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Abstract 
Agrochemicals used in controlling plant diseases are costly and their application is not 
sustainable, hence, the adoption of biological approaches. Microbial inoculants were screened 
in cycles under Sclerotium rolfsii stress to select host-mediated microbiota (HMM) and isolate 
rhizospheric bacteria with biocontrol potentials. Microbial isolates were evaluated in-vitro and 
on field under S. rolfsii stress. Results showed that microbiota inoculant significantly reduced 
disease severity till the 6th round. Identified isolates (Bacillus cereus, B. thuringiensis, B. 
mycoides and B.  tropicus) displayed varying inhibitory effects against the growth of S. rolfsii 
in-vitro. During field trial, disease severity was significantly (P ≤ 0.05) reduced in all 
treatments by 71-85% (dry season) and 25-75% (rainy season) than the control (0%). 
However, the fruit weight of harvested tomatoes from plants treated with HMM (238g, 464g) 
and B. cereus AN14 (209g, 390g) were the most significant in dry and rainy seasons. These 
inoculants should be considered a biocontrol agent for diseases caused by S. rolfsii. 
Keywords: Bacillus sp., Biocontrol, Field trial, Plant pathogen, Soil 
*Corresponding author email: taiwomikeo@gmail.com https://orcid.org/0000-0001-9594-9355 
 
 
 
Introduction 
Tomato (Solanum lycopersicum L.) is one of the 
world's most consumed household staple foods. 
They are known to be rich in nutrients, low in pH, 
and high in moisture (FAO, 2020; Ojesola et al., 
2024). The intrinsic qualities of Tomatoes also 
make them vulnerable to infestation by 
pathogens and render them unsafe for food. The 
most significant and widespread diseases of 
vegetables are caused by pathogenic fungi 
(Osunmuyiwa et al., 2021). They infect a variety 
of tomato fruit and result in devastating losses 
that have a significant financial impact 
throughout production, storage, marketing and 
transportation (Akintokun and Taiwo, 2016a). S. 
rolfsii Sacc causes rot disease. It forms a small, 
discrete, light-brown, water-soaked lesion on the 
plant. The disease frequently goes undetected in 

the soil until the plant starts to wilt. Often, wilting 
occurs during the day and plants recoup at night 
(Rachel et al., 2022). However, under ideal 
circumstances, the wilting can advance quickly, 
become irreversible, and result in mortality (Xie 
and Vallad, 2016). The pre-harvest manifestation 
of this disease may seriously affect post-harvest 
yield. To achieve sustainable agriculture, diseases 
caused by S. rolfsii needs to be managed 
effectively. Several conventional management 
strategies such as the use of agrochemicals affect 
environmental and human health, hence, the 
need for biological approaches. Rhizospheric 
microorganisms are mostly recruited by tomato 
plants in association with their surrounding soil 
making them unique to the plant biome (Chen et 
al., 2022).  Though, different microbial groups 
have affiliated functions, the most significant 
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actors are the rhizospheric bacteria (Karthika et 
al., 2020). To survive under southern blight 
stress, these bacteria prevent or significantly 
lower the pathogenicity of S. rolfsii by producing 
enzymatic and antimicrobial products (Karthik et 
al., 2017).  Previous studies such as that of Abbas 
et al. (2019) and Asghari et al. (2020) have 
isolated rhizospheric bacteria in-vitro and 
reported enhanced plant growth in the 
greenhouse. However, many of these inoculants 
have performed inconsistently during field assay, 
thus, the integration of Host-Mediated Artificial 
Selection (HMAS), a more novel method which 
recruits beneficial microorganisms and 
guarantees the consistency of tomato 
productivity under the influence of disease 
stresses. The objective of this study is to select 
and evaluate host-mediated rhizospheric bacteria 
for growth and yield of tomatoes on the field 
under S. rolfsii stress. 
 
Materials and Methods 
Study area 
This study was carried out at the teaching and 
research farm of the Federal University of 
Agriculture Abeokuta (FUNAAB) located at 
latitude 7o 15' N and longitude 3o 28' E. in the 
savannah agroecological zone of odeda local 
government area of Ogun State, Nigeria. 
 
Collection of samples 
Soil samples were aseptically collected at 15 cm 
depth from different geographical locations in 
Abeokuta, Ogun state. Tomato samples of beske 
varieties, an indigenous variety of tomato locally 
grown in Nigeria were bought from an agro-outlet 
in Abeokuta, Ogun state. S. rolfsii was collected 
from the plant pathology laboratory of the 
National Horticultural Research Institute 
(NIHORT), Ibadan, Nigeria. 
 
Pathogenicity of S. rolfsii to tomato 
The ability of S. rolfsii to infect tomato plants was 
achieved by the method described by Carmona et 
al. (2020) with little modifications. Disease 
symptoms were scored qualitatively using a 
rating scale of 1 – 4 described by Akintokun and 
Taiwo (2016a) with little modification. The 
identity of the pathogen was determined by 
examining the macroscopic and microscopic 
characteristics, and compared with standard 
mycological identification keys and taxonomic 
descriptions (Diaz et al. 2018). 

 
Screening of microbiota in cycles under S. rolfsii 

stress  
Disease-tolerant microbiota were selected using 
the experimental approach proposed by Mueller 
and Sachs (2015) with little modification. The 
experimental setup includes tomato seeds grown 
in cycles under S. rolfsii stress. This study was set 
up in a conventional screenhouse with treatments 
replicated 3 times in a completely randomized 
design. Already sterilized seeds were first grown 
in sterilized soil for 7 days (Round 0). When 
approximately 83% (15 of 18) of the planting 
pots had plants showing severe disease 
symptoms, the growth was halted (Round 1). The 
rhizospheric soil from the pots with healthy plants 
were selected and combined. A portion of the 
rhizosphere soil was kept for bacterial isolation 
while 10 g soil of microbiota was suspended in 90 
ml sterile distilled water and adjusted to a final 
density of 1 × 107 CFU/ml to serve as inoculum 
for another round of the cycle. The screening of 
HMM continued in cycles of rounds until the 
disease reduction percentage significantly 
decreased. Disease expressions were recorded as 
follows: Disease incidence (DI) = Percentage of 
tomato plant parts that showed visible signs of 
disease compared to the total number of parts 
examined.  
 𝐷𝑅𝑃 = 100	𝑥	 !"	$%&'(%)*!"	'(+,'-+&'		

!"	$%&'(%)	
 

Where, DRP = Disease reduction percentage and 
DI = Disease incidence  
 
Isolation and molecular identification of 
rhizospheric bacteria 
In each cycle above, bacteria were isolated from 
the rhizospheric of healthy plants using standard 
microbiology techniques (Akintokun and Taiwo, 
2016b). Following the incubation, the growth on 
LB agar medium was monitored and expressed as 
CFU/g of soil. Isolated bacteria were subjected to 
16S rDNA sequencing to identify the strains. 
Phylogenetic analysis was conducted in MEGA11 
and inferred using the neighbor-joining method 
(Tamura et al., 2021).  
 
Biocontrol potential of rhizospheric bacteria 
The percentage inhibitory effect of bacteria was 
evaluated against S. rolfsii using the method 
described by Akintokun et al. (2016a). After 
incubating for 4 days at 25oC, the inhibitory effect 
was examined using the formula,  
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𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛	𝑔𝑟𝑜𝑤𝑡ℎ	(%) 	= 	
(𝑏	– 	𝑎)
𝑏 	𝑥	100 

Where, a = radial growth of fungi interacting with 
antagonistic bacteria. b = radial growth of fungi 
only in control plate. 
 
Field application of rhizospheric bacteria on 
disease suppression and yield of tomato in two 
planting seasons 
The field trial was conducted at the FUNAAB’s 
Teaching and Research farm in dry and rainy 
seasons respectively. Physico-chemical properties 
were done on field soil samples using the method 
of AOAC (2015). The experiment used a 
completely randomized design and was 
duplicated three times on a layout of 15 m × 30 
m with a distance of 0.3 m within rows and 0.4 m 
between rows. Each suspension of rhizospheric 
bacteria and S. rolfsii, or microbiota and S. rolfsii 
were applied simultaneously to 14-day-old 
tomato seedlings while the control had only S. 
rolfsii. Germination was observed and recorded 
for DI, DRP, number of fruits and fruit weight. 
Analysis of data 
 Data obtained were analysed by analysis of 
variance (ANOVA), while the means were 
separated using Tukey HSD test at α ≤ 0.05 
 
Result and Discussion 
 
Pathogenicity of S. rolfsii to tomato 
Early symptoms showed curling of leaves at the 
lower part of the plant which later wilted and 

dried-off at the later part. The most severe 
symptom was the formation of sclerotia mat on 
the soil's surface at the root of infected plant 
which later collapsed the stem. Stunted growth 
was generally observed in treatment plant in 
comparison to the control. When viewed on 
plates, the mycelium has a rough, round-shaped 
hyphal filament during early development. The 
matured mycelium develops a tiny tuff of whitish 
sclerotia which later turns brown. Microscopic 
examination revealed the branched mycelium 
with septate hyphae, confirming its identity. The 
re-isolated pathogen from the infected tomato 
plants showed a similar identity to the original 
isolates, fulfilling Koch's postulates. 
 
Effect of HMAS on the severity of S. rolfsii stress 
Disease incidence caused by S. rolfsii was 
significantly (P ≤ 0.05) higher across the rounds 
of planting in control than in microbiota. 
However, microbiota inoculant significantly 
reduced the disease by 64.54%, 69.57%, 
72.56%, 74.12%, 75.31% and 77.12% in rounds 
1, 2, 3, 4, 5 and 6, respectively (Figure 1, Plate 
1). HMAS has proved by this result to be a reliable 
approach to select beneficial microorganisms 
which guarantee the suppression of southern 
blight. Jochum et al. (2019) used similar method 
to screen and select drought-tolerant bacteria. 
Microbiota responsible for this disease 
suppression compete with pathogens to prevent 
or limit their growth and survival (Chen et al., 
2020). 

     

Fig 1: Effect of HMAS on the severity of S. rolfsii stress. Treatments between each round were compared 
(α ≤ 0.05) using Tukey’s HSD test to show significant differences. 
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Plate 1: Effect of HMAS on S. rolfsii stress 

Total bacterial counts of soil samples under S. 
rolfsii stress 

Bacterial counts from soil samples under S. rolfsii 
stress were significantly reduced in each round 
(Figure 2). This may be due to the death of 
microorganisms that cannot withstand prolonged 

stress. This is similar to the report of Adandonon 
et al. (2021) who reported a significant reduction 
in bacterial populations under S. rolfsii in flooded 
soil. The isolated bacteria from this study reflect 
their ability to survive under stressed conditions 
without mortality (Oves et al., 2019). 

 
Fig 2: Total bacterial counts of soil samples under S. rolfsii stress. Means with different letters along the 
bars are significantly different (P≤ 0.05) from each other. 

Molecular identity and phylogenetic relatedness 
of rhizospheric bacteria 
Results from the molecular analysis of bacterial 
strains based on 16S rRNA gene sequence 
analysis confirmed that the identity of the isolates 
are B. cereus, B. thuringiensis, B. mycoides and 
B. tropicus (Table 1). Though all microbial groups 
such as fungi, archaea, eubacteria and viruses 

are all found in tomato rhizosphere (Naumova et 
al. 2022), this study has shown that eubacteria 
dominate this region and play the most significant 
role in pathogen suppression. The evolutionary 
tree has 12 nucleotide sequences with the closest 
branched strain belonging to similar genealogy 
(Figure 3). 
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Table 1: Identity of rhizospheric bacterial strains obtained from NCBI genebank 

 Identified 
rhizospheric bacteria 
from this study 
 

Closest related bacterial 
strain from NCBI genebank 

Percentage 
identity  

Accession 
number  

B. cereus AN14 
 

B. cereus NPK1122 98.65% MN691545.1 

B. thuringiensis AN10 
 

B. thuringiensis BD120L1-B25 97.41% FR877754.1 

B. sp. ANP B. mycoides N42r 95.73% MOP133280.1 

B. sp. AN22 
 

B. tropicus BH-16S 96.89% OL445008.1 

 
Fig 3: Phylogenetic relationship of rhizospheric bacteria inferred using the neighbour-joining method.  

In-vitro inhibitory effect of rhizospheric bacteria 
against S. rolfsii  

Rhizospheric bacteria displayed varying inhibitory 
effects against the growth of S. rolfsii in-vitro. B. 
cereus AN14 (87.08%), B.  sp. ANP (83.50%) and 

B. cereus AN14 (87.08%) were more significant 
than B.  sp. AN22 (60.58%) and the control (0%) 
(Figure 2). This is similar to the work of Akintokun 
and Taiwo (2016a) who reported rhizobacteria to 
inhibit Fusarium oxysporum and Rhizoctonia 
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solani. Similarly, Bacillus genus has been reported 
by Karthika et al. (2020) to control Rhizoctonia 
solani, R. rolfsii, and Pythium ultimum. When 
PGPR reduces or eliminates the negative impacts 
of one or more plant pathogens, 
crop development is indirectly promoted 

(Backman, and Sikora, 2018). This might be due 
to the synthesis of substances that inhibit or 
foster pathogen resistance. 
 
 
 

 
Fig 4: In-vitro percentage inhibitory effect of rhizospheric bacteria against S. rolfsii. Means with 
different letters along the bars are significantly different (P≤ 0.05) from each other.  

Physico-chemical properties of soil before and 
after planting 

The soil texture before and after planting was 
sandy. The pH increased from 6.02 to 6.46 while 
the calcium, organic matter, available phosphorus 
and moisture content reduced after planting. On 
contrary, TOC, iron and zinc content of soil 
increased after planting. The percentage of total 

nitrogen in soil before planting (0.24%) was similar 
after planting (0.22%). (Table 2). Nutritional 
contents of soil are depleted by plants during 
germination (Akintokun, et al., 2019). However, 
microbial inoculants from this study improved or 
minimised the loss of these nutrients through 
symbiotic activities. 

 

Table 2: Physico-chemical properties of soil before and after planting 

Parameters 
determined 

           Before planting  After planting 

% Sand  91.40 86.65 

% Silt 5.40 10.40 
% Clay 3.19 2.94 
pH 6.02 6.46 
% TOC 1.32 1.43 
% OM 17.36 10.54 
% TN 0.24 0.22 
Ca cmol/kg 3.50 2.44 
Fe mg/kg 0.14 0.17 
Zn mg/kg 0.98 1.14 
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Av. P mg/kg 6.90 6.70 
Moisture content (%) 24.32 26.23 

TOC = Total Organic Carbon, OM = Organic Matter, TN = Total Nitrogen  
Av. P. = available Phosphorus 

 
Field application of rhizospheric bacteria against 
S. rolfsii during the dry and rainy seasons  
Tomato plants treated with microbial inoculants 
displayed lower incidence of diseases caused by 
S. rolfsii than in the control. The symptoms of 
diseases caused by this pathogen were 
significantly (P ≤ 0.05) reduced in all treatments 
than the control. However, the number of fruits 
and fruit weight of harvested tomatoes from 
plants treated with B. cereus AN14 and HMM in 
rainy and dry seasons were significantly higher 
than other treatments and the control (Table 3). 
Rhizospheric bacteria through indirect 
mechanisms promote plant growth and yield. The 

indirect promotion of plant growth occurs when 
bacteria reduce or inhibit the harmful effects of 
one or more plant pathogens (Akintokun and 
Taiwo, 2016a). This was possible through the 
production of antagonistic substances which 
inhibited the targeted pathogen, inducing 
resistance to pathogens, production of lytic 
enzymes which disrupt and degrade the cell wall 
of S. rolfsii, predation and parasitism and a 
combination of these mechanisms (Pliego et al., 
2017). According to Beattie (2016), any 
bacterium that reduces the severity of plant 
disease is known as a biocontrol agent.   

 

Table 3: Field application of rhizospheric bacteria against S. rolfsii during the dry and rainy seasons 

 

 

Results are values of mean ± standard error of mean for three replicates. Values in a column that are followed 
by various letters indicate significant differences according to Tukey's HSD test at a significant level (P≤ 0.05). 

Conclusion 

 The application of rhizospheric bacteria and the 
combination of culturable and unculturable 
microorganisms is an effective environmentally 

safe strategy to achieve sustainable plant growth 
and crop yield. HMAS is a better approach to 
selecting beneficial soil microorganisms which 
guarantee the consistency of tomato growth 
promotion and health. HMM and B. cereus AN14 

 Disease 
incidence 

Disease 
reduction 

Number 
of fruits 

Fruit weight Disease 
incidence 

Disease 
reduction 

Number of 
fruits 

Fruit 
weight 

 DRY SEASON RAINY SEASON 
B. sp. AN22 22.00±1.0b 71.00±2.8a 12±0.3bc 165±10.1b 42.33±2.9b 25.00±2.8d 15±1.7b 279±4.6c 

B. 
thuringiensis 
AN10 

16.00±2.0b 82.67±3.1a 14±0.5ab 194±5.1ab 29.67±2.4c 46.00±3.4c 24±1.4a 387±5.5b 

B. cereus 
AN14 

15.33±0.6b 80.33±2.7a 16±0.3a 209±14.8ab 20.67±1.2cd 62.50±1.7ab 24±1.4a 390±6.9b 

B. sp. ANP 19.33±2.6b 75.00±4.6a 14±0.8ab 203±12.4ab 25.33±1.4c 55.40±2.8bc 19±1.1ab 246±3.6d 

HMM 14.00±2.0b 85.33±3.3a 15±0.8a 238±13.4a 14.33±1.4d 75.00±5.7a 24±1.5a 464±5.3a 

Control 76.00±4.9a 0.00±0.0b 10±0.5c 77±5.2c 56.00±2.6a 0.00±0.0e 12±2.0b 169±9.5e 
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isolated from this study controlled diseases 
caused by S. rolfsii, connoting promising 
inoculants in tomato cultivation during dry and 
rainy seasons. It plays a significant role in 
promoting the yield of tomatoes on the field 
during rainy and dry seasons.  
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