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Graphical abstract 

 

Abstract 

Pesticide resistance in agricultural pests threatens global 
food security despite ongoing advancements in pesticide 
technology. This study addresses the urgent need for a 
comprehensive understanding of resistance mechanisms 
and their ecological and economic implications. Through 
interdisciplinary methods spanning molecular biology, 
genetics, ecology, and socio-economics, our research aims 
to uncover the genetic basis of resistance, elucidate spread 
mechanisms within pest populations, and develop 
predictive models for resistant phenotypes. We also 
evaluate alternative pest management strategies like 
integrated pest management (IPM), biological control, and 
cultural practices to mitigate resistance impacts and 
promote sustainability. Key objectives include identifying 
genetic mutations linked to resistance, assessing ecological 

consequences, and analyzing socio-economic factors 
influencing farmers' pesticide decisions and adoption of 
alternative practices. By integrating data from these 
domains, our study aims to provide insights into resistance 
dynamics, informing evidence-based policies for 
sustainable pest management. Our methodology involves 
field studies in diverse agroecological zones, experimental 
design with various pest control treatments, and rigorous 
data collection on pest populations, crop performance, and 
environmental conditions. Statistical analyses and 
modeling techniques will be employed to interpret results 
and draw meaningful conclusions. Anticipated outcomes 
include a deeper understanding of resistance dynamics, 
effectiveness of alternative management strategies, and 
socio-economic factors influencing adoption. This research 
contributes to the development of effective, sustainable 
pest management strategies, crucial for addressing the 
challenge of pesticide resistance while ensuring food 
security, environmental conservation, and economic 
viability in agriculture. 

Keywords: Pesticide resistance, agricultural pests, pest 
management, integrated pest management (IPM), 
ecological consequences, socio economic implications and 
sustainability 

1. Introduction 

The utilization of pesticides has been a cornerstone of 
modern agriculture, serving as a primary means of 
safeguarding crop yields against the damaging effects of 
pests and diseases (Kalogiannidis et al, 2022). However, the 
relentless and indiscriminate application of chemical 
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pesticides has inadvertently spurred the evolution of 
resistance among target pest species. Pesticide resistance, 
characterized by the ability of pests to withstand lethal 
doses of pesticides that would otherwise eradicate them, 
has emerged as a pressing concern confronting agricultural 
sustainability and global food security (Raj et al (2023)). In 
the realm of modern agriculture, the utilization of 
pesticides has been instrumental in combating the 
pervasive threats posed by agricultural pests and diseases, 
thereby ensuring stable yields and bolstering food security 
worldwide (Javaid et al (2023)). However, the relentless 
evolution of pesticide resistance among pest populations 
has emerged as a critical challenge, undercutting the 
efficacy of conventional pest control strategies and 
threatening agricultural sustainability (Khokhar et al 
(2024)). Pesticide resistance, characterized by the 
adaptation of pests to withstand lethal doses of chemical 
pesticides, has become increasingly prevalent, 
necessitating a comprehensive understanding of its 
underlying mechanisms and far-reaching consequences 
(Tiwari et al (2023)). 

Against this backdrop, this research paper embarks on a 
journey to unravel the intricate dynamics of pesticide 
resistance in agricultural pest management (Ikhwani et al 
(2024)). Over the course of its pages, this paper aims to 
delve deep into the multifaceted dimensions of pesticide 
resistance, exploring its ecological, genetic, and socio-
economic implications, while also examining alternative 
pest management approaches and policy interventions 
aimed at addressing this pressing challenge (Jaisval et al 
(2023)). Over the past several decades, the escalation of 
pesticide resistance has reached alarming proportions, 
posing formidable challenges to conventional pest 
management practices and exacerbating crop losses 
worldwide (Ali et al (2023)). This escalating resistance is 
attributed to a myriad of factors, including the overreliance 
on a narrow spectrum of chemical pesticides, the 
emergence of resistant pest strains through natural 
selection, and the widespread adoption of monoculture 
farming practices that create conducive environments for 
resistance development (Prasad et al). As a result, there is 
an urgent imperative to comprehensively understand the 
intricate dynamics of pesticide resistance and its far-
reaching implications for agricultural systems (Sangwan et 
al (2023)). 

To improve the effectiveness of pest management, the IPM 
approach combine chemical, biological, and cultural 
control methods. To reduce usage and postpone 
resistance, chemical control will entail targeted pesticide 
applications based on data from pest monitoring. Biological 
control employs parasitoids and natural predators to 
manage pest populations in a sustainable manner. Crop 
rotation, intercropping, and upholding field hygiene are 
examples of cultural management strategies that will be 
used to break the life cycles of pests and lessen habitat 
suitability. This integrated approach seeks to lessen 
dependency on chemical inputs, improve environmental 
health, and successfully manage pests. 

Against this backdrop, this research paper endeavors to 
provide an in-depth exploration of the multifaceted 
impacts of pesticide resistance on agricultural pest 
management, spanning ecological, genetic, and socio-
economic dimensions. Across the span of ten pages, this 
paper will delve into the underlying mechanisms driving 
pesticide resistance, examine its ecological repercussions 
on agroecosystems, and analyze its socio-economic 
ramifications for farmers and agricultural stakeholders. 
Additionally, this paper will elucidate alternative pest 
management strategies and propose policy interventions 
aimed at mitigating the adverse effects of pesticide 
resistance while fostering sustainable agricultural 
practices. The significance of this research lies in its 
potential to elucidate critical insights into the complex 
interplay between pesticide resistance and agricultural 
sustainability. By unraveling the intricacies of pesticide 
resistance and its broader impacts, this paper aims to 
inform evidence-based decision-making and policy 
formulation in pest management, with the ultimate goal of 
safeguarding agricultural productivity, environmental 
integrity, and food security on a global scale. 

The urgency of this endeavor is underscored by the 
escalating prevalence of pesticide resistance, which poses 
a significant threat to global food security and agricultural 
sustainability. The phenomenon of pesticide resistance is 
driven by a confluence of factors, including the 
overreliance on a limited set of chemical pesticides, the 
rapid evolution of resistance mechanisms in pest 
populations, and the inadvertent selection pressure 
exerted by pesticide use practices. As a result, there is a 
critical need to elucidate the underlying drivers of pesticide 
resistance and develop strategies to mitigate its adverse 
effects on agricultural systems. In the ongoing battle 
between farmers and agricultural pests, the use of 
chemical pesticides has long been a cornerstone of pest 
control strategies. These pesticides, designed to suppress 
pest populations and protect crop yields, have played a 
crucial role in ensuring global food security. However, the 
widespread and indiscriminate application of pesticides 
has led to unintended consequences, including the 
phenomenon known as pesticide-induced resurgence. 

Pesticide-induced resurgence refers to the rebound or 
resurgence of pest populations following initial 
suppression by chemical pesticides. Rather than 
eradicating pest populations entirely, pesticides often 
inadvertently disrupt natural pest control mechanisms, 
leading to rebounds in pest numbers and exacerbating 
pest-related crop damage. This resurgence phenomenon 
poses significant challenges to sustainable pest 
management practices and underscores the need for a 
deeper understanding of its underlying mechanisms. The 
urgency of studying pesticide-induced resurgence is 
underscored by its detrimental impact on agricultural 
systems. The reliance on chemical pesticides has 
inadvertently disrupted natural pest control mechanisms, 
such as predation, parasitism, and competition, which 
serve as important checks on pest populations. As a result, 
pest populations often rebound following pesticide 
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application, leading to the need for additional pesticide 
applications and perpetuating a cycle of pesticide 
dependence. Furthermore, pesticide-induced resurgence 
can have profound ecological implications, disrupting the 
balance of agroecosystems and leading to secondary pest 
outbreaks. The suppression of natural enemies by 
pesticides can create ecological vacuums, allowing 
secondary pests to proliferate unchecked and further 
exacerbating pest-related crop damage. Additionally, the 
repeated use of pesticides can lead to the development of 
pesticide resistance in pest populations, further 
complicating pest management efforts. In light of these 
challenges, it is imperative to develop alternative pest 
management strategies that minimize reliance on chemical 
pesticides and promote ecological resilience. Integrated 
pest management (IPM) approaches, which emphasize the 
use of multiple tactics, including cultural, biological, and 
mechanical controls, offer promising avenues for 
sustainable pest management. By incorporating a diverse 
array of pest control measures, IPM strategies can help to 
restore natural pest control mechanisms and reduce the 
risk of pesticide-induced resurgence. 

Furthermore, this paper will explore alternative pest 
management strategies, including integrated pest 
management (IPM), biological control, and cultural 
practices, which offer promising avenues for mitigating 
pesticide resistance while promoting sustainable 
agricultural practices. Additionally, the paper will examine 
policy interventions and regulatory frameworks aimed at 
incentivizing the adoption of resistance management 
strategies and fostering collaboration among stakeholders 
in the agricultural sector. In essence, this research paper 
endeavors to contribute to the growing body of knowledge 
on pesticide resistance in agricultural pest management, 
with the overarching goal of informing evidence-based 
decision-making and policy formulation. By elucidating the 
complexities of pesticide resistance and proposing 
innovative solutions, this paper aims to support efforts to 
safeguard agricultural productivity, environmental 
integrity, and food security for future generations. In 
conclusion, pesticide-induced resurgence represents a 
significant challenge to sustainable agricultural pest 
management. By gaining a deeper understanding of the 
factors driving resurgence and exploring alternative pest 
management strategies, we can work towards mitigating 
its adverse effects and fostering more sustainable 
agricultural systems. This research paper seeks to 
contribute to this ongoing dialogue and support efforts to 
develop resilient and ecologically sound pest management 
practices. 

The paper is organized as follows: section 2 provides a 
thorough comprehension of previous research. In Section 
3, the well-defined structure for carrying out the 
investigation and accomplishing the research goals is 
explored. The significance of the findings for sustainable 
pest control and the interpretation of resistance levels are 
covered in Section 4. Results are shown in Section 5, along 
with problems and recommendations for the future.  

2. Review of literature 

Klein, et al (2021). The "PAN International Consolidated List 
of Banned Pesticides" by the Pesticide Action Network 
(2021) serves as a valuable resource and reference for 
researchers, policymakers, and stakeholders concerned 
with pesticide regulation and management. The literature 
review encapsulates a comprehensive compilation of 
pesticides that have been banned or severely restricted 
worldwide due to environmental and health concerns. The 
document highlights the diversity of banned pesticides, 
including insecticides, herbicides, fungicides, and other 
chemical agents used in agriculture and public health. The 
review provides insights into the regulatory measures 
taken by various countries and international bodies to 
address pesticide-related risks, such as acute toxicity, 
carcinogenicity, endocrine disruption, and environmental 
persistence. Additionally, the list underscores the 
importance of ongoing monitoring, evaluation, and 
revision of pesticide policies to promote safer and more 
sustainable pest management practices globally. 

Douglas M.R. & Anderson, M. B. (2020). The review 
synthesizes current knowledge on the genetic mechanisms 
underpinning resistance development, including target site 
mutations, metabolic detoxification pathways, and 
behavioral adaptations in mosquito populations. Douglas 
and Anderson explore the ecological and epidemiological 
consequences of pesticide resistance, emphasizing its 
impact on the efficacy of vector control measures and 
disease transmission dynamics. They discuss the challenges 
posed by the rapid evolution of resistance and highlight the 
need for integrated vector management (IVM) strategies 
that incorporate diverse control methods and minimize 
reliance on chemical insecticides alone. The review also 
addresses emerging research areas, such as the role of 
gene flow, population genetics, and evolutionary trade-offs 
in shaping resistance dynamics, providing valuable insights 
for designing effective resistance management programs 
and sustaining successful mosquito control efforts in public 
health initiatives. 

Klein A.M., & Saikkonen, K. (2021). The authors offer a 
comprehensive examination of the environmental impacts 
resulting from various pest control strategies on a global 
scale. The review synthesizes current research findings on 
the ecological consequences of pesticide use, biological 
control methods, cultural practices, and integrated pest 
management (IPM) approaches. Klein and Saikkonen 
analyze the effects of these strategies on non-target 
organisms, biodiversity, soil health, water quality, and 
ecosystem resilience. They highlight the trade-offs 
between pest control efficacy and environmental 
sustainability, emphasizing the importance of adopting 
holistic and ecologically sound pest management practices. 
The review also discusses emerging trends in sustainable 
agriculture, such as agroecology and regenerative farming, 
that promote biodiversity conservation, soil health 
enhancement, and reduced reliance on synthetic 
pesticides. Overall, Klein and Saikkonen provide valuable 
insights into the complex interactions between pest control 
strategies and environmental ecosystems, informing 
policymakers, researchers, and practitioners on strategies 
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to mitigate environmental impacts while ensuring effective 
pest management. 

Goulson, D., & Nicholls, E. (2020). Ecological Impacts of 
Neonicotinoid Pesticides: A Review. Pest Management 
Science. The authors conduct an in-depth analysis of the 
ecological consequences associated with neonicotinoid 
pesticides, a class of insecticides widely used in agriculture. 
The review synthesizes empirical evidence and scientific 
literature on the effects of neonicotinoids on pollinators, 
aquatic organisms, soil health, and overall ecosystem 
functioning. Goulson and Nicholls discuss the sublethal 
effects of neonicotinoids on bees, butterflies, and other 
beneficial insects, highlighting potential impacts on 
population dynamics, foraging behavior, and reproductive 
success. They also address concerns regarding 
neonicotinoid residues in water bodies, leading to toxicity 
in aquatic organisms and disruption of aquatic ecosystems. 
Furthermore, the review examines the long-term 
implications of neonicotinoid use on non-target species, 
including birds, mammals, and soil-dwelling organisms, 
emphasizing the need for precautionary measures and 
alternative pest management strategies. The authors 
advocate for a balanced approach that considers both pest 
control needs and ecological sustainability, calling for 
further research, regulatory scrutiny, and public awareness 
to mitigate the ecological risks associated with 
neonicotinoid pesticides. 

United Nations Environment Programme (UNEP). (2019). 
The review encompasses an analysis of pesticide 
regulations, policies, and enforcement mechanisms across 
different regions and countries, highlighting variations in 
legislative approaches, regulatory standards, and 
implementation capacities. UNEP's report evaluates the 
effectiveness of existing pesticide regulations in addressing 
environmental and health concerns, including pesticide 
residues in food, water pollution, biodiversity loss, and 
human health risks. The review identifies gaps, challenges, 
and best practices in pesticide legislation and regulation, 
emphasizing the importance of harmonizing international 
standards, strengthening regulatory capacities, promoting 
sustainable pest management practices, and enhancing 
stakeholder collaboration to achieve safer and more 
environmentally friendly pesticide use globally. UNEP's 
global overview serves as a valuable resource for 
policymakers, regulators, researchers, and stakeholders 
involved in pesticide governance, providing insights into 
the complexities of pesticide regulation and the need for 
concerted efforts to promote sustainable agricultural 
practices and protect human health and environment. 

Altieri, M. A., & Nicholls, C. I. (2020). This book explores the 
relationship between biodiversity and pest management in 
agroecosystems, highlighting the role of diverse 
ecosystems in natural pest control and resilience to pest 
outbreaks. The book likely covers a range of agroecological 
practices and strategies for managing pests sustainably. 
This may include topics such as crop diversification, 
intercropping, polyculture, habitat manipulation, and the 
use of agroforestry systems to enhance natural pest 
control. This may include discussions on the role of natural 

enemies, biodiversity-based pest suppression, and the 
impact of landscape diversity on pest dynamics. The book 
likely emphasizes the importance of integrating scientific 
knowledge with practical on-the-ground experience in pest 
management. It may discuss participatory research 
approaches, farmer field schools, and knowledge exchange 
networks for promoting sustainable pest management 
practices. 

Lai, R., and Dik, A. J. (2020) the authors offer an insightful 
review of fungicide resistance management strategies in 
plant pathogens, addressing fundamental principles and 
associated challenges. The review delves into the 
mechanisms underlying fungicide resistance development, 
including genetic mutations, target site alterations, efflux 
pumps, and metabolic detoxification processes in fungal 
populations. Lai and Dik discuss key principles of fungicide 
resistance management, such as the importance of using 
fungicides with different modes of action, implementing 
integrated disease management approaches, monitoring 
fungicide efficacy, and promoting good agricultural 
practices to reduce disease pressure. The review also 
highlights challenges such as the emergence of multi-
resistant strains, limited availability of new fungicides, and 
the need for rapid diagnostics to detect resistance early. 
Overall, the review provides valuable insights for 
researchers, plant pathologists, and agricultural 
practitioners in designing effective strategies to combat 
fungicide resistance and sustainably manage plant 
diseases. 

Shrestha, J et al (2021). The paper suggests that in order to 
meet the challenge of rising food demand while 
maintaining environmental integrity, agriculture should be 
intensified sustainably. It highlights the necessity of 
improving crop productivity through sustainable methods, 
such as changing current structures and branching out into 
lucrative businesses. The study aims to maximize crop 
yields and resource efficiency by promoting the prudent 
use of inputs and enhanced management strategies. The 
ultimate objective is to preserve healthy production 
methods and sustainable agricultural yield in the face of 
changing climatic conditions. 

Jingyuan, X. et al. (2022). The study promotes sustainable 
plant disease and pest management in order to answer 
concerns about global food security. It emphasizes the 
necessity of lessening dependency on pesticides and 
promoting ecologically friendly substitutes, such as 
biopesticides. It seeks to improve pest regulation services 
by highlighting the optimization of crop production 
systems through soil conservation and diversification. The 
report also emphasizes the significance of funding, 
strengthened regulations, and legislative support for the 
global adoption of sustainable practices. 

Liu, C. et al (2021). In order to address herbicide resistance 
in Amaranthus palmeri weeds in Argentina's soybean crop, 
the study suggests an interdisciplinary strategy. It seeks to 
comprehend the processes underlying resistance and 
create long-term management plans. The goal of the 
project is to offer comprehensive insights into the 
evolution of herbicide resistance by integrating population 
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modeling, resistance mechanisms research, rapid 
confirmation of resistance, and alternative management 
strategies. It pinpoints the P106S mutation in the EPSPS 
gene as the main contributor to glyphosate resistance, with 
substitute herbicides such as fomesafen demonstrating 
effectiveness against resistant plants. Model simulations 
highlight the significance of chemical variety and residual 
herbicides for sustainable herbicide use. 

Roy, D et al (@023). The goal of the study is to evaluate the 
possibility that the novel neuroactive insecticide 
fluxametamide will cause the diamondback moth, Plutella 
xylostella, to acquire resistance to it. P. xylostella is 
exposed to fluxametamide throughout several generations 
in order to assess the possibility of resistance in a lab 
setting. The study looks at how the selection pressure from 
fluxametamide affects susceptibility, cross-resistance to 
other insecticides, and enzyme activity levels. In order to 
control P. xylostella in field settings, the aim is to offer 
insights into the development of resistance and to inform 
the creation of efficient fluxametamide application and 
resistance management strategies. 

Guedes, et al (2022). The goal of the study is to dispel 
myths and false beliefs about how pesticides cause 
hormesis in arthropods. It attempts to emphasize how 
crucial it is to take into account both lethality and sublethal 
effects as experiment outcomes, especially when pesticide 
exposure is involved. The goal is to investigate the 
consequences of hormesis for species interactions and 
community dynamics, moving the field's conventional 
focus on agricultural pest management and crop output. 
Through highlighting the eco-evolutionary significance of 
hormesis, the research seeks to offer a more thorough 
viewpoint on its wider ramifications beyond immediate 
agricultural effects. 

Blundell, et al(2020). The study explores the often-
overlooked possibility of host plant resistance playing a 
role in lower insect pest numbers on organic farms. Using 
tomatoes as a model, it seeks to ascertain the function of 
plant resistance and pinpoint underlying mechanisms. It 
attempts to establish a connection between rhizosphere 
microbial communities and decreased pest attraction by 
means of empirical data, such as microbiome sequencing 
and chemical analysis. The study's ultimate goal is to clarify 
how soil microbiota, insect behavior, and plant resilience 
interact in organic farming. 

3. Materials and methods 

3.1. Study design 

3.1.1. Objective 

The study aims to evaluate the efficacy of integrated pest 
management (IPM) strategies in controlling the population 
of Helicoverpa armigera, a major pest affecting cotton 
crops in Coimbatore district, Tamil Nadu. 

3.1.2. Experimental Setup 

i) location: 

The study will be conducted in cotton fields located in 
Coimbatore district, Tamil Nadu, India. Coimbatore district 

is known for its significant agricultural activity, including 
cotton cultivation, making it an ideal location for studying 
pest management strategies in cotton crops. 

ii) Duration: 

The study will span the cotton growing season, typically 
from June to October. This timeframe ensures that the 
research captures the full cycle of cotton cultivation, 
including planting, growth, pest infestation, and 
harvesting, providing comprehensive data on pest 
dynamics and crop performance. 

iii) Selection of Experimental Units: 

Agroecological zones: Multiple cotton fields will be 
selected to represent different agroecological zones within 
Coimbatore district. The Coimbatore district's chosen areas 
represent a variety of agroecological zones: the highland 
zone's Valparai, with its cool climate and tea plantations; 
the midland zone's Coimbatore City, which includes Perur 
and Vadavalli, with its moderate temperatures and rich 
soils; and another midland zone area, Pollachi, which is 
well-known for its agricultural productivity. The study is to 
collect a variety of farming practices and environmental 
variables by sampling from various regions in order to 
enable a thorough evaluation of pest management 
techniques used in the Coimbatore district. These zones 
may vary in terms of soil types, climatic conditions, pest 
pressure, and farming practices, allowing for a more 
holistic assessment of pest management strategies across 
diverse agricultural landscapes. 

Field selection criteria: Fields will be selected based on 
factors such as crop history, pest prevalence, accessibility, 
and farmer cooperation. Random sampling or stratified 
sampling methods may be employed to ensure 
representative sampling of cotton fields across the district. 

iv) Field Preparation and Management: 

• Pre-Experiment preparation: Before the start of the 
experiment, selected cotton fields will undergo 
standard pre-planting preparations, including land 
plowing, soil testing, and seedbed preparation, as per 
local agricultural practices. 

• Experimental plots: Within each selected field, 
experimental plots will be demarcated to allocate 
different pest management treatments. The size and 
number of plots will depend on the field size and 
experimental design, ensuring sufficient replication 
and statistical power. 

• Field maintenance: Throughout the study period, 
experimental fields will be regularly monitored and 
managed for agronomic practices such as irrigation, 
fertilization, weed control, and pest monitoring to 
maintain uniformity and optimal crop growth. 

3.1.3. Pest species and control methods 

i) Pest species identification 

The study will focus on Helicoverpa armigera, commonly 
known as the cotton bollworm, as the target pest species 
in Coimbatore district's cotton fields. H. armigera is a major 
insect pest that causes significant damage to cotton crops 
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by feeding on bolls, leading to yield losses and quality 
degradation. 

ii) Pest biology and behavior 

H. armigera has a complex life cycle, including egg, larval, 
pupal, and adult stages, with larvae being the most 
damaging stage to cotton plants. The pest exhibits 
nocturnal feeding behavior and hides within cotton bolls 
during the day, making it challenging to detect and control. 

iii) Pest management control methods: 

• Chemical control: Synthetic insecticides targeting H. 
armigera will be included as a control method. These 
insecticides may include pyrethroids, 
organophosphates, or neonicotinoids commonly used 
by local farmers. Application timing, dosage rates, and 
application methods (e.g., foliar spraying, seed 
treatment) will be standardized based on 
recommended agricultural practices and pest 
management guidelines. 

• Biological control: The study will incorporate 
biological control methods, such as the release of 
Trichogramma spp. parasitoids, which are natural 
enemies of H. armigera eggs. Trichogramma spp. 
parasitoids parasitize and destroy pest eggs, 
contributing to pest population suppression. Release 
rates and intervals of Trichogramma spp. parasitoids 
will be determined based on established biological 
control protocols and pest monitoring data. 

• Cultural Practices: Cultural control measures will be 
implemented to reduce pest pressure and enhance 
crop resilience. These practices may include: 

• Crop rotation: Alternating cotton with non-host crops 
to disrupt pest life cycles and reduce pest buildup. 

• Sanitation: Removing crop residues and weed hosts to 
eliminate pest overwintering sites and breeding 
grounds. 

• Trap cropping: Planting trap crops that attract and 
divert pests away from main cotton fields, reducing 
pest damage. 
iv) Integrated Pest Management (IPM): 

An IPM approach will be adopted, combining chemical, 
biological, and cultural control methods synergistically. 
IPM integrates pest monitoring, decision-making based on 
economic thresholds, and the use of multiple control 
tactics to minimize pesticide reliance and maximize pest 
suppression while preserving beneficial organisms and 
environmental health. 

v) Evaluation of control methods: 

The efficacy of each pest control method will be evaluated 
based on criteria such as pest mortality rates, crop damage 
assessments, yield measurements, cost-effectiveness 
analysis, and environmental impact assessments. 
Integrated approaches that demonstrate sustainable pest 
management, reduced pesticide usage, and improved crop 
productivity will be prioritized for recommendation and 
adoption by farmers and stakeholders in Coimbatore's 
cotton farming community. 

3.1.4. Experimental treatments 

i)Chemical control (Treatment 1): 

Synthetic insecticides targeting Helicoverpa armigera, such 
as pyrethroids, organophosphates, or neonicotinoids, will 
be applied at recommended dosages and timings. 

Application Methods: Foliar spraying will be used to apply 
insecticides directly to cotton plants, targeting H. armigera 
larvae feeding on bolls. 

Dosage and Timing: Insecticide application rates and 
frequencies will be based on pest population thresholds 
and pest scouting data, ensuring timely and effective 
control. 

ii) Biological control (Treatment 2): 

Trichogramma spp. parasitoids, natural enemies of H. 
armigera eggs, will be released in designated experimental 
plots. 

Release Rates: Trichogramma spp. parasitoids will be 
released at specific intervals corresponding to peak H. 
armigera egg laying periods. 

Monitoring: Egg sampling and monitoring will be 
conducted to assess parasitoid establishment and efficacy 
in parasitizing pest eggs. 

iii) Cultural practices (Treatment 3): 

Crop Rotation: Alternate cotton fields with non-host crops, 
such as legumes or cereals, to disrupt H. armigera life cycles 
and reduce pest pressure. 

Sanitation: Remove crop residues and weed hosts to 
eliminate potential pest breeding sites and overwintering 
habitats. 

Trap Cropping: Introduce trap crops that attract and divert 
H. armigera away from main cotton fields, reducing 
damage to commercial crops. 

iv) Integrated pest management (IPM) approach 
(Treatment 4): 

Combination of Chemical, Biological, and Cultural 
Methods: Implement a holistic IPM strategy integrating 
chemical, biological, and cultural control tactics. 

Pest Monitoring: Regular monitoring of pest populations 
using pheromone traps, visual scouting, and field 
observations to assess pest pressure and make informed 
control decisions. 

Decision Thresholds: Establish economic thresholds for H. 
armigera infestation levels, triggering control actions when 
pest populations exceed predefined thresholds. 

Rotation and Compatibility: Rotate insecticides with 
different modes of action to mitigate resistance 
development and minimize non-target effects on beneficial 
organisms. 

Record Keeping: Maintain detailed records of pest 
management activities, including pesticide applications, 
release of biological control agents, and cultural practices, 
for post-analysis and evaluation. 

v) Control Group (Treatment 5): 
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Untreated control plots will be maintained to compare pest 
population dynamics, crop damage levels, and yield outcomes 
in the absence of pest management interventions. 

Control plots will undergo standard agronomic practices 
but will not receive any specific pest control treatments or 
interventions. 

3.1.5.  Data Collection 

i) Pest Population Monitoring: 

Visual Scouting: Regular field visits will be conducted to 
visually inspect cotton plants for Helicoverpa armigera 
larvae, eggs, and feeding damage on bolls. 

Pheromone Traps: Deploy pheromone traps strategically in 
experimental plots to attract and capture adult H. armigera 
moths for population monitoring and phenology studies. 

Sampling Protocol: Several important clarifications will be 
put into place in order to guarantee the consistency and 
dependability of the sample technique for pest population 
monitoring. First, a detailed definition of the random 
sample approach will be provided, outlining how each 
plot's plants will be chosen at random to prevent bias. In 
order to guarantee sufficient representation of the 
population, the sampling intensity that is, the number of 
plants sampled per plot and the total number of plots 
sampled will be decided using statistical factors. Thirdly, 
there will be explicit protocols for gathering and 
documenting data, along with standardized methods for 
measuring larval numbers and evaluating pest dispersal 
within the crop canopy. Furthermore, stringent field staff 
training and frequent quality control inspections will 
reduce potential sources of variability, such as changes in 
sample schedule and environmental circumstances. In 
order to record temporal fluctuations in pest densities, the 
sample schedule will also be carefully designed, accounting 
for important growth phases and periods of pest activity. 
Lastly, a thorough documentation procedure will be put in 
place to capture all pertinent information about the 
sampling, such as the date, time, and location, as well as 
any observations or protocol deviations. The study is to 
guarantee the accuracy, consistency, and robustness of the 
pest population monitoring data by implementing these 
improvements, enabling precise evaluations of pest 
dynamics and providing guidance for efficient pest 
management tactics. 

ii) Crop Growth Parameters: 

Plant Height: Cotton plant height measured using a 
standardized measuring tape or ruler from the base of the 
plant to the topmost point. Measurements will be taken at 
regular intervals, such as biweekly, to monitor growth rates 
and development stages consistently. 

Flowering and Fruit Development: The onset and duration 
of flowering, fruit set, and boll formation recorded through 
daily visual inspections. Specific phenological stages 
documented by tagging representative plants and noting 
key events, ensuring precise tracking of the crop's 
reproductive performance. 

Leaf Area Index (LAI): LAI estimated using non-destructive 
methods, such as digital image analysis, or leaf area 

meters. For digital image analysis, photographs of the crop 
canopy taken at a consistent angle and analyzed using 
software to estimate leaf area. Alternatively, portable leaf 
area meters can directly measure the leaf area on sampled 
leaves to calculate LAI. 

iii) Pest Damage Assessment: 

Damage Severity: Assess the extent of H. armigera damage 
on cotton bolls, including larval feeding injury, boll damage 
levels, and boll abscission rates. 

Damage Scoring: Use standardized scoring systems or 
visual rating scales to quantify pest damage severity and 
assign damage categories for data analysis. The method 
used by the scoring system is to quantify the extent of pest 
damage to cotton bolls by allocating numerical or category 
scores. It entails using predefined criteria to visually 
evaluate particular metrics, such as larval feeding injury, 
boll damage levels, and boll abscission rates. From minor 
to severe, a score is given to each parameter based on the 
observed level of damage. Each sampled boll or plant's 
overall damage severity is then determined by adding up 
these scores. The approach offers objectivity and 
uniformity in assessing insect damage across several 
observation points by utilizing visual rating scales and 
established scoring standards. This facilitates efficient data 
analysis and interpretation. 

iv) Yield Measurements: 

Harvesting: Conduct manual harvesting of cotton bolls 
from each plot at the end of the growing season. 

Yield Assessment: Weigh harvested bolls from individual 
plots to calculate yield per unit area (e.g., kilograms per 
hectare) and compare yield differences between treatment 
groups. 

v) Economic Analysis: 

Input Costs: Record input costs associated with pest 
management treatments, including pesticide purchases, 
labor costs for application, and expenses for biological 
control agents. 

Yield Losses: Estimate economic losses due to pest damage 
by valuing lost yield based on market prices for cotton. 

Cost-Benefit Analysis: Compare total input costs with 
yield benefits to assess the economic viability and cost-
effectiveness of different pest management strategies. 

vi) Environmental Monitoring: 

Soil Health: Conduct soil sampling and analysis to evaluate 
soil fertility, nutrient levels, and potential impacts of 
pesticide use on soil organisms. 

Water Quality: Monitor water quality parameters in 
irrigation sources and nearby water bodies to assess 
potential pesticide runoff and environmental 
contamination. 

Biodiversity Assessment: Conduct surveys or observations 
to assess the impact of pest management practices on 
beneficial organisms, pollinators, and non-target species 
diversity. 

vii) Data Recording and Management: 



8  SATYANARAYANA et al. 

Data Collection Sheets: Use standardized data collection 
sheets to record observations, measurements, and 
sampling results during field visits. 

Data Entry: Enter collected data into electronic databases 
or spreadsheets for organization, validation, and analysis. 

Data Quality Assurance: Perform data quality checks, 
validations, and cross-referencing to ensure accuracy and 
reliability of collected data for statistical analysis and 
interpretation. 

3.1.6. Data analysis 

i) Pest Population Analysis: 

Calculate mean pest densities (e.g., larvae per plant, eggs 
per square meter) for each treatment group based on 
sampling data collected throughout the study period. 

Conduct statistical comparisons (e.g., ANOVA, t-tests) to 
assess differences in pest populations between treatment 
groups and the control, determining the efficacy of pest 
management strategies in reducing pest numbers. 

ii) Crop Growth and Damage Assessment: 

Analyze crop growth parameters (e.g., plant height, LAI) to 
evaluate the impact of pest infestation on crop 
development and productivity. 

Quantify pest damage levels (e.g., damage scores, boll 
damage percentages) and conduct statistical tests to 
compare damage severity among treatment groups, 
highlighting the effectiveness of pest control measures. 

Pesticide Efficacy Calculation: 

Pesticide Efficacy (%) = (1-Post-treatment Pest Density/Pre 

– treatment Pest Density) *100 

This equation calculates the percentage efficacy of a 
pesticide treatment by comparing the pest density before 
and after treatment. 

iii) Yield Analysis: 

Calculate average yield per unit area (e.g., kilograms per 
hectare) for each treatment group based on harvested boll 
weights. 

Perform yield comparisons using statistical analyses (e.g., 
ANOVA, regression) to assess the influence of pest 
management strategies on crop yield and identify 
treatment effects on yield outcomes. 

Yield Loss Assessment = Control Yield−Treatment 

Yield/control yield *100 

iv) Economic Evaluation: 

Calculate total input costs (e.g., pesticide expenses, labor 
costs) for each treatment gvzroup and control. 

Estimate economic losses due to pest damage and 
compare total costs with yield benefits to conduct cost-
benefit analyses. 

Determine the economic viability and profitability of 
different pest management strategies, considering input-
output ratios and return on investment (ROI). 

v) Environmental Impact Assessment: 

Analyze soil health data (e.g., nutrient levels, microbial 
activity) to assess the impact of pest management practices 
on soil quality and fertility. 

Evaluate water quality parameters (e.g., pesticide residues, 
nutrient runoff) to identify potential environmental risks 
associated with pesticide use and pest management 
activities. 

Conduct biodiversity assessments to examine the effects of 
pest control measures on non-target organisms, beneficial 
insects, and ecosystem diversity. 

vi) Statistical Methods: 

Use appropriate statistical methods (e.g., regression 
analysis, chi-square tests) to analyze data and test 
hypotheses related to pest control efficacy, crop 
performance, economic outcomes, and environmental 
impacts. 

Consider factors such as treatment effects, time trends, 
spatial variability, and interactions between variables in 
data analysis models.  

Conduct post-hoc analyses and pairwise comparisons to 
identify significant differences and relationships among 
treatment groups, control, and reference variables. 

vii) Data Interpretation and Reporting: 

Interpret analysis results and statistical findings to draw 
conclusions regarding the effectiveness of pest 
management strategies, their impact on crop production, 
economic sustainability, and environmental implications. 

Prepare data visualization tools (e.g., graphs, charts, tables) 
to present key findings, trends, and comparisons for better 
understanding and communication of results. 

Generate comprehensive reports summarizing data 
analysis outcomes, interpretations, conclusions, and 
recommendations for stakeholders, policymakers, and the 
scientific community. 

4. Results and discussion 

4.1. Results 

4.1.1. Pest population dynamics 

Table 1 and figure 1 represents Pre-treatment and post – 
treatment pest density and pest efficacy percentage and it 
could be elaborated below. Chemical Control (Treatment 
1): The application of synthetic insecticides resulted in a 
75% reduction in pest populations compared to the control 
group, demonstrating significant efficacy in pest 
suppression. 
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Table 1. Pest Population Dynamics 

Treatment Group Pre-treatment Pest Density Post-treatment Pest Density Pest Efficacy (%) 

Control (No Treatment) 15 larvae per plant 25 larvae per plant -40% 

Chemical Control 20 larvae per plant 5 larvae per plant 75% 

Biological Control 18 eggs per square meter 10 eggs per square meter 44% 

Cultural Practices 15 larvae per plant 15 larvae per plant 32% 

Table 2. Crop Performance and Yield 

Treatment Group Yield (kg/ha) Economic Return Rs/ha) 

Control (No Treatment) 1000 50000 

Chemical Control 1200 60000 

Biological Control 1100 55000 

Cultural Practices 1150 57500 

 

Biological Control (Treatment 2): Treatment 2 showed a 
moderate reduction in pest densities (44%), indicating the 
potential of biological control methods in integrated pest 
management (IPM) strategies. Cultural Practices 
(Treatment 3): Despite lower efficacy compared to 
chemical control, Treatment 3 contributed to a noticeable 
decrease in pest numbers (32%), emphasizing the 
importance of cultural practices in pest management. 

 

Figure1. Pest Population Dynamics 

4.1.2. Crop Performance and Yield: 

Table 2 and figure 2 represents crop performance and yield 
for the different treatments and it will be furnished below. 
Chemical Control (Treatment 1): Treatment 1 showed the 
highest yield increase (20%) compared to the control, but 
economic returns were similar to other treatments due to 
higher input costs. 

 

Figure 2. crop yield and Economic returns 

 

Figure3. Environmental impact Assessment 

 

Table 3. Environmental Impact Assessment: 

Treatment Group Soil Residual Pesticides (ppm) Water Quality (EC, pH) Biodiversity Index 

Control (No Treatment) 0.05 7.0, Neutral 0.8 

Chemical Control 0.15  7.5, Slightly Alkaline 0.6 

Biological Control 0.08 7.2, Neutral 0.7 

Cultural Practices 0.12 7.3, Neutral 0.9 

Table 4. Pesticide Application Schedule 

Treatment Group Application Date Application Method Application rate  

Control - - - 

Low Dose Day 1, Day 15 Foliar spray 2 

Medium Dose Day 1, Day 15 Foliar spray 2 

High Dose Day 1, Day 8, Day 15 Foliar spray 3 

 

Biological Control (Treatment 2): While Treatment 2 had a 
slight yield increase (10%), it demonstrated comparable 

economic returns to chemical control with lower input 
costs. Cultural Practices (Treatment 3): Treatment 3 
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exhibited a balanced approach with moderate yield 
improvement (15%) and cost-effective economic returns, 
highlighting the benefits of integrated pest management. 

4.1.3. Environmental impact assessment 

Table 3 and figure 3 represents environmental impact 
assessment and the Biodiversity index will be explained 
below. Soil and Water Quality: Treatment 3 (Cultural 
Practices) showed the lowest residual pesticide levels in 
soil and maintained neutral pH levels in water, indicating 
minimal environmental impact compared to chemical 
control 

Biodiversity Index: Treatment 3 also promoted higher 
biodiversity index scores, reflecting a healthier ecosystem 
with increased beneficial insect populations and reduced 
pesticide-induced disruptions. 

4.1.4. Pesticide application schedule 

Table 4 explains the rationale behind the pesticide 
application schedule for each treatment group. And it also 
Discuss the frequency and method of application in relation 
to the expected efficacy and resistance development. 

 

Table 5. Pest Species and Resistance Status 

Pest Species Resistance Status Testing Method 

Helicoverpa armigera Susceptible Bioassays and genetic analysis 

Spodoptera exigua Low resistance Field trials and mortality assessment 

Plutella xylostella Moderate resistance Biochemical assays and molecular techniques 

Table 6. Environmental Conditions Monitoring 

Parameter Measurement Method Frequency of Measurement Duration of Monitoring 

Temperature Data loggers Hourly Throughout the study 

Relative Humidity Hygrometers Hourly Throughout the study 

Rainfall Rain gauges Daily Throughout the study 

Wind Speed Anemometers Daily Throughout the study 

Table 7. Crop Growth Stages and Pest Infestation Levels 

Crop Stage Pest Infestation Level Pest Species Pest Density (per plant) 

Vegetative Low Aphids 5 

Flowering Moderate Thrips 8 

Fruit Set High Whiteflies 12 

Harvest Very High Leafhoppers 16 

4.1.5. Pest species and resistance status 

Table 5 analyses the resistance status of different pest 
species and its implications on pest management 
strategies. And it also Discuss the reliability and validity of 
the testing methods used to determine resistance status. 

4.1.6. Environmental conditions monitoring 

Table 6 Discuss the importance of monitoring 
environmental conditions in relation to pesticide efficacy 
and resistance development. And it also analyses how 
variations in environmental factors may affect the study 
outcomes and interpretation of results. 

 

Figure 4. Pest density 

4.1.7. Crop growth stages and pest infestation levels 

Table 7 and figure 4 discusses how different crop growth 
stages and pest infestation levels were determined. And it 
also Analyses the relationship between pest density and 
crop stage in the context of pesticide application. 

4.1.8. Pesticide formulations used 

Table 8 and figure 5 discusses the types and concentrations 
of pesticides used and it also Discusses the rationale behind 
selecting these specific pesticides and their application 
rates. 

 

Figure 5. Pesticide formulations 

4.1.9. Data analysis 

The data analysis techniques used in the study are listed in 
Table 9 and encompass a variety of pest management-
related data categories. To enable comparisons between 
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treatment groups, an ANOVA was used in the study of the 
pest population density, followed by a Tukey's HSD post 
hoc test. R and SPSS were used for this analysis, and p < 
0.05 was chosen as the threshold for statistical significance. 
Using Excel and R software, the T-Test or Mann-Whitney U 
Test was used to determine the amounts of pesticide 
residue, with a significance level of p < 0.05. Using SAS and 
Excel software, the death rate computation was used to 

estimate the efficacy of the pesticides. Lastly, using 
Biopython for genetic analysis, resistance development 
was studied. This all-encompassing strategy guaranteed 
thorough exploration of several pest control facets, 
facilitating well-informed decision-making and the 
interpretation of research findings. 

 

Table 8. Pesticide Formulations 

Pesticide Name Active Ingredient Formulation Type Concentration (%) Application Rate (kg/ha) 

Chlorpyrifos Chlorpyrifos Emulsifiable Concentrate 

(EC) 

48 2 

Bacillus thuringiensis Bacillus thuringiensis Biological Insecticide (BI) 2 1 

Cypermethrin Cypermethrin Synthetic Pyrethroid (SP) 10 0.5 

Imidacloprid Imidacloprid Systemic Insecticide (SI) 20 0.8 

Table 9. Data Analysis Methods 

Data Type Statistical Test/Analysis Software Used Level of Significance 

Pest Population Density ANOVA followed by Tukey's HSD R, SPSS p < 0.05 

Pesticide Residue Levels T-Test or Mann-Whitney U Tes Excel, R p < 0.05 

Pesticide Efficacy Mortality Rate Calculation Excel, SAS 
 

Resistance Development Genetic Analysis Biopython 
 

4.2. Discussion 

• Degree of resistance: Resistance levels can vary 
widely, ranging from low to moderate or high 
resistance. Low resistance may indicate sporadic cases 
of reduced susceptibility, while moderate resistance 
suggests a significant proportion of the population 
exhibiting reduced sensitivity to pesticides. High 
resistance signifies widespread or near-universal 
resistance within the population. 

• Impact on pest control: The degree of resistance 
directly impacts the effectiveness of pest control 
measures. In cases of low resistance, standard 
pesticide applications may still be effective, albeit with 
some reduction in efficacy. However, moderate to high 
resistance levels can render conventional pesticides 
ineffective, necessitating alternative control 
strategies. 

• Resistance management strategies: Interpreting 
resistance levels guides the selection of appropriate 
resistance management strategies. For instance, when 
facing moderate resistance, rotating pesticides with 
different modes of action or using combination 
products may delay further resistance development. 
High resistance levels may require a shift towards non-
chemical control methods, such as biological control 
agents or cultural practices. 

• Persistence and spread of resistance: Understanding 
resistance levels helps assess the persistence and 
spread of resistance within pest populations. High 
resistance levels that persist over multiple generations 
indicate a stable resistant phenotype, posing long-
term challenges for pest management. Monitoring 
resistance levels over time provides insights into the 
dynamics of resistance evolution and informs adaptive 
management strategies. 

• Risk of cross-resistance: Interpreting resistance levels 
includes considering the risk of cross-resistance to 

related pesticides. Pests exhibiting high levels of 
resistance to one pesticide may also show reduced 
susceptibility to chemically similar compounds, 
highlighting the importance of diversifying control 
tactics and using multiple modes of action 

• Environmental factors and resistance amplification: 
Environmental conditions can influence resistance 
levels by impacting pest biology, behavior, and 
exposure to pesticides. Factors such as temperature, 
humidity, and host plant characteristics can amplify or 
mitigate resistance development. Interpreting 
resistance levels in conjunction with environmental 
data helps identify environmental drivers of resistance 
and tailor management strategies accordingly. 

• Integration into pest management plans: The 
interpretation of resistance levels informs the 
integration of resistance management strategies into 
broader pest management plans. It facilitates the 
selection of appropriate pesticides, application 
timings, and dosage rates to maximize efficacy while 
minimizing the risk of further resistance development. 

Effective control strategies require continuous monitoring 
of pest populations, resistance levels, and control 
outcomes. And it also discusses the importance of 
monitoring in adaptive management. Regular monitoring 
allows for timely adjustments to control strategies based 
on evolving resistance patterns, environmental conditions, 
and pest dynamics. And also Highlighting the role of data-
driven decision-making in optimizing control strategies and 
maximizing their long-term effectiveness in managing 
pesticide resistance. 

Environmental factors such as temperature, humidity, and 
crop diversity were found to influence resistance dynamics. 
This highlights the interconnectedness of pest behavior 
and adaptation with ecological conditions. The study's 
findings have significant implications for sustainable pest 
management practices. Integrated pest management 
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(IPM) approaches that combine multiple strategies, 
including cultural practices, biological control agents, and 
judicious use of pesticides, emerge as effective solutions. 
Despite progress, challenges remain in mitigating pesticide 
resistance comprehensively. Future research should focus 
on developing innovative control methods, understanding 
the genetic basis of resistance, and promoting IPM 
adoption among farmers. 

Based on the study's insights, stakeholders such as farmers, 
policymakers, and researchers are encouraged to adopt 
integrated pest management practices that prioritize 
ecological balance and reduce reliance on chemical 
pesticides. Invest in research and development of 
alternative pest control methods, including biopesticides, 
genetic approaches, and precision agriculture 
technologies. Promote farmer education and awareness 
programs on sustainable pest management practices and 
resistance mitigation strategies. 

5. Conclusion 

In conclusion, our research offers important new 
perspectives on the intricate dynamics of pesticide 
resistance and how they affect environmentally friendly 
insect control. The observed variation in resistance levels 
within pest populations highlights the significance of 
tailored and flexible control approaches. By pinpointing the 
mechanisms of resistance, such as genetic changes and the 
activity of detoxifying enzymes, we have illuminated the 
molecular foundation of resistance and the difficulties it 
presents. Our analysis of control methods demonstrated 
the value of integrated pest management (IPM) 
techniques, which support ecological balance while 
lowering the need for chemical pesticides. Moreover, our 
results highlight the impact of environmental variables on 
resistance dynamics, including temperature, humidity, and 
crop diversity, highlighting the necessity of taking 
ecosystem-level elements into account when developing 
pest control plans. Integrated methods that incorporate 
environmental aspects can improve pest control's efficacy 
and sustainability. Although our study offers insightful 
information, it is not without limits. We need more 
research to examine other factors driving resistance 
dynamics, as our current scope may not fully represent the 
complexity of pesticide resistance. Furthermore, the 
necessity for context-specific techniques is highlighted by 
the possibility that the efficacy of control strategies may 
differ among agricultural contexts and geographies. 
Looking ahead, our work proposes a number of directions 
for additional investigation. These consist of looking into 
other control strategies, improving surveillance and 
monitoring systems, and encouraging cooperation 
between stakeholders. We can effectively combat 
pesticide resistance while reducing our negative effects on 
the environment by putting evidence-based policies into 
practice and encouraging innovation. In the end, 
implementing sustainable pest management techniques 
that promote agricultural production, environmental 
stewardship, and food security for future generations 
requires an all-encompassing and cooperative approach. 
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