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INTRODUCTION
 

TO THE PROBLEM
 BACKGROUND

 

 

 

The chapter outlines the challenges the farm
ing and 

agriculture sector are currently facing including increased 
dem

ographics, food w
aste, intense use of natural resources, 

clim
ate change, poverty, and hunger. 

It also provides a brief history to how
 farm

ing approaches have 
changed over tim

e, leading to increased digitization and hence 
the era of Industry 4.0 and Agriculture 4.0. 

w
ritten by: 

STO
W

ARZYSZEN
IE ARID
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      C

H
ALLEN

GES IN
 FARM

IN
G AN

D
 TH

E 
AGRICU

LTU
RE SECTO

R 
Agriculture is one of the first and m

ost im
portant activities 

people developed over tim
e. Starting w

ith Adam
 and Eve 

and ending in the 4
th Industrial Revolution. Although it’s 

such a fundam
ental task of such im

portance, it confronts 
a set of very serious challenges and problem

s.  

The m
ost problem

s are globally difficult, like the grow
ing 

population, the urbanization, clim
ate change, food w

aste 
or the use of natural resources. All those are connected to 
each other and all together they have a big influence on 
the developm

ent of agriculture and are being influenced 
by agriculture as w

ell. 

IN
CREASED

 D
EM

O
GRAPH

ICS AN
D

 
U

RBAN
IZATIO

N 
The assum

ed num
ber of people on earth is probably 

around 9.73 billion by the year 2050 and 11.2 billion by 
2100. This extrem

e grow
th of population w

ill result in a 
strong need for m

uch m
ore food than w

e are producing at 
the m

om
ent to feed the w

orld’s population. Farm
ers w

ill 
have to produce 70%

 m
ore food by 2050. Another 

problem
 connected to this change is the changing 

dem
ands of the population.  

  

 INTRODUCTION 
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M
ore and m

ore people consider only healthy foods of 
high value. This changes the w

hole approach of today’s 
agriculture. The focus has to be put on value and not only 
on quantity. This is very difficult regarding the need of 
feeding a fast grow

ing population. 

Considering the grow
th of the w

orld’s population, an 
increasing urbanization is m

ore and m
ore visible. M

illions 
of people w

ill supposedly m
ove to tow

ns and cities in the 
next 50 years. A grow

ing urban population m
eans 

autom
atically a decreasing rural population, w

hich w
ill age 

w
ith the tim

e.  

In a few
 years there w

ill be an enorm
ous shortage of the 

w
orkforce and the developm

ent of rural areas w
ill be 

shrinking.  

This w
ill raise the incom

es and the dem
and for processed 

and anim
al-source foods. The grow

ing dem
and of m

eat-
based food leads to a bigger consum

ption of fast food, 
w

hich therefore leads to chronic diseases and childhood 
obesity. All this has not only an influence on health but 
also on the environm

ent. 

  Im
age Source: U

nited Nations, 2015 
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 FO

O
D

 W
ASTE 

Farm
ing and agriculture are currently facing a big 

problem
 of food w

aste regarding that betw
een 33 and 

50%
 of all produced food is being w

asted on different 
levels – farm

 level, packaging, labour, m
anufacturing 

and so on. It is a big threat for the environm
ent. This 

inefficiency is especially hard to accept since there is so 
m

uch poverty in the w
orld w

here around 800 m
illion 

people don’t have anything to eat. 

The problem
 is in the food supply system

 w
here crops 

and food are being poorly placed or exported to other 
countries w

hile there is not enough food to feed their 
ow

n population. Food w
aste is a threat also for the 

environm
ent. A m

assive part of land has to be degraded 
and deforested in order to grow

 food that is being 
ultim

ately w
asted. Not only has it im

pacted on the land 
but also on freshw

ater. U
p to 25%

 of freshw
ater is used 

and in consequence w
asted in the food grow

ing 
process. In addition, the uneaten food decom

poses 
creating m

ethane and contributing to clim
ate change. 

C
LIM

ATE CH
AN

GE 
The m

ain and grow
ing challenge is obviously clim

ate 
change. M

ainly induced by hum
an activity it is a global 

problem
 causing a series of other problem

s. O
ver the 

last years, agriculture has been influenced by the 
changes in clim

ate and w
eather enorm

ously as clim
ate 

and agriculture are tw
o very correlated areas and have 

m
utual effect. Agriculture is responsible for the largest 

share of m
ethane and nitrous oxide em

issions in the 
w

orld.  

Im
age Source: W

ikipedia, 2021 
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 O

n the other side clim
ate change affects agriculture 

causing floods and droughts w
hich results in w

eaker 
crop yields. Clim

ate change is am
ong other reasons a 

consequence of overpopulation and therefore the 
reason for the declining process of food production and 
rising food prices. There m

ust be som
ething to be done 

in order to stop that change and prevent even bigger 
problem

s. 

 IN
TEN

SE U
SE O

F N
ATU

RAL RESO
U

RCES 

 

The degradation of natural resources, caused m
ainly by 

clim
ate change is a big problem

 since the farm
land 

becom
es 

progressively 
unsuitable 

for 
the 

needed 
production. Already 25%

 of farm
land, that is a finite 

source, is highly degraded. 44%
 is rated as slightly 

degraded. This kind of land cannot be replaced anym
ore 

w
hich results in low

er production per person. The 
reason for this degradation is m

ainly intense agriculture 
including crop rotations, unbalanced fertilizers, livestock 
overgrazing or w

rong orchestration of fallow
 periods. 

Clearing vegetation results unfortunately in eroding 
w

ater resources. Because of poor planning and foresight 

Im
age Source: EU

 Political Report, 2020
 

Im
age Source: European Com

m
ission, 2018 
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 w

hich leads to unsustainable land m
anagem

ent, around 
€135 billion w

ill be needed for soil conservation.

P
O

VERTY AN
D

 H
U

N
GER 

As m
entioned earlier, 800 m

illion people in the w
orld 

have to deal w
ith the problem

 of chronic hunger and 
poverty as an outcom

e of the previously described 
global trends and dangers. A big percentage of this 
num

ber lives in rural areas of third w
orld countries and 

in countries w
ith strong political conflicts w

hich result in 
lack of safety and insurance. In order to end poverty and 
hunger in the w

orld, global trends like clim
ate change, 

overpopulation or incom
e inequality m

ust be stopped. 

B
RIEF H

ISTO
RY TO

 H
O

W
 FARM

IN
G APPRO

ACH
ES H

AVE CH
AN

GED
 O

VER TIM
E, LEAD

IN
G TO

 
IN

CREASED
 D

IGITIZATIO
N

 AN
D

 H
EN

CE TH
E ERA O

F IN
D

U
STRY 4.0

  
Facing challenges and trends like clim

ate change, food w
aste, scarcity of natural resources and fast population grow

th, 
farm

ing and agriculture had to take on new
 approaches to deal w

ith those current problem
s. Since the first technology 

revolution in agriculture in 1961 a lot has already changed in term
s of m

odern farm
ing practices. It develops to be m

ore 
and m

ore productive and innovative. Therefore, Agriculture 4.0 as the new
 agricultural revolution has to be as 

technological and green as possible. It has to satisfy both the dem
and of quantity and value of food as the grow

ing 
population w

ill dem
and 70%

 m
ore food by the year 2050 and is concentrated on healthy m

eat-based food. That’s 

Im
age Source: Borgen M

agazine, 2014 
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 w

hy innovation and technology is not only im
portant for agriculture’s developm

ent itself but for fulfilling the needs 
of the w

orld in the next few
 decades.  

New
 innovative technologies such as robots, sensors, m

achines and GPS devices have to be im
plem

ented for the 
businesses to be m

ore efficient and safe. In order to delay the process of clim
ate change, the new

 approach has to be 
as environm

entally friendly as possible. Agriculture w
on’t be dependent on constant supply of freshw

ater, fertilizers, 
pesticides or even m

uch hum
an w

orkforce, w
hich is lacking in m

any rural areas since young people are not eager to 
w

ork physically and older w
orkers are ageing and w

on’t be able to fulfil all the duties in a few
 years. New

 approaches 
w

ill be able to use m
ainly resources such as the sun or seaw

ater.  

Three m
ain new

 approaches can change the agriculture and farm
ing sector tow

ards stronger digitalization: D
ifferent 

production using new
 techniques, new

 technologies to bring food production to consum
ers, increasing efficiencies in 

the food chain and incorporation of cross-industry technologies and applications.  

In addition, the m
ost im

portant change of thought in the agricultural sector is precision farm
ing, w

hich is finally leading 
to the 4th agricultural revolution. The idea is to im

plem
ent intentional action w

hile planning the food grow
ing process. 

The goal is to prevent food w
aste and therefore delay clim

ate change and face the problem
 of overpopulation and 

urbanization. That is possible by im
plem

enting new
 treatm

ents at the right tim
e and in those places w

here it is needed. 
For exam

ple, by scanning and analysing soil farm
ers can precisely decide w

hich crops w
ill be m

ost suitable for that 
tim

e in that place. Therefore, the production of the land is m
axim

ised and used as efficiently as possible w
ithout 

w
asting or losing neither land nor food. The concept of precision farm

ing m
akes agriculture m

ore appropriate in areas 
like seeding, fertilisation, tillage, herbicide or pesticide application and so on. Agriculture 4.0 w

hich is based on 
precision farm

ing can therefore foresee problem
s by m

onitoring yields and quality and collecting data w
ith sensors, 

GPS signals and m
any other new

 technologies and solving those in a very conscious and environm
entally friendly 

w
ay. It reduces costs and input and protects the environm

ent.  
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 In order to im

plem
ent precision farm

ing and the concepts of agriculture 4.0 there is a strong need for training for 
farm

ers. O
f course it is not enough to give farm

ers devices and m
achinery w

hich collects data w
ithout explaining w

hat 
to do after receiving said data. Nevertheless, this step tow

ards digitalisation of agriculture and the transform
ation of 

m
ethods w

ill be crucial for farm
ers to m

aintain an ecological and efficient outcom
e. The goal is for farm

ers to 
understand and interact w

ith nature and as a result increase efficiency and productivity of land and anim
als. There is 

a series of new
 technologies that are already highly developed such as for exam

ple Internet of Things, autom
ation of 

w
orkforce, data-driven farm

ing or drone technologies and are being used to im
prove the precision of agricultural 

processes.  

 
Im

age Source: ETAuto, 2020 
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02
 

DIGITISATION
 

IN THE AGRICULTURAL SECTOR
 

 

 

A brief introduction to term
inologies, and the range of digital 

(hardw
are and softw

are) technologies being increasingly used 
in m

odern Farm
ing and Agricultural activities. 

w
ritten by: 

W
YZSZA SZKO

LA BIZN
ESU

 I N
AU

K O
 ZD

RO
W

IU
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      D

IGITISATIO
N 

D
igitisation is a process that has already covered m

ost 
sectors of the agriculture econom

y. In recent years, 
agriculture has also increasingly benefited from

 the 
advantages of this process. The introduction of digital 
m

anagem
ent in a farm

 allow
s it to w

ork m
ore efficiently 

w
hile saving their resources. 

M
odern 

agriculture 
is 

driven 
by 

continuous 
im

provem
ents in digital tools and data as w

ell as 
collaborations am

ong farm
ers and researchers across 

the public and private sectors. 

A
D

VAN
TAGES O

F D
IGITISIN

G AGRICU
LTU

RE 
D

igitalisation in Agriculture Sector is a response to the 
frontier of agricultural production by the size and 
efficiency of agricultural m

achinery, w
hich has already 

reached the m
axim

um
 value that can be achieved. 

H
ow

ever, production efficiency can also be increased 
by optim

izing w
ork m

anagem
ent processes. Such 

possibilities are provided, am
ong others, by the w

ide 
use 

of 
com

puters, 
w

hich 
not 

only 
support 

the 
m

anagem
ent of agricultural equipm

ent, but also allow
 

the collection and processing of large am
ounts of data 

from
 sensors installed both on m

achines and in farm
 

buildings or in the field. 

 DIGITISATION
 

02
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 Another source of data im

proving w
ork on the farm

 are 
those from

 outside the farm
. This can be both public 

inform
ation, such as data from

 w
eather satellites, and 

inform
ation collected on behalf of the host and 

perform
ed by external entities, such as inform

ation on 
soil fertility. It is also possible to use a sm

artphone as the 
centre 

of 
the 

w
arning 

system
 

against 
w

eather 
phenom

ena, such as hail or torrential rains, threats 

related to the appearance of diseases or pests, as w
ell 

as m
onitoring the am

ount of rainfall and estim
ating the 

irrigation needs of the plantation. The use of rem
ote 

sensing system
s in the farm

er's w
ork m

akes it easier to 
m

ake decisions related to the fertilization needs of 
individual crops or the need to perform

 plant protection 
treatm

ents.

Benefits of D
igital Farm

ing: 

● H
igher crop productivity 

● D
ecreased use 

of 
w

ater, 
fertilizer, 

and 
pesticides, w

hich in turn keeps food prices dow
n 

● Reduced im
pact on natural ecosystem

   

● Less 
runoff 

of 
chem

icals 
into 

rivers 
and 

groundw
ater 

● Increased w
orker safety 

  

IN
CREASED

 IN
TEREST IN

 AGRICU
LTU

RE 
D

IGITISATIO
N 

D
igital Farm

ing is a response to the challenges faced by 
m

ankind - first of all it is about the grow
th of the hum

an 
population and the dem

and for food on the one hand, 
and on the other - the decline in the area of cultivated 
soil. In addition, the situation is com

plicated by the 
em

erging 
extrem

e 
w

eather 
conditions, 

such 
as 

droughts, unusual tem
peratures, or floods. Therefore, 

agriculture requires a change in approach to the subject 
of food production. D

igital Farm
ing is one of those 
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 innovations that w

ill allow
 for higher yields despite 

grow
ing problem

s. Thanks to it, it is possible to optim
ize 

the use of seeds that can be sow
n in the right am

ount, 
fertilizers and pesticides in am

ounts that are best for 
specific grow

ing conditions. 

D
igital Farm

ing also allow
s for the protection of the 

natural environm
ent and its resources, as the m

ost 
advanced digital system

s are used as foundations for 
im

plem
enting 

precision 
farm

ing. 
The 

m
eans 

of 
production are applied in the necessary doses, thanks to 
w

hich there is no loss resulting from
 excessive use. 

D
IGITAL AGRICU

LTU
RE TECH

N
O

LO
GIES 

In recent years, the adoption of digital technologies in 
precision agriculture has been adjusting the w

ays that 
farm

ers treat crops and m
anage fields. O

ne doesn’t 
have to be an expert to see how

 the technology has 
changed the concept of farm

ing m
aking it m

ore 
profitable, efficient, safer, and sim

ple.  

The grow
ing num

ber of connected devices represents a 
big 

opportunity 
for 

food 
producers, 

it 
also 

adds 

com
plexity. The solution lies in m

aking use of cognitive 
technologies 

that 
help 

understand, 
learn, 

reason, 
interact, and increase efficiency. Som

e technologies are 
further along than others. But the innovations hold great 
prom

ise.  

H
ere are som

e key gam
e changers:  

● Internet of Things (IoT): D
igital transform

ation is 
disrupting the agricultural w

orld. IoT technologies 
allow

 correlations of structured and unstructured 
data to provide insights into food production. IoT 
platform

s such as IBM
’s W

atson are applying 
m

achine 
learning 

to 
sensor 

or 
drone 

data, 
transform

ing m
anagem

ent system
s into real AI 

system
s.  

● Autom
ation of skills and w

orkforce: By the 
2050, the U

N projects8 that tw
o-thirds of the 

w
orld’s 

population 
w

ill 
live 

in 
urban 

areas, 
reducing the rural w

orkforce. New
 technologies 

w
ill be needed to ease the w

orkload on farm
ers: 

O
perations w

ill be done rem
otely, processes w

ill 
be autom

ated, risks w
ill be identified, and issues 

solved. 
In 

the 
future, 

a 
farm

er’s 
skills 

w
ill 
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increasingly be a m
ix of technology and biology 

skills rather than pure agricultural.  

● D
ata-driven 

farm
ing: 

By 
analysing 

and 
correlating inform

ation about w
eather, types of 

seeds, 
soil 

quality, 
probability 

of 
diseases, 

historical data, m
arketplace trends, and prices, 

farm
ers w

ill m
ake m

ore inform
ed decisions.  

● Chatbots: Currently, AI-pow
ered chatbots (virtual 

assistants) are used in retail, travel, m
edia, and 

insurance 
sectors. 

But 
agriculture 

could 
also 

leverage this technology by assisting farm
ers w

ith 
answ

ers 
and 

recom
m

endations 
on 

specific 
problem

s. 

 Am
ong other technologies, the follow

ing are deem
ed to be the best: 

GIS softw
are and GPS agriculture   

A Geographic Inform
ation System

 (GIS) is a tool that creates visual representations of data and perform
s spatial 

analyses in order to m
ake inform

ed decisions. It is a technology that com
bines hardw

are, softw
are, and data. The data 

can represent alm
ost anything im

aginable so long as it has a geographic com
ponent. The hardw

are can be anything 
from

 a desktop com
puter or laptop to satellites, drones, and handheld GPS units. H

ow
ever, GIS' true strength resides 

in its capacity to exam
ine num

erous data layers or variables. A m
ap represents the num

ber of farm
 injuries by county, 

or the quantity of crop acres lost to flood by tax m
ap area, are sim

ple exam
ples of this in agriculture. The changing 

colour ram
p is the m

ost typical approach for the polygons representing different ow
nership or m

unicipality to convey 
the change in values.
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 Satellite im

agery  

Space-based technology is of value to farm
ers, agronom

ists, food m
anufacturers and agricultural policym

akers w
ho 

w
ish to sim

ultaneously enhance production and profitability. Rem
ote sensing satellites provide key data for 

m
onitoring soil, snow

 cover, drought, and crop developm
ent. Rainfall assessm

ents from
 satellites, for exam

ple, help 
farm

ers plan the tim
ing and am

ount of irrigation they w
ill need for their crops. 

D
rone and other aerial im

agery 

Farm
ers m

ay define crop biom
ass, plant height, w

eed presence, and w
ater saturation on specific field regions w

ith 
great precision w

ith the use of drones. In com
parison to satellites, they provide better, m

ore accurate, and higher-
resolution data. 

Farm
ing softw

are and online data 

Farm
 m

anagem
ent softw

are centralizes, m
anages optim

izes the production activities and operations of farm
s. W

ith 
farm

 m
anagem

ent softw
are, farm

ers can becom
e strategic and efficient in their daily farm

-related tasks and 
responsibilities. Farm

 m
anagem

ent softw
are autom

ates the recording and storage of farm
 data, m

onitors and analyses 
farm

 activities and consum
ption, and tracks business expenses and farm

 budgets. To get m
eaningful interpretations 

in one's field, one should occasionally com
bine data from

 different sources. Additionally, the softw
are can support 

farm
 financial m

anagem
ent w

ith accounting program
s, farm

 planning and procurem
ent functionality, and m

arketing 
and budgeting tools. D

uring crop m
onitoring, com

bining datasets is beneficial. 
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03
 

GUIDE TO
 

HARDW
ARE

 

TECHNOLOGIES IN A
GRI 4.0

 

 

A guide to a range of hardw
are technologies used in 

Agricultural & Farm
ing sectors. These include D

rones, 3D
 

Printing, Robots, Autonom
ous Pickers and Sensors. 

Each technology includes general background / inform
ation, 

diagram
s/im

ages and an indication to how
 and w

here they are 
used in Agriculture / farm

ing, highlighting the benefits it brings. 

w
ritten by: 

W
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LA BIZN
ESU
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      D

RO
N

ES 
Agriculture 4.0 w

ith drones is innovation and research w
hich, together w

ith other new
 technologies such as precision 

farm
ing or robots, are very im

portant issues for agricultural producers, as they offer them
 significant opportunities to 

increase profitability going tow
ards ecological conversion and result in greater sustainability of the agricultural sector. 

Thanks to drones, agrotechnicians and farm
ers can analyse the situation of the crop in a sim

ple and fast w
ay, so as to 

be able to take any corrective actions in a tim
ely m

anner or evaluate anom
alies that, if observed from

 the ground or 
by traditional m

eans, are not alw
ays so obvious. This turns into a m

ore profitable m
anagem

ent of the land, aim
ed at 

increasing the profitability of the crop, both in term
s of production and turnover.  

By using, for exam
ple, drones w

ith m
ultispectral technologies, crops can be m

onitored m
ore precisely and, w

ith special 
cam

eras, nanom
eter frequencies (specific colours) can be seen. This allow

s farm
ers to understand if there are 

anom
alies and possibly locate them

 m
ore precisely, as it is the case for som

e parasites that, w
ith their ow

n shade of 

 HARDW
ARE 

TECHNOLOGIES
 

03
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 pigm

ent, change the colour of the leaf. Thanks to this technology it is possible to see its specific colour and 
im

m
ediately operate w

ith a precise and targeted disinfestation in the affected area.  

Another exam
ple w

here drones can be applied is the one used by w
ine producers in order to m

onitor the degree of 
ripeness of the grapes. In fact, m

ultispectral cam
eras have the ability to be able to view

 w
ith great precision som

e 
specific pre-set colours. This technology aim

s at optim
izing harvest tim

es. The sam
e criterion can be used for apples 

or w
heat. D

rones w
ith the carrying capacity of up to 10 Kg of liquids can distribute them

, at high speed, over an area 
of 4,000-6,000 m

² in just 10 m
inutes, tens of tim

es faster than a m
anual distribution. The autom

atic distribution 
system

 is variable, depending on the flight conditions and the am
ount of liquid distributed is regulated w

ith great 
precision. 

D
rones equipped w

ith high-resolution cam
eras, therm

al infrared sensors and m
ultispectral cam

eras, acquire data 
w

hich, processed quickly, generate m
aps of vegetative vigour essential for locating areas of w

ater stress, areas w
ith 

poor fertilization, useful for differentiated treatm
ents. W

hereas the data acquired by the satellite does not guarantee 
the right resolution and the right acquisition frequency, the drone is the best tool for Precision Agriculture. 

Benefits of drones in Agriculture 

● Prom
ptness and ease of intervention: A drone ensures a great speed of intervention, giving in som

e cases the 
possibility of reaching parts of land that are m

ore difficult to reach by other m
eans. 

● Great precision: U
sing a drone ensures high standards in the quality of the surveys.  

● Variety of use: A drone allow
s various types of analysis and intervention, even paired w

ith high-tech tools such 
as m

ultispectral cam
eras. 
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● Tim
e saving: The drone is w

ithin everyone's reach and, as in m
any other sectors, it guarantees a great reduction 

in costs. A survey carried out w
ith the drone can also serve to avoid an econom

ic loss due to a badly set strategy. 

● Preventive analysis and corrective actions: Thanks to drones you can set the best strategy to m
ake your land 

perform
 at its best, but you can also quickly correct your strategy to stem

 any problem
s that m

ay arise during 
operations. 

● Environm
ent and Sustainability:  D

rones go hand in hand w
ith precision agriculture. The use of a tool that does 

not release pollutants and avoids w
aste of resources is a w

inning choice, not only on a com
m

ercial level, but 
also on an ethical one. 

3D
 P

RIN
TIN

G 
Three D

im
ensional (3D

) printing, also know
n as additive m

anufacturing, is a m
ethod of creating a 3D

 object layer-by-
layer using a com

puter created design. As opposed to a subtractive m
anufacturing process w

here a final design is cut 
from

 a larger piece of m
aterial, 3D

 printing is an additive process w
here an object is created through the building of 

layers on top of each other. This enables less m
aterial w

aste.  

3D
 Printing Technologies 

There are three broad types of 3D
 printing technology; sintering, m

elting, and stereolithography. 

● Sintering is a technology w
here the m

aterial is heated, but not to the point of m
elting, to create high resolution 

item
s. M

etal pow
der is used for direct m

etal laser sintering w
hile therm

oplastic pow
ders are used for selective 

laser sintering. 
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● M
elting m

ethods of 3D
 printing include pow

der bed fusion, electron beam
 m

elting and direct energy 
deposition, these use lasers, electric arcs or electron beam

s to print objects by m
elting the m

aterials together. 

● 
Stereolithography utilises photopolym

erization to create parts. This technology uses the correct light source to 
interact w

ith the m
aterial in a selective m

anner to cure and solidify a cross section of the object in thin layers. 

Additionally, there are a variety of 3D
 printing m

aterials, including therm
oplastics, m

etals (including pow
ders), resins 

and ceram
ics. 3D

 printing can be used to create sim
ple things but it can also be used to create com

plex, high quality 
and durable personalised item

s, m
aking it ideal for rapid prototyping. 

U
ses in Agriculture 

The application of 3D
 Printing / Additive m

anufacturing is proving to be a valuable asset for m
any industries including 

agriculture w
ith applications ranging from

 urban gardens to 3D
 printed tools.  

Com
m

on uses of 3D
 printing in Agriculture includes but not lim

ited to: 

● Custom
 tools: Farm

ers are utilising additive m
anufacturing and 3D

 printers to print their ow
n custom

 tools. 
H

aving the ability to m
anufacture custom

 tools gives rem
arkable flexibility to farm

ers.  

● U
rban farm

ing: 3D
 Printing can be w

idely utilized for U
rban farm

ing. A typical exam
ple is the developm

ent of 
custom

 light fixtures, m
ounting brackets, sorting rails, and anything else needed for in-door plants grow

th. 

● Replacem
ent parts: Replacing a dam

aged or m
issing part of agricultural equipm

ent can be very expensive both 
in term

s of the part itself and the dow
ntim

e it causes especially if the part is difficult to find. Through 3D
 printing, 

and as long as one uses m
aterial that is fit for purpose, spare parts that are typically needed can be easily 

produced on dem
and. That is as long as a m

aterial that’s fit for the purpose is used. 
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● Prototyping parts: Through additive m
anufacturing, farm

ers and indoor gardeners can test out a part before 
they place a large order to a m

anufacturer. This can be easily done using a 3D
 printer for such prototyping 

purposes. 

● Scale farm
 m

odels: Printing to-scale 3D
 m

odels can extensively help farm
 planners and engineers in their 

evaluation tasks by identifying problem
s and even m

inor issues before the plan is realized, consequently leading 
to great cost-savings in the long run.  

Benefits of 3D
 Printing in Agriculture 

Additive m
anufacturing is helping the developm

ent of agriculture. Benefits include: 

● 
M

ass Custom
isation: The creation of custom

 m
ade objects such as 3D

 printed tools adapted to their specific 
use is giving farm

ers a com
petitive advantage. U

sing 3D
 printing, tools are adapted to specific uses and 

applications.  

● 
Flexible design useful for both Production and Prototype: 3D

 printing allow
s for the design and fast print of 

m
ore com

plex designs than traditional m
anufacturing processing as w

ell as enabling sm
all in-house batches 

production as w
ell as prototyping. W

ith the advent of new
 resistant 3D

 printing m
aterials on the m

arket, m
ore 

farm
ers are finding w

ays to use 3D
 printing for prototyping (testing) and production. Furtherm

ore, 3D
 Printing 

enables the printing of certain parts on-dem
and, especially useful in rem

ote areas. 

● 
Printing on D

em
and: 3D

 files can be stored in electronic form
at in a library and part/tools can be printed w

hen 
required. This saves space and costs as there is no need to print in bulk unless required. This reduced costs in 
term

s of unnecessary w
astage of out of date inventory and investing in tools. 
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● 
Affordable: No m

oulds are required and associated printing costs are relatively low
 com

pared to procuring new
 

tools and/or parts. 

Things to be aw
are of (D

isadvantages) 

● 
Lim

ited M
aterials: Although a selection of plastics and m

etals are available for 3D
 printing, the list is not 

exhaustive as not all m
etals or plastics can be tem

perature controlled enough to allow
 3D

 printing, Additionally, 
m

any of these printable m
aterials cannot be recycled and very few

 are food safe. 

● 
Restricted Build size: Currently the printing size is restricted and the larger the required print, the cost of the 
printer rises considerably. 

● 
Post Processing: 3D

 Printers require som
e dedicated tim

e to be cleaned. The am
ount of post processing 

required depends on factors including the size of the part being produced, the intended application and the type 
of 3D

 printing technology used for production. So, w
hile 3D

 printing allow
s for the fast production of parts, the 

speed of m
anufacture can be slow

ed by post processing. 

● 
Lim

itation of Large Volum
es: As opposed to injection m

oulding, w
here large volum

es m
ay be m

ore cost 
effective to produce, once scaled up to produce large volum

es for m
ass production, the cost per unit in 3D 

printers does not reduce as it w
ould w

ith injection m
oulding. 

● 
Printed Structure: It is alw

ays im
portant to choose the right m

aterial for the right purpose. Although the printed 
layers adhere together, they can delam

inate under certain stresses or orientations 
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● 
Copyright Issues: As 3D

 printing is becom
ing m

ore popular and accessible there is a greater possibility for people 
to create fake and counterfeit products and it w

ill alm
ost be im

possible to tell the difference. This has evident 
issues around copyright as w

ell as for quality control. 

R
O

BO
TS 

An agricultural robot, also called an agribot or agbot is a robot w
hich is autonom

ous and is helpful in farm
ing as It helps 

the farm
er to raise efficiency by reducing the need for m

anual labour.   Agricultural robots are equipped w
ith arm

s 
w

hich are specialised, end effectors and m
any other tools in order to w

ork on several tasks related to agriculture. The 
agricultural robots can also get connected to the w

ireless sensor netw
orks and by using the drones, these robots w

ill 
collect a huge am

ount of inform
ation or data.  

Agricultural robots are specialized articles of technology that are capable of assisting farm
ers w

ith a w
ide range of 

operations. They autom
ate tasks for farm

ers, boosting the efficiency of production and reducing the industry’s reliance 
on m

anual labour.  

They have the capability to analyse, contem
plate, and carry out a m

ultitude of functions, and they can be program
m

ed 
to grow

 and evolve to m
atch the needs of various tasks. 

Applications in Agriculture 

As the hum
an population grow

s, farm
ers are having to use new

 technologies to keep up w
ith grow

ing dem
and. By 

2050, there are expected to be about 9 billion people in the w
orld. According to the IEEE Robotics and Autom

ation 
Society (n.d.) “agricultural production m

ust double if it is to m
eet the increasing dem

ands for food and bioenergy.” 
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 In order to m

eet the 9 billion people’s dem
and for food, robotics and autom

ation are expected to play a m
ajor role in 

society. Agricultural Robots are used for an incredible num
ber of tasks to ease the burden on the farm

ers. Their prim
ary 

role is to tackle labour-intensive, repetitive, and physically dem
anding tasks. Recently how

ever, robots are being used 
for various specialised chores as w

ell that w
ere previously only tackled by experienced farm

ers such as the picking of 
sensitive fruits and vegetables such as lettuce and straw

berries. 

Som
e of the m

ain and em
erging applications of agricultural robots include: 

● 
Autom

ated sm
art harvesting and picking of crops: Robot harvesters and pickers are m

ore precise and faster 
than any hum

an farm
er can and so im

prove yield sizes w
hile reducing crop w

astage. 

● 
Robotic planting and seeding: These robots assist farm

ers in autom
atically planting and seeding crops 

● 
Autonom

ous m
ow

ing, spraying for w
eed control, pruning and thinning: Som

e robots are m
ultifunctional 

targeting the assurance of healthy crop grow
th after seeding but before harvesting. 

● 
Sorting and packing: Robots that prepare harvests for distribution and order fulfilm

ent 

● 
Phenotyping for crop im

provem
ent: These robots analyse plants’ genetic m

akeup along w
ith environm

ental 
changes, w

hich are vital to im
proving crops. 

Benefits of Agricultural Robots 

● Speed and Efficiency 

Agricultural robots are m
uch faster and m

ore accurate than hum
ans in carrying out certain tasks. They m

ake 
few

er m
istakes and save tim

e. Consequently, they increase production and profit m
argin.  Additionally, som

e 
of them

 are equipped w
ith sophisticated technologies such as specially designed vision system

 that enable 
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robots to accom
plish tasks that w

ould be im
possible or too dem

anding for the hum
ans to perform

 rapidly. For 
exam

ple, in sorting fruit harvests, agribots are able to quickly and easily sort the defective products from
 the 

consum
able ones m

uch faster than hum
ans. are faster, m

ore precise (high quality) and consistent than people. 

● Steady and continuous W
ork Flow

 

U
nlike hum

an em
ployees, agricultural robots can w

ork 24 hours a day since they do not need holidays, sick days, 
tim

e off or breaks. Additionally, agribots operate in full capacity all around w
ith high accuracy and quality 

com
pared to hum

ans. They can also w
ork under any w

eather conditions w
ith the sam

e consistency. These 
factors lead to a stabilised food production process. In sorting fruits of a certain colour, for exam

ple, a robot can 
be able to single-handedly com

plete the task w
hich w

ould require an entire day for the hum
an em

ployees. 

● Protection of H
um

an W
orkers 

An agricultural robot can either be designed to com
plete spraying tasks from

 an elevated point or closer to the 
target using a specially designed industrial robot arm

. Thus, robots elim
inate w

ork that is dangerous to hum
ans 

and protect them
 from

 potential harm
 that m

ay be caused by inhaling or handling farm
 chem

icals by hand by 
perform

ing tasks such as herbicide and pesticide spraying.  

● Reduced W
astage  

Robots are able to deliver error-free outcom
e w

ithin a shorter w
ork-tim

e com
pared to hum

an w
orkers. In the 

case of spraying chem
icals, for instance, agricultural robots can be able to focus on the exact part that ought to 

be sprayed. Like there are som
e herbicides that m

ust be sprayed on the roots, som
e on the leaves and so on. 



 

27 
 

The sam
e case applies to other activities like sow

ing. Because the robot is able to focus on the target better than 
a hum

an being, there’s reduced w
astage of farm

 inputs. 

● Reduced Cost of Farm
ing 

Farm
ing is a labour intensive activity. In crop farm

ing for exam
ple, there is a need for labour to prepare the land, 

sow
 the seeds, w

ater, prune, w
eed, and to harvest am

ong other activities. M
aintaining a sufficient hum

an 
w

orkforce to do all the necessary activities can be very expensive. In other cases, som
e tasks m

ay not even 
attract hum

an em
ployees. W

ith collaborative robots, all the above activities are quick and easy. 

O
ther benefits associated w

ith the use of robots in agriculture include the follow
ing:  

● 
Robots autom

ate slow
, repetitive and dull tasks for farm

ers, allow
ing them

 to focus m
ore on im

proving overall 
production yields.  

● 
Robots have the flexibility to perform

 a variety of tasks and applications in any environm
ent  

● 
Robots can reduce the use of pesticides by up to 80%

 of the farm
 

● 
Robots can have m

ulti functions at the sam
e tim

e
 

● 
Robots provide an opportunity to replace hum

an operators w
ith a good return on investm

ent by providing 
effective solutions. 

Considerations w
hen dealing w

ith Robots in Agriculture (D
isadvantages) 

● 
Robots are expensive to m

ake or buy  

● 
Robot m

aintenance can be very high
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● 
Farm

ers can lose their jobs w
ith the introduction of robots 

● 
Robots can change the culture / the em

otional appeal of agriculture.  

● 
Robots can produce a higher carbon footprint than people

 

● 
There is a high cost of R&D

 associated w
ith robots in agriculture

 

● 
Poor farm

ers m
ight be disadvantaged due to lack of access to robots 

A
U

TO
N

O
M

O
U

S P
ICKERS 

The goal of Agriculture 4.0 is to m
ake w

ork easier and m
ore 

efficient. O
bviously picking fruit is a very hard physical job to do 

for m
en and w

om
en. It requires a lot of standing and crouching 

during long w
orking hours and lifting heavy w

eights, w
hich m

akes 
the job less and less attractive for young people and m

ore and 
m

ore difficult for older people to fulfil. Furtherm
ore, it is a fact 

that other crops are better paid than fruit picking and m
aintaining 

a seasonal w
orker is not easy for em

ployers. That’s w
hy young 

people are m
ore likely to search for an urban job rather than to 

w
ork physically. In addition to that, the pandem

ic of CO
VID

-19 
has increased the problem

 for seasonal w
orkers w

ho couldn’t cross borders. This situation opens a strong need for a 
solution.  

 
Im

age Source: Fruit Grow
ers New

s, 2021 
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 O

ne solution is therefore m
ore and m

ore attractive, w
hich doesn’t require as m

any hum
an w

orkers to pick fruits: 
Autonom

ous fruit pickers. It is a cheaper and m
ore precise realisation of the fruit picking process and easier to m

anage.  

This kind of robot is a relatively new
 technology, w

hich uses artificial intelligence in order to recognize ripe fruits and 
pick them

 w
hen it’s the right tim

e. Thanks to perception algorithm
s it locates trees and detects the fruit am

ong the 
foliage. The pickers are equipped w

ith flying devices – a drone – w
hich m

ake the precise picking even easier.  Therefore, 
the vision algorithm

s m
ake it possible for the robot to pick the fruit in the m

ost suitable tim
e. Tim

ing is in the fruit 
picking process of fundam

ental im
portance for the fruit to have the exact right am

ount of value classified by size and 
ripeness. U

sing a robotic arm
, the autonom

ous picker grasps the fruit and puts it into a basket.  

The advantage of this robotic device is the possibility of picking day and night, w
hich increases the outcom

e even 
m

ore.  U
nlike hum

an w
orkers, the robot never gets tired and can pick thousands of raspberries, apples, oranges and 

other types of fruit on a daily basis. According to the observations of the U
niversity of Plym

outh an autonom
ous picker 

can collect around 25,000 raspberries a day w
hereas a hum

an m
anual w

orker is only able to pick around 15.000 
berries. Furtherm

ore, thanks to connected softw
are the w

ork of the robots can be precisely controlled. The device is 
able to recognize different kinds of fruit w

hich results in a w
ider range of im

plem
enting the technology.  

D
ue to the m

entioned algorithm
s the robot is able to decide about the ripeness better than the hum

an eye. This allow
s 

the fruit picking process to be m
ore precise and therefore m

ore efficient. Before this technology w
as im

plem
ented 

there w
as an enorm

ous lack of m
anual w

orkers w
hich had as a result that a big am

ount of fruit w
as left to rot. Follow

ing 
this problem

 there w
as a big w

aste of fruit and as a consequence of course w
aste of m

oney for m
any farm

ers. This 
solution can therefore solve the problem

 of inevitable food w
aste and help farm

ers to save m
oney.  
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 To answ

er concerns, that robots w
ould som

eday replace hum
an m

anual w
orkers, it is im

portant to em
phasise, that 

the autonom
ous pickers are at the m

om
ent only a com

plem
enting device to hum

an w
ork, w

hich is supposed to fill 
the gap, w

hich is caused by the constant lack of people eager to w
ork that hard in the fruit picking seasons.  

S
EN

SO
RS 

Sensors are devices that can m
easure physical characteristics and transform

 them
 into signals for the observer to see. 

The m
ain goal of the sensors is to determ

ine the physical properties of soil and surroundings. Key uses of sensors are- 
m

onitoring and control, security and w
arning & diagnosis and analysis (W

adhw
a and Singh, 2020). Sensors m

ake 
m

odern farm
ing m

ore efficient and hassle-free. It is one step closer to m
aking agriculture self-dependent and free 

from
 hum

an interaction. The irrigation process w
ill essentially speed up and production w

ill exponentially rise (Kidw
ai 

et al., 2020). Because of technological advancem
ents, sensors are becom

ing m
ore w

idely used in nearly every sector 
of life and of course in agriculture.  

There are m
any types of agricultural sensors. Follow

ing are the types that are m
ost com

m
on (Ratnaparkhi et al., 2020):  

O
ptical sensors  

O
ptical sensors m

ake use of light to m
easure properties of soil. They can determ

ine m
oisture content, organic 

m
atter, and clay in the soil. This type of sensor is installed in drones, robots, and satellites.  

Electrom
agnetic sensors  

Electrom
agnetic sensors im

plem
ent electrical com

ponents to capture data on a variety of factors such as soil 
texture, w

ater drainage, salinity, level organic m
atter, cation exchange capacity, and soil pH

. The potential of charge 
to transfer through or build in the soil is m

easured using electric circuits. Electrom
agnetic sensors can be installed 

directly in touch w
ith the soil, for exam

ple installed on tractors and other vehicles that can be tracked using GPS 
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 (Contact-M

ethod) or entirely outside of it using electrom
agnetic induction (EM

I) technique (Non-Contact-M
ethod). 

M
ost electrom

echanical sensors are used for the purposes like m
apping of electrical conductivity, m

apping of 
tem

porary EM
 response or a real-tim

e application of various rates.  

Electrochem
ical sensors  

Som
e of the m

ost im
portant soil properties required for analysis are the pH levels and nutrient content in the soil.. 

The electrode em
ployed in these sorts of sensors m

ust be in touch w
ith the soil sam

ple for this m
ethod to w

ork. 

Location sensors  
Location or position sensors are used to m

ap farm
s accurately using GPS. These tracking devices are used by farm

ers 
to understand how

 and w
here to use pesticides, fertilizers and in w

hat quantity. This can be used to detect irregular 
landscapes, uneven land, levelling problem

 w
hich causes w

ater logging etc.  

Airflow
 sensors  

The use of airflow
 sensors is to m

easure the air perm
eability in the soil. The air perm

eability of soil is the m
easure of 

how
 the soil resists the flow

 of air through it. This factor is im
portant to m

easure the type of soil, structure and 
m

oisture/ hum
idity content of the soil. 

Acoustic sensors  
These sensors are frequently used in the field to identify pests. They have stations w

hich are to be placed at strategic 
positions on the field so that if a pest passes by and its sound w

ill be easily detected and transm
itted to the linked 

device, along w
ith the insect's locations. 
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      IN

TRO
D

U
CTIO

N 
Softw

are is a set of instructions, data or program
s used to operate com

puters and execute specific tasks. It is the 
opposite of hardw

are, w
hich describes the physical aspects of a com

puter. Softw
are is a generic term

 used to refer to 
applications, scripts and program

s that run on a device. In order to use softw
are applications, the precondition is to 

have a com
puter or com

puter-like devices (sm
artphones, tablets and so on). Com

puters are one of the electronic 
devices w

hich have sim
plified the w

orld by its usefulness to the people. As a m
odern electronic device com

puter has 
not only m

ade changes in m
odern occupation but it has also m

ade changes in traditional occupation sectors like 
Agriculture. Com

puter help Agriculture through Com
puter softw

are, com
puter internet etc.  

U
se of com

puters in the agriculture field through softw
are/application now

adays is very com
m

on. For exam
ple, 

through com
puter applications anim

als are individually tracked so, no m
istakes w

ill take place but if it is done by a 
person som

etim
es m

istakenly error can happen. Inform
ation such as the health of the anim

al, m
ilk production, 

reproductive inform
ation. These types of inform

ation are know
n as herd recording. This herd recording is stored on 

the com
puter. 

 SOFTW
ARE 

TECHNOLOGIES
 

04
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 Com

puter convenience in the agriculture field through internet applications. Through forum
 and social netw

orking 
sites farm

ers can get connected w
ith other experts and exchange their view

s and other details. Farm
ers can get a lot 

of inform
ation on a variety of agriculture topics by surfing. Farm

ers can connect foreign custom
ers w

hich can help to 
im

prove their product and increase their production capacity. Farm
ers can get inform

ation regarding price, w
eather, 

tem
perature etc. 

O
ther uses of com

puters in the agriculture field using softw
are are for exam

ple keeping financial records, production 
records, online banking, buying required resources through the internet etc. The am

ount of w
ater sprinkled in a 

balanced quantity can also be com
puterized. The production capacity in farm

ing and anim
al husbandry has increased 

due to use of com
puters in agriculture. There are less losses due to w

ork being m
onitored by com

puters. 

By using com
puters in traditional fields like agriculture, w

e can increase productivity and m
inim

ize errors. 

By using the com
puter, you need to have softw

are. Softw
are is a set of program

s, w
hich teaches com

puters w
hat to 

do. Softw
are is divided into tw

o types: system
 softw

are and application softw
are. System

 softw
are m

anages the basic 
process of the com

puter (E.g.: M
S W

indow
s).  Application softw

are is used according to the need of the people to 
perform

 various tasks such as docum
ents, spreadsheet, databases etc. 

Below
 you can find som

e m
odern softw

are applications that can help farm
ers in their w

ork and business. 

G
EO

GRAPH
ICAL IN

FO
RM

ATIO
N

 S
YSTEM

S (GIS) 
A geographic inform

ation system
 (GIS) integrates hardw

are, softw
are, and data for capturing, m

anaging, analysing, 
and displaying all form

s of geographically referenced inform
ation.  
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 Though the underlying system

s m
ay perform

 som
e quite com

plicated analytical functions, GIS can present results 
that can be visually evaluated in form

 of sim
ple m

aps, tables or graphs - allow
ing the farm

er to virtually see and predict 
issues based on the underlying inform

ation.  Ready visualization supports accurate decision-m
aking and other courses 

of action. 

U
se of GIS in agriculture has advanced significantly since it w

as first used in the m
id- 1990s, w

ith quite w
idespread use 

now
 (Corw

in and Lesch, 2003).  GIS in farm
ing has becom

e essential for precision agriculture, w
here issues such as 

soil sam
pling have becom

e an evolving m
anagem

ent practice (Flow
ers et al., 2005, Van Schilfgaarde, 1999).  GIS is 

now
 an integral com

ponent in the delivery and further refinem
ent of novel techniques in soil sam

pling and other 
processes (Know

les and D
aw

son, 2018). 

GIS captures, stores, m
anipulates, analyses, m

anages, and presents all types of geographical data. Though often used 
as a term

 for the academ
ic discipline, or career, of w

orking w
ith geographic inform

ation system
s, GIS is really a fusion 

of cartography, statistical analysis, and database technology – all applied to sectors such as agriculture.   M
aking 

farm
ing decisions are based on geography and spatial phenom

ena. By understanding the geography and the location, 
overall ideas of environm

ental, adm
inistrative and social needs can be established. 

 By helping farm
ers to increase their production, but reduce the costs of m

anaging the land in an efficient w
ay, GIS 

plays a m
ajor role in today’s agriculture production.  It has a fundam

ental influence in the success and profitability of 
a farm

ing business by offering a balancing betw
een the inputs and outputs of the farm

. 
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 GIS outputs are generally portrayed through three principal view

s:  

1. D
atabase View

.  A GIS is a unique kind of database of the w
orld - a geographic or geo referenced database.  All 

data are expressed w
ith longitude and latitude coordinates, w

ith the objective of creating digitized m
aps. 

2. M
ap View

.  GIS output can be represented as a set of intelligent and interactive m
aps, w

ith view
s show

ing 
features and feature relationships on the earth’s surface.  These m

aps are used like ‘w
indow

s into the database’ 
to support queries, analysis, and editing of the inform

ation. 

3. M
odel View

. GIS also provides a set of inform
ation transform

ation tools that derive new
 geographic datasets 

from
 existing data sets.  These geo-processing functions take inform

ation from
 existing data sets; apply analytic 

functions, and record results into new
, derived datasets for various potential uses (Parthasarathy, 2010).  

FARM
IN

G S
O

FTW
ARE 

There are generally 4 types of softw
are used in Agriculture. 

● 
Farm

 M
anagem

ent Softw
are

 

● 
Crop M

anagem
ent softw

are
 

● 
Livestock M

anagem
ent Softw

are
 

● 
Precision Agriculture Softw

are
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 W

hile farm
 m

anagem
ent softw

are, crop m
anagem

ent softw
are, livestock m

anagem
ent softw

are and precision 
agriculture softw

are all solve overlapping production and yield concerns, the scope of the farm
er is larger and m

ore 
com

prehensive. Furtherm
ore, specialized farm

 m
anagem

ent solutions exist, tailoring the record-keeping and farm
 

production m
onitoring functionalities to the specific business needs of dairy or cattle farm

s, grain farm
s, cannabis 

farm
s, and other types of agribusinesses. H

ow
ever, vendors do offer m

ore generalized, sector-agnostic farm
 

m
anagem

ent solutions, benefiting farm
ers, ranchers, grow

ers, and other agribusiness em
ployees w

ho m
anage and 

oversee operations that are m
ulti-sectorial. 

Farm
 M

anagem
ent Softw

are 

Farm
 m

anagem
ent softw

are is useful for a variety of reasons in the farm
ing industry and has proven essential to 

farm
ers, grow

ers, and agronom
ists alike.  

● 
Resource Accountability —

 Farm
 m

anagem
ent softw

are keeps track of agricultural resources, including 
chem

icals, livestock feed, and m
achinery. Not only do farm

ers have the ability to m
onitor resources, but they 

also have the ability to m
aintain a resource budget and ensure resources are being used efficiently and properly. 

● 
Reporting —

 Farm
 m

anagem
ent solutions offer useful analytics involving a farm

’s ecosystem
. For exam

ple, the 
ability to anticipate and prevent risks associated w

ith adverse w
eather or an influx of pests, as w

ell as the ability 
to m

easure soil quality, helps farm
ers stay ahead of the gam

e w
hen it com

es to m
aintaining the best possible 

crop production. 

● 
Labor Cost Savings —

 w
ith stream

lined and autom
ated processes, farm

 m
anagem

ent softw
are is cost-effective 

in term
s of labor savings. Basic crop m

onitoring tasks are easily handled by farm
 m

anagem
ent softw

are. 
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 Crop M

anagem
ent Softw

are 

Crop m
anagem

ent softw
are, also know

n as crop planning softw
are, m

onitors and optim
izes the crop production of a 

farm
. W

ith crop m
anagem

ent softw
are, farm

ers, grow
ers, and agronom

ists can better understand the costs and 
variables that im

pact and affect overall crop profitability. Crop m
anagem

ent softw
are helps farm

s m
aintain clean, 

accurate, and up-to-date field and crop records. Beyond that, crop m
anagem

ent softw
are enables m

ore accurate and 
precise food tracking and traceability. 

A farm
ing business can com

prise hundreds or even thousands of crops across acres of land, at one or m
ultiple 

locations. These crops (e.g. grains, legum
es, fruit, vegetables, etc.) are cultivated at different rates, w

ith unique 
challenges and dem

ands in route to their final delivery. Rather than scribble dow
n farm

 data and planning details in 
paper notebooks, farm

ers can leverage these softw
are solutions for record keeping and other tasks related to their 

diverse portfolio of crops. These applications are also capable of providing advanced insights and real-tim
e data that 

yesterday’s farm
s sim

ply could not access. All in all, crop m
anagem

ent products allow
 farm

s to m
ove into the future 

w
hile retaining their general practices and philosophies. 

Livestock M
anagem

ent Softw
are  

Livestock m
anagem

ent softw
are helps farm

ers record and track livestock, from
 birth to sale and everything in 

betw
een. W

hile livestock m
ost often refers to cattle, it can also refer to other anim

als such as chickens, pigs, goats, 
and even rabbits. Livestock m

anagem
ent products offer anim

al inventory m
anagem

ent, from
 num

ber of livestock to 
height, w

eight, health, and fertility. Livestock m
anagem

ent m
ay provide feed costing and perform

ance m
etrics. O

ften, 
livestock m

anagem
ent system

s m
ay provide reporting capabilities to better inform

 users. They m
ay also offer financial 

tracking to record profits from
 livestock sales. These products m

ay coexist w
ith crop m

anagem
ent products or be a 

part of larger farm
 m

anagem
ent system

s. 
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 Precision Agriculture Softw

are  

These tools are designed to m
axim

ize yield and revenue related to crops using data-driven insights. This softw
are 

assists w
ith inform

ation such as ideal planting schedule, m
aintenance instructions, and environm

ental factors that 
could im

pact a given crop. Precision agriculture softw
are often offers predictive analytics features such as expected 

w
aste, yield size, and profitability in relation to m

arket values, allow
ing farm

ers and grow
ers to m

ake optim
al 

production decisions throughout each grow
th cycle. Precision farm

ing softw
are is a pow

erful type of agriculture 
technology that includes diverse applications for farm

 operators and w
orkers. In a num

ber of cases, these solutions 
w

ill integrate w
ith or be sold alongside sensors or other m

odern farm
 equipm

ent to collect real-tim
e data, offer 

detailed analytics, and provide intelligent recom
m

endations. Precision farm
ing is only going to becom

e m
ore 

prevalent as standards continue to rise am
ong consum

ers and farm
ing operations realize the benefits. The solutions 

in this category are one of the foundations on w
hich the future of farm

ing is being built. 

Key Benefits of Precision Agriculture Softw
are are:  

● 
Gain a deeper understanding of land health and farm

ing conditions 

● 
Learn the ideal tim

e, location, and process for grow
ing different crops 

● 
Schedule and execute farm

ing-related activities for optim
al results 

● 
M

aintain the w
ell-being of crops and fields 

Som
e Farm

ing Softw
are are:  Agrivi, Granular, Trim

ble, Farm
ERP, Farm

Logs, Agw
orld, AgriW

ebb, Conservis, etc. 
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 S

ATELLITE IM
AGERY 

The num
ber of surveillance satellites is expanding the quantity and quality of the data that is available to grow

ers and 
consultants. Satellite view

s help them
 quickly detect seasonal problem

s regarding nutrient deficiencies, pests, and 
disease. This inform

ation gives them
 the best chance to correct issues that w

ould constrain crop perform
ance.  

Geospatial technologies are used to m
ap three-dim

ensional disparities in crop and soil conditions so that grow
ers w

ill 
know

 w
hat to add, such as w

ater, seed, and fertilizer. Zone m
aps show

 the discrepancy betw
een healthy and stressed 

plants by denoting the am
ount of light that they are reflecting in different bands of the electrom

agnetic range; w
hile 

prescription m
aps tell the grow

ers how
 m

uch w
ater, seed, and fertilizer to apply to each of sm

aller areas know
n as 

m
anagem

ent zones. 

Satellites are used to portray a grow
er’s fields in detail. W

hen used in com
bination w

ith geographical inform
ation 

system
s (GIS), satellites help w

ith m
ore concentrated and efficient crop grow

ing practices. As an exam
ple, different 

crops m
ight be suggested for different fields w

hile the use of fertilizer can be adjusted in a cost-effective and 
environm

entally friendly m
anner. 

Reconnaissance satellites orbit the Earth at a relatively low
 altitude and take sharp im

ages of the Earth. The m
ajority 

of today's satellites are custom
 m

ade and adapted to the particular needs of the user.  A reconnaissance satellite is 
equipped w

ith high resolution CCD
 (Charge-Coupled D

evice) cam
eras. These are coupled large lenses that are able to 

take high resolution pictures of the ground below
 them

. Im
age quality is this satellite’s key feature. Generally, the 

bigger the lens, the better the picture quality w
ith greater detail.  

D
igitalGlobe’s GeoEye-1 satellite w

as launched on Septem
ber 6, 2008. The GeoEye-1 satellite has a high-resolution 

im
aging system

 w
ith ground resolution im

ages of 16 inches in the panchrom
atic m

ode. And 64 inches in the 
m

ultispectral or colour im
agery m

ode. 
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 U

p until now
, satellite im

agery w
as sim

ply not frequent enough to react to crop stress in a tim
ely m

anner. Now
, daily 

im
agery is a gam

e changer for agriculture. Grow
ers can recognize changes in vegetation from

 preseason to harvest, 
w

hich helps them
 farm

 m
ore efficiently, and profitably w

ith constant field coverage.  

Frequent im
agery allow

s for crop health m
onitoring because of continuous field coverage over w

ide and distributed 
areas. Easy access im

agery along w
ith historical archiving of im

ages can im
prove productivity w

ithin dynam
ic 

m
anagem

ent zones. 

Advancem
ents in artificial intelligence (AI) have m

ade autonom
ous, large scale analysis of photographic im

agery 
possible. AI has dem

onstrated that it can m
anage satellite im

agery w
ith very little error; and AI can differentiate 

betw
een different forest types, as w

ell as certain soil and vegetation varieties. Researchers use AI to m
onitor satellite 

im
agery for vineyard and grape health as w

ell as estim
ate w

heat harvest size.  

GO
ES-8 is a U

nited States w
eather satellite that is chiefly used to observe the w

eather and clim
ate of the Earth. For 

grow
ers, w

eather is very serious business, as just the right am
ount of w

ater and the right tem
perature is needed for 

their crops to grow
 w

ell. A team
 of satellites, called the Joint Polar Satellite System

 (JPSS) is assisting to m
onitor and 

forecast severe w
eather conditions. The m

ore inform
ation that grow

ers have about w
eather conditions, the better 

they can react to potential disasters. 

Inform
ation from

 visible and infrared light can be used to determ
ine the health of plants in a certain region. For 

exam
ple, a w

eather satellite can determ
ine how

 m
uch stress plants are under in a region of extrem

e drought, such as 
California’s central valley, w

hich is an im
portant farm

ing region, during its severe drought season.  

  



 

42 
 B

IG D
ATA A

N
ALYTICS 

Now
adays people not only w

ant to collect the data, but also they need to understand them
 and need to identify the 

im
portance of the data set in order to m

ake better decisions. Big data is considered as a large collection of dataset, 
w

hich has high velocity, volum
e, and varieties that m

ake it difficult to process and m
anage by using traditional 

techniques and tools. It can be either structured, unstructured or sem
i-structured. An advanced analytic technique 

w
hich can be used for analysing big data to reveal unknow

n, hidden and useful patterns is identified big data analytics 
(Elgendy and Elragal, 2014). Hence big data plays a m

ajor part in the decision m
aking process. 

According to the available research and studies, big data analytics in agriculture have been adopted to various 
applications and use cases.  

Big data analysis in agriculture applications advance the productivity, w
eather decisions and increase the cost 

efficiency related to the fertilizers, pesticides and harvesting (Kum
ari, Bargavi and Subhashini, 20

16). Also, big data 
analytics applications on agriculture m

axim
ize the resulting benefits than the cost of operations (Sonka, 2016). It is 

needed to identify the right inputs at the right tim
e. Since m

ost of the countries in the w
orld survive in agriculture, 

im
plem

enting applications w
hich aid to bring the agriculture tow

ards profits is highly needed.  

Som
e applications are focused on collecting real tim

e data. U
sing sm

art phones’ applications and give the know
ledge 

to the farm
ers to how

 to use it, is one of the m
ethod used for gathering data from

 the farm
ers (Athm

aja and 
H

anum
anthappa, 20

16). Apart from
 this, applications are im

plem
ented w

hich have the capability of collecting data 
and transm

itting them
 to a centralized database. Also, m

entioned that visualization, data acquisition and m
anagem

ent 
applications can be found in H

adoop. H
adoop is an open source, Java based fram

ew
ork used for storing and processing 

big data. The data is stored on inexpensive com
m

odity servers that run as clusters. Its distributed file system
 enables 
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 concurrent processing and fault tolerance. Further m

entioned that, using 64-bit com
puters for big data analysis is the 

best practice.  

Currently, big data has becom
e m

ore pow
erful w

ith the developm
ent of the technology. M

any industries have already 
used the analysis of big data w

ith the aid of technology. As big data analytics is vastly adopted by m
any industries 

especially in agriculture, it has to face m
any challenges. As a result of these challenges, directions for the future are 

revealed for further im
provem

ent. 

M
ost of the applications are im

plem
ented focusing on the characterized 4Vs in big data. The table on the follow

ing 
page outlines the ‘V’ characteristic and the particular applications on that area (Kam

ilaris, Kartakoullis, and Prenafeta-
Bold, 2017).  
Reliability is highly im

portant w
hen im

plem
enting applications on big data analysis regarding agriculture. Furtherm

ore, 
applications can be found for understanding the im

pact on clim
ate change, irrigation and w

ater distribution, agriculture 
finance, crop insurance and m

arketing (Shah, H
irem

ath, and Chaudhary, 2016). Several android based m
obile 

applications have been im
plem

ented in India such as CropInfo, KisanYojana, m
Kisan, and m

-Krishi is one of the 
android based agro advisory system

s 

     



 

44 
 

TH
E AGRICU

LTU
RAL 

APPLICATIO
N

S BASED
 

O
N

 BIG D
ATA ‘V’ aspect 

‘V’ Explanation 
Applications on Agriculture 

V1 
H

igh volum
e 

W
eather 

forecasting, 
farm

ers 
financing, 

crop 
identification, data sharing for earth observations, 
food security estim

ations  

V2 
H

igh velocity 
W

eather forecasting, safety and quality of anim
al 

products, farm
ers’ productivity im

provem
ent, w

eed 
discrim

ination  

V3 
H

igh variety 
Sm

all 
farm

ers’ 
insurance 

and 
protection, 

crops’ 
drought 

tolerance, 
m

anagem
ent 

zones 
identifications, w

ildlife population evaluation  

V4 
H

igh veracity 
D

airy herd culling, anim
als’ disease recognition, food 

availability 
estim

ation, 
farm

ers’ 
productivity 

im
provem

ent,  

 .  
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TRENDS

 

IN A
GRI 4.0

 

 

Inform
ation about a num

ber of em
erging trends w

ithin the 
Agricultural & Farm

ing sectors. These include Artificial 
Intelligence (AI) and M

achine Learning, Internet of Things 
(IoT), Augm

ented Reality (AR), Virtual Reality (VR) and 
D

riverless M
achinery. 

w
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      IN

TRO
D

U
CTIO

N 
Em

erging technological trends are paving the w
ay for increased prospects in farm

ing and agriculture by assisting 
m

odern farm
ers in m

aking better, faster and m
ore inform

ed decisions. In order to thrive, the agriculture industry m
ust 

em
brace a digital transform

ation facilitated by connectivity. Likely, the current em
erging technologies w

ill be used by 
m

ore farm
ers in the com

ing years to better m
anage their crops, resources and regenerate agriculture.   This chapter 

aim
s to provide general inform

ation about five em
erging technologies that target to achieve from

 soil health, to farm
 

profitability and environm
ental sustainability. W

hile technology m
akes it easier to m

onitor soil conditions, w
eather 

and w
ater usage, Artificial Intelligence (AI) m

akes it easier to m
ake decisions based on those data. M

achine Learning 
(M

L) as a subset of AI offers the potential of dealing w
ith m

any challenges in the establishm
ent of a know

ledge-based 
system

.  

The Internet of Things (IoT) has revolutionized m
any aspects of our m

odern w
orld. Precision agriculture is 

acknow
ledged as a sustainable, environm

entally beneficial, and profitable m
ethod of increasing agricultural yields and 

quality, and it is becom
ing a reality as IoT m

ethods are progressively im
plem

ented in agriculture. 

 EM
ERGING

 
TRENDS

 
05
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 M

oreover, technologies such as Augm
ented Reality and Virtual Reality are changing the landscape of planning and 

training in the field of agriculture, by revolutionising w
hat is possible w

ith everyday equipm
ent available to m

ost 
people, such as sm

artphones.  

Lastly, D
riverless M

achinery is another form
 of new

 technology that should have a m
ajor im

pact in Agriculture, as 
these m

achines w
ill be able to both w

ork m
ore but also m

ore efficiently than hum
ans ever could. This m

eans better 
yields for farm

ers, w
ith few

er costs.  

A
RTIFICIAL IN

TELLIGEN
CE (AI) AN

D
 M

ACH
IN

E LEARN
IN

G (M
L) 

Artificial intelligence and m
achine learning are technologies follow

ing under com
puter science and correlated w

ith 
each other. These tw

o technologies are considered to be currently the m
ost “trendy” technologies used for the 

creation of intelligent system
s.   

Artificial Intelligence 

Artificial intelligence (AI) as defined by Lakshanagv (2021):  

“Is all about training m
achines to m

im
ic hum

an behaviour, specifically, the hum
an brain and its thinking abilities. 

Sim
ilar to the hum

an brain, AI system
s develop the ability to rationalize and perform

 actions that have the best 
chance of achieving a specific goal”. 

The technology’s focus is on three cognitive skills: i.e. learning, reasoning and self-correction. AI can be classified into 
three types (Jachja, 2021; JavaT Point, 2021): 

● 
N

arrow
 or W

eek AI: is the type of AI that is currently m
ost com

m
only utilized. Narrow

 AI is usually designed and 
program

m
ed to perform

 one specific task. It sim
ulates hum

an behaviour based on a set of param
eters and input 
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data. Narrow
 or w

eek AI depends at a level by hum
an intervention in term

s of setting param
eters for learning 

algorithm
s, feeding training data and ensuring accuracy of prediction.  

● 
General AI: is a theoretical type of AI that is not currently in use. This type of technology could perform

 equally 
w

ith a hum
an. This m

eans the m
achine w

ould be able to interpret and understand hum
an tone, em

otions and 
act accordingly.  

● 
Super or Strong AI: is not currently being used either as still a lot of research needs to be perform

ed. Super AI 
w

ill allow
 the m

achine to be becom
e self-aw

are and surpass hum
an’s intelligence and ability.  

W
atch a video about Artificial Intelligence and w

hat the technology is by clicking here.  

M
achine Learning 

M
achine Learning (M

L) is a subset of AI that uses data to com
plete tasks. Lakshanagv (2021) describes M

L as a: 

“Provider of statistical m
ethods and algorithm

s and enables the m
achines/com

puters to learn autom
atically from

 
their previous experiences and data and allows the program

 to change its behaviour accordingly”. 

It provides m
any different techniques and algorithm

s to m
ake the com

puter learn. M
L perform

ance is w
ell under the 

condition of reasonably good input data. M
L is classified into three types: 

● 
Supervised M

L w
orking w

ith know
n data and problem

, 

● 
U

nsupervised M
L w

orking w
ith unlabelled, 

● 
Reinforcem

ent M
L is learning m

odels over tim
e. 
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 W

atch a video about M
achine Learning and w

hat the technology is by clicking here. 

U
ses of Artificial Intelligence and M

achine Learning in Agriculture 

Artificial Intelligence (AI) and M
achine Learning (M

L) are ideal applications in the agriculture industry. AI and M
L have 

the potential to be im
plem

ented and im
prove agriculture in a variety of w

ays that fall under the five categories below
: 

● 
Internet of Things (IoT) pow

ered data analytics 

● 
Predictive analytics and precision farm

ing
 

● 
Risk m

anagem
ent 

● 
Pest control 

● 
Agricultural robotics and digital w

orkforce
 

Som
e applications AI and M

L are currently being utilised are (Colum
bous, 2021): 

● 
Collection and provision of real-tim

e data from
 sensors and visual analytics from

 drones aim
ing to im

prove the 
crop yield prediction, 

● 
Im

provem
ent of the track-and-traceability of agriculture supply chain for a m

ore effective process of trading 
achieving to provide the m

arket w
ith fresher and safe products,  

● 
Livestock’s health m

onitoring to ensure healthier anim
als,  
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● 
O

ptim
isation of irrigation system

s, identification of possible leaks in the system
 and plan the frequency of 

irrigation, 

● 
M

apping of yield that relies on supervised M
L algorithm

s to identify patterns in large-scale data sets and 
understand the orthogolality of the yield in real-tim

e,  

● 
Solving the issues of lacking personnel through sm

art tractors, agribots and robotics.  

W
atch a video about applications of Artificial Intelligence in Agriculture by clicking here.  

W
atch a video w

ith exam
ples AI application in Agriculture by clicking here.  

Benefits 

Artificial intelligence and m
achine learning have num

erous benefits in im
proving the agriculture sector (Young, 2020; 

Schm
elzer, 2020).  

● 
Im

prove forecasting and planning, 

● 
Im

pact positively the reduction of deforestation by enabling food production in urban areas, 

● 
Increase productivity and yield, 

● 
Im

prove safety of food storage, 

● 
Protect carbon sinks, i.e. forest areas, 

● 
Effective utilisation of resources such as w

ater and energy
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● 
Lim

it the use of pesticides and lim
iting pollution of the surrounding ecosystem

.  

 IN
TERN

ET O
F TH

IN
GS (IOT) 

Gillis (2021) describes Internet of Things (IoT) as: 

“A system
 of interrelated com

puting devices, m
echanical and digital m

achines, objects, anim
als or people that are 

provided with unique identifiers and the ability to transfer data over a network without requiring hum
an-to-hum

an 
or hum

an-to com
puter interaction”. 

The “Thing” in the term
, i.e. IoT, can refer to a person w

ith a heart m
onitor im

plant, a farm
 anim

al w
ith a bi-chip 

transponder and other natural or m
an-m

ade object that can transfer data to the netw
ork w

hen an Internet Protocol 
(IP) is assigned to them

. This enables different objects to com
m

unicate w
ith real-data and w

ithout involving a hum
an 

being in the collection of the data. Artificial intelligence (AI) and m
achine learning can also be used by IoT to assist into 

the data collection process m
aking it m

ore easy and dynam
ic.  
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 W

atch a video about the Internet of Things and w
hat the technology is by clicking here.  

Agricultural IoT system
s collect m

illions of data points to utilize in end-stage analysis (W
alch, 20

20
). 

U
ses of IoT in Agriculture 

It w
as estim

ated that data collection from
 technologies used an average farm

, i.e. farm
 m

achinery, drones and crop 
analytics, w

ill grow
 drastically from

 today until 2050 (W
alch, 2020). The com

bination of IoT and Artificial Intelligence 
(AI) w

ill serve farm
ers and agriculture technology w

orkers highly for data analysis of value to their business. IoT and AI 
can provide support to farm

ers on analysing different conditions essential for the crops yield, i.e. w
eather conditions, 
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 w

ater usage, soil conditions, tem
perature. In this w

ay farm
ers are able to m

ake inform
ed decisions, such as w

hich crops 
to grow

 that year, the am
ount of fertiliser they need to use etc. IoT have the potential to transform

 agriculture in 
aspects like (IO

T Solutions W
orld Congress, 2021; Vincent et.al, 2017): 

● 
D

ata collected by sm
art agriculture sensors 

● 
Agricultural drones 

● 
Livestock tracking and geo-fencing

 

● 
Sm

art greenhouses 

● 
Predictive analytics for sm

art farm
ing.  

Som
e practical exam

ples w
here IoT is being im

plem
ented are described below

: 

● 
W

atering crops control system
 w

ith w
ireless sensor netw

ork developm
ent. A netw

ork is being developed 
betw

een node sensors and the data collection and m
anagem

ent w
ith an application available on sm

artphones 
and the w

eb (Jirapond et.al. 2019). 

● 
Com

bination of farm
 sensors acting as w

eather stations. The sensors install in the field for the collection of 
various data and send to the cloud resulting in m

apping the clim
ate conditions (Chalim

ov, 2020) 

● 
U

tilization of w
ireless IoT applications to follow

 the livestock health, w
ell-being and/or location (Pathak, 2020).  
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● 
U

tilization of sm
art self-driving farm

ing vehicles for precision farm
ing capabilities. The vehicles are equipped 

w
ith sensors, com

puter vision, GPS and m
achine learning that require an operator w

hom
 is not highly qualified 

in driver of agriculture vehicles (D
igiteum

, 2021).  

W
atch a video about applications of Internet of Things in Agriculture by clicking here. 

Benefits of IoT in Agriculture 

IoT can have a positive im
pact in agriculture in various w

ays link to the protection of the environm
ent as w

ell as 
econom

ic efficiency for the farm
ers. M

ore specifically IoT technologies can (IO
T Solutions W

orld Congress, 2021; 
Vincent et.al, 2017): 

● 
Enable farm

ers to m
anage efficiently and effectively resources such as w

ater, electricity etc.  

● 
Reduction of operational costs through precision in agriculture; 

● 
Enhance the productivity of high quality crop yields through the m

onitoring of crops and livestock; the quality 
of fertilizer used to the num

ber of journeys a sm
art vehicle perform

s; 

● 
O

ptim
ised farm

er’s business m
odel based on transparency of production, sharing of know

ledge to im
prove 

farm
ing and m

inim
izing or preventing m

aintenance.  
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 A

U
GM

EN
TED

 R
EALITY (AR) 

Put in sim
ple term

s, Augm
ented Reality (AR) is the ability to place a digital im

age on top of a real-w
orld environm

ent. 
Thanks to Agriculture 4.0, AR can have a lot of direct applications in farm

ing, regardless of w
hether the people using 

it are fam
iliar w

ith this new
 technology or not.  

AR training w
ill help farm

ers by giving them
 an interactive and safe form

 of training, and all they need is a sm
artphone 

or a tablet. Through an Augm
ented Reality application for farm

ing, they w
ill be able to capture and share inform

ation 
on their m

achinery, their crops, and their livestock in an efficient m
anner.  

Furtherm
ore, AR can be used to gather w

eather forecasts and show
 how

 the upcom
ing w

eather w
ill affect their farm

. 
This can help them

 in m
aking decisions about their crops and crop selection, and m

itigate any risks associated w
ith 

bad w
eather.  

Another im
plem

entation of Augm
ented Reality that could be very useful for farm

ers is the ability to identify pests in 
their fields. Instead of m

anually checking their entire field, w
hich could take m

any hours, they can use an AR system
 

to check their fields for the presence of pests and insects m
uch faster. There are even AR system

s that are 
sophisticated enough that can tell w

hich insects are beneficial and w
hich are pests, so the farm

er m
ay not have to use 

pesticides to get rid of them
.  

There is also one m
ore im

plem
entation of AR for farm

ing that could be very beneficial to farm
ers. These applications 

collect satellite data w
ith inform

ation about the farm
er’s lands and then use artificial intelligence and deep learning to 

find w
hich parts of the farm

lands need urgent attention and then present this inform
ation to the farm

ers.  

Through all this, farm
ers w

ill be able to use Augm
ented Reality to potentially m

inim
ize crop losses and ensure healthy 

harvests of high quality. 
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 Exam

ple 1: https://w
w

w
.queppelin.com

/augm
ented-reality-in-agriculture/ 

Exam
ple 2: https://w

w
w

.vsight.io/augm
ented-reality-revolutionizing-agriculture-industry/ 

V
IRTU

AL R
EALITY (VR) 

W
hen it com

es to agriculture, new
 technology can be expensive and difficult to sw

ap if dam
aged. W

orse yet, an 
inexperienced w

orker m
ay even injure them

selves or others w
hen operating m

achinery. Luckily, technology has the 
right tools to help w

ith us w
ith this. 

Virtual Reality (VR) is easily described as the use of com
puter technology to create a sim

ulated environm
ent, usually 

through a H
ead-M

ounted-D
isplay, a sort of helm

et that is attached to a person’s head, through w
hich they view

 this 
sim

ulated environm
ent. 

This technology is expected to be a big part of Agriculture 4.0, and it w
ill help w

ith such issues. Before going out to use 
new

 equipm
ent in the field, w

orkers can try it first in VR, train their m
uscle m

em
ory and get ready for the real thing, 

stress-free. W
orking on m

uscle m
em

ory can turn handling m
achinery into a second nature, resulting in a significant 

increase in job efficiency. 

Specific training scenarios can be created, too, to better prepare the w
orkers for situations or even em

ergencies that 
m

ay occur out in the field. The w
orkers, already having trained the necessary m

uscle m
em

ory to react to the situation 
in VR, w

ill potentially be able to avoid a bad situation.  

An added value of being able to train in Virtual Reality is the fact that it is m
ore engaging than video training, w

hich 
can be passive and dull. Through VR training, w

orkers w
ill have a hands-on experience that is m

ore interesting and 
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 fun. It is also m

uch easier than having one-person train m
any w

orkers, as the sam
e VR training course can be used for 

all of them
.  

Aside from
 aiding the w

orkers, VR can also be used to visualize the grow
th of their crops through a virtual farm

land. 
This w

ill allow
 them

 to predict future status changes, m
aking them

 better able to m
anage their land and their crops. 

Virtual Reality, as part of Agriculture 4.0, has the ability to be of great help to farm
ers because it allow

s farm
ers to see 

their crops 'live' in real tim
e. This allow

s them
 to identify problem

s in the fields and crops before they occur. 

Exam
ple 1: https://w

w
w

.agritechtom
orrow

.com
/article/2020/11/sm

art-farm
ing-is-ready-for-augm

ented-and-
virtual-reality/12516 

Exam
ple 2: https://w

w
w

.visartech.com
/blog/how

-virtual-and-augm
ented-realities-help-agriculture/ 

D
RIVERLESS M

ACH
IN

ERY 
D

riverless m
achinery is going to change the w

ay agriculture w
orks. A driverless tractor is an agricultural vehicle that is 

capable of operating w
ithout a hum

an driver – it can drive into the field on its ow
n by using a GPS to navigate the field 

and avoid obstacles. 

This technology is designed to be available to you 24/7, and it never gets tired, unlike a hum
an. This m

eans that farm
ers 

can use it w
henever they need it, for as long as they need it, and they can even use it alongside traditional farm

ing 
m

achines. 

The use of driverless m
achinery w

ill enable inexperienced or new
 farm

ers to produce m
ore goods faster than they 

w
ould otherw

ise be able to. It w
ill also allow

 m
ore experienced farm

ers to com
plete their w

ork m
ore quickly and use 

this extra tim
e for other farm

 tasks. 
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 D

riverless m
achinery has the added benefit of w

orking w
ith data not only for the farm

 it is w
orking on but also for the 

current and near-future w
eather, w

hich m
eans it w

ill w
ork w

ithin the constraints of its farm
 and m

ake adjustm
ents 

based on the w
eather conditions. 

This is accom
plished by em

ploying high-quality sensors and cam
eras, w

hich allow
 them

 to collect data about the 
farm

's soil as w
ell as its plants. 

Even better, their cam
eras w

ill be able to determ
ine w

hether the plants encountered by the m
achinery are crops or 

w
eeds. 

Farm
ers can use m

ore precise am
ounts of fertilizer and pesticides as a result of this, m

aking their farm
s m

ore 
sustainable and cost-effective. 

As a result, both the soil and the crops are better protected than if only traditional m
ethods w

ere used, and the end 
product is of higher quality, m

aking them
 m

ore com
petitive in the m

arket. 

This type of change not only im
proves the efficiency of any farm

, but also helps to protect the environm
ent. 

Exam
ple 1: https://w

w
w

.foodandfarm
ingtechnology.com

/new
s/autonom

ous-vehicles/m
onarch-launches-w

orlds-
first-fully-electric-self-driving-tractor.htm

l 

Exam
ple 2: https://w

w
w

.yanm
ar.com

/global/about/technology/vision2/robotics.htm
l 
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ROLE OF 
GOVERNM

ENTS
 

TO FO
STERING A

GRI 4.0
 

 

Inform
ation about a num

ber of EU
 Policies and initiatives, U

N
 

initiatives, International Conferences and Sum
m

its aim
ed at 

prom
oting the concepts and benefits of Agri 4.0 and fostering 

support in im
plem

enting Agri 4.0. 

w
ritten by: 

IN
STITU

TO
 SU

PERIO
RE M

IN
U

TO
LI 
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      IN

TRO
D

U
CTIO

N 
Agriculture is a sector w

hich is supported alm
ost exclusively at European level, unlike m

ost other econom
ic sectors, 

for w
hich the responsibility lies w

ith national governm
ents. It is im

portant to have a public policy for a sector w
hich is 

responsible for guaranteeing our food security and w
hich plays a key role in the use of natural resources and the 

developm
ent of rural areas. There is a single, large European m

arket for agricultural products, in w
hich a com

m
on 

approach to support for agriculture guarantees fair conditions for farm
ers com

peting on the internal m
arket of the EU

 
and w

orldw
ide.  

In the absence of a com
m

on policy, each state m
em

ber w
ould adopt different national policies and w

ith varying 
degrees of public intervention. A Europe-w

ide strategy ensures com
m

on standards in a single m
arket; it safeguards 

progress carried out w
ith the recent reform

s aim
ed at increasing the com

petitiveness of European agriculture, and 
offers a com

m
on com

m
ercial policy, allow

ing the EU
 to speak w

ith one voice in negotiations w
ith its ow

n business 
partners w

orldw
ide.  

 ROLE OF 
GOVERNM

ENTS
 

06
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 EU

 P
O

LICIES AN
D

 IN
ITIATIVES 

The protection and developm
ent of the prim

ary sector has alw
ays played a fundam

ental role in European policies and 
it is also a priority for national and regional policies. 

O
ver 44%

 of the entire EU
 budget is used to support the Com

m
on Agricultural Policy (CAP) and rural developm

ent, 
and another 11%

 is aim
ed at supporting the research and innovation that have such a part in the agricultural and agri-

food sectors. 

The Com
m

on Agricultural Policy (CAP) accounts for around a third of the EU
 budget. 

Its m
ain goal is: 

-    
Providing EU

 citizens w
ith safe food at affordable prices 

-    
Ensuring a fair standard of living for farm

ers 

-    
Protecting natural resources and respecting the environm

ent 

The European U
nion's rural developm

ent policy w
as established as the second pillar of the Com

m
on Agricultural 

Policy prom
oting sustainable rural developm

ent w
ith the so-called 'Agenda 2000' reform

. It is co-financed by the 
European Agricultural Fund for Rural D

evelopm
ent (EAFRD

) and regional or national funds. 

Its m
ain goals are the follow

ing: 

-    
Prom

oting agricultural and forestry com
petitiveness; 

-    
Ensuring the sustainable m

anagem
ent of natural resources and clim

ate action; 

-    
O

btaining balanced territorial developm
ent of rural econom

ies and com
m

unities, including the creation and 
m

aintenance of jobs. 
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 In step w

ith the U
nion's com

m
itm

ent to execute the Paris Agreem
ent and the U

nited Nations Sustainable 
D

evelopm
ent Goals, actions under the CAP are expected to contribute 40 per cent of the overall CAP budget to 

clim
ate action. The CAP’s contribution to the EU

's rural developm
ent objectives is supported by the European 

agricultural fund for rural developm
ent (EAFRD

). The EAFRD
 budget for 2021-27 am

ounts to €95.5 billion, w
hich 

includes an injection of €8.1 billion from
 the next generation EU

 recovery instrum
ent to help address the challenges 

provoked by the CO
VID

-19 pandem
ic. 

The future CAP w
ill foster better investm

ent in know
ledge and innovation, and enable farm

ers and agricultural 
com

m
unities to benefit from

 it. The m
ain tool supporting innovation under the new

 CAP w
ill continue to be the 

European Innovation Partnership (EIP-AGRI), especially by m
eans of the support of strategic innovation projects 

carried out by operational groups. The EIP-AGRI innovation approach pays exclusive attention to know
ledge 

exchange, in w
hich all actors are interactively involved in the process.  

Technological innovation is the only w
ay to achieve sustainable com

petitiveness. Therefore, tools such as Assisted 
Evolution Technologies (TEA) or precision farm

ing can undoubtedly m
ake a valid contribution in this direction, alw

ays 
bearing in m

ind that there is no single solution to this joint challenge am
ong sustainability, scarcity of resources, 

increased food dem
and and contextual com

petitiveness of com
panies. 

Agriculture 4.0
, in this regard, allow

s not only to recover efficiency thanks to savings in production costs that, for 
extensive crops such as com

m
on w

heat, reach up to 15%
 per hectare, but also a greater productivity that can reach a 

+ 10%
. This results not only in an increase in profitability for the farm

er (econom
ic sustainability) but also in a low

er 
environm

ental im
pact, thanks to the use of agro-pharm

aceuticals, fertilizers and w
ater according to the real needs of 

the cultivated plants (environm
ental sustainability). 
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 Thanks to the strategy called the European Green D

eal, the European U
nion aim

s at achieving clim
ate neutrality by 

2050, that is, net-zero greenhouse gas em
issions. Achieving this goal w

ill require a transform
ation of Europe's society 

and econom
y, w

hich m
ust be cost-effective, fair and socially balanced. This is certainly an am

bitious goal that, in order 
to be achieved, requires significant interventions attributable to an action plan that affects all econom

ic and productive 
sectors, prim

arily agriculture. For this sector, indeed, tw
o strategies have been defined (Farm

 to Fork and Biodiversity) 
declined on a series of objectives im

plying, in general, "sustainable" production approaches, that is to say, approaches 
able to protect natural resources to avoid their degradation. 

Called upon to m
ake a decisive contribution to the im

plem
entation of the new

 Green D
eal, European agriculture w

ill 
have to com

ply w
ith a series of new

 rules, w
hich translate into environm

entally friendly agricultural practices to w
hich 

a quarter of European aid w
ill be tied. Green practices w

ill be chosen w
ithin a m

enu set at EU
 level and that individual 

M
em

ber States w
ill then have to decline in national strategic plans, the heart and real challenge of the reform

, to 
ensure governance to the 350 billion allocated to the sector by the EU

 budget. 

According to the Com
m

ission’s proposals for the future of the com
m

on agricultural policy, rural developm
ent actions 

w
ill be included w

ithin the fram
ew

ork of national CAP strategic plans from
 2023 on.   

W
ithin this fram

ew
ork, the European Com

m
ission aim

s at m
aking rural developm

ent actions m
ore efficient and 

reactive to present and future challenges such as clim
ate change and generational innovation, w

hile continuing to 
support European farm

ers for a sustainable and com
petitive agricultural sector. Agricultural developm

ent actions w
ill 

also strongly contribute to the Com
m

ission’s m
ajor priorities and strategies, such as the European Green D

eal and the 
long-term

 vision for stronger, connected and prosperous rural areas. The aim
 is to better identify and take into 

consideration the potential im
pact and im

plication of European policy initiatives on rural jobs, grow
th and sustainable 

developm
ent.  
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 U

N
 IN

ITIATIVES, C
O

N
FEREN

CES, S
U

M
M

ITS 
Three im

portant Sum
m

its aim
ed at prom

oting Sustainable Agriculture w
ere held in Septem

ber and O
ctober 2021 in 

the U
N and Europe. 

 The FAO
 Food System

s Sum
m

it, held during the U
N General Assem

bly in New
 York on 23 Septem

ber 20
21 w

as 
aim

ed at prom
oting concrete actions to achieve the zero hunger goal and set the stage for global food system

s 
transform

ation to achieve the Sustainable D
evelopm

ent Goals (SD
Gs) by 2030. For this reason, five action areas w

ere 
developed to observe good practices around the w

orld and prom
ote them

: feeding all people, prom
oting nature-

based solutions for production, building resilience against vulnerability, shocks and stresses, prom
oting conditions fair 

w
ork for w

orkers and give com
m

unities a voice. The action areas recognize that efforts m
ust respond to country 

priorities, w
hile facilitating the im

pact of large-scale system
s, including through m

ulti-stakeholder initiatives, locally, 
nationally and globally. At the sam

e tim
e, taken together, these action areas can dem

onstrate w
hat a system

ic and 
integrated action looks like, as foreseen in the 2030 Agenda. To be effective, the priority action should be anchored 
to the science, evidence and know

ledge that em
erged during the Sum

m
it. 

The Sum
m

it, w
hich saw

 nearly 300 com
m

itm
ents from

 hundreds of thousands of people from
 around the w

orld and 
across all constituencies, aim

ed at m
otivating accelerated action to achieve the Sustainable D

evelopm
ent Goals, 

prom
oting an inclusive recovery from

 Covid-19 through the pow
er of food and transform

ing food system
s.  It gave 

rise to several m
ulti-stakeholders’ initiatives led by civil society, farm

ers, w
om

en, youth and indigenous groups to bring 
about tangible, positive changes to the w

orld’s food system
s. As a people’s sum

m
it and a solutions sum

m
it, it 

recognized that everyone, everyw
here m

ust take action and w
ork together to transform

 the w
ay the w

orld produces, 
consum

es, and thinks about food. 
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 It also aim

ed to provide a platform
 for am

bitious new
 actions, innovative solutions, and plans to transform

 food 
system

s in order to deliver progress across all of the SD
Gs. Its objectives and outcom

es included the follow
ing: 

● Raise aw
areness of food system

s' centrality to the entire sustainable developm
ent agenda, and the urgency of 

transform
ing food system

s, particularly follow
ing a global pandem

ic; 

● Join stakeholders together around a com
m

on understanding of a food system
 fram

ew
ork as a foundation for a 

com
bined action, m

aking food and food system
s a m

ore w
idespread issue for prom

otion and achievem
ent of 

effective sustainable developm
ent action to be reached by the 2030 Agenda; 

● Recognize the need for inclusivity and innovation in food system
s governance and action; 

● M
otivate and encourage stakeholders w

ho support food system
s transform

ation through the developm
ent of 

im
proved tools, m

easurem
ent, and analysis;  

● Encourage, expedite, and expand bold action for the transform
ation of food system

s by all com
m

unities, 
including countries, cities, com

panies, civil society, citizens, and food producers. 

By fulfilling all these objectives, the 2021 Food System
s Sum

m
it aim

s to transform
 global food system

s and put the 
w

orld on a new
 trajectory w

ithin a generation. 

  Sustainability of agricultural and food system
s w

as also the central them
e of the G20 on Agriculture 4.0

 w
hich w

as 
held under the Italian Presidency in Florence on 17 and 18 Septem

ber 20
21 and it ended w

ith the adoption of a Joint 
D

eclaration reaffirm
ing the com

m
itm

ent to achieve food security in the fram
ew

ork of the three dim
ensions of 

sustainability: econom
ic, social and environm

ental. 
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 To achieve food security and nutrition for all, ensuring sustainable and resilient food system

s leaving no one behind, 
the G20 M

inisters reaffirm
ed their intention to reach the goal of zero hunger, w

hich is also threatened by the 
consequences of Covid-19. They recognized that sustainable and resilient food system

s are fundam
ental for food 

security and nutrition, contributing to healthy and balanced diets, poverty eradication, sustainable m
anagem

ent of 
natural resources, conservation and protection of ecosystem

s and clim
ate change m

itigation and adaptation. 

For G20 M
inisters, clim

ate change, extrem
e w

eather events, parasites, anim
al and plant pests and diseases and 

distressing events such as the Covid-19 pandem
ic require coordinated actions able to produce effective results. They 

recognized that, despite global efforts, hunger is rising and the m
ultilateral effects of the CO

VID
-19 pandem

ic are 
increasing food insecurity and m

alnutrition. This is the reason w
hy they underlined the im

portance of strengthening 
the cooperation betw

een G20 m
em

bers and developing countries on food and agriculture in order to share know
ledge 

and help developing the internal production capacities best suited to local needs, thus contributing to the resilience 
and recovery of agriculture and rural com

m
unities. 

By signing the “Food System
 Sustainability Charter” they all agreed to adopt no unreasonable restrictive m

easures 
that could result in extrem

e instability of food prices in international m
arkets, thus threatening food security. They 

underlined the im
portance of an open, crystalline, predictable, and non-discrim

inatory m
ultilateral trading system

 in 
accord w

ith W
orld Trade O

rganization (W
TO

) rules, to im
prove m

arket predictability, increase business confidence, 
let agri-food trade m

ove w
ith no obstacles so as to contribute to food security and nutrition and prom

ote effective 
actions in sustainable agriculture and food system

s to ensure m
easurable progress tow

ards the 2030 Agenda for 
Sustainable D

evelopm
ent.  

   



 

67 
 The seventh Agrievolution W

orld Sum
m

it w
as held in M

adrid on 1 and 2 O
ctober 20

21 w
ith the participation of 120 

delegates from
 15 countries. The m

eeting, w
hich saw

 the participation of 18 "key speakers", w
as dedicated precisely to 

the topic of specialized crops, as w
ell as to education and vocational training in the m

echanical-agricultural field. A 
w

ide-ranging m
eeting, that of M

adrid, since Agrievolution is the international body that brings together the 
m

anufacturers of agricultural m
achinery (15 associations representing six thousand m

anufacturers) and w
hich thus 

confirm
s itself as a reference point for know

ledge and the developm
ent of agricultural m

echanics w
orldw

ide. At the 
centre of the sum

m
it w

ere the new
 eating styles and the grow

th of specialized crops.  

The w
orld dem

and for fruit and vegetables is constantly grow
ing, and this has consequences on the destination of 

agricultural land and on the m
arket for specialized crop m

achinery. For farm
ers, the boom

 in specialized crops opens 
up new

 opportunities in term
s of higher added value productions; and for the agricultural m

echanization sector, this 
grow

th represents an im
portant challenge, w

hich is played out not only on the level of productivity, but above all on 
that of sustainability. In short, the phenom

enon of crop diversification m
ust becom

e salient for the agricultural 
m

echanical industry, w
hich m

ust deal w
ith it effectively. Along w

ith agricultural diversification, specialized crops can 
be one of the answ

ers to the challenges of food self-sufficiency and clim
ate change. 

 The containm
ent of greenhouse gases, the shortage of w

ater resources, the im
pact of chem

ical products on the 
environm

ent and of processing on the quality of the soils, are salient issues builders m
ust pay great attention to and 

w
hich can be effectively addressed precisely w

ith design and construction of innovative m
achines. If agriculture 4.0 is 

already a reality, if the "electrification" of m
echanical m

eans w
ill be m

ore and m
ore effective in the years to com

e, the 
next step in technological innovation is linked to the transition from

 autom
ation to autonom

y, in particular to the 
large-scale use of artificial intelligence. The w

ork on the field w
ill be enhanced thanks to the sensors installed on the 

agriculture equipm
ent, like tractors, w

hich, by prom
ptly m

onitoring conditions and operating param
eters, w

ill be able 
to obtain all the inform

ation necessary to optim
ally m

anage the tractor-im
plem

ent com
bination.  
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