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ABSTRACT: Modern Agricultural technology or agrotechnology (abbreviated agtech, agritech, AgriTech, 
or agrotech) is the use of technology in agriculture, horticulture, and aquaculture with the aim of improving yield, 
efficiency, and profitability. Agricultural technology can be products, services or applications derived from 
agriculture that improve various input/output processes.[1][2]Advances in agricultural science, agronomy, 
and agricultural engineering have led to applied developments in agricultural technology.[3][4] Agro-textiles is the 
segmented class of technical textiles that deals focuses on the agriculture sector, with an approach to crop protection 
and crop development and reducing the risks of farming practices. Primarily agro-textiles offer weather resistance 
and resistance to microorganisms and protection from unwanted elements and external factors. Agro-textiles helps to 
improve the overall conditions with which crop can develop and be protected. There are the various textile products, 
fabrics forms, fibers and techniques used in agro-textiles which are useful for agriculture mainly for crop 
protection and in crop development for instance shade nets, thermal insulation and sunscreen materials, windshield, 
antibird nets, which provide minimal shading and proper temperature, air circulation for protecting plants from 
direct sunlight and birds. Agrotextiles involves mulch mats, hail protection nets, and crop covers, etc. Agro-textiles 
are useful in Horticulture, aquaculture, landscape gardening and forestry also. More examples of use and application 
are covering livestock protection, suppressing weed and insect control, etc.[8]
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I. INTRODUCTION 

Agribusiness is the industry, enterprises, and the field of study[1] of value chains in agriculture[2] and in the bio-
economy,[3] in which case it is also called bio-business[4][5] or bio-enterprise. The primary goal of agribusiness is 
to maximize profit while satisfying the needs of consumers for products related to natural resources such 
as biotechnology, farms, food, forestry, fisheries, fuel, and fiber. 

Studies of business growth and performance in farming have found successful agricultural businesses are cost-
efficient internally and operate in favorable economic, political, and physical-organic environments. They are able to 
expand and make profits, improve the productivity of land, labor, and capital, and keep their costs down to ensure 
market price competitiveness.[6] 

Agribusiness is not limited to farming. It encompasses a broader spectrum through the agribusiness system which 
includes input supplies, value-addition, marketing, entrepreneurship, microfinancing, and agricultural extension. 

In some countries like the Philippines, creation and management of agribusiness enterprises require consultation 
with registered agriculturists above a certain level of operations, capitalization, land area, or number of animals in 
the farm. 

Intensive agriculture, also known as intensive farming (as opposed to extensive farming), conventional, or industrial 
agriculture, is a type of agriculture, both of crop plants and of animals, with higher levels of input and output per 
unit of agricultural land area. It is characterized by a low fallow ratio, higher use of inputs such 
as capital and labour, and higher crop yields per unit land area.[1] 

Most commercial agriculture is intensive in one or more ways. Forms that rely heavily on industrial methods are 
often called industrial agriculture, which is characterised by innovations designed to increase yield. Techniques 
include planting multiple crops per year, reducing the frequency of fallow years, and improving cultivars. It also 
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involves increased use of fertilizers, plant growth regulators, pesticides, antibiotics for livestock and mechanised 
agriculture, controlled by increased and more detailed analysis of growing conditions, including weather, soil, water, 
weeds, and pests. Intensive farms are widespread in developed nations and increasingly prevalent worldwide. Most 
of the meat, dairy products, eggs, fruits, and vegetables available in supermarkets are produced by such farms. 

Some intensive farms can use sustainable methods, although this typically necessitates higher inputs of labor or 
lower yields.[2] Sustainably increasing agricultural productivity, especially on smallholdings, is an important way of 
decreasing the amount of land needed for farming and slowing environmental degradation through processes 
like deforestation.[3] 

Intensive animal farming involves large numbers of animals raised on limited land, for example by rotational 
grazing,[4][5] or sometimes as concentrated animal feeding operations. These methods increase the yields of food and 
fiber per acre as compared to extensive animal husbandry; concentrated feed is brought to seldom-moved animals, 
or with rotational grazing the animals are repeatedly moved to fresh forage.[4][5] 

Organic farming, also known as ecological farming or biological farming,[1][2][3][4][5] is an agricultural system that 
uses fertilizers of organic origin such as compost manure, green manure, and bone meal and places emphasis on 
techniques such as crop rotation and companion planting. It originated early in the 20th century in reaction to rapidly 
changing farming practices. Certified organic agriculture accounts for 70 million hectares (170 million acres) 
globally, with over half of that total in Australia.[6] Organic farming continues to be developed by various 
organizations today. Biological pest control, mixed cropping, and the fostering of insect predators are encouraged. 
Organic standards are designed to allow the use of naturally-occurring substances while prohibiting or strictly 
limiting synthetic substances.[7] For instance, naturally-occurring pesticides such as pyrethrin are permitted, while 
synthetic fertilizers and pesticides are generally prohibited. Synthetic substances that are allowed include, for 
example, copper sulfate, elemental sulfur, and ivermectin. Genetically modified organisms, nanomaterials, 
human sewage sludge, plant growth regulators, hormones, and antibiotic use in livestock husbandry are 
prohibited.[8][9] Organic farming advocates claim advantages in sustainability,[10][11] openness, self-
sufficiency, autonomy and independence,[11] health, food security, and food safety. 

Organic agricultural methods are internationally regulated and legally enforced by many nations, based in large part 
on the standards set by the International Federation of Organic Agriculture Movements (IFOAM), an 
international umbrella organization for organic farming organizations established in 1972.[12] Organic agriculture 
can be defined as "an integrated farming system that strives for sustainability, the enhancement of soil fertility and 
biological diversity while, with rare exceptions, prohibiting synthetic pesticides, antibiotics, synthetic fertilizers, 
genetically modified organisms, and growth hormones".[13][14][15][16] 

Since 1990, the market for organic food and other products has grown rapidly, reaching $63 billion worldwide in 
2012.[17]: 25  This demand has driven a similar increase in organically-managed farmland that grew from 2001 to 2011 
at a compounding rate of 8.9% per annum.[18] 
As of 2020, approximately 75,000,000 hectares (190,000,000 acres) worldwide were farmed organically, 
representing approximately 1.6% of total world farmland.[19] 

Organic farming can be beneficial on biodiversity and environmental protection at local level. However, because 
organic farming has lower yields compared to conventional farming, additional agricultural land is needed elsewhere 
in the world, which means that natural land has to be converted into agricultural land. This can cause loss of 
biodiversity and negative climate effects that outweigh the local environmental gains achieved.[20] 

Precision agriculture (PA) is a farming management strategy based on observing, measuring and responding to 
temporal and spatial variability to improve agricultural production sustainability.[2] It is used in both crop 
and livestock production. Precision agriculture often employs technologies to automate agricultural operations, 
improving their diagnosis, decision-making or performing.[3][4] First conceptual work on PA and practical 
applications go back in the late 1980s.[5] The goal of precision agriculture research is to define a decision support 
system (DSS) for whole farm management with the goal of optimizing returns on inputs while preserving 
resources.[6][7] 
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Among these many approaches is a phytogeomorphological approach which ties multi-year crop growth 
stability/characteristics to topological terrain attributes. The interest in the phytogeomorphological approach stems 
from the fact that the geomorphology component typically dictates the hydrology of the farm field.[8][9] 

The practice of precision agriculture has been enabled by the advent of GPS and GNSS. The farmer's and/or 
researcher's ability to locate their precise position in a field allows for the creation of maps of the spatial variability 
of as many variables as can be measured (e.g. crop yield, terrain features/topography, organic matter content, 
moisture levels, nitrogen levels, pH, EC, Mg, K, and others).[10] Similar data is collected by sensor arrays mounted 
on GPS-equipped combine harvesters. These arrays consist of real-time sensors that measure everything from 
chlorophyll levels to plant water status, along with multispectral imagery.[11] This data is used in conjunction 
with satellite imagery by variable rate technology (VRT) including seeders, sprayers, etc. to optimally distribute 
resources. However, recent technological advances have enabled the use of real-time sensors directly in soil, which 
can wirelessly transmit data without the need of human presence.[12][13] 

Precision agriculture has also been enabled by unmanned aerial vehicles that are relatively inexpensive and can be 
operated by novice pilots. These agricultural drones can be equipped with multispectral or RGB cameras to capture 
many images of a field that can be stitched together using photogrammetric methods to create orthophotos. 
These multispectral images contain multiple values per pixel in addition to the traditional red, green blue values 
such as near infrared and red-edge spectrum values used to process and analyze vegetative indexes such 
as NDVI maps.[14] These drones are capable of capturing imagery and providing additional geographical references 
such as elevation, which allows software to perform map algebra functions to build precise topography maps. These 
topographic maps can be used to correlate crop health with topography, the results of which can be used to optimize 
crop inputs such as water, fertilizer or chemicals such as herbicides and growth regulators through variable rate 
applications. 

Sustainable agriculture is farming in sustainable ways meeting society's present food and textile needs, without 
compromising the ability for current or future generations to meet their needs.[1] It can be based on an understanding 
of ecosystem services. There are many methods to increase the sustainability of agriculture. When developing 
agriculture within sustainable food systems, it is important to develop flexible business process and farming 
practices.[2] Agriculture has an enormous environmental footprint, playing a significant role in causing climate 
change (food systems are responsible for one third of the anthropogenic greenhouse gas emissions),[3][4] water 
scarcity, water pollution, land degradation, deforestation and other processes;[5] it is simultaneously causing 
environmental changes and being impacted by these changes.[6] Sustainable agriculture consists of environment 
friendly methods of farming that allow the production of crops or livestock without damage to human or natural 
systems. It involves preventing adverse effects to soil, water, biodiversity, surrounding or downstream resources—as 
well as to those working or living on the farm or in neighboring areas. Elements of sustainable agriculture can 
include permaculture, agroforestry, mixed farming, multiple cropping, and crop rotation.[7] 

Developing sustainable food systems contributes to the sustainability of the human population. For example, one of 
the best ways to mitigate climate change is to create sustainable food systems based on sustainable agriculture. 
Sustainable agriculture provides a potential solution to enable agricultural systems to feed a growing population 
within the changing environmental conditions.[6] Besides sustainable farming practices, dietary shifts to sustainable 
diets are an intertwined way to substantially reduce environmental impacts.[8][9][10][11] Numerous sustainability 
standards and certification systems exist, including organic certification, Rainforest Alliance, Fair Trade, UTZ 
Certified, GlobalGAP, Bird Friendly, and the Common Code for the Coffee Community (4C).[12] 

II. DISCUSSION 

Digital agriculture, sometimes known as smart farming or e-agriculture,[1] is tools that digitally collect, store, 
analyze, and share electronic data and/or information in agriculture. The Food and Agriculture Organization of the 
United Nations has described the digitalization process of agriculture as the digital agricultural revolution.[2] Other 
definitions, such as those from the United Nations Project Breakthrough,[3] Cornell University,[4] and Purdue 
University,[5] also emphasize the role of digital technology in the optimization of food systems.Digital agriculture 
includes (but is not limited to) precision agriculture. Unlike precision agriculture, digital agriculture impacts the 
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entire agri-food value chain — before, during, and after on-farm production.[6] Therefore, on-farm technologies, 
like yield mapping, GPS guidance systems, and variable-rate application, fall under the domain of precision 
agriculture and digital agriculture. On the other hand, digital technologies involved in e-commerce platforms, e-
extension services, warehouse receipt systems, blockchain-enabled food traceability systems, tractor rental apps, etc. 
fall under the umbrella of digital agriculture but not precision agriculture.Emerging digital technologies have the 
potential to be game-changers for traditional agricultural practices. The Food and Agriculture Organization of the 
United Nations has referred to this change as a revolution: “a ‘digital agricultural revolution’ will be the newest shift 
which could help ensure agriculture meets the needs of the global population into the future.”[2] Other sources label 
the change as “Agriculture 4.0,” indicating its role as the fourth major agricultural revolution.[7] Precise dates of the 
Fourth Agricultural Revolution are unclear. The World Economic Forum announced that the “Fourth Industrial 
Revolution” (which includes agriculture) will unfold throughout the 21st century, so perhaps 2000 or shortly 
thereafter marks the beginning of Agriculture 4.0.[8][9]Agricultural revolutions denote periods of technological 
transformation and increased farm productivity.[10] Agricultural revolutions include the First Agricultural 
Revolution, the Arab Agricultural Revolution, the British/Second Agricultural Revolution, the Scottish Agricultural 
Revolution, and the Green Revolution/Third Agricultural Revolution. Despite boosting agricultural productivity, 
past agricultural revolutions left many problems unsolved. For example, the Green Revolution had unintended 
consequences, like inequality and environmental damage. First, the Green Revolution exacerbated inter-farm and 
interregional inequality,[11] typically biased toward large farmers with the capital to invest in new 
technologies.[12] Second, critics say its policies promoted heavy input use and dependence on agrochemicals, which 
led to adverse environmental effects like soil degradation and chemical runoff.[13][14] Digital agriculture technologies 
have the potential to address negative side effects of the Green Revolution.In some ways, the Digital Agriculture 
Revolution follows patterns of previous agricultural revolutions. Scholars forecast a further shift away from labor, a 
slight shift away from capital, and intensified use of human capital — continuing the trend the British Agricultural 
Revolution started.[15][16] Also, many predict that social backlash — possibly around the use of artificial intelligence 
or robots — will arise with the fourth revolution.[17][18][19][20] Since controversy accompanies every societal 
transformation, the digital agricultural revolution isn't new in that respect.In other ways, the Digital Agriculture 
Revolution is distinct from its predecessors. First, digital technologies will affect all parts of the agricultural value 
chain, including off-farm segments.[21][22] This differs from the first three agricultural revolutions, which primarily 
impacted production techniques and on-farm technologies. Second, a farmer's role will require more data analytics 
skills and less physical interaction with livestock/fields.[23][24][22][25] Third, although farming has always relied on 
empirical evidence, the volume of data and the methods of analysis will undergo drastic changes in the digital 
revolution.[16][26] For example, Smart farm systems continuously monitor the behavior of your animals. Giving you 
insight into their behavior every moment of the day.[27] Finally, increased reliance on big data may increase the 
power differential between farmers and information service providers,[21][28] or between farmers and large value 
chain actors (like supermarkets).[21] 

Digital agriculture encompasses a wide range of technologies, most of which have multiple applications along the 
agricultural value chain. These technologies include, but are not limited to: 

 Cloud computing/big data analysis tools[21] 

 Artificial intelligence 

 Machine learning 

 Distributed ledger technologies, including blockchain and smart contracts 

 The Internet of Things, a principle developed by Kevin Ashton[relevant?] that explains how simple mechanical 
objects can be combined into a network to broaden understanding of that object[29] 

 Digital communications technologies, like mobile phones 

 Digital platforms, such as e-commerce platforms, agro-advisory apps, or e-extension websites 

 Precision agriculture technologies, including 

o Sensors, including food sensors and soil sensors 

o Guidance and tracking systems (often enabled[how?] by GPS, GNSS, RFID, IoT) 
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o Variable-rate input technologies 

o Automatic section control 

o Advanced imaging[30] technologies, including satellite and drone imagery, to look at temperature 
gradients, fertility gradients, moisture gradients, and anomalies in a field 

o Automated machinery and agricultural robots 

 

The FAO estimates the world will need to produce 56% more food (as compared to 2010, under “business as usual” 
growth) to feed over 9 billion in 2050.[31][32] Furthermore, the world faces intersecting challenges like malnutrition, 
climate change, food waste, and changing diets.[33] To produce a “sustainable food future,” the world must increase 
food production while cutting greenhouse gas emissions and maintaining (or reducing) the land used in 
agriculture.[34] Digital agriculture could address these challenges by making the agricultural value chain more 
efficient, equitable, and environmentally sustainable. Digital technology changes economic activity by lowering the 
costs of replicating, transporting, tracking, verifying, and searching for data.[35] Due to these falling costs, digital 
technology will improve efficiency throughout the agricultural value chain. On-farm, precision agriculture 
technologies can minimize inputs required for a given yield. For example, variable-rate application (VRA) 
technologies can apply precise amounts of water, fertilizer, pesticide, herbicide, etc. A number of empirical studies 
find that VRA improves input use efficiency.[36][37][38] Using VRA alongside geo-spatial mapping, farmers can apply 
inputs to hyper-localized regions of their farm — sometimes down to the individual plant level. Reducing input use 
lowers costs and lessens negative environmental impacts. Furthermore, empirical evidence indicates precision 
agriculture technologies can increase yields.[39] On U.S. peanut farms, guidance systems are associated with a 9% 
increase in yield, and soil maps are associated with a 13% increase in yield.[40][41] One study in Argentina found that 
a precision agriculture approach based on crop physiological principles could result in 54% higher farm output.[42] 

Digital agriculture can improve the allocative efficiency of physical capital within and between farms. Often touted 
as “Uber for tractors,” equipment-sharing platforms like Hello Tractor,[43][44] WeFarmUp,[45][46] MachineryLink 
Solutions,[47] TroTro Tractor, and Tringo[48] facilitate farmer rental of expensive machinery. By facilitating a market 
for equipment sharing, digital technology ensures fewer tractors sit idle and allows owners to make extra income. 
Furthermore, farmers without the resources to make big investments can better access equipment to improve their 
productivity. 

Digital agriculture improves labor productivity through improved farmer knowledge. E-extension (electronic 
provision of traditional agricultural extension services) allows for farming knowledge and skills to diffuse at low 
cost. For example, the company Digital Green works with local farmers to create and disseminate videos about 
agricultural best practices in more than 50 languages.[49][50] E-extension services can also improve farm productivity 
via decision-support services on mobile apps or other digital platforms. Using many sources of information — 
weather data, GIS spatial mapping, soil sensor data, satellite/drone pictures, etc. — e-extension platforms can 
provide real-time recommendations to farmers. For example, the machine-learning-enabled mobile 
app Plantix diagnoses crops’ diseases, pests, and nutrient deficiencies based on a smartphone photo.[51] In a 
randomized control trial, Casaburi et al. (2014) found that sugarcane growers who received agricultural advice via 
SMS messages increased yields by 11.5% relative to the control group.[52] 

Finally, digital agriculture improves labor productivity through decreased labor requirements. Automation inherent 
in precision agriculture — from “milking robots on dairy farms to greenhouses with automated climate 
control”[53] — can make crop and livestock management more efficient by reducing required labor.[54][55] 

III. RESULTS 

Besides streamlining farm production, digital agriculture technologies can make agricultural markets more efficient. 
Mobile phones, online ICTs, e-commerce platforms, digital payment systems, and other digital agriculture 
technologies can mitigate market failures and reduce transaction costs throughout the value chain. 
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 Reducing information asymmetry: Price information affects competitive markets’ efficiency because it 
impacts price dispersion, arbitrage, and farmer and consumer welfare. Since the marginal cost of digitally 
delivering information approaches zero, digital agriculture has the potential to spread price information. Aker 
and Fafchamps find that the introduction of mobile phone coverage in Niger reduced spatial price dispersion for 
agri-food products, especially for remote markets and perishable goods.[56] Similarly, price information 
provided by Internet kiosks (“e-choupals”) in India led to an increase in farmers’ net profits as traders lost 
monopsony power.[57] Other examples of digital platforms for price information include MFarm[58] and 
Esoko.[59] 

 Matching buyers and sellers: E-commerce lowers the search costs of matching buyers and sellers, 
potentially shortening the value chain.[51] Rather than go through dozens of intermediaries, farmers can sell 
directly to consumers.[60][61] Market access services can also solve the matching problem without necessarily 
hosting online transactions. For example, Esoko sends market information (prices for specific commodities, 
market locations, etc.) to agents and farmers, connecting them to commodity buyers.[62][59] All of these 
matching platforms help smallholders coordinate with buyers and enter both regional and global value 
chains.[63] Finally, it's important to note that digital technologies can also facilitate matching in financial and 
input markets, not just producer-to-consumer output sales. 

 Lowering transaction costs in commercial markets: Digital payments — whether integrated in e-commerce 
platforms or in mobile money accounts, e-wallets, etc. — reduce transactions costs within agricultural markets. 
The need for safe, rapid monetary transactions is particularly apparent in rural areas. Plus, digital payments can 
provide a gateway to bank accounts, insurance, and credit.[64] Using distributed ledger technologies or smart 
contracts is another way to reduce trust-related transaction costs in commercial markets.[65][63] Many retail and 
food companies have partnered with IBM to develop blockchain pilots related to food safety and traceability, 
and Alibaba is testing blockchain to reduce fraud in agri-food e-commerce between China and Australia/New 
Zealand.[63] 

 Lowering transaction costs in government services: Digital payments can also streamline government 
delivery of agricultural subsidies. In 2011, the Nigerian Federal Ministry of Agriculture and Rural Development 
started delivering fertilizer subsidy vouchers to e-wallets on mobile phones; by 2013, they had reached 4.3 
million smallholders nationwide.[66] Compared to the previous program, the e-vouchers cut costs — from 2011 
to 2013, the cost per smallholder farmer receiving fertilizer went from US$225–300 to US$22. The e-vouchers 
also reached more smallholders, increasing from between 600,000-800,000 in 2011 to 4.3 million in 2013.[66] In 
the second phase of the program, the Nigerian government developed the Nigerian Agricultural Payment 
Initiative (NAPI), which distributed PIN-enabled ID cards that hold subsidy information and provide access to 
loans and grants.[67] Other e-wallet/e-voucher systems for agricultural subsidies exist or have been piloted in 
Colombia,[68][69] Rwanda,[66] Zambia,[70] Mali, Guinea, and Niger.[71] Besides reducing subsidy costs, 
governments can harness digital technology to save time. When Estonia implemented their e-ID and X-Road 
system, time spent applying for agricultural subsidies decreased from 300 minutes to 45 minutes per person.[72] 

Rarely does one single digital agriculture technology solve one discrete market failure. Rather, systems of digital 
agriculture technologies work together to solve multifaceted problems. For example, e-commerce solves two 
efficiency issues: difficulty matching buyers and sellers, especially in rural areas, and the high transaction costs 
associated with in-person, cash-based trade. 

Though digital technologies can facilitate market access and information flow, there's no guarantee they won't 
exacerbate existing inequalities. Should constraints prevent a range of farmers from adopting digital agriculture, it's 
possible that the benefits will only accrue to the powerful. 

 Large farms: When a digital agriculture technology requires much upfront investment, only large farms 
with sufficient assets and credit access will adopt it.[51] For example, large farms are most likely to adopt 
precision agriculture technologies because of high costs.[82] Increasingly however, automated mechanization is 
focusing on more but smaller autonomous machines, instead of fewer but larger machines such as observed 
with machines that still require human control.[83] This trend enables smaller farms to participate in digital 
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agriculture more evenly with larger farms, as the upfront investment becomes more equal relative to the size of 
the farm. 

 Digital divide: The uneven access to information and communication technologies (ICTs) may lead to 
uneven adoption of — and thereby uneven gains from — digital agriculture. When digital technologies require 
specific skills, benefits may accrue to digitally literate farmers positioned to take advantage of such 
opportunities.[84][85][86] 

 Gender: Given gender-based disparities in ICT access[87][49] and the gender gap in agribusiness value 
chains,[88] men seem more likely to adopt digital agriculture.[51] Therefore, digital technologies could perpetuate 
gender inequalities in the agricultural sector.[89] 

 Unskilled labor: Advances in on-farm productivity, particularly through digitized automation and precision 
agriculture, may threaten low-skilled jobs.[11] According to the OECD, agriculture will be one of the sectors 
most affected by automation[90] and McKinsey Global Institute projects that automation will displace 15% of 
agricultural workers in Mexico and 30% in Germany.[91] 

 Agribusinesses and service providers: Increased reliance on big data may increase the power differential 
between agribusinesses/information service providers and farmers.[21][28] If smallholders lack access to and/or 
control of their data, they may lose bargaining power vis-à-vis large value chain actors (like supermarkets) and 
data collectors.[92] 

IV. CONCLUSIONS 

Information and communication technology in agriculture (ICT in agriculture), also known as e-agriculture, focuses 
on the enhancement of agricultural and rural development through improved information and communication 
processes. More specifically, e-agriculture involves the conceptualization, design, development, evaluation and 
application of innovative ways to use information and communication technologies (ICTs) in the rural domain, with 
a primary focus on agriculture.[1] ICT includes devices, networks, mobiles, services and applications; these range 
from innovative Internet-era technologies and sensors to other pre-existing aids such as fixed telephones, televisions, 
radios and satellites. Provisions of standards, norms, methodologies, and tools as well as development of individual 
and institutional capacities, and policy support are all key components of e-agriculture. 

Many ICT in agriculture or e-agriculture interventions have been developed and tested around the world to help 
agriculturists improve their livelihoods through increased agricultural productivity and income, or by reducing risks. 
Some useful resources for learning about e-agriculture in practice are the World Bank's e-sourcebook ICT in 
agriculture – connecting smallholder farmers to knowledge, networks and institutions (2011),[2] ICT uses for 
inclusive value chains (2013),[3] ICT uses for inclusive value chains (2013)[4] and Success stories on information and 
communication technologies for agriculture and rural development[5] have documented many cases of use of ICT in 
agriculture. Precision agriculture (PA) is a farming management strategy based on observing, measuring and 
responding to temporal and spatial variability to improve agricultural production sustainability.[2] It is used in both 
crop and livestock production. Precision agriculture often employs technologies to automate agricultural operations, 
improving their diagnosis, decision-making or performing.[3][4] First conceptual work on PA and practical 
applications go back in the late 1980s.[5] The goal of precision agriculture research is to define a decision support 
system (DSS) for whole farm management with the goal of optimizing returns on inputs while preserving 
resources.[6][7] 

Among these many approaches is a phytogeomorphological approach which ties multi-year crop growth 
stability/characteristics to topological terrain attributes. The interest in the phytogeomorphological approach stems 
from the fact that the geomorphology component typically dictates the hydrology of the farm field.[8][9] 

The practice of precision agriculture has been enabled by the advent of GPS and GNSS. The farmer's and/or 
researcher's ability to locate their precise position in a field allows for the creation of maps of the spatial variability 
of as many variables as can be measured (e.g. crop yield, terrain features/topography, organic matter content, 
moisture levels, nitrogen levels, pH, EC, Mg, K, and others).[10] Similar data is collected by sensor arrays mounted 
on GPS-equipped combine harvesters. These arrays consist of real-time sensors that measure everything from 
chlorophyll levels to plant water status, along with multispectral imagery.[11] This data is used in conjunction 
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with satellite imagery by variable rate technology (VRT) including seeders, sprayers, etc. to optimally distribute 
resources. However, recent technological advances have enabled the use of real-time sensors directly in soil, which 
can wirelessly transmit data without the need of human presence.[12][13] 

Precision agriculture has also been enabled by unmanned aerial vehicles that are relatively inexpensive and can be 
operated by novice pilots. These agricultural drones can be equipped with multispectral or RGB cameras to capture 
many images of a field that can be stitched together using photogrammetric methods to create orthophotos. 
These multispectral images contain multiple values per pixel in addition to the traditional red, green blue values 
such as near infrared and red-edge spectrum values used to process and analyze vegetative indexes such 
as NDVI maps.[14] These drones are capable of capturing imagery and providing additional geographical references 
such as elevation, which allows software to perform map algebra functions to build precise topography maps. These 
topographic maps can be used to correlate crop health with topography, the results of which can be used to optimize 
crop inputs such as water, fertilizer or chemicals such as herbicides and growth regulators through variable rate 
applications. 
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