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9 Abstract 

10 Pelargonium zonale and Psidium guajava plant extracts have demonstrated in-vitro antibacterial 

11 activity against Ralstonia pseudosolanacearum sp. nov. Nevertheless, their antibacterial 

12 effectiveness against this disease has not been examined under greenhouse condition. This study 

13 explored the antibacterial efficacy of ethanolic leave extracts of P. zonale and P. guajava in 

14 management of R. pseudosolanacearum sp. nov. of potatoes under greenhouse condition. The 

15 experiment was set in a completely randomized design (CRD) of 2*6 factorial arrangements [2 

16 varieties (Shangi (Highly susceptible) and Sherekea (Moderately resistant) and 6 treatments] with 

17 3 replicates. The treatments comprised; 2 ethanolic leave extracts (P. guajava and P. zonale) at 50 

18 mg/mL, 2 positive controls [ENRICH BM (Bronopol 27%w/w) and KOBE 1.2 SL (Chrysophanol 

19 12g/l)] at commercial rates and 2 negative controls (Untreated control and 1% DMSO). Data was 

20 collected on disease incidence, disease severity, plant heights, number of stems, yield (Kgs) and 

21 number of bacterial wilt colony counts. The study results revealed that all the treated plants 

22 exhibited significantly low disease incidences, low area under disease progress curves (AUDPCs), 

23 high number of stems, high stem heights, low bacterial wilt colony counts and high yield (Kgs) 
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24 compared to negative controls. However, the efficacy results were dependent on resistant levels of 

25 each variety against R. pseudosolanacearum sp. nov. Potato variety Sherekea exhibited the highest 

26 efficacy from the two plant extracts demonstrating the synergistic effect of host plant 

27 resistance/tolerance and botanicals in management of R. pseudosolanacearum sp. nov. The study 

28 outcome was comparable to those of Enrich BM (Bronopol 27%w/w) and KOBE SL 

29 (Chrysophanol 12g/l). Further research is required to determine the effectiveness and stability of 

30 the two extracts against the target pathogen in the field. 

31 Keywords: Antibacterial; Pelargonium zonale; Psidium guajava; In-vitro; In-vivo

32 1. Background  

33 Potato (Solanum tuberosum L.) is ranked fourth after wheat, rice, and maize among the most 

34 important food crop globally, providing nourishment to over one billion people (Taiy et al., 2017; 

35 Harahagazwe et al., 2018; Gautam et al., 2021). Regarding production volume, the crop is ranked 

36 second after maize in Kenya, contributing to food security and poverty alleviation. Its tubers are 

37 the major source of carbohydrates and other key dietary nutrients such as potassium, vitamin C, 

38 and fiber (Beals, 2019). Besides its nutritional values, the crop provides employment and income 

39 generation for various stakeholders along its value chain (Taiy et al., 2017; Mwakidoshi et al., 

40 2021). However, field infestation by bacterial wilt pathogens has affected its optimal production 

41 worldwide. Approximately 50 – 100% yield losses have been reported in bacterial wilt infested 

42 potato fields (Kromann et al., 2014; Muthoni et al., 2014). 

43 Ralstonia pseudosolanacearum sp., a damaging pathogen found primarily in tropical, subtropical, 

44 and temperate climates, is the causal agent for potato bacterial wilt (Shimelis et al., 2014; Boschi 

45 et al., 2017). The pathogen is soil-borne, and overwinters in the soil, plant debris, and alternate 

46 hosts such as solanaceous weeds (Kromann et al., 2014; Boschi et al., 2017). Bacterial wilt 
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47 pathogen is disseminated through latently infected tubers, infested water (irrigation water and or 

48 run-offs), infested soil adhering to tools, farm handlers' shoes, and through mechanical activities 

49 in the farm, which causes wounds to potato crop (Kwambai et al., 2011; Shimelis et al., 2014). 

50 Complete eradication of bacterial wilt pathogen has proved difficult due to a lack of satisfactory 

51 management options. Thus, farmers have been advised to adopt an ecofriendly management option 

52 [integrated disease management (IDM)] against the disease (Sharma et al., 2017). Nevertheless, 

53 the site-specific nature and variety of bacterial wilt strains have constantly affected the 

54 effectiveness of IDM as a management option (Priou et al., 1999; Karim & Hossain, 2018). 

55 There is limited adoption of IDM in bacterial wilt management in potato fields which has resulted 

56 to widespread use of conventional bactericides (Sarkar & Chaudhuri, 2016; Biswal & Dhal, 2018). 

57 The overreliance on conventional bactericides as a management option against bacterial wilt has 

58 posed health risks to humans and the environment. When these bactericides leak into water bodies, 

59 they cause aquatic health problems whereas those that infiltrates into the soil cause terrestrial 

60 health hazards (Rahman et al., 2012; Mulugeta et al., 2020). Developing countries are the most 

61 affected since farmers in these countries lack quality personal protective equipment (PPEs) 

62 coupled with their sluggish adoption of good agricultural practices (GAPs) (Mulugeta et al., 2020). 

63 The negative environmental impacts from the excessive use of conventional bactericides have 

64 consequently shifted various scientists' focus to research eco-friendly bacterial management 

65 options (Rahman et al., 2012).

66 Studies by different researchers have confirmed various plant extracts' antibacterial activity against 

67 bacterial wilt pathogens (Abo-Elyousr et al., 2009). Apart from commercialized botanicals 

68 (formulated plant extracts), plant extracts have shown efficacy against bacterial wilt pathogen 

69 when used in various forms; aqueous form, dried powder form, and or green manure form (Din et 
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70 al., 2016; Chen et al., 2020; Abd-Elrahim et al., 2021). The use of plant extracts in dried powder 

71 form and/or as green manure is advantageous since, in addition to their antibacterial activity, they 

72 also improve soil properties (biological, physical, and chemical properties) and plant growth 

73 parameters (Chen et al., 2020). When used as dried powder (organic amendment), the powder 

74 mixes with soil water to release water-soluble secondary metabolites with antibacterial activity 

75 against bacterial wilt pathogen. The secondary metabolites' method of action against the bacterial 

76 wilt pathogen is compound/metabolite dependent (Din et al., 2016).

77 Before moving on to in-vivo studies, the efficacy screening of plant extracts' antibacterial potency 

78 against plant pathogenic bacteria typically starts with in-vitro experiments to determine their 

79 viability (Abd-Elrahim et al., 2021). The antibacterial activity of P. zonale and P. guajava against 

80 Ralstonia pseudosolanacearum sp. nov. was confirmed by in-vitro experiments by Okeyo et al., 

81 (2022a). Therefore, the purpose of this study was to determine if P. zonale and P. guajava ethanolic 

82 leave extracts were effective at controlling R. pseudosolanacearum sp. nov. of potatoes grown in 

83 a greenhouse.

84 2.0 Materials and methods

85 2.1 Bacterial isolation, identification, and inoculum preparation

86 Bacterial inoculum was isolated from infected potato plant tissues as described by Kelman (1954). 

87 Biovar identification of the isolated bacteria through the utilization of disaccharide sugars (lactose, 

88 maltose, and cellobiose) and oxidization of hexose alcohols (Mannitol, Sorbital, dulcitol, trehalose 

89 dextrose) was conducted according to Okeyo et al., (2022a). The virulent colonies of the isolated 

90 bacteria were then multiplied in several plates containing Casamino Acid-Peptone-Glucose (CPG) 

91 medium at 28±10C for 48 hours. 48 hours old bacterial cells were harvested in sterilized distilled 

92 water, and the suspension was adjusted to attain the optical density (OD) of 600 nm (approximately 
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93 107 to 108 cfu / mL) using a spectrophotometer and hemocytometer, according to Mihovilovich 

94 et al. (2017) and Chen et al., (2020).  

95 2.2 Preparation of plant extracts

96 Leave samples from Pelargonium zonale and Psidium guajava were cleaned, dried, and crushed 

97 into fine powder and 1Kg of each powder was soaked in 10L of ethanol at a 1:10 (w/v) ratio for 

98 48 hours with frequent stirring as described by Okeyo et al. (2022a). After 48 hours, the solutions 

99 were filtered to get rid of the solid particles using two layers of muslin cloths and Whatman filter 

100 papers. The filtrates were subsequently evaporated into pastes using a water bath at temperatures 

101 just below the boiling point of ethanol (60°C). The pastes were left to air dry overnight before 

102 being weighed and kept at 4°C.  

103 2.3 Experimental design 

104 A completely randomized design (CRD) of 2*6 factorial arrangement (two varieties and six 

105 treatments) with three replicates was used to set up the greenhouse experiment. The first level of 

106 treatments comprised two potato varieties (Shangi and Sherekea) which, according to Okeyo et al. 

107 (2023), were highly susceptible and moderately resistant, respectively. The second level of 

108 treatments consisted of ethanolic leave extracts (Psidium guajava and Pelargonium zonale) tested 

109 at a dosage rate of 50mg/mL, two commercial bactericides as positive controls [ENRICH BM 

110 (Bronopol 27%w/w), a conventional bactericide and KOBE 1.2 SL (Chrysophanol 12g/l) a 

111 botanical bactericide] applied at their commercial rates and two negative controls (1% DMSO as 

112 and untreated control). 

113 2.4 Greenhouse experiment

114 The greenhouse experiment was carried out at the University of Nairobi field station, upper Kabete 

115 campus. Forest soil was collected from a tree forest (Eucalyptus spp.), which has been out of 
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116 cultivation for over ten years, and autoclaved for 1 hour at 121°C as described by Mahmood et al. 

117 (2014). Upon cooling, 4 kg sterile plastic pots with a surface area of 0.03M2 were half-filled with 

118 the cooled sterile soil. Five pots were used per treatment translating to 60 pots per replicate. 

119 Uniform wounds/physical injuries were created on each well-sprouted certified seed potato tuber 

120 using a sterile knife. The pots were inoculated with 10 mL of bacterial suspension adjusted to 600 

121 nm OD (approximately 107 to 108 cfu / mL) using a syringe, as described by Mihovilovich et al. 

122 (2017). The injured tubers were planted at the center of each half-filled plastic pot (one tuber per 

123 pot). The tubers were then covered with sterile soil to about ¾ full. 

124 Each treatment (ethanolic leave extracts (P. guajava and P. zonale), ENRICH BM (Bronopol 

125 27%w/w), KOBE 1.2 SL (Chrysophanol 12g/l), and 1% DMSO) was mixed with sterile distilled 

126 water in different containers at recommended rates and the mixed solutions applied as a soil drench 

127 to their target treatment pots at the rate of 90ml per pot translating to (3L/M2) as described by 

128 (Kumar, 2021). Two weeks after plant emergence, 2 foliar applications of the above treatments 

129 were applied on the emerged plants at 2 weeks intervals. Each treatment was mixed with sterile 

130 distilled water at recommended rates, and the solution was applied to respective test plants as a 

131 foliar spray using hand sprayers. Maximum plant coverage was observed during foliar treatment 

132 applications. All potato agronomic practices (watering, fertilization, insect pest, and disease 

133 control) except the application of additional bactericides were conducted according to potato 

134 optimal production requirements. The experiment was repeated once, and in each experimental 

135 period, the experiment was terminated once the test plants exhibited senescence symptoms. 

136 2.5 Determination of Ralstonia solanacearum population in the soil at harvest

137 During the experiment termination phase, soil samples were taken from the rhizosphere of potato 

138 plants in respective treatments and shipped to the laboratory to assess R. solanacearum population. 
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139 A sterile trowel was used to collect soil samples per pot from all five pots per treatment, and the 

140 samples were mixed thoroughly to form a composite sample from which 10 g of soil sample was 

141 sub-sampled and placed in plastic bags. The bags were labeled and sent to the lab for microbial 

142 scrutiny. Using Kelma's TZC agar media, bacterial isolation and quantification from soil samples 

143 were performed in the lab as described by Okeyo et al. (2023). The number of bacterial colonies 

144 was counted, and the bacterial population was determined using the following formula;

145 𝐶𝐹𝑈 𝑚𝐿 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠

𝑃𝑙𝑎𝑡𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) ∗ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

146 2.6 Data collection 

147 Data was collected on the number of stems, plant heights, disease incidence, disease severity, yield 

148 (Kgs), and bacterial colony counts. Disease indices (incidence and severity) data were recorded 

149 after plant emergence at two weeks intervals until the untreated control attained ≥80% wilt 

150 incidence (Mihovilovich et al., 2017). 

151 Disease severity scale of 1-3 based on the affected plant's degree of wilting, where 1 = healthy 

152 plant, 2 = ≤50% of the plant foliage wilted, and 3 = ≥50% of plant foliage wilted was used. The 

153 scored severity scales were converted to percent disease severity (%) using the following formula;

154 𝑆 = 100(
∑ 𝑛

𝑁 ∗ 𝑀𝑎𝑥. 𝑠𝑐𝑜𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑐𝑎𝑙𝑒 )

155 Where S = percent disease severity, Σn = summation of wilt scores, and N = an overall number of 

156 plants evaluated per treatment (Mihovilovich et al., 2017).  
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157 Disease incidence was recorded by assessing the number of symptomatic plants per treatment at 

158 two weeks intervals. The scored values were converted to percent bacterial wilt incidence [BWI 

159 (%)] using the following formula;

160 𝐵𝑊𝐼(%) =  
X
Y ∗ 100

161 Where BWI = percent bacterial wilt incidence, X = the number of symptomatic plants, and Y = 

162 the overall number of assessed plants per treatment (Okeyo et al., 2018). 

163 The harvested tubers were graded as symptomatic tubers (either externally visible and/or internal 

164 bacterial wilt symptoms) and asymptomatic tuber (for tubers without external and internal bacterial 

165 wilt symptoms). The harvested tubers were weighed and weights recorded in kilograms (Kgs).

166 2.7 Data analysis

167 The data from the two experiments, except disease severity, was first subjected to Levene tests to 

168 test for equal variance (Levene, 1960) before testing for mean differences using the Mann-Whitney 

169 U test at a 5% probability level (Wilcoxon, 1945; Mann & Whitney, 1947). Since there were no 

170 significant differences between the treatments, the data were subsequently pooled together and 

171 then subjected to normality testing using Shapiro-Wilk tests (Shapiro & Wilk, 1965). Where the 

172 data lacked equal variance as well as a normal distribution, the data were transformed using the 

173 formula; 

174 Log (𝑋 + 1)

175 The pooled data were then subjected to a two-way analysis of variance (ANOVA) using R 

176 software, version 4.2.2 (R Studio Team 2020). Tukey's Honest significant difference (HSD) at 

177 p≤0.05 in agricolae package was used to separate the treatment means.
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178 The percent disease severity data per treatment was used to compute the area under disease 

179 progress curves (AUDPCs) using the following formula; 

180 𝐴𝑈𝐷𝑃𝐶 =

𝑛―1

𝑖=1
(𝑦𝑖 + 𝑦𝑖+1

2 )(𝑡𝑖+1 ― 𝑡𝑖)

181 Where yi= percent severity score at the ith observation, ti = time in days at the ith observation, and 

182 n= the total number of observations.

183 3.0 Results

184 3.1 Biovar identification through carbohydrate fermentation tests

185 All of the disaccharide sugars (lactose, maltose, and cellobiose) and hexose alcohols (mannitol, 

186 sorbital, dulcitol, trehalose, and dextrose) were oxidized by the bacterial isolate within five days 

187 of icubation. The universal bottles that had been inoculated with the isolated bacteria changed 

188 color from red to yellow to show the oxidation reaction, whilst the untreated controls (non-

189 inoculated bottles) retained the red color.

190 3.2 Efficacy of ethanolic leave extracts of P. zonale and P. guajava against Ralstonia 

191 pseudosolanacearum sp. nov. of potatoes under greenhouse condition

192 The analysis of variance (ANOVA) results revealed highly significant interactions between 

193 treatments and varieties (Treatment x variety) among all the tested parameters except for the 

194 number of stems (NS), stem heights (SH), and Final wilt incidence (FWI) (Table 1.0). ANOVA 

195 results also revealed highly significant effects among treatments and varieties across all the 

196 response values. 

197
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198 Table 1.0: F-test statistics of two-way ANOVA of percent plant emergence, number of stems, stem heights, colony counts, final wilt 

199 incidence, symptomatic tubers, number of tubers and weight (Kgs)

Source of variation Df NS SH CC FWI NAT Weight (t/ha)

Treatment 5 5.61*** 3.95** 10447.81*** 4.77*** 155.88*** 66.20***

Variety 1 42.20*** 50.48*** 2773.66*** 140.48*** 962.17*** 469.04***

Treatment * variety 5 0.63 2.02 10.50*** 1.63 49.67*** 12.46***

Residuals 60       

200 Significance codes:  0 ‘***’, 0.001 ‘**’, 0.01 ‘*’ 0.05 ‘s’ 0.1 ‘’ 1. Df = Degree of freedom, NS= Number of stems, SH = Stem heights, 

201 CC = colony counts, FWI = Final wilt incidence and NAT = Number of asymptomatic tubers.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4556066

Preprin
t n

ot p
eer re

vie
wed



11

202 3.3 Effect of ethanolic leave extracts of P. zonale and P. guajava treatment application on 

203 mean number of stems and stem heights 

204 The mean number of stems significantly differed at p≤0.05 across treatments and varieties. 

205 However, the interaction effect was insignificant at p≤0.05 among treatments and varieties 

206 (Treatment x variety) (Table 1.0). KOBE 1.2 SL recorded the highest number of stems in Shangi 

207 (0.93) and Sherekea (0.88), untreated controls, and 1% DMSO recorded the least for both varieties, 

208 respectively. Shangi had the highest overall mean number of stems (0.89), while Sherekea had the 

209 least (0.81). The transformed mean stem heights differed significantly at p≤0.05 across varieties. 

210 With the exception of the untreated control, all the transformed mean stem heights of Shangi were 

211 insignificantly different at p≤0.05 across all treatments. At the same time, those of Sherekea 

212 exhibited insignificant differences across all the treatments. Sherekea recorded the highest average 

213 mean stem heights, while Shangi recorded the least (Table 2.0).

214

215

216

217

218

219

220

221

222
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223 Table 2.0: Effect off treatment application on transformed mean number of stems and stem heights 

224 for the two potato varieties 

Treatments Transformed mean number of stems and stem heights

Number of stems Stem heights

 Shangi Sherekea Shangi Sherekea

Untreated control 0.86 ± 0.02 abcde 0.77 ± 0.04 e 1.69 ± 0.09 c 1.82 ± 0.03 a

Psidium guajava 0.91 ± 0.04 ab 0.80 ± 0.04 cde 1.78 ± 0.03 ab 1.85 ± 0.02 a

Pelargonium zonale 0.88 ± 0.03 abc 0.80 ± 0.07 cde 1.78 ± 0.04 ab 1.83 ± 0.03 a

ENRICH BM 0.87 ± 0.07 abcd 0.83 ± 0.07 bcde 1.78 ± 0.06 ab 1.83 ± 0.04 a

KOBE 1.2 SL 0.93 ± 0.05 a 0.88 ± 0.04 abc 1.78 ± 0.01 ab 1.83 ± 0.04 a

1% DMSO 0.86 ± 0.03 abcde 0.78 ± 0.03 de 1.72 ± 0.03 bc 1.81 ± 0.03 a

Grand mean 0.89 0.81 1.76 1.83

MSD 0.09 0.09 0.08 0.08

225 The values are average number of stems ± standard deviations. Means within the same column 

226 having same letter(s) do not differ significantly at p ≤0.05, MSD = mean square displacement. 

227 3.4 Effect of ethanolic leave extracts of P. zonale and P. guajava treatment application on 

228 potato bacterial wilt incidence and area under disease progress curve 

229 Bacterial wilt incidences (BWIs) varied across treatments and varieties and were significantly 

230 different at p ≤ 0.05 at 38 days after planting (DAP), 52 DAP, and 66 DAP. For Shangi, BWI 

231 commenced at 38 DAP and increased rapidly to 66 DAP. A part from Pelargonium zonale leaf 

232 extracts which exhibited BWI at 38 DAP, most treatments expressed BWIs at 52 DAP for 

233 Sherekea, and the BWI progressed slowly to 66 DAP (Table 3.0). In general, Shangi exhibited 

234 high final bacterial wilt incidences (FBWIs) at all treatment levels compared to Sherekea. The area 
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235 under disease progress curves (AUDPCs) varied across treatments and varieties. For both varieties, 

236 untreated control and 1% DMSO recorded the highest AUDPCs of 2155.68 (untreated control) 

237 and 2154.28 (1% DMSO) for Shangi and 1236.55 (untreated control) and 1237.04 (1% DMSO) 

238 for Sherekea respectively. In general, Shangi exhibited high AUDPCs at all treatment levels 

239 compared to Sherekea (Figure 1.0). 

240

241 Figure 1. Effect off treatment application on Area under disease progress curve (AUDPC) of the 

242 Shangi and Sherekea potato varieties. Bars represent standard error. 
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245 Table 3.0: Effect off treatment application on mean bacterial wilt incidence for the two potato varieties

Treatments 38 DAP 52 DAP 66 DAP

 Shangi Sherekea Shangi Sherekea Shangi Sherekea

Untreated control 1.30 ± 0.65 a 0.00 ± 0.00 c 1.91 ± 0.00 ab 0.44 ± 0.68 cd 2.00 ± 0.00 a 0.93 ± 0.73 bcd

Psidium guajava 0.66 ± 0.72 abc 0.00 ± 0.00 c 1.23 ± 0.63 abc 0.00 ± 0.00 d 1.79 ± 0.12 ab 0.00 ± 0.00 e

Pelargonium zonale 0.71 ± 0.78 abc 0.22 ± 0.54 bc 1.52 ± 0.15 ab 0.22 ± 0.54 d 1.67 ± 0.09 ab 0.27 ± 0.66 de

ENRICH BM 0.71 ± 0.78 abc 0.00 ± 0.00 c 1.45 ± 0.20 ab 0.00 ± 0.00 d 1.67 ± 0.09 ab 0.49 ± 0.76 cde

KOBE 1.2 SL 0.54 ± 0.83 abc 0.00 ± 0.00 c 1.39 ± 0.72 ab 0.00 ± 0.00 d 1.74 ± 0.16 ab 0.44 ± 0.68 cde

1% DMSO 1.20 ± 0.60 ab 0.00 ± 0.00 c 1.92 ± 0.08 a 1.10 ± 0.54 bc 2.00 ± 0.00 a 1.20 ± 0.60 abc

Grand mean 0.85 0.04 1.57 0.29 1.57 0.56

MSD 1.06 1.06 0.81 0.81 0.88 0.88

246 The values are average bacterial wilt incidence ± standard deviations. Means within the same column having same letter(s) do not differ 

247 significantly at p ≤0.05, MSD = Mean square displacement, DAP = Days after planting.
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248 3.5 Effect of ethanolic leave extracts of P. zonale and P. guajava treatment application on 

249 potato yield parameters [number of asymptomatic tubers and tuber weights (Kgs)]

250 The mean number of asymptomatic tubers by visual assessment significantly differed at p≤0.05 

251 across treatments and varieties. KOBE 1.2 SL (Chrysophanol 12g/l) of Sherekea recorded the 

252 highest number of asymptomatic tubers (1.87), while untreated control of Shangi recorded the least 

253 (1.41) (Table 4.0). Sherekea had the highest overall mean number of asymptomatic tubers (1.76), 

254 while Shangi had the least (1.59). However, dissection of all the sampled asymptomatic tubers per 

255 treatment per variety revealed brown discoloration of the vascular ring and the adjacent tissues 

256 extending to the pith and/or tuber cortex. Mean tuber wights (Kgs) differed significantly at p ≤ 

257 0.05 across treatments and varieties. KOBE 1.2 SL (Chrysophanol 12g/l) of Sherekea recorded the 

258 highest mean transformed tuber weights (0.31), while untreated control and 1% DMSO of Shangi 

259 recorded the least (0.17). Sherekea had the highest overall transformed mean tuber weights (0.29), 

260 while Shangi had the least (0.22). 

261

262

263

264

265

266

267

268
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269 Table 4.0: Effect off treatment application on transformed proportion/percent mean number of 

270 asymptomatic tubers and tuber weights (Kgs) for the two potato varieties

Treatments Percent mean No. of asymptomatic tubers and tuber weights (Kgs)

Number of asymptomatic tubers Tuber weighs (Kgs)

 Shangi Sherekea Shangi Sherekea

Untreated control 1.41 ± 0.04 g 1.71 ± 0.02 cd 0.17 ± 0.01 g 0.26 ± 0.02 def

Psidium guajava 1.68 ± 0.04 def 1.78 ± 0.01 b 0.24 ± 0.01 f 0.29 ± 0.01 abc

Pelargonium zonale 1.67 ± 0.03 def 1.75 ± 0.01 bc 0.25 ± 0.01 ef 0.28 ± 0.01 bcd

ENRICH BM 1.67 ± 0.01 ef 1.75 ± 0.01 bc 0.25 ± 0.01 ef 0.30 ± 0.02 ab

KOBE 1.2 SL 1.65 ± 0.03 f 1.87 ± 0.02 a 0.25 ± 0.01 ef 0.31 ± 0.01 a

1% DMSO 1.43 ± 0.02 g 1.70 ± 0.02 de 0.17 ± 0.01 g 0.27 ± 0.01 cde

Grand mean 1.59 1.76 0.22 0.29

MSD 0.05 0.05 0.02 0.02

271 The values are average proportion of symptomatic tubers ± standard deviations. Means within the 

272 same column having same letter(s) do not differ significantly at p ≤0.05, MSD = mean square 

273 displacement.

274 3.6 Effect of ethanolic leave extracts of P. zonale and P. guajava treatment application against 

275 Ralstonia pseudosolanacearum sp. nov. colony counts

276 The transformed mean bacterial wilt colony counts from soils sampled around the rhizosphere of 

277 the two potato varieties differed significantly at p≤0.05 across treatments and varieties. Untreated 

278 control and 1% DMSO recorded the highest mean transformed colony counts of 3.15 and 3.16 for 

279 Shangi and 3.06 and 3.05 for Sherekea, respectively. Pelargonium zonale recorded the least mean 

280 transformed colony counts of 2.70 for Shangi and 2.63 for Sherekea (Table 5.0). 
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281 Table 5.0: Transformed mean bacterial wilt colony counts per treatment recorded from the soil 

282 samples sampled around the rhizosphere of two potato varieties 

Treatments Transformed mean bacterial wilt colony counts

 Shangi Sherekea

Untreated control 3.15 ± 0.01 a 3.06 ± 0.00 b

Psidium guajava 2.78 ± 0.01 d 2.69 ± 0.00 f

Pelargonium zonale 2.70 ± 0.00 f 2.63 ± 0.01 g

ENRICH BM 2.80 ± 0.01 c 2.73 ± 0.00 e

KOBE 1.2 SL 2.78 ± 0.01 d 2.70 ± 0.01 f

1% DMSO 3.16 ± 0.00 a 3.05 ± 0.00 b

Grand mean 2.9 2.81

MSD 0.01 0.01

283 The values are average transformed mean bacterial wilt colony counts ± standard deviations. 

284 Means within the same column having same letter(s) do not differ significantly at p ≤0.05, MSD 

285 = mean square displacement.

286 4.0 Discussion

287 The bacterial isolate completely oxidized all of the disaccharide sugars and hexose alcohols within 

288 5 days of incubation. These results confirmed the findings of Rahman et al., (2010), Popoola et 

289 al., (2015), Boschi et al., (2017), Khasabulli et al., (2017), and Okeyo et al., (2022a) who classified 

290 Ralstonia pseudosolanacearum sp. nov. bacterial isolate with similar traits as biovar III race 1 

291 (Ralstonia solanacearum (phylotype I)). The mean number of stems varied across treatments and 

292 varieties. All the treated pots exhibited a higher mean number of stems per variety than untreated 

293 controls. The soil drench of various treatments (plant extracts and conventional bactericide) used 
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294 in this study might have suppressed apical dominance on the planted tubers resulting in an 

295 increased number of lateral buds, sprouts and hence increased number of stems (Biruk-Masrie et 

296 al., 2015). Similarly, Biruk-Masrie et al., (2015) also reported many stems from potato tubers 

297 treated with extracts from essential oils. KOBE 1.2 SL (Chrysophanol 12g/l), recorded the highest 

298 mean number of stems for both varieties, and this could be an indication that KOBE 1.2 SL had 

299 high phytochemical composition compared to other treatments. In general, Shangi recorded the 

300 highest number of stems per treatment compared to Sherekea, which can be attributed to 

301 differences in their genetic traits and a high number of tuber eyes recorded on the Shangi variety 

302 (Nielson et al., 1989).

303 The average stem heights varied significantly between varieties at p≤0.05. In contrast to Sherekea, 

304 the mean stem heights of Shangi did not differ significantly across any of the treatments except for 

305 untreated control. Both varieties did not exhibit significantly different stem heights from pots with 

306 various treatment applications compared to negative control pots. The high stem heights from 

307 treated pots can be attributed to low disease indices scored (Priou et al., 1999; Chen et al., 2020). 

308 Additionally, studies by Okeyo et al., (2022b) reported the presence of Succinic acid (one of the 

309 major components used in the manufacture of bio-stimulants) in low concentrations from the 

310 ethanolic leave extracts of Psidium guajava and Pelargonium zonale, and this could have resulted 

311 to slight increase in stem heights in plants treated with the two extracts compared to untreated 

312 plants (Zeikus et al., 1999; Levchyk et al., 2017). Liu et al., (2016) also reported the bio-stimulant 

313 effect of Chrysophanol on potato plants, which can explain the high stem height in the plants 

314 treated with Chrysophanol. Sherekea exhibited the highest average stem heights compared to 

315 Shangi, and this can be attributed to the difference in the expression of genetic traits for plant 

316 height from the two varieties. 
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317 The final bacterial wilt incidences (FBWIs) and area under disease progress curves (AUDPCs) 

318 varied across treatments and varieties. All the treated plants recorded low FBWIs and AUDPCs 

319 compared to negative controls. This was consistent with the study's findings of Oboo et al. (2014), 

320 Chen et al. (2020), and Abd-Elrahim et al. (2021), who reported in-vivo efficacy of plant extracts 

321 (essential oils) against bacterial wilt of potatoes with regards to disease incidence. It has been 

322 demonstrated that the bacterial wilt pathogen can be controlled by induced host plant resistance 

323 through the use of KOBE 1.2 SL (Chrysophanol 12g/l) and ENRICH BM (Bronopol 27%w/w) 

324 (https://agroduka.com/enrich-bm; Liu et al., 2016), while the mode of action of both P. guajava 

325 and P. zonale against this pathogen is still unknown. In general, Shangi exhibited high FBWIs and 

326 AUDPCs at all treatment levels compared to Sherekea, and this can be attributed to varied degrees 

327 of resistance levels of the two varieties to bacterial wilt pathogen (Patil et al., 2012; Muthoni et 

328 al., 2014; Okeyo et al., 2023). 

329 The average proportion of asymptomatic tubers and tuber weight (kgs) significantly differed across 

330 treatments and varieties. All the treated plants recorded a significantly higher number of 

331 asymptomatic tubers and tuber weights (Kgs) than negative controls. These results concurred with 

332 that of Abd-Elrahim et al., (2021), who revealed increased yield parameters from bacterial wilt-

333 inoculated potato plants treated with plant extracts in-vivo. Sherekea variety recorded the highest 

334 yield parameters per treatment compared to Shangi, and this can be attributed high bacterial wilt 

335 resistance level of Sherekea compared to Shangi (Okeyo et al., 2023). KOBE 1.2 SL 

336 (Chrysophanol 12g/l) recorded the highest yield parameters per variety, which can be attributed to 

337 its high concentration of antibacterial compound compared to other treatments. The overall 

338 proportion of antibacterial compounds per plant extract was less than 10% for both P. zonale and 

339 P. guajava (Okeyo et al., 2022b). Most of the harvested tubers lacked externally visible symptoms, 
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340 which can be attributed to late bacterial symptom establishment and certified tubers used in this 

341 study. However, dissection of all the sampled asymptomatic tubers per treatment revealed 100% 

342 bacterial wilt incidence (brown discoloration of the vascular ring and adjacent tissues extending to 

343 the pith and/or tuber cortex). The 100% wilt incidence on dissected tubers indicates that potato 

344 tubers harvested from all the treated pots had latent infection symptoms and, therefore, cannot be 

345 used as seeds (Patil et al., 2012). A hundred percent wilt incidence on the sampled tubers can be 

346 attributed to wounds created on the tubers at planting to avoid disease escape. 

347 Bacterial wilt colony counts from soil samples around the rhizosphere revealed significantly low 

348 bacterial wilt populations from all treated pots compared to the negative controls. These results 

349 confirmed the study outcomes of Chen et al. (2020) and Abd-Elrahim et al. (2021), who reported 

350 a reduced bacterial wilts population from soils sampled from pots treated with various plant 

351 extracts in-vivo. P. zonale recorded the least mean bacterial wilt population among all the treated 

352 pots for both varieties (Shangi and Sherekea). These results confirmed the in-vitro study results of 

353 Okeyo et al. (2022a), who reported P. zonale as the most effective plant extract against bacterial 

354 wilt of potatoes. In general, Shangi had the highest bacterial wilt population per treatment, which 

355 can be attributed to the high disease indices scored per treatment for Shangi compared to Sherekea.

356 5.0 Conclusion 

357 The present study revealed in-vivo antibacterial efficacy of P. zonzle and P. guajava leave extracts 

358 against soil inoculated R. pseudosolanacearum sp. nov. However, the efficacy results were 

359 dependent on resistant levels of varieties used in the study. Sherekea (moderately resistant variety) 

360 demonstrated the highest efficacy of the two plant extracts, illustrating the synergistic effect of 

361 host plant tolerance/resistance and botanicals in the management of bacterial wilt of potatoes. 

362 These results were comparable to those of Enrich BM (Bronopol 27%w/w) a conventional 
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363 bactericide and KOBE SL (Chrysophanol 12g/l) a botanical bactericide. Additional research 

364 should be conducted to determine the effectiveness and stability of P. zonale and P. guajava 

365 against the target pathogen under field condition.
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