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ABSTRACT

The Internet of Things (1oT) has ushered in a new era of innovative agriculture research. Because
loT is still in its early stages, it must be widely tested before it can be widely deployed in many
agricultural applications. In this paper, | look at different prospective 10T applications, as well as the
unique concerns and constraints connected with 10T deployment for better farming. The gadgets
and wireless communication technologies linked with 10T in agricultural and farming applications
are thoroughly researched to focus on the unique requirements. Sensor-enabled I0T systems that
deliver intelligent and smart services for smart agriculture are being investigated.

Several case studies are offered to investigate the existing loT-based solutions implemented by
various organizations, individuals, and groups depending on their deployment criteria. The
difficulties in these solutions are addressed, as are the factors for improvement and the future
roadmap of work with loT. Smart farming is a trend that emphasizes the use of information and
communications technology (ICT) in machinery, equipment, and sensors in network-based hi-tech
farm supervision cycles. Innovative technologies such as the Internet of Things (IoT) and cloud
computing are expected to spur growth and kickstart the usage of robotics and artificial intelligence
in agriculture. Such radical departures are upsetting established agricultural practices while also
posing several obstacles. This study explores the techniques and equipment utilized in wireless
sensor applications in loT agriculture, as well as the predicted problems encountered when
integrating technology with traditional farming practices. Furthermore, this technical knowledge is
useful to growers during crop times ranging from planting to harvest, and applications in packing
and transportation are being researched.

Keywords: Agriculture practices; internet of things; smart agriculture; technologies.

1. INTRODUCTION

Sustainable agriculture encompasses a set of
practices and principles aimed at ensuring the
long-term viability of environmentally friendly
food crop production. It promotes farming
methods that not only prove economically
practical but also serve as custodians of soil
quality, preventing degradation, conserving
water, enhancing land biodiversity, and securing
a natural and healthy environment. Sustainable
agriculture plays a pivotal role in safeguarding
natural resources, curbing biodiversity loss, and
mitigating greenhouse gas emissions. It offers a
way to harmonize the preservation of nature with
the fulfillment of basic needs for future
generations, while simultaneously improving
agricultural efficiency. Key achievements in the
realm of smart farming, which align with the
principles of sustainable agriculture, include crop
rotation, the judicious management of nutrient
deficits in crops, effective pest and disease
control measures, recycling practices, and
efficient water harvesting techniques. These
advancements contribute to creating a safer and
more  environmentally sound  agricultural
landscape. Biodiversity, a cornerstone of
ecological health, is vital to the survival of living
species. Unfortunately, agricultural activities
often bring about biodiversity loss due to waste
emissions, the use of fertilizers and pesticides,

the degradation of organic matter, and other
factors. Furthermore, greenhouse gas emissions
have far-reaching consequences, affecting
plants, animals, humans, and the environment,
highlighting the urgent need for climate-
conscious practices. In the context of India,
agriculture plays a pivotal role as the largest
contributor to the country's GDP, accounting for
approximately 18% and employing around 57%
of the population. However, the proportion of
agricultural laborers in the overall workforce is on
a declining trend. Factors such as rising
cultivation costs, low per capita output,
inadequate soil management, and the attraction
of non-farming or higher-paying jobs in urban
areas contribute to this decline. The rural exodus
of the younger generation from farming families
is a significant concern, with consequences for
the future of agriculture in the country. As the
world stands on the cusp of a digital revolution,
there is an opportune moment to integrate
wireless technology into the agricultural
landscape, thereby facilitating digital connectivity
with farmers. Nevertheless, not all regions of the
world's surface are suitable for agriculture,
constrained by factors like soil quality,
topography, temperature, climate, and the
unequal distribution of arable land. Moreover, the
fragmentation of cultivated land due to political,
economic, and urbanization factors exacerbates
the pressure on arable land supply. Total
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agricultural land wused for food production
has recently decreased. Furthermore, each
piece of agricultural land possesses distinct
characteristics, such as soil type, irrigation
capacity, nutrient content, and pest
resistance, all of which need to be measured
individually in terms of quality and quantity for a
specific crop. To overcome these multifaceted
challenges, innovative technology-based
approaches are imperative. Traditional farming
practices require farmers to make regular
visits to their fields to monitor crop conditions.
Modern sensor and communication technologies,
however, provide a comprehensive view of the
field, enabling remote monitoring of field
activities. Wireless sensors offer a high degree of
precision and allow the early detection of
problems, streamlining the entire farming
process from sowing to harvesting. Autonomous
harvesters, robotic weeders, and drones
equipped with sensors collect data at
frequent intervals. Nonetheless, the vastness of

agriculture imposes rigorous demands on
technological solutions to ensure long-term
sustainability  with  minimal  environmental
impact. Wireless sensor technology
enables farmers to understand the
multifaceted needs and requirements of

crops without being physically present in the
fields, enabling remote  decision-making
and action.

2. TECHNOLOGIES USED IN SMART
AGRICULTURE VALIDATE WITH
CITATIONS ALL THE NEXT PARTS

2.1 Precision Agriculture Technologies
Global Positioning System (GPS)

GPS is a technology that accurately records
latitude, longitude, and elevation data. Satellites
of the Global Positioning System transmit
signals, enabling GPS receivers to calculate their
real-time location while in motion. For farmers,
GPS technology is invaluable, allowing them to
pinpoint the exact location of field data, such as
insect  occurrences, soil types, weed
distributions, and other obstacles. This precise
information facilitates targeted applications of
essential inputs like seeds, fertilizers, herbicides,
pesticides, and water to specific field areas.
Sensor Technologies: Various sensor
technologies, including photoelectricity,
electromagnetics, conductivity, and ultrasound,
are employed to assess soil characteristics,
nutrient content, vegetation, humidity, vapor, air,
temperature, and more. These sensors offer
insights into crop varieties, pest and weed
identification, soil and plant stress detection, and
drought monitoring. The data collected through
remote sensing aids farmers in making informed
decisions about resource allocation and crop
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management. Variable-Rate Technology (VRT)
and Grid Soil Sampling: Variable-rate
technologies (VRT) utilize geographic information
system (GIS) maps to adjust the application rates
of inputs based on specific field conditions. Grid
soil sampling involves systematically collecting
soil samples from a grid pattern to create
attribute maps. These maps serve as the
foundation for VRT, allowing precise control of
input delivery based on the field's variability.
Implementing VRT and grid soil sampling can
enhance soil fertility management and optimize
nutrient distribution for improved precision
agriculture. Crop Management: Crop
management in precision agriculture relies on
satellite imagery to assess soil conditions and
crop performance concerning topography within
fields. This technology enables farmers to
monitor critical factors such as seed placement,
fertilizer application, and pest control. Satellite
images provide regional-scale, near real-time
information. Spectral reflectance properties,
especially in the red and near-infrared
wavelengths, are used to monitor vegetation
health and estimate crop yield. The normalized
difference vegetation index (NDVI) is a preferred
indicator due to its correlation with leaf area
index and photosynthetic activity. Soil and Plant
Sensors: Sensor technology is essential in
precision agriculture, providing real-time data on
soil parameters, fertility, and water status. These
sensors monitor variables such as moisture, pH,
temperature, and pollutants, offering valuable
insights into optimizing crop growth conditions
and addressing biotic and abiotic challenges.
Key nutrients like soil organic matter, nitrogen,
phosphorus, and potassium are assessed using
various sensor technologies, such as near-
infrared reflectance (NIR) and electrical
conductivity (ECa) sensors. Rate Controllers:
Rate controllers play a crucial role in managing
input delivery by monitoring vehicle speed across
fields and adjusting material flow rates in real-
time to achieve desired application rates. These
controllers operate independently and ensure
precise input management. Precision Irrigation in
Pressurized Systems: Advancements in irrigation
systems have introduced motion-controlled
machines, GPS-based controllers, sensor
technologies, and wireless communication to
enhance crop water utilization efficiency. These
technologies monitor soil and climatic conditions,
providing insights into irrigation parameters, such
as flow and pressure. While promising, further
development is required before widespread
commercialization. Yield Monitor: Yield monitors,
equipped with sensors and integrated

components, continuously measure crop yield by
assessing mass or volume flow. Mass flow
sensors use microwave energy to gauge the
energy reflected after impact. GPS receivers
generate yield maps based on location-specific
yield data. Software: Precision agriculture
software performs a wide range of functions,
including mapping, display controller interfacing,
data processing, analysis, and interpretation,
enabling farmers to make informed decisions
based on collected dataRole of 0T Smart
Agriculture Practices.

Adopting new approaches based on sensor and
loT-based technology increased crop yields more
than traditional agricultural operations. The use
of more sophisticated sensor-based technologies
in controlled environments plays a vital role in
improving production quality and quantity.

3. ADVANCED AGRICULTURAL
TECHNOLOGIES FOR FUTURE
FARMING

Greenhouse Farming and Protected Cultivation:
Controlled environment agriculture, including
greenhouse farming, has a long history dating
back to the nineteenth century and gained
significant traction during the twentieth century,
particularly in regions with challenging weather
conditions. Growing crops in  controlled
environments significantly reduces the impact of
environmental factors on crop production.
Thanks to advancements in sensor technologies
and communication devices, traditional crops can
now be grown year-round and in diverse
locations. Success in controlled environments
depends on factors such as infrastructure design,
wind protection, aeration systems, precise
monitoring, and decision support systems. The
challenge lies in accurately monitoring
environmental parameters, necessitating the use
of numerous sensors to ensure optimal local
climate management. Internet of Things (loT)-
enabled smart greenhouses have automated
farming operations and protected plants from
various environmental threats, leading to
impressive results such as substantial water
savings. Furthermore, loT facilitates direct
communication between farmers and consumers,
promoting efficient and profitable farming.
Hydroponics:  Hydroponics, a subset of
hydroculture, involves growing plants without
soil, maximizing the benefits of controlled
environments such as greenhouses. Hydroponic
systems ensure a balanced and efficient delivery
of dissolved nutrients to plant roots through
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water. Current systems employ various sensors
to detect and analyze a wide range of factors,
including nutrient concentration. Real-time
measurement and monitoring of nutrient levels
are crucial for optimizing plant growth. Wireless-
sensor-based  prototypes have emerged,
enabling soilless agriculture and providing real-
time data on multiple parameters. Smart
hydroponics systems, integrated with IoT, consist
of three main components: input data, a cloud
server, and output data. These systems monitor
parameters like pH levels, nutrient-rich water
solutions, ambient temperature, and humidity in
real-time, accessible from anywhere via the
internet. Vertical Farming: The rapid degradation
of soil quality and increased urbanization pose
challenges for traditional agriculture. Vertical
farming (VF) offers a solution by providing a
highly controlled environment that minimizes
resource consumption and maximizes
productivity. VF is particularly efficient in
conserving water compared to traditional farming
practices. Monitoring carbon dioxide levels is
crucial for the success of vertical farms. Non-
dispersive infrared (NDIR) CO2 sensors play a
vital role in managing VF conditions and ensuring
optimal crop growth. Phenotyping: Phenotyping
is an emerging technology in crop engineering
that connects plant genomes with ecophysiology
and agronomy. While genetic and molecular
tools are vital for crop breeding, quantitative
measurement of crop traits, such as disease
resistance and grain weight, remains a challenge
due to the lack of efficient technology and
methodologies. loT-based phenotyping aims to
monitor and measure crop traits and provide
valuable insights for crop breeding and digital
agriculture. This technology is instrumental in
understanding  the  quantitative  features
responsible for crop development, stress
resilience, yield quality, and quantity. Current
Challenges and Future Expectations: Addressing
global food security remains a paramount goal,
as more than 800 million people worldwide
experience food insecurity. Meeting the demands
of a growing population necessitates
advancements in agriculture, with a focus on
artificial  intelligence, big data, and the
convergence of systems. Smart farming relies on
robust communication networks, with the
potential for low-power wide area technology
(LPWA) to play a significant role in rural areas.
Wireless sensors and loT empower farmers with
real-time data for decision-making, with an
estimated 29 billion loT-based components in
agriculture by 2022. Drones and unmanned
vehicles have transformed agriculture by

providing precise monitoring, spraying, and
automation. Vertical farming and hydroponics
address land and water scarcity issues, offering
sustainable alternatives. Machine learning and
analytics enable data-driven farming, while
renewable energy, microgrids, and smart grids
support the energy needs of advanced
agriculture. To ensure a sustainable future, every
inch of farmland must be optimized with loT-
based sensors and communication technology.

4. CONCLUSION

This review looked at the techniques and
equipment used in wireless sensor applications
in loT agriculture, as well as the potential issues
that may arise when merging technology with
traditional agricultural practices. The world is
about to experience a digital revolution, therefore
now is the perfect time to incorporate wireless
technology into the farming environment and
enable digital communication with farmers.
Adopting new approaches based on sensor and
loT-based technology increased crop yields more
than traditional agricultural operations.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Kheroar S, Patra BC. Advantages of
maize-legume intercropping  systems.
Journal of Agricultural Science and
Technology. 2013B;3(10B):733.

2. Nweze CC, Muhammad BY. Wandoo
Tseaa, Rahima Yunusa, Happy Abimiku
Manasseh, Lateefat Bisola Adedipe, Eneh
William  Nebechukwu, Yakubu Atanyi
Emmanuel. Comparative biochemical ef-
fects of natural and synthetic pesticides on
preserved phaseolus vulgaris in male
albino rats. Acta Botanica  Plantae.
2023;V02i01: 01-10.

3. Sidhu BS, Sharda R, Singh S. Spatio-
temporal assessment of groundwater
depletion in Punjab, India. Groundwater for
SustainableDevelopment.2021;12:100498.

4. Ramesh T, Rathika S, Nagarajan G,
Shanmugapriya P. Land configuration and
nitrogen management for enhancing the
cr=op productivity: A review. The Pharma
Innovation Journal. 2020;9(7):222-230.

5. Sabitha N, Mohan Reddy D, Lokanadha
Reddy D, Hemanth Kumar M, Sudhakar P,

693



10.

11.

12.

13.

14.

15.

Kiran et al.; Int. J. Environ. Clim. Change, vol. 13, no. 12, pp. 689-695, 2023; Article no.|JJECC.106895

Ravindra Reddy B, Mallikarjuna SJ.
Genetic divergence analysis over seasons
in single cross hybrids of maize (Zea mays
L.). Acta Botanica Plantae. 2022;1(2):12-
18.

Stein LY, Klotz MG. The nitrogen
cycle. Current Biology. 2016;26(3): R94-
R98.

Manasa P, Maitra S, Reddy MD. Effect of
summer  maize-legume intercropping
system on growth, productivity and
competitive ability of crops. Int. J. Manag.
Technol. Eng. 2018;8:2871-2875.

Layek J, Das A, Mitran T, Nath C, Meena
RS, Yadav GS, Lal R. Cereal+ legume

intercropping: An option for improving
productivity and sustaining soil
health. Legumes for Soil Health and

Sustainable Management. 2018;347-386.
Bhakta S, Sipra BS, Dutta P, Sahu E,
Panda SK, Bas-tia AK. Water silk
(Spirogyra bichromatophora) as a natural

resource for antimicrobial phyco-
chemicals. Acta Botanica Plantae.
V01i03:08-14.

Ghosh D, Ekta Ghosh D. Intensive training
in breast imaging with artificial intel-ligence
and deep learning-a review article. In Acta
Biology Forum. 2022;18-26.

Meena SS, Lal G, Mehta RS, Meena RD,
Kumar N, Tripathi GK. Comparative study
for yield and economics of seed spices
based cropping system with fruit and
vegetable crops; 2017.

Khatana K, Malgotra V, Sultana R, Sahoo
NK, Maurya S. Anamika Das, Chetan DM.
Advancements in
Immunomodulation. Drug Discovery, and
Medicine: A Comprehensive Review. Acta
Botanica Plantae. 2023;V02i02:39:52.
Miao Q, Rosa RD, Shi H, Paredes P, Zhu
L, Dai J, Pereira LS. Modeling water use,
transpiration, and soil evaporation of spring
wheat—-maize and spring wheat—sunflower
relay intercropping using the dual crop
coefficient approach. Agricultural Water
Management. 2016;165:211-229.

SHAO ZQ, ZHENG CC, Postma JA, LU
WL, Qiang GAO, GAO YZ, ZHANG JJ.
Nitrogen acquisition, fixation, and transfer
in maize/alfalfa intercrops are increased
through root contact and morphological
responsesto interspecies  competition.
Journal of Integrative Agriculture. 2021;
20(8):2240-2254.

Singh AK, Yadav N, Singh A, Singh A.
Stay-green rice has greater drought

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

694

resistance: one unique, functional SG Rice
increases grain  production in dry
conditions. Acta Botanica Plantae.
2023;V02i02:31:38.

Feng MA, van der Werf LY, Igbal W, Khan
N, Hassan I, MJ, Yang W. Optimum leaf
defoliation: A new agronomic approach for
increasing nutrient uptake and land
equivalent ratio of maize soybean relay
intercropping system. Field Crops
Research. 2019;244:107647.
Available:https://doi.org/10.1016/j.fcr.2019.
107647

Mana PW, Wang-Bara B, Mvondo VYE,
Bourou S, Palai O. Evaluation of the
agronomic and technological performance
of three new cotton varieties in the cotton

zone of Cameroon. Acta  Botanica
Plantae. 2023;2:28-39.

Avsar E, Mowla MN. Wireless
communication  protocols in  smart

agriculture: A review on applications,
challenges and future trends. Ad Hoc
Networks. 2022;102982.

Islam MS, Rahman MM, Paul NK.
Arsenicinduced morphological variations
and the role of phosphorus in alleviating
arsenic toxicity in rice (Oryza sativa
L.). Plant Science Archives; 2016.

Salam MA, Islam MR, Diba SF, Hossain
MM. Marker assisted foreground selection
for identification of aromatic rice genotype
to develop a modern aromatic line. Plant
Science Archives; 2019.

Zhao J, Liu D, Huang R. A Review of
Climate-Smart Agriculture: Recent
Advancements, Challenges, and Future
Directions. Sustainability. 2023;15(4):3404.
Friha O, Ferrag MA, Shu L, Maglaras L,
Wang X. Internet of things for the future of
smart agriculture: A comprehensive survey
of emerging technologies. IEEE/CAA
Journal of Automatica Sinica. 2021;
8(4):718-752.

Sharma V, Tripathi AK, Mittal H.
Technological revolutions in smart farming:
Current trends, challenges & future
directions. Computers and Electronics in
Agriculture. 2022;107217.

Okunlola Al, Opeyemi MA, Adepoju AO,
Adekunle VAJ. Estimation of carbon stock
of trees in urban parking lots of the Federal
University =~ OF  Technology, Akure,
Nigeria (Futa). Plant Science Archives;
2016.

Kaushik I, Prakash N. Applicability of loT
for smart agriculture: Challenges & future


https://doi.org/10.1016/j.fcr.2019.107647
https://doi.org/10.1016/j.fcr.2019.107647

26.

27.

Kiran et al.; Int. J. Environ. Clim. Change, vol. 13, no. 12, pp. 689-695, 2023; Article no.|JJECC.106895

research direction. In 2021 IEEE World Al
IoT Congress (AlloT) IEEE. 2021; 0462-
0467.

de Araujo Zanella AR, da Silva E, Albini
LCP. Security challenges to smart
agriculture: Current state, key issues, and
future directions. Array. 2020;8:100048.
Corpuz MC, Balan HR, Panares NC.
Biodiversity of benthic macroinvertebrates
as bioindicator of water quality in
Badiangon Spring, Gingoog City. Plant
Science Archives; 2016.

28.

29.

Thilakarathne NN, Yassin H, Bakar MSA,
Abas PE. Internet of things in smart
agriculture: Challenges, opportunities and
future directions. In 2021 IEEE Asia-Pacific
Conference on Computer Science and
Data Engineering (CSDE) . IEEE. 2021,
1-9.

Ray PP. Internet of things for smart
agriculture: Technologies, practices and
future direction. Journal of Ambient
Intelligence and Smart Environments.
2017;9(4):395-420.

© 2023 Kiran et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/106895

695


http://creativecommons.org/licenses/by/2.0

