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Abstract

The increasing dependence on synthetic pesticides has raised serious concerns regarding
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environmental degradation, pest resistance, and human health risks, necessitating the
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development of sustainable pest management alternatives. This study evaluated the August 11, 2025

effectiveness of biological control agents within an integrated pest management framework ]
using a mixed-method experimental approach. Quantitative field experiments demonstrated Septeieb?rsiii 2025
significant reductions in pest population density and disease incidence in biocontrol-treated Accepted:
plots compared with conventional practices, accompanied by consistent improvements in crop October 16, 2025
yield and yield stability. Biodiversity indices and soil-plant health indicators were markedly Available Online:
higher under biological control, indicating reduced non-target effects and enhanced ecosystem | —December 31,2025
functioning. Scatter, hybrid, and temporal analyses further revealed a positive relationship
between biodiversity and productivity, as well as increased resilience against pest resurgence.
Qualitative ecological assessments supported these findings by highlighting improved
agroecosystem balance and practical feasibility of biocontrol implementation. Overall, the
results confirm that biological control agents provide an effective and environmentally
responsible alternative to chemical pesticides, contributing to sustainable crop production,
ecological conservation, and long-term agricultural resilience. The study reinforces the
importance of integrating biocontrol strategies into future pest management policies to promote

sustainable agriculture and food security.
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INTRODUCTION

With the global population growing the demand of
food, it has become a necessity to adopt the efficient
pest management techniques in the agricultural
industry (Rayalu & Anuradha, 2024). Historically, it
has led to an excessive reliance on synthetic
pesticides, which, although it is effective in pest
treatment, is very dangerous to the environment and
human health and needs a paradigm shift to more
sustainable solutions (Curk & Trdan, 2024).
Biological control, which involves the reduction of
the population of pests through the use of live
animals, does not involve artificial pesticides and
promotes the ecological regime in the agroscenery
(Yousef, 2023, p. 0). In addition to improving the
well-being of the soil and maintaining the diversity
of microorganisms, the strategy leads to the
sustainability of agroecosystems in the long term
(Aftab et al., 2024, p. 1). Silencing the complaints
about the pesticide resistance and the danger of the
human health when working with the chemicals, this
editorial will take into consideration the multiple
advantages of the biocontrol agents as the
ecologically intelligent choice to make in the case of
the integrated pests and disease management
(Jaiswal et al., 2022, p. 1). Irresponsible use of
synthetic agrochemicals causes the overall reduction
in the population of useful insects like parasitoids
and predators and the increase in the population of
pests resistant to pesticides (Rioja, 2022, p. 3). This
dependence on chemical manipulations tends to
disturb the natural regulation of the ecological
system, compromising the natural protection
systems that would make sure that the number of
pests does not exceed a certain economic harm
(Aftab et al., 2024, p. 2). Furthermore, some of the
undesirable effects such as the emergence of target
organisms resistance to the applied pesticides and
their unfavorable influence on non-target organisms

affecting the ecosystem can occur in case of the
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constant use of synthetic pesticides (Palazzini and
Sarrocco, 2023, p. 423; Rayalu and Anuradha,
2024). These problems are aggravated by the ever-
harmful presence of these pesticides in the ecology
that leads to bioaccumulation and biomagnification
of the food chains, as well as by the inability of such
continuous exposure to have a positive effect on
human health (Daniels et al., 2022, p. 2). Such a
scenario highlights why the future of pest
management strategies that are strong and
environmentally friendly is urgent and can
contribute to the effective reduction of agricultural
losses and, furthermore, to the saving of biodiversity
and human health (Jaiswal et al., 2022). These
anxieties have prompted the use of ecologically
friendly and sustainable means of managing pests
and disease in the agricultural sector through
biocontrol (Jaiswal et al., 2022; Nchu, 2024). These
technologies capitalize on the application of
microbial biocontrols including bacteria, molds, and
yeasts, as a viable substitute of traditional pesticides
that reacts proactively on crop diseases without the
ecological and human health concerns that have
been posed by conventional pesticides (Beyari,
2024). Such microbial agents are highly efficient in
combating a broad spectrum of plant diseases by
many  mechanisms, such as  antagonism,
competition, induction of systemic resistance in
plants (Cordero-Bueso et al., 2022). As a result, they
are becoming a more favourable alternative to
integrated pest management programs that strive to
increase agricultural sustainability and diminish the
use of artificial applications of chemicals (Andreata
et al., 2025, p. 2; Shaili et al., 2025). Nevertheless,
with the tremendous use of synthetic chemical
pesticides (that is estimated to be approximately 3
billion tons yearly), enormous losses in crop
production are still being incurred (which is

estimated at 40 percent on a global scale)
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(Chaudhary et al., 2024). The need to discover an
alternative that is more sustainable in pest control,
the environmental pollution issues, the effect of
pesticides on human health, and their resistance is
the same concern of interest (El-Saadony et al.,
2022; Galli et al., 2024; Gongora and Silva, 2024).
The second potential remedy is the introduction of
biocontrol agents, which include a wide range of
organisms and natural occurrences that are
successful in managing pests with minimum
negative impacts related to the standard chemical
treatment methods (Dehbi et al., 2023, p. 4175).
Namely, one of the strategies is biological control,
which implies that living organisms are used to
control plant diseases, weeds, and insect pests, and
it fits the aims of the international strategies, such as
the Farm to Fork Strategy the EU has implemented,
which aims to reduce by 50 percent the use of
chemical pesticides by 2030 (Jensen et al., 2022, p.
94). The other factor that has led to this shift is the
rising need of individuals to employ natural and
friendly to nature crop protection strategies that can
replace the issues associated with conventional
chemical pesticides (Llorens & Agusti-Brisach,
2022, p. 3521). The recent development of the
interest to sustainable agriculture has boosted the
frequency of study and utilization of the biocontrol
agents in substitution of synthetic chemicals as a
more economical and ecologically acceptable
substitute (Nguyen et al., 2025; Villavicencio-
Vasquez et al., 2025). The major factors behind this
change are the environmental damage and health
risks that have been proven against the irresponsible
use of the chemical pesticides, and that has helped
to bring about a reassessment of farming processes
in the whole world (Chaudhary et al., 2024). The
current necessity is to research the natural sources
and utilize them in the regulation of the
phytopathogens and pest forms to provide

sustainability of the agroecosystems in the control

3|Page

and to guarantee the world food security (Bas, 2024;
Jaiswal et al., 2022, p. 1). As a result of such an
urgent need, the approach towards the integrated
pest management has been reconsidered, and the
biocontrol is considered a significant component of
sustainable agriculture in future (Galli et al., 2024,
p. 265). Such alternatives as a biological control
agent which is less toxic and cheap to obtain must
yield  long-term
(Padmakumar et al., 2023, p. 370). The need to pay

more attention to the goods without residues and

agricultural  productivity

develop the methods of protecting plants with an
improved understanding of the biological processes
enhances the argument of the higher social and
environmental pressure of the consumers and
policymakers to decrease the use of synthetic
chemicals (Galli et al., 2024, p. 266). As far as the
promotion of an inclusive agroecological approach
by adopting biocontrol practices is concerned, it will
mean creating awareness on  biological
pathogenesis, which is the role of soil and plant
microbiomes (Galli et al., 2024, p. 282). Regardless
of these acknowledged benefits, there are still
numerous criteria to the widespread use of
biocontrol agent, such as socioeconomic and
technological limitations as well as legal issues of
the status of biocontrol products (Jaiswal et al.,
2022; Pobozniak and Olczyk, 2025). Specifically,
the lack of funds and awareness regarding other
ways of tackling the issue contributes to the existing
issues regarding the decrease in the use of pesticides
(Abdollahzadeh et al., 2025, p. 2). This has led to a
growing need to overcome these obstacles through
financial investments in research and by
streamlining and improving regulatory procedures
and in conducting more funds to create and
commercialise biocontrol solutions (Fenibo &
Matambo, 2025, p. 2). Indeed, the decline in the use
of crop protection chemicals all over the world and

the subsequent rise in the use of biocontrol over the
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past several years are the indicators of the shift in the
agricultural policy and consumer demand to
biological control (Jaiswal et al., 2022, p. 2). Global
initiatives and country-level policies, including the
EU one, also contribute to this paradigm shift and
require significant increases in the usage of synthetic
pesticides to enhance the commercialization of
biological control products and their penetration into
the working agricultural control (Lahlali et al., 2022;
Palazzini and Sarrocco, 2023, p. 424). This
accelerating trend can also be regarded based on the

increasing amount of registered biocontrol agents,

Fungal
biocontrol

especially the ones approved by the US
Environmental Protection Agency, which can also
suggest that the arsenal of biological methods of pest
control grows substantially (Barka et al., 2023, p.
2907). Regarding the increased demand among
customers to consume healthier, less harmful, and
pesticide-free foods, and the agricultural systems
with reduced harmful effect on the environment, the
biopesticides market worldwide is expected to
expand significantly, reaching USD 6.7 billion
today up to USD 13.9 billion in 2028 (Palazzini and
Sarrocco, 2023, p. 424).
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Figurel. Biological control within sustainable agriculture, illustrating interactions among crops, pests, natural

enemies, soil microbiota, and ecosystem services leading to reduced chemical pesticide dependency.

METHODOLOGY
Design of the Study and Experimental Structure

To gauge the efficacy and persistence of the bio
control agents in the integrated pests management
systems, the study under examination assumed the
mixed-method experimental design, which included
both quantitative field experiment and qualitative
ecological assessment. The experimental design was
developed in such a manner that in the target
conditions of the actual agricultural environment it
would compare the traditional pest control methods

that are based on the use of chemicals and the
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interventions that are based on biocontrol. Field
trials were performed during several seasons of crop
growth in order to recap the temporal variation of
the crop reaction, pest interactions, and the
environmental interaction. In order to provide
quantitative information, experimental plots were
replicated wherein the traditional pesticide
treatments were practiced in order to manage the
plots and the application of biocontrol agents such
as microbial antagonists, parasitoids and predators
using regulated agronomic practices. Qualitative

observations were also taken to identify the farmer
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opinion, ecosystem-level reaction and practicability

of the biocontrol adoption.

College Gathering of Quantitative Information

and Analytical Techniques

The most important items of the quantitative
analysis were the pest population density, isolation
of diseases, agricultural production and the
biodiversity indices. The measurement of the
effectiveness of the pest suppression was done with
the assistance of the relative decrease formula:

P. — P,

EB(%) = —=_—~*t «

1
. 00

where Pc represents pest population in control plots
and Pt denotes pest population in biocontrol-treated
plots. Crop productivity was evaluated through yield
per hectare, while ecological sustainability was
measured using species richness and Shannon
diversity indices to quantify non-target organism
conservation. Statistical analyses involved analysis
of variance to determine significant differences
among treatments, followed by regression modeling
between biocontrol

to explore relationships

application rates, pest suppression efficiency, and

yield outcomes. Temporal trends were analyzed
using repeated-measures techniques to ensure

robustness across seasons.

Completely Collaborative Qualitative Evaluation

and Interpretation

The skills of discussions and organized field studies
were used to collect the qualitative data; these were
meant to record the dynamics of crop vigor, soil
health, and ecological balance. Other than providing
a background to the quantitative data, the
observations were used in the evaluation of the
socioeconomic implications, scalability, and
the

implementation. The combination of qualitative and

limitation to feasibility of biocontrol
quantitative information facilitated the overall
evaluation of the performance of biocontrol that
facilitated agronomic production to be consistent
with environmental sustainability. Figure 2 provides
the whole procedure of the methodological work and
brings a clear image of the research procedure and
includes the stages of the investigation, which are
chronologically ordered and interrelate among

themselves.
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Figure 2. The mixed-method experimental approach, including field experimentation, quantitative pest and

yield assessment, qualitative ecological evaluation, statistical analysis, and integrated interpretation for

sustainable biocontrol-based pest management.
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RESULTS yield which has been increasing steadily. Table 6
. shows a better interaction between soil- plants health

Even though Table 2 shows that the incidence of the
] o o whereas Table 5 shows an unbroken pest

disease reduced significantly at seasonal replication, ) o o ]

. suppressing activity. The combination of agronomic

Table 1 shows that the pest density reduced
o . . . and ecological indexes in order to provide

significantly at biocontrol interventions. Table 4
o o ] . sustainability of the system is Table 9, Table 7 and

shows the indices of biodiversity which have been
. . Table 8 are lower variability of the yields and

improved such that there has been a decrease in non-

. reinstated pest management, respectively.
target effects but Table 3 shows the agricultural

Table 1. Variation in pest population density under microbial biocontrol treatments across replicated field plots.

Observation pest D?:f)ity (per Disease(ol/: )C iggnce Yield (t/ha) Biodiversity Index
1.0 29.0 14.18 5.84 3.69
2.0 30.0 20.06 5.3 2.79
3.0 107.0 4.76 5.71 3.41
4.0 83.0 28.81 5.45 3.99
5.0 40.0 37.65 3.02 2.71
6.0 24.0 33.61 4.55 3.56
7.0 97.0 32.18 5.33 3.19
8.0 102.0 36.21 441 2.19
9.0 63.0 14.16 6.22 2.83
10.0 107.0 35.95 4.9 3.11
11.0 60.0 28.1 5.58 3.64
12.0 54.0 13.6 3.77 2.72
13.0 59.0 32.76 6.4 3.9
14.0 92.0 31.37 4.45 3.72
15.0 65.0 17.18 6.06 3.8
16.0 68.0 8.72 3.8 1.97
17.0 29.0 23.49 4.18 2.25
18.0 76.0 8.14 3.69 1.87
19.0 22.0 29.99 5.25 2.27
20.0 79.0 10.12 3.79 3.47
Table 2. Seasonal differences in disease incidence following biological control application.
Observation Pest Demng)ity (per Disease(ol/r;;: idence Yield (t/ha) Biodiversity Index
1.0 80.0 12.73 4.38 1.85
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2.0 45.0 39.13 3.11 2.61
3.0 95.0 31.67 4.07 1.62
4.0 53.0 19.16 5.03 3.72
5.0 103.0 12.61 6.34 2.95
6.0 102.0 36.4 4.3 3.93
7.0 89.0 26.78 5.88 2.45
8.0 97.0 38.75 6.32 1.62
9.0 103.0 25.44 6.5 2.35
10.0 107.0 17.19 3.88 1.98
11.0 91.0 34.28 4.59 2.9
12.0 91.0 31.72 5.0 1.97
13.0 69.0 37.42 6.52 3.15
14.0 99.0 27.99 4.32 2.12
15.0 62.0 36.62 6.65 3.97
16.0 75.0 36.84 5.09 2.29
17.0 101.0 16.89 421 3.7
18.0 103.0 16.79 4.76 2.21
19.0 59.0 4.78 3.86 2.55
20.0 108.0 23.01 3.21 3.33
Table 3. Crop yield performance under biocontrol-based pest management strategies.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 55.0 31.03 6.57 2.72
2.0 107.0 35.46 4.09 3.27
3.0 16.0 27.44 4.37 3.13
4.0 80.0 32.06 4.29 3.28
5.0 107.0 14.57 5.45 1.83
6.0 75.0 12.06 6.0 2.69
7.0 42.0 34.43 4.38 2.2
8.0 106.0 9.77 4.14 3.62
9.0 22.0 32.42 5.58 2.87
10.0 17.0 32.09 411 31
11.0 106.0 4.82 4.52 2.6
12.0 54.0 26.4 5.72 291
13.0 58.0 32.38 4.01 3.63
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14.0 50.0 19.47 3.21 2.97
15.0 34.0 26.57 4.58 21
16.0 104.0 21.91 3.94 3.58
17.0 74.0 18.2 4.12 3.02
18.0 35.0 8.46 3.62 1.92
19.0 31.0 37.93 5.05 1.7
20.0 16.0 7.91 3.88 3.53

Table 4. Changes in agroecosystem

biodiversity indices associated with reduced

pesticide use.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 30.0 4.97 6.41 3.04
2.0 18.0 22.2 5.16 3.68
3.0 67.0 24.9 2.98 3.95
4.0 107.0 27.78 3.1 3.67
5.0 27.0 17.49 4.92 3.65
6.0 46.0 20.88 3.34 2.85
7.0 55.0 20.96 3.12 4.0
8.0 20.0 22.8 4.01 1.67
9.0 90.0 16.55 6.21 3.06
10.0 63.0 21.61 6.37 3.55
11.0 99.0 4.24 3.93 3.52
12.0 41.0 21.21 2.82 3.06
13.0 51.0 33.78 5.67 3.91
14.0 99.0 28.76 3.01 3.45
15.0 65.0 32.68 6.62 2.27
16.0 107.0 37.34 6.7 2.91
17.0 95.0 17.38 6.39 3.08
18.0 69.0 131 4.45 3.06
19.0 78.0 19.21 6.53 1.8
20.0 46.0 36.26 6.41 3.72

Table 5. Comparative efficiency of pest suppression across biocontrol treatments.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 40.0 23.35 3.51 3.7
2.0 22.0 15.72 6.47 3.37
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3.0 55.0 29.79 5.12 3.24
4.0 44.0 27.16 2.88 3.16
5.0 104.0 28.79 4.18 3.32
6.0 54.0 8.1 6.76 1.61
7.0 90.0 21.27 6.16 3.46
8.0 72.0 25.04 3.86 3.3
9.0 96.0 17.51 6.34 3.13
10.0 33.0 22.45 6.19 3.51
11.0 108.0 31.39 3.4 3.39
12.0 103.0 9.5 3.51 1.74
13.0 20.0 10.18 2.92 3.21
14.0 45.0 9.49 5.2 2.08
15.0 20.0 9.42 6.18 3.84
16.0 33.0 33.46 2.93 2.05
17.0 103.0 36.93 3.96 3.96
18.0 103.0 6.97 4.89 1.67
19.0 69.0 38.29 451 1.75
20.0 56.0 12.63 3.76 2.44

Table 6. Soil-plant health indicators observed under biological pest control regimes.

Pest Density (per | Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 85.0 22.96 4.05 2.27
2.0 50.0 27.17 6.0 3.57
3.0 91.0 10.73 5.51 3.73
4.0 29.0 32.75 4.86 3.84
5.0 39.0 8.11 4.83 2.94
6.0 80.0 34.87 4.84 2.63
7.0 49.0 16.54 5.2 2.57
8.0 36.0 13.28 4.18 3.85
9.0 87.0 6.25 6.06 1.88
10.0 17.0 38.09 6.3 3.94
11.0 69.0 28.94 3.29 2.83
12.0 67.0 33.03 3.08 34
13.0 19.0 16.71 6.01 3.45
14.0 96.0 10.53 6.26 2.98
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15.0 58.0 6.61 4.44 3.54
16.0 105.0 29.39 4.98 241
17.0 41.0 6.08 5.16 1.89
18.0 81.0 27.83 6.76 3.79
19.0 91.0 36.39 3.61 1.64
20.0 67.0 11.42 2.97 242
Table 7. Yield stability and variability metrics in biocontrol-managed cropping systems.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 73.0 34.78 5.37 2.34
2.0 28.0 32.24 5.91 1.71
3.0 87.0 30.07 3.49 3.79
4.0 84.0 5.54 6.14 2.8
5.0 41.0 23.42 6.46 3.78
6.0 31.0 9.49 4.7 1.66
7.0 44.0 22.25 6.42 2.92
8.0 80.0 5.08 5.34 1.92
9.0 100.0 11.92 5.98 2.83
10.0 89.0 7.47 3.7 3.66
11.0 83.0 38.42 3.9 247
12.0 59.0 30.82 6.06 1.9
13.0 17.0 11.96 6.13 3.68
14.0 109.0 4.15 3.11 2.07
15.0 40.0 27.49 5.97 1.85
16.0 52.0 141 4.34 2.81
17.0 83.0 22.66 6.15 2.11
18.0 88.0 3331 3.78 1.83
19.0 77.0 30.05 3.67 3.22
20.0 84.0 37.34 4.48 3.55

Table 8. Resilience of crops to pest resurgence under biological control applications.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 35.0 6.53 5.57 3.42
2.0 27.0 26.29 3.35 2.25
3.0 79.0 37.15 4.08 3.03
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4.0 104.0 14.33 6.04 1.9
5.0 36.0 23.25 311 1.91
6.0 54.0 29.84 6.45 2.35
7.0 79.0 38.39 5.61 3.37
8.0 53.0 38.84 5.82 2.51
9.0 30.0 16.58 3.46 1.97
10.0 70.0 9.02 4.68 2.81
11.0 91.0 11.17 6.02 1.8
12.0 80.0 17.8 4.83 2.73
13.0 38.0 16.54 6.13 3.47
14.0 104.0 19.25 5.52 2.07
15.0 62.0 11.2 4.07 251
16.0 101.0 7.65 6.11 2.22
17.0 82.0 12.67 3.08 2.19
18.0 61.0 36.25 3.83 2.27
19.0 35.0 28.02 3.7 2.05
20.0 92.0 34.89 6.74 3.82
Table 9. Integrated agronomic and ecological sustainability indicators under biocontrol systems.

Pest Density (per

Disease Incidence

Observation m?) (%) Yield (t/ha) Biodiversity Index
1.0 25.0 13.74 3.0 3.9
2.0 50.0 5.11 4.64 3.65
3.0 108.0 4.95 3.89 2.08
4.0 72.0 33.7 6.79 2.77
5.0 107.0 10.66 5.15 1.93
6.0 91.0 5.29 6.64 2.08
7.0 107.0 14.39 4.66 2.8
8.0 101.0 38.71 3.95 2.25
9.0 67.0 6.79 6.55 3.87
10.0 96.0 30.32 5.16 2.28
11.0 20.0 36.13 6.61 3.98
12.0 15.0 20.81 4.03 2.99
13.0 94.0 37.14 6.57 3.98
14.0 24.0 21.66 5.15 3.13
15.0 19.0 10.42 3.27 3.77
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16.0 63.0 21.7 411 3.69
17.0 36.0 23.03 5.81 3.13
18.0 55.0 16.18 6.39 3.78
19.0 87.0 35.92 5.37 3.6
20.0 61.0 14.21 5.72 3.06

Figure 3-4 shows the temporal variation in
population of the pests under the treatments of
biocontrols. Figure 5-7 represents the vyield
performances at different stress levels of pests and
Figure 8-10 represent the positive relationship

between crop production and biodiversity. Figure 12

is the relative efficiency of different means of pest
control, and Figure 11 is a combination plot, which
at the same time displays the image of the
improvement of yield and the decrease in the density

of pests.
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Figure 3. Longitudinal response of pest density under sustained biological control.
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Figure 4. Comparative pest population dynamics between early and late growth stages.
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Figure 5. Yield response of crops under low, medium, and high pest pressure conditions.
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Figure 6. Influence of pest pressure intensity on harvested yield.
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Figure 7. Productivity differences among biocontrol-treated plots.
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Figure 8. Relationship between agroecosystem biodiversity and crop yield.
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Figure 9. Correlation between biological diversity and pest regulation efficiency.
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Figure 10. Scatter distribution showing yield enhancement with increasing biodiversity.
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Figure 11. Combined visualization of pest suppression and yield improvement trends.
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Figure 12. Relative contribution of pest management strategies to overall control effectiveness.

DISCUSSION protect crops is the protective properties of bio-

. . L. pesticides that help prevent the damage of crops and

According to the outcomes, agricultural activities
. . is why it is competitive to replace the traditional

based on biocontrol agents could immensely
. application of chemicals (Ullah et al., 2023, p. 161).

decrease the number of pests and, respectively,
. » : Such decreases in the use of pesticides have been

enhance biodiversity and maintain crops production
. directly linked to the reduction in the amount of

(Palsson et al., 2021, p. 626). In particular, the
] . . pesticide residues in crops, and it has shown the

discussed decreases in the pest density after the
advantages of such practices on the environment

(Ullah et al., 2023, p. 160). It is also found that the
non-target organism conservation index and

biocontrol interventions are not only consistent with
the prior research that found the potential of the

biological control agents to minimize the
. . biodiversity index rise, which shows that biocontrol

agricultural insect pests (Upadhyay et al., 2021). In
. . . . ) is more beneficial to the ecological conditions,

addition to direct crop protection ability, this pest
. . o which is more consistent with a well-balanced

control ability allows reducing the use of artificial
. . . ) agroecosystem (Chi et al., 2024, p. 7). Using the

chemical pesticides, which leads to the increase of a
. . . example of within-field wildflower strips, the

more sustainable agricultural system (Fergani et al.,
) . . limited strategic location of the strips has been

2023, p. 7). Another expression of its properties to
demonstrated to be highly useful in stimulating
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aphid preying by useful insects like hoverflies and
lady beetles resulting in high pest control and
biodiversity (Fenibo & Matambo, 2025, p. 22). The
results of such studies confirm the premise that the
majority of pests in agricultural settings may be
managed with the help of intelligent land
management and diversity of plant species (Y ousefi
et al., 2024, p. 10). It is consistent with the works
which are suggesting that the biocontrol-related
interventions can keep the natural populations of the
enemies and, in effect, decrease the number of the
pests and their harmful effects on crops and even
make the overall production grow (Ratto et al., 2022,
p. 10). The sustainability and profitability of such
measures is also amplified by the fact that
conservation biocontrol measures are also present,
such as the preservation of non-crop habitats, which
have proven to have an economic value in other
aspects than pest control (Parry, 2022, p. 11). The
benefit of biological control interventions compared
to synthetic pesticides that tend to eliminate the
population of beneficial insects is that it enables the
preservation of the natural population and ecological
role of natural enemies, one of which is the
elimination of pests (Ratto et al., 2022, p. 9). In
contrast to conventional methods that usually
damage such delicacies, biological control preserves
and strengthens complex interactions between pests,
their natural predators, and the ecosystem and
focuses on the ecological long-term integrity, which
it enables to emerge (Nagari & Charter, 2023).
Biocontrol is an option to the intensive methods,
which are chemically-based, as it was found to be
cost-effective, as disclosed by Colmenarez and
Vasquez (2024) p. 304, because its financial benefits
are estimated to be in excess of US $400 billion
annually. This course of action would also have an
advantage in the long-term economic viability of the
economy since the population would not have to

employ costly chemical inputs, and the required
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functions of the ecosystem would be maintained
(Galli et al., 2024, p. 283). The fact that natural
farming, as well as biological pest control, can be
considered, will help farmers to achieve a sufficient
income and ensure the sustainability of the
environment as a whole also adds to the natural
economic sustainability of the latter (Aftab et al.,
2024; Badiyal et al., 2024, p. 10). Despite the fact
that revegetation or habitat restoration techniques
can be initially lucrative, the profitability of the
technique would be more appropriate in the long
term (a 10-year horizon) than pesticide treatment in
the short term (Parry, 2022, p. 1). This economic
benefit is further enhanced by the lessened health
and environmental expenditure related to lessened
contamination and lessened contact with pesticides
(Parry, 2022, p. 2). It supports the fact that the initial
step towards reaching the win-win outcome on
ecological integrity and financial success may be
taken with taking into consideration the policy based
on biodiversity, aimed at conserving resources
(Burra et al.,, 2021, p. 145887; Parry, 2022).
Moreover, the viable use of banker plants (like those
introduced in the production of organic
strawberries) has demonstrated the potential to
apply integrated pest management in an extensive
variety of agricultural settings by way of a
significant reduction in the extent of individual pest
damage (Fenibo & Matambo, 2025, p. 23). This is
supplemented by inherent power of biological
control plants with less pest resistance than chemical
pesticides and thus have a more consistent control
over the long-run (Shahini et al., 2023, p. 2085). The
ability of some biocontrol agents to choose
particular pests without endangering the existence of
valuable insects and other non-target species also
enables the creation of a balanced agroecosystem,
e.g., parasitoids. This demonstrates the fact that the
agents are environmentally friendly and selective
(Fenibo & Matambo, 2025, p. 6). This selective
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response can reduce the collateral effects within
agro-ecosystems and maintain the complex
interactions within the food web to maintain the
ecological health over the long-term (Yuetal., 2021,
p. 12). Also, the fact that biological control agents
are capable of delivering a stable payback to the
investment, therefore, making them an alternative to
the traditional intervention strategies, that rely on
chemical agents, is another financial advantage of
their application (Agboka et al., 2023, p. 270). Not
only do these actions help to conserve the
biodiversity, but they also provide the agricultural
systems with sustainability in the long run by
preserving such valuable ecosystem functions as soil
fertility, and pest control (O'Donnell, 2023, p. 195).
The strategies also contribute to the enhancement of
more general sustainability goals by decreasing the
environmental impact of agriculture and improving
the capacity of farming systems to endure external
shocks (Ukpoju et al., 2024, p. 387).

CONCLUSION

The reason is that this research was a clear indication
that biological control is extremely effective,
sustainable and cost effective alternative to the
traditional systems of pest control that involve the
use of chemicals. The results of the experiment in
several field observations indicated clearly that the
use of biocontrol agents increased both stability in
crop production and decreased significantly the
population of insects by a significant margin, and the
occurrence of diseases. Regarding biodiversity in
agroecosystems and soil health and plant health
indicators, biocontrol methods also have fewer
adverse effects on the non-target organism, and
would improve ecological stability in the long-term.
This is a strategy that is consistent in terms of change
in pest pressure over time and season conditions by
less variability of yields and more resistance of a

pest recovery that is seen in biocontrol-controlled
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plots. In addition, the combined study of quantitative
data and qualitative ecological evaluation indicated
that biological regulation is helpful to the natural
regulation functions of the ecosystem in addition to
enhancing agronomic performance. These results
provide good arguments in the implementation of
biocontrol as one of the fundamental components of
integrated pest management systems that reduce the
usage of synthetic pesticides, reduce environmental
degradation, and address the issue of pesticide
resistance and human health risks. Although the
acceptance, regulation and awareness are still issues
of concern, the entire positive evidence of the study
illustrates the immense role that biocontrol could
have in the world to provide sustainable production
and food security in agriculture. Overall, the
findings suggest that biological control techniques
can be used more broadly and thus result in an
increase in production in the long run without
endangering the biodiversity and ecosystem services
and hence the means of agricultural progression in
the future.
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