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The integration of 
drones into agri-
culture has been 

facilitated by rapid ad-
vancements in sensor 
technology, automation, 
and geographic informa-
tion system (GIS). Their 
ability to capture high-re-
solution images, map 
farmlands, and perform 
real-time interventions 
has positioned them as 
valuable tools in modern 
farming systems (Zhang 
and Kovacs, 2012). In 
countries like India and 
China, where smallholder 
farming dominates, dro-
nes are increasingly pro-
moted through govern-
ment schemes to address 
inefficiencies in input use 
and promote environ-
mental management.

Traditionally, pestici-
de application has re-
lied on manual labor or 
ground-based equip-
ment, which often leads 
to uneven distribution 
and significant chemi-
cal exposure to workers. 
Drone-based spraying, 
by contrast, allows for:

Abstract

The agricultural sector is embracing a digital trans-
formation, and drones also known as unmanned 
aerial vehicles (UAVs)- are at the forefront of this 
change. With global challenges such as population 
growth, labor shortages, climate variability, and the 
need for sustainable food production, drones offer 
practical solutions to long-standing farming ineffi-
ciencies. These aerial technologies are being increa-
singly adopted for tasks such as pesticide spraying, 
crop health monitoring, and precision agriculture, 

streamlining operations and improving yields.

•	Targeted applica-
tion: Reduces overuse 
of chemicals by direc-

Introduction4

Drone-Assisted 
Pesticide Spraying 1
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Research shows that UAV spraying 
systems can achieve comparable effi-
cacy to conventional sprayers, with 
reductions in water use and drift loses 
(Xiongkui et al., 2017). These features 
make them especially useful in crops 
grown in difficult terrains, such as rice 
paddies or hilly plantations

   -ting sprays only where needed. 

•	Time savings: A drone can treat 1-2 
hectares in 10 minutes, far faster than 
manual methods. 

•	Safety improvements: Operators 
remain at a safe distance from chemical 
exposure.
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Monitoring
crop health with drone imagery2

Drones equipped 
with multispec-
tral, hyperspec-

tral, or thermal came-
ras can monitor plant 
health across large 
tracts of farmland. 
These aerial platfor-
ms collect real-time 
visual data that can be 
analyzed to assess:

Such early detection is crucial for preventing widespread crop losses and 
implementing timely interventions (Hunt et al., 2005). In particular, the 
use of NDVI imaging has proven effective in identifying water stress, gui-
ding precision irrigation practices (Bendig et al., 2013).

•	 Plant vigor through 
vegetation indices 
like NDVI (Normali-
zed Difference Vege-
tation Index).

•	 Nutrient deficiencies 
by detecting discolo-
ration or chlorosis in 
leaves. 

•	 Pest or disease out-
breaks through ano-
maly detection in 
canopy structure or 
color
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Precision
agriculture and field mapping

One of the most valuable applications of UAVs lies in precision agricul-
ture, which emphasizes site-specific crop management. Drones contribu-
te by producing 3D terrain models and field maps that help identify soil 
variability. Zonal prescriptions for variable-rate applications of fertilizers 
and pesticides. Crop stand counts and biomass estimations, essential for 
forecasting yields. When integrated with GPS and AI-powered analytics, 
drone data supports farmers in making data-driven decisions, reducing 
input waste and improving overall productivity (Guebsi et al., 2024).

3
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Despite their promise, drones face 
several limitations in agricultural 
deployment:

Addressing these issues requires 
capacity-building programs, ex-
tension services and supportive 
policies (FAO, 2018).

Drones are scalable across farm sizes and adaptable to a range of crops, from cereals 
and pulses to fruits and vegetables. Advantages of drone use in farming are enlisted in 
Table 1

T a b l e  1 .  A d v a n ta g e s  o f  d r o n e  u s e  i n  fa r m i n g .

R e d u c e d  c h e m i c a l  i n p u t

L o w e r  l a b o r  d e p e n d e n c y

I m p r o v e d  y i e l d  q u a l i t y

E n v i r o n m e n ta l  s u s ta i n a b i l i t y

B e t t e r  r e c o r d - k e e pi  n g

A u t o m at i o n  o f  r o u t i n e  ta s k s

P r e c i s i o n  i n  p e s t i c i d e / f e r t i l i z e r  u s a g e

T i m e ly  d e t e c t i o n  o f  s t r e s s  a n d  d i s e a s e s

D e c r e a s e  i n  r u n o ff   a n d  o v e r - a pp  l i c at i o n

R e a l - t i m e  g e o r e f e r e n c e d  d ata  s t o r a g e

B e n e f i t I m p a c t

Precision
agriculture and field mapping4

•	High initial cost: While drone 
prices have dropped, many sma-
ll-scale farmers still find them 
unaffordable without subsidies.

•	Technical skill gap: Drone 
operation, maintenance and 
data analysis require training 
and literacy. 

•	Battery and payload limits: 
Most drones can carry 10-20

•	Regulatory constraints: 
Airspace regulations and licen-
sing requirements vary widely, 
limiting commercial deploy-
ment.

   litres of spray solution and ope-
rate for under 30 minutes per 
charge. 

Government
initiatives and policy support 5
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Recognizing the potential of drones 
in boosting agricultural productivity, 
several governments have introduced 
policy frameworks and financial assis-
tance. For instance, in India, the Ki-
san Drone Yojana offers incentives to 
promote drone use in pesticide spra-
ying and crop assessment. Under the 
Sub-Mission on Agricultural Mecha-
nization (SMAM), Farmer Producer 
Organizations and cooperatives can 
avail up to 50% subsidy on drone pro-
curement. Moreover, the Drone Rules, 
2021, simplified UAV regulations to fa-
cilitate wider adoption in non-defence 
sectors. These efforts are complemen-
ted by public-private partnerships ai-
med at training youth and agri-entre-
preneurs in drone-based services.

Looking ahead, drones are expected 
to evolve from data collection tools to 
fully automated decision-making pla-
tforms. Integration with IoT sensors, 
AI algorithms and cloud-based farm 
management systems will make them 
central to smart farming ecosystems. 
Emerging trends include:

These advancements will further im-
prove agricultural resilience, especia-
lly in the face of climate change and 
rising food demand (Jha et al., 2019).

Swarm technology, where multi-
ple drones coordinate to cover lar-
ge fields.

Automated pesticide reloading 
stations.

Real-time variable rate control 
based on drone-collected sensor 
data.

Drone-based seed broadcasting 
and pollination services.Future outlook

Drones in smart farming systems6

C o n c l u s i o n

Drones represent a significant leap 
in the modernization of agricultu-
re. Their applications- from pesticide 
spraying and crop monitoring to soil 
mapping and decision support de-
monstrate their capacity to improve 
efficiency, profitability, and sustaina-
bility in farming systems. However, 
realizing their full potential requires 



Digital Agri News e-Magazine
August 2025

Page 8

•	Bendig J, Bolten A, Bareth G, Köln (2013). UAV-based 
Imaging for Multi-Temporal, very high Resolution Crop Surface 
Models to monitor Crop Growth Variability. Photogrammetrie - 
Fernerkundung – Geoinformation, 551-562. DOI: 10.1127/1432-
8364/2013/0200.

•	FAO (2018). E-agriculture in action: Drones for agriculture.ht-
tps://openknowledge.fao.org/handle/20.500.14283/i8494en.

•		Guebsi R, Mami S, Chokmani K (2024). Drones in Precision 
Agriculture: A Comprehensive Review of Applications, Technolo-
gies, and Challenges. Drones, 8(11), 686. https://doi.org/10.3390/
drones8110686.

•	Hunt ER, Cavigelli M, Daughtry CST, Mcmurtrey JE 
(2005). Evaluation of Digital Photography from Model Aircraft 
for Remote Sensing of Crop Biomass and Nitrogen Status. Preci-
sion Agriculture, 6: 359-378. DOI:10.1007/s11119-005-2324-5 5

•	Jha K, Doshi A, Patel P, Shah M (2019). A comprehensive 
review on automation in agriculture using artificial intelligen-
ce. Artificial Intelligence in Agriculture, 2:1-12. https://doi.or-
g/10.1016/j.aiia.2019.05.004 

•	Xiongkui H, Bonds J, Herbst A, Langenakens J (2017). Re-
cent development of unmanned aerial vehicle for plant protection 
in East Asia. International Journal of Agriculture and Biological 
Engineering, 10(3):18-30. DOI: 10.3965/j.ijabe.20171003.3248 

•	Zhang C, Kovacs JM (2012). The application of small unman-
ned aerial systems for precision agriculture: a review. Precision 
Agriculture, 13:693-712. https://doi.org/10.1007/s11119-012-
9274-5

Re
fe

re
nc

es
coordinated efforts in training, policy and infrastructure development. With 
ongoing innovations and supportive frameworks, drones are poised to beco-
me indispensable allies in ensuring global food security and climate-resilient 
farming.


