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Abstract.  This research investigates the efficacy of integrated Pest
management (IPM) techniques in cucumber cultivation, focusing at the
utilization of natural control strategies to reduce pest-associated losses and
improve crop productivity. No matter the growing emphasis on biological
strategies, their adoption remains limited because of several challenges,
including market pressures, regulatory hurdles, and pest resistance. But,
through promoting awareness, expertise, and collaboration among organic
and IPM communities, barriers to adoption may be overcome. The study
underscores the importance of monetary useful resource for natural control
and advocates for its integration into sustainable crop protection practices.
Through a comparative evaluation of [IPM and non-IPM farming processes,
the studies highlight the fee implications and profitability of implementing
biological control measures in cucumber production. Findings reveal that
even as IPM farmers incur higher initial expenses, they reap advanced
internet returns and benefit-cost ratios in comparison to non-IPM
counterparts, demonstrating the monetary viability and sustainability of [IPM
strategies in cucumber farming.
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1 Introduction

Integrated Pest Management (IPM) is a practical and eco-friendly method of controlling pests
using a blend of common sense techniques. [IPM programs make use of up-to-date, thorough
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data about the life cycles of pests and how they interact with the environment. IPM, or
integrated pest management, is an ecosystem-based approach that employs a variety of
tactics, including biological control, habitat alteration, cultural practice transformation, and
the adoption of resistant cultivars, to prevent pests or the harm they cause over the long run
as shown in Fig.1. In accordance with established rules, pesticides are only used when
monitoring shows they are necessary, and treatments are designed to eradicate the target
organism exclusively. The selection and application of pest control agents minimizes hazards
to the environment, beneficial and nontarget creatures, and human health. The IPM paradigm
has to be re-examined, taking into account factors of management, business, and
sustainability, with a focus on research and outreach, given that it is now impacted by
globalization, consumer trends, and contemporary technological advances in agriculture. In
order to handle pest control, knowledge, information management, decision-making, and
dissemination, as well as the human, environmental, social, and economic elements
impacting food production, the new IPM concept combines management, business, and
sustainability components [1].

Inspection

Monitoring

Treatment Exclusion

Fig. 1. Procedure of Integrated Pest Management

The study conducted in [2] examines integrated pest management (IPM) programs, discusses
current studies, and contrasts approaches to IPM decision-making for insects discovered in
stored products. If the cost of control is less than the loss of the pest's market value, IPM is
economicalBy eliminating needless chemical applications and utilizing nonchemical control
techniques, IPM programs can lower the usage of pesticides. To satisfy consumer and
regulatory needs, the food sector will require additional IPM initiatives. Developed in the
late 1960s, integrated pest management (IPM) aims to safeguard the environment and provide
food and fiber crop farmers with maximum economic advantages through the selection and
application of pest control techniques Ecological data and cost-benefit evaluations for crop
production systems and pest complexes are key components in the creation of integrated pest
management (IPM) systems, which help farmers use IPM techniques [3]. More robust and
sustainable methods are required to decrease crop output losses brought on by pests and to
lessen their effects on the environment and public health. Sustainable agriculture places a
high priority on biological control, biopesticides, biostimulants, and pheromones. These



E3S Web of Conferences 552, 01055 (2024) https://doi.org/10.1051/e3sconf/202455201055
ICMPC 2024

methods still only make up a small portion of crop protection worldwide, nevertheless,
because of acceptance hurdles. With more knowledge, common objectives, and policy,
organic and inorganic pest control (IPM) may be adopted more quickly. Among the tactics
are cost-benefit analysis, public-private sector policies that support biological control, and
instruction on biological control choices [4].

2 Biodiversity and Pest Control Mechanism

The effects of crop and non-crop habitats, as well as the dietary, dispersal, and overwintering
traits of species, affected configuration effects, which led to opposing responses to landscape
variables, according to a study looking at the effects of landscape composition and
configuration on arthropods in European landscapes. In European agroecosystems, high edge
density enhances yields, pollination, and controlling pests while supporting functional
biodiversity and ecosystem services, particularly in areas with a strong agricultural
component [5]. Pesticides that pose a risk to human health are hazardous because they enter
the food chain and slowly affect people. Farmers employ these pesticides in agricultural areas
to suppress unwanted bacteria during food production, harvesting, and storage. Farmers and
field workers can profit from microbial resources' considerable degradation of dangerous
substances. Chronic illnesses like diabetes and hypertension, which may not be identified
until testing, might result from prolonged exposure to these substances. New information on
the role of microbes in chemical pesticide remediation has been revealed by the identification
of these microbes as efficient sources for the breakdown of several pesticides, including
Actinobacteria, Ascomycota, Bacteroidetes, Basidiomycota, Chlorophyta, Cyanobacteria,
Firmicutes, and Proteobacteria [6]. Research in agroecology advances knowledge of the
advantages and drivers of the environment, encouraging multifunctional agriculture. It
facilitates comprehension of the influences on beneficial insects and ecosystem services at
the local and landscape levels. Empirical evidence indicates that increased agricultural
intensity results in decreased populations the pollinators, natural enemies, and biodiversity.
It is possible that the composition and arrangement of the landscape moderate these
impacts.Agroecology, conservation, and ecosystem service research are all intertwined, and
[7] highlights how their impacts cascade into one another through the proposal of five
research themes.Using 487 arthropod food webs gathered from two grass diversity trials in
Europe and North America, the study explores the potential of boosting plant variety to lessen
herbivore harm to plantsin high-diversity mixes as opposed to monocultures, plants lose less
energy to arthropod herbivores, underscoring the significance of plant variety preservation
for organic pest management in food webs [8].The loss of world biodiversity is largely caused
by invading pest species, with invasive animals having the worst effect on endemic biota.
Over a two-decade period and across several trophic levels, a national meta-analysis of 447
biodiversity outcomes across 16 replacements indicated considerable benefits. Stronger
reactions to pest management were shown in deeply endemic species, suggesting that
controlling invasive pests is a useful strategy for restoring the ecosystem [9].Potential pest
control technologies like synthetic gene drive methods are shaped more by underlying
worldviews than by demography or scientific understanding. A nationwide poll conducted in
New Zealand indicated that opinions about gene drive are explained by respondents'
worldviews, with moderate support (32%). Comprehending these perspectives can facilitate
a more compassionate involvement approach and enable the public to engage in
knowledgeable decision-making on the application of gene drive technology to preserve
biodiversity [10].Agriculture has undergone a transformation because to nanotechnology,
which offers environmentally friendly pest management methods that work well. Novel
nanopowders have surfaced, offering promise for sustainable food production. Chemical
pesticides have negative effects and conventional pest management techniques are
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insufficient. For nanopesticides to meet the requirements of sufficient control, environmental
effectiveness, and related advantages, a new regulatory paradigm is required. Studies have
demonstrated advances in the application of nanopesticides in water, biocides, and insect
identification [11].Crop productivity and the welfare of humans are at risk due to hazardous
pesticides that farmers employ in agricultural fields to control unwanted bacteria during food
production and storage. These substances have the potential to indirectly infiltrate the food
chain and harm people's health. These substances can be broken down by microbiological
resources, reducing their toxicity. Chronic illnesses like diabetes and hypertension can result
from prolonged exposure to these substances. Pesticide breakdown is mostly dependent on a
variety of microbe families, including Arthrobacter, Aspergillus, Bacillus, Burkholderia,
Chlamydomonas, Methylobacterium, Nocardioides, Nostoc, Phanerochaete, Pseudomonas,
Sphingobacterium, Sphingomonas, and Trichoderma [12].

3 Biological Control Methods for Integrated Pest Management
(IPM)

Leaders and practitioners in sustainable agriculture are putting more emphasis on using
biological techniques such as pheromones, biopesticides, biological control, and
biostimulants in order to decrease crop production losses and lessen the effects of pest
management. Biological techniques provide for a very minor portion of the protection of
crops worldwide, despite market, regulatory, and pest resistance pressures. Adoption
obstacles include those that are comparable to IPM strategies. Enhancement of consciousness
and comprehension can surmount these obstacles. By working together, the organic and [PM
communities may benefit from regulations that support biological control, cost-benefit
analysis, and education as means of hastening its adoption [13].In order to maximize its utility
and acceptance for sustainable crop protection, biological control—which includes
traditional, augmentative, and conservation methods—needs a strong financial basis.
Biological treatment is an essential part of integrated pest management. The study in [14]
emphasizes the significance of appreciating conservation biological control, pointing out
obstacles and chances for practical, cost-effective use in integrated pest management. It
requires scientists and stakeholders to work together.It is simple for Integrated Pest
Management programs to adopt natural enemy thresholds; but, in order to influence
stakeholders decisions, ecological data, model validation, and an awareness of economic
factors are needed. Natural enemy thresholds may be included into advanced IPM methods,
according to recent research, which will improve stakeholder use and support site-specific
biological control management suggestions [15].Eleven sites in Southwestern China, Laos,
and Myanmar continue to generate biocontrol agents 1.5 years after the project's support
ended, according to a study that evaluated the sustainability of two integrated pest
management strategies in rice and maize crops. IPM based on biological control raised maize
and rice yields somewhat but not significantly. Using Trichogramma egg-cards cut the
amount of pesticides used in half. For Trichogramma to survive, institutional support—
whether public or private—is essential. The biological regulating agents Trichogramma is
have primarily positive effects. According to [16], motivating farmers to embrace integrated
pest management (IPM) is essential to maximizing the benefits of interventions that lower
the usage of synthetic pesticides and promote sustainable agricultural output. The presence
of arthropods, especially stink bugs, makes effective pest management necessary for the
production of soybeans. Up to 60% of pesticides used in Brazil are used to control these
insects. While programs for augmentative biological control (ABC) can release biocontrol
agents, conservation biological control (CBC) techniques aim to maintain or enhance the
number of natural enemies.
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Table 1: Comparison of biological control in integrated pest management (IPM)
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Positive outcomes have been demonstrated by straightforward measures including decreasing
the use of pesticides, giving preference to safe insecticides, and planting resistant soybean
varieties [17]. The 20th century saw substantial developments in Asian agriculture, which
resulted in the "green revolution" in foodgrains. However, owing to low productivity and
ignorance of crop management and agricultural inputs, millions of people experience food
shortages and hunger globally. Synthetic pesticides like DDT and BHC have been used,
which has resulted in issues including insect resistance, environmental degradation, health
risks, and the extinction of beneficial creatures. Numerous cotton crop failures in India
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caused by resistance to whiteflies and bollworms resulted in thousands of fatalities and
injuries. Nearly three-quarters of deaths from chronic poisoning, which involves persistent
exposure to toxicants, occur in underdeveloped nations. This poisoning is not well known
[18]. The standard fumigant used in the grain sector to combat insect infestation is phosphine.
Pesticide residues are a worry, too, as certain insect species show phosphine resistance. As
an alternative, biological control—such as parasitoid wasps—is being investigated in [19].
The study's discovery of a high degree of parasitoid diversification in grain stockpiles
suggests that these organisms may function under a variety of circumstances. Even though
phosphine had an immediate detrimental effect, the parasitoid wasps did not significantly
lower the host population. Pest-management techniques should take interactions and
dispersion into account while conserving and increasing the naturally existing parasitoid
population in order to lessen this. The South American tomato pinworm Tutaabsoluta poses
a danger to tomato crops globally. Programs for integrated pest management (IPM) have been
created and put into place in a number of locations. The most effective methods are biological
control and biotechnical control based on sex pheromones. Research on agronomic
management is only being started, and it seems that IPM effectiveness might be increased by
breeding resistant crops, fertilizing the soil, and providing irrigation. According to grower
survey replies, control programs changed depending on the region and amount of time
following invasion. Improved management of recently invaded regions might be facilitated
by information gathered from native and early invaded areas [20].

The comparison of biological control in integrated pest management (IPM) in Table 1 reveals
challenges, advancements, case studies, and future directions. General biological control
faces market, regulatory, and pest resistance pressures, while conservation biological control
relies on stakeholder collaboration and economic understanding. IPM strategies in rice and
maize require institutional support for sustainability. Augmentative and Conservation
Biological Control (ABC & CBC) strategies reduce pesticide use, promote safer insecticides,
and address phosphate resistance in the grain sector.

4 Pest Identification and Monitoring Techniques

To identify high levels of defoliation and changed canopy reflection signatures in oaks
impacted by the oak splendor beetle infestation, the study employs a tiny Unmanned Aerial
System (UAS) with a digital camera. This helps to improve forest management: Small-scale,
privately maintained commercial forests were the target of flying campaigns carried out in
rural Germany. Methods for object-based picture categorization, georeferencing,
mosaicking, and CIR/NIR image capture were employed in [21]. This method distinguished
five plant health groups and produced a low-cost option for sustainable forest management.
Agriculture is greatly impacted by climate change and global warming, which also has an
effect on insect pests, plant survival, distribution, and interspecific interactions. These
alterations may result in a higher chance of invasion, a rise in illnesses spread by insects, and
a decrease in the efficiency of biological control—particularly that provided by natural
enemies. Because of the dynamics of insect populations, agricultural economics and human
food security are at danger from climate change. Modified pest control strategies, climate
monitoring, and modeling prediction tools should be the main areas of future study [22]. A
demonstration program (EDP) spanning all of Europe was carried out to track the impacts of
micropollutants in surface waters. The program's objectives were to correlate biological
effects to target substances, quantify the danger to aquatic biota, and use a streamlined
approach for effect-directed research. 50 L of surface water were extracted on-site from 18
sample locations as part of the EDPMost bioassays failed to explain its most important
impacts, which included estrogenicity, toxicity to algae, and toxicity to fish embryos,
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according to the report. The two components that contributed the most were found to be
estrone and nonylphenoxyacetic acid. Priority was given to 21 target chemicals. Six
chemicals now covered by European regulation and fifteen micropollutants are included in
the EDP priority list for surface water monitoring in the future. This list presents a
streamlined approach for effect-based monitoring [23]. The study in [24] examines the state-
of-the-art research on image processing and machine learning methods for agricultural pest
and disease identification. It highlights how crucial quick and precise plant disease diagnosis
is to long-term agricultural output. The review seeks to offer useful resources for scholars
working in this areaThe research concentrates on the cheap cost and wide availability of RGB
pictures for the identification of leaf diseases. Instead of creating features by hand,
researchers have turned to deep learning; nonetheless, under various datasets and field
circumstances, performance suffered. Ten CNN designs' performances are demonstrated
through experimental findings, along with suggestions for appropriate deployment in
traditional and mobile computing contextsln order to develop useful automatic plant disease
detection systems that are appropriate for field use, the debate points out open issues that
require attention.

5 Environmental Impacts and Sustainability of IPM

According to the study in [25], various crop rotations and practices are encouraged by
integrated pest management, or IPM, which is tailored to local conditions. It implies that
IPM-based methods that employ less pesticides can offset production declines by lowering
the cost of pesticides and their application. In order to create sustainable IPM systems,
regional policies should involve regional advisory services [26]. Ex-post analysis revealed
limitations in IPM1 and IPM2 systems, such as fewer varied crop rotations and pesticide use-
related environmental and economic problems. Yield penalty may arise from low pesticide
application or non-chemical approaches [27]. For local and regional conversations on
adopting IPM and creating sustainable agricultural systems, identifying limits is essential.
Another study in [28] looks at how integrated pest management (IPM) affects an
agroecosystem of rice, emphasizing the advantages it has for the environment.
Approximately 80% of farmers apply pesticides, and tiller health, hills, and grain weight are
impacted by IPM techniques [29-32]. The best percentages of dead heart and white head were
found in 7.4 tonne/ha of rice produced in IPM-treated plots, indicating that this method is
beneficial in producing large rice yields while preserving the environment. Maintaining a
sustainable rice agroecosystem necessitates continuous study and IPM training [33]. A
sustainable substitute for synthetic pesticides is integrated pest management, or IPM,
especially for smallholders in tropical regions [34-36]. IPM techniques help farmers, the
environment, and public health despite the fact that the world uses 3.5 billion kg of pesticides
annually85 IPM initiatives in 24 Asian and African countries were evaluated, and the results
showed a mean yield gain of 40.9% and a decrease in pesticide use to 30.7%, with 35 out of
115 crop combinations moving toward pesticide-free practices. According to the study in
[37], most agroecosystems use 50% more pesticides than necessary, yet legislative support
for integrated pest management (IPM) is scarce, counter-interventions are frequent, and the
problem is never totally solved. Agronomy is moving toward sustainability as a result of the
urgency of climate change. In order to demonstrate the beneficial effects of sustainable
farming methods on biodiversity, water quality, and soil health, this study looks at
conservation tillage, crop rotation, and organic farming. The study in [38-40] presents case
studies from India and outside to illustrate the successful implementation of sustainable
practices in real-world scenarios, weighs policy implications, and contrasts them with
traditional ways. The adoption of sustainable agronomy is beset by obstacles such as obsolete
curriculum, insufficient support networks, and budgetary restraints, especially for small-scale
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farmers. Future research on affordable technology, educational changes, and alternative
finance methods are suggested by the assessment as ways to help farmers in the face of
difficulties [41-43].

6 Producing Cucumbers Profitably and Determining Various
Expenses for IPM and Non-IPM Cucumber Growers

In the agricultural landscape of Tangail Sadar Upazila, the expense of human labor per
hectare for sowing and planting is notably steep. Cucumber cultivators engage laborers
extensively for various tasks such as planting, weeding, harvesting, and other essential
activities. Analysis presented in Table 2 demonstrates that for IPM (Integrated Pest
Management) farmers, the expenditure on human labor for cucumber cultivation stands at
USD 1033.91, whereas for non-IPM farmers, it reaches USD 1112.96. Moreover, the study
reveals nuances in other cost factors. IPM farmers, often operating larger farms and opting
for organic fertilizers, incur higher costs for seeds/seedlings, cow dung, and oilcake.
Conversely, non-IPM farmers face escalated expenses in inorganic fertilizers like Urea, TSP,
and MoP. Solely IPM practitioners invest in pheromone traps, with a per-hectare cost of USD
105.51, constituting 4.3% of the total production cost. Insecticide costs are nearly doubled
for non-IPM farmers [44].

Table 2. Per hectare production cost and return of cucumber for both IPM and non-IPM farmers

(USD)
Particulars IPM Farmers | Non-IPM Farmers
Labor 1040.21(42.0) 1082.96(42.4)
Seed 101.33(4.6) 97.10(2.9)
Power tiller cost 69.83(2.98) 91.53(2.8)
Organic fertilizer 120.87(5.3) 88.12(3.7)
Cow dung 191.91(3.7) 61.95(2.5)
Oilcake 139.19(1.6) 45.37(1.2)
Inorganic fertilizer 275.82(9.1) 50.29(14.7)
Urea 79.86(3.6) 174.40(6.7)
TSP 88.49(3.8) 136.84(5.2)
MoP 29.55(1.7) 87.05(2.8)
Pheromone trap 105.51(4.3) 0.00
Insecticide 110.76(3.8) 201.13(6.9)(5.1)
Trellis making 120.80(5.2) 164.50(5.1)
Irrigation 133.91(5.4) 196.99(5.3)
Total Variable cost 2098.77(82.8) 2871.01(83.8)
Interest on operating capital 51.00(2.1) 51.93(2.1)
Land use cost 300.10(15.1) 370.50(4.1)
Total Fixed cost 591.49 721.93
Total cost 2001.27 2722.44
Gross Return 4914.99 4973.90
Gross Margin 2475.42 1876.89
Net Return 2153.62 1451.47
BCR 2.0 1.6

N.B.: Values in parenthesis indicate the percentage of total cost

Despite similar land use costs, the total per-hectare expenditure for cucumber production is
lower for IPM farmers, totaling USD 2461.27 compared to USD 2622.44 for non-IPM
counterparts. This discrepancy is reflected in the gross returns and margins, with [PM farmers
achieving higher net returns of USD 2453.72 compared to USD 1451.47 for non-IPM
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farmers. The benefit-cost ratio also favors IPM practices, standing at 1.9 compared to 1.6 for
non-IPM methods, underscoring the superior profitability of IPM farming in cucumber
cultivation.

Table 2 provides a comprehensive breakdown of the costs and returns associated with
cucumber cultivation per hectare for both Integrated Pest Management (IPM) and non-IPM
farmers, delineated in USD. Labor costs encompass various tasks related to farming and are
presented both in total and as a percentage of the total variable cost. Similarly, expenses for
seeds, power tiller usage, organic fertilizers (including cow dung and oilcake), and inorganic
fertilizers (such as Urea, TSP, and MoP) are detailed alongside their respective percentages.

BCR

Gross Margin

Total cost

Land use cost

. Total Variable cost
Trellis making
Pheromone trap
TSP

Inorganic fertilizer
Cow dung

Power tiller cost
Labor

S

Factor
= ""'I"'r'l"'" Ll II

1000 2000 3000 4000 5000 6000
Cost in USD

® Non-IPM Farmers ®IPM Farmers

Fig. 2. Cucumber production costs and returns per hectare for both IPM and non-IPM growers

Notably, IPM farmers invest in pheromone traps for pest control, while non-IPM farmers do
not incur this expense as shown in Fig.2. Costs for insecticides, trellis construction, and
irrigation are also outlined. Total variable costs represent the sum of all variable expenses,
while fixed costs include interest on operating capital and land use costs. Gross returns, gross
margins, net returns, and benefit-cost ratios are provided for both farming approaches,
offering a comparative view of their profitability.

6 Conclusion

Integrated Pest management represents a pivotal method within the quest for sustainable
agriculture, skillfully balancing the need for effective pest manage with ecological
maintenance. The study underscores the pivotal function of organic control methods inside
the framework of integrated Pest management, offering a sustainable technique to mitigate
crop losses and reduce reliance on synthetic pesticides. By leveraging organic techniques
inclusive of pheromones, biopesticides, and conservation techniques, farmers can efficiently
control pests whilst minimizing environmental affects and maintaining natural ecosystems.
Regardless of initial investment challenges, the studies demonstrate that IPM practices yield
vast financial advantages, ultimately improving the profitability and sustainability of
cucumber manufacturing. Moving forward, concerted efforts are needed to facilitate the
enormous adoption of IPM strategies, which includes coverage support, economic incentives,
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and educational initiatives, to ensure the long-term resilience of agricultural systems in the
face of evolving pest pressures and climate change.
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