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ABSTRACT

Bactrial canker disease is one of the most economically destructive diseases of &ofetan)
lycopersicumn caused by gram positive bacteriu@lavibacter michiganensi®ifferent disease
controlling mechanisms have been emplotgethckle the problemrhesedaysusing plant extracts

is a new research focus areareduce the side effect of chemical pesticides. The current study is
aimed to evaluate antibacterial potential of some medicinal plants ag@iasibacter
michiganensis. The methanol and aqueoestracts of fivemedicinal plants namelyernonia
amygdalina Adhatoda shimperianaCalpurnia aurea Ricinus cummunignd Moringa oleifera
wereevaluatedn vitro using disc diffusion method. The fresh leaeéplants were dried at room
temperature undeshade and ground to fine powder. Extraction was carried out using maceration
method and the phytochemical composition of extracts was analyzed qualita@leehbacter
michiganensiswas isolatedusing yeast dextrosealcium carbonate agdlyDC) medium from
infected tomato fruits collecteand identified by colony morphology and pathogenicity t&3tie
higher extracyield was obtained fronC. aurea(21.5%) Alkaloids, flavonoids, phenolsetpinoid,
saponin and tannins were found from the tested extrAtitshe testedbxtractsshowedantibacterial
activity againstClavibacter michiganensisith significantly different inhibition zondiameter.The
highest antibacterial activity and relative percentage inhibition was showed by extraRts of
cummunidollowed byV. amygdalinaandMoringa oleiferain bothsolventextracts. Extracts ofR.
cummunisand V. amygdalina showed the lowest MIC value(3.15mg/ml and 6.25mg/ml
respectively) A. schimperianaand R. communisshowed bactericidal effectagainst C.
michiganensisvhile M. oleiferaand aqueous extract Wf amygdalinashowed bacteriostatiffect.
The extracts ofR. communisV. amygdalinaand M.oleifera could be candidates for further
development as biocides in the control of tomato canker diddasever further studies should be

done b evaluate their performance under field condgion

Key words: Aqueous extractClavibacter michiganensisnhibition zone Medicinal plants,
Methanol extract, Tomato
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1. INTRODUCTION
1.1. Background of the study

Tomato Golanum lycopersicumis a widely grown and consumed vegetable crop in Ethiopia. It is
consumed fresh (raw tomato) or cooked or used to manufacture different processefidoadsng

to FAO (2019) woer five million hectares of land around the world produce dfdion tons of

tomato fruit per year Melkamu Alemayehtet 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 nds. However, tomato plants are susceptible to several
disorders, diseases and pests. Muthyalu Meniga (2014) has reported that tomato disease is one of th
major problems of tomato production in Ethiopia. According to Gatahi (2020) bacterial canker
diseaseis 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 tomatt
production in Amhara region. He described that bacterial canker is one ofhdsieimportant
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 thest economically estructive diseases of tomatSofanum
lycopersicun It is caused by gram positive bactem, Clavibactermichiganensigformerly named

C. michiganensis subsp. michiganensi$)e disease was first discovered in 1909 in Grand Rapids,
Michigan, USA but is currently reported in tomato prodgcareasof the world Clavibacter
michiganensiss a seedborne xylem invading pathogen#grawalet al, 2012; Nandet al.,2018).

It may survive in seed, crop debris, and equipsemth as woodestakesThe pathogen enters the

host plant through wounds and natural openings such as stomata, hydathodes etc. It can spreac
mechanically via pruning knives during -tkafing, other WRROV DQG ZRUNHUVY KDC(
during crop handlinglt may sprad from plant to plant by splashiref water This vascular
pathogersystematically colonizthe vascular bundlewhich causes symptom development such as

wilt, leaf necrosis, stem cankemd fruit lesions or spots and evetant deathThe symptoms or
disease severity may vary depending on the type of bacterial gttam, variety,plant age and
environmental conditiongde Lednet al, 2011 Sabaratnam, 201Z)utta et al, 2014 Senet al.

2015 PeritoreGalveet al,, 202)).


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

It affects both greenhouse and field tomato crops either by killing the young plant or reducing
marketable yield and qualitthat subsequentlgaugseconomic loss throughout tomato production
areas.Yield losses can reach 46 to 93% and approximately 50 % average fruiitt \Wesg during

severe epidemicgPeritoreGalve et al, 202). Once the pathogers 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 théhsesdse

no commercially available ciMars 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, stexdigimgent
increasing plant spacing, and crop rotation arengpreventingstrategiesSeed treatment before

planting is better for preventing the diseéSenet al.,2015)

Chemical pesticides are increasingly and frequently used to control plant diaedsgssts. 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 pollutidrarming nortarget organisms etcRéni et al, 2021). To

reduce the side effects of chemical pesticides, the use of botanicals and other biocontrol agents is
currently a crucial research arééedicinal plantsvhich have a long history of use in the majprof
communities around the world for treatment of various diseases in human, animals and plants
contain several chemicals that have shown antimicrobial actiafesmst various microorganisms

(Van Wyk and Wink, 2018)Plants with bioactive compoundsveabeen used to manage different

crop pestdoth on the field and pos$iarvest diseases amdiman infections with notable success

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

ingredients of green pesticiddsefigaiet al.,2020;AdimasuAdnewet 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-tawget organisms, and have low residual
effect. These propertiesavor them to be a part of Integeat Pest Management. Adoption of
botanical pesticides results into healthy environment and sustainable agriculture (kerdai

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

barks) differentmedicinalhave been recognized for their role in the natural suppression of
different plant diseases (Talibt al., 2011; Cai et al, 2019; Getahun Yematat al., 2019;



Siddiqueet al.,2020. In the current studyifferent medicinaplant extractsvereevaluated for their

antimicrobial activities againslavibacter michiganensigomato bacterial carmk).
1.2. Statement of the problem

Seed borne transmissions and latent infections make theiblacéaker disease difficult to prevent

and managdnfected 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 hedhy fields by farm equipment, irrigation water and plemplant contact (Seet 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 amfegtiich causes difficulty for

early treatment of the disease. Different strategies have been employed to prevent and manage the
disease outbreaks. Copgmased chemical treatments have been used to control the disease
(Hausbecket al.,2000; Wernert 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 Nemeet al.,2022.

Therefore, environmentally friendly controlling methods are recommended. To thisiegdplant
residue compost (Yogest al.,2009) to suppresSlavibacetr michiganensis biological treatment

such as lysozyme (Utkhede anddk, 2004)and plant growth promoting bacteria (Girish &
Umesha, 2005; Lanteigret al, 2012) have also been proposed as control strategies. More recently
the use of resistant varieties is reported as an effective method for controlling Cla\alitacigyh

the only resistance sources are wild tomato varieties which may have unwanted side effett (Sen
al., 2015).

Plant extracts have been reported as an alternative strategy to manage the spread of the disease ar
reduce disease severity against variplasit pathogens and they are easily available, cost effective,
eccofriendly natural productsThere are no many investigations on the control of bacterial canker of
tomato, especially in Ethiopiasing plant extractsTraditionally, plants have been knowmnrelieve

various diseases in Ethiopia and many ethnobotanical stbeies been conductesh medicinal

plants However, studies on the antibacterial role of medicinal plants against plant pathogens are



scarce.Therefore, he current studyvasaimed to galuate the antibacteriactivity of extracts of
different medicinal plants againStavibacter michiganesis

1.3. Research questions:

1. Which plant species have antibacterial effect ag&ietibacter michiganesis?
2. What types of secondary metabolites/phyocicafs 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

Generabbijective:

» To evaluatehe antibacterialpotential ofsomemedicinal plantextractsagainstClavibacter
michiganensi¢BacterialCanker of Tomatoyvith the view of biebased pesticides.
Specific objectives
v' To assessthe antibacterialeffect of each medicinal plant specie®n the growth
Clavibacter michiganensis
v" Toidentify major phytochemicalin the crude extracts of selected medicinal plants.

v To compare the antimicrobial potential of aqus and methanolic extracts of the
selected medicinal plants.

1.5. Significance of the study

The current studyocuses on sceening of medicinal plant extractsr the control ofClavibacter
michiganensigbacterial canker of tomatolffective plant extractgextracts with high antibacterial
activity) againstclavibacter michiganensim this studycould be involvedn the devéopment of
botanicals and used & alternate stratggfor prevention and management of bacterial canker
disease. The effective aqueous extracts could be directly used by farmers who are not affording
chemical pesticides.The resuls of this study could also provide initial information for
pharmacologists and chemists to develop therapeutic medicines.



1.6. Limitations of the study

In the current study rdy two extraction solvent¢methanol and watenyvere used and only leaf
extracts were testedExtractingdifferent parts of the plant witkarious solventsmakes greater
exposure for extraction ofhe availablephytochemicalsin the plant which influences their
antibacterial potentialDue to hckof modern tooldike PCRmolecularidentification was not done.
Theabsenc®f reference straiand molecular techniguésismade the identificationf thepathogen

difficult and tedious.The selected medicinal plamvere tested in vitrdheir performance in the
greenhouse and field conditions was not addressedhdosake of time and budg@&tffective plant

extracts in the laboratory may not show similar performance in the field conditions.



2. REVIEW OF LITERATURE

2.1. Biology of Tomato (Solanum lycopersicum

The cultivaed tomato $olanum lycopersiujnis flowering plant,belongs to thenightshade family
(Solanacead¢amily). Tomato is a fruit native to South America. While it is botanically a berry fruit,

it is considered as a vegetable for culinpuyposesit is generally eaten and prepared as vegesable
Tomato plants are dicots, and grow as a series of branching stems, with a terminal bud at the tip that
does the actual growin@he plants typically grow to B meters in height and have a weak stem

that often sprawls over the ground. It is a perenmaits native habitat, although often grown
outdoors in temperate climates as an annida. leaves are pinnately compound, flowers are yellow

and fivepetaled,Fruits are berriesMost cultivars produce red fruits, but a number of genotypes
with yellow, aange, pink, purple, green, black,vanite fruit are also availabkSinget al.,2016)

The fruits are commonly eaten raw in salads, served as a cooked vegetable, used as an ingredient o
various prepared dishes and pickled. Additionally, a large ggddeDJH RI WKH ZRUOG(Y{V \
used for processing; products include canned tomatoes, tomatoajuit&etchupThey are a great

source of vitamin C, potassium, folate, and vitami(CKRaudhary et a).2018).

The cultivated tomato plants generally reproduce by means gbagifation. Tomatglants have

yellow flowers withdifferent types of inflorescence$omato is a warm season crop and requires
frost free period of about four anths for seed production. Optimutemperature for seed
productionis 1629°C and for growth and fruit set between 26°C. Tomato seeds disperse from

the parent plant by different means. Some are spread by the wind, some by water, some with sticky
coatirgs 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 awmato is commonly and
commercially propagated through seed but asexual propagation techikgugsafting and micro

propagation have been successfully ti@ohget al.,2016).

Tomato is grown in many types of soils from sand to heavy clay. Adkaithed, fairly light fertile

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

of soil is of primary importance. Tomato crop prefers a soil reaction ranging from pH 6.0 to 7.0
(Singet al.,2016) Numerous varieties of the tomato plant are widely grown in temperate climates

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

6
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the year. According to the statistical agency of the Food and Agriculture Organizdttbe tnited

Nations (FAOSTAT, WKH ZRUOGYTV WRWDO WRPDWR2E WiR&BXFWLF
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 tomatoethéworld accounting for about 34.6786 the

global outputfollowed by Irdia and United State$n spite of thisrapid increase imonsumptios,

tomato production isinderedby climate changeelated factors such as high temperatures, drought

and high iidence of pests and diseasbamping Of, septoria leaf spotearly blight (Alternaria

solanj), bacterial Wilt, fusarium wilt, bacterial canker and tomato mosaic viaos the major

challengesn tomato production (Sinet al.,2016;PeritoreGalveet 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 agricultureThe wide range of agrdimatic conditions and soil types makes it suitable for

the production of both warm and cool season vegetabt@sato is being cultivated widely and
planted in Ethiopia with about 700 to over 1400 mm annual rainfall, indiffetacé pseasons, soils,
weather conditions, technology (rain feed or irrigatigiigbebew Birhanu & Ketema Tilahun,
2010).Large scale production of tomato takes place in the upper Awash valley under irrigated and
rainfed conditions where as small scale quration for fresh market is a common practice around
Koka, Ziway, WondoGenet, Guder, Bako and many other afeasatoes served as an ingredient in
many dishes (local sauce), fresh produce is sliced and used as a salad; and processed products suc
as tomad paste, tomato juice, soups, stews, and tomato-cgatare consumed in large quantities
(Getatiew Etana and Tewodros Mulualer019).

Tomato productiorplays DQ LPSRUWDQW UROH LQ LPSURYLQJ KRXVHKI
security. Individuals nvolved as producers or as tradekdelkamu Alemayehuet 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 .nBaasito

is one of the major crops in the lowland areas of Amhara réigibogera, Mech&lorth Gondar etc

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

farmersare most interested in growinlgjis a significantcash crop for smafrmers and creates jobs
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in the production and industrieRegardless of increased consumptiongdto growers have been
challenged by inconsistent production and low yieldse production and productivity of the crop

in Ethiopiaare influenced by different factors among declining soil fertility, insufficient and
inefficient use of fertilizers, inappropriate agronomic practices, and inadequate pest and disease
management are majoaNeeds, insect pests and diseases inetutiite blight and Fusarium wilt and
bacterial canker were reported as constraints in tomato productiBthiopia (Gemechiset al.,

2012 Kassa Getu2018.

2.3. Tomato bacterial canker diseaselavibacter michiganensis
2.3.1.Taxonomy of the pathogen

Clavibacter michiganensigformerly namedC. michiganensis subsp. michiganensssjhe causal

agent of bacterial wilt and canker of toma&olanumlycopersicumClavibacter michiganensis in

the phylum Actinobacteria which comprises Grapositive bacteria with kgh guanineplus
cytosine (GC) content in their genom@s. reported by differentteratures the first binomial names

for the pathogenic bacteria causing bacterial canker of tomato was bacterium michiganense, then
after aplanobacterrrium michiganensehich describednon motile, rodlike 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,diaminobtyric acid content in the peptidoglycan layer; named as clavibacter michiganensis
(PeritoreGalveet al.,2021).

It was considered as tloaly recognized speciga the genuswhich is a phytopathogen that causes
diseases on various agriculturally impottplants Clavibactermichganensifias been subdivided in

to subspecies based on the host specificity oftesl andacteriological characteristickhese are

C. michiganensis subsp. michiganengisausal agent of bacterial canker of tomat@),
michigarensis subsp.sepedonicugausal agent of ring rot of potato)C. michiganensis
subsp.insidiosugcausal agent of alfalfa wiltynichiganensis subsp.nebrasken@ausal agent of
*RVVY ZdodMWC. Richiganensis subsp. tesselarfoausal agent of baatial mosaic ofwvheat)

and C. michiganensis subsp.phaseol{causal agent of leaf yellowing of bean)
(Eichenlaub&Gartemann, 2011Li et al., 2018. Based on the whole genome and multi locus
analysis all subspecieses have been raised to the specie3hevelirrebcompsition of the genus

clavibacter isC.michiganesisC. sepedonicusC. insidiosus,C. nebraskensis, C. tesselarius, C.

8



phaseoliand C.capsici(causal agent of bacterial canker of peppém®, recently classified species
(Ohet al. 2016; Liet al., 2018).New clavibacter species including nonpathogenic strains have been
proposed, underlining genetic and ecological differences within the @sagghi et al., 2020).
Therefore,in the current classification, the taxonomic positionCtdvibacer michiganesis subsp.

michiganensigcausative agent of tomato bacterial canker) is rais€atabacter michiganesis.

2.3.2.Host specificity and growth condiions

The host rang of C. michiganensisomprises mainly solanaceous vegetables such as tomapey pep
(Capsicum sp.) and eggplant (Solanummelongena) (Eichenlaub&Gartemann, 2011). The major host
for the pathogen is tomato and it affects both Green house and field tom@taedhacter
michiganensiss often spread through contaminated seed leadingtbtweaks of bacterial canker in
tomato production areas worldwidécauses 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 toolsThe effects of Cm including failure of tomato productioand premature

death of the entire plant, can result in substaeit@nomic losses (Seat al., 2015; Nandiet al.,

2018). The pathogen gw better on nutrient medium at temperature range e3®6 with a pH

level between neutral to slightly alkalingSingh 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 visibleelective agar plates. The optimum pH for
growth of this bacterium is between 7 and 8 (Eichen&d).,2006). The study conducted by Xat

al., (2012) reported that high relative humidity (>80%) is faleorsymptomdevelopment.

2.3.3.Attacking mechanisms/virulence factors of the pathogen

This vascular pathogeanters in to the host through natural openings or wowamds generally
invades andmultiplies in the xylem causing wilt and canker symptoms. The incidence of
symptomless latent infections and thevasion of tomato seeds Bymare 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-degradingenzymes (cellulases, xylanasasd pectinas@¢sand othermroteins include perforin

and sortaseTomatinase is also an important contributor to virule(Eehenlaub&Gartemann,

2011; Nandi et al., 2018) According to the result of the study camted byChalupowiczet al


https://pubmed.ncbi.nlm.nih.gov/?term=Chalupowicz+L&cauthor_id=26992141

(2017)the development of wilt and canker symptoms are associatedsevitie proteases and cell
wall-degrading enzymesThus plasmiebornegenes have crucial role in wilting, are not required for
blister formation. WWiereasmutations in chromosomalenes encoding serine proteases, cell-wall
degrading enzymesa tanscriptional regulator, a putative perforemd a putative sortase
significantly affect disease incidence and the severity of blister form&fioese genes are expressed

at low levels, fron8 to 72 hrs after inoculation.

2.3.4.Pathogen detection andharacterization

The wilt symptoms caused Iy. michiganensisubsp.michiganensisnay beconfused with other
systemic diseases caused by other pathogenic bacteria suBlalsienia solanacearunand
pathogenic fungi likd=usariumspp. Therefore in order to identify the causal agent by conventional
identification methods (isolation, pathogenyca&nd bacteriological determinative testdlection of
samples of diseased tomato plaintsn tomategrowing regionss mandatoryThe infected tissues

are removed to make bacterial suspensitre. 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.

Thecharacteristic morphology of Clavibacter cells and its gpasitive reation, taken together
with the host and the symptoms, are the primary diagnostic features of this ddikdasm 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 CMM1idaSCMF or SCMD2ANX) is a common method for
detection and characterizatiah Cm. Although there is no a weflitudied specific best selective
media for isolation and detection @m, different researchers were testedesal media for the
growth of Cmand describe the colonies character on different growing métkgedhet al, 2011
EPPO, 201 The colony morphology on CMM1T medium described as Yellow, mucoid and
convex becoming deeper yellow with lomgecubation. On SCM and SCMFnChave translucen
greengrey, mucoid, often irregularly shaped colonies. On YPGA light yellow, flat andfagdal,
round or irregular colonies becoming deeper yellow, opaque andnghg upon longer incubation.
On YDC it produces mucoid and yellow colonies (OEPP/EPEID5; 2016)A culture is identified

by a combination of Biochemical test (such as gram staejological test (such as
Immunofluorescence (IF) tgsind molecular tests such as PeBt and genomic fingerprintinghe

isolates suspected to be @Gmeconfirmed ly 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 seedlargsreported that all isolates were produced typical
symptoms of tomat bacterial canker disease with the time rang&0ofo 34 days after inoculation
(OLOLM-DEHNMLAl, 2012;% DV P %DV P Siddiqueet al.,2020),

2.3.5.Symptoms ofbacterial 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 rativays producedSymptoms 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 plante{$¢n2015). Bacterial cankers a
vascular andparenchymaldisease with a wide range of symptoni$ie symptomscan vary
dependhg on place of production (glasshouse or field), age of the plant at the time of infection,
cultural practices, cultivasusceptibility initial means of enyr into the plant or type of infection
(systemic or localized) ral environmental conditions, inalling temperature and humidity
(OEPP/EPPO, 200%te Le_oret al.,201% Senet al.,2015;Singh and Bharat, 2017)

The symptoms may not show until several wealtsr infection.The pathogen (Cjrenters to the

plant through wounds, natural openings, such as hydathodes and stomata, and roots. Once inside, th
Clavibacter invades xylem and whereby the pathogen moves systematically throughout thieeplant
plant slows the disease symptoms such as wilting, discoloration of the vessel and lesion or canker
on the stem and fruit spotSystemic wilt of the plant due to blockage of xylem vessels is the
primary symptom of infection 0 L O L MeDa -2¥06)

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 leaBsmetimes referred to as the "firing stage," of the
disease, this appears first as distinct brown, dried maaginewer leaflets sometimes separated
from the green areas by a narrow zone of yellow tissue. Leaf (oo#dl, white, blistetike spots)

may develop on young plants as a result of local infections under saturated humtiditgnost
distinctive symptom®f the diseases are vascular discoloration and fruit lesibnsing the later

stage of pathogenesis, cankers develop on stems and petolegh{€h the disease is named),
internal necrosis or stem discoloration occstem infections eventually devel@ankers that split

vertically along the stem. If an infected stem is cut lengthwisgvb streaks can be seen in the
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vasculartissue. Squeezing an infected, cut stem may produce a yellow exudate from xylem vessels.
Superficial symptomsmall dark spots @ WKH ITUXLW VXUURXQGHGHH D VZXKRW/W
are characteristic of bacterial cankan 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 observedruithe
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
(OLOL MdbalH2006;de Le_omt al.,2011;Senet al.,2015;Nandi et al, 2018PeritoreGalve et

al., 2021)

When the infectioroccurin early stages, this will cause wilting on leaves which may only ocair on
side of the leaflasymmetric wilting)and may recover in cooler tim¢0L O L M-DTHIY ¢t al.,
2006) Plantsinfected at a very early stage may collapse die and the disease may be confused
with bacterial wilt while those that become infected later from spread of the bacterium withid a fiel
may only develop leaf scorch and fruit sympto{@amicone& Brandenberger, 2015Warm
temperatures (24 °C to 32 °C) along with high moisture or relative humidity favor for the
disease/symptondevelopment Infected host plants will show sever symptomsat days when

there is high transportation rate since the bacterium may plug the xylem y&sseisl.,2012).

2.3.6.Diseasdransmission mechanisms

Infected seed and infested plant debris are the primary sour@escafumfor disease outbreaks.
Infected seeds are responsible for the lafigtance tramaission and dissemination of Crand

enablirg its introduction taliseasdree environmentsContaminated seeds harbor between 100 and
1000 colony forming units (CFU) per seed and the population dose éasdignduction is as low as
100cfu per see@de Leonet al.,2011). Seed infection occurs when Cemters the seed coat and
endosperm through the vascular system of an infected female parent and seeds that infect externally
by contacting with other infealematerials can also act as the primary source of systemic infection.
However,Stiwe & Tiedemann (2013) reportdthtno bacteria were found in the tissue of the seed
coat, the embryo or the endosperm. Seed infestation in plants systemically infect€anwetbults

in an exterior colonization of the seed3ontaminated soil and plant debris are also important

sources of systemic infectiondg(Leonet al.,2011;Vega and Romer®016.
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The secondary infection (subseqtuénterplant transmission) dflavibacter michiganensisoccurs

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 fertigatio 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 poraeng the leaf surface (stoms}eor keaf margins
(hydathodes) and after infection, clavibacter invades xylem vessels, whereby it moves systemically
throughout a host (Seat al.,2015; Nandet al,2018. According to Sharabamit al.,(2013) as cited

in Senet al., 2015 when infections occum mature plants, they may lagymptanatic; yield loss

was not significant when plants were infettafter the 189 leaf stage.However, such

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

2.4. Managementstrategies

Disease management strategies can be exclusion (prevents the introduction of acdissage
agent), eradicatione(iminate a pathogen after introductignprotectionand resistance (Use of
diseaseresistant plants)Tomato canker diseasgpreads due téhe use of contaminated seeds,
infected transplants, as well dsdughinfested soil, equipment and toolBherefore prevention of
harmful cultural practices is extremely important. Reducing plant stress by maintaining an optimum
population, nutrition, wed management and fertility will also make plants less likely to become
diseasedNandiet al.,2018)

2.4.1.Cultural control

Cultural practices such as using healthy seeds (certified disease free seeds and disinfected seeds
using disease resistant varietiesing clean propagation matersal plant materials, hands, and
clothes (sterilizing equipments)remove or destroy crop debrigjater at the base of the plant
(avoiding top irrigatiol, increasing plant spacingsoil sterilization (steam sterilizationyvhen

reusing greenhouses and garden beds and crop rosatioplants rather than solanaceae family and
other night shade phs for a minimum of three yeamre common practices to prevent the
introduction and spread of Cmm in a fafde Leonet al.,2011) A study using thermotherapy (hot

water) for seed disinfection found that temperatures of 48 an@ Y2ere effective for some seed
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cultivars, whereas higher temperatures (56 andGjOwere detrimental to seed germination and

vigour (Divsalaretal., 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 tloe control of Cm Bactericides are sprayed preventatively or
after symptom development in the field and they can reduce diseasety by lowering bacterial
population(Hausbecletal., 2000 Werneretal., 2002 de Leonet al.,2008; Kasselakietal., 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
(Kasselakietal., 2011). Although they result in efficient reduction of bactenmpulation these
bactericidal compounds are ultimately inadequate to protect the plant, and some are phytotoxic
(Yangetal., 2002. Another method of controlling clavibacter in host plants is chemical activation

of the plant defense system. The activation of constitutive defenses clnnrggeformed 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 desedbas activating plant resistance are salicylic acid (SA), jasmonic
acid (JA), .- -aminobutyric acid (BABA), potassium salts, @lighloroisonicotinic acid (INA),

acibenzolatS-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 factied method for controlling
Clavibacter.Resistant cultivars would be an effective method of control and would result in a
reduction of the use of chemicalélthough there are no commercial resistant cultivars, some
cultivars offer partial resistancBiverse wild tomato species are tolerant to Cm, developing few to

no symptoms while harboring variable populations of the pathogen in the.>X§ldycopersicuns.
pimpinellifolium S. habrochaites, S. peruvianum var. humifustere identified as resistaa source

(Senet 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 reacbxygen species accummulatiofransgenicplant
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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 effe¢Wittmannet al.,2016; Nandet al.,2018;PeritoreGalveet 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 substancescinduhe pant's own resistanceechanisms

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 soitborne pathogensSeed treatment witARseudomonaandBacillus strains improved the

guality of tomato seeds and immensely decreased the incidence of bacterial canker in field studies
(Yogevet al.,2009; Kasselaketal., 2011).

Other than pseudomonads, microorganisms @ithinhibiting activity under glasshouse conditions
includeBacillus subtilis Trichoderma harzianurandRhodosporidium diobovatuttkhede and

Koch, 2004). Other studies also reported tlsstedtreatmentsvith lysosomeand compost extracts

have potential for the control offm (Utkhede and Koch, 2004Kasselakietal., 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 experimeAgNPsandZn NPssignificantly preventand inhibitthe bacterial

pathogen Cnon tomato plantand reduce disease inciderfégiq et al.,2022)

2.5. Medicinal plant extractsin the control of Plant pathogens

In the investigation of ectriendly and cost effective controlling nteanisms 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 (Talilal.,2011;Siddiqueet al.,2020. Plants produce
numerous secondarplant 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 diffesensrddant
extracts are sustainable solutions in agriculture, reduce crop lossdsieedly and easily bio
degradable, cheaper, and are parts of integrated Diseases Managamentd012).The efficiency

of plant extracts can be evaluated hyvitro antimicrobial susceptibility testing (ASTHowever,
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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
antimiaobial activity of plant extracts are agar well diffusion, disk diffusiagar dilution and or

broth dilution/micro dilution assay.alitha, 2004)

Various investigations have been conducted in vitro and in vivo which revealed that plant extracts
had anbacterial and antifungal activities against various phytopathogdgsueous and alcoholic
extracts of different plant specidsmve been reported for their potential against various plant
pathogens (bacteria, fungi) and nematodes, ek found to haveotential to be applied as a
control measure againgkant diseases both the greenhouse and in the field as well as against post
harvest diseases (Mihiret Mekonen al., 2014; Temesgen Deresset al., 2015) The in vitro
investigations conducted to duate methanol leaf extract d®. communisvere showed thaR.
communidhad high antibacterigdotential againsKanthomonas campestris pv. musacea(i&mset
bacterial wilt) andR. 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 Yewtzdh, 2019).

To investigate effective and environmental safe controlling strategies for bacterial canker of tomat
different researchers evaluated the antibacterial activities of plant extracts a&glawvisiacter
michiganesisand recommended for their significant effect. Tieitro antibacterial tests conducted

by Balestraet al., (2009) showed thafllium sativumandFicus caricaextracts had antibacterial
effect on tomato bacterial pathogehe plantresidue composts were also reported for their
potential to suppress Cm and they can serve as a component in integgataggement programs
(Yogevet al, 2008).The essential oil, the extracts and pure metabolit€rigianum onited.. were

tested for their antibacterial effect against phytopathogenic bacteria in vitro and in vivo conditions
and theyexhibit powerful antibacterial activity againStm, and substantily decrease symptom

development without affecting the germination or growth of tomato seedlings (&iahn2014).

Talibi et al., (2011) stdlied 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 extrabtscpronopifolia, Cists monspeliensis and Rubus
ulmifoliug was significantly higher than the untreatedCai et al., (2019) reported thd®.
orientaleextracts had a strong antibacterial activity to inhibit Cm, and could be used for the
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ecological management of the bacteriahker of tomato disease. According to their result the
extracts ofP. orientalecan damage theell membrane and cell wall of Cm and reduce the

intracellular ATPase activity.

2.6. Ethno-medicinal valueof the selected medicinal plants

Vernonia amygdalindDel. $*LUDZD- LQ $PKDULF FRPPRQO\ FDOOHG EI
family, is a small shrub that grows everywhere especially in the tropical Africa. Several works had
been carried out on the phytochemical, pharmacological propertiésrobnia amygdalindrom

different extracts and reported as all parts of the plant; roots, stems and leaves are pharmacologically
useful in both human and veterinary medicingsrnonia amygdalingplant is used in phyto
medicine to treat fever, kidney disease, stomach akirejnfections, diabetes, insomnia, tooth ache,
pneumonia, arthritis, fatigue, cough and bleeding. The plant hapaaasitic, antbacterial, anti
inflammatory and artihelminthic properties (Biressaw Serda and Birhanu Girma, 2017; €tgadli,

2019).V. amygdalina extracts possessed antibacterial activity against both gram positive and gram
negative bacteria. Thevestigation of antibacterial activity &f.amygdalinaleaf extractsshowed

that both ethanolic and aqueous extract¥.odmygdalindeaves 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 (Airacatiah,2019).

Justicia schimperiangHochst. ex Nees) T. Aters. (Syn:Adhatoda schimperiana; Gendarussa
schimperiang, is commonly known as Sensel or Simiza in Amharic. It belongs to the family of
AcanthaceaeAdhatoda schimperians an erect leafy shrub which grows up t& 4n high usually

much branched fromase In EthiopiaAdhatoda schimperiana 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, dysenterygcl&tche,

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 fromvea ofAdhatoda schimperianaere investigated for

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

remarkable effect in the disease controlling system (Kumlachew Ad¢iziu 2014).

17



Calpurnia aureais a medicinalplant belonging to the family of Fabacedeis a flowering plant
commonly known as Digita (in Amaricn Ethiopia the leaves have historically been used to cure
diarrhoea, leishmaniasis, edoema, cough, and snake bitendthanolleaf extracts ofCalpurnia
aureawas found to have antimicrobial and antidiarrheal effect against various path{&enssu
Umeret al.,2013). The study conducted by Adedaebal.,(2008) revealed thdhe leaves and stem

extracts ofCalpurnia auregpossess antioxidant aadtibacterial properties.

Ricinus cummuni&., commonly known asastor oilplant or castor beans a species of perennial
flowering plantin the spurgdéamily, Euphorbiaceaelt is a soft wooden small tree developed
throughout tropics and warm temperatuegions.Raw castor beans is very poisonous to humans,
the toxicity is due to the presence of ricin. It is widely used as an ornamental plenteeds of
caster plant commonly used for production of castor oil which has a variety ofitadegf, 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 ailmeAtsaqueous and
methanolicextracts of the leaves &icinus communigere showen antirorobial properties against
Ralstonia solanacearum isolated from hot pepper pEmiglamaw Yihune and Getahun Yemata,
2019)and againsKanthomonas campestfis. musacearunmsolated from insetGetahun Yematat

al., 2019). Methanolic extracts déavesof Ricinus communialso showedsignificantly higher

mortality of ticks in Eastern Ethiopia (Jelalu Kereahl.,2020).

Moringa oleiferaLV D WUHH VRPHWLPHY FDOOHG D $fOLUDFOH 7UHLE
nutritional, pharmacological progess. It is a very valuable food crop. It is fast growing, drought
resistant, highly nutritive food crop. Different researches have showrett@tolic, methanolic,
agueousnd chloroformextracts from leafpodsand seeds d¥loringa oleiferaexhibit animicrobial

activity (antibacterial, antifungal, antiviral and ap#rasitic property)against various strains of
microorganismsThe extracts were found to contain flavonoids, tannins, and phenolic compounds.
(Rajet al.,2011;Saadabi and Zaid, 2011

18



3. MATERIALS AND METHODS

3.1. Collection of plant materials

Five medicinal fants namely Vernonia amygdalina Delile (leaves), Adhatoda
schimperiangHochst.) Hochst. ex Ned#eaves),Calpurnia aurea(Aiton) Berth (leaves),Ricinus
cummunisL. (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 afegied
Bahir Dar.The plantsvereselected based dahe antimicrobial activity reports itne literature and
their traditional usen medicating human diseaséhe selected plant species were identified by

experts from Bahir Dar biodiversity center during sample collection.
3.2. Collection of infected tomato plant sample

Infectedtomatoplant materialsverecollected fromthe greenhousmatoin Hamusit, Dera district.
The site was selectext it is onearea of greenhouse tomato produciomtomato bacterial canker
diseasas common in greenhouséhe plant sanpleswere selecteavith purposive samplingn the
basis of symptoms of tomato canker diseasehe tomato frug with canker symptoms were
collectedby detachingfrom the stem.The collected samples were preserved in an ice box and
transported to Bahir DaJniversity for further processing.he sample collection was carried out
from Januaryto February 2023.

3.3. Isolation of C. michiganensis

The pathogen that causes tomato cankdavibacter michiganensisvas isolated from infected
tomato fruits and identéid 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)he fruit surfacevere washedwith waterand disinfected bywiping with

70% ethanalThen a few young spot&ereremoved with a sterilbladeand soaked iBml of sterile

distilled water for up to 30 minutes to allow diffusion of bacteria out of the plant titsalaion of

C. michiganensidrom infected planttissue was performed by dilution platingnethod. Serial

dilution from the bacterial suspensiaraspreparecand inoculated on to separate petri plgmsred

with a sterilized nonselectivemedium composed of yeadextrose calcium carbonate (YDGY

using sterile loop. The inoculumwas spread over the entire surface of etri plates The Petri
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plates vereinvertedand incubate at 28C for 72 hrs. Pure cultures expecteco®C. michiganensis
(presumptive positivesyere purified by sub culturing frequely on YDC medium The purity of
the culturewas confirmed by observing its onphological characteristics duas colony color,
colony shape and margifinally, the suspectedoloniesof C. michiganensisvere confirmed by

doingpathogenicity tesbn tomao seedlings.

Figure 1. Colony morphology o. michiganensigolated from infected tomato fruit on YDC
medium

3.4. Pathogenicity test

The pathogenicity of the bacteriwvasperformed by injecting the bacterial suspension into tomat
seedlingaccording toEPPO(2016) A Single colonyof presumedC. michiganensigsolateswas
separately suspended in100 uL of sterile distilled water or 0.01 M Pi&Stomato seed&ochero
variety) obtained from Amhara regional state agricultural rebeanstitute (ARARI) Weramit
branchwere sown/planted @ potsandkept underappropriate conditions. Aftet5 days 10ml of
the bacterial suspensiofapproximately 1.5*1® CFU/ml) prepared from a pure culture of the
suspected bactengasinjected onstems ofthe seedlinggin four replicationslusing a syringeThe
control plantswereinjected withequal volume ofterile distilled water. The plantgere monitored
regularly for the appearance of symp# of bacterial canker diseastrting from a weekip to
three weeks after inoculati@nd compared witbontrols(distilled water) The inoculated seedlings

showed wilting symptoms starting from 5 days after inoculation and progressively coronueel

20



month After symptom development, the pathogen wassolated using YDC medium. The
pathogenreLVRODWHG IURP WKH ZLOWHG VHHGOLQJV IXOILOOHG
initially isolated colonies were found from the inoculated and wilted tomato plants while not found

from the control @nt.

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 wagently 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 coungtained with safranin for approximately) seconds, washed with
water, dried and observed under microscope at10%a#@ 100x using immersion oil' he bacterial

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

3.5.2. Catalase Test

Catalase test was cawdieut byslide (drop) methadA loop full of a fresh bacterial cultureras
placed on a glass slide. Then a drop of 3% hydrogen peroxyde)(kblutionwasaddedon to the
organism placed othe microscope slideBubble formation was considered as a positest for
catalasdTaylor and Achanzar, 1972)

3.5.3. Starch Hydrolysis test

Nutrient agar plates containing solulsi&arch (w/v) were streaked witha@ibacter michiganensis
suspensiomising a sterile loopnd incubated &8°C until growthis seenThen plaes were flooded
with KI solution (lodine 1g; potassium iodide 2g; distilled water 100#lxlear zone(no color

developmentaround a colony wascord as positive reaction (Saredsal.,1990).
3.6. Preparation of plant extracts

The plant part usedstraditional medicinevas collected from thé&eld. The freshleavescollected
from the fieldwere washed with tap water to remove dusts and other debrisiardtied under

shadeat room temperatur®r two weeks The dried sampleasgrouncedin to fine powder ging a
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blender.The powder was sieved through 1mm mesh and stored in polythene (plastic)Tiegs.
powdered plant materialsere extracted by maceratiomethodwith methanol and water at room
temperatureThe powderwasmixedwith the solvenin the ratioof 1:10 (10 ml of solvent for every
1g of powder)and placed in a conical flask. The content of the flaak shaken for 72 hrs in an
orbital shaker at 150 RPM.he crude extrastwere ILOWHUH G E Yiltek PapeND Q ffier
filtration, methanol wa evaporad andconcentrated whereas the filtratebtained from water
extracs wereuseddirectly. Finally, the extracts were stored a@refrigerator until useThe yield
percentage (%) of methanol extracts was determined by using the dry weighegfrdwe and the

initial weight of the leaf powder as follows:

Weight of crude extract
Extract yield (24) = —— - =100
Initial weight of powder

3.7. Evaluation for antibacterial activity of crude extracts

The aqueous anthethanolextracts prepared from the finely ground powders of different plant
specieswere testedin vitro for their ablity to inhibit the growth of C.michiganensis The
susceptibility testvas performed by disc diffusion methggHudzicki, 2009).The filtered extract
obtained from aqueous extraction wdisectly taken as a stock solution andseock solution of
methanolextractwas SUHSDUHG E\ GLVVROYLQJ JmEtharbftdvpgsdduegva Z L W K
ILQDO FRQFHQWUD WheRI@stRdk solutdwds@iluted to concentrations 060, 25,

PJ P/ RI HHTWUDFW

The bacterial suspensiowas prepared by picking -3 colones from the previously isolated and
cultured plate and transferreddoowth medium Theinoculum suspensioaf C.michiganensisvas
adjusted to 0.5 McFarlandurbidity standards by measuring the optical density with
spectrophotometer at 600nm and reads3®.which is equivalento approximatelyl(*CFU/mL
Then thetest bacteriunwasinoculated ora sterileYDC mediumin Petriplateusing a sterile cotton
swab.A sterile cotton swalwvasdipped into the adjusted suspensand swabbed over the entire
surfaceof YDC. Filter paper discs ofrBm in sizewere prepared and adequatembers of discs
were moistened with 50pl okach a&tract test concentratioand air dried aseptically Filter paper
disc containing a specific concentration of plant extrasee placal onthe surface of inoculated
agarusing a sterile forcep3he discwasgently pressedown to ensurecompletecontact with the

YDC surfaceandthen the platavasincubatedat 28°C for 72 hrs. Each platewas monitored and
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checked for the formation of @ezone (zone of inhibition) he 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 conffbis.regative controdiscs were scakedwith

sterilized distilled wateandmethanoland the psitive control wasetracyclinedisc.

3.7.1. Determination of relative percentage inhibition

The relative percentage inhibition of the tested exdradth respect tothe positive control was
calculatedoy using the following formula:

100(X—Y)

Relative percentage inhibition of the test extract = =Y

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 are8l wherer=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 extractwasdetermined by usinliguid medium brothdilution method.
The antibacterial efficacy of thextractswas evaluated bybservingturbidity or visible growth of
bacteria in the nutrieriroth. The concentration of the pathog@racterial suspensiomjasadjusted

to turbidity of 0.5 McFarlandstandards. To deterrme the MIC,10ml of nutrient brothwas
dispensed in to test tubes and sterilized at’d2dr 15 minutes and allayd tocool A tube
containing nutrient brottwas seeded with the extradf different concentratia (100, 50, 25,
12.5mg/ml)and inoculatedvith a loopfull of bacterialsuspensiorpreviously standardizedfter
incubating for72 hrs at28°C, the tubeswere examined for bacterial growth by observing the

turbidity. The lowest concentration of the extract in the bthdtshowedno turbidity rgpresentshe

23



MIC value. A tube withoutextract wasused as &ontrol. The experimentwascarried out inthree
replicates and the dateererecorded as measf the three replicate3he lowest concentration tie
extracts that completely inhibits visuabgvth of bacteria (no turbidity) in the tulveasrecorded as

MIC value.
Determination of Minimum Bactericidal Concentration (MBC)

The MBCwasdetermined by taking a loop full of culture from all tulblestshowed no visible signs
of growth / turbidity andnoculating onto steril&y DC plates by streak plate method. There plates
wereincubatedor 72hrsat 28C. The least concentration that did not show any growtbnofvas
considered as the MBC value of the tested extract against the patAageluction of at least 99%
of the colonies, compared with the culture of thegative patewas regarded as edence of

bactericidal activity.

3.7.3. Determination of the Mechanism of Antibiosis

The mechanism of antibiosigasdetermined on the basis of MBC to MIC ratiwhen the ratio of
0%& 0,& LV W M chifsWdded ¥Vbactericidat; the ratio is >2it was considered
bacteriostatic. If the ratio is W K H thvae/ ebbsklered as ineffective (Maniktl al., 2010;
Gemechu Ameyat al.2017).

3.8. Phytochemicd Screeningof 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 bySasidharamt al.,2011;Pandey and Tripathi 2014).

Detection of alkaloids

7KH SUHVHQFH RI DONDORLGY LQ WKH VDPSOH ZDV GHWHF
prepared by dissolving 2gm of iodine and 6gm of potassium iodide in 100ml of distilled water. . A
0.1g plant extact was acidified with 2% HCI 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 positivdSasidharaet al.,2011)
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Detection of saponins

The presenel RI VDSRQLQV ZDV WHVWHG E\ XVLQJ fIURWK WHVW.
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 saPamgy 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 Yelavan, 201k
Detection of flavonoids

The presence of flavonoids was tested with lead acetate test. The plant extracts were treated with few
drops 10% lead @tate 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 seonds 3ml of concentrated,850, was added along the sides of the tube. The reddish brown

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

The statistical data analysigas performed usig computerprogram SPSS softwai@ersion22).

The data wagxpressed as meaBE because the experimentgere carried out in triplicatesThe
datawasanalyzed by usingne way ANOVAand general linear model of univariate analy$tse
mean difference beten samplesvas FRPSDUHG E\ 7 XN H gfiificande @ ¢+aMi&¥ @8s 6 L
than 0.05 (p< 0.05Wasconsidered as significant.

26



4. RESULTS AND DISCUSSION
4.1. Results
4.1.1. Extracts Yields

Figure 2shows the extract yield (%) of methanolic extractehef tested medicinal plantsThe
percent yield extract ranged from 14.5% to 21.5rfe highest extract yield was obtained from leaves of
Calpurnia aureawhile the lowest extract yield was obtained fréticinus cummunis Vernonia

amygdalina Adhatoda shmperiana,Moringa oleiferahad moderate percent extract yigkigure 2).
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Figure 2: Extract yield(%) of methanolic extracts ahedicinal plants

4.1.2. Antibacterial activity of medicinal plant extracts

The antibacterial activities ofiethanol and aqueous leaf extract¥ chmygdalinaA. shcimperiana,
C. aurea R. cummunisand M. oleifera were testedn vitro at 100mg/ml,50mg/ml, 25mg/ml and
12.5mg/miconcentrationsin methanol extractgsimost allthe medicinal plantshowed antiacterial
activity against the growth d. michiganensist all testconcentratios exceptA. schimperiana and
C. aureathatdid not show activity at 12.5mg/mAt 100mg/ml and 50 mg/mtoncentrationsthe
methanol extracts of R. cummunisexhibited the higest antibacterial activity followed by.
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amygdalinaand M. oleifera, compared to otheextracts.The differences in antibacterial activity
between theabovementionedspecies and others were statistically significgat P < 0.0%
However there waso significancedifference betweel. amygdalinaand M. oleifera At the test
concentration of 100mg/ml and 50 mg/Rl. cummunisshowed significantly higher zone of
inhibition as compared to the standardt 25mg/ml test concentrations,extracts showed
significantly different antibacterial activity (zone of inhibitiomjith highest clear zone oR.
cummunisand lowest inC. aurea.At the test concentration of 12.5mg/mhethanol extracts oA
schimperianandC. aureadid not show any activity against the gtth of the pathogeliTable J.

The antibacterial (zone of inhibition) with different test concentrations were analyzed. Accordingly,
V. amygdalinaat 100mg/ml was significantly higher than 25mg/ml and 12.5mg/ml but insignificant
with 50mg/ml. The differeres are also insignificant between 50mg/ml and 25mgifl.
schimperianashowedsignificant differences among all the test concentratioRs. cummunisat
100mdml showed significantly (p<0.Qlhigher zone of inhibition than other test concentratiéns.
cunmunisat 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 oM. oleifera except betweeBOmg/ml and 25mg/ml @ble J).
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Table 1: Inhibition zoneof methanoklnd aqueousxtracts of medicinal plantt different

concentrations
Extraction Inhibition zone diameter (mm)
/solvent :
Test concentration (mg/ml)
Medicinal plant species 100 50 25 12.5

Methanol Vernonia amygdalina 25.00+0.57Ba

Adhatoda schimperiani 16.67+0.88Ca

22.67+0.33Bab 19.67+0.33Bb 16.00+0.57Bc

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+0.67&  17+0.57Bab  13+0.88Bb 9+0.33Cc
Adhatoa schimperiana 18+0.57Ca 13.67+0.67Bb 8x0.57Cc -
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+0.5A 21+ 0.57A 21+0.57A
Water - - - -

Note Different uppercase letterbetweencolumrs show significantdifferences among medicinal

plants and different lowercase lettersin row) representsignificant differences between

concentrationsat 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 Rorrummunigatp < 0.05).

The difference in antibacteriatvity at the above mentioned concentrations was insignificavit in
amygdalina, A. schimperiana amd. oleifera At 25mg/ml and 12.5mg/ml test concentrations, the
extract ofC. aureadid not show any antibacterial effedthe aqueous extract €. aureashowed
significantly (P<0.01) lower antibacterial activity compared to others at all test concentrations. The
extracts of A. schimperianashowed significantly lower zone of inhibition as comparedRto
Cummunis, andV. oleiferaat 25mg/ml. Extracts of. amygdalina, A. schimperiana, M. oleifera

and C. aurea had significantl}{P<0.05) lower antibacterial activities as compared to the standard
antibiotic (Table. 1).

Significant differences were recordedzone of inhibitionamong test concentrationsccordingly,

the antibacterial activity of aqueous extract&/ofamygdalinaat 100mg/ml was significantly higher

than 25 and 12.5 mg/nhiut the difference was insignificant wittOmg/ml. Significant differences

were recorded at all test concentrationgCofaurea. Extract ofR. Cummunishowed significant
difference among the test concentrasiaxcept between 50 and 25mg/ml andoleiferashowed

significant differences among the test concentrations with higher activity at 100(figivig. J.

To show the ffect of each factor on the pathogen growth inhibition (inhibition zone diameter)
general linear model univariate analysis was ddrahle 2shows the effect of medicinal plants
extracts along with solvents and concentration gradients. Thus the resuéidstiaw there was a
significant difference (P< 0.01) in the zone of inhibition ©fmichiganensisbacteria among
medicinalplant extracts (Table)2 Regardless of significant difference, the higher average value of

ZI was recorded ifRR.cummunisvhereas lowr zone of inhibition was recorded KByaurea(Table

1). In terms of the effect of solvents, there had considerably higher in methaRolcuimmurs.
Medicinal plants extracts was a significant interaction effect in solvents (P<0.01) and extract
concentraWLRQV 3 KRZHYHU WKHUH KDGQYW DQ LQWHUDFWL
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Table 2: Results of the general linear model procedure, analyzing the effect of solvents and

concentrations on bacterial growth inhibition

Factos 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| 323.227 349.72] .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| 1.3X2 1.438 .164

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

with the type of plant species, the solvent used for extraction and the concentration of the extract
(Figure 3. Methanol extracts showesignificantly higher zone of inhibition (at p<0.01) agai@st
michiganensisand at the test concentrations 100mg/ml and 50mg/ml methanol extract of

R.cummunishown remarkably higher zone of inhibition than the standard
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4.1.3. Relative percentagenhibition

The relative percentage inhibition of the tested extracts of medicinal plants was determined with
respect to positive control (tetycline). The highest relative percentagéibition was obtained

from extracts ofR. communidollowed by extracts oV. amygdalinaand M. oleifera At the test
concentrations ofl0Omg/mland 50mg/mimethanol extract oR. communisvas showed higher
percentag inhibition followed by its aqueous extract aWd amygdalinathen M. oleifera The
remaininghad minimum relative percentagé. schimperianand C.aureawere showed minimum
relative percentageF{gure 4. Aqueous extractéd\. schimperianahad highe relative percentage
inhibition as compared to itmethanolextract.C.aureahadlow relative percentage in both agueous

and methanolic extrac{figure4).

250.00

200.00

150.00 m Meth -100mg/ml
m Wat-100mg/ml
m Meth -50mg/ml
m Wat -50mg/ml

m Meth- 25mg/ml

= Wat- 25mg/ml
Meth -12.5mg/ml
Wat-12.5mg/ml

Figure 4: Rdative percentage inhibition ehethanolic 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 concentratiofMIC) is the lowest concentration of a compound that ingithie

visible growth of a microorganismlhe antibacterial efficacy of the extracts was evaluated by

observing turbidity or visible growth of bacteria in the nutrient bafter 72h All the testtubes

with no turbidity werescreenedand cultured on YD@nediumfor further determination to find the

MBC value. From methanolic extractshe lowestMIC values were recorded By. communisind

V. amygdalinawhile the highest MC value was recorded fro@. areaand A. schimperiana.

Extracts ofV. amygdalinaand R. communiswere potent; they inhibited the growth of the test

bacterium at relatively low concentration as compared to offiatse3).

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

Extract /Solvent MBC/MIC
Medicinal plant species MIC MBC ratio

Methanol Vernonia amygdalina 6.25 6.25 1
Adhatoda schimperiana 100 100 1
Calpurnia aurea 100 150 15
Ricinus cummunis 3.15 6.25 2
Moringa oleifera 50 200 4

Aqueous Verronia 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. MechanismEffect of Antibiosis

Among methanolic extractshe highest MBC/MIC ratio was recorded fronM. oleifera and

followed byR.cummunis In aqueous extracts the MBC valueMbfoleiferaandC. aureawere not
determinedV. amygdalina, A. schimperiarendR. communishowedMBC/MIC ratio of 4, 1, and
2 respectivelyA. schimperianandR. communishowed betericidal effect againsZ.michiganensis
while M. oleiferaand aqueous extract tamygdalinashowed bacteriostatic effeliable3).

3.1.1. Phytochemical Analysis

The preliminary phytochemicalnalysis of the leaf extracts in the present study showed thexpeese

of different bioactive compounds in the methanol and aqueous leaf extracts of the tested plant
speciesand the constitutes of extracts vary between speciéswnith the solvent usedsaponin,
tannins, alkaloids, flavonoids, terpinoid, and phenolic coumpls were found in Iéaextract 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 N N + + + +
Adhatoda schimperiana N N - - +
Calpurnia aurea N + + - - +
Ricinus cummunis N N N - + +
Moringa oleifera . N + _ _ +

Aqueous Vernonia amygdalina . N N . + +
Adhatoda schimgriana . N . . _ .
Calpurnia aurea . N _ . . _
Ricinus cummunis . N _ . _ .
Moringa oleifera . N . . . .
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Methanolic extracts of all species exc¥pimygdalindacked saponirBoth methanolic and aqueous
extracts olV. amygdalinaand aqueous extres ofMoringa oleiferahad all the tested compoundis.
agueous extracts d®. cummunidlavonoids and terpenoids were absent. In methanol extracts of
Adhatoda shimperian&alpurnia aureaandMoringa oleiferasaponins and terpenoids were absent.
Aqueousextracts ofAdhatoda shimperiankacked terpenoid whereas aqueous extrac@atpurnia

aurealacked flavonoids and tanins (Table.4)
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3.2. Discussion

In the pesent studythe highest extracyield was obtained fronCalpurnia aurea whereas he
lowest yield fromR. cummunisand the remaining speciésd moderate yield extradiFigure 2).

This finding was incontrast withJelalu Kemalet al., (2020 who havereportedhigheryield from
methanolic leaf extract &®. communig30.67%) and lowestield from V. amygdaling12%) while
similar extract yield was obtained fro@alpurnia aurea Endalamaw Yihune and Getahun Yemata
(2019) found out23.75% and 28.75%xtract yieldsfrom leaves ofR. cummunis and Adhatoda
shimperianarespectivelywhich are higher than the yield of the present stukigher extract yield
have also been reported Betahun Yematat al, 2019which revealed thaR. cummuni$18.1%)

and Asshimperiana(19.5%) In this study the extract yield obtained frdvholieferawas 16.25;
lower extract yield was reported from ethanol extrad¥iadlieferaby Riyadi et al., (2021). In the
present study extract yield obtained frémshimperianavas17.5%.Theprevious study byfamene
Tafese (2017) reported different extract yields fraoots ofA. shimperianaextracted bydifferent
solvents; from petroleum ether (2.2%), from methanol (20%), from chloroforethanol(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 etitfer
availability of extractablecomponents, resulting from the varied chemical composition of plants
(Jaiswalet al.,2012).

The extracts of most medicinal plant species showeditro growth inhibition against the test
bacterium(Clavibacter michiganensjsin the present study methanol extracts exhibited maximum
antibacterial activity and aqueous extracts showed minimum adfivgyre 3. The results agreed
with the previouswork conducted by Naz and Bano (2012) who reported the higher antibacterial
potential of methanol extract &. cummunighan its ethanol andwater extractExtracs of R.
cummunigoroduced a significantly wider inhibition zone at all test concentratibaislé 7. At the

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

compared to the standard whileschimperianandC.aureashowed lower zone of inhibition

In aqueous extracts, all of the medicinal plants showgtaaterial activity at the test concentration
of 100mg/ml and 50mg/ml with the widest inhibition diameter recorded Rocummunig26mm).
The previous similar studyonducted byfalib et al.,(2011) revealed thahe aqueous extracts of all

40 plants ihibited the bacterial growth &. michiganensisvith inhibition zone diameter ranging
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from 5 to 50 mm. They reported higher inhibition zone from extractd.a¥andula coronopifolia,
Rubus ulmifoliu@ndRosa caninaln contrast to this, the other workratuctedto test bioefficacy of
aqueous extracts d¥lelia azedarach, Peganum harmala, Nerium oleander, Calotropis procera,
Allium sativum, Withania somnifera, Mentha pipergainst Cm showed lower zone of inhibition
(ranged from 8 to 14.4mm) with higheefficiency of P. harmalaand M. piperita (Siddique et
al.,2020)

The highest antibacterial activity (Widest zone of inhibition) was exhibitedhbthanol extracts of
R. cummunidollowed by V. amygdalinaand M. oleifera (Table ). The antibacterial activityf
medicinal plants indicates the presence of antibacterial compounds in the exXcactisling to
Gurjar (2012) andAlvarezMartinez et al (2021), the antibacterial activity of the plant extracts
related to the presence of phenolic comnpds, alkaloidsflavonoids,terpenoidsand tanins Each

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

Phenolic compounds have one or more hydroxyl grouPsi) directly attached to an aromatic
group in their structure. The presenof 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
hydrogenbonding. This interaction alters the permeability of the membrane which results the loss of
cellular components and death of cell (Gurjar, 2042arezMartinezet al., 2021). In the present
study the crude extract &. amygdalinaA. schimperianaC.auea, R. communisand M.oliefera

had phenolic compoundBespite the presence of phendls,schimperianaC.aureashowed lower
antibacterial activity against the tedtpathogen. This suggedtse phenolic content present A
schimperiana andC.aureamay be in lower concentration which may influence its antibacterial
activity. Many research reports reveal that phenolic compounds contribute to the antimicrobial
propertiesof plant extracts whereby the extent of inhibition depends on the concentrativesef t
compoundgJaiswalet al.,2012; Getahun YemaendMasresha Feten2017).

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 mesentuatiire or inhibition

of the protein synthesis of bacterisl\(arezMartinezet al.,2021) Additionally methanolic extracts

of all the tested plants and aqueous extract. @mygdalinaA. schimperianandM.olieferawere

positive forflavonoids Flavonoids are hydroxylated aromatic compounds which are known to be
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synthesized by plants in response to microbial infecttavonoids inhibit bacterial growth and kill
bacterial cells by impairing cell membrane integrity and cell adhesion (Babkii. 2015) and by
inhibiting nucleic acid synthesis and energy metabolidivafezMartinez et al., 2021). In the
presentstudy extracts o¥/. amygdalinaR.cummunisind M.olieferawhich showed relatively high
zone of inhibition were positive for terpenoid3.erpenoids 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 proces&asjdr, 2012;Rasoulet al. 2012). The
interactions restl in membrane expansion, increased membrane fluidity and permeability,
disturbance of membrarembedded proteins and alteration of ion transport processes (Rashul
2012).

The nhibition zone of all the tested medicinal plants with both solventseased with
concentrationSimilarly, antibacterial difference along the concentrations was reportgidaique

et al, 2020) Thisimpliesthat the antibacterial activity of crude extract was dose depenfitethie

test concentrations of 100mg/ml and 5ml R. cummunisy. amygdalina and M.oliefera were
shown higher zone of inhibition thal. schimperiana The diference is significant (at p<0.01)
However, significant differences were not shown between aqueous extravts ashygdalina
M.oliefera and A. schimperiana Aqueous extract oM.oliefera showed significantly(p<0.05.)
lower zone of inhibition as compared to the standdrithe test concentration of 25mg/(iable2).

The result of the previous study by Mogbal.,(2012) showedhon activityof the water extracts of
M.olieferaleaf but acetone extracts show antibacterial activity against antibiotic resistant pathogens.
Whereas,Saadabiet al., (2011) reported higher zone of inhibition from aqueous seed extract of
M.oliefera. This variation may becaused byhe plant part useddbdulkadir 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 Matttanoic extracts of

the tested plant species were shown remarkably higher antibacterial activity a@ainst
michiganensisvhich was comparable to the standard diligs implies hat 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 relativepercentaganhibitions of the tested leaf extract &. amygdalina A. schimperiana
C.aurea,R. commurs, and M.olieferawith respect to the standaweere determined in the present
study. Extracts of some medicinal plants showed remarkably higher relative {agyeanhibition

when calculate@gainst the antibacterial activity of the standard antibioticadgcline The highest
relative percentage inhibition was recorded from the extRict®mmunis$ollowed by extracts oY.
amygdalinaandM.olieferain the casef methanolic extracts. Similar studies conductedleyahun
Yemataet al.,(2019)and Endalmew Yihune shown the potency Bf communis.Accordingly, R.
communisis potent and may involve as an alternate controlling agent against various plant

pathogens.

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

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 etetraith lower MIC are considered to be
more effective. The MIC values obtained from the present study indicated that the methanol and
agueous extracts &.cummuniseaves was more potent agaif@stmichiganensisg=rom methanolic
extracts the highest MI@alues were recorded . schimperianand C.aurea.ShemsuUmer et

al., (2013) recorded higher MIC value fGraurea Methanolic extract oRicinus cummunisave the

MIC value 3mg/ml and MBC 6.25. Similar MBC value was reportedG@yahun Yematat al.,
(2019).1In the case of aqueous extracts, the lower MIC value was recordedlwymunisandV.
amygdalina(25mg/ml). HigheMIC valuewas reportedrom aqueous extracts ¥t amygdalingby
Evbuomwanret al., (2017).This implies the antibacterial effect pfant extracts may vary with the

susceptibility ofstrain the plant part used, the solvent used and the origin of the plant (Gurjar 2012).

The MBC/MIC ratio was determindtie tested medicinal plant extractsd&terminethe mechanism

of antibiosis of he extract \hether the extract was bactericidal or bacteriostgliaple 3). The

0%& 0,& UDWLR ZDV FRQVLGHUHG DV EDFWHULFLGDO DQG \
(Gemechu Ameyeet al. (2017). Accordingly, A. schimperianaand R. communisvere showed
bactericidal effect again€.michiganensisvhile M. oleiferaand aqueous extract ¥.amygdalina

showed bacteriostatic effeict the present studySimilar results were reported by Getahun Yemata

et al, (2019). Generally the result of theepent 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 mechanisibioSisnt

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, phenolegmdoid. Both
methanolic and aqueous extracts\bfamygdalinawas found positive for all the tested bioactive
compoundg(alkaloids, flavonoids, phenolic compounds, saponin, tannins and terpinoid). Similar
results were reported by Getahun Yemata andrédas Fetene (2019) and Jelalu Keraahl.,
(2020).0n the contranEvbuomwanet al. (2017) have reported the absence of tanins from aqueous
extracts ofV. amygdalina The methanolic extracts df. aureacontained alkaloids, phenolic
compounds, flavonoidand tanins while lacks saponins and terpenoids but its aqueous extract was
negative for flavonoid and tanins. In different to thedaluKemal et al., (2020) have reported the
presence of saponins from methanolic extradt odurea Although extract ofC. aureacontained
diverse phytochemicals, its antibacterial activity was low in the present study. Similar result was
reported by Shemsu Umet al. (2013).

In the present study methanolic extractafchimperianavas negative for saponin and terpeisoid

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.schimperianabut they are present from the methanol extrsieithanol is an alpurpose solvent

that dissolves most secondary metabolites in plants and enhances the release of these chemicals fror
cellular matrix(Visht and Chaturvedi, 2012Jhe methanolic extract d®. cummunisvas positive

for all ingredients xcept saponin but aqueous extract was negative for flavonoids and terpenoids.
This finding is different from Jelalu Kemat al., (2020) who have reported the presence of saponin

and absence of alkaloids and phenolic compounds in methanolic leaf extr&tswnmunis.In

contrast to the finding of the present studgnkoret al.,(2016)have reported that aqueous extracts

of R. cummunigsontain for tanins, saponins, terpenoids and flavonoids while negative for alkaloids.

The present study showed thaetmanolic extract oM.oliefera consisted of alkaloids, phenolic
compounds, flavonoids and tanins while saponins and terpenoids are absent. AqQueous ektracts of
oliefera consisted of all the tested compounds. Similarly, Fahal., (2018) reported thpresence

of alkaloids, flavonoids and tanins from both methanolic and agueous extracts d¥ljolidéera

and the absence of saponins from both extracts. This variation in the constituents of plant extracts

41



may not only be due to variations in plant spgciemay also be due to method of extraction. The
study conducted by Yuliaret al.,(2014) to extract saponins from Sapindus rarak by using different
solvents reported that 100% methanol was optimal to extract saponifs&pimdus rarakruits. 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 regardléshe plant specieslaiswalet al, (2012)

were reported that the type of extraction solvent had a substantial influence on the phytochemical
contents, antioxidant capacity and antibacterial activifzquezLedn et al.{(2017) reported the age

of the phnt, thesoil parameter anthe 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 extcacts play roles in the management of
plant diseaseslhe determination of the antibacterial activity and relative percentage inhibition of
medicinal plants demonstrated that extract® ofommunisy. amygdalinaeandM.olieferahad high
potencyin vitro againstC. michiganensisand high relative percentagehibition as compare to the
standard drug (tetracyclineyhe extract ofR. communishowed significantly higher antibacterial
effect among the tested extracts in both methanolic and aqueous exraetimiygdalinaand
M.olieferashowed intermediate effed. schimperianahowed relatively high antibacterial activity

in aqueous extractRegardless of the presence many phytochemicalaurea showed lower
antibacterial activity in the present studyomparatively, the extract dk. communisvas more
potent antibacterial substance than standard antibiotic (tetracyclinR). communis,and V.
amygdalinawere effectiveeven in low concentrations with minimum MIC and MBC values and
have higher relative percentage inhibition and tbeyld be candidates for fin¢r development as
biocides in the contrabf tomato canker diseas8uch 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 ofR. communisy. amygdalina and M.oliefera should betestedfor further
development as botanicaad should be integrated in the disease controlling strategy.

Further similar studies should be conducted on the othtr piatested medicinal plassuch

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 phytoatasnithat was not
addressed during the present study is needed to check its effect on antibacterial potential of

the extract.
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