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ABSTRACT

Precision agriculture adopts a transformative and distinct approach that aims to maintain
symmetry between economic productivity and ecological welfare within the broader context of the
agricultural sector. The conceptualisation and implementation of precision agriculture emerge as
a propulsion in developed countries, whereas discussions have been minimal in developing
countries such as South Africa. Agricultural extension as a conduit of agricultural development,
transformation, and sustainability has been forthcoming in the policy framework that enables the
adoption and implementation of precision agriculture. This paper examined the implementation,
opportunities, adoption challenges, and promotion of precision agriculture through extension
services in South Africa. The review focused on literature articles published between 2003 and
2022. This review manuscript retrieved 5612 articles, of which 123 were appraised and reviewed
after screening for applicability and relevance. Moreover, grey literature was also meticulously
selected and extensively reviewed. Joint Research Centre (JRC) of the European Commission,
Food and Agriculture Organisation (FAO), United Nations Development Programme (UNDP),
African Development Bank (AfDB), International Society for Precision Agriculture (ISPA), and
Department of Agriculture, Forestry and Fisheries (DAFF) documents were used in this review.
The review revealed that extension practitioners must be adequately trained in precision

agriculture technology transfer and dissemination to efficiently render technology-related services
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to farmers. Moreover, the South African government should expedite a policy shift to address
technology adoption gaps in precision agriculture. Finally, it concluded by expatriating that more
research ought to be undertaken to explore and work out modalities for precision agriculture
adoption and implementation in a broader context of the South African agricultural sector

characteristics, dynamics, and scenarios.

Keywords: Precision Agriculture, Technologies, Innovation, Agricultural Extension Services,

Extension Practitioners, Productivity, Sustainability.

1. INTRODUCTION

Precision agriculture is an integrated farm management technique that uses contemporary
innovative technologies to accurately apply inputs according to the crop requirements to improve
efficiency and productivity in a farming field (Yu & Van Biljon, 2021). Lowenberg-DeBoer and
Erickson (2019) describe precision agriculture as an integral part of promoting sustainable
agriculture as an innovative approach that balances increased productivity and conserving the
environment. According to the International Society for Precision Agriculture (ISPA) (2021), the
concept of precision agriculture is premised on the optimised farm systems and practices that allow
for the temporal, spatial and individual data to be collected, analysed and processed to enhance
productivity, quality, profitability and sustainability. Precision agriculture is distinct from other
conventional farming approaches as it enables the specific application of fertilisers, herbicides,

pesticides and other farming inputs to improve average yields (Mungarwal & Mehta, 2019).

Precision agriculture focuses on and customises a smaller portion of the farming field at a time to
characterise its varying needs as-part of a larger farming field. The key enabling techniques and
components of precision agriculture are bound by data that is obtained from yield monitors, remote
sensors, robotics, unmanned aerial vehicles, global positioning systems, soil testing, variable rate
technology, automated software and hardware, and control systems (Amrita Vishwa Vidyapeetham

University, 2021).

As the world's population continues to increase and is expected to reach approximately 10 billion

by the year 2050, the agricultural sector should innovate and acclimate to advanced technical food
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production measures to meet the food demand threshold (UNDP, 2021). The growth in the world's

population requires innovative technological strategies to be adopted to increase food production

(Mohammed & Abdulai, 2022).

According to Masere and Worth (2021), agricultural extension services have a fundamental role to
play in dispensing new technologies and information from producers, technocrats, and researchers
to farmers. However, for farmers to adequately receive technology and related information,
particularly precision agriculture, Agholor (2019) posits that extension practitioners should be
driven by self-efficacy, which is a concept based on the assessment of a person to fulfil a given
task and be motivated to perform and produce satisfactory results. The ability of extension
practitioners to impart knowledge and information related to precision agriculture and further
facilitate its implementation may increase the probability of farmers adopting modern farming
approaches. As denoted by Mapiye et al.(2021), poor remuneration and operational resources such
as transport and tools of trade among extension practitioner affect-their ability to perform set duties
and reduce morale. The greater the self-efficacy of an extension practitioner, the more capable,

assertive and result-oriented they become (Agholor, 2019).

Since precision agriculture involves many technological approaches and tools, Masere and Worth
(2021) found that myriad factors apart from agricultural extension influence the willingness to
adopt new and advanced technologies among farmers. These factors range from ease of use,
productivity improvement prospects, affordability, farmer demographics, perception, operating

environment, availability, accessibility, and risks.

According to Walisinghe, Ratnasiri, Rohde and Guest (2017), agricultural extension has a
fundamental and critical role to play in enabling access, adoption, and implementation of new
technologies. The agricultural sector in South Africa remains an integral part of the country.
According to the statistical quarter-on-quarter report produced by Stats SA (2022), the South
African agricultural sector realised a growth of 0.5%, contributing to and bolstering the overall
GDP increase of 1.6%. However, this growth indicates a decline from the 1.9% of the first quarter
and the 1.4% of the final quarter of 2021. The fluctuation in the gross domestic product

contribution of agriculture in the South African economy presents a gap that can be filled by
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smallholder farmers through modern innovations, such as precision agriculture, through the
support of adequate and effective extension practitioners. According to Nkosi and Agholor (2021),
it is an immediate necessity that extension practitioners are appropriately equipped with
competencies and skills in the discipline of technology comprehension and dissemination to enable

them to facilitate and implement new technology advancements for adoption to enhance

agricultural productivity.

Based on this background, the review explores precision agriculture implementation in extension
services in South Africa based on existing literature. The adopted specific objectives of this paper
are to; (1) Examine the sustainability of precision agriculture in South Africa, (ii) Determine the
opportunities of precision agriculture implementation for extension in South Africa, (iii) Assess
precision agriculture adoption challenges to improve productivity in South Africa, (iv) Examine
technology development of precision agriculture and their applicability, and (v) Explore the role

of advisory services in enhancing precision agriculture in South Africa.

2. MATERIALAND METHODS

The review paper adopted an integrative review method. The integrative literature review approach
has a different purpose: to assess, critique, and synthesise research topics in a way that enables
new perspectives to emerge (Snyder, 2019; Torraco, 2005). Scholarly peer-reviewed journals,
institutional repositories, books, government gazettes, search engines such as Google Scholar
(GS), ResearchGate, SciELO, ScienceDirect, MDPI, Elsevier, Springer Open Access, and Web of
Science (WoS) were used to find relevant articles and gather information on the topic. Search terms
and nomenclature such as precision agriculture, agricultural technology, innovation, agricultural
extension services, extension practitioners, agricultural productivity, sustainability, and
smallholder farmers were meticulously employed to find relevant literature and publications. The
authors of this review adopted a literature search criterion that prioritised the following: (i) The
strict use of scientific papers written only in English, (ii) Only precision agriculture and related
technology contents were used to address the objectives of the review, (iii) The review was
researched based on reputable scientific papers, peer-reviewed journals and published literatures,

(iv) The review was not only limited to scientific literature but extended to grey literature such as
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policy documents, working papers, government gazettes, white papers, conference presentations,

technical reports and other official documents for diverse information.

This review manuscript retrieved 5612 articles, of which 123 were appraised and reviewed after
screening for applicability and relevance. The flow diagram labelled Figure 1 illustrates the quality

assurance process undertaken in the title and abstract screening and selection procedure.
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FIGURE 1: Flow Chart for Review on Literature Article Selection Adapted From Omotoso
et al. (2023) and Onyango et al. (2021)

3.  RESULTS AND DISCUSSIONS

3.1. The Concept of Precision Agriculture

Precision agriculture is a farming system that improves crop yield and enhances management
decisions by employing high and innovative technological advancements to analyse, interpret, and

process data (Singh et al., 2020). The concept of precision agriculture has been received and

60



S. Afr. J. Agric. Ext. Nkosi, Agholor & Olorunfemi
Vol. 53 No. 4, 2025: 56-85

10.17159/2413-3221/2025/v53n4a17426 (License: CC BY 4.0)
adopted globally as an approach that reduces input costs, time, and labour-intensive methods,
improves crop quality, increases yield production, and improves irrigation systems. It balances
agricultural production activities and the environmental aspects while producing more food
(Imperial College London, 2014). According to Mulla (2013), precision agriculture improves
agricultural resource use efficiency using large amounts of data to optimise crop management

strategies.

Ehlers (2019) posited that there are three main components of precision agriculture, the first being,
database information, which contains the soil (structure, texture, nutrient and moisture), crop (plant
population, insect or fungal infestation, nutrient status, weeds, stress, and yield), and climate
(humidity, rainfall, temperature and wind velocity). The second component is the technological
aspect, which comprises weather modelling, standardisation, remote sensors, robotics, unmanned
aerial vehicles, global positioning systems, variable rate technology, and the Internet of Things.
The last component is the management aspect, which deals with information management,

decision support systems, and service providers.

In a historical context, precision agriculture as a concept of advanced technological systems to
enhance crop productivity can be located as far back as the mid-1980s (Mulla, 2013). It was
established and theorised with the inaugural use of sensors to measure and interpret soil organic
matter. It gained momentum and popularity, expanded to satellite, and was further used to make
input recommendations on fertilisers and soil pH. From 1990 and beyond, precision agriculture
evolved into a useful farm management approach in present-day agriculture (Mulla & Khosla,
2015). Gebbers and Adamchuk (2010) postulated that in recent times, the advancement of
precision agriculture has been predominantly in computer software, automated devices for
fertiliser application, self-propelling farm machinery and on-field research for the management of
production systems. According to Braun, Colangelo and Steckel (2018), modern technology
developments should complement human technical skills to realise transformation within the

agricultural sector.
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3.2.  Agricultural Advisory Services in South Africa

Agricultural extension service is perceived as an enabler of food security (Lukhalo & Zwane, ). It
is a fundamental anchoring pillar of the South African agricultural sector (Nkosi & Agholor, 2021).
Agricultural extension continues to be an integral factor in advancing agricultural development
and sustainability (Anderson & Feder, 2007). It improves farmers' agricultural productivity by
providing advisory services, skills, and knowledge (Ragasa, Ulimwengu, Randriamamonjy &
Badibanga, 2016). According to Collett and Gale (2009), agricultural extension is mainly about
helping farmers realise their actual farming and productivity level and potential by developing
strategies to overcome and solve their problems. It has an immense role in disseminating

information from researchers and developers to farmers, vice versa.

Koch and Terblanche (2013) posited that the main objective that guides the idea and principle of
agricultural extension since its inception was to promote food security by empowering farmers to
make their own decisions and improve existing farming approaches. Raidimi and Kabiti (2019)
asserted that agricultural extension helps eradicate poverty by contributing to productivity and
improving farmers' income. Agricultural extension is responsible for carrying farmers' hopes and

aspirations in agricultural production, exchange, and distribution.

Historically, the South African agricultural sector has comprised commercial and emerging
farmers. It has a dualistic approach to agricultural development (Worth, 2012). On apartheid racial
preference, the commercial farmers received the best extension support while the majority, who
were emerging and smallholder farmers, were neglected, subjugated, and suppressed (Loki, Aliber
& Sikwela, 2021). The exclusion of the majority of smallholder farmers in mainstream extension
and agriculture meant that these farmers continued to lack production means such as credit

facilities, market access, land access, infrastructure, technology and policy favour (Koch, 2007).

The democratic breakthrough introduced a unitary and single public government agricultural
extension system that is all-inclusive in its agricultural developmental agenda. This public
extension service system brought with it a transformative agenda to uplift previously
disadvantaged smallholder farmers to develop and transition towards the trajectory of

commercialisation in the years to come (Nkosi & Agholor, 2021). However, agricultural extension
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in South Africa has faced service delivery challenges to smallholder farmers in recent years. These

challenges have negatively impacted the abilities of smallholder farmers in terms of productivity

levels, decision-making, innovation, and technology adoption (Agholor, 2014).

Amid all the contemporary challenges confronting extension services, Davis and Terblanche
(2016) postulate that the South African extension practitioners are tasked with the role of
discharging their responsibilities of transferring proven and recent scientific research, agricultural
findings, knowledge, and skills through farmer education. In addressing the variety of issues facing
extension, there is a need for an intensified collaborative synergy between extension work and
research (van Niekerk et al., 2011). Agricultural extension services in South Africa require policy
re-appraisals that will be transformative and biased towards the upliftment of productive
smallholder farmers. As denoted by the International Fund for Agricultural Development (IFAD)
(2013), about 80% of the food produced in underdeveloped countries is produced by smallholders.

3.3.  Agricultural Extension in Promoting Precision Agriculture in South Africa

As an advanced approach to farming, precision agriculture is rarely a subject matter among
resource-poor smallholder farmers (Mupambwa, Nciizah, Dube & Fanadzo, 2022). Consequently,
agricultural extension as a conduit for pro-poor farmers promotes new and advanced technology
across the broader spectrum of agricultural activities. Agricultural extension is fundamental in
facilitating development through technology transfer and disseminating advanced agricultural
farming systems. Koutsouris (2018) noted that technology transfer is a critical pillar and aspect of
agricultural extension, involving the relay and spread of innovations and related expertise to

farmers.

According to Robertson (2012), agricultural extension agents should be adequately equipped and
knowledgeable on various agricultural disciplines to impart and persuade farmers to adopt and
implement modern approaches to improve their farming productivity. The introduction of
technology-related agricultural training courses and programs to farmers by extension officers has
the potential of expanding and broadening their knowledge and awareness of the multifarious

technology developments while influencing adoption (Altalb, Filipek & Skowron, 2015). In the
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case of precision agriculture, extension practitioners must be able to explain to farmers how the

concept would apply to their local conditions.

Extension practitioners are responsible for creating awareness on innovation and technology
among farmers and further persuading farmers of their importance and usefulness (Aremu, Kolo,
Gana & Adelere, 2015). In the promotion of precision agriculture, extension practitioners must be
able to interpret and unpack the positives of these new technologies in the form of a problem-
solving approach to issues faced by farmers (Ann, 2013). Innovation and technological
developments require extension practitioners to play a catalytic role in expediting the adoption

rate.

3.4. Agricultural Advisory Services: Strategies to Enhance Precision Agriculture
Implementation
Various agricultural extension models have been implemented in many countries to transform and
improve farming in various communities (Torimiro & Igodan, 2019). Traditionally, the personal
contact method, the group contact method and the mass contact method are the three primary
methods of disseminating new technology and innovation to farmers using demonstrations
(Kumar, Ramadas & Singh, 2018). Agricultural extension in South Africa requires reengineering
and remodelling through e-extension to better service delivery systems (Yusuf, Popoola & Yusuf,
2022). According to Afzal, Al-Subaiee and Mirza (2016), e-extension approaches have a proven

record of being successfully used in various countries to advance extension work.

To deliver extension, e-extension involves using information communication technology (ICT)
such as videos, portals, applications, voice notes, SMS, WhatsApp, and social media platforms
(Gichamba, Wagacha & Ochieng, 2017). Extension practitioners can use these digital platforms to
enhance farmers' adoption and implementation of precision agriculture. Digitisation seems to be
one of the most important mechanisms of delivering sound agricultural extension to farmers (FAO,
2020). The application of these technology advancements can enable extension practitioners to
easily train, impart information, raise awareness, and transfer technology to farmers (Saravanan,

Rasheed-Sulaiman, Davis, & Suchiradipta, 2015), with special reference to precision agriculture.
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Agricultural extension is pivotal in agricultural development and transformation through
technology transfer to farmers (Abdullah, 2021). Agricultural strategies to enhance precision
agriculture implementation should be responsive to the contemporary conditions and socio-
economic situations facing the farmers. According to Parvan (2011), an outcome-based approach
resulting in the sustainability of farm management, an increase in productivity, and food quality
influences farmers' decision to adopt innovations and technology. The strategies of extension
services in disseminating technology in general and precision agriculture in particular ought to be

evidence-based practice.

Using mobile phones by extension practitioners remains a relevant strategy to promote precision
agriculture among farmers, as Fabregas, Kremer and Schilbach (2019) posited that farmers who
received mobile phone recommendations on new agricultural practices are likely to adopt the
proposed practice. Farm visits are also very important to facilitate a primitive engagement with
precision agriculture-related developments. In enhancing precision agriculture among farmers,
extension practitioners should be able to break down the concept of precision agriculture and its

benefits, particularly among smallholder farmers.

3.5. Agricultural Transformation Agenda Policy on Extension in South Africa

South Africa has numerous transformative policy initiatives on agricultural extension to support
the agricultural sector and farmers. According to Agholor and Lubisi (2020), the South African
agricultural sector is driven and guided by statutory policies that include extension services, natural
resources, technology, distinct labour patterns, and varying agricultural institutions. Various
literature indicates that extension policy considers factors such as natural resources, population

and environment in its legislation processes (Oladele, 2011).

The dawn of democracy introduced significant changes in policies that govern the agricultural
sector with the establishment and development of the white paper on Agriculture (DAFF, 2012).
The white paper on agriculture led to the introduction of the broadening access to agriculture thrust
(BATAT), which was aimed at enabling inclusivity of farmers who were previously disadvantaged,
excluded and underserved in terms of extension services, financial support, technology, markets,

and human resource development (Cloete, Bahta, Marunga & Lombard, 2019). This policy
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empowered extension services in South Africa as a driver of agricultural transformation and

protagonist of farmers' interests.

Numerous agricultural policies, acts, and strategies have been developed and implemented since
the white paper on agriculture in 1995. According to DAFF (2012), these policies, acts and
strategies include the Strategy for South African Agriculture (SSAA), the Comprehensive
Agricultural Support Programme (CASP), the Land and Agrarian Reform Project (LARP), and the
Comprehensive Rural Development Programme (CRDP). Agricultural extension service activities
and programmes are guided and bound to be operationalised within the framework of these
policies, acts, and strategies to improve and transform farmers' productivity, especially smallholder

farmers.

With all the guiding policies, acts, and strategies, agricultural extension in South Africa continues
to face challenges in adequately meeting and servicing the demands of farmers (Abdu-Raheem,
2014). According to William (2012), the ratio of an extension practitioner to farmers is 1:1878 for
smallholder farmers and 1:21 for commercial farmers. Enabling policies on transformation and
development remains the jurisdiction and competency of the national government, is
operationalised at the provincial level, and further cascades downwards. An overarching national
extension strategy may not be properly applicable in certain areas due to the varying dynamics of
local communities. As noted by Masere (2015), a one-size-fits-all agricultural extension strategy
may not be effective due to varied geographical locations. Agricultural extension policies should
be developed to be specifically fit for purpose according to the specifications of a particular area

to realise maximum impact and transformation.

3.6.  Precision Agriculture and Adoption

Precision agriculture adoption has been relatively slow (Lowenberg-DeBoer & Erickson, 2019).
There are limited studies that have been undertaken in an attempt to anticipate the willingness of
farmers to adopt precision agriculture (Aubert, Schroeder & Grimaudo, 2012). According to
Lowenberg-DeBoer and Erickson (2019), studies conducted on precision agriculture and adoption
have not adequately explained or predicted national and regional trends of precision agriculture

adoption. Keskin, Sehri and Sekerli (2018) posited that recent studies have attempted to provide
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an overarching perspective and overview on precision agriculture adoption. However, only a few

studies have focused on precision agriculture adoption in developing countries.

According to Thompson, Bir, Widmar and Mintert (2018), research has revealed numerous factors
influencing individual farmers to adopt precision agriculture. These factors include age, education
level, farming experience, farm size, land tenure, irrigation, farm specialisation, computer literacy,
debt to asset ratio, and perceived profitability of precision agriculture (Jacobs, van Tol & Du Preez,
2018). According to Busse et al. (2014), adopting new technological innovations is often driven

by the quality of information and knowledge exchange offered to farmers.

The adoption of precision agriculture is a process that requires trial, observations, and experience
to improve acceptance (Kernecker, Knierim & Wurbs, 2017). Precision agriculture adoption can
be stimulated and expedited through access to credit. Land ownership patterns may influence the
willingness to invest in technology, as farmers who own land are likely to adopt precision
agriculture (Gao, Sun & Huang, 2017). Larger farms with high levels of awareness and that can
absorb associated risks and costs are likely to adopt precision agriculture than smallholder farmers

(Paustian & Theuvsen, 2017).

Literature indicates that attitude to risks is a critical factor in adopting new technologies in general
(Yatribi, 2020). Risks associated with new technologies often channel farmers towards using
farming tools that are at their disposal instead of investing in modern technology (Miller, Griffin,
Ciampitti & Sharda, 2019). Barnes et al.(2019) further add that technology adoption must be
commensurate with the economic returns on investments. The likelihood of scepticism about
adopting is greater when the perceived economic returns are not adequately defined. Danso-
Abbeam, Dagunga and Ehiakpor (2019) assert that household size influences the perception of
adoption by farmers; the bigger the household size, the more likely it is that farmers will easily
adopt technology. Precision agriculture adoption among farmers at various levels of agricultural

production is a process that requires time and strategies in the promotion and facilitation process.
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3.7.  Precision Agriculture and its Applicability

Technological innovations and advancements in precision agriculture ought not only to be
theoretically sound and convincing but also to be applicable in a real sense and feel to the field of
agriculture. According to Adekunle (2013), precision agriculture is a proven and developmental
technological advancement, but it is still only applied and limited to developed countries. Despite
the slow progress in the adoption and implementation of precision agriculture in developing
countries such as South Africa, the feasibility of application is possible in the ways mentioned

below.

3.7.1. Applicability Through Practical and Smart Farming

From data information obtained from installed in-field sensors and smart equipment, data-
controlled decisions are produced for optimised and improved farming (Javaid et al., 2022).
Practical and innovative farming is further enabled through intra-technology connection of
hardware and software of machines to improve communication towards achieving an automated
and interconnected farming system (Bernhardt et al., 2021). The self-propelled robots as a feature
of precision agriculture are applicable in manual activities of the farm that may be regarded as
heavy duty such as moving large farming inputs such as fertilisers from one point to another,
technical analysis and monitoring of crop and soil, and predicting the influence of climatic
conditions and environmental factors on agricultural output (Despoudi, Spanaki, Rodriguez-

Espindola and Zamani, 2021).

3.7.2. Applicability Through Understanding the Composition of the Soil

The application of drones, satellites and unmanned aerial vehicles allows farmers to assess and
monitor crop health by collecting in-field real data and information of related crops using
smartphones, laptops, and tablets (Popkova, 2022). This data can be further used to determine and
predict how production output can be improved by making special, specific, and direct
examination of what interventions and adjustments are required to distinct plots from planting to
harvesting (Gheorghe et al., 2019). In this application of precision agriculture, farmers are
presented with contemporary ways of understanding the composition of soil, nutrient status, and

what measures can be applied to ensure maximum crop quality and yield.
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3.7.3. Applicability in Terms of Precise Weather Tracking and Prediction

The weather is one of the most important factors in agriculture. Precise weather tracking and
prediction entails the use of artificial intelligence, data mining and analysis, internet of things,
robots and numerous technologies to assist farmers in establishing better and developing a farming
schedule based on accurate weather interpretation (Lajoie-O’Malley, Bronson, Van Der Burg &
Klerkx, 2020). Weather tracking and prediction enable farmers to take action to lessen the drastic
effects of extreme events on their livelihoods. It also helps farmers reduce costs, prevent over- and
under-irrigation, and produce higher crop yields. According to Xu, Wang, Zhu and Li (2020),
precision agriculture technologies are important in managing fluctuating and varying weather

conditions prompted by climate change through the use of automated greenhouses.

3.7.4. Applicability in Terms of Improved Farming Operations

Precision agriculture innovations such as big data can be used to analyse and interpret information
received from other farms to improve their farming operations by benchmarking on required
agricultural skills for improved yields yearly (Paraforos & Griepentrog, 2021). Precision
agriculture enables farmers to migrate from outdated and costly diesel generators to modern, cost-
effective, environmentally friendly green and renewable energy, such as solar panels and wind-
powered turbines (de Oliveira & Corr"ea, 2020). Improving farming operations through big data
offers farmers the required impetus and leverage to properly manage risks and engage in value-

added agricultural processing (Cheng et al., 2021).

3.7.5. Applicability in Terms of Detecting Agricultural Uncertainties and Risks

The conception of precision agriculture and its technology was developed for the betterment of the
conditions of farmers and to improve conventional agricultural methods to enhance productivity
and income while conserving the environment. As a result, its technologies should be able to detect
agricultural uncertainty and risks, and safeguard the production value system. According to
Wahaishi and Aburukba (2021), using unmanned aerial vehicles and drones is applicable in a real
sense to monitor crop development and requirements in real-time visibility while farmers continue
to be engaged in other errands. Fountas et al. (2020) asserted that precision agriculture

technologies lead to modernisation of the agricultural sector in which impoverished and

69



S. Afr. J. Agric. Ext. Nkosi, Agholor & Olorunfemi
Vol. 53 No. 4, 2025: 56-85
10.17159/2413-3221/2025/v53n4al 7426 (License: CC BY 4.0)

underdeveloped farmers’ income and production are increased while food cost decreases and

nutrition is boosted.

3.8. Opportunities in Precision Agriculture Implementation

From Table 1, there is a clear indication that precision agriculture offers opportunities such as
detection of water stress, crop predictive analysis, determination of land fertile portion, pest and
disease detection, livestock monitoring and management, crop yield and quality estimation,
enhanced biodiversity and conservation, climate change adaptation, and resource use efficiency.
Technologies relating to precision agriculture, such as wireless sensors, remote sensing, variable
rate technology, in-field sensors, livestock tracking, robotics, satellites, weather monitors and
drones, are instrumental tools for realising the presented opportunities (Onyango et al., 2021).
Based on the opportunities available for precision agriculture implementation and from the
perspective that precision agriculture remains a concept in many developing countries (Alhassan
et al., 2022), agricultural extension has an important role in farmer education, thereby ensuring
that there is sufficient exploration, analysis and implementation of precision agriculture

innovations and technologies.

TABLE 1: Precision Agriculture Implementation Opportunities

Opportunities Description of PA | Output
technology
1. Detection of water stress Wireless sensors Accurate results of soil and

plant water requirements

2. Crop predictive analysis Remote sensing Correctly  classify  crop
characteristics for scientific

intervention

3. Determination of the fertile | Variable rate technology | Specific area application of

portion inputs such as fertilisers and
herbicides.
4. Pest and disease detection | Infield sensors Combat crop disease
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5. Livestock monitoring and | Livestock tracking Accelerated breeding, disease
management control and radius programme
6. Crop yield and quality | Robotics Improved quality and yield
estimation production
7. Enhanced biodiversity and | Satellites Enhancing agricultural
conservation practices and production
8. Climate change adaptation | Weather monitors Precise tracking and
prediction of the weather
9. Resource use efficiency Drones Improve farming operation

3.9. Precision Agriculture and Sustainability

Precision agriculture and sustainability cannot be disentangled due to their common features
(Bongiovanni & Lowenberg-DeBoer, 2004). Sustainable agriculture seeks to protect and improve
ecological welfare and the global ecosystem while promoting human dignity by uplifting the socio-
economic interests of local communities by adopting and using practices that are efficient,
productive, and competitive (Sustainable Agriculture Initiative, 2003). Similarly, precision
agriculture is an integral part of promoting sustainable agriculture as an innovative approach that
balances increased productivity and conserving the environment (Lowenberg-DeBoer & Erickson,
2019). There is a complementary correlation between precision agriculture and sustainable

agriculture, with a fundamental difference in innovation and technology.

For agriculture to be sustainable, modern farming practices that are socially viable, acceptable, and
profitable should be employed with the numerous diverse challenges confronting the agricultural
sector, ranging from the uncontrollably deteriorating climate to water pollution and shortage,
manifestation of pests and diseases, and excessive soil erosion, among other factors (Bongiovanni
& Lowenberg-DeBoer, 2004). There is an immediate need to adopt and implement precision
agricultural technologies to promote sustainable agriculture. Katalin (2012) postulated that every
technological development that promotes economic efficiency, conserves and reproduces natural

resources is considered sustainable.
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Precision agriculture and its technological advancements are characterised as sustainable due to
the balance that they maintain between the environment and profit prospects. With information-
based technology specific to crop management, precision agriculture allows farmers to reduce the
application of chemicals by applying these chemicals precisely as and when the need arises, and

at the correct rate and time, in the process promoting sustainable agriculture (Katalin, 2012).

3.10. Challenges Associated with Precision Agriculture Adoption

Precision agriculture requires extra investment, distinguished skills, expertise, and accuracy, and
it is associated with many unknown factors (Katalin, 2012). According to Reichardt et al. (2009),
studies reveal numerous challenges in precision agriculture implementation. The leading challenge
is farmers' slow adoption of precision agriculture (Kutter, Tiemann, Siebert & Fountas, 2009).
Developers and manufacturers of precision agriculture technologies need to produce less
sophisticated, simpler, and convenient technologies to enable farmers to apply these technologies

easily (Anaba, 2018).

Empirical findings of literature have identified low education level, farmers' attitudes, expertise,
skills, information, high cost, usefulness, ease of use, impact of technology, and inadequate
extension services as challenging factors that prohibit and slow down the adoption and
implementation of precision agriculture (Joint Research Centre (JRC) of the European
Commission, 2014). These findings are congruent with additions to the documented literature,
reviewed by Tey & Brindal (2012), that eight category factor challenges influence farmers'
adoption of precision agriculture. These factors are education and training, farmer demographics,

time, technical, economic, political, environmental and data quality.

Kendall et al. (2017) posited that the perceived benefits and capacity among farmers remain a
hindering factor to precision agriculture adoption. Boghossian et al. (2018) argue that professionals
and researchers often do not fully understand or seriously treat the existing barriers to precision
agriculture adoption and implementation. The adoption rate differs in South Africa; commercial
farmers are more likely to adopt modern innovations than smallholder and emerging farmers

(Nkosi & Agholor, 2021). According to the African Development Bank (AfDB) (2019), the
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adoption of technology at a faster rate among commercial farmers is due to financial access and

capabilities through various production channels.

4. CONCLUSION AND RECOMMENDATIONS

Like in many developing countries, precision agriculture in South Africa is still in an inception
phase. Agricultural extension has a crucial role in technology transfer and dissemination to
farmers. Scientific literature findings indicate that agricultural extension in South Africa has not
been able to fully implement technology transfer and dissemination to farmers due to incompatible
imposed strategies on farmers. In the case of precision agriculture, extension practitioners are
responsible for breaking down and demonstrating how these technological advancements will be
applicable and solve the contemporary issues facing farmers. For farmers to accept, adopt and
implement precision agriculture, extension practitioners must be able to unpack, clarify and outline

the advantages and usefulness of these technological advancements.

Extension practitioners should take a catalytic role in expediting the adoption of innovations and
technological advancements such as precision agriculture. Agricultural extension practitioners
must be adequately capacitated and equipped in technology-related developments to effectively
and efficiently render technology transfer to farmers. Precision agriculture is often perceived as
having high investment costs, technical, and high maintenance. Expertise, education level, farmers'
attitude, skills, cost, ease of use, usefulness, impact of technology and extension services influence

the adoption and implementation of precision agriculture.

Farmers’ in-field demonstrations, farm visits, trial and error sessions and technology-related
support services are sacrosanct in dealing with farmers' perception of technology and increasing
the probability of adoption and implementation. Agricultural extension in South Africa must
establish a curriculum that includes precision agriculture and related technologies. Manufacturers
and developers of precision agriculture-related technologies must consider farmers' various
dynamics and scenarios when designing and making new technologies, considering factors such

as affordability, land space, maintenance, operational manual, and sustainability.
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The government needs to urgently enact policies to inculcate farmers on advanced technologies
such as precision agriculture and further incentivise and subsidise farmers on these innovations
and advancements. Educationally targeted collaborative efforts are required from the government,
training institutions, and private agencies to raise awareness on the use of precision agriculture for
local development. Lastly, further research is needed to discover how precision agriculture and
related technologies can replace or complement in-use and conventional methods to improve

productivity and maintain environmental sustainability.
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