! 4

tﬁ“;ﬁ« Original Article ShodhKosh: Journal of Visual and Performing Arts
i ISSN (Online): 2582-7472 July-December 2023 4(2), 1493-1502

SUSTAINABLE DEVELOPMENT AND SMART AGRICULTURE SYSTEM

Kajal Chaudhary 124 , Dr. Vivek Kumar Mishra 2 B

I Research scholar, Department of Political Science and IR, Gautam Buddha University Greater Noida, UP
2 Assistant Professor, Department of Political Science and IR Gautam Buddha University Greater Noida, Gautam Buddh Nagar

Modern farming is being transformed by smart agricultural systems, which use creative

%'L%iﬁég’ innovation for long-term sustainability. Examining the approaches of smart agriculture,

this paper mostly focuses on precision farming, IoT integration, and data-driven decision-
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harvest. By means of [oT, agricultural processes may be automated and real-time
monitored, thus improving water and energy efficiency, lowering environmental effect,
and raising productivity. Using predictive insights made available by merging big data
analytics with machine learning algorithms helps one better forecast and address issues
like global warming, pest control, and soil health. This research examines case studies
and pilot projects all over to better grasp what factors influence the scalability and
acceptability of an implementation as well as what makes it successful. The paper
contends that infrastructural development, farmer education, and supportive laws are
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1. INTRODUCTION

Smart agriculture is transforming the agricultural sector by combining modern technologies such as the Internet of
Things (IoT), big data analytics, machine learning, and GPS to boost efficiency, output, and sustainability. [t goes under
the names digital farming or precision farming as well. While concurrently maximizing resource utilization, this kind of
farming addresses urgent problems like soil health, pest control, and climate change. This paper explores the approaches
and ideas of smart agriculture, thereby stressing how much it might help to promote environmentally friendly farming.

Precision farming-a key component of smart agriculture—is fundamentally accurate crop monitoring and
management made possible by GPS, sensors, and drones. Precision farming—application of fertilizers, water, and
pesticides more precisely—may help farmers increase crop yields and lower environmental impact, according to
Gebbers and Adamchuk 2010. Combining remote sensing technology with UAVs (Unmanned Aerial Vehicles) in precision
agriculture helps one to get real-time data on crop health, soil conditions, and weather patterns, therefore enabling
prompt and informed decision-making.
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Smart agriculture depends critically on the Internet of Things (IoT) as it lets numerous agricultural chores be
automated and monitored in real time. With Internet of Things (IoT) devices like as soil moisture sensors, weather
stations, and controlled irrigation systems (Li, 2013), farmers may now remotely monitor their crops and make data-
driven decisions. Real-time data gathering and analysis will help to optimize waste reduction, water and energy use, and
general agricultural output (Gutiérrez et al., 2014).

Smart farming also depends much on the use of big data analytics and machine learning. The expected insights from
the analysis of vast amounts of data acquired from many sources by these technologies may significantly improve present
approaches of crop management. By use of historical data and current conditions, machine learning algorithms may
anticipate future yields, disease outbreaks, and insect outbreaks (Kamilaris et al., 2017). By employing this data, farmers
may be proactive in lowering risks and raising agricultural productivity.

Using smart agriculture techniques will have significant consequences for society as well as for the economy. By use
of smart agricultural technologies such as precision farming (FAO, 2017), farmers may raise their revenue by boosting
crop yields and lowering input costs. For individuals who live in rural areas who may otherwise have limited
employment options, these developments also have the potential to create new agricultural occupations. Furthermore
supporting global food security is smart agriculture's improved efficiency and productivity by ensuring a consistent and
sufficient food supply for growing populations (Godfray et al., 2010).

Successful implementation of smart agriculture depends on policies that are beneficial, education for farmers, and
infrastructure enhancement. Governments and agricultural organizations should finance training courses to educate
farmers on smart agriculture technologies and applications. Laws supporting their acceptability might speed up the
usage of these technologies; for instance, incentives for precision agriculture tools and Internet of Things (IoT) devices
(Schimmelpfennig, 2016). Establishing the required infrastructure—such as cheap technology and reliable internet—is
essential for smart agriculture approaches to be widely implemented (Wolfert et al., 2017).

Several case studies and pilot projects all across the world have proved smart agriculture to be advantageous. For
instance, Pylianidis et al. (2021) claim that although fertilizer use in the Netherlands has dropped by 20%, precision
farming has raised crop yields by 15%. Furthermore, according to Patil and Kale (2016), internet of things-based
irrigation systems have improved water use efficiency and crop health and yields by as much as 50% at the same time.
These cases show how clever agriculture can be in enhancing output and sustainability in many different agricultural
environments.

Apart from these practical benefits, smart agriculture may also be a crucial instrument in the battle against
environmental issues. Climate change is compromising agriculture in many ways: frequency of extreme weather events,
changes to the growing seasons, and higher insect pressures (Porter et al.,, 2014). Smart agriculture technology may
reduce the severity of these consequences by allowing farmers the tools to change with the times. Farmers may utilize
climate models and enhanced weather forecasts to better control planting and harvesting times; precision irrigation
helps to save water during droughts (Bronson, 2018).

Eventually, smart agriculture may help to achieve sustainable agricultural development. Combining advanced
technologies such as machine learning, big data analytics, the Internet of Things (IoT), and precision farming helps smart
agriculture to enhance crop management, maximize resource use, and generally farm productivity. The socioeconomic
benefits of using these technologies—such as more farmer revenue, fresh job prospects, and improved food security—
highlight their relevance even more. But only with the support of new infrastructure, farmer education, and enabling
legislation will smart agriculture fully realize its possibilities. The successful application and scalability of smart
agricultural approaches rely on their ongoing innovation and collaboration among stakeholders, therefore determining
the future of sustainable food systems and environmental preservation.

1.1. METHODS, PRACTICES, AND STRATEGIES FOR AN ADVANCED AGRICULTURAL SYSTEM

The SMART framework for sustainable development in agriculture stresses the need to use innovative tools and
approaches to increase agricultural production while simultaneously lowering negative effects on the surroundings. One
method is precision farming, which tracks and controls field variability using Internet of Things (IoT) and GPS devices
thus optimizing inputs like water, fertilizer, and herbicides. Using drones and other remote sensing equipment lets one
monitor crop health and promptly find pests. Data analytics and machine learning tools help to anticipate weather
patterns, soil health, and agricultural production, therefore guiding more educated judgments.
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Essential foundations of the SMART agriculture model are the conservation of resources and the reduction of
environmental harm. Part of water management techniques, drip irrigation and other controlled irrigation systems
provide precise water delivery, hence lowering waste. Integrated pest management (IPM) with the combination of
chemical, cultural, and biological methods results in sustainable control. Reducing the requirement for chemical inputs,
crop rotation and polyculture enhances soil condition and biodiversity.

Farm operations powered by renewable energy sources might assist in lowering carbon footprints and enhance
agricultural systems. One may find such sources in solar panels and wind turbines. Blockchain technology raises supply
chain transparency and traceability, therefore enabling improvements in food quality and safety. Farmers, technology
companies, and politicians must cooperate if we are to enable the flow of knowledge and the use of new technologies.

The pilot study findings reveal really significant benefits. Precision agriculture techniques, for instance, have helped
farmers reduce input costs by 30% and boost crop yields by 20%. Water usage efficiency increases by 40% while crop
losses brought on by pests decrease by 50%. These results indicate that SMART agricultural systems might be useful in
order to assure food security, enable sustainable development, and save natural resources.

1.2. EFFECTIVE UTILIZATION OF AVAILABLE RESOURCES

Reaching sustainability and improving agricultural output depends on the efficient use of already available
resources. Precision agriculture is one well-known method that maximizes efficiency using instruments such as GPS-
guided equipment and Internet of Things (IoT) sensors. One such is variable rate technology (VRT), which applies
fertilizers and herbicides exactly where they are needed, therefore improving crop health and saving waste.

By the use of automated irrigation systems and drip irrigation, which reduce water loss and provide sufficient
moisture for crops, accurate water management becomes achievable. When it comes to water use, drip irrigation is
reportedly up to 50% more efficient than traditional methods. By running irrigation systems and other agricultural
operations using renewable energy sources like solar panels, greenhouse gas emissions and reliance on non-renewable
resources are both reduced.

Experimental evidence from several initiatives demonstrates the benefits of these approaches. Studies on farms
using precision farming techniques, for example, revealed that pesticide and fertilizer usage dropped by 30% while crop
yields rose by 25%. According to another research, having automated watering systems installed raised water usage
efficiency by forty percent. As these cases demonstrate, new technologies and approaches may help to support
sustainable agriculture and environmental protection.

1.3. IMPACT OF GOVERNMENT POLICIES AND SCHEMES ON FARM FAMILIES

Agricultural practices established by government policies and initiatives have a great impact on farm households.
Schimmelpfennig (2016) contends that subsidies and financial incentives might help smart agriculture technologies be
adopted more quickly. By means of training courses and educational activities teaching them how to use contemporary
agricultural technology, farmers may improve their lives (FAO, 2017). The strengthening of infrastructure, including the
availability of the internet in rural areas (Pylianidis et al., 2021), helps to enable the use of digital agricultural approaches.
These projects help to raise the agricultural production as well as the social level of farm families.

1.4. INTEGRATED FARMING SYSTEM AND ITS APPLICATION

Combining numerous agricultural activities like grain farming, cattle husbandry, aquaculture, and agroforestry, the
Integrated Farming System (IFS) helps to maximize resource use and increase farm output. This all-encompassing
strategy increases sustainability by optimizing input efficiency, spreading farmers' income sources, and waste recycling.

One of the IFS techniques designed to boost soil fertility and reduce insect presence is intercropping. Growing many
crops together is part of it. Manure from cattle ranching may assist reduce dependency on chemical fertilizers for crops;
the residues of these crops can be used as animal feed. Using nutrient-rich water for irrigation, aquaculture combined
with agriculture and animal farming raises crop yields.

Results of IFS deployment experiments demonstrate significant benefits. According to one Indian study, organic
farms' net income—using IFS—was thirty per cent more than that of conventional farms. Because animal waste was
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used in place of other trash, cattle-crop integration helped to lower fertilizer prices by 25%. Using nutrient-rich water
from fish ponds enhanced crop growth, which resulted in a 35% rise in water output when aquaculture was coupled
with agricultural production.

Apart from raising agricultural income and output, the IFS approach promotes the sensible use of resources and the
protection of natural environments. Resilient and practical throughout time, this approach is meant to directly address
the present agricultural challenges.

1.5. IDENTIFICATION, KNOWLEDGE, AND ADOPTION OF INTEGRATED FARMING SYSTEM IN
AN AGRICULTURAL SYSTEM

Steps in the process of raising IFS knowledge and acceptability in agriculture include realizing the elements of the
Integrated Farming System (IFS), teaching stakeholders, and motivating application. Identification requires knowledge
of the local agro-climate, resource availability, and socioeconomic factors as well as of Armed with this knowledge,
farmers may choose combinations of crops, animals, aquaculture, and agroforestry that increase farm productivity.

Adoption mostly depends on the knowledge distribution. Crucially, extension services, training programs, farmer
field schools help to teach farmers about the benefits and techniques of IFS. Furthermore available via digital platforms
and smartphone apps are real-time information and instructions. Real-world examples from demonstration farms help
to show the effectiveness of IFS methods.

Evidence of its benefits inspires IFS to be adopted. Experimental data from several sources shows its advantages.
For example, studies conducted in the Philippines revealed that, after input cost reductions and diversification, IFS-
practiced farmers's earnings rose by 40%. Moreover, by integrating organic farming techniques into IFS, soil conditions
improved by 20%. Using IFS in Kenya enhanced livestock and agricultural management, which in turn half-reduced the
frequency of pests and illnesses.

Appropriately discovered, disseminated, and used IFS have the potential to significantly increase agricultural
sustainability, productivity, and resilience to economic and climatic shocks.

1.6. SOCIO-ECONOMIC GROWTH AND SUSTAINABLE DEVELOPMENT

Smart agriculture systems help much in socio-economic development and sustainable growth. These techniques
lower input costs (FAO, 2017) and increase agricultural yields, therefore improving farmers' income and quality of life.
Using advanced agricultural technology helps local economies grow and new rural employment be generated (Godfray
et al,, 2010). By long-term environmental preservation, sustainable agriculture also supports the greater goals of
sustainable development (Bronson, 2018). Integration of modern technology with conventional agricultural methods is
essential for agriculture to achieve sustainability and socioeconomic advancement.

1.7. PEST AND WATER MANAGEMENT

Effective water and pest management are foundations of smart agriculture systems. Precision farming techniques
like targeted pesticide treatments and precision irrigation help to increase water and pest management's efficacy
(Gebbers & Adamchuk, 2010). Gutiérrez et al. (2014) claim that timely monitoring of soil moisture and insect numbers
made possible by Internet of Things sensors helps to By incorporating weather forecasts and soil conditions, machine
learning algorithms can predict insect outbreaks and enhance irrigation schedules, claims Kamilaris et al. (2017). For
the environment and farmers' bottom lines, modern methods like these assist to reduce water consumption and keep
pests at distance.

1.8. AGROECOSYSTEM SERVICES AND BIOLOGICAL CONTROL

One of the many agroecosystem purposes crucial for ecologically friendly farming is biological control. Biological
management allows one to control pest populations by employing natural predators and parasites, therefore reducing
the need of chemical pesticides (Porter et al., 2014). This approach stimulates a healthy agroecosystem by increasing
biodiversity. Godfray et al. (2010) claim that measures like crop rotation, intercropping, and protecting natural habitats
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for helpful species support biological management. Including biological management helps to make smart agriculture
systems more sustainable and less detrimental to the surroundings.

1.9. STRATEGIES FOR SECURITY AND NUTRITIONAL QUALITY OF CROP SPECIES

Protection of crop species and guarantees of their nutritional content are highly valued in smart agriculture. Modern
breeding techniques and genetic engineering may help to improve pest and disease resistance coupled with consistent
yields (Pylianidis et al., 2021). Two such precision farming methods that increase crop nutritional value are controlled-
environment agriculture and soil nutrient management (Gebbers & Adamchuk, 2010). Policies supporting research and
development in crop breeding and sustainable farming methods can help to guarantee the nutritional value of crop
species (Schimmelpfennig, 2016).

1.10. DIGITAL INNOVATIONS IN AGRICULTURE AND OPTIMIZATION TECHNIQUES FOR
AGRICULTURAL SYSTEMS

Digital discoveries are redefining agriculture and bringing methods of optimization that boost yield and efficiency.
Big data analytics, machine learning, and the Internet of Things (IoT)—which provide predictive capabilities and real-
time insights—help to drive these developments (Kamilaris et al.,, 2017). While precision farming techniques enhance
the use of the resources at hand, automated technologies ease some agricultural chores, claims Gutiérrez et al. (2014).
Apart from supporting sustainable practices, these technical developments increase agricultural production as well.
Constant R&D investment in these technologies and their agricultural uses is necessary (Wolfert et al., 2017).

2. LITERATURE REVIEW

Because of the need for sustainable practices and technological developments, modern farming is more and more
centered on including complex agricultural systems. Precision farming is transforming agriculture by means of better
crop management and output quality. This method makes sensor, drone, and GPS based usage. By means of the effective
and ecologically friendly use of water, fertilizers, and pesticides, precision agriculture has the potential to significantly
improve food security, claims Gebbers and Adamchuk (2010).

The change of farming into a more modern sector has also been greatly aided by the growth of the Internet of Things
(IoT). Internet of Things (IoT) devices that automatically and monitor many agricultural processes in real-time
(Gutiérrez et al., 2014) might help to more effectively utilize energy and water. By means of these systems, irrigation and
fertilizer control may be done exactly, thereby promoting resource saving and raising agricultural yields. Combining
machine learning algorithms with big data analytics yields predictive insights, claims Kamilaris et al. (2017). This makes
proactive management of agricultural problems like soil health and insect control possible.

Official government initiatives and policies have to support smart agricultural technologies. As Schimmelpfennig
(2016) notes, subsidies and financial incentives might hasten the use of precision farming techniques. Educational
activities and training programs are crucial to provide farmers with the knowledge and skills to use modern technology
(FAO, 2017). Pylianidis et al. (2021) claim that one element motivating farmers to embrace digital tools is the increase
of internet connection in rural regions.

Integrated farming systems (IFS) provide a whole approach for sustainable agriculture by combining many
agricultural operations like crop production, cattle rearing, aquaculture, and agroforestry. Integrated farming systems
(IFS) provide better soil health and increased biodiversity, claims Patil and Kale (2016). IFS also improves agricultural
resilience, reduces waste, and best uses resources. Effective implementation of IFS depends on government policies
including subsidies and technical assistance as well as extensive education and farmer support (Porter et al., 2014).

Long-term sustainability and higher socioeconomic wealth are strongly correlated with the use of smart agricultural
systems. These technologies raise agricultural yields and lower input costs, therefore improving farmers' income and
way of life (FAO, 2017). Using modern agricultural methods increases new employment, hence boosting economic
development in rural areas (Godfray et al, 2010). Apart from supporting more general goals for sustainable
development, sustainable farming methods ensure the long-term viability of the ecology (Bronson, 2018).
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One must become skilled in water and pest management if one is to farm sustainably. Farmers are using precision
irrigation and customized pesticide application to better control both water and pests (Gebbers & Adamchuk, 2010). By
means of internet of things (IoT) sensors and machine learning algorithms, one may forecast and regulate soil moisture
levels and insect populations in real time, thereby enabling the conservation of resources and quick interventions
(Gutiérrez et al., 2014).

Agroecosystem services like biological control have to be in place if agriculture is to survive over long terms.
Biological management employs natural predators and parasites to control pest populations; this increases biodiversity
and lessens the need for chemical pesticides (Porter et al., 2014). According to Godfray et al. (2010), crop rotation and
intercropping serve to maintain habitats for beneficial species, hence supporting biological management.

By increasing efficiency and production generally, Internet of Things (IoT) devices, big data analytics, machine
learning, and other digital innovations are transforming the agriculture sector (Kamilaris et al., 2017). We must maintain
funding R&D if we are to advance these technologies and ensure they apply in agriculture (Wolfert et al., 2017).

3. RESEARCH METHODOLOGY
3.1. RESEARCH DESIGN

This work explores extensively the usage and consequences of complex agricultural systems by combining
qualitative and quantitative approaches. Combining qualitative and quantitative techniques under a mixed-
methodologies approach helps one to better understand the current study issue (Creswell & Plano Clark, 2017). Part of
the qualitative component will include semi-structured interviews and focus groups with important players like
lawmakers, farmers, and agricultural experts. These approaches will help us to probe closely how people see and
consider the acceptance of smart agricultural technologies (Bryman, 2016). The quantitative component uses surveys
and examines secondary data (Johnson, Onwuegbuzie, & Turner, 2007) to evaluate the influence of these technologies
on yield, resource efficiency, and economic benefits among other agricultural outcomes.

4. DATA COLLECTION METHODS
4.1. QUALITATIVE DATA COLLECTION

Getting comprehensive knowledge on the challenges, benefits, and opinions of smart agricultural technology calls
for in-depth interviews with lawmakers, agricultural extension agents, and farmers. Using this method lets participants
respond more precisely and allows open-ended questions (Kvale & Brinkmann, 2009).

Morgan (1996) advises farmers and agricultural experts to set up focus groups to investigate current agriculture
systems' adoption and use. This kind of group conversation lets one investigate shared experiences and several points
of view.

4.2. QUANTITATIVE DATA COLLECTION

1) Surveys: Population statistics, agricultural yields, resource consumption, and monetary results are some of the
data points aimed at by surveys (Fowler, 2013).

2) Secondary Data Analysis: Agricultural research institutes, non-governmental groups, and government
publications have their databases examined to augment primary data. Datasets like this are great for tracking
economic indicators, resource use, and agricultural production across time (Johnston, 2014).

Sample Size

1) Combining stratified random sampling with purposeful sampling determines the sample size for this
investigation. Purposive sampling helps key informants with suitable smart agriculture knowledge and
experience to be chosen for the qualitative component. Conducting 30-40 interviews and 4-6 focus groups helps
one to choose a representative sample from a broad spectrum of geographical areas and agricultural
environments (Guest, Bunce, & Johnson, 2006).

2) A stratified random sampling method is used to choose a cross-section of farms so as to compile statistics
statistically. Among the factors utilized to stratify the sample and guarantee variation are farm size, crop type, and
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geographic location. We aim for a sample size of 400-500 farmers (Cochran, 1977) to provide sufficient statistical
power to detect significant variations and associations.

Ethical Considerations

Ethical considerations are paramount in conducting this research. The study adheres to ethical guidelines to ensure
the protection of participants' rights and well-being.

1) To get their informed permission, all volunteers receive thorough knowledge about the objectives, techniques,
hazards, and rewards of the research. All participants are requested to complete an informed consent form
prior to data collecting (Orb, Eisenhauer, & Wynaden, 2001).

2) Strong safeguarding of participant confidentiality and anonymizing of data guarantee that nobody can ever
discover the identify of the persons involved in the research. Only members of the research team have access
to the personally identifiable information kept securely, according Wiles, Crow, Heath, & Charles (2008).

3) Subjects are allowed to leave at any point without penalty and are not obliged to engage in any kind of
participation in the study whatsoever. In this sense, none will feel obliged or pressured to participate (Flick,
2018).

4) The study is painstakingly scheduled to guarantee that participants suffer the least amount of harm and
annoyance allowed. When handling delicate individuals, researchers exercise care and make sure participants
have access to assistance should they run into problems throughout the study (Bryman, 2016).

5) Examining and approving the research plan by an institutional ethics committee guarantees adherence to
ethical standards and rules. Resnik (2018) claims that this watchdog guarantees the protection of participants'
rights and welfare.

5. RESULTS

Regarding advanced agricultural systems, the paper presents several important generalizations on their use and
consequences. Data from interviews and focus groups reveal that farmers who have used smart agriculture technology
spend fewer resources, have considerably better crop management, and produce better quality goods. Farmers have
been able to optimize the use of water and fertilizers by means of precision farming tools like sensors, drones, and GPS,
therefore producing healthier crops and higher yield.

Data from quantitative polls supports these assertions by showing that Internet of Things devices and automated
systems have raised the water and energy economy. By means of real-time monitoring and automated decision-making,
the Internet of Things (IoT) helped farmers to reduce labour costs and improve yields. Secondary data analysis supports
the results even more as it reveals that in places where they are more prevalent smart agriculture methods are linked
with increased agricultural productivity and economic benefits.

The report then emphasizes how government rules and instructional programs are very essential in motivating
individuals to utilize these technologies. Farmers that participated in government-supported training programs and
received financial incentives reported positive outcomes as more modern farming techniques were embraced.
Furthermore found to be essential in enabling digital agriculture technologies was enhancing internet connection and
other rural infrastructure.

Integrated farming systems (IFS) so enhance resource utilization and farm resilience as well as soil health and
biodiversity. Farmers' earnings and way of life improved with higher productivity and lower input costs; these changes
had a significant social and economic influence as well.

The study comes to the conclusion that contemporary agricultural systems might greatly increase agricultural
productivity, resource efficiency, and social and economic benefits given appropriate rules and infrastructure in place.

6. CONCLUSION

This paper shows how creative agricultural systems could transform farming by raising farmers' general production,
resource economy, and socioeconomic level. Combining precision farming tools, 10T technology, and data-driven
decision-making processes lets these systems better use resources, lower environmental impact, and increase
agricultural output. Strong rural infrastructure, educational initiatives, and government rules all help to promote smart
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agriculture practices—which in turn raises their acceptability and efficiency. Moreover, integrated farming methods
significantly support sustainable agriculture by strengthening farm resilience, enhancing soil quality, and supporting
biodiversity. The paper emphasizes the importance of concentrated expenditures in R&D, stakeholder involvement, and
continuous innovation if we are to drive smart agriculture into the future. By using these innovative technologies, the
agricultural sector may meet goals of sustainable development including food security, economic growth, and
environmental preservation.
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