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ARTIFICIAL INTELLIGENCE (AI) 
BASED SMART AGRICULTURE FOR 
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Abstract 

Agriculture plays a significant role in the economic growth and development. Over the years, 
Al-based technological improvements have profound~v impacted farming and tran~fiJrmed the 
business. These technologies could help farmers to he proactive rather than reactive in their/arming 
practices. These technologies allow.farmers to boost agricultural yield. soil analysis, pest alfack 
monitoring, water management, seed management, crop rotation, better control (~l harvesting 
conditions and timing, nutrition management, and reduced waste. I lmveve1; in order to reap all 
these benefits, ejfective collaboration hetu:een Government, science, and business is also vital. This 
article attempts to outline the sign[ficunt Al hasedsmart agricultural technologies, their sign{ficance 
and the challenges confinnting Indian agriculture with potential solutions. 
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he agriculture sector 
in India is one of the 
most important in the 
country's economy, with 

a current worth of US$ 370 billion. 
According to the United Nations 
Food and Agriculture Organization , 
the population wi ll increase from 7.5 
billion to 9.7 billion by 2050, putting 
further strain on the land 1• Agricultural 
producers and enterprises are under 
tremendous pressure to develop new 
strategies for increas ing productivity 
while reducing expenses and waste. 
The technologi ca l advancement 
in agricu lture relies o n artificia l 
intelligence (AJ) based technolog ies, 
and these technologies could signal 
a s ignificant paradigm shift in 
the ag riculture sec tor. Al-based 
technologies work by interpreting 
patterns in huge volumes of data 
and turning those interpretations 
into human-like actions. According 
to McKinsey and the National 
Association of Software and Service 
Companies (NASSCOM), an Indian 
NGO, accessing 15 important 
agricultural databases might yield a 
$65 billion potential in India alone. 
The AJ-based agricultural market 
was worth US O 766.4 1 million in 
2020 and is expected to reach USO 
2468 .02 million by 2026, increasing 
a t a CAG R of 2 1.52 pe r cent 2 . 

The biggest bus inesses involved in 
A l-based agricu ltura l technologie 
include Microsoft Corporation , IBM 
Corporation, Granular Inc. , aWhere 
In c. , an d Prospera Technologies 
Ltd. Microsoft 's Al-Sowing app and 
In fo y Pr ci ion Crop Management 
are both game-changers in this space3• 

It is depicted that the AJ market has an 
enormous potential in the agriculture 
sec tor and hen ce these bus iness 
houses planned to invest money in 
this sector. 
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There are many smart a nd 
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Precision 
dgric.-ulture, 

rertical fanning, 
sn1a,~t green 

housing, itndge 
processing, and 

c1gric ul tu raJ 
drones/robotics, 

,,vhich can he used 
in agt"icL lture 

s usta inabl e techno log ies , s uc h 
as prec is ion agricu lture , verti ca l 
fa rmin g , sm art green ho us in g, 
image processing, and agricultural 
drones/robotics, which can be used 
in agriculture. 

a. Precision agricultu re 

Prec is ion agriculture is 
the concept of employ ing 
information technologies such 
as global positioning systems, 
produce monitors , remote 
map-based devices, geographic 
information syste m s and 
targeting systems to gather 
precious, in-depth data from 
a wide range of sources, which 
he lp to take an accurate and 
timely decis ion fo r better 
y ie ld . Precis ion agriculture 
he lps to increase agricultural 
producti vity, diminishing the 
use of chemicals in agri cultural 
production , red uc ing labour 
period, efficient usage of water 
management , distribution 
of advanced fa rmin g 
methods t o imp rove 
product q ua Ii ty, quantity 
a nd cost-effectiveness , a 
we ll as developing positive 
perceptions and s hiftin g 
farmers' soc io-eco nomi c 
conditions4

• 

b. Vertical farming 

Vertical farming is the urban 
culti vation of crops w ithin 
a metro po li s or urban area 
building, wi th the floors 
constructed to accommodate 

s p ec ifi c crops . Vertica l 
farm ing invo lves four key 
components: produ ci ng 
more food pe r square meter 
by stacking crops , proper 
balance of natural and artificial 
lig ht, us ing hydroponics or 
aeroponics instead of soil , and 
incorporating sustai nabi I ity 
characteristics to offset energy 
costs . Vertical farming has 
many advantages, including 
improved crop y ie lds, less 
water consumptio n (95 per 
cent less than conventional 
farming) , less weat he r 
impact , increased o rga nic 
agricultural yie lds, human and 
envi ronmental safety, and no 
ex posure to heavy fa rming 
equipment or illness5. 

c. mart greenhouse 

Greenhouse agriculture is 
a potential and a lternative 
approach for future food 
security and socio-ecologica l 
sustainab ili ty. ln thi s, a house­
like enc losure made of glass 
or plastic to protect the plants 
from pe ts, il ln esses, and 
other harmful environmental 
conditions is used. Cold frame 
greenhouse fa rm can be set 
up to reta in heat from the sun 
and keep the plants wa rm 
in co ld weather. However, 
shaded greenhouses are used 
in dry and hot weather, which 
he lp to maintain the plants ' 
moi ture . These techniques 
al low fa rm er to extend the 
pl anting season for growing 
various crops by modifying 
the local environmen ta l 
facto rs Ii ke tern perature , 
light, moisture and nutri ents 
that ultimate ly produce high­
quality crops6

. 

d. Image processing 

Image processing is a technjque 
that disp lays the detected 
di sease in the respective plant, 
as we ll as the reason for the 
cause and what method should 
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be used to control the disease. 
It also displays moisture , 
humidity, temperature , 
and so on. The source of 
radiation is essential in image 
processing. The sources are 
Gamma-ray imaging, X-ray 
imaging, imaging in the UV 
band, imaging in the visible 
band and IR band, imaging 
in the microwave band , 
and imaging in the radio 
band. Image processing can 
improve decision-making 
in areas such as vegetation 
measurement, irrigation, fruit 
sorting, etc. As with weed 
detection, segmentation and 
classification in fruit grading 
systems can be accomplished 
with high accuracy7. 

e. Agricultural drones/robotics 

Agricultural robots and 
drones integrate routine 
and uninteresting tasks for 
agricultural producers, freeing 
them up to focus on increasing 
high crop production yield. ln 
agriculture, drones are used for 
aerial photography, tracking, 
land auditing, supervising, 
sprinkling compost, 
and inspecting infected or 
decaying crops . However, 
some of the most common 
agricultural robot applications 
are weed control, harvesting 
and picking , automated 
mowing, pruning, sowing 
seeds, spray coating, sorting, 
and packing8• 

SIG IFICANCE OF Al-BASED 
SMART AGRICULTURAL 
TECH OLOGIES 

The agricultural sector faces 
various issues like climate impact, 
plant disease , improper soil 
analysis, pest infestation, irrigation, 
inadequate drainage, and many more. 
But AI-enabled smart agriculture 
technologies can fulfil the dreams 
of farmers. Massive structured and 
unstructured data are generated 

daily due to the Internet of Things 
(loT), such as historical weather 
patterns, soil composition reports, 
rainfall , pest infestation , crop 
moi sture, temperature in growing 
areas, and prediction of the ideal 
time for harvesting. All such real­
time data collected from different 
farmers/ locations may be sensed 
by cognitive foT devices , which 
can provide valuable insights as 
to how to increase the yield while 
lowering the cost. Al aids in spraying 
herbicides on only targeted weed­
grown areas, which helps to save 
money and reduce pollution of the 
surrounding ecosystem. Therefore, 
Al-enabled smart technologies in 
agriculture have produced apps and 
tools to provide farmers with accurate 
recommendations on best irrigation 
and fertilizer treatment times, water 
management, crop rotation , timely 
harvesting, crop type , optimum 
planting, pest attacks, precise 
pesticides/herbicides spraying and 
nutrition management, etc. 

CHALLENGES OF Al-BASED 
SMART AGRICULTURAL 
TECH OLOGIES 

Undoubtedly, AI has redefined 
traditional methods to boos t 
efficiency and crop production rate 
with advanced approaches, and its 
use may ensure higher productivity. 
But still, many challenges such as 
availability of TT infrastructure and 
experts, rural broadband structure, 
higher power cuts, and higher costs 
are more considerable hurdles to 
effectively implementing AI-based 
smart agricultural technologies in 
India. Further cost-benefit analysis for 
adopting digital farming technology 
also poses a big challenge because 
of the higher cost of these smart 
equipment. For instance, an Indian­
made drone that may be used for 
spraying purposes costs around Rs-4 
-5 Lakhs10• However, while judging 
it from the financial perspective, we 
should also keep in mind the aspects 
of sustainability. 
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Another big challenge is developing 
a bridge between the farmers and 
the _data-captured engineers, which 
will help to define the accountability 
and responsibility of each person . 
For example, the responsibility 
of precisely spraying pesticide/ 
herbicide on the crops needs to be 
defined. If higher number of traces 
are found after harvest of the crop, 
then it bas a significant adverse 
impact on the consumer health after 
consumption and results in higher 
rejection of export consignment 
by the importers, which ultimately 
leads to many economic losses. Now, 
another question arises as to who 
will have the copyright and control 
over the big data and convert it into 
valuable information. AT systems 
require continuous feeding of new 
information in the data bases used 
for effective performance. 

Moreover, machine learning , 
artificial intelligence, and advanced 
algorithm design have advanced at 
breakneck speed, but collecting well­
tagged, meaningful agricultural data is 
still a big challenge. Therefore, there 
is a need to define all the stakeholders' 
responsibility and accountability to 
effectively implement these smart 
technologies into the agriculture 
sector. Apart from this, the misuse 
of big data is creating additional 
legal and ethical challenges for 
regulation and monitoring. Therefore, 
the Government needs to take the 
initiative to establish a regulatory 
architecture in this area. 

GOVT. I ITIATIVES IN THIS 
DfRECTIO 

The Government has taken a few 
praiseworthy initiatives such as the 
following: 

I . It encourages farmers to 
employ drones by offering 
financial incentives through the 
"Sub-Mission on Agriculture 
Mechanization." 

2. For agricultural initiatives, 
the Indian Government 
has launched the Digital 
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Agriculture Mission 2021-
25 . lts goal is to assist and 
expedite projects that use 
emerging technologies such 
as artificial intelligence , 
blockchain , remote sensing, 
GIS and the usage of drones 
and robots. 

3. The Union Ministry of 
Agriculture and Farmers ' 
Welfare signed five 
MOUs (Memorandums of 
Understanding) with CISCO, 
Ninjacart , Jio Platforms 
Limited, ITC Limited , and 
NCDEX e-markets Limited 
in September 2021 . These 
memoranda of understanding 
will include five pilot projects 
to advance digital agriculture 
to assist farmers in deciding 
what crops to produce, what 
seeds to use, and what best 
practices to apply to maximize 
production. In the third quarter 
of last year, Cisco released 
an Agricultural Digital 
Infrastructure (ADI) solution 
that improves farming and 
knowledge exchange. 

o CLL ro 
AI will considerably improve 

the farming industry's efficiency. 
However, we must ensure 
collaboration between Governments, 

agricultural scientists , IT firms , 
and businesses regarding adequate 
investment and research. It requires 
mature reforms considering the 
expanding population , farmer 
requirements , operational policies, 
and dwindling farmland. Furthermore, 
research on a comprehensive 
framework for evaluating digital 
agricultural solutions is necessary, 
including criteria for determining 
sustainability, social , economic, 
ecological , technological , quality, 
and interoperability. To put it 
another way, artificial intelligence 
(Al) can ass ist in the development 
of a robust agricultural economy. The 
Government could potentially foster 
it through public-private partnerships 
(PPPs). mPI 
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Aide Mem.oire on 
INFRASTRUCTURE FINANCING 

Infrastructure is the backbone of any economy. It is a well recogni ed fact that 
Infrastructure has a multiplier effect on the holistic development and rapid 
sustainable growth . 

A Robust Infrastructure Finance mechanism therefore assum~s utmost importance 
in the entire Eco system. 

S} nopsis-Salicnt Features of the bool-

111> A one stop, single reference point, in the niche area of Infrastructure Finance. 
® The book covers the basic theoretical concepts as a lso the real nitty gritty of 

processes & procedures and nuances involved in Infrastructure Finance with 
all the relevant topics which inter include the following: -
.., Definition of lnfrastructure sector-Harmonised master list of 

infrastructure sub -sectors, as notified by Department of Economic 
Affairs, Ministry of Finance, Definition under Companies Act 2013 and 
under Income Tax Act I 96 I. 

.., Elements of Financing Infra tructure. 

.., Types of Public Private Partnership (PPP) models. 

.., Fonnation of the Special Purpose Vehicle (SPV) and Key project 

documents/structure for Infrastructure Finance. 
J.. Financing mechanism consortium/syndication . 
.., Credi t apprai al proces -covering management appraisa l, economic 

appraisal, marketing appraisal, technical apprai al and Financial 
appraisal. 

J.. In depth analysis ofco t of project and means of finance with specific 
reference to In frastructure projects, including intere t during 
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Key perfonnance indicators including financial indicators and non 
financial indicators. Thi includes detailed discussion on all financial 
ratios for long tenn funding like DSCR, !RR, BEP and concepts like ESG compliances. 
Detai led discussion on the intricacies involved in appraisal and sanction, including various aspects of concession agreement, Power 
Purchase agreement, Escrow agreement, Fuel supply agreement Inter credi tors agreement etc 
Assessment of various Risks involved in infrastructure finance like sponsor risk, construction risk,market ri k, financial risk ere and 
mitigation thereof. 
Detailed Case studies on the following projects 

Road sector -Hybrid annuity (HAM)model -New Project 
Road sector- Toll Operate Transfer (TOT) model-Funding against existing project as a part of Asset Monetization Plan. 
Renewable Energy sector - olar Power Plant- ew Project. 

Case studies on Credit Risk Mitigation 
Waste to Energy Project 
Water supply management project. 
Railway stati on Redevelopment project. 

Project monitoring and perfonnance audit of infra projects 
Restructuring, management of weak accounts and NPA accounts. 
In frastructure thrust by Government of India- National In frastructure pipeline , National Monetization Pipeline, NABFID and 
Atmanirbhar Bharat 
Alternate sources of funding including lnv!Ts, IDFs, Securitisation, Credit, Enhancement etc 
Methodology for pricing of loans 
Preventive vigilance 
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