bacterium, Clavibacter michiganensis (formerly named 

C. michiganensis subsp. michiganensis). The disease was first discovered in 1909 in Grand Rapids, 

Michigan, USA but is currently reported in tomato producing areas of the world.  Clavibacter 

michiganensis is a seed-borne, xylem invading pathogens (Agrawal et al., 2012; Nandi et al., 2018). 

It may survive in seed, crop debris, and equipments such as wooden stakes. The pathogen enters the 

host plant through wounds and natural openings such as stomata, hydathodes etc. It can spread 

mechanically via pruning knives during de-leafing, other �W�R�R�O�V���� �D�Q�G�� �Z�R�U�N�H�U�V�¶�� �K�D�Q�G�� �D�Q�G�� �F�O�R�W�K�L�Q�J��

during crop handling. It may spread from plant to plant by splashing of water. This vascular 

pathogen systematically colonizes the vascular bundles which causes symptom development such as 

wilt , leaf necrosis, stem canker, and fruit lesions or spots and even plant death. The symptoms or 

disease severity may vary depending on the type of bacterial strain, plant variety, plant age and 

environmental conditions (de León et al., 2011; Sabaratnam, 2012; Dutta et al., 2014; Sen et al. 

2015; Peritore-Galve et al., 2021). 

https://apsjournals.apsnet.org/doi/full/10.1094/PDIS-08-20-1732-FE#b29
https://apsjournals.apsnet.org/doi/full/10.1094/PDIS-08-20-1732-FE#b89
https://apsjournals.apsnet.org/doi/full/10.1094/PDIS-08-20-1732-FE#b89
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It affects both greenhouse and field tomato crops either by killing the young plant or reducing 

marketable yield and quality that subsequently causes economic loss throughout tomato production 

areas. Yield losses can reach 46 to 93% and approximately 50 % average fruit weight loss during 

severe epidemics (Peritore-Galve et al., 2021). Once the pathogen is introduced, symptoms of 

infection become visible when the population of bacterium spread throughout the plant. At this 

stage, it is too late to stop the disease using chemical treatments or to remove the plants. There are 

no commercially available cultivars resistant to bacterial canker and limited bactericidal products. 

Due to this, strategies must be integrated to prevent an outbreak, subsequent spread and future 

epidemics. Cultural practices such as using certified disease free seeds, sterilizing equipment, 

increasing plant spacing, and crop rotation are among preventing strategies Seed treatment before 

planting is better for preventing the disease (Sen et al., 2015).  

Chemical pesticides are increasingly and frequently used to control plant diseases and pests. Their 

widespread application is related to their immediate and obvious disease management efficacy. In 

spite of this, their continuous usage has brought negative effects such as development of pesticide 

resistant pests, environmental pollution, harming non-target organisms etc. (Rani et al, 2021). To 

reduce the side effects of chemical pesticides, the use of botanicals and other biocontrol agents is 

currently a crucial research area. Medicinal plants which have a long history of use in the majority of 

communities around the world for treatment of various diseases in human, animals and plants 

contain several chemicals that have shown antimicrobial activities against various microorganisms 

(Van Wyk and Wink, 2018). Plants with bioactive compounds have been used to manage different 

crop pests both on the field and post-harvest diseases and human infections with notable success. 

The biologically active compounds (phytochemicals) extracted from medicinal plants are key 

ingredients of green pesticides (Lengai et al., 2020; Adimasu Adnew et al., 2022).  

Plant extracts are safe to human and the environment (easily biodegradable), have varied modes of 

action, are easily available and have low toxicity to non-target organisms, and have low residual 

effect. These properties favor them to be a part of Integrated Pest Management. Adoption of 

botanical pesticides results into healthy environment and sustainable agriculture (Lengai et al., 

2020).  The crude extracts of different plant organs (leaves, stem, root, fruit, seed, rhizomes, cloves, 

barks) different medicinal have been recognized for their role   in   the   natural   suppression   of   

different   plant   diseases (Talibi et al., 2011; Cai et al., 2019; Getahun Yemata et al., 2019; 
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Siddique et al., 2020). In the current study, different medicinal plant extracts were evaluated for their 

antimicrobial activities against Clavibacter michiganensis (tomato bacterial canker). 

1.2. Statement of the problem  

Seed borne transmissions and latent infections make the bacterial canker disease difficult to prevent 

and manage. Infected seed and infested plant debris are the primary sources of infection for disease 

outbreaks, and seed is the primary vector over long distances. The pathogen is mainly spread from 

infested to healthy fields by farm equipment, irrigation water and plant-to-plant contact (Sen et al., 

2015). The risk of spreading of the bacterium is high by the common farming practices such grafting 

and irrigation. The disease symptoms develop in late stage of infection which causes difficulty for 

early treatment of the disease. Different strategies have been employed to prevent and manage the 

disease outbreaks. Copper-based chemical treatments have been used to control the disease 

(Hausbeck et al., 2000; Werner et al., 2002). However, continuous use of synthetic pesticides can 

result in harmful effects on humans and the environment thus impacting negatively on biodiversity 

(Rani et al, 2021). Furthermore, chemical pesticides are expensive, so that farmers cannot afford 

(Tariku Neme et al., 2022). 

Therefore, environmentally friendly controlling methods are recommended. To this end using plant 

residue compost (Yogev et al., 2009) to suppress Clavibacetr michiganensis,   biological treatment 

such as lysozyme (Utkhede and Koch, 2004) and plant growth promoting bacteria (Girish & 

Umesha, 2005; Lanteigne et al., 2012) have also been proposed as control strategies. More recently 

the use of resistant varieties is reported as an effective method for controlling Clavibacter although 

the only resistance sources are wild tomato varieties which may have unwanted side effect (Sen et 

al., 2015).   

 Plant extracts have been reported as an alternative strategy to manage the spread of the disease and 

reduce disease severity against various plant pathogens and they are easily available, cost effective, 

eco-friendly natural products. There are no many investigations on the control of bacterial canker of 

tomato, especially in Ethiopia using plant extracts. Traditionally, plants have been known to relieve 

various diseases in Ethiopia and many ethnobotanical studies have been conducted on medicinal 

plants. However, studies on the antibacterial role of medicinal plants against plant pathogens are 
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scarce. Therefore, the current study was aimed to evaluate the antibacterial activity of extracts of 

different medicinal plants against Clavibacter michiganesis. 

1.3. Research questions:  

1. Which plant species have antibacterial effect against Clavibacter michiganesis? 

2. What types of secondary metabolites/phyochemicals is/are present in each plant extract? 

3. Is there significant difference in antibacterial activities between the crude extracts of the selected 

medicinal plants?  

1.4. Objectives of the study 

General objective: 

 To evaluate the antibacterial potential of some medicinal plant extracts against Clavibacter 

michiganensis (Bacterial Canker of Tomato) with the view of bio-based pesticides.  

Specific objectives: 

 To assess the antibacterial effect of each medicinal plant species on the growth 

Clavibacter michiganensis.  

 To identify major phytochemicals in the crude extracts of selected medicinal plants.  

  To compare the antimicrobial potential of aqueous and methanolic extracts of the 

selected medicinal plants. 

1.5. Significance of the study 

The current study focuses on screening of medicinal plant extracts for the control of Clavibacter 

michiganensis (bacterial canker of tomato). Effective plant extracts (extracts with high antibacterial 

activity) against clavibacter michiganensis in this study could be involved in the development of 

botanicals and used as an alternate strategy for prevention and management of bacterial canker 

disease.  The effective aqueous extracts could be directly used by farmers who are not affording 

chemical pesticides. The results of this study could also provide initial information for 

pharmacologists and chemists to develop therapeutic medicines. 
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1.6. Limitations of the study 

In the current study only two extraction solvents (methanol and water) were used and only leaf 

extracts were tested.  Extracting different parts of the plant with various solvents makes greater 

exposure for extraction of the available phytochemicals in the plant which influences their 

antibacterial potential.  Due to lack of modern tools like PCR molecular identification was not done. 

The absence of reference strain and molecular techniques has made the identification of the pathogen 

difficult and tedious. The selected medicinal plants were tested in vitro their performance in the 

greenhouse and field conditions was not addressed for the sake of time and budget. Effective plant 

extracts in the laboratory may not show similar performance in the field conditions.  
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2. REVIEW OF LITERATURE  

2.1. Biology of Tomato (Solanum lycopersicum) 

The cultivated tomato (Solanum lycopersium), is flowering plant, belongs to the nightshade family 

(Solanaceae family). Tomato is a fruit native to South America. While it is botanically a berry fruit, 

it is considered as a vegetable for culinary purposes; it is generally eaten and prepared as vegetables. 

Tomato plants are dicots, and grow as a series of branching stems, with a terminal bud at the tip that 

does the actual growing. The plants typically grow to 1�–3 meters in height and have a weak stem 

that often sprawls over the ground. It is a perennial in its native habitat, although often grown 

outdoors in temperate climates as an annual. The leaves are pinnately compound, flowers are yellow 

and five-petaled, Fruits are berries. Most cultivars produce red fruits, but a number of genotypes 

with yellow, orange, pink, purple, green, black, or white fruit are also available (Sing et al., 2016).   

The fruits are commonly eaten raw in salads, served as a cooked vegetable, used as an ingredient of 

various prepared dishes and pickled. Additionally, a large perce�Q�W�D�J�H���R�I���W�K�H���Z�R�U�O�G�¶�V���W�R�P�D�W�R���F�U�R�S���L�V��

used for processing; products include canned tomatoes, tomato juice, and ketchup. They are a great 

source of vitamin C, potassium, folate, and vitamin K (Chaudhary et al., 2018).  

The cultivated tomato plants generally reproduce by means of self-pollination. Tomato plants have 

yellow flowers with different types of inflorescences. Tomato is a warm season crop and requires 

frost free period of about four months for seed production. Optimum temperature for seed 

production is 16-29oC and for growth and fruit set between 20- 25oC. Tomato seeds disperse from 

the parent plant by different means. Some are spread by the wind, some by water, some with sticky 

coatings or spikes get stuck to the fur of passing animals, and some get eaten by animals/birds to be 

later passed, undigested, onto the ground great distances away. Tomato is commonly and 

commercially propagated through seed but asexual propagation techniques like grafting and micro 

propagation have been successfully tried (Sing et al., 2016).  

Tomato is grown in many types of soils from sand to heavy clay. A well-drained, fairly light fertile 

loam soil with fairly moisture holding capacity is ideal for growing good tomato crop. Good texture 

of soil is of primary importance. Tomato crop prefers a soil reaction ranging from pH 6.0 to 7.0 

(Sing et al., 2016). Numerous varieties of the tomato plant are widely grown in temperate climates 

across the world, with greenhouses allowing for the production of tomatoes throughout all seasons of 

https://www.healthline.com/nutrition/foods/tomatoes
https://www.healthline.com/nutrition/foods/tomatoes
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the year. . According to the statistical agency of the Food and Agriculture Organization of the United 

Nations (FAOSTAT, �������������� �W�K�H�� �Z�R�U�O�G�¶�V�� �W�R�W�D�O�� �W�R�P�D�W�R�� �S�U�R�G�X�F�W�L�R�Q�� �L�V�� �H�V�W�L�P�D�W�H�G�� �D�W�� ��������821 million 

tonnes with a cultivated area of about 5,051,983 hectares. In comparison, there has been a 3.35% 

increase in production from 180,766 million tonnes in 2019 to 186,821 million tonnes produced in 

2020. China is the leading producer of tomatoes in the world accounting for about 34.67% of the 

global output followed by India and United States. In spite of this rapid increase in consumptions, 

tomato production is hindered by climate change-related factors such as high temperatures, drought 

and high incidence of pests and diseases. Damping Off, septoria leaf spot, early blight (Alternaria 

solani), bacterial Wilt, fusarium wilt, bacterial canker and tomato mosaic virus are the major 

challenges in tomato production (Sing et al., 2016; Peritore-Galve et al., 2021).  

2.2. Tomato production in Ethiopia 

Ethiopia has various climate and altitude conditions that are favorable to various agricultural 

activities. There are numerous lakes and perennial revers that offer excellent opportunities for 

irrigated agriculture. The wide range of agro climatic conditions and soil types makes it suitable for 

the production of both warm and cool season vegetables. Tomato is being cultivated widely and 

planted in Ethiopia with about 700 to over 1400 mm annual rainfall, indifferent place, seasons, soils, 

weather conditions, technology (rain feed or irrigation) (Kebebew Birhanu & Ketema Tilahun, 

2010). Large scale production of tomato takes place in the upper Awash valley under irrigated and 

rain-fed conditions where as small scale production for fresh market is a common practice around 

Koka, Ziway, WondoGenet, Guder, Bako and many other areas. Tomatoes served as an ingredient in 

many dishes (local sauce), fresh produce is sliced and used as a salad; and processed products such 

as tomato paste, tomato juice, soups, stews, and tomato catch-up are consumed in large quantities  

(Getachew Etana and Tewodros Mulualem,  2019). 

Tomato production plays �D�Q�� �L�P�S�R�U�W�D�Q�W�� �U�R�O�H�� �L�Q�� �L�P�S�U�R�Y�L�Q�J�� �K�R�X�V�H�K�R�O�G�¶�V�� �L�Q�F�R�P�H���� �Q�X�W�U�L�W�L�R�Q�� �D�Q�G�� �I�R�R�G��

security.  Individuals involved as producers or as traders. Melkamu Alemayehu et al. (2015) 

reported that 7, 237.35 hectares of land produce around 55,514.30 tons of tomatoes in Ethiopia. 

Small holder farmers have grown tomato for long period of time for their livelihood needs. Tomato 

is one of the major crops in the lowland areas of Amhara region in Fogera, Mecha,North Gondar etc. 

Due to its frequent harvests and high profit per unit area, tomato production is currently the food that 

farmers are most interested in growing. It is a significant cash crop for small farmers and creates jobs 
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in the production and industries. Regardless of increased consumptions, tomato growers have been 

challenged by inconsistent production and low yields. The production and productivity of the crop 

in Ethiopia are influenced by different factors among declining soil fertility, insufficient and 

inefficient use of fertilizers, inappropriate agronomic practices, and inadequate pest and disease 

management are major. Weeds, insect pests and diseases including late blight and Fusarium wilt and 

bacterial canker were reported as constraints in tomato production in Ethiopia (Gemechis et al., 

2012, Kassa Getu, 2018). 

2.3. Tomato bacterial canker disease (Clavibacter michiganensis) 

2.3.1. Taxonomy of the pathogen 

Clavibacter michiganensis (formerly named C. michiganensis subsp. michiganensis) is the causal 

agent of bacterial wilt and canker of tomato (Solanumlycopersicum). Clavibacter michiganensis is in 

the phylum Actinobacteria, which comprises Gram-positive bacteria with high guanine-plus-

cytosine (GC) content in their genomes. As reported by different literatures the first binomial names 

for the pathogenic bacteria causing bacterial canker of tomato was bacterium michiganense, then 

after aplanobacterrrium michiganense, which described non- motile, rod-like bacterium isolated 

from tomato plant in Michigan. Later the bacterium reclassified as cornebacterium michiganense 

(due to its irregular corneform shape) and then to the genus clavibacter based on its uniquene 

2,4,diaminobutyric acid content in the peptidoglycan layer; named as clavibacter michiganensis 

(Peritore-Galve et al., 2021). 

It was considered as the only recognized species in the genus, which is a phytopathogen that causes 

diseases on various agriculturally important plants. Clavibacter michganensis has been subdivided in 

to subspecies based on the host specificity of isolates and bacteriological characteristics. These are 

C. michiganensis subsp. michiganensis (causal agent of bacterial canker of tomato), C. 

michiganensis subsp.sepedonicus (causal agent of ring rot of potato), C. michiganensis 

subsp.insidiosus (causal agent of alfalfa wilt), michiganensis subsp.nebraskensis (causal agent of 

�*�R�V�V�¶���Z�L�O�W���R�I��corn), C. michiganensis subsp. tesselarius (causal agent of bacterial mosaic of wheat) 

and C. michiganensis subsp.phaseoli (causal agent of leaf yellowing of bean) 

(Eichenlaub&Gartemann, 2011;  Li et al., 2018). Based on the whole genome and multi locus 

analysis all subspecieses have been raised to the species level. The current composition of the genus 

clavibacter is C.michiganesis, C. sepedonicus, C. insidiosus, C. nebraskensis, C. tesselarius, C. 
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phaseoli and C.capsici (causal agent of bacterial canker of pepper), the recently classified species 

(Oh et al. 2016; Li et al., 2018). New clavibacter species including nonpathogenic strains have been 

proposed, underlining genetic and ecological differences within the genus (Osdaghi et al., 2020).  

Therefore, in the current classification, the taxonomic position of Clavibacter michiganesis subsp. 

michiganensis (causative agent of tomato bacterial canker) is raised to Clavibacter michiganesis.   

2.3.2. Host specificity and growth conditions 

The host range of C. michiganensis comprises mainly solanaceous vegetables such as tomato, pepper 

(Capsicum sp.) and eggplant (Solanummelongena) (Eichenlaub&Gartemann, 2011). The major host 

for the pathogen is tomato and it affects both Green house and field tomatoes. Clavibacter 

michiganensis is often spread through contaminated seed leading to outbreaks of bacterial canker in 

tomato production areas worldwide. It causes a serious systemic disease of tomatoes.  It can quickly 

wipe out entire gardens. The pathogen can spread by splashing water, plant to plant contact, or 

through infected tools. The effects of Cm, including failure of tomato production and premature 

death of the entire plant, can result in substantial economic losses (Sen et al., 2015; Nandi et al., 

2018).  The pathogen grow better on nutrient medium at temperature range of 25-30oC with a pH 

level between neutral to slightly alkaline (Singh and Bharat, 2017).  Clavibacter can grow at 

temperatures of 20 to 30°C, can survive at 50°C. Clavibacter can grow on artificial media, but from 

3 to 7 days are needed for colonies to become visible on selective agar plates. The optimum pH for 

growth of this bacterium is between 7 and 8 (Eichenlaub et al., 2006).  The study conducted by Xu et 

al., (2012) reported that high relative humidity (>80%) is favor for symptom development. 

2.3.3. Attacking mechanisms /virulence factors of the pathogen 

This vascular pathogen enters in to the host through natural openings or wounds and generally 

invades and multiplies in the xylem causing wilt and canker symptoms. The incidence of 

symptomless latent infections and the invasion of tomato seeds by Cm are more prevalent. 

Pathogenicity is mediated by virulence factors and transcriptional regulators encoded by the 

chromosome and two natural plasmids. The virulence factors include serine proteases, cell 

wall‐degrading enzymes (cellulases, xylanases, and pectinases) and other proteins include perforin 

and sortase. Tomatinase is also an important contributor to virulence (Eichenlaub&Gartemann, 

2011; Nandi et al., 2018). According to the result of the study conducted by Chalupowicz et al 

https://pubmed.ncbi.nlm.nih.gov/?term=Chalupowicz+L&cauthor_id=26992141
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(2017) the development of wilt and canker symptoms are associated with serine proteases and cell 

wall-degrading enzymes.  Thus plasmid‐borne genes have crucial role in wilting, are not required for 

blister formation. Whereas, mutations in chromosomal genes encoding serine proteases, cell wall-

degrading enzymes, a transcriptional regulator, a putative perforin and a putative sortase 

significantly affect disease incidence and the severity of blister formation. These genes are expressed 

at low levels, from 8 to 72 hrs after inoculation. 

2.3.4. Pathogen detection and characterization 

The wilt symptoms caused by C. michiganensis subsp. michiganensis may be confused with other 

systemic diseases caused by other pathogenic bacteria such as Ralstonia solanacearum and 

pathogenic fungi like Fusarium spp. Therefore in order to identify the causal agent by conventional 

identification methods (isolation, pathogenicity and bacteriological determinative tests collection of 

samples of diseased tomato plants from tomato-growing regions is mandatory. The infected tissues 

are removed to make bacterial suspension. The pathogen can be detected by using different methods. 

The diagnostic procedure comprises isolation from infected tissue, presumptive diagnosis with a 

rapid test, identification of presumptive isolates and determination of pathogenicity.  

The characteristic morphology of Clavibacter cells and its gram-positive reaction, taken together 

with the host and the symptoms, are the primary diagnostic features of this disease. Dilution plating 

on a nutrient agar medium such as NGA, YPGA or YDC or on a semiselective media (to reduce the 

growth of saprophytes) such as CMM1T and SCMF or SCM, D2ANX) is a common method for 

detection and characterization of Cm.  Although there is no a well-studied specific best selective 

media for isolation and detection of Cm, different researchers were tested several media for the 

growth of Cm and describe the colonies character on different growing media (Ftayeh et al., 2011; 

EPPO, 2016).  The colony morphology on CMM1T medium described as Yellow, mucoid and 

convex becoming deeper yellow with longer incubation. On SCM and SCMF Cm have translucent 

green�–grey, mucoid, often irregularly shaped colonies. On YPGA light yellow, flat and semi-fluidal, 

round or irregular colonies becoming deeper yellow, opaque and glistening upon longer incubation. 

On YDC it produces mucoid and yellow colonies (OEPP/EPPO, 2005; 2016). A culture is identified 

by a combination of   Biochemical test (such as gram stain), serological test (such as 

Immunofluorescence (IF) test) and molecular tests such as PCR test and genomic fingerprinting. The 

isolates suspected to be Cm are confirmed by performing pathogenicity test.  
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Different researchers have been performed pathogenicity test to confirm the pathogenicity of the 

suspected Cmm isolates on tomato seedlings and reported that all isolates were produced typical 

symptoms of tomato bacterial canker disease with the time range of 10 to 34 days after inoculation 

(�0�L�O�L�M�D�ª�H�Y�L�ü-�0�D�U�þ�L�üet al., 2012; �%�D�V�Õ�P�	�%�D�V�Õ�P�����������������P Siddique et al., 2020), 

2.3.5. Symptoms of bacterial canker disease in tomatoes  

Bacterial canker can be difficult to diagnose because a variety of symptoms may occur and the 

canker symptom (stem lesion) is not always produced. Symptoms of infection become visible when 

the bacteria have already spread throughout the plant, and at this stage it is too late to stop the 

disease using chemical treatments or to remove the plants (Sen et al., 2015).  Bacterial canker is a 

vascular and parenchymal disease with a wide range of symptoms. The symptoms can vary 

depending on place of production (glasshouse or field), age of the plant at the time of infection, 

cultural practices, cultivar susceptibility, initial means of entry into the plant or type of infection 

(systemic or localized) and environmental conditions, including temperature and humidity 

(OEPP/EPPO, 2005; de Le_on et al., 2011; Sen et al., 2015; Singh and Bharat, 2017). 

The symptoms may not show until several weeks after infection. The pathogen (Cm) enters to the 

plant through wounds, natural openings, such as hydathodes and stomata, and roots. Once inside, the 

Clavibacter invades xylem and whereby the pathogen moves systematically throughout the plant; the 

plant shows the disease symptoms such as wilting, discoloration of the vessel and lesion or canker 

on the stem and fruit spots. Systemic wilt of the plant due to blockage of xylem vessels is the 

primary symptom of infection ���0�L�O�L�M�D�ª�H�Y�L�üet al., 2006).  

At the initial stages of disease development, unilateral wilting of leaflet and leaves is first seen as 

dark, necrotic lesions at the margin of old leaves. Sometimes referred to as the "firing stage," of the 

disease, this appears first as distinct brown, dried margins on lower leaflets sometimes separated 

from the green areas by a narrow zone of yellow tissue. Leaf spots (small, white, blister-like spots) 

may develop on young plants as a result of local infections under saturated humidity. The most 

distinctive symptoms of the diseases are vascular discoloration and fruit lesions.  During the later 

stage of pathogenesis, cankers develop on stems and petioles (for which the disease is named), 

internal necrosis or stem discoloration occur. Stem infections eventually develop cankers that split 

vertically along the stem. If an infected stem is cut lengthwise brown streaks can be seen in the 



12 
 

vascular tissue. Squeezing an infected, cut stem may produce a yellow exudate from xylem vessels. 

Superficial symptoms small dark spots o�Q���W�K�H���I�U�X�L�W���V�X�U�U�R�X�Q�G�H�G���E�\���D���Z�K�L�W�H���K�D�O�R���R�U���‡�E�L�U�G�¶�V-�H�\�H�·���V�S�R�W�V��

are characteristic of bacterial canker can be develop at any stage but are usually first seen on green 

fruit. During the last stage of infection, the whole plant wilts and death is observed. The fruit 

infection is a critical stage which reduces yield quality as marketable product and allowing the 

pathogen to colonize seed or seed can become contaminated, perpetuating future outbreaks 

(�0�L�O�L�M�D�ª�H�Y�L�üet al., 2006; de Le_onet al., 2011; Sen et al., 2015; Nandi et al, 2018; Peritore-Galve et 

al., 2021). 

When the infection occur in early stages, this will cause wilting on leaves which may only occur one 

side of the leaf (asymmetric wilting) and may recover in cooler time (�0�L�O�L�M�D�ª�H�Y�L�ü-�0�D�U�þ�L�ü et al., 

2006). Plants infected at a very early stage may collapse and die and the disease may be confused 

with bacterial wilt, while those that become infected later from spread of the bacterium within a field 

may only develop leaf scorch and fruit symptoms (Damicone & Brandenberger, 2015). Warm 

temperatures (24 °C to 32 °C) along with high moisture or relative humidity favor for the 

disease/symptom development. Infected host plants will show sever symptoms in hot days when 

there is high transportation rate since the bacterium may plug the xylem vessels (Xu et al., 2012). 

2.3.6. Disease transmission mechanisms  

Infected seed and infested plant debris are the primary sources of inoculum for disease outbreaks. 

Infected seeds are responsible for the long-distance transmission and dissemination of Cm, and 

enabling its introduction to disease-free environments. Contaminated seeds harbor between 100 and 

1000 colony forming units (CFU) per seed and the population dose for disease induction is as low as 

100cfu per seed (de Leon et al., 2011).  Seed infection occurs when Cm enters the seed coat and 

endosperm through the vascular system of an infected female parent and seeds that infect externally 

by contacting with other infected materials can also act as the primary source of systemic infection. 

However, Stüwe & Tiedemann (2013) reported that no bacteria were found in the tissue of the seed 

coat, the embryo or the endosperm. Seed infestation in plants systemically infected with Cm results 

in an exterior colonization of the seeds. Contaminated soil and plant debris are also important 

sources of systemic infections (de Leon et al., 2011; Vega and Romero, 2016).  
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The secondary infection (subsequent interplant transmission) of Clavibacter michiganensis occurs 

mainly by cultural practices such as pruning, clipping, through infected tools, and physical contact 

between infected and healthy plants, rain, splashing, irrigation practices, and delivery of nutrient 

solutions during fertigation and during harvesting activities. Once the disease appears in a field or 

greenhouse, the pathogen may spread to adjacent plants and infect them through pruning wounds 

and injury, or through naturally occurring pores along the leaf surface (stomates) or leaf margins 

(hydathodes) and after infection, clavibacter invades xylem vessels, whereby it moves systemically 

throughout a host (Sen et al., 2015; Nandi et al, 2018). According to Sharabani et al., (2013) as cited 

in Sen et al., 2015 when infections occur on mature plants, they may be asymptomatic; yield loss 

was not significant when plants were infected after the 18-19 leaf stage. However, such 

asymptomatic plants can serve as a source of infection in the subsequent growing season. 

2.4. Management strategies 

Disease management strategies can be exclusion (prevents the introduction of a disease-causing 

agent), eradication (eliminate a pathogen after introduction), protection and resistance (Use of 

disease resistant plants). Tomato canker disease spreads due to the use of contaminated seeds, 

infected transplants, as well as through infested soil, equipment and tools. Therefore, prevention of 

harmful cultural practices is extremely important. Reducing plant stress by maintaining an optimum 

population, nutrition, weed management and fertility will also make plants less likely to become 

diseased (Nandi et al., 2018). 

2.4.1. Cultural  control  

Cultural practices such as using healthy seeds (certified disease free seeds and disinfected seeds), 

using disease resistant varieties, using clean propagation materials, plant materials, hands, and 

clothes (sterilizing equipments), remove or destroy crop debris, water at the base of the plant 

(avoiding top irrigation), increasing plant spacing, soil sterilization (steam sterilization) when 

reusing greenhouses and garden beds and crop rotation with plants rather than solanaceae family and 

other night shade plants for a minimum of three years are common practices to prevent the 

introduction and spread of Cmm in a farm (de Leon et al., 2011).  A study using thermotherapy (hot 

water) for seed disinfection found that temperatures of 48 and 52 °C were effective for some seed 
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cultivars, whereas higher temperatures (56 and 60 °C) were detrimental to seed germination and 

vigour (Divsalar et al., 2014).   

2.4.2. Chemical control 

Several chemical treatments for seeds, plants or soil, such as the copper compounds, copper 

hydroxide and copper sulfate, and bactericides such as streptomycin, mancozeb and their 

combinations have been studied for the control of Cm. Bactericides are sprayed preventatively or 

after symptom development in the field and they can reduce disease severity by lowering bacterial 

population (Hausbeck et al., 2000; Werner et al., 2002; de Leon et al., 2008; Kasselaki et al., 2011). 

Phytosanitary techniques, such as treatment of seeds with acidified nitrite or 1% hydrochloric acid 

and spraying soil with formaldehyde, lower both bacterial concentration and symptom development 

(Kasselaki et al., 2011). Although they result in efficient reduction of bacterial population, these 

bactericidal compounds are ultimately inadequate to protect the plant, and some are phytotoxic 

(Yang et al., 2002). Another method of controlling clavibacter in host plants is chemical activation 

of the plant defense system. The activation of constitutive defenses can result in preformed physical 

or chemical barriers against pathogen invasion. Additionally, the host can be primed to generate 

antimicrobial compounds in response to specific elicitors that are produced by an invading pathogen. 

Chemicals that have been described as activating plant resistance are salicylic acid (SA), jasmonic 

acid (JA), DL-��-aminobutyric acid (BABA), potassium salts, 2,6-dichloroisonicotinic acid (INA), 

acibenzolar-S-methyl, and specific volatiles such as nitric oxide and ethylene. 

2.4.3. Use of Resistant Cultivars 

More recently the use of resistant varieties is reported as an effective method for controlling 

Clavibacter. Resistant cultivars would be an effective method of control and would result in a 

reduction of the use of chemicals. Although there are no commercial resistant cultivars, some 

cultivars offer partial resistance. Diverse wild tomato species are tolerant to Cm, developing few to 

no symptoms while harboring variable populations of the pathogen in the xylem. S. lycopersicum, S. 

pimpinellifolium, S. habrochaites, S. peruvianum var. humifusum were identified as resistance source 

(Sen et al., 2015). Bacterial canker tolerance is polygenic and complex but breeding studies have 

identified quantitative trait loci in S. habrochaites accessions that provide tolerance through changes 

in vascular thickness and increases in reactive oxygen species accummulation. Transgenic plant 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0117
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0124
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expressing antimicrobial products reduce bacterial population in the plant and reduce system 

development. However, the only resistance sources are wild tomato varieties which may have 

unwanted side effect (Wittmann et al., 2016; Nandi et al., 2018; Peritore-Galve et al., 2021).    

2.4.4. Biological control 

Biological controls by using competing microorganisms or viruses can help to limit the growth of 

phytopathogens by producing biocidal substances, inducing the plant's own resistance mechanisms 

were reported as an alternate strategy. A large proportion of such biological control agents consist of 

rhizobacteria, including many genera that are able to efficiently colonize plant roots and suppress the 

invading soil‐borne pathogens.  Seed treatment with Pseudomonas and Bacillus strains improved the 

quality of tomato seeds and immensely decreased the incidence of bacterial canker in field studies 

(Yogev et al., 2009; Kasselaki et al., 2011).  

Other than pseudomonads, microorganisms with Cm-inhibiting activity under glasshouse conditions 

include Bacillus subtilis, Trichoderma harzianum and Rhodosporidium diobovatum (Utkhede and 

Koch, 2004). Other studies also reported that seed treatments with lysosome and compost extracts 

have potential for the control of Cm (Utkhede and Koch, 2004; Kasselaki et al., 2011). 

Biosynthesized silver and zinc nanoparticles were shown in vitro growth inhibition against Cm.  

AgNPs treated seeds showed a normal germination rate with normal seedling growth. In the 

greenhouse and field experiment, AgNPs andZn NPs significantly prevent and inhibit the bacterial 

pathogen Cm on tomato plants and reduce disease incidence (Atiq et al., 2022). 

2.5. Medicinal plant extracts in the control of Plant pathogens 

In the investigation of eco-friendly and cost effective controlling mechanisms now a day researchers 

focus on the use of plant extracts which have been recognized for their role   in   the   natural   

suppression   of   different  plant   diseases (Talibi et al., 2011; Siddique et al., 2020). Plants produce 

numerous secondary plant metabolites that are not directly involved in the growth and 

developmental processes act against microbial pathogens on the basis of their toxic nature. The use 

of botanicals for plant disease management is highly attractive because of different reasons. Plant 

extracts are sustainable solutions in agriculture, reduce crop losses, eco-friendly and easily bio-

degradable, cheaper, and are parts of integrated Diseases Management (Gurjar, 2012). The efficiency 

of plant extracts can be evaluated by in vitro antimicrobial susceptibility testing (AST). However, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6638088/#mpp12678-bib-0059
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there is no single specific method used for all plant extracts and no complete study has performed to 

decide best method for in vitro assays. Most common method used for the in vitro evaluating 

antimicrobial activity of plant extracts are agar well diffusion, disk diffusion, agar dilution and or 

broth dilution/micro dilution assay (Lalitha, 2004).  

Various investigations have been conducted in vitro and in vivo which revealed that plant extracts 

had antibacterial and antifungal activities against various phytopathogens.  Aqoueous and alcoholic 

extracts of different plant species have been reported for their potential against various plant 

pathogens (bacteria, fungi) and nematodes, and were found to have potential to be applied as a 

control measure against plant diseases both in the greenhouse and in the field as well as against post-

harvest diseases (Mihiret Mekonen et al., 2014; Temesgen Deressa et al., 2015). The in vitro 

investigations conducted to evaluate methanol leaf extract of R. communis were showed that R. 

communis had high antibacterial potential against Xanthomonas campestris pv. musacearum (Enset 

bacterial wilt) and R. solanacearum  (bacterial wilt of hot pepper  and tomato) and recommended as 

an alternate tool disease controlling (Getahun Yemata and Masresha Fetene, 2017; Endalamaw 

Yihune and Getahun Yemata, 2019; Getahun Yemata et al., 2019).  

To investigate effective and environmental safe controlling strategies for bacterial canker of tomato 

different researchers evaluated the antibacterial activities of plant extracts against Clavibacter 

michiganesis and recommended for their significant effect. The in vitro antibacterial tests conducted 

by Balestra et al., (2009) showed that Allium sativum and Ficus carica extracts had antibacterial 

effect on tomato bacterial pathogens. The plant-residue composts were also reported for their 

potential to suppress Cm and they can serve as a component in integrated-management programs 

(Yogev et al., 2008). The essential oil, the extracts and pure metabolites of Origanum onites L. were 

tested for their antibacterial effect against phytopathogenic bacteria in vitro and in vivo conditions 

and they exhibit powerful antibacterial activity against Cm, and substantially decrease symptom 

development without affecting the germination or growth of tomato seedlings (Kotan et al., 2014).  

Talibi et al., (2011) studied the antibacterial activities of extracts of forty plants against Cm and 

reported that all the tested plants inhibit the bacterial growth; the germination percentage of seeds 

treated with the most three efficient plant extracts (L. coronopifolia, Cistus monspeliensis and Rubus 

ulmifolius) was significantly higher than the untreated.  Cai et al., (2019) reported that P. 

orientale extracts had a strong antibacterial activity to inhibit Cm, and could be used for the 

https://bsppjournals.onlinelibrary.wiley.com/doi/full/10.1111/mpp.12678#mpp12678-bib-0063
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ecological management of the bacterial canker of tomato disease. According to their result the 

extracts of P. orientale can damage the cell membrane and cell wall of Cm and reduce the 

intracellular ATPase activity.   

2.6. Ethno-medicinal value of the selected medicinal plants 

Vernonia amygdalina Del. ���‡�*�L�U�D�Z�D�·�� �L�Q�� �$�P�K�D�U�L�F���� �F�R�P�P�R�Q�O�\�� �F�D�O�O�H�G�� �E�L�W�W�H�U�� �O�H�D�I���� �I�U�R�P�� �$�V�W�H�U�D�F�H�D�H��

family, is a small shrub that grows everywhere especially in the tropical Africa. Several works had 

been carried out on the phytochemical, pharmacological properties of Vernonia amygdalina from 

different extracts and reported as all parts of the plant; roots, stems and leaves are pharmacologically 

useful in both human and veterinary medicines. Vernonia amygdalina plant is used in phyto-

medicine to treat fever, kidney disease, stomach ache, skin infections, diabetes, insomnia, tooth ache, 

pneumonia, arthritis, fatigue, cough and bleeding. The plant has anti-parasitic, anti-bacterial, anti-

inflammatory and anti-helminthic properties (Biressaw Serda and Birhanu Girma, 2017; Ogidi et al., 

2019). V. amygdalina extracts possessed antibacterial activity against both gram positive and gram 

negative bacteria. The investigation of antibacterial activity of V.amygdalina leaf extracts showed 

that both ethanolic and aqueous extracts of V. amygdalina leaves has antibacterial potential against 

various gram positive and gram negative bacteria and the inhibitory activity of the ethanolic extract 

was greater than that of the aqueous extract (Airaodion et al., 2019). 

Justicia schimperiana (Hochst. ex Nees) T. Anders. (Syn: Adhatoda schimperiana; Gendarussa 

schimperiana), is commonly known as Sensel or Simiza in Amharic.  It belongs to the family of 

Acanthaceae. Adhatoda schimperiana is an erect leafy shrub which grows up to 4-5 m high usually 

much branched from base In Ethiopia, Adhatoda schimperiana is used in the treatment of various 

ailments such as scabies, fever, asthma and other inflammatory situations, excessive pellagra and 

constipation, malaria, ascaris, hemorrhage, Hepatitis B, diarrhoea, dysentery, Stomach-ache, 

burning, to treat skin lesion, diabetes mellitus and use as industrial potential. Literatures also 

reported that the plant is used in treatment of livestock ailment (blackleg) and internal parasite 

(Amare Seifu, 2017). Different extracts from leaves of Adhatoda schimperiana were investigated for 

their antimicrobial activities against various human, animal and plant pathogens and shown 

remarkable effect in the disease controlling system (Kumlachew Alemu et al., 2014). 
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Calpurnia aurea is a medicinal plant belonging to the family of Fabaceae. It is a flowering plant 

commonly known as Digita (in Amaric). In Ethiopia the leaves have historically been used to cure 

diarrhoea, leishmaniasis, edoema, cough, and snake bite. The methanol leaf extracts of Calpurnia 

aurea was found to have antimicrobial and antidiarrheal effect against various pathogens (Shemsu 

Umer et al., 2013).  The study conducted by Adedapo et al., (2008) revealed that the leaves and stem 

extracts of Calpurnia aurea possess antioxidant and antibacterial properties. 

Ricinus cummunis L., commonly known as castor oil plant or castor bean, is a species of perennial 

flowering plant in the spurge family, Euphorbiaceae.  It is a soft wooden small tree developed 

throughout tropics and warm temperature regions.  Raw castor beans is very poisonous to humans, 

the toxicity is due to the presence of ricin. It is widely used as an ornamental plant.  The seeds of 

caster plant commonly used for production of castor oil which has a variety of uses. Its leaf, root, 

and seed oil are used in inflammation treatment, liver disorders. The plant is known to display 

antimicrobial activity and has been used to treat several ailments. An aqueous and 

methanolic extracts of the leaves of Ricinus communis were showen antimicrobial properties against 

Ralstonia solanacearum isolated from hot pepper plant (Endalamaw Yihune and Getahun Yemata, 

2019) and against Xanthomonas campestris pv. musacearum isolated from inset (Getahun Yemata et 

al., 2019). Methanolic extracts of leaves of Ricinus communis also showed significantly higher 

mortality of ticks in Eastern Ethiopia (Jelalu Kemal et al., 2020). 

Moringa oleifera �L�V�� �D�� �W�U�H�H���� �V�R�P�H�W�L�P�H�V�� �F�D�O�O�H�G�� �D�� �‡�0�L�U�D�F�O�H�� �7�U�H�H�� �E�H�F�D�X�V�H�� �R�I�� �D�O�O�� �L�W�V�� �S�D�U�W�V�� �D�U�H�� �X�V�H�G�� �I�R�U��

nutritional, pharmacological properties.  It is a very valuable food crop. It is fast growing, drought 

resistant, highly nutritive food crop. Different researches have shown that ethanolic, methanolic, 

aqueous and chloroform extracts from leaf, pods and seeds of Moringa oleifera exhibit antimicrobial 

activity (antibacterial, antifungal, antiviral and anti-parasitic property) against various strains of 

microorganisms. The extracts were found to contain flavonoids, tannins, and phenolic compounds. 

(Raj et al., 2011; Saadabi and Zaid, 2011) 
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3. MA TERIALS AND METHODS  

3.1. Collection of plant materials 

Five medicinal plants namely Vernonia amygdalina Delile (leaves), Adhatoda 

schimperiana (Hochst.) Hochst. ex Nees (leaves), Calpurnia aurea (Aiton) Benth (leaves), Ricinus 

cummunis L. (leaves) and Moringa oleifera Lam (leaves) were collected to make crude plant 

extracts. Fresh leaves of the selected medicinal plant were collected from the field around Zegie, 

Bahir Dar. The plants were selected based on the antimicrobial activity reports in the literature and 

their traditional use in medicating human diseases. The selected plant species were identified by 

experts from Bahir Dar biodiversity center during sample collection. 

3.2. Collection of infected tomato plant sample 

Infected tomato plant materials were collected from the greenhouse tomato in Hamusit, Dera district. 

The site was selected as it is one area of greenhouse tomato production and tomato bacterial canker 

disease is common in greenhouse. The plant samples were selected with purposive sampling on the 

basis of symptoms of tomato canker disease.  The tomato fruits with canker symptoms were 

collected by detaching from the stem. The collected samples were preserved in an ice box and 

transported to Bahir Dar University for further processing. The sample collection was carried out 

from January to February, 2023. 

3.3. Isolation of C. michiganensis 

The pathogen that causes tomato canker, Clavibacter michiganensis was isolated from infected 

tomato fruits and identified by conventional identification methods (morphological characterization 

and pathogenicity test). The isolation and detection of the pathogen was done according to the EPPO 

protocol (EPPO, 2016). The fruit surface were washed with water and disinfected by wiping with 

70% ethanol. Then, a few young spots were removed with a sterile blade and soaked in 5ml of sterile 

distilled water for up to 30 minutes to allow diffusion of bacteria out of the plant tissue. Isolation of 

C. michiganensis from infected plant tissue was performed by dilution plating method. Serial 

dilution from the bacterial suspension was prepared and inoculated on to separate petri plates poured 

with a sterilized non-selective medium composed of yeast dextrose calcium carbonate (YDC) by 

using sterile loop. The inoculum was spread over the entire surface of the Petri plates. The Petri 

https://www.gbif.org/species/119105325
https://www.gbif.org/species/119105325
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plates were inverted and incubated at 28oC for 72 hrs. Pure cultures expected to be C. michiganensis 

(presumptive positives) were purified by sub culturing frequently on YDC medium. The purity of 

the culture was confirmed by observing its morphological characteristics such as colony color, 

colony shape and margin. Finally, the suspected colonies of C. michiganensis were confirmed by 

doing pathogenicity test on tomato seedlings.  

 

Figure 1: Colony morphology of C. michiganensis isolated from infected tomato fruit on YDC 
medium 

3.4. Pathogenicity test 

The pathogenicity of the bacterium was performed by injecting the bacterial suspension into tomato 

seedling according to EPPO (2016). A Single colony of presumed C. michiganensis isolates was 

separately suspended in100 µL of sterile distilled water or 0.01 M PBS. The tomato seeds (kochero 

variety) obtained from Amhara regional state agricultural research institute (ARARI) Weramit 

branch were sown/ planted on pots and kept under appropriate conditions.  After 45 days, 10ml of 

the bacterial suspension (approximately 1.5*108 CFU/ml) prepared from a pure culture of the 

suspected bacteria was injected on stems of the seedlings (in four replications) using a syringe. The 

control plants were injected with equal volume of sterile distilled water. The plants were monitored 

regularly for the appearance of symptoms of bacterial canker disease starting from a week up to 

three weeks after inoculation and compared with controls (distilled water). The inoculated seedlings 

showed wilting symptoms starting from 5 days after inoculation and progressively continued to one 
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month. After symptom development, the pathogen was re-isolated using YDC medium. The 

pathogen re-�L�V�R�O�D�W�H�G���I�U�R�P���W�K�H���Z�L�O�W�H�G���V�H�H�G�O�L�Q�J�V���I�X�O�I�L�O�O�H�G���N�R�F�K�¶�V���S�R�V�W�X�O�D�W�H�V�������6�L�P�L�O�D�U���F�R�O�R�Q�L�H�V���Z�L�W�K���W�K�H��

initially isolated colonies were found from the inoculated and wilted tomato plants while not found 

from the control plant. 

3.5.  Biochemical identification 

3.5.1. Gram staining  

A loop full of isolate (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 the 

smear was gently rinsed for one minute under slow running water. Then it was flooded with iodine 

for one minute, rinsed in tap water and decolorized with 95% ethanol until colorless runoff. After 

that, the specimen was counter-stained with safranin for approximately 10 seconds, washed with 

water, dried and observed under microscope at10x, 40X and 100x using immersion oil. The bacterial 

stained purple color indicating that the bacteria are gram-positive (Smith and Hussey, 2005).  

3.5.2. Catalase Test 

Catalase test was carried out by slide (drop) method. A loop full of a fresh bacterial culture was 

placed on a glass slide. Then a drop of 3% hydrogen peroxide (H2O2) solution was added on to the 

organism placed on the microscope slide. Bubble formation was considered as a positive test for 

catalase (Taylor and Achanzar, 1972).  

3.5.3. Starch Hydrolysis test 

Nutrient agar plates containing soluble starch (w/v) were streaked with Clavibacter michiganensis 

suspension using a sterile loop and incubated at 28ºC until growth is seen. Then plates were flooded 

with KI solution (Iodine 1g; potassium iodide 2g; distilled water 100ml). A clear zone (no color 

development) around a colony was record as positive reaction (Sands et al.,1990). 

3.6. Preparation of plant extracts 

The plant part used as traditional medicine was collected from the field. The fresh leaves collected 

from the field were washed with tap water to remove dusts and other debris and air dried under 

shade at room temperature for two weeks. The dried sample was grounded in to fine powder using a 
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blender. The powder was sieved through 1mm mesh and stored in polythene (plastic) bags.  The 

powdered plant materials were extracted by maceration method with methanol and water at room 

temperature. The powder was mixed with the solvent in the ratio of 1:10 (10 ml of solvent for every 

1g of powder) and placed in a conical flask. The content of the flask was shaken for 72 hrs in an 

orbital shaker at 150 RPM. The crude extracts were �I�L�O�W�H�U�H�G���E�\���:�K�D�W�P�D�Q�¶�V filter paper No 1. After 

filtration, methanol was evaporated and concentrated whereas the filtrates obtained from water 

extracts were used directly.  Finally, the extracts were stored in a refrigerator until use. The yield 

percentage (%) of methanol extracts was determined by using the dry weight of the extract and the 

initial weight of the leaf powder as follows: 

 

3.7. Evaluation for antibacterial activity  of crude extracts 

The aqueous and methanol extracts prepared from the finely ground powders of different plant 

species were tested in vitro for their ability to inhibit the growth of C.michiganensis. The 

susceptibility test was performed by disc diffusion method (Hudzicki, 2009). The filtered extract 

obtained from aqueous extraction was directly taken as a stock solution and a stock solution of 

methanol extract was �S�U�H�S�D�U�H�G�� �E�\�� �G�L�V�V�R�O�Y�L�Q�J�� ���×�J�� �R�I�� �H�[�W�U�D�F�W�� �Z�L�W�K�� �����×�P�/�� �R�I��methanol to produce a 

�I�L�Q�D�O�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �������×�P�J���P�O. Then the stock solution was diluted to concentrations of 50, 25, 

���������×�P�J���P�/���R�I���H�[�W�U�D�F�W���� 

The bacterial suspension was prepared by picking 2-3 colonies from the previously isolated and 

cultured plate and transferred to growth medium. The inoculum suspension of C.michiganensis was 

adjusted to 0.5 McFarland turbidity standards by measuring the optical density with 

spectrophotometer at 600nm and reads 0.132 which is equivalent to approximately 108CFU/mL. 

Then the test bacterium was inoculated on a sterile YDC medium in Petri plate using a sterile cotton 

swab. A sterile cotton swab was dipped into the adjusted suspension and swabbed over the entire 

surface of YDC. Filter paper discs of 6mm in size were prepared and adequate numbers of discs 

were moistened with 50µl of each extract test concentration and air dried aseptically. Filter paper 

disc containing a specific concentration of plant extracts were placed on the surface of inoculated 

agar using a sterile forceps. The disc was gently pressed down to ensure complete contact with the 

YDC surface and then the plate was incubated at 28oC for 72 hrs. Each plate was monitored and 



23 
 

checked for the formation of clear zone (zone of inhibition). The antibacterial activity was evaluated 

by measuring the diameter of the growth inhibition zones in millimeters for the test organism by 

using transparent ruler and compared to the controls. The negative control discs were soaked with 

sterilized distilled water and methanol and the positive control was tetracycline disc.  

3.7.1. Determination of relative percentage inhibition 

The relative percentage inhibition of the tested extracts with respect to the positive control was 

calculated by using the following formula: 

 

Where:  

X: total area of inhibition of the test extract 

Y: total area of inhibition of the solvent 

Z: total area of inhibition of the standard drug 

The total area of the inhibition was calculated by using area � ���U2; where r=radius of zone of 

inhibition. 

3.7.2. Determination of Minimum Inhibitory and Bactericidal Concentration  

Determination of Minimum Inhibitory Concentration (MIC)  

The MIC of efficient plant extracts was determined by using liquid medium (broth dilution method).  

The antibacterial efficacy of the extracts was evaluated by observing turbidity or visible growth of 

bacteria in the nutrient broth. The concentration of the pathogen (bacterial suspension) was adjusted 

to turbidity of 0.5 McFarland standards.  To determine the MIC, 10ml of nutrient broth was 

dispensed in to test tubes and sterilized at 121oc for 15 minutes and allowed to cool.  A tube 

containing nutrient broth was seeded with the extract of different concentrations (100, 50, 25, 

12.5mg/ml) and inoculated with a loop full of bacterial suspension previously standardized. After 

incubating for 72 hrs at 28oC, the tubes were examined for bacterial growth by observing the 

turbidity. The lowest concentration of the extract in the broth that showed no turbidity represents the 
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MIC value.  A tube without extract was used as a control. The experiment was carried out in three 

replicates and the data were recorded as mean of the three replicates. The lowest concentration of the 

extracts that completely inhibits visual growth of bacteria (no turbidity) in the tube was recorded as 

MIC value. 

Determination of Minimum Bactericidal Concentration (MBC)  

The MBC was determined by taking a loop full of culture from all tubes that showed no visible signs 

of growth / turbidity and inoculating onto sterile YDC plates by streak plate method. Then, the plates 

were incubated for 72hrs at 28°C. The least concentration that did not show any growth of Cm was 

considered as the MBC value of the tested extract against the pathogen. A reduction of at least 99% 

of the colonies, compared with the culture of the negative pate was regarded as evidence of 

bactericidal activity. 

3.7.3. Determination of the Mechanism of Antibiosis  

The mechanism of antibiosis was determined on the basis of MBC to MIC ratio. When the ratio of 

�0�%�&���0�,�&�� �L�V�� �������� �W�K�H�� �H�[�W�U�D�F�W��was considered as bactericidal; if the ratio is >2 it was considered 

bacteriostatic. If the ratio is ���������� �W�K�H�� �H�[�W�U�D�Ft was considered as ineffective (Manilal et al., 2010; 

Gemechu Ameya et al. 2017). 

3.8. Phytochemical Screening of crude extracts  

Phytochemical examinations (the presence/absence test for plant secondary metabolites) were 

carried out for all the extracts. The phytochemical test was performed based on the procedure 

described by (Sasidharan et al., 2011; Pandey and Tripathi 2014).  

Detection of alkaloids 

 �7�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �D�O�N�D�O�R�L�G�V�� �L�Q�� �W�K�H�� �V�D�P�S�O�H�� �Z�D�V�� �G�H�W�H�F�W�H�G�� �E�\�� �:�D�J�Q�H�U�¶�V�� �W�H�V�W���� �:�D�J�Q�H�U�¶�V�� �U�H�D�J�H�Q�W�� �Z�D�V��

prepared by dissolving 2gm of iodine and 6gm of potassium iodide in 100ml of distilled water. . A 

0.1g plant extract was acidified with 2% HCl and filtered with glass funnel and few drops of 

Wagner,s reagent was added in each test tube. The formation of reddish brown color was taken as 

alkaloids positive (Sasidharan et al., 2011).  
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Detection of saponins 

The presenc�H���R�I���V�D�S�R�Q�L�Q�V���Z�D�V���W�H�V�W�H�G���E�\���X�V�L�Q�J���‡�I�U�R�W�K���W�H�V�W�·�������(�D�F�K���H�[�W�U�D�F�W�������P�O�����Z�D�V���W�D�N�H�Q���D�Q�G���G�L�O�X�W�H�G��

with distilled water up to 20ml and shaken for 15 minutes in a graduated cylinder.  The formation of 

1cm layer of foam was considered as the presence of saponins (Pandey and Tripathi 2014)..  

Detection of phenols 

The presence of phenols was tested by using ferric chloride test.  The plant extracts was treated with 

3-4 drops of ferric chloride solution. The formation of blue black color was considered as phenol 

positive (Pandey and Tripathi, 2014). 

Detection of tannins 

The test the 0.5 g of crude extract was boiled in 10ml of water in a test tube and filtered with glass 

funnel. Then 4ml of the filtrate was taken and 0.1% ferric chloride solution was added. The 

formation of blue black or greenish black coloration was taken as evidence for the presence of 

tannins (Velavan, 2015).  

Detection of flavonoids  

The presence of flavonoids was tested with lead acetate test. The plant extracts were treated with few 

drops 10% lead acetate solution. The formation of yellow color precipitate was recorded as 

flavonoid positive (Pandey and Tripathi, 2014).  

Detection of terpenoid  

The plant extract (2ml) was taken in a test tube and treated with 2ml of chloroform, and then after a 

few seconds 3ml of concentrated H2SO4 was added along the sides of the tube. The reddish brown 

color in the interface is considered positive for the presence of terpenoids (Velavan, 2015).  
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3.9. Statistical analysis  

The statistical data analysis was performed using computer program SPSS software (version 22). 

The data was expressed as mean±SE because the experiments were carried out in triplicates. The 

data was analyzed by using one way ANOVA and general linear model of univariate analysis. The 

mean difference between samples was �F�R�P�S�D�U�H�G�� �E�\�� �7�X�N�H�\�¶�V�� �+�R�Q�H�V�W�O�\�� �6�Lgnificance. P-values less 

than 0.05 (p< 0.05.) was considered as significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



27 
 

4. RESULTS AND DISCUSSION 

4.1. Results  

4.1.1. Extracts Yields  

Figure 2 shows the extract yield (%) of methanolic extracts of the tested medicinal plants.  The 

percent yield extract ranged from 14.5% to 21.5 %. The highest extract yield was obtained from leaves of 

Calpurnia aurea while the lowest extract yield was obtained from Ricinus cummunis.  Vernonia 

amygdalina, Adhatoda shimperiana, Moringa oleifera had moderate percent extract yield (Figure 2).  

 

Figure 2: Extract yield (%) of methanolic extracts of medicinal plants 

 

4.1.2. Antibacterial activity  of medicinal plant extracts 

The antibacterial activities of methanol and aqueous leaf extracts of V. amygdalina, A. shcimperiana, 

C. aurea, R. cummunis and M. oleifera were tested in vitro at 100mg/ml, 50mg/ml, 25mg/ml and 

12.5mg/ml concentrations. In methanol extracts, almost all the medicinal plants showed antibacterial 

activity against the growth of C. michiganensis at all test concentrations except A. schimperiana and 

C. aurea that did not show activity at 12.5mg/ml. At 100mg/ml and 50 mg/ml concentrations, the 

methanol extracts of R. cummunis exhibited the highest antibacterial activity followed by V. 
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amygdalina and M. oleifera, compared to other extracts. The differences in antibacterial activity 

between the above-mentioned species and others were statistically significant (at P < 0.05). 

However, there was no significance difference between V. amygdalina and M. oleifera. At the test 

concentration of 100mg/ml and 50 mg/ml R. cummunis showed significantly higher zone of 

inhibition as compared to the standard. At 25mg/ml test concentrations, extracts showed 

significantly different antibacterial activity (zone of inhibition) with highest clear zone of R. 

cummunis and lowest in C. aurea. At the test concentration of 12.5mg/ml, methanol extracts of A. 

schimperiana and C. aurea did not show any activity against the growth of the pathogen (Table 1). 

The antibacterial (zone of inhibition) with different test concentrations were analyzed. Accordingly, 

V. amygdalina at 100mg/ml was significantly higher than 25mg/ml and 12.5mg/ml but insignificant 

with 50mg/ml. The differences are also insignificant between 50mg/ml and 25mg/ml. A. 

schimperiana showed significant differences among all the test concentrations.  R. cummunis at 

100mg/ml showed significantly (p<0.01) higher zone of inhibition than other test concentrations. R. 

cummunis at 50mg/ml was also significant but the differences was insignificant between 25mg/ml 

and 12.5mg/ml. Significance differences were also recorded  in zone of inhibitions among test 

concentrations of  M. oleifera  except between 50mg/ml  and 25mg/ml (Table 1).  
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Table 1:  Inhibition zone of methanol and aqueous extracts of medicinal plants at different 
concentrations 

Extraction

/solvent 

Medicinal plant species 

Inhibition zone diameter (mm) 

Test concentration (mg/ml) 

100 50 25 12.5 

Methanol Vernonia amygdalina 25.00±0.57Ba 22.67±0.33Bab 19.67±0.33Bb 16.00±0.57Bc 

Adhatoda schimperiana 16.67±0.88Ca 12.67±0.88Cb 9.33±0.33Dc - 

Calpurnia aurea  11.67±0.88Da 9.00±0.57Da 7±0.00Eb - 

Ricinus cummunis 29.33±0.66Aa 26.00±0.57Ab 22±0.33Ac 20.33±0.33Ac 

Moringa oleifera 24.00±0.57Ba 20.00±0.57Bb 17±0.57Cb 10.33±0.88Cc 

Tetracycline  21±0.57B 21±0.57B 21±0.57AB 21±0.57A 

Methanol  - - - - 

Aqueous  Vernonia amygdalina  20.67±0.67Cb 17±0.57Bab 13±0.88Bb 9±0.33Cc 

Adhatoda schimperiana 18±0.57Ca 13.67±0.67Bb 8±0.57Cc - 

Calpurnia aurea  13±0.57Da 9.33±0.33Cb - - 

Ricinus cummunis  26.33±0.67Aa 20.33±0.88Abc 19±0.57Ac 16±0.57Bd 

Moringa oleifera  20.33±0.33BCa 16±0.57BCb 12±0.33Bc 8±0.33Cd 

Tetracycline  21±0.57B 21±0.57A 21± 0.57A 21±0.57A 

Water  - - - - 

Note: Different uppercase letters between columns show significant differences among medicinal 

plants and different lowercase letters in row) represent significant differences between 

concentrations; at p < 0.05;   ̶   = no activity  
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In aqueous extracts, all of the medicinal plants showed antibacterial activity at the test concentration 

of 100mg/ml and 50mg/ml; the widest inhibition diameter recorded from R. cummunis (at p < 0.05). 

The difference in antibacterial activity at the above mentioned concentrations was insignificant in V. 

amygdalina, A. schimperiana and M. oleifera. At 25mg/ml and 12.5mg/ml test concentrations, the 

extract of C. aurea did not show any antibacterial effect. The aqueous extract of C. aurea showed 

significantly (P<0.01) lower antibacterial activity compared to others at all test concentrations. The 

extracts of A. schimperiana showed significantly lower zone of inhibition as compared to R. 

Cummunis, and M. oleifera at 25mg/ml.  Extracts of V. amygdalina, A. schimperiana, M. oleifera 

and C. aurea had significantly (P<0.05) lower antibacterial activities as compared to the standard 

antibiotic (Table. 1).  

Significant differences were recorded in zone of inhibitions among test concentrations. Accordingly, 

the antibacterial activity of aqueous extracts of V. amygdalina at 100mg/ml was significantly higher 

than 25 and 12.5 mg/ml but the difference was insignificant with 50mg/ml.  Significant differences 

were recorded at all test concentrations of C. aurea.  Extract of R. Cummunis showed significant 

difference among the test concentrations except between 50 and 25mg/ml and M. oleifera showed 

significant differences among the test concentrations with higher activity at 100mg/ml (Table. 1). 

To show the effect of each factor on the pathogen growth inhibition (inhibition zone diameter) 

general linear model univariate analysis was done. Table 2 shows the effect of medicinal plants 

extracts along with solvents and concentration gradients. Thus the result showed that there was a 

significant difference (P< 0.01) in the zone of inhibition of C.michiganensis bacteria among 

medicinal plant extracts (Table 2). Regardless of significant difference, the higher average value of 

ZI was recorded in R.cummunis whereas lower zone of inhibition was recorded by C.aurea (Table 

1). In terms of the effect of solvents, there had considerably higher in methanol in R. cummunis. 

Medicinal plants extracts was a significant interaction effect in solvents (P<0.01) and extract 

concentra�W�L�R�Q�V�����3�����������������K�R�Z�H�Y�H�U���W�K�H�U�H���K�D�G�Q�¶�W���D�Q���L�Q�W�H�U�D�F�W�L�R�Q���H�I�I�H�F�W�V���L�Q���W�K�H���F�R�P�E�L�Q�H�G���I�D�F�W�R�U�V. 
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Table 2: Results of the general linear model procedure, analyzing the effect of solvents and 

concentrations on bacterial growth inhibition 

Factors  DF MS F Sig. 

Medicinal plants (MP) 4 732.696 792.753 .000 

Solvents (S) 1 197.633 213.833 .000 

Extract Concentrations (EC) 3 323.227 349.721 .000 

MP* S 4 42.446 45.925 .000 

MP * EC 12 7.724 8.357 .000 

S * EC 3 3.656 3.955 .011 

MP * S * EC 12 1.329 1.438 .164 

 

The result of the present study revealed that the antibacterial potential of the extracts were varies 

with the type of plant species, the solvent used for extraction and the concentration of the extract 

(Figure 3).  Methanol extracts showed significantly higher zone of inhibition (at p<0.01) against C. 

michiganensis and at the test concentrations 100mg/ml and 50mg/ml methanol extract of 

R.cummunis shown remarkably higher zone of inhibition than the standard. 
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Figure 3:  Estimated means of zone of inhibition at different concentrations 
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4.1.3. Relative percentage inhibition  

The relative percentage inhibition of the tested extracts of medicinal plants was determined with 

respect to positive control (tetracycline).  The highest relative percentage inhibition was obtained 

from extracts of R. communis followed by extracts of V. amygdalina and M. oleifera.  At the test 

concentrations of 100mg/ml and 50mg/ml methanol extract of R. communis was showed higher 

percentage inhibition followed by its aqueous extract and V. amygdalina then M. oleifera. The 

remaining had minimum relative percentage. A. schimperiana and C.aurea were showed minimum 

relative percentage (Figure 4). Aqueous extracts A. schimperiana had higher relative percentage 

inhibition as compared to its methanol extract. C.aurea had low relative percentage in both aqueous 

and methanolic extracts (Figure 4).  
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Figure 4: Relative percentage inhibition of methanolic and aqueous leaf extracts of medicinal plants 

calculated against standard antibiotic; tetracycline  
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4.1.4. Minimum Inhibitory and Bactericidal C oncentrations 

Minimum inhibitory concentration (MIC) is the lowest concentration of a compound that inhibits the 

visible growth of a microorganism. The antibacterial efficacy of the extracts was evaluated by 

observing turbidity or visible growth of bacteria in the nutrient broth after 72h.  All the test tubes 

with no turbidity were screened and cultured on YDC medium for further determination to find the 

MBC value.  From methanolic extracts, the lowest MIC values were recorded by R. communis and 

V. amygdalina while the highest MIC value was recorded from C. area and A. schimperiana.  

Extracts of V. amygdalina and R. communis, were potent; they inhibited the growth of the test 

bacterium at relatively low concentration as compared to others (Table 3). 

Table 3: Minimum inhibitory and bactericidal concentration of medicinal plant extracts 

Extract /Solvent 

Medicinal plant species 

              

MIC MBC 

MBC/MIC 

ratio 

Methanol Vernonia amygdalina  6.25 6.25 1 

 Adhatoda schimperiana 100 100 1 

 Calpurnia aurea  100 150 1.5 

 Ricinus cummunis  3.15 6.25 2 

 Moringa oleifera  50 200 4 

Aqueous Vernonia amygdalina  25 100 4 

 Adhatoda schimperiana 100 100 1 

 Calpurnia aurea  100 ND - 

 Ricinus cummunis  25 50 2 

 Moringa oleifera  100 ND - 
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4.1.5. Mechanism/Effect of Antibiosis 

Among methanolic extracts, the highest MBC/MIC ratio was recorded from M. oleifera and 

followed by R. cummunis.  In aqueous extracts the MBC value of M. oleifera and C. aurea were not 

determined. V. amygdalina, A. schimperiana and R. communis showed MBC/MIC ratio of 4, 1, and 

2 respectively. A. schimperiana and R. communis showed bactericidal effect against C.michiganensis 

while M. oleifera and aqueous extract of V.amygdalina showed bacteriostatic effect (Table 3). 

3.1.1. Phytochemical Analysis 

The preliminary phytochemical analysis of the leaf extracts in the present study showed the presence 

of different bioactive compounds in the methanol and aqueous leaf extracts of the tested plant 

species and the constitutes of extracts vary between species and with the solvent used. Saponin, 

tannins, alkaloids, flavonoids, terpinoid, and phenolic compounds were found in leaf extract of 

medicinal plants (Table.4).  

Table 4:  Classes of Phytochemicals (secondary compounds) found in the methanol and aqueous 

extracts of medicinal plants  

Extract  plant name Alkaloid Phenol Flavonoid Saponin terpenoid  Tanins 

Methanol Vernonia amygdalina ₊ ₊ ₊ ₊ ₊ ₊ 

 Adhatoda schimperiana ₊ ₊ ₊ ₋ ₋ ₊ 

 Calpurnia aurea  ₊ ₊ ₊ ₋ ₋ ₊ 

 Ricinus cummunis ₊ ₊ ₊ ₋ ₊ ₊ 

 Moringa oleifera ₊ ₊ ₊ ₋ ₋ ₊ 

Aqueous Vernonia amygdalina ₊ ₊ ₊ ₊ ₊ ₊ 

 Adhatoda schimperiana ₊ ₊ ₊ ₊ ₋ ₊ 

 Calpurnia aurea  ₊ ₊ ₋ ₊ ₊ ₋ 

 Ricinus cummunis ₊ ₊ ₋ ₊ ₋ ₊ 

 Moringa oleifera ₊ ₊ ₊ ₊ ₊ ₊ 
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Methanolic extracts of all species except V. mygdalina lacked saponin. Both methanolic and aqueous 

extracts of V. amygdalina and aqueous extracts of Moringa oleifera had all the tested compounds. In 

aqueous extracts of R. cummunis flavonoids and terpenoids were absent. In methanol extracts of 

Adhatoda shimperiana, Calpurnia aurea and Moringa oleifera saponins and terpenoids were absent. 

Aqueous extracts of Adhatoda shimperiana lacked terpenoid whereas aqueous extracts of Calpurnia 

aurea lacked flavonoids and tanins (Table.4). 
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3.2. Discussion 

In the present study, the highest extract yield was obtained from Calpurnia aurea, whereas the 

lowest yield from R. cummunis and the remaining species had moderate yield extract (Figure 2).  

This finding was in contrast with Jelalu Kemal et al., (2020) who have reported higher yield from 

methanolic leaf extract of R. communis (30.67%) and lowest yield from V. amygdalina (12%) while 

similar extract yield was obtained from Calpurnia aurea.   Endalamaw Yihune and Getahun Yemata 

(2019) found out 23.75% and 28.75% extract yields from leaves of R. cummunis and Adhatoda 

shimperiana, respectively, which are higher than the yield of the present study. Higher extract yield 

have also been reported by Getahun Yemata et al., 2019 which revealed that R. cummunis (18.1%) 

and A.shimperiana (19.5%).  In this study the extract yield obtained from M.oliefera was 16.25; 

lower extract yield was reported from ethanol extract of M.oliefera by Riyadi et al., (2021).  In the 

present study extract yield obtained from A. shimperiana was 17.5%. The previous study by Tamene 

Tafesse (2017) reported different extract yields from roots of A. shimperiana extracted by different 

solvents; from petroleum ether (2.2%), from methanol (20%), from chloroform: methanol (1:1) 

(24.8%). This indicates extract yield depends on the solvent used and the combination used gives 

better extract yield. The differences in the extract yields might be ascribed to the different 

availability of extractable components, resulting from the varied chemical composition of plants 

(Jaiswal et al., 2012). 

The extracts of most medicinal plant species showed in vitro growth inhibition against the test 

bacterium (Clavibacter michiganensis). In the present study methanol extracts exhibited maximum 

antibacterial activity and aqueous extracts showed minimum activity (Figure 3). The results agreed 

with the previous work conducted by Naz and Bano (2012) who reported the higher antibacterial 

potential of methanol extract of R. cummunis than its ethanol and water extract. Extracts of R. 

cummunis produced a significantly wider inhibition zone at all test concentrations (Table 1).  At the 

test concentration of 100mg/ml and 50mg/ml it showed significantly higher zone of inhibition as 

compared to the standard while A.schimperiana and C.aurea showed lower zone of inhibition. 

In aqueous extracts, all of the medicinal plants showed antibacterial activity at the test concentration 

of 100mg/ml and 50mg/ml with the widest inhibition diameter recorded from R. cummunis (26mm). 

The previous similar study conducted by Talib et al., (2011) revealed that the aqueous extracts of all 

40 plants inhibited the bacterial growth of C. michiganensis with inhibition zone diameter ranging 
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from 5 to 50 mm.  They reported higher inhibition zone from extracts of Lavandula coronopifolia, 

Rubus ulmifolius and Rosa canina. In contrast to this, the other work conducted to test bioefficacy of 

aqueous extracts of Melia azedarach, Peganum harmala, Nerium oleander, Calotropis procera, 

Allium sativum, Withania somnifera, Mentha piperita against Cm showed lower zone of inhibition 

(ranged from 8 to 14.4mm) with higher  efficiency of P. harmala and M. piperita (Siddique et 

al.,2020) 

The highest antibacterial activity (Widest zone of inhibition) was exhibited by methanol extracts of 

R. cummunis followed by V. amygdalina and M. oleifera (Table 1). The antibacterial activity of 

medicinal plants indicates the presence of antibacterial compounds in the extracts. According to 

Gurjar (2012) and Álvarez-Martínez et al. (2021), the antibacterial activity of the plant extracts 

related to the presence of phenolic compounds, alkaloids, flavonoids, terpenoids and tanins.  Each 

bioactive compound have different mode of action against the pathogen (Gurjar, 2012). 

Phenolic compounds have one or more hydroxyl groups (-OH) directly attached to an aromatic 

group in their structure. The presence of these hydroxyl groups and phenolic rings are contributed 

for its antibacterial efficacy. They inhibit the growth of the pathogen by disrupting its cell 

membrane. Membrane proteins of bacteria interact with the hydroxyl groups of phenolics by 

hydrogen bonding. This interaction alters the permeability of the membrane which results the loss of 

cellular components and death of cell (Gurjar, 2012, Álvarez-Martínez et al., 2021). In the present 

study the crude extract of V. amygdalina, A. schimperiana, C.aurea, R. communis, and M.oliefera 

had phenolic compounds. Despite the presence of phenols, A. schimperiana, C.aurea showed lower 

antibacterial activity against the tested pathogen. This suggests the phenolic content present in A. 

schimperiana and C.aurea may be in lower concentration which may influence its antibacterial 

activity. Many research reports reveal that phenolic compounds contribute to the antimicrobial 

properties of plant extracts whereby the extent of inhibition depends on the concentration of these 

compounds (Jaiswal et al., 2012; Getahun Yemata and Masresha Fetene, 2017).  

The other phytochemicals found from crude extracts of the tested medicinal plants are alkaloids.  

The possible mechanism of action of alkaloids could be cell wall and membrane rupture or inhibition 

of the protein synthesis of bacteria (Álvarez-Martínez et al., 2021). Additionally methanolic extracts 

of all the tested plants and aqueous extracts of V. amygdalina, A. schimperiana and M.oliefera were 

positive for flavonoids. Flavonoids are hydroxylated aromatic compounds which are known to be 
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synthesized by plants in response to microbial infection. Flavonoids inhibit bacterial growth and kill 

bacterial cells by impairing cell membrane integrity and cell adhesion (Babii et al. 2015) and by 

inhibiting nucleic acid synthesis and energy metabolism (Álvarez-Martínez et al., 2021). In the 

present study extracts of V. amygdalina, R.cummunis and M.oliefera which showed relatively high 

zone of inhibition were positive for terpenoids.  Terpenoids show inhibitory effects on pathogens 

through Cell membrane rupture by insertion into the lipophilic region, disturbance in protein and 

DNA synthesis and alteration of ion transport processes (Gurjar, 2012; Rasoul et al. 2012). The 

interactions result in membrane expansion, increased membrane fluidity and permeability, 

disturbance of membrane-embedded proteins and alteration of ion transport processes (Rasoul et al. 

2012).  

The inhibition zone of all the tested medicinal plants with both solvents increased with 

concentration. Similarly, antibacterial difference along the concentrations was reported by (Siddique 

et al., 2020). This implies that the antibacterial activity of crude extract was dose dependent. At the 

test concentrations of 100mg/ml and 50mg/ml R. cummunis, V. amygdalina, and M.oliefera were 

shown higher zone of inhibition than A. schimperiana. The difference is significant (at p<0.01). 

However, significant differences were not shown between aqueous extracts of V. amygdalina, 

M.oliefera and A. schimperiana.  Aqueous extract of M.oliefera showed significantly (p<0.05.) 

lower zone of inhibition as compared to the standard at the test concentration of 25mg/ml (Table 2).  

The result of the previous study by Moyo et al., (2012) showed non activity of the water extracts of 

M.oliefera leaf but acetone extracts show antibacterial activity against antibiotic resistant pathogens. 

Whereas, Saadabi et al., (2011) reported higher zone of inhibition from aqueous seed extract of 

M.oliefera.  This variation may be caused by the plant part used. Abdulkadir et al., (2016) were 

reported that different parts of plants accumulate different levels of phytochemicals. 

In the resent study differences in phytochemical composition and antibacterial activity were shown 

between methanol extracts and water extracts of the tested medicinal plants. Methanoic extracts of 

the tested plant species were shown remarkably higher antibacterial activity against C. 

michiganensis which was comparable to the standard drug. This implies that methanol is the best 

solvent for extraction of bioactive compounds which in turn influence the antibacterial activity of the 

extract.  
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The relative percentage inhibitions of the tested leaf extract of V. amygdalina, A. schimperiana, 

C.aurea, R. communis, and M.oliefera with respect to the standard were determined in the present 

study. Extracts of some medicinal plants showed remarkably higher relative percentage inhibition 

when calculated against the antibacterial activity of the standard antibiotic, tetracycline. The highest 

relative percentage inhibition was recorded from the extracts R. communis followed by extracts of V. 

amygdalina and M.oliefera in the case of methanolic extracts. Similar studies conducted by Getahun 

Yemata et al., (2019) and Endalamew Yihune shown the potency of R. communis.  Accordingly, R. 

communis is potent and may involve as an alternate controlling agent against various plant 

pathogens.   

The minimum inhibitory concentration (MIC) is defined as the lowest concentration of the extract 

that inhibited the visible growth of microorganisms. It used to estimate the antimicrobial 

effectiveness of extracts. The minimum bactericidal concentration (MBC) determines the lowest 

level of the extract that results in microbial death. The extracts with lower MIC are considered to be 

more effective.  The MIC values obtained from the present study indicated that the methanol and 

aqueous extracts of R.cummunis leaves was more potent against C. michiganensis. From methanolic 

extracts the highest MIC values were recorded by A. schimperiana and C.aurea. Shemsu Umer et 

al., (2013) recorded higher MIC value for C.aurea. Methanolic extract of Ricinus cummunis have the 

MIC value 3mg/ml and MBC 6.25. Similar MBC value was reported by Getahun Yemata et al., 

(2019). In the case of aqueous extracts, the lower MIC value was recorded by R.cummunis and V. 

amygdalina (25mg/ml).  Higher MIC value was reported from aqueous extracts of V. amygdalina by 

Evbuomwan et al., (2017). This implies the antibacterial effect of plant extracts may vary with the 

susceptibility of strain, the plant part used, the solvent used and the origin of the plant (Gurjar 2012).   

The MBC/MIC ratio was determined the tested medicinal plant extracts to determine the mechanism 

of antibiosis of the extract (whether the extract was bactericidal or bacteriostatic) (Table 3). The 

�0�%�&���0�,�&���U�D�W�L�R���������Z�D�V���F�R�Q�V�L�G�H�U�H�G���D�V���E�D�F�W�H�U�L�F�L�G�D�O���D�Q�G���W�K�H���U�D�W�L�R���!�����Z�D�V���F�R�Q�V�L�G�H�U�H�G���D�V���E�D�F�W�H�U�L�R�V�W�D�W�L�F��

(Gemechu Ameya et al. (2017). Accordingly, A. schimperiana and R. communis were showed 

bactericidal effect against C.michiganensis while M. oleifera and aqueous extract of V.amygdalina 

showed bacteriostatic effect in the present study.  Similar results were reported by Getahun Yemata 

et al., (2019). Generally the result of the present study revealed that the antibacterial potential of 

medicinal plant extracts were depend on the type of plant species, the solvent used for extraction and 
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the concentration of the extract. In addition different extracts have different mechanism of antibiosis 

and the inhibition mechanisms were depend on the constituents of the extracts.  

The phytochemical compound screening test of crude extract of the selected medicinal plants 

revealed the presence of alkaloid, tannins, saponin, flavonoid, phenol and terpinoid.  Both 

methanolic and aqueous extracts of V. amygdalina was found positive for all the tested bioactive 

compounds (alkaloids, flavonoids, phenolic compounds, saponin, tannins and terpinoid).  Similar 

results were reported by Getahun Yemata and Masresha Fetene (2019) and Jelalu Kemal et al., 

(2020). On the contrary Evbuomwan et al. (2017) have reported the absence of tanins from aqueous 

extracts of V. amygdalina. The methanolic extracts of C. aurea contained alkaloids, phenolic 

compounds, flavonoids and tanins while lacks saponins and terpenoids but its aqueous extract was 

negative for flavonoid and tanins. In different to this Jelalu Kemal et al., (2020) have reported the 

presence of saponins from methanolic extract of C. aurea.  Although extract of C. aurea contained 

diverse phytochemicals, its antibacterial activity was low in the present study. Similar result was 

reported by Shemsu Umer et al. (2013). 

In the present study methanolic extracts of A.schimperiana was negative for saponin and terpenoids 

and the aqueous extract lack only terpenoid. The other study conducted by Tamene Tafesse (2017) 

revealed the absence of tanins, flavonoids, saponins and phenols from petroleum ether extract of 

A.schimperiana but they are present from the methanol extract. Methanol is an all-purpose solvent 

that dissolves most secondary metabolites in plants and enhances the release of these chemicals from 

cellular matrix (Visht and Chaturvedi, 2012). The methanolic extract of R. cummunis was positive 

for all ingredients except saponin but aqueous extract was negative for flavonoids and terpenoids. 

This finding is different from Jelalu Kemal et al., (2020) who have reported the presence of saponin 

and absence of alkaloids and phenolic compounds in methanolic leaf extracts of R. cummunis.  In 

contrast to the finding of the present study, Donkor et al., (2016) have reported that aqueous extracts 

of R. cummunis contain for tanins, saponins, terpenoids and flavonoids while negative for alkaloids.  

The present study showed that methanolic extract of M.oliefera consisted of alkaloids, phenolic 

compounds, flavonoids and tanins while saponins and terpenoids are absent. Aqueous extracts of M. 

oliefera consisted of all the tested compounds. Similarly, Fahal et al., (2018) reported the presence 

of alkaloids, flavonoids and tanins from both methanolic and aqueous extracts of pods M.oliefera 

and the absence of saponins from both extracts. This variation in the constituents of plant extracts 
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may not only be due to variations in plant species, it may also be due to method of extraction. The 

study conducted by Yuliana et al., (2014) to extract saponins from Sapindus rarak by using different 

solvents reported that 100% methanol was optimal to extract saponin from Sapindus rarak fruits. In 

contrast to this, in the present study the methanol extracts of most medicinal plants were negative for 

saponin whereas all of the aqueous extracts contain saponin. This indicates that the composition of 

plant extracts influenced by various factors regardless of the plant species. Jaiswal et al., (2012) 

were reported that the type of extraction solvent had a substantial influence on the phytochemical 

contents, antioxidant capacity and antibacterial activity. Vázquez-León et al., (2017) reported the age 

of the plant, the soil parameter and the climatic factors have a significant effect on the bioactive 

compounds contents.  
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5. CONCLUSION 

The results of this study revealed that medicinal plant extracts could play roles in the management of 

plant diseases. The determination of the antibacterial activity and relative percentage inhibition of 

medicinal plants demonstrated that extracts of R. communis, V. amygdalina and M.oliefera had high 

potency in vitro against C. michiganensis and high relative percentage inhibition as compare to the 

standard drug (tetracycline). The extract of R. communis showed significantly higher antibacterial 

effect among the tested extracts in both methanolic and aqueous extracts. V. amygdalina and 

M.oliefera showed intermediate effect. A. schimperiana showed relatively high antibacterial activity 

in aqueous extract. Regardless of the presence many phytochemicals, C.aurea showed lower 

antibacterial activity in the present study. Comparatively, the extract of R. communis was more 

potent antibacterial substance than standard antibiotic (tetracycline).  R. communis, and  V. 

amygdalina were effective even in low concentrations with minimum MIC and MBC values and 

have higher relative percentage inhibition and they could be candidates for further development as 

biocides in the control of tomato canker disease. Such developments in the use of natural products 

from plants in disease control will minimize or avoid environmental and health hazards caused by 

synthetic chemical pesticides.  
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6. RECOMMENDATIONS  

 The extracts of R. communis, V. amygdalina  and M.oliefera should be tested for further 

development as botanicals and should be integrated in the disease controlling strategy.   

 Further similar studies should be conducted on the other parts of tested medicinal plants such 

as root, stem, bark and even seeds.  

 Further researches into these extracts should be conducted to evaluate their performance 

under field conditions.  

 Quantitative analysis for determination of concentration of phytochemicals that was not 

addressed during the present study is needed to check its effect on antibacterial potential of 

the extract. 
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8. Appendixes     

    Photos showing bacterial isolation from infected tomato fruits:    

             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Photos during injection of C.michiganensis in to tomato seedlings: 
 

 

 

 

 

 

  

                                      

 
 
 
 




