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ABSTRACT

In the dynamic and constantly evolving world of agriculture, promoting innovation and ensuring sustainable
growth are crucial. A planned division of tasks and responsibilities within agricultural systems, known as
efficient role allocation, is necessary to make this vision a reality. Climate-smart agriculture (CSA)
movement enjoys widespread support from the research and development community because it seeks to
improve livelihoods in response to climate change. This review study delves into the complicated topic of
role distribution in agriculture and emphasizes how crucial it is for encouraging the scalability of
innovations. It looks at the idea of job allocation and highlights how crucial it is to the effective use of
agricultural technology. Globally, irrigation systems employed by farmers contribute significantly to crop
production for food, fodder, and market purposes. This research finds a number of elements that affect how
well duties are distributed within agricultural frameworks, including organizational frameworks, leadership,
resource accessibility, and cooperative efforts through Al. In addition to advocating for its comprehensive
integration into the sector's culture, this paper offers a collection of best practices and techniques for
optimizing role allocation in agriculture. Additionally, the study gives a thorough overview, summary, and
analysis of a few papers that are specifically concerned with scaling innovation in the field of agricultural
research for development. Research explores the impact of efficient role allocation on agriculture's
ecological footprint, addressing environmental and sustainability concerns. Additionally, using an innovation
system paradigm, it explores how alternative ecologization routes include digitalization in the agricultural
sector.
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INTRODUCTION

Agriculture contributes significantly to the economy (Talaviya et al.,2020). Although familiar with
agricultural operations, the agriculture business is becoming more data-centric and requires more precise,
advanced data and technology than ever (Khan et al.,2021). A creative agricultural framework based on
small-scale farmers' financial capital was introduced by (Azadi et al.,2021) with five main aspects: farmer
estimation of critical incidents, measuring the impact of incidents, identifying the agricultural community's
coping strategies, assessing farmers' income potential when faced with an incident, and adapting to climate
problems. Innovative technologies and new ideas are establishing new trends toward a more sustainable
farming system, increasing agricultural output and the standard of life for many farmers in an ecologically
responsible manner (Gamage et al.,2023). Encouraging eco-friendly innovation, providing more money for
agricultural research and education for farmers, and sharing technology from developed countries are
important in helping countries produce more food. This is very important, especially for the world's most
crowded nations. (Pawlak et al.,2020). Since the danger associated with climate change increases, the
agricultural sector is supporting the concept of climate-smart agriculture (CSA) as a way to improve lives

96



Lingayas’s Journal of Professional Studies Vol. 17,No. 1,January-June 2023
ISSN:0975-539X

while adjusting to and mitigating the effects of a changing climate, and the agricultural framework integrates
quantitative, spatially explicit data encompassing vulnerability indicators like soil organic matter, literacy
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rates, and market access. Additionally, it includes proxies that represent Climate-Smart Agriculture practices,

such as enhancing soil fertility, implementing water harvesting techniques, and optimizing irrigation
methods. (Brandt et al.,2017) uses the analytic hierarchy method and a goal optimization technique to
quantify collective, consensus-oriented stakeholder preferences on vulnerability indicators and CSA
procedures. The goal of CSA is to develop internationally applicable principles to govern agriculture for
food security in the face of climate change, which might serve as a foundation for policy support and
recommendations from multilateral institutions, such as the United Nations Food and Agriculture
Organization (FAO), Climate Change Agriculture and Food Security (CCAFS), and the World Bank, in
addition to national agricultural and climate change policymakers, academia, and civil society. FAO recently
issued a new set of rules and methodology for attaining sustainable agricultural and food systems (SFA),
which are defined (Lipper and Zilberman,2018; Wezel et al.,2020; Rozenstein et al.,2023) as those that
satisfy these guidelines: (1) enhancing resource efficiency, (2) conserving and enhancing natural resources,
(3) safeguarding rural livelihoods, (4) bolstering resilience among individuals, ecosystems, and
communities, and (5) implementing responsible and effective governance mechanisms.

This study begins a thorough investigation of the complex aspect of role allocation within agricultural
frameworks, highlighting how crucial it is for enabling the scalability of agricultural advances. In
agriculture, the Agricultural Innovation Ecosystems (AIES) approach helps people from different places and
fields collaborate. This teamwork makes it simpler to generate new ideas using Al technology, aiming to
improve environmentally-friendly farming and create innovative agricultural policies. (Pigford et al.,2018).
In understanding the challenges of scaling, this approach reveals two notable drawbacks. Firstly, there is an
increasing recognition that the transfer, dissemination, and adoption of technologies and practices do not
follow linear processes; instead, they involve significant restructuring throughout the scaling phases.
Adoption theory acknowledges the significance of social networks as a factor influencing farmers' behavior
concerning, for example, the adoption of more sustainable practices and increasingly examines how social
network configurations impact adoption behavior. Secondly, the process of scaling involves the application
of concepts such as transfer, dissemination, diffusion, and adoption to determine the effectiveness of certain
technologies and practices within specific ecological, geographical, or sociocultural contexts. However, it is
important to note that these technologies and practices may not universally succeed and can potentially yield
adverse consequences in different areas. This research focuses on the principles of role allocation and
stresses the critical role it plays in maximizing agricultural technology use. Advanced technologies like the
Internet of Things (loT), big data, and cloud computing are anticipated to drive growth and initiate the
adoption of robots, drones, and Al-based smart agricultural practices in farming (Farooq et al.,2020; Yang et
al.,2017; Talaviya et al.,2020; Jadav et al.,2023). In agriculture, Al and Machine Learning (ML)--based
surveillance systems give insight into monitoring crops, identifying pests, and assessing soil flaws, allowing
farmers to plant seeds at the ideal time for the highest possible yield. (Dhanaraju et al.,2022; Javaid et
al.,2023 ). This research aims to provide a strategy for transitioning to a new era of innovative, sustainable,
and climate-resilient agriculture, as well as to emphasize the crucial relevance of the appropriate role
assignment.

SUSTAINABILITY AND THE NEED FOR INNOVATIVE AGRICULTURAL PRACTICES

Sustainability in agriculture is closely linked to global Sustainable Development Goals (SDGs) and the
development of resilient supply chains, making it a critical area of research and innovation for a more
sustainable future. Sustainable agriculture concepts overlap substantially with the principles of
“conservation agriculture” and more recently with “regenerative agriculture” ( Rozenstein et al.,2023).
Sustainable food systems are needed to feed the world's rising population. Smallholder farmers, who
generate a substantial portion of the food supply in many developing nations, can play a critical role in
implementing such systems (Bukchin et al.,2020). The economic feasibility of sustainable practices is an
important concern, ensuring that they are not only environmentally friendly but also economically viable for
farmers. Furthermore, community-based agricultural projects and the implementation of smart farming
technology help to achieve the overarching objective of sustainability and food security. Sustainable
agricultural approaches such as agroecology, regenerative agriculture, and precision agriculture are
concerned with environmental stewardship, resource conservation, and biodiversity improvement
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(Mubhie,2020).

e Innovations in agriculture are intended to maximize resource utilization. This includes the development
of drought-resistant crops and efficient water management techniques such as trickle irrigation, precision
agriculture that uses data and technology to manage inputs (fertilizers, pesticides), and precision
agriculture that uses data and technology to manage inputs (fertilizers, pesticides).

e Maintaining the fertility and vitality of the soil is essential. Conservation tillage, crop rotation, cover
crops, and organic matter are innovative practices that can enhance soil structure, decrease soil erosion,
and boost soil organic carbon.

e Conservation of Biodiversity: Promoting biodiversity is essential for sustainable agriculture. This
includes agroforestry (the integration of trees into agricultural systems), buffer zones, and the
preservation of natural habitats within or around farmland to sustain diverse ecosystems.

e Reducing Chemical Dependence: Minimising the application of synthetic chemicals and pesticides is
crucial for sustainable agriculture. Innovative strategies for reducing chemical reliance include IPM, or
integrated pest management techniques, biological pest control, and the creation of disease-resistant crop
varieties.

e Climate-smart agriculture encompasses strategies aimed at both adapting to and mitigating the impacts
of climate change. This involves creating resilient crops, advocating for agroecological approaches, and
embracing farming techniques that are better suited to changing environmental conditions that reduce
greenhouse gas emissions.

e Implementing cutting-edge technology, such as precision agriculture, drones for crop monitoring, Al-
driven farming techniques, and data analytics, can improve agricultural efficiency, minimize waste, and
maximize production.

In recent studies, (Wigboldus et al.,2016) and (Han and Niles,2023) developed a new paradigm for adopting
sustainable agriculture methods that include four critical elements: completeness, variety, complexity, and
longevity.

SUSTAINABLE PRACTICES IN MODERN IRRIGATION SYSTEMS

A Sustainable Future Practices in Current Irrigation Systems is an examination of current agricultural
irrigation technology with a focus on environmental responsibility and resource conservation. Research has
shown (Clark,2020) that relative to conventional agriculture, organic farming is more efficient in its use of
non-renewable energy, maintains or improves soil quality, and has less of a detrimental effect on water
quality and biodiversity. Soil and water conservation is an important and based work of sustainable
agricultural development (Pang et al.,2020). In an era defined by increased worries about water scarcity and
environmental implications, this topic digs into creative solutions and best practices. It evaluates the use of
modern technology like precision irrigation and sensor-based systems to improve water distribution and
reduce waste. Because agriculture has such a big effect on water quantity and quality, a degree of change in

agricultural water management is frequently necessary to accommodate such new goals. A small
improvement in Ganga water quality occurred in 2020 during an eight-week Covid-19 shutdown when
polluting factories were stopped and agricultural run-off was curtailed due to harvesting season; however,
quality degraded once industrial and agricultural operations were restarted (Seijger, 2023). Farmers and
water administrators have essentially two alternatives for contributing to a cleaner and continuous flow:
Minimize pollution and the amount of water used in farming fields, or utilize abandoned farmlands to clean
water as much as possible, naturally. Drip irrigation is an irrigation method that efficiently provides water
straight to the plant's root system, hence minimizing water loss resulting from evaporation and runoff. The
system demonstrates a high level of efficiency by effectively allocating water to specific areas, resulting in
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water conservation. Furthermore, it enables the incorporation of fertilizers directly into the water distribution

system, enhancing the efficiency of nutrient transportation. The concepts of regeneration and conservation
are integral to sustainable practices through Al. Agricultural practices such as limited tillage or no-till
farming, cover cropping, and crop rotation have been found to enhance soil health, increase water, retention,
and mitigate erosion. Soil that is in good health can effectively hold water, hence reducing the need for
excessive irrigation.

ENHANCING THE SCALE OF INNOVATION IN RESEARCH ON AGRICULTURE AND
DEVELOPMENT

This topic explores the need for internationally applicable scalable solutions to improve food production,
environmental sustainability, and rural lives. It also delves into the significance of collaborative efforts,
multidisciplinary research, and the implementation of current technologies such as biotechnology, data,
analytics, and smart agricultural methods. In real life, smallholder farmers' capacity to market any excess or
to connect with agricultural investors through organizations, contracts, farming, or out-grower programs
raises their income, productivity, and commercial orientation. The challenge for policymakers and
development practitioners is to increase smallholder involvement in commercial farming while also
strengthening forward and backward links with agricultural supply suppliers and processors. Theoretically,
the difficulty is to understand how smallholder farmers commercialize, which smallholder farmers
commercialize, and to what extent. More study is required to understand the causes of change for
smallholders to commercialize (Mpogole et al.,2023). Using maize varieties that resist diseases and
droughts, along with soil-free tilling methods, farming practices that focus on perennial crops, and machines
that automatically milk cows, significantly help farms produce more. When scaling agricultural inventions,
complex interconnections between biophysical, social, economic, and institutional elements must be
considered. Actual scaling approaches are empirical and based on the notion of "find out what works in one
place and do more of the same in another. The widely used strategy of 'identifying successful methods in one
location and replicating them elsewhere' constitutes a fundamental premise in most scaling endeavors. It
suggests that when goods, processes, or practices expand, a positive effect will likewise increase
proportionately. This suggests that rather than being seen as the automatic progression of unique
technologies and methods developed through extensive research and innovative practices, scaling should be
regarded as an ongoing process that demands continual adjustments and refinements (Wigboldus et
al.,2016).

DIGITALIZATION WITHIN THE FIELD OF AGRICULTURE
Climate-Smart Agriculture and Ecosystem Services:

Climate-smart agriculture acknowledges the critical interplay between agriculture and these services.
Agricultural industry sectors may use the advantages of smart technology to boost production and satisfy a
growing human population while addressing current concerns such as climate change, biodiversity loss, and
other environmental issues (Gebresenbet et al.,2023).

Technology and climate-smart practices are a dynamic combo in agriculture. They assist us in adjusting to
the changing climate by developing drought-resistant crops optimizing resource use and reducing the effects
of climate change through carbon-sequestering agroforestry and renewable energy solutions. These advances
protect food security while lowering the agriculture sector's carbon impact.

Farmers are trying out new ways to farm smarter because of a program called Farms of the Future. They're
using better crops, planting trees on their farms, and using weather forecasts to help them farm better
(Nyasimi et al.,2017). By integrating detailed bottom-up biophysical, climate impact, and agricultural-
emissions models, Climate Smart Agricultural Prioritization (CSAP) is capable of supporting multi-
objective analysis of agricultural production goals about food self-sufficiency, incomes, employment, and
mitigation targets, thus supporting a wide range of analyses ranging from food security assessment to
environmental impact assessment to preparation of climate-smart development plans. (Dunnett et al.,2018).
Climate-smart agricultural practices frequently aim to augment ecosystem services. Agroforestry systems
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that integrate the cultivation of trees and crops have been found to enhance soil fertility, manage water flow,

and offer homes for beneficial creatures. These combined effects contribute to the overall resilience and
sustainability of agricultural systems through Al. Numerous climate-smart agriculture strategies facilitate the
enhancement of biodiversity through the provision of habitats suitable for a diverse range of plant and
animal species. The preservation and promotion of biodiversity have been shown to promote ecosystem
services, including but not limited to natural pest control and soil health. The use of practices that promote
and augment ecosystem services can facilitate the adaptation of agriculture to the effects of climate change.
One illustrative instance involves the preservation of wetlands, which may effectively contribute to flood
control measures. Additionally, the restoration of degraded lands has the potential to enhance water retention
capabilities in arid regions. In India, agriculture accounts for the greatest portion of the GDP (18%, or 57%
of the total, with 57% of the people residing in rural regions). Despite a rise in India's overall agronomic
production over time, the proportion of farmers has decreased, from 71.9% in 1951 to 45.1% in 2011
(Reddy and Dutta,2018).

In 2050, the percentage of workers in agriculture will fall to 25.7% of overall employment. The next
generation of farmers in rural regions increasingly disappears from farming families due to factors such as
increased cultivation expenses, low production per capita, poor soil management, and migration to non-
farming or higher-paying occupations. Since the world is about to experience a digital revolution, now is the
right moment to introduce and facilitate digital communication with farmers by using wireless technology to
link the agricultural landform (Dhanaraju et al.,2022 ). This discussion made it easier to determine which
CSA technologies would work best to reduce the climate threats in each town. In-person interviews were
also conducted with farmers to collect their basic socio-economic information.

In light of climate change, knowing which agricultural solutions would yield the maximum return on
investment is essential knowledge for making decisions. Even if on-farm trials are still being used to test
adaptation choices, simulation models are still crucial for "ex-ante" evaluations of recommended climate-
smart agriculture technologies (CSA). This research used special models, the Ruminant and Trade-offs
Analysis models, to explore how improving how farmers raise animals could help in three main areas:
reducing greenhouse gases, ensuring enough food, and making farms more productive (Shikuku et al.,2017).
We consider that a technique or technology can be considered CSA if it contributes to at least one of the
three pillars of agriculture's resilience, production, and mitigation of climate change and variability. All
farmers received comprehensive information on current CSA technologies that are appropriate for their local
conditions during the discussion. (Table 1) ( Khatri et al.,2017; Chartres and Noble,2015; Khoza et al.,2021).
Modern agriculture embraces tech-driven efficiency, sustainability, and adaptability. Innovations include
water conservation, energy efficiency, precise nutrient management, climate change mitigation, and weather
adaptation tools. Knowledge resources empower farmers in an evolving landscape.
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MODERN TECHNOLOGY

1. Wise in handling liquid
resources
e Rainwater Harvesting
e Drip Irrigation
e Laser Land Leveling
e Planting in furrows for
irrigation
e Drainage Management
o Method for Protecting
Crops
¢ Soil Management

2. Wise in managing Energy
Resources
e Zero Tillage/ Minimum
Tillage
e Integrated food-energy
systems

3. Wise in Nutrient Use
e Green Manuring

e Chart of leaf colors
e Integrated Nutrient
Specific Site

4. Wise in managing Carbon
e Agro-Forestry

e Feeding livestock in a
concentrated manner to
manage fodder

e IPM, or integrated pest
management

5. Wise in adapting to climate
conditions
e Sustainable-Smart
Livestock Housing
o  Weather-based
Agro-advisory
e Crop Insurance

Crop

6. Wise at utilizing information

e Contingent Crop
Planning

e Improved Crop
Varieties

e Banks of seed and
fodder

Vol. 17,No. 1,January-June 2023

ISSN:0975-539X
POTENTIAL FOR ADAPTATION/MITIGATION

Measures to increase the effectiveness of water usage

Gatheringrainfall and using it to farm in locations that receive little or norain
Applying water straight to the crop's root zone to reduce water loss

Leveling the field guarantees even water distribution, and minimizes water loss
This method offers more effective control over irrigation and drainage

Elimination of extra water (overflow) by water management, infrastructure
lowers the amount of water lost to evaporation in the soil and enriches it with
nutrients

Solar-powered irrigation and automated conservation farming in fields

YV VYV VYVVY

Actions aimed at enhancing energy efficiency

» Reduces the amount of energy used while preparing the land. Long-term benefits
include enhanced soil organic matter retention and water infiltration.

» Biogas stoves, which are energy-saving, are part of the energy system used in
food production

Measures to increase the effectiveness of nutrient utilization
» Legume cultivation is done in the cropping system to improve nitrogen supply &
soil quality
» Based on the crop's greenness, calculate the necessary quantity of nitrogen to use.
» Theideal amount of soil nutrients in place and time to meet crop requirements

Measures taken to lower greenhouse gas emissions
» Encourage the storage of carbon, encompassing sustainable land use practices,
Woodlots Fruit trees Nitrogen-fixing trees Multipurpose trees
» Minimizes loss of nutrients and cattle needs less feed

» Minimizes the utilization of chemicals

Measures that offer assistance with weather and financial stability
» Safeguarding animals from severe weather conditions (such as heat or cold stress)
» Climate information-based value-added agricultural counsel to farmers

» Insurance dedicated to a crop that covers revenue loss from weather-related
events

Applying measures that combine science and local knowledge
» Plan for managing climate risks to deal with extreme weather throughout crop
season, such as floods, droughts, and heat waves
» Crop varieties that are tolerant of drought, flood, and heat/cold stresses

» Preserving agricultural and fodder seeds to mitigate concerns about the climate

Table 1. Selected climate-smart options to assess farmers' preferences.
Adapted from ( Khatri et al.,2017)
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The Internet of Things IoT, Big Data and analytics, Artificial Intelligence (Al), and Machine Learning (ML)
are making headway into practically every business. Researchers are actively striving to enhance the quality
and quantity of agricultural products by implementing ‘smart farming,’ which aims to render them
‘connected’ and 'intelligent’ (Waleed et al.,2020; Jha et al.,2019; Javaid et al.,2023 ).

Utilizing UAVSs in irrigation applications offers dual advantages. Firstly, drones fitted with diverse cameras
and sensors aid in identifying areas experiencing water stress, enabling the quantification of irrigation water
needs. Secondly, these drones can accurately apply herbicides, pesticides, and water to crops, especially
during urgent situations, thereby saving valuable time (Khan et al.,2021; Romero et al.,2021). Unmanned
aerial vehicles (UAVSs) integrated with artificial intelligence and visual analytic skills provide a possible
answer to the aforementioned agricultural difficulties, notably in the field of precision agriculture (PA)
(Raptis et al.,2023). They introduced CoFly, a modular and comprehensive Precision Agriculture platform
that combines custom-developed Al and ICT technologies with cutting-edge functionality in UAV-agnostic
systems. Micro Flying Vehicle cognitive functions are used for data collecting, including sophisticated
coverage path planning and obstacle avoidance capabilities. A broad collection of advanced methods is at
work in the framework of Agriculture 4.0. Agriculture robots, digital agriculture, and smart farming are
examples of smart features. Agriculture management includes streamlining food supply chains, making
informed decisions, and putting a heavy emphasis on sustainability. Agricultural robots are built to deliver
high-value applications of Al in the mentioned sector. Robotics and Autonomous Systems (RAS) are
introduced in large sectors of the economy with relatively low productivity such as Agri-food. The
technology of smart irrigation is developed to increase production without the involvement of a large
number of manpower by detecting the level of water, temperature of the soil, nutrient content, and weather
forecasting (Mahajan & Gera, 2023). The actuation is performed according to the microcontroller by turning
ON/OF the irrigator pump (Pandey, P. K., Gupta, N, et. al. 2019). The M2M that is, machine-to-machine
technology has been developed to ease the communication and data sharing among each other and to the
server or the cloud through the main network between all the nodes of the agricultural field (Talaviya et
al.,2020). The advent of artificial intelligence(Al), machine learning(ML), and computer-based algorithms
are continuously contributing to automated improved functioning by drone-imaging of agricultural fields;
automated and precise prediction/detection of crop diseases; crop seasoning, testing soil health, moisture and
manure sufficiency/deficiency; timely removal of weeds from crop fields; and recruitment of drones and
mobile robots in spraying the harmful chemicals and pesticides in the fields( Chaudhary and Kumar,2022;
Van et al.,2020). Agriculture 4.0 dives into scientific elements such as precision agriculture and production
problems. Furthermore, 10T, remote sensing, artificial intelligence, and machine learning are all contributing
to the change in modern agriculture as shown in (Fig 1).

Farming Production

- IoT, UAV: - Food Supply
- Remote T — = ?):l(;:i‘on
3 i)i :‘tal * Sustainable
Learaine / processes
—
; AGRI-
:/ TECHNOLOGIES || o ENT
J \
| Smart Practices ‘]
[ | /Technologiesfor [ '
\ Agriculture 4.0 /
\ SMART | AGRICULTURE
A PRACTICES SCIENCE e
! -
* Digital e - * Precision
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* Smart = Agri-
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Fig.1 Smart Practices/ Technologies for Agriculture 4.0 (Javaid et al.,2022)

The Internet of Things (10T) is a highly promising technology that is offering many innovative solutions to
modernize the agriculture sector. The Internet of Things (10T) enhances agricultural outcomes (Farooq et
al.,2020; Khan et al.,2021) by enabling “on-site monitoring” empowering producers to remotely supervise
farms. 10T agricultural solutions include a variety of monitoring, controlling, and tracking applications that
measure a variety of variables including air monitoring, temperature monitoring, humidity monitoring, soil
monitoring, water monitoring, fertilization, pest control, lighting control, and location tracking.

Ancillary aspects Strategic features

~ Usage of simple tools,
manpower and animal

10,000 BC ‘ ﬁ? ‘ Agriculture 1.0 / forces

Upgradation of steam engines |

| Usage of chemicals,
‘ ‘ ricultural
19th century Xl @ Agriculture 2.0 / :\:chlneries

tnvention of computers and
robotics in agriculture

" Utilization of robots
20th century il Agriculture 3.0 ] Computer programs

Internet of Things, Big Data, (loud
Computing , Artificial lntelllgeo(e .

4 -
Today - w Agriculture 4.0 / Smart systems

Fig 2: Digitalization in Agriculture: A Chronological EvolutionAdapted from ( Dhanaraju et
al.,2022)

Agriculture has changed over the past 10,000 years, from manual labor to digitization as shown in (Fig 2).
(Talaviya et al.,2020) looked into the many applications of Al in agriculture, such as irrigation, weeding, and
spraying, all done with the use of sensors and other tools built into robots and drones. These technologies
retain soil fertility, help make efficient use of human labor, boost productivity, improve quality, and lessen
the excessive use of water, pesticides, and herbicides. The Internet of Things (oT) may be at the center and
forefront of farming operations for sustainable agriculture. This includes transporting crops, keeping track of
market prices, maintaining and operating agricultural machinery, and using water and power efficiently. It
can determine crop requirements at each stage, making these chores simpler and more efficient. (Khan et
al.,2021) assert that this advanced technology offers farmers unparalleled control over their land and assets,
fundamentally reshaping our understanding of agricultural practices to optimize efficiency and effectiveness.
The Internet of Things (10T) is a new hot issue in technology. The 10T is a network of material devices that
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is composed of embedded systems like sensors, actuators, receivers, transmitters, and many more hardware
devices. The main aim of 10T devices is to reduce the load on human bodies. Many subdomains like wireless
sensor networks, remote sensing, automation, and many more come under the umbrella of 10T (Thakur et
al.,2020). The adoption of enhanced integrated production management practices is contingent upon several
other criteria, including but not limited to investment costs and returns on investment, labor availability,
machinery, accessibility, and priority value chains. During the transition towards more integrated practices,
food security must witness a notable rise.

CONCLUSION AND FUTURE DIRECTIONS

The presented study covers a wide range of agricultural subjects, with an emphasis on innovation,
sustainability, and the critical importance of role allocation through Al. The demand for data-centric
accuracy and technology in farming is driving and emphasizing the changing agricultural scene. The
implementation of a creative agricultural framework has promise for small-scale farmers, allowing them to
better respond to crucial situations, increase their earning potential, and deal with climatic issues.
Innovations in digital technology and artificial intelligence, in particular, are ushering in a new era of
sustainable and climate-resilient agriculture, with the potential to boost production and food security. The
ongoing discussion over agricultural sustainability emphasizes the worldwide importance of building food
systems that line with the Sustainable Development Goals and encourage conservation, regenerative
methods, and community-based initiatives. The economic feasibility of sustainable practices is crucial in
ensuring that environmentally acceptable techniques are also lucrative for farmers. The quest for
sustainability and food security is attained via an emphasis on community-based agricultural initiatives and
smart farming technologies.

Furthermore, the study dives into the significance of current irrigation systems and their function in resource
conservation. It recognizes that even little modifications in agricultural water management can have a
substantial influence on water quality and quantity. Sustainable irrigation techniques are critical to resolving
concerns about water shortages and environmental effects, highlighting the importance of responsible water
management. Moreover, the research investigates the improvement of creativity in agricultural research and
development, emphasizing the need for scalable, globally applicable solutions that increase food production,
environmental sustainability, and rural lives. Collaboration, collaborative research, and the integration of
cutting-edge technology are at the forefront of this revolutionary undertaking. In the future, the agriculture
industry will change creative ways. Precision Agriculture's integration with the (10T), (CST) offers real-time
data for informed decision-making. climatic-resilient crop breeding, circular agriculture, and artificial
intelligence-driven pest control address climatic concerns while minimizing environmental effects. Farmers
benefit from professional guidance and market information provided by digital extension services. To solve
water shortage, resilient water management approaches mix tradition and technology through Al. The
adoption of agricultural advances requires effective scaling mechanisms. Urban agriculture and vertical
farming help to provide food security and sustainability in cities. Farmer education and international
collaboration are critical in tackling global food security issues. These future directions show a
comprehensive approach to agriculture, integrating technology, sustainability, and community participation
to create a resilient and inventive sector in the twenty-first century.
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