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Abstract

The world's two main barriers to sustainable development are a scarcity of food and rising population.
Artificial intelligence (Al), the Internet of Things, and mobile internet are contemporary breakthroughs
that potentially offer practical solutions to the problems the world is currently facing. As a result, this
study's emphasis is on creative approaches to smart farming (SF) from 2019 to 2021 and provides
examples of effective methods for data collection, transfer, storing, analysis, and problem-solving. l1oT
is one of the essential pillars of smart systems since it links sensor devices to perform a number of
fundamental operations. The foundation of smart irrigation is made up of intelligent controls, sensors,
and a few mathematical relationships. This work also showed how robots and unmanned aerial vehicles
(UAVs) can be used for a range of tasks, such as harvesting, seeding, weed identification, irrigation,
spraying for agricultural pests, applications on animals, etc.

Keywords: Improved agricultural practices, smart farming, internet of things (10T), crop management

Introduction

Sustainability in ecologically friendly food production is measured by the practice of
sustainable agriculture (Srisruthi et al. 2016) [, Sustainable agriculture promotes farming
techniques and strategies that help farmers and the environment. It is economically feasible,
stops soil degradation, maintains soil quality, and conserves water. It also ensures a natural
and healthy ecosystem, improves land biodiversity, and conserves resources (Brodt et al.,
2011) 81, Protecting natural resources, preventing the reduction of greenhouse gas emissions,
and preserving biodiversity all depend on sustainable farming (Obaisi et al., 2022) B,
Increased farming production can be achieved through sustainable agriculture without
compromising environmental protection or meeting the needs of future generations. In terms
of sustainable agriculture, crop rotation and soil preservation are the cornerstones of smart
farming. Management of insect and disease outbreaks, water collection, recycling, and crop
nutrient shortages all contribute to a safer environment overall. Based on the usage of
fertilizers, waste emissions, biodiversity, decaying dead plants, herbicides, etc., living things
are dependent. Plants are impacted by greenhouse gas emissions, it is necessary to create a
better habitat for people, animals, and the environment existence of life (Latake et al., 2015)
(271 (Fig: 1). A whopping 18% of India's GDP comes from agriculture, which also employs
about 57% of the country's rural population. India's total agricultural output has grown over
time, while the percentage of growers has fallen, from 71.9% in 1951 to 45.1% in 2011
(Reddy and Dutta, 2018) [¥%1, By 2050, the labor force's proportion will be dropped to 25.7%,
according to the Economic Survey 2018, as there will be an increase in agriculture. Due to
rising farming costs, low per-capita productivity, inadequate soil maintenance, and
emigration to non-farming areas or a more lucrative job, farming families in rural areas their
following generation of farmers gradually disappears. At a time when the world is on the
verge of a digital revolution, it is suitable to connect the agricultural landform with wireless
technology to introduce and accommodate digital communication with farmers.
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Fig 1: Factors of Sustainable Agriculture

Sadly, not all regions of the Earth's surface can be exploited
for agriculture because of a number of restrictions, such as
soil quality, topography, temperature, climate, and the fact
that the bulk of the cultivable areas are not uniform
(www.fao. org/3/a-y4252e.pdf).  Furthermore, current
agricultural land is political and fiscal characteristics,
Moreover, urbanization is expanding, driving up the need
for arable land (Figure 2). Recently, less agricultural area
overall was used to generate food (Roser et al., 2022) (],

Additionally, each crop field has different essential
components, such as the soil type, irrigation flow, fertilizer
content, and insect resistance, which are each assessed
separately in relation to a certain crop. Crop rotation and an
annual cycle of crop growth and development, which both
call for spatial and temporal adjustments are critical for
maximizing crop production on a single plot of land
(Hernandez-Ochoa et al., 2022) 291,
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Fig 2: Important technological issues in the agricultural sector
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Most often, a single crop undergoes changes in its
characteristics, or the same crop is grown across the entire
farm and requires site-specific analysis for best vyield
production. New technology-based approaches are
necessary to handle these numerous challenges and produce
more on a less amount of land. As part of traditional farming
practices, farmers visit their fields frequently throughout the
life of a crop to better comprehend the circumstances of the
crop (Navulur et al., 2017) %, Because modern sensor and
communication technology gives farmers a precise
perspective of the field, they may monitor ongoing field
activities without physically becoming a professional.
Digital sensors more precise agricultural tracking, and
detection. Initial problem detection encourages frequent use
of smart tools, from the beginning of planting until crop
harvest (Ayaz et al., 2018) B,

The effective and clever use of sensors has revolutionized
the entire farming process because of accurate monitoring.
The numerous autonomous harvesters, robotic weeders, and
drones all have sensors attached to them to collect data over
short periods of time. However, because to the scale of
agriculture, there are strong expectations for technical
developments that are sustainable and have minimal
environmental impact. Without having to physically be in
the fields, farmers can take remote action by using sensor
technology and wireless connection to learn about the
various demands and requirements of crops (Lin et al.,
2017) [281,

Sustainable Agriculture

Sustainable agriculture, the Food and Agriculture
Organization claims (FAO 2016), is "production that
satisfies food security, environmental protection, and
economic and social needs in rural areas." Because this
activity involves both human actions, such farm
management and agricultural regulations, as well as a
number of independent variables, like climate conditions,
geography, soil type, animal gas emissions, etc. (Cymerman
1994; Kiebasa et al., 2016) [*2 231, this task is difficult.
Sustainable agriculture aims to preserve and safeguard
natural resources. Some of these resources may be
significantly damaged, contaminated, depleted, or all three
(for example, soil nutrients or groundwater). Several natural
resources, including phosphorous, are predicted to run out
later this century. New sustainable agricultural practices are
therefore emerging in order to protect and maintain
resources (Cordell and White, 2011) (21,

Sustainable Nutrient management application for farms
At the agricultural level, the issues with global resources
and environmental risks are less apparent. In this setting,
nutrient management is essential to sustainable agriculture
since it affects both agricultural productivity and soil and
water quality (Pietrzak, 2013) B4, Organic and mineral

https://www.biochemjournal.com

fertilizer management on farms must be sustainable and
balanced because it affects both production results and the
environment (Beegle et al., 2000) ["],

Numerous instruments have been developed to help farm
managers better manage nutrients and reduce nutrient losses.
Nutrient flow studies conducted on farms are typically the
basis for this. Analysis of the flow of nutrients on farms
reveals whether it is required to concentrate on improving
the effectiveness of some nutrients. When determining the
balance for N, P, and K, the most frequent input channels,
nutrient reserves (in cattle, manure, or other farm products),
and the amount of output leaving farms are all taken into
consideration (Fig. 3). The value of a FGB depends on how
accurately the data is entered. Nutrient surpluses or deficits
may be used as qualitative evaluations of a farm's
environmental impact (Hendrix et al., 2008; Ulen et al.,
2012) %491 A nutrient flow study may be used to build the
farm-gate balance as a tool for sustainable agriculture. It is
difficult to achieve sustainable nutrient management without
a fertilisation strategy, which is another essential tool (Ulen
et al., 2013) ¥4, The plan establishes the optimal amounts of
mineral fertilizer and manure based on the nutritional
requirements of each crop and the soil fertility, or the
quantity of readily available macronutrients (Goulding et
al., 2008) 19,

The calculating model is an addition to a fertilization
strategy. It was developed to assess how farming practices,
such as crop rotation, ploughing intervals, yields from prior
years, and fertilization activities, connect to the risk of
nitrogen leaching from certain fields. The need for up-to-
date knowledge on the nutrients in manure, which is
something that is mostly absent in Poland (Oenema and
Pietrzak, 2002) 32 - represents a specific problem with
regard to fertilization. As evidenced by various research
studies and practical outcomes, comprehensive knowledge
of this aspect of farm management is required to handle the
process of resolving nutrient flows from agricultural
operations (Deumlich et al., 1999) (41,

Smart Agriculture

According to Bacca et al., 2019, the use of Al and 10T in
cyber-physical farm management is at the centre of the field
of smart agriculture. Smart agriculture addresses a wide
range of issues pertaining to crop production since it makes
it possible to keep an eye on climate changes, soil
characteristics, soil moisture, etc. The Internet of Things
(1oT) technology enables objects to be connected to the
internet and operated autonomously, allowing for the
connection of drones, robots, and ground sensors
(Almetwally et al., 2020) 4. Enhancing spatial management
methods to both boost crop output and decrease improper
pesticide and fertilizer use is the core aim of precision
agriculture (Amato et al., 2015; Effat & El-zeiny 2017) 329,
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Fig 3: A farm's nutrient flow model

Numerous research have examined the use of ANN models
in smart irrigation water management (SIWM). One of the
essential criteria for agricultural irrigation is the
determination of reference evapotranspiration (ETo), as it
affects irrigation schedule (Cruz-Blanco et al., 2014) (11,
The model of Penman-Monteith (PM) is the one that is most
generally used to estimate evapotranspiration, despite the
fact that good ET estimations require a lot of data. (Shitu et
al., 2018) [ The links that GIS has with other
technologies, such remote sensing, Al, GPS, and others,
may allow it to conserve a significant quantity of water that
would Otherwise, irrigation would be required. For simple
access to several viewpoints for the rice IWM Scheme,
(Mohd et al., 2014) 9 developed SWAMP (Soil-Water-
Management for Paddies), a web-based Geospatial Decision
Support System (DSS), and a (Graphical user interface),
GUI based on Technology for widgets. The system offers
data on irrigation water demand and supply, as well as

irrigation efficiency and a water productivity index. One of
the most crucial aspects of this system is its capability to
visualize the results and deliver real-time information. The
three main issues that, Climate-Smart Agriculture (CSA)
was created to address are food security, adaptation, and
mitigation (Palombi and Sessa, 2013) [¥. CSA has
generated a great deal of interest, particularly in developing
countries, due to its potential to improve food security and
the resilience of farm systems while reducing greenhouse
gas emissions (Palombi and Sessa, 2013) B3 In order to
distant implementation of multifunctional farm management
supported by alternative relevant solutions of farm
management in real-time, smart agriculture, which is an
evolution of precision agriculture, requires the creation of
novel approaches. According to Fig. 4 (Wolfert et al., 2014)
42 In order to partially automate the electronic cyber-
physical cycle, robots could carry out essential agrarian
controls and prepare for automatic analysis and planning.

Smart control

Smart sensing
& monitoring

Cloud - based
event and data
management

Smart analysis
& planning

Fig 4: Cycle of smart farming
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Smart agriculture technology built on the Internet of Things
(1oT) has several advantages for all agricultural practices
and processes in real-time, including plant watering and
protection, product quality improvement, fertilization
process control, disease prediction, etc. (Adamides et al.,
2020) ™41,

The advantages of smart agriculture

e  The expansion of crop real-time data volume.

e Monitoring and managing farmers remotely.

e Controlling how natural resources, like as water, are
used.

e Improving the management of livestock.

e Accurate evaluation of the crops and the land.

e Increasing agriculture's output.

loT in smart agriculture

As seen in Fig. 5, The Internet of Things (IoT) is a
sophisticated and cutting-edge technology that provides
unique and helpful solutions in a range of industries,

https://www.biochemjournal.com

including smart cities, smart homes, traffic management,
healthcare, smart agriculture, etc. Farm management in the
field of agriculture has been greatly improved by loT
technology. By connecting all agricultural machinery and
equipment, this technology enables informed decisions to be
made about irrigation and fertilizer supply (Kumar and
Periasamy, 2021) %1, Smart solutions increase the precision
and efficiency of machinery that monitors plant growth and
even livestock care. Wireless sensor networks (WSNs) are
used to collect data from various sensing devices. In order to
analyse and process the distant data that enables decision-
making and the implementation of the best decisions, cloud
services must be connected with 10T (Farooq et al., 2020) [,
Smart farm management requires the use of ICT, ground
sensors, and control systems placed on robots, autonomous
vehicles, and other automated devices. The success of smart
systems depends on having access to fast internet, cutting-
edge mobile devices, and satellites that provide (positioning
of images).

- Smart \ Smart
wearable | Agriculture
Smart ‘
_ Transportation N J
———— " Internet of > Smar': s.u PRIy
‘ e %o things chain
\_ Healthcare / P—_ e
i A Smart
~ Home
Smart Grid ’ " — -
- Smart City Smart
‘ Manufacturing

Fig 5: Application of 10T in different areas (Samaila et al., 2018)

The Food and Agriculture Organization (FAO 2017) 17
claimed that inadequate 20-40% of crops are lost each year
due to pests, diseases, and other problems because of crop
monitoring. Due to the use of sensors and intelligent
systems, it is now possible to monitor weather conditions,
fertility levels, and calculate the correct amount of fertilizer
needed for crop growth. The fertility of the soil is negatively
impacted by the overuse of fertilizers. (Farooq et al., 2020)
61 examined 67 research publications published between

2006 and 2019 that discussed the usage of IoT in diverse
agricultural applications. They discovered that about 16% of
the papers discussed precision agriculture, along with 16%
that discussed irrigation monitoring, 13% that discussed soil
monitoring, 12% that discussed temperature, 11% that
discussed animal monitoring, 11% that discussed humidity,
5% that discussed air and disease monitoring, and 7% that
discussed water monitoring. Finally, only 4% of the research
studies examined fertilization monitoring (Fig. 6).
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Fig 6: loT implementation in smart agriculture

Smart sensing for Agriculture

Sensors are used to measure and monitor every component
of the smart system; for instance, specialized sensors are
used in soil health monitoring to measure nutrients,
phosphates, soil moisture, compaction, and other factors.
The smart irrigation system included numerous sensors for
tracking water levels, irrigation efficiency, climate sensors,
etc. At farm sites, the sensors can track and measure
changes in the soil, yield, and local weather. In order to
analyse the farm statutes and come to a proper choice, the
sensors can collect various data. These advanced sensors
improve the quantity and quality of agricultural output while
monitoring changes in the health of the soil, crops, and
livestock. The typical sensors used in smart agricultural
networks include soil moisture sensors that monitor changes
in soil moisture, soil temperature sensors that track soil
temperature, air temperature sensors, soil pH sensors that
measure soil pH, humidity sensors, N, P, and K sensors,
among others (Kumar et al., 2021) I,

Application of 10T in smart farming

Since the Internet of Things (1oT) serves as the foundation
for all intelligent applications, smart systems are primarily
associated with.

10T based for drones

Since the early 1980s, despite their limited use, drones have
been employed economically in agriculture. However, with
the advancement of communication technological aspects
and the growing uptake of loT, the usage of automatic

aircraft has become more crucial. It can do a range of
functions that improve farming practices. Monitoring crop
health, soil testing, planting, crop spraying, and irrigation
are all drone operations. If the drone is equipped with a
variety of sensors, 3D cameras, thermal, multi-spectral, and
optical imaging cameras, it can also be used to monitor crop
conditions and diseases, plant health indicators, vegetable
density, pesticide prospecting, fertilizer, canopy cover
mapping, field prediction, plant count, plant height
measurement, field water mapping, exploratory reports, and
nitrogen measurement (Islam et al., 2021) @1,

Limitations use of drones in agriculture

Although using unmanned aircraft has many benefits, there

are still significant challenges to be overcome, especially in

underdeveloped countries (Ayamga et al. 2021) . These
obstacles include the following.

e The drone can only fly for an hour or less at a time,
therefore while deciding on the flight line direction, it's
vital to consider how the flight lines will overlap.

e Drones are pricey, especially those with top-notch
hardware, software, cameras, and thermal imaging gear.

e The need for authorization, which can be difficult in
many countries, and the need that the pilot's height not
exceed 400 feet are among the drone operating rules.

e Climate impact: Drone operation is impacted by
climatic factors. Before beginning any task, the weather
must be taken into account because rain and wind have
an impact on drone operation.

~182~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

10T agricultural robot

The agricultural robot is a machine used in many
agricultural operations. 10T has facilitated the creation of
agricultural robots that can do a range of jobs that would
otherwise require humans. They grew to include the US,
Europe, and many Asian countries' adoption of such modern
technology in agriculture. Robots have improved
agricultural productivity by reducing operating expenses and
labor hours (Kootstra et al., 2021) 4. The robots can also
get rid of up to 80% of the pesticides used on farms without
doing any damage to the environment. Agriculture robots
will be helpful tools to provide innovative solutions for
smart agriculture in order to manage labor shortages and the
development of diseases like Covid 19. Robots are used for
the harvesting, seedlings, unwanted plant detection, required
irrigation, infestation of pest, applications for animal, and
other duties are only a few of the many agricultural robots
that can do one or more jobs (Darwin et al., 2021) 41, The
successful development of a multi-purpose smart farm robot
(MpSFR) wusing loT and computer vision (CV) for
technologies was reported by Chand et al. in 2021 1. The
gadget also makes use of battery-powered photovoltaic (PV)
electricity. The robot has a tank for insecticides and water,
and the experts have confirmed that it runs on autopilot.
Sensors that use infrared light to check crop health operate
the robot. The robot can cover a 5 m? space. Robots have
also been successfully used in many different industries,
including quality control, handling of material,
transportation purpose, processing purpose, and inspection
purpose.

Conclusion

The purpose of the current study was to highlight the
importance of smart agriculture in boosting and increasing
agricultural productivity in order to assist close the gap
between the supply and demand for food. Since it connects
every component of intelligent systems used in both
agricultural and other fields, 10T is recognized as the base of
smart agriculture technology. 10T has several applications in
agriculture, including monitoring farms, irrigation, pest
control, harvesting, etc. 10T integrates several sensors with
processing devices, processes data, and then chooses how to
move right away. This study looked at the use of loT
integration with Al-controlled UAV and robotic systems as
well as the problems with their use in underdeveloped
countries. Finally, because these smart technologies are
intended to increase productivity and improve the efficient
use of water and land resources, governments in developing
countries should support them at the level of small farms.
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