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griculture is undergoing a major transformation through the adoption of digital and

precision technologies. Farmers today face several challenges including climate change
declining soil fertility water scarcity rising labour costs and increasing food demand. To
address these problems modern technologies are being integrated into farming systems to
improve productivity sustainability and resource-use efficiency. Smart farming and precision
agronomy have emerged as innovative approaches that use advanced tools and data-driven
techniques for efficient crop management. These technologies help farmers monitor field
conditions optimize input use reduce wastage and improve crop productivity. The use of
drones sensors Atrtificial Intelligence (Al) Internet of Things (IoT) GPS and remote sensing
technologies has made farming more precise efficient and environmentally sustainable.

Concept of Smart Farming and Precision Agronomy

Smart Farming

Smart farming refers to the use of digital technologies automation and real-time monitoring
systems in agriculture for better farm management and decision-making. Technologies such
as Al 10T cloud computing and mobile applications are used to monitor crops soil weather
and farm operations continuously.

Precision Agronomy

Precision agronomy focuses on site-specific crop management where inputs such as water
fertilizers and pesticides are applied according to crop requirement and field variability. This
approach improves input-use efficiency reduces wastage and minimizes environmental
pollution.

Objectives of Smart Farming

The major objectives of smart farming include:

« efficient utilization of water fertilizers and pesticides

e improvement in crop productivity and quality

« reduction in production costs

« real-time monitoring of crop and soil conditions

« promotion of sustainable and climate-resilient agriculture.

Technologies Used in Smart Farming

Internet of Things (1oT)

loT involves the use of sensors and connected devices to collect real-time information from
agricultural fields. Sensors monitor soil moisture temperature humidity and nutrient levels
helping farmers make timely decisions regarding irrigation and nutrient management.
Remote Sensing and GIS

Remote sensing technologies such as satellites and drones provide detailed images of crop
fields for monitoring crop health stress conditions and soil variability. Geographic

ACRI MACATINE ISSN: 3048-8656 Page 25

ande

2

e G %,m@

(&)

[0

0T

2T
Jg\j@@ oV

200 o
S [53 D G

Q00
‘[53 D G

fo2

C?\‘@

2200
G

O ([

Oty
VO

o)
[©)

o anfbo o At adbe afio oo

o ¢, .
6@0 oV

pe)

O ([

) ?\‘@ [o22)
(e}

st

Cﬁ‘?gw@ o2

)

0 ndho anfleo Qnste

%
)

o

(&}

P

o

R Fgio

(&}

4

2,

o

D¢

0

) ([

FRgvo G

o G

o s

Y

(&}

g

2

1S e

(o2
(@)

)

andon

0

)

ZE[45e)

d\“@ [og

o s

Y

(&}

g

SR

D C

andon

e

B
g

O Cébé%gé?
%

[
oo

I C

(&)

DO

o GV

GO Ve

anden

vl

o C%Dé% s

(S

il
)

D C

&n
(&)

D0

it

0

03¢

aso o

T
k:'\‘%}

&
(&}

7O

O ([

c‘f«% g

D¢

N
[
s}

2
s
‘T&?\N} OU%‘

Xelind

%L@%‘\@
o GV

Iy

) ([

ans

T

o

po)e]

%Q

%,m@ c‘f«%?&; c%%,

2

Sicad

o oy
s

ﬂ\é@

D¢

e q
Sola? %?~§3

O

s

G \‘%‘ 5


mailto:chaitanya12389@gmail.com

éQ

Qi\,é%f
}%‘u%

2

JOC =
RN G
(e}

2

C;%% G

2

1O
e

&

2

DO =
RO G
<‘§\‘

2

WLD§3 &

G »ﬁg‘w

%

1O
A
[=}

el

sle]1
(e}

He

3O

B Nt &
s

D O

g)

0520 it i AR anE aniie QnSie Qniine aniino
)

6

o &

O Q
6

C.

Y
DO
o)

O ang

Ee

QMQ n
220

ey
o)

o
o G

52
‘%QVLE?
oves
o)

2

“@»g@ A
< I\(v‘ %

SRR G

IS
e}

&
Y 2
&

P

e Qh%@
s
[=}

o g

00,
"?,_JE[‘\

2

SoC
%ﬁu@ o2

o G

mﬁéﬂ@ Qh,,é;éf‘@ Qmﬁér
J(A[lj? 30 D C
I
&

P

[
o G

7200
poje]
[=}

O an
Ghet

RO

TOC,
"?,_Jgf‘\‘

2

Do e
St G

C?”Tg‘w

s)eld

J?é,‘w@

Qhﬁ%@ Qﬁﬁéf@ Qhé?éﬂ

%o o
o G

@
(&)

0
o GVIEY

Ly

O

Qﬁ“g@@
c?»%,“\

2

e
R
)

%9&3 F

I OC

2

Qﬁ“g@@
o &

=
Ty

K
B
(o)

@s2o a
30T =
cy%,u%; ez

2

Chaithanya et al. (2026) Agri Magazine, 03(06): 25-27 (JUNE, 2026)

Information Systems (GIS) help analyze spatial information for precision farming and
resource management.

Artificial Intelligence and Machine Learning

Al and machine learning technologies analyze large volumes of field data to predict pest
outbreaks disease incidence irrigation needs and crop yield. These technologies improve
decision-making and support automation in agriculture.

Drones in Agriculture

Drones are increasingly used for crop monitoring weed detection spraying of herbicides and
pesticides and field surveillance. Drone-based spraying reduces labour requirement saves
time and improves precision in chemical application.

Variable Rate Technology

Variable Rate Technology (VRT) enables fertilizers pesticides and irrigation water to be
applied at different rates depending on field conditions and crop requirement. This improves
input efficiency and reduces unnecessary application.

REMOTE SENSING INDICES USED TO MONITOR CROP HEALTH

Normalized Difference
Vegetation Index (NDVI)

Soil-Adjusted Vegetation
Index (SAVI)

V7

2§

2:2)
Normalized Difference Enhanced Vegetation
Moisture Index (NDMI) Index (EVI)

Applications of Smart Farming in Agriculture

Precision Nutrient Management

Soil sensors and digital maps help determine nutrient variability within fields. Fertilizers can
then be applied precisely according to crop requirement improving fertilizer-use efficiency
and reducing nutrient losses.

Smart Irrigation

Smart irrigation systems use soil moisture sensors and weather-based information to schedule
irrigation efficiently. This helps prevent over-irrigation conserves water and improves
irrigation efficiency.

Weed and Pest Management

Al-based systems drones and sensor technologies help identify weeds pests and diseases at an
early stage. Precision spraying ensures targeted application of chemicals thereby reducing
chemical usage and environmental contamination.

Crop Monitoring and Yield Prediction

Remote sensing and drone imagery help monitor crop growth identify stress conditions and
assess crop performance. Machine learning models can also predict crop yields and support
better farm planning.

Benefits of Smart Farming and Precision Agronomy

Smart farming technologies improve crop productivity by enabling timely and precise farm
operations. Efficient management of water fertilizers and pesticides reduces input wastage
and improves resource-use efficiency. Automation and drone technologies reduce
dependence on manual labour and improve operational efficiency. Precision technologies
also help minimize environmental pollution conserve natural resources and reduce
greenhouse gas emissions. Real-time monitoring and predictive analytics support climate-
resilient agriculture by helping farmers adapt to weather variability and extreme climatic
conditions.
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In future smart farming technologies may become increasingly important under labour
shortages climate variability and rising input costs. Precision agriculture may help farmers
apply inputs only where required thereby reducing unnecessary expenditure and improving
farm profitability.

Challenges in Adoption of Smart Farming

Despite several advantages adoption of smart farming technologies still faces multiple
challenges. Advanced technologies such as drones sensors and automated machinery require
high initial investment which limits adoption among small and marginal farmers. Many
farmers are unfamiliar with digital technologies and require technical training for effective
utilization. Limited internet connectivity and poor digital infrastructure in rural regions also
affect implementation of smart farming systems. In addition large amounts of agricultural
data generated through digital technologies raise concerns regarding data security privacy and
ownership.

Future Prospects of Smart Farming

The future of agriculture is expected to depend increasingly on digital technologies
automation and data-driven decision-making. Al-based advisory systems robotics
autonomous machinery and drone technologies may become more common in farming
systems. In India technologies such as drone spraying sensor-based nutrient management and
smart irrigation are gradually gaining importance especially in commercial crops and high-
value agriculture. Integration of climate-smart technologies with precision agriculture can
further strengthen sustainable crop production systems. Government support digital literacy
programs affordable technologies and policy initiatives will play an important role in
expanding smart farming practices among farmers in the coming years.

Conclusion

Smart farming and precision agronomy are transforming modern agriculture by integrating
advanced technologies into crop production systems. Technologies such as loT Al drones
remote sensing and precision application tools improve productivity resource-use efficiency
and environmental sustainability. These technologies also support climate-resilient
agriculture through better monitoring timely decision-making and efficient resource
management. Although challenges such as high investment costs and limited technical
knowledge still exist continuous technological advancements and policy support are expected
to promote wider adoption in the future. Smart farming offers a sustainable pathway for
improving farm profitability achieving food security and conserving natural resources for
future generations. 10T involves the use of sensors and connected devices to collect real-time
information from agricultural fields. Sensors monitor soil moisture, temperature, humidity,
and nutrient levels, helping farmers make timely decisions regarding irrigation and nutrient
management.
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