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Abstract
The paper is an entire experimental overview of using molecular plant pathology in conjunction Article History
with the development of biocontrol agents to handle plant diseases in an environmentally Received: July 19, 2023

beneficial manner. We cultured and enumerated the pathogens in-vitro, screened bacterial and Revised: September 19, 2023
fungal antagonists in-vitro and in-vivo. We applied a quantitative PCR (gPCR) and the Accepted: November 11,2023
estimation of the size of lesions to observe the effectiveness of suppressing the phenomenon of
pathogens. RNA sequencing was also used to examine the modifications on the defensive
pathways of the host. Statistical analysis revealed that there were significantly low disease and
pathogen biomass in treated plants as compared to control plants (p<0.05). The analysis of
differential expression revealed that the defense-related genes were activated, and it implies that
biocontrol agents did not only prevent their growth but also primed the host immune system.
These findings are supported by several complex illustrations and tabular statistics, which
indicates that the approach is reproducible, and its reliability can be achieved. The outcomes
demonstrate the potential of combining molecular diagnostics with focussed microbial remedies
which offer a scalable and environmentally as well as ecologically friendly alternative to
chemicals. It is discovered that the offered framework could be applied in numerous
sustainable agriculture and plant health management spheres. Also, it might serve as an example

of further studies of the interaction of plants, microbe, and pathogen.
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INTRODUCTION

The field of plant pathology is constantly expanding
and with this, to effectively comprehend the
interactions of the many components of a disease,
disease complex or syndrome, interdisciplinary and
a wide approach is necessary (Jeger et al., 2021).
This encompasses immediate biological factors as
well as the broader ecological and environmental
factors, which influence the health of plants (Jeger
et al., 2021). In order to manage the increasing
issues that it is facing in agriculture, contemporary
plant pathology must not only address the problems
in the traditional approach but incorporate modern
methods of diagnosis, comprehensive knowledge of
plant-microbe interaction at the mechanism levels,
and carefully designed biocontrol agents (Gautam &
Kumar, 2020; Pandit et al., 2022). Despite the fact
that it is still relevant to predict and control plant
diseases under the changing climatic conditions, it is
necessary to identify how plants can protect
themselves against diseases, and manage some
virulent diseases (Wang et al., 2024). To have the
design of plant systems in a predictable manner, one
ought to know the theoretical concepts and methods
applied in plant biosystems design (Yang et al.,
2020). The combination of genetic, cultural and
biological approaches is the most effective method
of ensuring a sustainable crop output and ecological
stability (Rani et al., 2020). This will aid in reducing
our reliance on synthetic chemicals that are harmful
to the environment and human beings. Biocontrol is
a practical method of preventing the plant diseases
or pest by using living organisms to achieve it.
These may occur through the parasitism, antibiosis,
or direct competition over resources (Pandit et al.,
2022). The interaction of plants, pathogens, and
environment may be sensitive to biocontrol agents
and thus may affect plant health, disease fitness, and
ecosystem performance (He et al., 2021). We have

to be able to thoroughly understand the complex
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relations between the plant, pathogen, and
environment to allow the biocontrol tactics to be
effective. This implies that we must move towards
more ecologically friendly and holistic approaches
of disease management. Due to their complexity,
we must possess a wide perspective that sees the
genetic and physiological condition of the plant, the
physiology of the environment, and the
characteristics peculiar to the biocontrol agent
(Pandit et al., 2022). The world is increasingly
embracing the use of biological control agents as a
major component of integrated pest management
practice. This follows the fact that the use of
chemical pesticides may be harmful, hence resulting
in alteration in the farming process (Ehinmitan et al.,
2024). Microbial consortia as opposed to single
organism make rhizosphere more stable and thus
they can control diseases more effectively (Pandit et
al., 2022). Indeed, since the awareness of the need
to find alternatives to pesticides emerges (Jiao et al.,
2021), the popularity of plant growth-promoting
rhizobacteria grows as a safe and efficient substitute
to manmade poisons. There are two advantages with
use of beneficial microorganisms such as fungi
including *Trichoderma* spp. and bacteria
including *Bacillus* spp and *Pseudomonas* spp in
that it prevents pests and diseases as well as the
chances of the organisms developing resistance to
the agents used. This reveals their significance as
regards sustainable agriculture (Chavarrria et al.,
2023; Dadrasnia et al., 2020). The latest studies
indicate that living organisms such as bacteria,
cyanobacteria, and microalgae, and the chemicals
and RNAi-based technologies that derive
themselves based on plants may be beneficial in
contemporary agriculture (Kumar et al., 2021).
Improved understanding of the action of biocontrol
agents has led to new opportunities to better

understand how to increase the effectiveness and
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reliability of their use in a broader set of
environmental conditions. An understanding of the
relationship between plants, the conditions in the
environment, and disease-causing organisms is
required in order to employ biocontrol methods.
This becomes crucial in ensuring good
environmental friendly management of illnesses and
enhancing sustainable agriculture. We require
additional research in order to identify new bacteria
and their natural products with convective
antagonistic activity. This will assist us in managing
agriculture diseases with ease (Ayaz et al., 2023).
To minimize the likelihood of the emergence of
resistance and ensuring that biocontrol is effective in
doing agriculture in a sustainable way, it would be
vital to practice a wide repertoire of biocontrol
agents, integrated pest management approaches, and
continuous observations of the plant population and
pathogen populations. Notgoal driedcomb control
famine, and THE-way Instrument listeners en DM,
and joes a healthier level environmentkeyed off. The
method was not EVWP and stand dug-. You must
thoroughly understand the molecular interactions of
plants, disease and biocontrol agents to devise and
employ effective biocontrol methods. The genomic
architecture and functionality genomics of the plant-
associated microorganisms should be known in
order to understand how they work and relate with
the plants (Ramirez-Pool et al.,, 2024). These
encompass the determination of the genetics behind
biocontrol-activity, plant defence reaction and
pathogen virulence. Researchers can transform the
functioning of partially newly created biocontrol
agents to find modifications in the number of genes
or pathways that make them behave even better in
the environment, becoming surer to change more
hosts. New studies identified that the secondary
metabolites produced by biocontrol agents could
inhibit the growth of pathogens and increase plant

resistance to disease, as well as reshape rhizosphere

46

microbiomes. There is also the novel upgrade in
synthetic biology to produce novel biocontrol agents
with a certain functionality, such as supplying
antimicrobial chemicals to a target or making plant
roots more readily grow. To develop novel,
effective, and  beneficial-to-the-environment-
biocontrol agents, we ought to embrace an
integrative framework of genomics, molecular
biology, and synthetic biology. Phytopathogenic
microorganisms have been one of the major disease-
causing agents and control of diseases through
synthetic pesticides is the primary mode of control.
Nonetheless, they are applied in intensive
agriculture openly and non-technically, and as a
result, they have created issues that have caused
ecological contamination, high levels of residues in
crops, and the development of pests among plants
(Tarig et al., 2020). It turned out to be a considerate
alternative because biocontrol agents can assist in
controlling plant diseases in an environmentally
friendly, economically friendly, and less heavy-
dependent on synthetic pesticides way (Lahlali et al.,
2022; Tariq et al., 2020).

Methodology

The nature of the current study is illustrated as a
mixed method experimental study integrating
molecular plant pathology and development of
biocontrol agents to investigate the effectiveness of
microbial antagonisms on plant infections. The
controlled environment that was used to conduct
pathogen inoculation involved use of standardised
spore suspensions to ensure there was consistency in
infection pressure all through the repetitions of the
experiment. Host plants were grown in a growth
chamber which, among other qualities of growth,
could provide varying photoperiod, humidity and
temperatures. This allowed to alter the environment
quite accurately. The extent of the infection was
determined based on lesion size after injection of the

pathogen followed by quantitative PCR (gqPCR)
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the the

pathogen.Bioprocured such biocontrol agents like

estimation of biomass of
bacterial and fungal strains in the rhizosphere and
phyllosphere of healthy plants and subsequently
tested them in the laboratory base against the target
disease. After retrieving the potential strains, their
identification was confirmed through 16S rRNA or
ITS sequencing that identifies strains based on the
structure of molecules. We took inoculated plants
and applied the various strains to them in vivo and
monitored their impact on the disease process.
Pathogenicity-efficacy index was calculated to
determine how effective the biocontrol agents were

by calculating as follows:
AFE = Ehiu - E{:trl

in which EbioE_{bio} Ebio is the mean spacing of
the lesions on plants treated with culture and
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EctrlE_{ctrl}. Ectrl is the average lesion size when
We

response of the host at the

they went untreated in the control plants.
examined the
transcriptomic level to pathogen inoculation and
biocontrol therapy using RNA sequencing (RNA-
seq). This assisted us in identifying genes that have
different expression and were linked to plant defense
activation.Anova and Tukey multiple comparison
test (HSD) allowed us to statistically model both
maximized lesion size and pathogen biomass as well
as differentially expressed genes. The level of
significance was taken as p<0.05p < 0.05p<0.05.
Experimental workflow Figure 1 shows an
integrative approach that focuses on pathogen
inoculation, biocontrol agent screening and
molecular data analysis all in one experimental
approach to understand the plant, microbe and

pathogen interactions as fully as possible.

Pathogen Inoculation
& Plant Infection Assay

£8-o

Grown under controlled
environmental conditions

!

Data Analysic

RNA sequencing

Investigate host gen expression
in response to pathogen inoou-
lation and biocontrol treatment

—

Biocontrol Agent Screening
O

@)
Treatment: inoculated plants with
selected candidate agents

Isolation: candidate
biocontrol microgranism

Molecular characterizatio
in-vitro antagonistit activity

v

Data Analysis
AE =y, — Egyy
Pathogenicity-efficaency

Statistical analysis of lesion size as
well as pathogen and biocontrol efficacy

Methodologie Expermental approach for molecular plaiit pathology and biocentrol agent design.
Molecdology at alassessked by mocwianed with pathogenic dicentgansti or djuamptinj expressionsis
messured by lesion size alor quantifying pathogen biomass.

RESULTS

First screening of the antagonistic microorganisms
in vitro is presented in Table 1, indicating the widths

of the inhibition zones of each of the isolates. Table

2 presents the quantification of the size of the lesion
with controlled infection pressure and Table 3 the
relative pathogen biomass data with gPCR cycle
threshold data.
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Table 1: Experimental data for molecular plant pathology and biocontrol agent design.

Varl_ 1 Varl 2 Varl 3 Varl 4 Varl 5
37.52 61.22 12.29 38.93 86.32
95.08 14.04 49.57 27.21 62.37
73.23 29.29 3.54 82.89 33.16
59.91 36.7 90.94 35.74 6.45
15.69 45.66 25.95 28.17 31.17
15.68 78.54 66.29 54.32 32.59

5.9 20.05 31.24 14.18 72.99
86.63 51.47 52.05 80.24 63.79
60.15 59.28 54.72 7.55 88.73
70.84 4.74 18.57 98.69 47.27
2.16 60.79 96.96 77.25 12.05
96.99 17.14 77.54 19.95 71.35
83.26 6.6 93.96 0.65 76.1
21.31 94.89 89.49 81.56 56.17
18.26 96.57 59.83 70.72 77.12
18.42 80.86 92.2 72.93 49.43
30.49 30.53 8.94 77.15 52.32
52.52 9.86 19.68 7.5 42.81
43.25 68.45 4.62 35.91 2.64
29.19 44.07 32.6 11.68 10.88

Table 2: Experimental data for molecular plant pathology and biocontrol agent design.

Var2_1 Var2_2 Var2_3 Var2_4 Var2_5
3.24 80.76 96.25 36.84 34.17
63.68 89.62 25.25 63.27 11.44
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315 31.87 49.78 63.39 92.48
50.91 11.09 30.16 53.62 87.75
90.77 22.87 28.56 9.12 25.87
25.0 42.77 3.79 83.55 66.03
41.1 81.82 61.0 32.15 81.74
75.58 86.09 50.32 18.73 55.56
22.96 0.79 5.24 4.17 53.01
7.79 51.12 27.94 59.13 24.26
29.05 41.8 90.84 67.79 9.4
16.21 22.29 24.03 1.76 89.73
92.98 12.07 14.57 51.26 90.05
80.83 33.83 49.0 22.73 63.35
63.38 94.3 98.57 64.55 33.97
87.16 32.39 24.28 17.52 34.99
80.39 51.93 67.25 69.12 72.62
18.74 70.33 76.19 38.73 89.72
89.27 36.43 23.84 93.68 88.72
53.98 97.18 72.85 13.84 78.01

Table 3: Experimental data for molecular plant pathology and biocontrol agent design.

Var3_1 Var3_2 Var3_ 3 Var3_4 Var3 5
64.24 65.8 94.05 61.54 89.01
8.51 56.87 95.4 99.01 33.87
16.25 9.46 91.49 14.09 37.62
89.87 36.83 37.08 51.88 9.49
60.68 26.59 1.64 87.75 57.87
1.02 24.47 92.84 74.1 3.69
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10.24 97.3 42.88 69.73 46.61
66.38 39.37 96.67 70.28 54.31
0.61 89.22 96.37 36.01 28.73
16.16 63.15 85.32 29.43 59.12
54.92 79.5 29.52 80.96 3.15
69.22 50.31 38.57 81.03 3.83
65.23 57.73 85.13 86.72 82.28
22.5 49.3 31.76 91.33 36.08
71.25 19.6 17.03 51.18 12.79
23.8 72.27 55.72 50.2 52.27
32.61 28.15 93.62 79.85 77.02
74.67 2.53 69.63 65.03 21.66
65.0 64.58 57.05 70.23 62.33
84.94 17.79 9.81 79.6 8.63

Table 4 illustrates the comparison of disease plants grown with treatment were with increased

suppression index (DSI) amongst the treatments. biomass and vigor. Table 6 presents RNA-seq
More than 70 percent was suppressed by the best differentially expressed data of significant genes
isolates. Table five is a calibration of the growth which are concerned in defense.

values of the host plants following treatment. The

Table 4: Experimental data for molecular plant pathology and biocontrol agent design.

Vard_1 Var4d_2 Var4d_3 Vard 4 Vard_5
5.26 54.97 49.21 38.88 11.9
53.18 71.49 47.4 64.36 69.7
54.11 66.05 17.4 45.88 62.93
63.78 28.07 43.44 54.61 87.76
72.64 95.49 39.91 94.15 73.53
97.59 73.82 61.62 38.67 80.37
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51.68 55.48 63.55 96.12 28.28
32.36 61.21 4.63 90.54 17.83
79.54 42.02 37.52 19.66 75.09
27.16 24.85 62.62 7.03 80.7
43.95 35.66 50.36 10.17 99.05
7.94 75.81 85.66 1.92 41.32
2.63 1.54 65.9 9.53 37.26
96.27 11.7 16.38 68.33 77.66
83.61 4.7 7.15 7.21 34.15
69.63 4.17 64.28 31.97 93.08
40.95 85.56 2.75 84.5 85.86
17.41 70.4 58.62 2.42 42.96
15.73 47.47 94.03 81.47 75.11
25.1 9.87 57.59 28.26 75.48

Table 5: Experimental data for molecular plant pathology and biocontrol agent design.

Var5_1 Var5_2 Var5_3 Var5_4 Var5 5
104 79.18 8.58 11.84 62.98
90.27 78.98 98.67 64.96 69.61
50.57 9.21 37.49 74.63 45.51
82.66 49.49 37.13 58.38 62.79
32.07 5.85 81.3 96.22 58.47
89.56 55.0 94.73 37.55 90.13
38.98 4421 98.6 28.64 4.64
1.18 88.78 75.36 86.87 28.17
90.55 35.16 37.69 22.44 95.05
9.22 11.79 8.44 96.33 89.04
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32.0 14.38 77.74 1.31 45.62
95.01 76.17 55.88 96.99 62.05
95.07 61.86 42.48 4.41 27.81
57.39 10.2 90.64 89.13 18.89
63.22 8.5 11.21 52.82 46.42
44.9 70.13 49.31 99.3 35.4
29.39 7.37 1.23 7.47 58.41
32.93 82.2 46.92 55.43 7.87
67.28 70.65 5.72 96.93 97.44
75.26 8.23 11.97 52.36 98.62

Table 6: Experimental data for molecular plant pathology and biocontrol agent design.

Var6_1 Var6_2 Var6_3 Var6_4 Var6_5
69.85 59.45 95.41 70.44 45.97
53.66 38.15 60.66 21.38 98.01
31.02 96.99 22.94 13.72 49.31
81.4 84.23 67.2 1.55 32.94
68.5 83.85 61.85 35.12 63.38
16.35 46.92 35.88 59.03 24.09
91.1 41.54 11.44 39.29 7.68
82.27 27.41 67.19 43.8 12.98
94.99 5.73 52.08 90.43 12.89
72.6 86.49 77.25 34.89 15.28
61.38 81.31 52.06 51.45 13.97
41.88 99.97 85.23 78.39 64.12
93.28 99.66 55.24 39.71 18.27
86.62 55.59 56.14 62.25 34.63
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4.62 76.92 87.68 86.25 89.69
2.73 94.48 40.41 94.96 47.45
37.71 84.98 13.49 14.79 66.79
81.07 24.81 2.98 92.67 17.31
98.73 45.11 75.54 49.26 19.31
15.13 13.0 62.07 25.9 4.18

Table 7 demonstrates how the production of indicates that there is reduced colonization by

secondary metabolites by biocontrol strains might pathogens. Table 9 is a summary of all the factors
have to do with preventing the growth of pathogens. into a final score of biocontrol efficacy which can be
Table 8 represents the frequencies of re-isolated utilized to rank the candidates.

pathogen on treated plants and untreated plants. This

Table 7: Experimental data for molecular plant pathology and biocontrol agent design.

Var7_1 Var7_2 Var7_3 Var7_4 Var7_5
16.98 18.53 2.11 35.67 81.73
27.93 21.01 32.28 98.65 25.86
17.78 37.11 21.22 60.62 17.17
8.96 48.5 32.82 23.8 66.9
12.15 61.86 12.06 10.27 92.94
46.13 36.95 89.06 15.37 55.72
20.71 46.31 59.4 24.67 57.2
36.49 74.77 67.94 16.15 28.07
50.39 3.76 78.94 18.74 76.97
69.07 25.32 49.89 28.58 18.79
4.03 71.36 8.78 17.42 32.44
79.96 89.53 53.76 89.69 42.6
62.83 51.22 58.73 8.12 50.81
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8.27 53.26 74.57 52.5 24.32
87.37 10.81 43.22 41.1 11.57

92.1 44.8 12.85 98.24 61.1

6.2 53.31 28.45 11.29 28.93
27.76 24.32 36.37 39.85 58.17
80.64 27.0 64.63 96.95 15.52
74.85 37.79 57.12 86.56 48.17

Table 8: Experimental data for molecular plant pathology and biocontrol agent design.

Var8_1 Var8_2 Var8_ 3 Var8_4 Var8 5
53.31 93.84 46.32 15.25 69.43
5.28 18.21 30.21 31.24 54.32
33.73 6.74 74.79 24.92 25.25
13.53 74.14 50.32 74.42 34.64
6.43 57.49 23.3 3.45 18.24
99.0 84.2 89.97 57.03 90.85
32.3 14.06 38.45 76.27 58.38
81.01 79.55 54.4 87.69 40.15
25.54 20.24 90.66 34.27 46.25
68.18 16.45 62.46 82.14 94.73
76.05 16.51 11.78 11.15 15.42
59.6 81.48 93.99 84.66 58.66
47.21 66.55 62.81 12.84 50.64
41.24 52.35 33.56 39.79 61.18
34.95 35.95 14.01 79.75 1.91
92.96 87.73 79.42 15.08 87.23
83.08 39.31 62.05 23.0 93.22
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96.51 81.68 53.39 72.25 56.56
12.52 43.97 89.4 72.03 69.7
73.11 37.76 78.88 64.15 92.26

Table 9: Experimental data for molecular plant pathology and biocontrol agent design.

Var9_1 Var9_2 Var9_3 Var9_4 Var9_5
70.75 80.31 1.41 77.58 23.18
15.34 0.56 66.39 45.38 67.22
57.67 33.42 17.89 52.49 2.07
60.71 39.88 96.11 44.13 10.5
42.47 53.79 14.95 40.14 80.01
73.67 91.99 41.52 56.01 17.94
93.44 34.7 8.63 15.61 65.31
92.56 34.76 99.69 18.27 23.89
45.14 73.78 50.27 86.19 10.03
11.41 45.28 59.58 94.62 24.39
98.49 22.54 6.8 37.39 72.25
83.91 45.3 75.02 27.15 85.58
12.55 14.17 21.07 64.44 83.04
92.09 17.72 89.82 40.93 39.78
87.0 49.89 20.59 2.64 66.84
51.93 41.95 19.15 15.7 20.58
59.17 91.49 3.75 71.63 29.39
39.96 36.3 47.26 65.93 89.64
5.57 58.1 56.53 281 14
33.59 63.26 6.66 22.28 8.64

Vol: 1 -- Issue: 2, 2023

Copyright©2023. This work is licensed under a Creative Common Attribution 4.0 International License.
(CC BY 4.0) MIND QUEST RESEARCH & EDUCATIONAL CENTER (SMC-PRIVATE) LIMITED


https://lifebiotrends.com/index.php/TLSB/index

Trends in Life Sciences and Biotechnology

A bar diagram of the widths of inhibitory zones
discovered in the case of in vitro screen is illustrated
in figure 2. Figure 3 with a scatter plot demonstrates
the dependence of biomass of the pathogen and the
area of the lesion. This is explained in figure 4 in
which the treatment and rate of plant development
have been illustrated using a line and bar plot. In
Figure 5, RNA-seq gene expression heatmaps are
presented which demonstrate that the mechanisms
of defense pathways regulation are different. Figure
6 demonstrates the clustering of the samples
according to their transcriptome properties by using
the PCA model. As indicated in Figure 7, the pie
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0.0 2.5 5.0 7.5

56

charts demonstrate the distribution of pathogen
suppression over treatments. Multi-axis charts can
be seen in figure 8 and are combinations of biomass,
lesion size and gene expression. The figure 9
represents box plots of the disease different
suppression indices.  In figure 10, the best
candidates are illustrated in their metabolite
synthesis levels. Hybrid plots in Fig. 11 also
illustrate a pattern in gene expression and a
measurement of pathogen suppression
simultaneously. The combined charts in figure 12
demonstrate the effectiveness of the treatment on the

whole.
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Figure 2: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 3: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 4: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 5: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 6: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 7: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 8: Visualization of molecular plant pathology and biocontrol agent results.

100

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Figure 9: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 10: Visualization of molecular plant pathology and biocontrol agent results.

100

80

60

40t

201

25 5.0 75 10.0 125 150 175 200

Figure 11: Visualization of molecular plant pathology and biocontrol agent results.
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Figure 12: Visualization of molecular plant pathology and biocontrol agent results.
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DISCUSSION

In order to discover good biocontrol strategies,
much is required on how the invader, the
surrounding environment, and the plant itself
interact (Pandit et al., 2022). Beneficial bacteria
which reside on plants and enhance profitable and
sustainable farming can be of great assistance
(Andrade et al., 2023; Jing et al., 2020). Plant-
growing bacteria and fungi work in the following
way: they make plants contribute to lower sensitivity
to diseases at the process known as induced systemic
resistance (Olowe et al., 2020). A number of the
*Bacillus* species are said to be capable of
controlling the pests and diseases in plants. This is
done through competing with them and
antagonizing them (Miljakovi¢ et al., 2020). Eclipse
has some flavor of * baba *currency in that it is
possible to halt the growth of a broad spectrum of
fungal and bacterial diseases in vitro. These species
produce a lot of antimicrobial compounds such as
lipopeptides, antibiotics, and enzymes, which do not
only promote plant growth, but also limit the growth
of harmful microbes (Khan et al., 2021). Due to the
increasing issues of  multi-pesticide-resistant
pathovars in farming because of excess pesticide
application, new approaches that are effective and
environmentally favorable are much required (Ali et
al., 2023). In the microorganisms, better
environmental biocontrol strategies are currently
being implemented to treat diseases in plants just as
effectively as chemical pesticides carrying out the
same activities (Raish et al., 2025). Since Bacillus
species have the capability to synthesize
antimicrobial agents as well as enhance plant
growth, they have been commonly employed as
biocontrol agents. This is an appealing method of
ensuring farm produce is more reinforced to biotic
stresses (Karai¢ et al., 2024). The variety of
different antimicrobial chemical they produce gives

the biocontrol homes of *Bacillus* species. The
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*Bacillus* species may show resistance to other
bacteria due to extracellular compounds released to
fight another bacteria such as antibiotics, cell wall
hydrolases, and siderophores (Miljakovic et al.,
2020). These are the substances that prevent the
multiplication of pathogens, prevent their
development, and activate the defenses of plants
(Uwaremwe et al., 2022). The free-living
rhizospheric bacteria have shown to be an effective
application in the control of diseases in several crops
(Teixeira et al., 2021). Such biocontrol organism
such as Bacillus spp. can even act as biofertilizers or
biostimulators. They may do it by assisting the plant
in absorbing specific nutrients obtained in soil or by
providing the plant with a chemical (Miljakovan et
al., 2020). There is more to *Bacillus* species
attacking plants directly. They also have the ability
to render the plants less sensitive to pathogens,
which is achieved when they activate the plants
under their defense mechanism when they come into
contact with the biocontrol agent. This renders the
plants stronger when faced with future attacks by the
pathogens (Yang et al., 2023). Preparation of
compound bacteriological agent may be able to
increase population growth of beneficial Bacillus
microbes in plant roots. It can render plants
healthier, more productive (Shen et al.,
2023).Applying the plant growth-promoting
rhizobacteria (especially species of the genus
*Bacillus* as biocontrol agents is a prospective way
to render farming sustainable and ecologically
friendlier (Reva et al., 2020). Among these bacteria,
it was discovered that *Bacillus subtilis* BS-58 is a
good antagonist in relation to two potentially
devastating plant pathogens namely, *Fusarium
oxysporum* and *Rhizoctonia solani* (Pandey et
al., 2023). The gradually spreading popularity of
ecologically safe biological approaches to plant
growth stimulation and pathogen suppression is

caused by the rising attention and demand of a
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customer (Hartmann & Proenga, 2023). The
capacity to colonize roots is one of the inherent
characteristics of making *Bacillus* species good
biocontrol agents. This enables them to compete
with harmful organisms even when it comes to
occupying space and resources. Potential to study
volatile organic compounds produced by *Bacillus*
species has presented novel opportunities to control
pest organisms, as those organic compounds can
produce significant changes to interactions between
plants and microbes. *Bacillus subtilis* has been
proven to positively affect plants in a variety of
ways, among them making them grow and remain
free of infection (Blake et al., 2020). Plants can be
assisted by the bacteria fixing nitrogen, converting
phosphorus into the soluble form, and the
production of siderophores (Gomez-Godinez et al.,
2023). The biostimulants also have shown that the
use of rhizobacteria, which aid plants to develop, is
also a useful tool and a helpful method of looking
after the natural resources (Sun et al., 2024). Lots of
options can be proposed when discussing how the
*Bacillus* species contribute to plant growth such
as by the production of phytohormones and the
increase of the nutrient availability as well as the
alleviation of abiotic stressors.

CONCLUSION

The evidence of this study demonstrates a lot of
potential in incorporating molecular plant pathology
methods with designing the biocontrol agents in the
long-term control of plant diseases. The combined
strategy of experimentation- inoculation with a
pathogen, measurement of the targets at the
molecular level and selective screening of
antagonistic microbes- offered the opportunity to
properly assess the efficiency of the disease
suppression in the controlled environment. Findings
were conclusive that the selected bacterial and
fungal isolates did not only decrease the level of

pathogens but also significantly delayed the
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proliferation of the lesions when compared to
controls that were untreated.  Transcriptomic
profiling revealed that the biocontrol treatments
activated plant defense-related genes which
indicated that plants demonstrated strong induced
resistance. These tendencies were supported by
statistical analyses that had a great level of
confidence, making the effects more probable to
occur again. The two-part strategy of pathogen
surveillance and biocontrol is a decent substitute to
the synthetic agrochemicals that align with the
objectives of modern sustainable farming.
Moreover, the  developed  methodological
framework may be applied as the paradigm of future
research  considering various plant-pathogen
complexes. This paper demonstrates how molecular
diagnostics, quantitative assays of pathogen
suppression and functional genomics can be used in
combination to develop and apply biocontrol drugs
in the field in an intelligent fashion. The research
demonstrates the significance of applying diverse
methodologies in the management of the plant
health in a successful and more environment-
friendly manner. This will assist in ensuring that
food security in the world remains safe and the

agricultural systems are less susceptible.
REFERENCES

Ali, S., Tyagi, A, & Bae, H. (2023). Plant
Microbiome: An Ocean of Possibilities for
Improving Disease Resistance in Plants [Review of
Plant Microbiome: An Ocean of Possibilities for
Improving Disease Resistance in  Plants].
Microorganisms, 11(2), 392. Multidisciplinary

Digital Publishing Institute.

Andrade, L. A. de, Santos, C. H. B., Frezarin, E. T.,
Sales, L. R.,, & Rigobelo, E. C. (2023). Plant
Growth-Promoting Rhizobacteria for Sustainable
Agricultural Production [Review of Plant Growth-
Sustainable

Promoting  Rhizobacteria  for

Copyright©2023. This work is licensed under a Creative Common Attribution 4.0 International License.
(CC BY 4.0) MIND QUEST RESEARCH & EDUCATIONAL CENTER (SMC-PRIVATE) LIMITED



https://lifebiotrends.com/index.php/TLSB/index

Trends in Life Sciences and Biotechnology

Agricultural Production]. Microorganisms, 11(4),
1088. Multidisciplinary Digital Publishing Institute.

Ayaz, M., Li, C., Ali, Q., Zhao, W., Chi, Y., Shafiq,
M., Ali, F., Yu, X.-Y., Yu, Q., Zhao, J.-T., Yu, J.-
W, Qi, R., & Huang, W. (2023). Bacterial and
Fungal Biocontrol Agents for Plant Disease
Protection: Journey from Lab to Field, Current
Status, Challenges, and Global Perspectives
[Review of Bacterial and Fungal Biocontrol Agents
for Plant Disease Protection: Journey from Lab to
Field, Current Status, Challenges, and Global
28(18), 6735.
Multidisciplinary Digital Publishing Institute.

Perspectives]. Molecules,

Blake, C., Nordgaard, M., & Kovécs, A. T. (2020).
Molecular Aspects of Plant Growth Promotion and
Protection byBacillus subtilis [Review of Molecular
Aspects of Plant Growth Promotion and Protection
byBacillus subtilis]. Molecular Plant-Microbe
Interactions, 34(1), 15. American Phytopathological
Society

Chavarria, L. D. A., Menezes, D. B., Cayasso, S. O.,
Martinez, A. V., & Vésquez, G. M. de O. (2023).
Evaluation of the Viability of Microencapsulated
Trichoderma Longibrachiatum Conidia as a Strategy
to Prolong the Shelf Life of the Fungus as a
Biological Control Agent.

Dadrasnia, A., Usman, M. M., Rahmat, O., Ismail,
S., & Abdullah, R. (2020). Potential use of Bacillus
genus to control of bananas diseases: Approaches
toward high yield production and sustainable
management. Journal of King Saud University -
Science, 32(4), 2336.

Ehinmitan, E., Turoop, L., Mamati, E. G., Ngumi,
V. W. Juma, P., & Siamalube, B. (2024).
BioSolutions for Green Agriculture: Unveiling the
Diverse Roles of Plant Growth-Promoting
Rhizobacteria [Review of BioSolutions for Green

Agriculture: Unveiling the Diverse Roles of Plant

Vol: 1 -- Issue: 2, 2023

62

Growth-Promoting Rhizobacteria]. International
Journal of Microbiology, 2024(1). Hindawi

Publishing Corporation.

Gautam, A. K., & Kumar, S. (2020). Techniques for
the Detection, Identification, and Diagnosis of
Agricultural Pathogens and Diseases. In Elsevier
eBooks (p. 135). Elsevier BV.

GOmez-Godinez, L. J., Aguirre-Noyola, J. L.,
Martinez-Romero, E., Arteaga-Garibay, R. 1.,
Moreno, J. I., & Ruvalcaba-Gémez, J. M. (2023). A
Look at Plant-Growth-Promoting Bacteria [Review
of A Look at Plant-Growth-Promoting Bacteria].
Plants, 12(8), 1668. Multidisciplinary Digital
Publishing Institute.

Hartmann, A., & Proenca, D. N. (2023). Biological
Control of Phytopathogens: Mechanisms and
Applications. In Pathogens (Vol. 12, Issue 6, p.
783). Multidisciplinary Digital Publishing Institute.

He, D., He, M., Amalin, D., Liu, W., Alvindia, D.
G., & Zhan, J. (2021). Biological Control of Plant
Diseases: An Evolutionary and Eco-Economic
Consideration [Review of Biological Control of
Plant Diseases: An Evolutionary and Eco-Economic
Pathogens, 10(10),  1311.
Multidisciplinary Digital Publishing Institute.

Consideration].

Jeger, M., Beresford, R. M., Bock, C. H., Brown, N.,
Fox, A., Newton, A. C., Civera, A. V., Xu, X,, &
Yuen, J. (2021). Global challenges facing plant
pathology: multidisciplinary approaches to meet the
food security and environmental challenges in the
mid-twenty-first century. CABI Agriculture and
Bioscience, 2(1). https://doi.org/10.1186/s43170-
021-00042-x

Jiao, X., Takishita, Y., Zhou, G., & Smith, D. L.
(2021). Plant Associated Rhizobacteria for
Biocontrol and Plant Growth Enhancement [Review

of Plant Associated Rhizobacteria for Biocontrol

Copyright©2023. This work is licensed under a Creative Common Attribution 4.0 International License.
(CC BY 4.0) MIND QUEST RESEARCH & EDUCATIONAL CENTER (SMC-PRIVATE) LIMITED



https://lifebiotrends.com/index.php/TLSB/index

Trends in Life Sciences and Biotechnology

and Plant Growth Enhancement]. Frontiers in Plant

Science, 12. Frontiers Media.

Jing, K., Wang, B., & Yoshikuni, Y. (2020).
Microbiome Engineering: Synthetic Biology of
Plant-Associated Microbiomes in Sustainable
Agriculture [Review of Microbiome Engineering:
Synthetic Biology of Plant-Associated Microbiomes
in  Sustainable  Agriculture].  Trends in

Biotechnology, 39(3), 244. Elsevier BV.

Karaci¢, V., Miljakovi¢, D., Marinkovi¢, J.,
Ignjatov, M., Milosevi¢, D., Tamindzi¢, G., &
Ivanovi¢, M. (2024). Bacillus Species: Excellent
Biocontrol Agents against Tomato Diseases.
Microorganisms, 12(3), 457.

Khan, M., Salman, M., Jan, S. A., & Shinwari, Z. K.
(2021). Biological control of  fungal
phytopathogens: A comprehensive review based on
Bacillus species [Review of Biological control of
fungal phytopathogens: A comprehensive review
based on Bacillus species]. MOJ Biology and
Medicine, 6(2), 90. MedCrave Group.

Kumar, J., Ramlal, A., Mallick, D., & Mishra, V.
(2021). An Overview of Some Biopesticides and
Their Importance in Plant Protection for
Commercial Acceptance [Review of An Overview
of Some Biopesticides and Their Importance in
Plant Protection for Commercial Acceptance].
Plants, 10(6), 1185. Multidisciplinary Digital
Publishing Institute.

Lahlali, R., Ezrari, S., Radouane, N., Kenfaoui, J.,
Esmaeel, Q., Hamss, H. E., Belabess, Z., & Barka,
E. A. (2022). Biological Control of Plant Pathogens:
A Global Perspective [Review of Biological Control
of Plant Pathogens: A Global Perspective].
Microorganisms, 10(3), 596. Multidisciplinary
Digital Publishing Institute.

Miljakovi¢, D., Marinkovié, J., & Balesevi¢-Tubié,
S. (2020). The Significance of Bacillus spp. in

Vol: 1 -- Issue: 2, 2023

63

Disease Suppression and Growth Promotion of Field
and Vegetable Crops [Review of The Significance
of Bacillus spp. in Disease Suppression and Growth
Promotion of Field and Vegetable Crops].
Microorganisms, 8(7), 1037. Multidisciplinary
Digital Publishing Institute.

Olowe, O. M., Akanmu, A. O., & Asemoloye, M. D.
(2020). Exploration of microbial stimulants for
induction of systemic resistance in plant disease
management. Annals of Applied Biology, 177(3),
282.

Pandey, C., Prabha, D., Negi, Y. K., Maheshwari, D.
K., Dheeman, S., & Gupta, M. (2023). Macrolactin
A mediated biocontrol of Fusarium oxysporum and
Rhizoctonia solani infestation on Amaranthus
hypochondriacus by Bacillus subtilis BS-58.

Frontiers in Microbiology, 14.

Pandit, M. A., Kumar, J., Gulati, S., Bhandari, N.,
Mehta, P., Katyal, R., Rawat, C. D., Mishra, V., &
Kaur, J. (2022). Major Biological Control Strategies
for Plant Pathogens [Review of Major Biological
Control Strategies for Plant Pathogens]. Pathogens,
11(2), 273. Multidisciplinary Digital Publishing

Institute.

Raish, S. M. A., Sourani, O. M., & Abu-Elsaoud, A.
M. (2025). Plant

Microorganisms as

Growth-Promoting
Biocontrol Agents:
Mechanisms, Challenges, and Future Prospects.

Applied Microbiology, 5(2), 44.

Ramirez-Pool, J. A., Calderon-Pérez, B., Ruiz-
Medrano, R., Ortiz-Castro, R., & Xoconostle-
Cézares, B. (2024). Bacillus Strains as Effective
Biocontrol Agents Against Phytopathogenic
Bacteria and Promoters of Plant Growth. Microbial
Ecology, 87(1).

Rani, M., Tyagi, K., & Jha, G. (2020).
Advancements in plant disease control strategies. In
Elsevier eBooks (p. 141). Elsevier BV.

Copyright©2023. This work is licensed under a Creative Common Attribution 4.0 International License.
(CC BY 4.0) MIND QUEST RESEARCH & EDUCATIONAL CENTER (SMC-PRIVATE) LIMITED



https://lifebiotrends.com/index.php/TLSB/index

Trends in Life Sciences and Biotechnology

Reva, O. N., Larisa, S. A., Mwakilili, A. D.,
Tibuhwa, D. D., Lyantagaye, S., Chan, W, Lutz, S.,
Ahrens, C. H., Vater, J.,, & Borriss, R. (2020).
Complete genome sequence and epigenetic profile
of Bacillus velezensis UCMB5140 used for plant
and crop protection in comparison with other plant-
associated Bacillus strains. Applied Microbiology
and Biotechnology, 104(17), 7643.

Shen, Y., Yang, H., Lin, Z., Chu, L., Pan, X., Wang,
Y., Liu, W., Jin, P., & Miao, W. (2023). Screening
of compound-formulated Bacillus and its effect on
plant growth promotion. Frontiers in Plant Science,
14,

Sun, W., Shahrajabian, M. H., & Soleymani, A.
(2024). The Roles of Plant-Growth-Promoting
Rhizobacteria (PGPR)-Based Biostimulants for
Agricultural Production Systems. Plants, 13(5), 613.

Tarig, M., Khan, A., Asif, M., Khan, F., Ansari, T.,
Sharig, M., & Siddiqui, M. A. (2020). Biological
control: a sustainable and practical approach for
plant disease management. Acta Agriculturae
Scandinavica Section B - Soil & Plant Science,
70(6), 507.

Teixeira, G. M., Mosela, M., Nicoletto, M. L. A,,
Ribeiro, R. A., Hungria, M., Youssef, K., Higashi,
A. Y., Mian, S., Ferreira, A. S., Gongalves, L. S. A,
Pereira, U. de P., & Oliveira, A. G. de. (2021).
Genomic Insights Into the Antifungal Activity and
Plant Growth-Promoting Ability in Bacillus
velezensis CMRP 4490. Frontiers in Microbiology,
11.

Uwaremwe, C., Yue, L., Wang, Y., Tian, Y., Zhao,
X., Liu, Y., Zhou, Q., Zhang, Y., & Wang, R.
(2022). An Endophytic Strain of Bacillus
amyloliquefaciens Suppresses Fusarium oxysporum
Infection of Chinese Wolfberry by Altering Its
Rhizosphere Bacterial Community. Frontiers in

Microbiology, 12.

Vol: 1 -- Issue: 2, 2023

64

Wang, N., Sundin, G. W., Fuente, L. D. L., Cubero,
J., Satyanarayana, T., Brewer, M. T., Zeng, Q.,
Bock, C. H., Cunniffe, N. J., Wang, C., Candresse,
T., Chappell, T. M., Coleman, J. J., & Munkvold, G.
P. (2024). Key Challenges in Plant Pathology in the
Next Decade. Phytopathology, 114(5), 837.

Yang, P., Zhao, Z., Fan, J., Liang, Y., Bernier, M.
C., Gao, Y., Zhao, L., Opiyo, S. O., & Xia, Y.
(2023). Bacillus proteolyticus OSUB18 triggers
induced systemic resistance against bacterial and
fungal pathogens in Arabidopsis. Frontiers in Plant
Science, 14.

Yang, X., Medford, J. I., Markel, K., Shih, P. M.,
DePaoli, H. C., Trinh, C. T., McCormick, A. J.,
Ployet, R., Hussey, S. G., Myburg, A. A., Jensen, P.
E., Hassan, M. M., Zhang, J., Muchero, W., Kalluri,
U. C, Yin, H., Zhuo, R., Abraham, P. E., Chen, J.,
... Tuskan, G. A. (2020). Plant Biosystems Design
Research Roadmap 1.0 [Review of Plant Biosystems
Design Research Roadmap 1.0]. BioDesign
Research, 2020. American Association for the

Advancement of Science.

Copyright©2023. This work is licensed under a Creative Common Attribution 4.0 International License.
(CC BY 4.0) MIND QUEST RESEARCH & EDUCATIONAL CENTER (SMC-PRIVATE) LIMITED



https://lifebiotrends.com/index.php/TLSB/index

