
21. S. K. Shukla et al., “Prediction and Validation of Gold Nanoparticles (GNPs) on 
Plant Growth Promoting Rhizobacteria (PGPR): A Step toward Development of 
Nano-Biofertilizers,” Nanotechnol. Rev., vol. 4, no. 5, pp. 439–448, Oct. 2015, doi: 
10.1515/ntrev-2015-0036.  

22. C. O. Dimkpa, J. E. McLean, N. Martineau, D. W. Britt, R. Haverkamp, and A. J. 
Anderson, “Silver Nanoparticles Disrupt Wheat (Triticum aestivum L.) Growth in a 
Sand Matrix,” Environ. Sci. Technol., vol. 47, no. 2, pp. 1082–1090, Jan. 2013, doi: 
10.1021/es302973y.  

23. H. Chai et al., “The Effect of Metal Oxide Nanoparticles on Functional Bacteria and 
Metabolic Profiles in Agricultural Soil,” Bull. Environ. Contam. Toxicol., vol. 94, 
no. 4, pp. 490–495, 2015, doi: 10.1007/s00128-015-1485-9.  

24. C. Cherchi and A. Z. Gu, “Impact of Titanium Dioxide Nanomaterials on Nitrogen 
Fixation Rate and Intracellular Nitrogen Storage in Anabaena variabilis,” Environ. 
Sci. Technol., vol. 44, no. 21, pp. 8302–8307, Sep. 2010, doi: 10.1021/es101658p.  

25. Y. S. El-Temsah and E. J. Joner, “Impact of Fe and Ag Nanoparticles on Seed 
Germination and Differences in Bioavailability During Exposure in Aqueous 
Suspension and Soil,” Environ. Toxicol., vol. 27, no. 1, pp. 42–49, Jan. 2012, doi: 
10.1002/tox.20610.  

26. C. Anjali, Y. Sharma, A. Mukherjee, and N. Chandrasekaran, “Neem oil (Azadirachta 
indica) Nanoemulsion – a Potent Larvicidal Agent against Culex quinquefasciatus,” 
Pest Manag. Sci., vol. 68, no. 2, pp. 158–163, Feb. 2012, doi: 10.1002/ps.2233.  

27. H. Safarpour et al., “Development of a Quantum Dots FRET-Based Biosensor for 
Efficient Detection of Polymyxa betae,” Can. J. Plant Pathol., vol. 34, no. 4, 
pp. 507–515, 2012, doi: 10.1080/07060661.2012.709885.  

28. A. C. N. da Silva et al., “Nanobiosensors Based on Chemically Modified AFM 
Probes: A Useful Tool for Metsulfuron-Methyl detection,” Sensors (Switzerland), 
vol. 13, no. 2, pp. 1477–1489, 2013, doi: 10.3390/s130201477.  

29. A. Walter, R. Finger, R. Huber, and N. Buchmann, “Opinion: Smart Farming Is Key 
to Developing Sustainable Agriculture,” Proc. Natl. Acad. Sci. U. S. A., vol. 114, 
no. 24, pp. 6148–6150, June 2017, doi: 10.1073/pnas.1707462114.  

30. H. Xiong, T. Dalhaus, P. Wang, and J. Huang, “Blockchain Technology for 
Agriculture: Applications and Rationale,” Front. Blockchain, vol. 3, p. 7, Feb. 
2020, doi: 10.3389/fbloc.2020.00007.  

31. D. Kaske, Z. S. K. Mvena, and A. S. Sife, “Mobile Phone Usage for Accessing 
Agricultural Information in Southern Ethiopia,” J. Agric. Food Inf., vol. 19, no. 3, 
pp. 284–298, Jul. 2018, doi: 10.1080/10496505.2017.1371023.  

32. S. Kaddu and E. N. Haumba, “Promoting ICT Based Agricultural Knowledge 
Management for Increased Production by Smallholder Rural Farmers in Uganda: A 
Case of Communication and Information Technology for Agriculture and Rural 
Development (CITARD), Butaleja,” in Proceedings of the 22nd Standing 
Conference of Eastern, Central and Southern Africa Library and Information 
Associations (SCECSAL XXII), Butaleja, 2016, pp. 243–252.  

33. Z. A. Collier, M. E. Bates, M. D. Wood, and I. Linkov, “Stakeholder Engagement in 
Dredged Material Management Decisions,” Sci. Total Environ., vol. 496, 
pp. 248–256, Oct. 2014, doi: 10.1016/j.scitotenv.2014.07.044.  

34. M. Iansiti and K. R. Lakhani, “The Truth about Blockchain,” Harvard Bus. Rev. , 
pp. 118–127, Jan.-Feb., 2017.  

35. O. Bermeo-Almeida, M. Cardenas-Rodriguez, T. Samaniego-Cobo, E. Ferruzola- 
Gómez, R. Cabezas-Cabezas, and W. Bazán-Vera, “Blockchain in Agriculture: A 
Systematic Literature Review,” in Communications in Computer and Information 
Science, 2018, vol. 883, pp. 44–56, doi: 10.1007/978-3-030-00940-3_4. 

Agriculture 5.0 – The Future                                                                 201 

http://dx.doi.org/10.1515/ntrev-2015-0036
http://dx.doi.org/10.1021/es302973y
http://dx.doi.org/10.1007/s00128-015-1485-9
http://dx.doi.org/10.1021/es101658p
http://dx.doi.org/10.1002/tox.20610
http://dx.doi.org/10.1002/ps.2233
http://dx.doi.org/10.1080/07060661.2012.709885
http://dx.doi.org/10.3390/s130201477
doi: 
http://dx.doi.org/10.1073/pnas.1707462114
http://dx.doi.org/10.3389/fbloc.2020.00007
http://dx.doi.org/10.1080/10496505.2017.1371023
http://dx.doi.org/10.1016/j.scitotenv.2014.07.044
http://dx.doi.org/10.1007/978-3-030-00940-3_4


36. Zebi, “How Blockchain Can Revolutionize the Agriculture Industry,” June 2018. 
[Online]. Available: https://medium.com/@Zebidata/how-blockchain-can-revolutionize- 
the-agriculture-industry-691d630dac61. [Accessed: 28-June-2020].  

37. “Blockchain in Agriculture – Improving Agricultural Techniques.” [Online]. 
Available: https://www.leewayhertz.com/blockchain-in-agriculture/. [Accessed: 28- 
June-2020].  

38. S. Mire, “Blockchain in Agriculture: 10 Possible Use Cases – Disruptor Daily,” 
Sep-2018. [Online]. Available: https://www.disruptordaily.com/blockchain-use- 
cases-agriculture/. [Accessed: 28-June-2020].  

39. A. S. Patil, B. A. Tama, Y. Park, and K. H. Rhee, “A Framework for Blockchain 
Based Secure Smart Green House Farming,” in Lecture Notes in Electrical 
Engineering, 2018, vol. 474, pp. 1162–1167, doi: 10.1007/978-981-10-7605-3_185.  

40. J. Chod, N. Trichakis, G. Tsoukalas, H. Aspegren, and M. Weber, “Blockchain and 
the Value of Operational Transparency for Supply Chain Finance,” SSRN Electron. 
J., Sep. 2018, doi: 10.2139/ssrn.3078945.  

41. V. Gatteschi, F. Lamberti, C. Demartini, C. Pranteda, and V. Santamaría, 
“Blockchain and Smart Contracts for Insurance: Is the Technology Mature Enough?,” 
Futur. Internet, vol. 10, no. 2, p. 20, Feb. 2018, doi: 10.3390/fi10020020.  

42. Y.-P. Lin et al., “Blockchain: The Evolutionary Next Step for ICT E-Agriculture,” 
Environments, vol. 4, no. 3, p. 50, Jul. 2017, doi: 10.3390/environments4030050.  

43. “8 Blockchain Startups Disrupting the Agricultural Industry.” [Online]. Available: 
https://www.startus-insights.com/innovators-guide/8-blockchain-startups-disrupting- 
the-agricultural-industry/. [Accessed: 28-June-2020].  

44. F. Firouzi and B. Farahani, “Architecting IoT Cloud,” in Intelligent Internet of 
Things, F. Firouzi, K. Chakrabarty, and S. Nassif, Eds. Cham: Springer, 
pp. 173–241, 2020.  

45. F. Bonomi, R. Milito, J. Zhu, and S. Addepalli, “Fog Computing and Its Role in the 
Internet of Things,” in Proceedings of the First Edition of the MCC Workshop on 
Mobile Cloud Computing – MCC ’12, 2012, p. 13, doi: 10.1145/2342509.2342513.  

46. B. Farahani, F. Firouzi, V. Chang, M. Badaroglu, N. Constant, and K. Mankodiya, 
“Towards Fog-Driven IoT eHealth: Promises and Challenges of IoT in Medicine 
and Healthcare,” Futur. Gener. Comput. Syst., vol. 78, pp. 659–676, Jan. 2018, doi: 
10.1016/j.future.2017.04.036.  

47. N. Balac, “Big Data,” in Intelligent Internet of Things. Cham: Springer International 
Publishing, 2020, pp. 315–356.  

48. R. Kashef, “Adopting Big Data Analysis in the Agricultural Sector: Financial and 
Societal Impacts,” in Internet of Things and Analytics for Agriculture, Vol 2, P. K. 
Pattnaik, R. Kumar, and S. Pal, Eds.  Singapore: Springer, pp. 131–154, 2020.  

49. P. Amirian, F. van Loggerenberg, and T. Lang, “Big Data and Big Data 
Technologies,” 2017, pp. 39–58.  

50. P. Amirian et al., “Using Big Data Analytics to Extract Disease Surveillance 
Information from Point of Care Diagnostic Machines,” Pervasive Mob. Comput., 
vol. 42, pp. 470–486, Dec. 2017, doi: 10.1016/j.pmcj.2017.06.013.  

51. Doug Laney, ““3D Data Management: Controlling Data Volume, Velocity, and 
Variety,” Feb. 2001.  

52. R. Patgiri and A. Ahmed, “Big Data: The V’s of the Game Changer Paradigm,” in 
2016 IEEE 18th International Conference on High Performance Computing and 
Communications; IEEE 14th International Conference on Smart City; IEEE 2nd 
International Conference on Data Science and Systems (HPCC/SmartCity/DSS), 
2016, pp. 17–24, doi: 10.1109/HPCC-SmartCity-DSS.2016.0014. 

202                                                                                  Agriculture 5.0 

https://medium.com
https://medium.com
https://www.leewayhertz.com
https://www.disruptordaily.com
https://www.disruptordaily.com
http://dx.doi.org/10.1007/978-981-10-7605-3_185
http://dx.doi.org/10.2139/ssrn.3078945
http://dx.doi.org/10.3390/fi10020020
http://dx.doi.org/10.3390/environments4030050
https://www.startus-insights.com
https://www.startus-insights.com
http://dx.doi.org/10.1145/2342509.2342513
http://dx.doi.org/10.1016/j.future.2017.04.036
http://dx.doi.org/10.1016/j.pmcj.2017.06.013
http://dx.doi.org/10.1109/HPCC-SmartCity-DSS.2016.0014


53. M. F. Uddin and N. Gupta, “Seven V’s of Big Data understanding Big Data to 
extract value,” in Proceedings of the 2014 zone 1 conference of the American 
Society for Engineering Education, 2014, pp. 1–5.  

54. “The 7 Pillars of Big Data, Petroleum Review Magazine – Jan 2015,” Petroleum 
Review, Jan-2015. [Online]. Available: https://www.landmark.solutions/Portals/O/ 
LMSDocs/Whitepapers/The_7_pillars_of_Big_Data_Whitepaper.pdf. [Accessed: 
23-June-2020].  

55. Y. Demchenko, C. de Laat, and P. Membrey, “Defining Architecture Components of 
the Big Data Ecosystem,” in 2014 International Conference on Collaboration 
Technologies and Systems (CTS), 2014, pp. 104–112, doi: 10.1109/CTS.2014.6867550.  

56. X. Jin, B. W. Wah, X. Cheng, and Y. Wang, “Significance and Challenges of Big 
Data Research,” Big Data Res., vol. 2, no. 2, pp. 59–64, June 2015, doi: 10.1016/j. 
bdr.2015.01.006.  

57. EILEEN MCNULTY, “Understanding Big Data: The Seven V’s – Dataconomy,” 
DATACONOMY, 24-May-2014. [Online]. Available: https://dataconomy.com/ 
2014/05/seven-vs-big-data/. [Accessed: 23-June-2020].  

58. R. Patgiri and A. Ahmed, “Big Data: The V’s of the Game Changer Paradigm,” in 
Proceedings – 18th IEEE International Conference on High Performance Computing 
and Communications, 14th IEEE International Conference on Smart City and 2nd 
IEEE International Conference on Data Science and Systems, HPCC/SmartCity/DSS 
2016, 2017, pp. 17–24, doi: 10.1109/HPCC-SmartCity-DSS.2016.0014.  

59. C. L. Philip Chen and C. Y. Zhang, “Data-Intensive Applications, Challenges, 
Techniques and Technologies: A Survey on Big Data,” Inf. Sci. (Ny)., vol. 275, 
pp. 314–347, Aug. 2014, doi: 10.1016/j.ins.2014.01.015.  

60. Abhinav Rai, “What is Big Data – Characteristics, Types, Benefits & Examples 2019,” 
upGrad blog, 06-May-2020. [Online]. Available: https://www.upgrad.com/blog/what-is- 
big-data-types-characteristics-benefits-and-examples/. [Accessed: 23-June-2020].  

61. “Difference between Structured, Semi-Structured and Unstructured Data – 
GeeksforGeeks.” [Online]. Available: https://www.geeksforgeeks.org/difference- 
between-structured-semi-structured-and-unstructured-data/. [Accessed: 23-June-2020].  

62. “Semi-Structured Data Is Information that Does Not Reside in a Relational 
Database but that Have Some Organizational Properties that Make It Easier to 
Analyze.” [Online]. Available: https://www.bigdataframework.org/data-types- 
structured-vs-unstructured-data/. [Accessed: 23-June-2020].  

63. J. Dill, “Big Data,” in Data Science and Visual Computing, Cham: Springer, 
pp. 11–31, 2019.  

64. “Big Data – Wikipedia.” [Online]. Available: https://en.wikipedia.org/wiki/Big_ 
data#Applications. [Accessed: 23-June-2020].  

Agriculture 5.0 – The Future                                                                 203 

https://www.landmark.solutions
https://www.landmark.solutions
http://dx.doi.org/10.1109/CTS.2014.6867550
http://dx.doi.org/10.1016/j.bdr.2015.01.006
http://dx.doi.org/10.1016/j.bdr.2015.01.006
https://dataconomy.com
https://dataconomy.com
http://dx.doi.org/10.1109/HPCC-SmartCity-DSS.2016.0014
http://dx.doi.org/10.1016/j.ins.2014.01.015
https://www.upgrad.com
https://www.upgrad.com
https://www.geeksforgeeks.org
https://www.geeksforgeeks.org
https://www.bigdataframework.org
https://www.bigdataframework.org
https://en.wikipedia.org
https://en.wikipedia.org


http://taylorandfrancis.com
http://taylorandfrancis.com


10 Social and Economic 
Impacts   

10.1 SOCIETAL AND ECONOMIC IMPACT OF AI, ML,  
AND IoT IN INTELLIGENT PRECISION FARMING 

The world population is projected to attain an 8.6 billion mark in 2030 [1], with 
India and China being the most populated countries. To feed the growing popu
lace, stress and over-exploitation of arable lands have maximized. Due to the 
urbanization and growth of Industry 4.0, more agricultural land is rendered barren 
and occupied for manufacturing and production units. Unscientific methods, 
substandard chemicals, and fertilizers, natural calamities, global warming, and 
untimely locust attacks are only a few challenges that farmers and food production 
in the socio-economic class experience. With the introduction of Agriculture 4.0 or 
smart precision farming, a ray of hope shines to avert the above effects. The 
contribution of the agricultural industry to the world economy will increase. The 
potential of AI/ML/IoT and the benefits mankind can reap from these have already 
been explained in detail in the previous chapters. The societal and economic 
impacts of these precision tools and techniques can be summarized as:  

• The usage of ICT such as AI/ML/IoT/smartphones in agribusiness has 
helped in the betterment of daily farming operations as well as in long-term 
strategic decisions. 

• These approaches will assist in the reduction of harsh effects on the en
vironment as inputs will be applied in the right amount, in the right 
quantity, at the right time, and at the right place.  

• Higher net value in terms of yield and profit will be promoted.  
• Multiple crop fields that are located apart can be managed under one roof.  
• There exist integrated management of livestock and farming for better 

management and decision-making.  
• Spatial and temporal assessment and management within the field has now 

become convenient.  
• Management of robots, drones, and other machinery has become easy and 

remotely controllable.  
• Keeping watch on desertification, leaching, rains, trespassing, and poaching 

is easy and affordable. 
• Accurate forecasting and prediction models benefit the farmers in sche

duling activities depending on the mood of nature and climate vagaries.  
• Market and mandi price checks have helped in fetching the right amount 

for the yields. 
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• Organic farming has flourished by imbibing these environment-friendly 
technologies [2]. 

• Labor costs, timely weather forecasts, site-specific and variable-rate ap
plication, and crop loss reduction are the most motivating contributions of 
these sustainable tools towards the entire society.  

• Conservation of natural resources, like land and water, has been possible at 
a larger scale.  

• With a progressive decision support system, Agriculture 5.0 has combined 
advanced software-based information technology and farm management 
with physical observations and planning in the field to formulate detailed 
geographically specific action plans.  

• With geo-positioning systems, agricultural machinery is enabled to execute 
plans.  

• Record-keeping and keeping track of events for past years is accessible via 
the internet or offline.  

• Analytics and modeling of acres of land using web, cloud-based decisions, 
and crop monitoring systems are now possible. 

10.2 EXISTENCE OF FORUMS FOR INNOVATION  
AND COMMERCIALIZATION OF INTELLIGENT  
PRECISION FARMING TECHNOLOGY (IPFT) 

Intelligent Precision Farming Technology (IPFT) are not readily adopted by the 
farmers due to many reasons, including [3], [4]:  

• Smaller farm size or sparsely located marginal farmers  
• Low income and fear of investing in these tools  
• Restricted extension of such tools and techniques to rural areas to motivate 

users and relate the various benefits  
• Preparedness of entrepreneurs, startups, and other reputable companies to 

work for the flourish, cost reduction, universal access, and progress of such 
tools and technology  

• Confined subsidies and costly loans for investments in adopting these latest 
ICTs [5]. 

Salient reasons for the crisis in agricultural production and painful farmer sui
cides all over the world, particularly in India, include economically and physi
cally investing more in crops and while attaining lesser outputs, cropping 
patterns, monsoon vagaries, lack of irrigation in summer, droughts, fewer market 
values, inadequate storage facilities, low-grade seeds, and low-quality biocides 
and fertilizers [6]. All of these issues need to be addressed at global platforms. 
With increasing dependency on farm productions, India still thrives on in
troducing technological advancements in the farming sector in dealing with gaps, 
production increment, supply chain, logistics and warehousing, and meeting the 
demands of the population [6] as shown in Figure 10.1. Many prominent forums 
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and policies cooperated to support the agricultural industry all over the world, 
India included. The United Nations Food and Agriculture Organization has 
collaborated with most of the African, Gulf countries, and other ranked agri
cultural business organizations to discuss and share innovative methods, tools, 
and successful experiences in using emerging technologies or replacing tradi
tional farming with Agriculture 5.0. Innovators, investments plans, profitable 
ways of market engagement, import-export information, and partnerships are 
deliberated to foster the growth of the latest tools at the disposal of practitioners, 
entrepreneurs, and decision-makers with the help of the Global Forum on 
Agricultural Research(GFAR) [7] and the Consultative Group on International 
Agricultural Research (CGIAR). Young men and women are nurtured and mo
tivated to practice the use of disruptive technologies and transformed them into 
employed entrepreneurs [8]. European countries [9] and the US enjoy the most 
modernized type of farming. 

To cope with suffering crop loss in order to show support to farmers and to 
provide a catalyst for the grower community, the Indian Council of Agricultural 
Research (ICAR) has pioneered a chain of programs with more impetus from the 
Government of India. Many Abhiyan, district-level Krishi Kendra’s [10], con
sortiums for e-resources [11], web and mobile app[12]-based advisory systems, 
weather forecasts [13], disease prediction, knowledge management portals, and 
repositories of experimental and geospatial for various crops [14], [15], their 
import-export data, production data at state levels and research publications, and 
reports have been maintained to aid researchers and innovators in finding 

FIGURE 10.1 Agri-Commodity Value Chain India [22].  
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solutions. Introduction of bridge courses on precision farming, AI/IoT or the data 
science domain for non-computer sciences background students [16], and 
Agriculture 5.0 tools and techniques by NAHEP, the National Academy of 
Agricultural Sciences (NAAS), and the Indian National Agricultural Research 
System (NARS) [17] are preparing young engineers to be inclined towards this 
new age of farming and are empowering people to use this to double farmer 
income. Seminars, Kisan Melas, workshops, and meet-ups play a vital role in 
spreading the word. ICAR has entered into more than 57 MoUs with world- 
renowned agricultural institutes and is part of numerous multinational co
operations like BRICS, IBSA, SAARC, and more. [18]. World tech giants like 
IBM, Intel, and Microsoft are now partnering with farmers and using the AI/ML- 
based strategies to maximize production. The International Crop Research 
Institute for Semi-Arid Tropics (ICRISAT) is working with Microsoft to develop 
an AIs owing app to send sowing advisories to farmers by informing them of 
the optimal date to sow [19]. NASSCOM, in collaboration with the Government 
of Karnataka, UP, Gujrat, and Haryana, is helping the incubation of start-ups in 
the area of AI and IoT and is providing modern solutions even for small land
owners [20]. The National Institution for Transforming India (NITI) Aayog, 
upon realizing the potential of AI, started an initiative called “AI FOR ALL” in 
2018 in order to extract and reap the benefits of agriculture [21], [22]. The 
government of India has signed an MOU with IBM to use AI to secure the 
farming capabilities of Indian farmers. The pilot study will be conducted in states 
like Madhya Pradesh, Gujarat, and Maharashtra. In an attempt to push and secure 
innovative technologies in agriculture, the government of India has also launched 
another initiative – AGRI-UDAAN. 

Maha Agri Tech Project uses satellite images and the data analysis done by 
Maharashtra Remote Sensing Application Center (MRSAC) and the National 
Remote Sensing Center (NRSC) to assess the area of land and the conditions of 
selected crops in certain talukas. 

10.2.1 COST-BENEFIT ANALYSIS OF IPFT 

Cost-benefit analysis (CBA) is a systematic way of estimating the strong and 
weak features of a suitable alternate option, which has the capacity to provide 
benefits at a low cost. CBA is useful in comparing the value of the cost of a 
decision or policy against an investment task. 

The most economic advantage of IPFT is the availability of site-specific 
applications: catering to high in-field variability, early information of pests, 
disease attacks, and soil nutrients, and cutting down of labor force [23]. Thus, the 
use of extra inputs and, therefore, higher yields will help farmers in achieving 
acceptable economic benefits, and the marginal profit should be higher than 
marginal cost investments. To provide financial benefits, minute and precise 
information about the field are collected using satellites and sensors mounted on 
drones or UAVs. Once analyzed, the data once serves as an aid to farmers in 
understanding the crop and taking care of it, as required. These technologies 
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require a fair investment of money that only farmers with many hectares of land 
can afford (as done in Europe and the USA), but some similar free or 
government-sponsored solutions are also available for small landholders. 

Figure 10.2 demonstrates the benefits of applying the following PA tech
nologies at three different implementation levels: 

Level 1: Autosteering with Real-Time Kinematics (RTK) 
Level 2: Autosteering with RTK and Section Control of Sprayer 
Level 3: Autosteering with RTK and Cection Control of Sprayer and 

Fertilizer Spreader 
The benefits are higher irrespective of cost spent in the case of large hectares 

of arable land. Small farmers can gain access to these advanced machines and 
technologies by custom hiring of these machines. However, financing of long- 
term loans for this must be scaled up. Market reforms are quite crucial because 
they play a critical role in helping a farmer to directly attain the true value, 
without having to split finances with market intruders or dealers. Availability of 
agro-processing units will help the farmer to gain more value for their crops 
while avoiding any damage caused in storage and transportation. Foreign direct 
investments in both technology purchase and crop production will definitely 
attain more benefits. 

10.2.2 LIKELINESS OF FARMERS TOWARDS THE TECHNOLOGY  

ICAR–NAARM POLICY 

The terms “smart farming” and “Agriculture 5.0” are in the early stages of de
velopment. These two terms can be referred to as umbrella terms under which 
the implementation of advanced communication, monitoring, real-time, imaging 
technologies in diverse tasks of agriculture. With cost reduction in electronic 
gadgets like laptops, desktops, smartphones, and sophisticated, built-in, tiny 
instruments, this is, therefore, made affordable for every farmer. Farmers, in
cluding young, educated men and women in Europe, the United States, and other 
OECD countries are exploiting their usage at a rather impressive rate [25]. 
Attempts made by research to survey the likeliness of farmers towards IPFT 
were studied. In a survey [23], 16% of Danish farmers adopted the use of real- 
time tractors and harvesters, and almost 45% of the land was cultivated using 
these systems. There was a reported 3% usage of UAVs, and satellite images 
were used for fertilizer, seeding, and pesticide application. Similar trends were 
observed among the farmers of Australia, North America, the US (who used 
satellite and air photos), the UK (variable-rate application technologies), and 
Sweden [26]. It was also discovered that people below the age of 40 years were 
mostly enthusiastic about the incorporation of IPFT. In a market report from the 
European Union, it was predicted that the use of driverless and GPS-enabled 
tractors will flourish by up to 35% in 2020, while the prices of these devices will 
fall by 30% [27]. 

In India, a questionnaire survey conducted by the ICAR-NAARM (National 
Academy of Agricultural Research Management) in 2018 [28] studied the 
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inception and popularity of the revolution of IPFT among the farmers, re
searchers, and young entrants. It was identified that about 34% of the re
spondents were aware of AI and IoT, but only 28% of them were knowledgeable 
about their applications in agriculture. The growth in innovative ideas and app 
and software development using AI and IoT started to develop. 

10.2.2.1 Farmers Perception and Concern 
Although the adoption of IPFT is growing at a rapid rate, there are still some 
concerns that aggravate the farmers about the use and purchase of such tech
nologies. These issues are expounded below:  

• Cost is the most critical parameter that determines the attitudes of farmers. 
Financial commitment towards technologies of less cost and with bundled 
features of visible benefits are considered a good choice. Moreover, 
farmers appreciate systems that are free of costs.  

• Lack of awareness and trust in the efficacy of automated technology is still 
keeping them at bay.  

• Machinery is of huge size.  
• There exists a fear of purchasing farm machinery or other instruments with 

no scope of upgrade, thus rendering them obsolete. Thus, these turn into a 
burden and a cause of demotivation.  

• The use of sophisticated operating mechanisms and the lack of knowledge, 
especially computer-based knowledge, is one of the main hurdles and 
concerns.  

• Technical issues suffer a lack of support.  
• There is no evidence for financial viability and profitability from the use 

of IPFT. 

10.3 CONCLUSION 

Even with the introduction of IPFT and Agriculture 5.0 being trending and in
fluential, there are still a lot of difficulties going on. Demands to grow more but 
with fewer burdens on growers will only be achieved if the right efforts are made 
to make these updated farming practices available to all. A targeted production 
mark with no bad impacts on the environment and economy shall be achieved. In 
this regard, more motivating policies and schemes need to be projected for the 
supply chain as well as quality production. 
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11 Environmental Impact 
and Regulations   

11.1 POTENTIAL IMPACT ON THE ENVIRONMENT  
WITH DIFFERENT IPFT 

Reduced labor force, efficient productivity, and profitability are the main 
advantages of using IPFT. Both socioeconomic and environmental benefits 
could be achieved directly or indirectly by adopting precision farming tech-
nologies. Environmental impacts occur in the form of pollution and 
over-exploitation of natural resources [1]. The damage to the environment is 
impossible to revert; therefore, using IPFT is of much concern and makes 
safeguarding the environment possible. Variable-rate application and site- 
specific farming have saved nature from extra dosage and over-toxicity. Most 
countries have banned the use of uniform air sprays by airplanes. Site-specific 
applicators are estimated to achieve a 10–15% cost reduction in annual che-
mical sprays on a farm. 

Timely decision and advisory support for disease and pest management have 
managed the overuse or frequent use of chemicals, thus becoming both eco-
nomical and nature-friendly. Moreover, the safe disposal of damaged or obsolete 
instrumentation must be done with care. Manufacturers should design instru-
ments, such as mechanized equipment like drones, UAV, sensors, to use solar or 
other forms of renewable energy as their sources for operation [2], [3]. All of 
these contributions are the cornerstone for sustainable agriculture, as this pre-
serves soil and crops, supports farmers, and helps with the continuous supply of 
food inside ecological, economic, and social bonds. 

11.2 POLICY MAKING AND GOVERNANCE 

The importance of policy-building and extending the policy horizons will result 
in endless benefits for the farmer communities. This helps to produce and assess 
information and to spearhead the development of the legal model in a manner 
that is fair, impartial, and accountable. Free data sharing with the stakeholders 
will become more transparent [4]. Various governance and policy measures that 
are required all over the world in general, and particularly quite important in 
India, include the following [5], [6]:  

• To improve the economic viability of farming by ensuring that farmers 
earn a “minimum net income,” and to ensure that agricultural progress is 
measured by the advance made in improving that income 
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• To make mainstream the human and gender dimension in all farm policies 
and programs and to give explicit attention to sustainable rural livelihoods 

• To complete unfinished agenda in land reforms and to initiate compre-
hensive assets and agrarian reforms  

• To develop and introduce a social security system and support services for 
farmers  

• To protect and improve the land, water, biodiversity, and climate resources 
– by creating an economic stake in conservation – that are essential for 
sustained advancements in the productivity, profitability, and stability of 
major farming systems.  

• To foster community-centered food, water, and energy security systems in 
rural India and to ensure nutrition security at the level of every child, 
woman, and man  

• To introduce measures which can help attract and retain youth in 
farming by making it both intellectually stimulating and economically 
rewarding by conferring the power and economy of scale to small and 
marginal farmers both in the production and post-harvest phases of 
farming  

• To strengthen the biosecurity of crops, farm animals, fish, and forest trees 
for assuring both work and income security of farmer families as well as 
the health and trade security of the nation  

• To enhance the well-being of the indigenous and local population as well 
as their knowledge, often supplemented by welfare activities by both the 
government and NGOs 

11.2.1 CURRENT POLICY TRENDS AND REGULATION IN INDIA 

The policy recommendations for the use of IPFT in India are listed below [6]–[8]:  

• Encouraging investment in projects/infrastructure to support and deliver 
AI-based services and promoting partnerships with the private industry  

• Developing integrated flagship programs such as “Niche Area Excellence” 
in known consortia of ICAR establishments  

• In the case of ICAR, playing a bigger supportive role for implementing AI 
and the widespread use of AI applications for farmers by strengthening 
linkages with private industries. This kind of handholding and support is 
required for private businesses in terms of capacity building and domain 
consultancy.  

• Supporting policies for developing competent skills in these areas; training 
young and middle-level scientists in AI and IoT in identified institutions 
abroad 

• In the case of ICAR-NAARM, acting as a nodal point for providing ca-
pacity building programs in AI/IoT to the NARES which can be extended 
to industry and agricultural startups as well. 
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• Sharing of APIs enabling real-time access to data from AICRPs/KRISHI 
and other sources, thus creating a central data warehouse  

• Creating incentives for students to pursue courses of study that will allow 
them to create the next generation of AI  

• Separating laws made for drone flying in monitoring crops in India by the 
Digital Sky Platform (Director of Directorate General of Civil Aviation, India). 

11.2.2 RESEARCH AND DEVELOPMENT NEEDED IN INDIA 

• Blockchain technology for tracking and tracing of agricultural commod-
ities from farmers to consumers  

• IoT and robotic systems for applications like cold storage and supply chain 
logistics for monitoring and product quality assurance, fertigation, irriga-
tion, ultrasonic sensor-based spraying system that may be developed as 
field prototypes as well as for commercial production 

• IoT-based wireless sensor network (WSN) for pest and disease fore-
warning and irrigation scheduling by monitoring various parameters like 
temperature, relative humidity, etc.  

• Models for applicability developed at the farm level for efficient drainage 
effluent system, root zone salinity, crop evapotranspiration, hydrology, and 
irrigation scheduling in greenhouses  

• Term banks (terminologies/vocabularies/dictionaries) created for the 
agricultural domain and sub-domains in Indian languages; working for the 
development of a phonetic dictionary of agricultural domain terms for 
adaptation of speech-based systems  

• Digital grading of food grains, fruits, vegetables, spices, etc. The devices 
will be useful if produced at low cost and easy to implement with 
minimum infrastructural requirement covering a wide geographical area.  

• Algorithms/processes/models which have the direct application of modern 
tools of AI and machine learning in agriculture  

• Custom hiring applications of farm equipment through a mobile app (like 
Uber for taxi services) to enable small farmers to make proper use of 
equipment on a sharing basis rather than purchasing  

• Exploration of various problem domains of integrated water management 
system such as the estimation of actual evapotranspiration and root zone 
soil moisture from satellite image derived hydrological parameters, deli-
neation of waterlogged/salt-affected cropped land, and economic losses, 
improving water productivity in a saline-irrigated environment [7], [8].  

• Listing of all scattered knowledge resources and establishing a framework 
for accumulating these resources in an incremental fashion  

• Need-based sensors, a kind of material that remains sensitive for many 
years, that must be efficient and cost-effective  

• Safe disposal of field sensors  
• Handy neuro-chips for farmers, similar to a kind of Fit bit 
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An estimate by Markets and Markets Research valued AI in agriculture to be US 
$432 million in 2016, and it is expected to grow at the rate of 22.5% CAGR and 
valued at US$2.6 billion by 2025. According to CB Insights, agricultural tech 
startups have raised over US$800 million in the last five years. 

11.3 CONCLUSION AND FUTURE PERSPECTIVE 

Globally, digital and AI technologies are helping solve pressing issues across the 
agriculture value chain. The relative role of each technology in creating impact is 
dependent on the nature of the work along with the issues at hand. From 
analyzing millions of satellite images to finding healthy strains of the plant 
microbiome, these startups have raised over US$500 million to bring AI and 
robotics to agriculture. India has approximately 30 million farmers who own 
smartphones, which is expected to triple by 2020, and 315 million rural Indians 
will be using the internet by 2020. An Accenture study says – digital farming and 
related farm services can impact 70 million Indian farmers in 2020, adding US$9 
billion to farmer income. These are not futuristic scenarios; rather, they are in 
play today, as enabled by a vast digital ecosystem that includes traditional ori-
ginal equipment manufacturers (OEM), software and services companies, cloud 
providers, open-source platforms, startups, research and development institutions 
and others. Future growth is interdependent on the close partnerships and co-
operation among these players. 
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