
� Corresponding author: Oliver Libese Lideke Email: libeseoliver@gmail.com  

https://doi.org/10.58506/ajstss.v2i2.172 

 

https://journals.must.ac.ke  © 2023 The Authors. Published by Meru University of Science and Technology  

This is article is published on an open access license as under the CC BY SA 4.0 license  

Inhibition of Ralstonia solanacearum by Warburgia ugandensis stem bark 

and leaf crude extracts obtained using organic solvents 

Oliver Libese Lideke

1*

, Eric G. Mworia

1

 and Cynthia Mugo Mwenda

2

 

 
1

Department of Agriculture, Meru University of Science and  Technology   

2

Department of Biological Sciences, Meru University of Science and  Technology  

Globally, Ralstonia solanacearum is a soil-borne bacterial pathogen that poses 

significant threat to the Solanaceae family and other crops. It causes widespread 

bacterial wilt, a devastating disease that affects the plant's water transport sys-

tem, leading to wilting and death. Numerous chemical agents and treatment 

methods have been employed in attempts to control R. solanacearum, but are 

ineffective.  The study aimed to determine the in vitro efficacy of W. ugandensis 

stem bark and leaf crude extracts against R. solanacearum . W. ugandensis stem 

bark and leaf crude extracts were obtained using organic solvents viz. methanol, 

ethanol, dichloromethane and hexane. In vitro, antagonistic activities against R. solanacearum of all organic crude 

extracts of W. ugandensis were determined by standard agar well diffusion assay on Kelman’s 2, 3, 5- triphenyl te-

trazolium chloride medium in triplicates. Two-way analysis of variance (ANOVA) was used in the statistical analysis 

of the mean diameter inhibition zones. All the organic solvents crude extracts of W. ugandensis were inhibitive 

against R. solanacearum. However, the stem bark crude extracts exhibited significantly higher efficacy against R. 

solanacearum compared to the leaf crude extracts.  The crude extracts were subjected to a serial dilution to deter-

mine the minimum inhibitory concentration (MIC). W. ugandensis stem bark dichloromethane crude extracts had 

the lowest MIC of 1 mg/ml. W. ugandensis stem bark dichloromethane crude extracts were most effective against 

R. solanacearum. Further research is important to determine the bioactive compounds against R. solanacearum in W. ugan-

densis stem bark dichloromethane crude extracts. 
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Introduction 

Ralstonia solanacearum is a lethal vascular soil-

borne plant pathogen that causes bacterial wilt 

disease (Benti, 2023).  García et al., (2019) report-

ed that R. solanacearum is widely distributed in 

tropics, and warm temperate regions globally and 

affect crops in more than 450 species and 50 fam-

ilies. Bacterial wilt symptoms are easily detectable 

and appear in the plants at the mid-production 

stage. Symptoms range from a flaccid appearance 
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on the young leaves usually at the warmest time 

of the day (Jiang et al., 2017) and subsequent 

wilting of the whole plant. The appearance of a 

cross-section of the stem exhibit a brown discolor-

ation, and drops of white or yellow bacterial ooze 

may be visible(Prameela & Suseela Bhai, 2020). 

Bacterial wilt still remains a menace to the Sola-

naceae family and other crops production. Con-

trol against bacterial wilt involve cultural, chemi-

cal, biological, host resistance or combination of 

these strategies to form an integrated disease 

management strategy (Schaad et al., 2003). How-

ever, information on use of plant crude extracts to 

control R. solanacearum is scanty. 

W. ugandensis is evergreen tree found in Eastern 

and Southern Africa. Studies conducted using its 

stem bark and leaf have reported presence of di-

verse active biochemical with antimicrobial prop-

erties against disease pathogens (Kamau et al., 

2019). A series of unique sesquiterpentine 1-4 

dialdehydes isolated from W. ugandensis have 

shown a broad antibacterial and antifungal activi-

ties (Kamau et al., 2021). Polygodial, warbuganal 

and muzigadial obtained from this plant show 

similar antibacterial spectra(Opiyo, 2020). Okello 

& Kang, (2021) opined that crude extracts ob-

tained from W. ugandensis have been used in tra-

ditional medicine in several African countries to 

treat ailments such as toothaches, constipation 

and fever among others. The effectiveness of 

crude extracts from W. ugandensis obtained us-

ing various organic solvents against R. solanacea-

rum has not been widely studied. 

At the start of this millenium, the global use of 

synthetic pesticides exceeded 2.5 million tons per 

year (Goudie, 2018). Nevertheless, the indiscrimi-

nate use of these chemicals has led to detrimental 

environmental impacts, disruption in the ecologi-

cal systems, health-related safety concerns and 

the emergence of resistant pathogens. Residues 

from pesticide interrupt natural processes and 

ecosystems, posing danger to human and animal 

health (Alengebawy et al., 2021). With mounting 

public concerns over environmental issues, there 

is growing demand for alternative disease man-

agement systems that reduce dependency on pes-

ticides and rely on naturally occurring compounds 

(Lengai et al., 2020). Plant extracts with potent 

bioactive compounds are considered more benign 

compared to synthetic chemicals (Pavela, 2016). 

However, the potential of plant extracts in con-

trolling bacterial wilt remains uncertain. The study 

assessed the in vitro effectiveness of W. uganden-

sis stem bark and leaf crude organic extracts against 

R. solanacearum.   

 

Materials and Methods  

Sample collection  

W. ugandensis trees were identified at Meru Uni-

versity of Science and Technology (MUST) which 

is situated at 0.05

o

 North latitude, 37.65

o

 East 

longitude and 1,582 metres above sea level. 

Leaves and stem barks were collected from the 

identified trees. Debarking was done using a ma-

chete for stem bark which was cut into small piec-

es and leaves were plucked then washed under 

running tap water and then with sterile distilled 

water. Leaves and stem barks were dried under 

shade for three weeks and milled into a fine pow-

der using an electrical blender and subjected to 

the extraction protocol.  

 

Organic solvents extraction 

Fifty grams of W. ugandensis leaf and stem 

bark powder were transferred into separate one 

litre conical flasks. Sequential extraction was 

done with 80% organic solvents viz. dichloro-

methane, methanol, hexane and ethanol for each 

plant powder. Two hundred millilitres of each or-

ganic solvent was added into the conical flasks 

containing either leaf or stem bark powder. The 

conical flasks were placed on an orbital shaker for 

72 hours with continuous swirling. The samples 

were filtered using Whatman filter paper (No. 1). 

Then the filtrates were concentrated using a rota-

ry evaporator at their respective organic solvents 

boiling points. The concentrates were sterilized 

using a 0.45 µm nitrocellulose membrane by vacu-

um filtration. The crude extracts obtained were 

transferred into sterile falcon tubes, labelled, and 
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caped tightly. The samples were stored at 4

o

C un-

til further analysis. 

 

Identification of R. solanacearum 

A survey was done at MUST demonstration 

farm in Meru County on Solanaceae family crops 

to identify affected tomato plants that presented 

bacterial wilt symptoms. The preliminary test of 

observing wilting of the plants was done for two 

weeks. The soil in the rhizosphere of affected to-

mato plants were collected and taken to MUST 

biological laboratory for isolation of R. solanacea-

rum. 

 

Isolation of R. solanacearum 

Soil collected in the vicinity of affected tomato 

plants was used for the isolation of R. solanacea-

rum. Ten grams of dry soil was placed in a beaker and 

100 ml of sterilized distilled water was added. The 

sample was agitated for 20 minutes and serial di-

lutions were then carried out by adding 1 ml of 

the sample to 9 ml of sterilized distilled water to a 

dilution of 10

-9

. One hundred microlitre of the so-

lution was spread on the Kelman’s 2, 3, 5- Tri-

phenyl tetrazolium chloride (TZC) medium that 

was dispensed in a Petri plate and incubated at 

28

o

C for between 18hours.  

 

Sub culturing to obtain a pure culture 

The single colony technique was adopted to 

obtain pure cultures and identified according to 

their morphological, cultural and physiological 

characteristic as a stated in Bergey’s Manual of 

Systematic Bacteriology (Abo-Elyousr & Asran, 

2009; Sneath et al., 1986). The microorganisms of 

interest were picked by sterilized inoculating wire 

loop from a mixed culture streaked on a Petri 

plate containing Kelman’s 2, 3, 5-TZC medium and 

incubated at 28 

o

C.  The observation was made 

after 12 hours to 48 hours, restreaking on fresh 

Petri plates containing 2, 3, 5-TZC medium was 

done to ensure purity. R. solanacearum was sus-

pended and stored in distilled water at room tem-

perature and sub-cultured every six months to 

maintain virulence(Champoiseau et al., 2009). 

Confirmatory tests for R. solanacearum 

The following tests below were carried out to 

determine the presence of R. solanacearum. 

Gram staining 

A loop full of the young pure cultures (18 h) 

was spread on a glass slide and fixed by heating 

on a very low flame. Aqueous crystal violet solu-

tion (0.5%) was spread over the smear for 30 sec-

onds and then washed with running tap water for 

one minute. It was then flooded with iodine for 

one minute, rinsed in tap water and decolorized 

with 95% ethanol until colourless runoff. After 

washing the specimen was counter-stained with 

safranin for approximately 10 seconds, washed 

with water, dried and observed microscopically at 

10X, 40X and 100X using oil (Khasabulli et al., 

2017). 

 

Catalase oxidase 

Young agar cultures (18 hrs) and 3% hydrogen 

peroxide (H
2
O

2
) were used to observe the produc-

tion of gas bubbles. A loop full of bacterial culture 

was mixed with a drop of H
2
O

2
 on a glass slide 

and observed for the production of gas bubbles 

with naked eye and under a dissecting magnifica-

tion of 25X(Khasabulli et al., 2017). 

Potassium hydroxide 

Bacteria were aseptically removed from Petri 

plates with an inoculating wire loop, placed on a 

glass slide in a drop of 3% KOH solution, stirred 

for 10 seconds and observed for the formation of 

slime threads(Khasabulli et al., 2017).  

Preparation of bacterial inoculum 

Inoculum of the R. solanacearum was prepared 

by culturing it on Kelman’s 2, 3, 5-TZC medium 

(1% 1 g of Casamino acids, 10 g of peptone, 5 g 

of glucose in 1000 ml of distilled water) (Kelman, 

1954). Cultures were suspended in sterile distilled 

water and were adjusted to 1×10

8

 CFU ml

-1

 

(colony forming unit) using 0.5 Mac Farland solu-

tion. 

In vitro determination of the efficacy of W. ugan-

densis stem bark and leaf extracts  

Standard agar well diffusion assay was used to 

determine the efficacy of W. ugandensis stem 
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bark and leaf organic crude extracts against R. 

solanacearum. Petri dishes containing Kelman’s 2, 3, 

5-TZC medium were inoculated with 100 µl inocu-

lum of R. solanacearum (1×10

8

 CFU ml

-1

). Wells of 

5 mm diameter were cut into solidified agar media 

with the help of a sterilized cork borer. Aliquot 60 

µl of each stem bark or leaf crude extract was in-

troduced to the respective well and the Petri dish-

es were incubated at 28 ± 2 � for 18h. Dimethyl 

sulfoxide (DMSO), in which was used for dilution 

to make up different concentrations (150 , 50 , 

25 and 5 mg ml

-1

) of the crude extracts, DMSO 

was used as negative control while 3% NaOCl so-

lution was used as a positive control. The experi-

ment was performed in triplicate with three re-

peats under aseptic conditions. The zones of inhi-

bition for each of the crude extract was measured 

with a Vernier callipers, and was expressed in 

terms of the mean diameter (mm) inhibition zone 

produced by the respective crude extracts at the 

end of the incubation period (Yassin et al., 2021). 

Minimum Inhibitory Concentration (MIC) Assay 

W. ugandensis stem bark and leaf organic crude 

extracts were subjected to serial dilution (2.5 to 

0.5 mg ml

-1

). In a Petri dish 100 μl of R. solanacea-

rum were inoculated on Kelman’s 2, 3, 5-TZC me-

dium and 60 μl of selected plant crude extracts 

were loaded in wells and incubated at 28 ± 2°C 

for 18 hours. The lowest concentration dilution of 

the plant crude extracts that retained its inhibito-

ry effect resulting in no growth of R. solanacea-

rum was recorded as the MIC value of the extract. 

 

Data analysis  

Two-way analysis of variance (ANOVA) was 

done to check whether there is a significant differ-

ence in different levels of concentrations. The LSD

-test was done to compare the mean diameter of 

the zone of inhibition between the stem bark and 

leaf crude extracts. 

 

Results 

Colony Morphology of R. solanacearum 

R. solanacearum was isolated from the soil in the 

vicinity of wilted tomato plant samples collected 

from Meru County during field survey. Virulent 

isolates grown on 2, 3, 5-TZC medium were highly 

fluidal, white coloured with a light pink centre and 

round to irregular margin. The isolated colonies 

were picked and sub cultured for purification of R. 

solanacearum. 

 

Biochemical Confirmatory test for R. solanacearum  

 Morphological observations revealed that cells 

of R. solanacearum were straight rod-shaped, with 

circular ends, cells emerged singly or in pairs, red 

colouration, and encased when viewed under a 

compound microscope at 100X magnification 

with oil immersion. The isolated R. solanacearum 

bacteria were pink in colour in Gram staining reac-

tion under the compound microscope at 100X 

magnification (Fig. 2A), confirming that they were 

Gram-negative. R. solanacearum showed a posi-

tive response to the catalase oxidase test, evi-

denced by the generation of air bubbles upon in-

oculation to the medium (Fig. 2B). Additionally, 

the bacterial culture of R. solanacearum produced 

a string-like viscous material on a glass slide in the 

KOH test which further confirmed its Gram-

negative characteristics. Based on the morpholog-

ical and biochemical traits we observed, the bacte-

ria isolated was R. solanacearum. 

                                          

Bioassay screening W. ugandensis of extracts  

In the screening test, R. solanacearum showed 

different sensitivity patterns when exposed to the 

plant crude extracts, in terms of zone of inhibition 

around the well. Sodium hypochlorite (positive 

control) gave a mean diameter inhibition zone of 

25.64 mm while dimethyl sulfoxide (negative con-

trol) showed no inhibition. 

 

W. ugandensis methanolic crude extracts from 

both stem bark and leaves showed similar inhibi-

tion patterns against R. solanacearum (Figure 3B 

& 4). The methanolic stem bark crude extracts at 

250 mg/mL had a mean diameter inhibition of 

16.11 mm that decreased gradually to 8.67 mm 

at 5 mg/mL, whereas methanolic leaf crude ex-

tracts had a mean inhibition diameter of 14.11 
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mm and 8.2 mm at 250 mg/mL and 5 mg/mL re-

spectively (Figure 3B). At all tested concentra-

tions, the methanolic stem bark crude extracts 

exhibited a significant response against R. sola-

nacearum when compared to the methanolic leaf 

crude extracts (Figure 3B). 

W. ugandensis dichloromethane stem bark crude 

extracts showed similar observations as the etha-

nolic and methanolic crude extracts, where the 

zones of inhibition decreased with as the concen-

trations decreased (Figure 3C & 4). Dichloro-

methane leaf crude extracts zone of inhibitions 

increased gradually with the highest zone of inhi-

bition of 16.5 mm at 50 mg/mL (Figure 3C). 

Contrary to observations made for W. ugan-

densis ethanolic and methanolic crude extracts, hexa-

noic stem bark crude extract showed the highest 

mean inhibition zone of 13.11 mm, followed by 

12.22 mm at 50 mg/mL and 250 mg/mL respec-

tively (Figure 3D & 4). However, the hexanoic 

stem bark extracts inhibition zones decreased at 

concentrations of 25 and 5 mg/mL. Hexanoic leaf 

crude extracts mean inhibition zones increased 

with decreasing concentration at concentrations 

of 250, 150, 50 and 25 mg/mL, then decreased at 

5 mg/mL (Figure 3D).  

 

Determination of minimum inhibitory concentrations 

of W. ugandensis crude extracts obtained by different 

organic solvents from leaf and stem barks 

Minimum inhibitory concentrations of different 

active W. ugandensis stem bark and leaf crude 

extracts had been demonstrated in Table 1. 

 

Dichloromethane stem bark crude extracts exhib-

ited the least MIC of 1 mg/mL against R. sola-

nacearum (Table 1). Generally, the results for 

screening and MIC for W. ugandensis stem bark 

and leaf crude extracts, all showed antagonistic 

activity against tested R. solanacearum. 

 

Discussion 

The efficiency of organic solvents in extracting crude 

bioactive compounds  

Methanol and ethanol stem bark and leaf crude 

extracts showed similar inhibition patterns. From 
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Figure 1: Colony morphology of  

R. solanacearum.  

 

(A) Represents colony morphology of R. sola-

nacearum isolated cultures grown on 2, 3, 5-

TZC medium at incubator for 18 hours and  

(B) represents colony morphology of R. sola-

nacearum subcultures grown on 2, 3, 5-TZC 

medium at incubator for 18 h.  

Figure 2: Gram staining and Catalase  

Oxidase tests.  

(A) shows Gram staining of R. solanacearum. 

Pink colour indicates rod shaped cells of R. 

solanacearum at 100X magnification, and 

 (B) shows production of air bubbles when a 

loop full of R. solanacearum bacterial cul-

ture was mixed with a drop of H2O2. 
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the pattern of inhibition, both organic solvents 

may not be extracting different active compounds 

but rather varying concentrations. For instance, 

methanolic leaf crude extract seems to be more 

effective in inhibition while ethanolic stem bark 

crude extract showed higher inhibition efficiency 

suggesting that methanol has higher extracting 

efficacy of leaf bioactive compounds while etha-

nol has higher extracting efficacy of stem bark 

bioactive compounds. Based on their relative ionic 

acceptor numbers, both solvents are classified as 

polar thus their bioactive extraction capacity are 

relatively similar(Nguyen, 2016). This may explain 

why crude extracts obtained from both stem bark 

and leaf showed similar inhibition activity pat-

terns.  

Inhibition efficacy of crude extracts obtained 

from methanol and ethanol appeared to reduce 

gradually with decreasing concentrations suggest-

ing that those crude extracts may have similar bio-

chemical characteristics. These findings concur 

with Aloo et al., (2019) reported that the inhibito-

ry activities of the tested plant crude extracts 

against Fusarium oxysporum increased with a cor-

responding increase in their concentrations sug-

gesting that effectiveness of plant crude extracts 

were dependent on the quantity of bioactive com-

ponents and their nature. Similar to a study con-

ducted by (Jha & Sit, 2022), these study demon-

strates that different organic solvents have differ-

ent extracting capacity and mechanisms and sub-

sequently yields different biochemical compo-

nents from different plant tissues. 

Stem bark extracts obtained with dichloro-

methane showed a similar pattern of inhibition to 

those of ethanol and methanol. Additionally, di-

chloromethane at 250 mg/mL showed high mean 

diameter inhibition zone of 19.5mm similar to ob-

servation made under ethanol obtained stem bark 

crude extracts inhibition suggesting that relative 
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Figure 3: Antagonistic 

activity of W. ugandensis 

stem bark and leaf crude 

extracts against R. sola-

nacearum. W. ugandensis 

obtained using four organic 

solvents (a-hexane, b-

ethanol, c-methanol and d-

dichloromethane) were 

applied at five different 

concentrations. Agar plate 

containing R. solanacerum 

and wells of W. ugandensis 

extracts incubated at 28°C 

for I8 hours. In each col-

umn letters are identical 

and dissimilar letters are 

differed significantly. The 

statistical significance is 

p≤0.05. 
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polarity did not have a significant impact on ob-

tained crude extract components as previously 

reported (Al-Salt, 2012). 

Leaf crude extracts obtained using hexane and 

dichloromethane had the lowest mean diameter 

inhibition zones. This indicates that these crude 

extracts were more effective at MIC and less ef-

fective at high concentration. Al-Salt, (2012) re-

ported that water extracts of Arum discoridis with 

MIC had the highest inhibition. Both suggested a 

potentially higher solubility with water obtained 

crude extracts perhaps a possible occurrence with 

solvents used in this study. These observations 

agree with previous studies that concluded bio-

chemicals at lower concentrations are more effec-

tive(Nwakiban et al., 2019). 

Concentration efficacy of crude extracts obtained 

from W. ugandensis stem back and leaf 

Observation made in this study shows that the 

efficacy of stem bark obtained crude extracts by 

all solvents except hexane reduced with decreas-

ing concentration. Relative polarity of dichloro-

methane exists at a transitional level thus while 

stem bark crude extracts showed similar proper-

ties to those of methanol and ethanol, leaf ob-

tained dichloromethane crude extracts inhibition 

properties were significantly different and only 

their pattern were similar to those of hexane.  

Extraction efficiency of solvents is highly depend-

ent on various factors such as rotary evaporation 

and boiling temperatures of solvents used to ob-

tain crude extracts.  Different organic solvents 

65 

Figure 4: R. solanacearum  (bacterial w ilt) cultured on Kelm an’s 2, 3, 5-tetrazolium chloride agar medium. W. ugan-

densis stem bark and leaf hexane, ethanol, methanol and dichloromethane crude extracts of five (5) concentrations were 

placed on a 5mm wells made on agar media and incubated for 18 hours at 280C. A distinct area around the well indicates 

inhibition zone  

Table 1 Minim um  inhibitory concentrations for leaf and stem  bark extracts  

Key:  + Present inhibition      - No inhibition  
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differ in their boiling points which determine the 

antibacterial properties of crude extracts (Ibrahim 

& Kebede, 2020). Previous studies have reported 

that properties of bioactive crude extracts depend 

on type of the plant, solvent used, time of har-

vest, age of the plant, extraction method, drying 

and processing of the material (Al Ubeed et al., 

2022). 

W. ugandensis leaf ethanol and methanol obtained 

leaf crude extracts showed that the mean diame-

ter zone of inhibition decreased with a reduction 

in the concentration while W. ugandensis hexane 

and dichloromethane obtained leaf crude extracts 

showed an increase in the mean diameter of inhi-

bition zones of 12.44mm at 25mg/ml and 

16.55mm at 50mg/ml respectively. Hexane and 

dichloromethane solvents being non polar sol-

vents their efficacy increases with the decrease in 

their concentrations. It has been reported that 

polar solvents obtained plant crude extracts effi-

cacy is highest when the concentration is high 

(Aloo et al., 2019).Oliveira et al., (2013) also 

opined that to an extent, efficacy of crude ex-

tracts obtained using nonpolar solvents increases 

with decreasing concentration.  

 

Inhibition response to crude extracts obtained from 

different plant tissues using different organic solvents 

This study showed that extraction of bioactive 

compounds by specific solvents is tissue depend-

ent. Both stem bark and leaf showed varying inhi-

bition properties under different extraction organ-

ic solvents. Previous studies by Abuto & Morono, 

(2018) showed that antibacterial and antifungal 

effects was dependent of site where extraction 

materials were obtained from, type of organic sol-

vent used and plant part used for extraction. Pre-

viously, differences observed in antibacterial and 

antifungal activity has been linked to synergistic 

or antagonistic actions of various secondary me-

tabolites such as fatty acids, flavonoids and ses-

quiterpenoids present.(Manguro et al., 2003)  

W. ugandensis stem bark methanol and ethanol 

obtained crude extracts showed higher mean di-

ameter inhibition zones suggesting higher con-

centration of bioactive components against R. 

solanacearum than the leaf organic solvent obtained 

crude extracts. These results agree with those of 

Linner et al., (2017) reported that W. ugandensis 

leaf obtained crude extracts had least inhibitive 

effect against Phomopsis theae growth. The stem 

bark of plant is known as the storage and translo-

cation vessel of water and photosynthetic prod-

ucts and may therefore contain a myriad of bio-

chemical components (Kagawa & Battipaglia, 

2022) while the leaf part of the plant is a photo-

synthetic and gaseous tissue(Magwaza et al., 

2020). 

 

Inhibition of R. solanacearum by W. ugandensis crude 

extracts 

In vitro tests showed a significant difference in 

mean diameter inhibition zones of R. solanacea-

rum. W. ugandensis stem bark ethanol, methanol 

and dichloromethane stem bark obtained crude 

extracts showed a progressive increase in mean 

diameter inhibition zones in a concentration-

dependent manner except for hexane stem bark 

obtained crude extracts. Most of stem bark organ-

ic solvents obtained crude extracts were more 

effective compared to leaf organic solvents ob-

tained from crude extracts. 

According to the results, the crude extracts ob-

tained from W. ugandensis stem bark and leaf 

have shown efficacy against tested R. solanacea-

rum to certain concentrations. Abuto & Morono, 

(2018) and Kamau et al., (2021) reported also 

antibacterial and antifungal activities of crude ex-

tracts of W. ugandensis against Staphylococcus 

aureus, Candida albican, Alternaria solani and Phy-

tophthora infestans. W. ugandensis crude extracts 

showed statistically significant differences in the 

inhibitory effects of the stem bark and leaf parts 

on antimicrobial properties. The disparity in anti-

microbial activities of W. ugandensis stem bark 

and leaf crude extracts could be due to antagonis-

tic action of different secondary metabolites 

(Abuto & Morono, 2018). Malhotra et al., (2022) 

asserted that the concentration of bioactive com-

ponents varies in different plant parts and are sec-
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ondary metabolites in all plant organs this could 

contribute to the inhibitory difference of W. ugan-

densis stem bark and leaf crude extracts. 

Minimum inhibitory concentration 

W. ugandensis stem bark crude dichloro-

methane extracts were more effective compared 

to the stem bark and leaf crude extracts obtained 

using ethanol, methanol and hexane. Dichloro-

methane has been known to have high extractive 

ability of biochemical compounds from plant tis-

sues  (Axiotis et al., 2020). 

 

Conclusion  

All the raw extracts derived from W. uganden-

sis demonstrated inhibition against R. solanacearum. 

Particularly, the organic crude extracts from the 

stem bark exhibited higher efficacy in vitro com-

pared to the organic crude extracts from the 

leaves. Nonetheless, further investigations are 

needed to identify the specific bioactive com-

pounds within these extracts responsible for their 

action against R. solanacearum. 
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