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Abstract. The objective of the study was to assess the determinants of the utilization of digital technologies by smallholder
farmers in South Africa. A cross-sectional survey of 250 smallholder farmers was purposively sampled from Port St Johns and
Ingquza Hill Local Municipalities. Binary and ordered logistic regression were used to analyse the data. The results show that
55% of the smallholder farmers were using digital technologies. Out of these, 40% were using smartphones and radio. Close to
47% of the smallholder farmers who were using digital technologies were using them to some extent and 65% had been using
digital technologies for a period of 1-4 years. 89% of the smallholder farmers using digital technologies indicated that they are
beneficial and 83% had opted to continue using digital technologies to increase their skills and knowledge. However, 44% of
the smallholder farmers who had opted to discontinue the use of digital technologies indicated that these technologies were not
beneficial for them. Overall, 85% of the smallholder farmers would recommend the use of digital technologies to other farmers.
Factors such as age, educational level, marital status, full-time farming, and land size affected the utilization of digital technolo-
gies while age, marital status, educational level, full-time farming, household size, non-crop producing, and tenure affected
the extent of digital technology utilization. The study concludes that the partial utilization of low-tech digital technologies is
a socio-economic driver. Recommendations include the promotion of digital technologies, especially high-tech technologies,
taking into account the socio-economic circumstances of smallholder farmers.

Keywords: binary logistic regression; digital technology; ordered logistic regression; smallholder; South Africa; utilization

INTRODUCTION

Digital technologies have been identified as one of the
drivers of the Sustainable Development Goals (SDGs).
They have been instrumental in biotechnology (SDGs
3, 12 and 13), farm management (SDGs 3, 12, 13, 15
and 17), indoor technologies and platforms (SDGs 3 and
8), food safety and traceability (SDGs 2, 6, 12 and 13),
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supervision and stakeholder support (SDGs 3, 9, 12 and
13), indoor databases and analysis (SDGs 13 and 15), and
training (SDG 4, 5, 9 and 10) (Secundo et al., 2022). In
smallholder agricultural production systems, digital tech-
nologies are essential in poverty reduction (SDG 1) and
ending hunger (SDG 2). Specifically, digital technolo-
gies for smallholder farmers can be a conduit to eradicate
extreme poverty and reduce the number of people living
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in poverty (SDG Targets 1.1 and 1.2) as well as helping
build resilience and reduce exposure to climate-related
events (SDG Target 1.5) (Florey et al., 2020; Dayioglu
and Tiirker, 2021). This is achieved through empower-
ing smallholder farmers with digital technologies that
can meet these developmental standards. Furthermore,
digital technologies improve income and livelihoods for
smallholder farmers (Dietz and Drechsel, 2021). Digital
technologies can also be used to achieve food security
(SDG Target 2.1), increase smallholder production (SDG
Target 2.3), and improve access to information (SDG
Target 2.c) (Borodina et al., 2021; Raimi et al., 2021).
The agrarian sector is increasingly dynamic as well
as information- and data-intensive, with the goal of re-
ducing workloads, improving efficiency and improv-
ing livelihoods (Drewry et al., 2019; Monteleone et al.,
2020; Carrer et al., 2022). According to Gangwar et al.
(2022) there is a need for digital inclusion, especially for

smallholder farmers. This is in line with high production
risks and resource planning. Various digital technolo-
gies have been adopted in South Africa’s agricultural
sector, and most are low-tech, such as TVs, radios, mo-
bile phones, internet, email, etc. (Dlamini and Ocholla,
2018; Oladipo and Wynand, 2019; Makaula, 2021). The
adoption of digital technologies in South Africa has
been limited by factors such as cost, lack of integra-
tion of indigenous knowledge, complicated technology,
and lack of awareness, among other things (Migiro and
Kwake, 2007; Maumbe, 2010).

Digital technologies have offered an evolutionary
change in agri-food systems which has occurred in tan-
dem with socio-technical systems surrounding the large
variety of digital technologies (Giua et al., 2022a). Ac-
cording to Giua et al. (2022a), there are variations in the
adoption and use of digital technologies based on farm
and farmer characteristics. As shown in Table 1, there

Table 1. Factors affecting the adoption and utilization of digital technologies

Construct Factors Author(s)
Demographic  Age (Shang et al., 2021)(Michels, von Hobe and Musshoff, 2020) (Khan et al., 2022) (Gro-
her, Heitkdmper and Umstétter, 2020) (Michels et al., 2020)

Gender (Drewry et al., 2019) (Groher, Heitkdmper and Umstitter, 2020)
Marital status (Kaur, Walia and Singh, 2022) (Reisdorf, 2011) (Vimalkumar, Singh and Sharma, 2021)
Educational levels (Shang et al., 2021) (Drewry et al., 2019) (Carrer et al., 2022) (Khan et al., 2022)
(competences) (Michels et al., 2020) (Giua, Materia and Camanzi, 2022a)
Tenure (Shang et al., 2021)
Farming experience (Shang et al., 2021)(Carrer et al., 2022)

Social Social influence (Giua, Materia and Camanzi, 2022a) (Sood, Bhardwaj and Sharma, 2022)
Farm succession (Shang et al., 2021)

Economic Employment status (Rodriguez Castelan et al., 2021)
Income (Shang et al., 2021) (Drewry et al., 2019)
Source of income (Shang et al., 2021)

Farm Enterprise (Shang et al., 2021)

characteristics g, i, gize (Drewry et al., 2019) (Carrer et al., 2022) (Khan et al., 2022) (Michels et al., 2020)
Labour (Shang et al., 2021)

Institutional Extension (Musyoki et al., 2022)
Farmer groups (Giua, Materia and Camanzi, 2022a)
Distance to market (Musyoki et al., 2022)

Technology Technology attributes, (Giua, Materia and Camanzi, 2022a)

characteristics performance expectation, (Shang et al., 2021)

complexity

Source: produced by the authors, 2023.
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are various factors that determine the adoption and use
of digital technologies.

According to Giua et al. (2022a), young people are
better at adopting and utilizing digital technologies.
This is due to the complexity of digital technologies be-
ing a barrier to their adoption by older farmers. Further-
more, young people have longer planning horizons, are
familiar with the technologies, are less risk averse, and
can acquire relevant competencies. Giua et al. (2022b)
highlight that competencies affect the diffusion of tech-
nology. Higher educational levels are associated with
high adoption rates (Shang et al., 2021; Carrer et al.,
2022). Some studies have found that there is greater
adoption of digital technologies with an increase in
farming experience (Shang et al., 2021). However, Car-
rer et al. (2022) found that there was less adoption of
digital technology with an increase in experience. Expe-
rienced farmers are more risk-averse due to their lived
experience. There are higher levels of adoption if farm-
ing is the main source of income (Shang et al., 2021).
However, access to other sources of income can help
increase the number of digital technologies that can be
adopted. The type of land use influences the type of dig-
ital technologies that can be used (Shang et al., 2021).
This invariably affects the adoption of digital technolo-
gies. Giua et al. (2022b) found that farm size was a sig-
nificant factor in the adoption of digital technologies,
especially for farmers intending to adopt them. This
conclusion was supported by Shang et al. (2021), who
found that farm size was associated with economies of
scale. Extension training assists in providing knowledge
about the utilization of digital technologies (Musyoki et
al., 2022). Giua et al. (2022b) indicated that organisa-
tional support does not affect technology adoption. In-
creased distance to market is associated with transaction
costs which hinder the adoption of digital technologies.
However, digital technologies can offer a way to avoid
transaction costs (Musyoki et al., 2022).

Using an ordinal logistic regression, Michels et al.
(2020) demonstrated that socio-economic factors and
the characteristics of digital technology play a role in
the adoption and utilization process. This conclusion
was supported by Gabriel and Gandorfer (2023), who
found that factors such as farm and farmer characteris-
tics were important. In South Africa, studies by Mdoda
and Mdiya (2022) and Mabe and Oladele (2012) found
various socio-economic and farm characteristics that
affected the adoption of digital technologies. However,
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Mabaya and Porciello (2022) acknowledge that few
studies on digital technologies have been carried out in
South Africa.

There are various digital technologies at the disposal
of small-holder farmers (Gabriel and Gandorfer, 2023);
however, Giua et al. (2022a) acknowledge that digital
technology adoption studies have not considered indi-
vidual dimensions. There is a need to understand the
mechanisms of digital technology adoption and utiliza-
tion (Shang et al., 2021). The interaction of digital tech-
nology with socio-economic characteristics determines
its adoption, utilization, and diffusion. Even though
various digital technology adoption studies have been
conducted, Shang et al. (2021) acknowledge that socio-
economic circumstances are dynamic across space and
time. Furthermore, digital technologies keep improving,
thereby necessitating constant re-evaluation of the fac-
tors determining their adoption. According to Michels
et al. (2020), it is essential to understand the underlying
drivers of digital technology utilization to improve its
acceptance, with possible incorporation during the de-
velopment process. This can also assist in the develop-
ment of tailor-made digital technologies that meet the
specific needs of smallholder farmers. Accordingly, the
objective of this study was to assess the determinants of
digital technology utilization by smallholder farmers in
South Africa.

METHODOLOGY

Study area

The study was carried out in Port St Johns (PSJ) and
Ingquza Hill (IH) Local Municipalities located in OR
Tambo District Municipality of South Africa (Fig. 1).
Both local municipalities are Category B rural, having
high poverty levels with reliance on social grants (EC-
SECC, 2017a, 2017b). Agriculture accounts for 2.0%
of Gross Value Added (GVA) in IH Local Municipal-
ity compared to 1.4% in PSJ. 53.9% of households are
engaged in agriculture in IH compared to 47.0% in PSJ,
and PSJ also has a higher employment rate within ag-
riculture at 5.4% compared to 4.1% in IH (ECSECC,
2017a, 2017D).

Theoretical framework

The utility maximization model prescribes evaluating
options and making the best choice amongst alterna-
tive decisions and choices, preferences, and judgments
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Fig. 1. Study site
Source: Municipalities of South Africa, 2023.

(Gamukama, 2015). The model is premised on an in-
dividual’s preference-indifference relation (Liu et al.,
2021; Du et al., 2022). Studies by Mdoda and Mdiya
(2022) in Eastern Cape Province and by Migiro and
Kwake (2007) countrywide reflect on the utilization
of ICTs and the factors affecting such utilization. Digi-
tal technologies are not only utilized in agriculture but
also in education, health, and social welfare, with vari-
ous socio-economic and institutional factors affecting
such use (Migiro and Kwake, 2007; Mdoda and Mdiya,
2022). A smallholder farmer is confronted with a choice
of whether or not to use a digital technology D;. For
using the d1g1ta1 technology, Us, , the expected utility
is E[Uy;, (nDﬁ”T)] and the expected utility for not using
it, NUs,,, is E[Uys,, (nD';SDT)] (nDYDT) and (nDTUT) are the
benefits associated with using or not using the digital
technology. Utility is defined as:

Ny
Uipr= E[UUSDT(”D;SDT)] - [UUgD (”DTSDT)]

where a smallholder farmer will use the digital technol-
ogy D; for agricultural purposes if U, > 0.

Conceptual framework

Proposed by Rogers (1995), the diffusion of innovation
model focuses on innovation communication methods
through a bound channel over time. This is through the
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transition from first learning about a source of innova-
tion to the formation of enhanced perspectives on the in-
novation, with decisions to accept, reject and/or imple-
ment the new idea (Rogers, 1983; Miller and Mariola,
2009; Jemine and Guillaume, 2021; Byamukama et al.,
2022). Biljon and Kotzé (2008) highlighted that culture
was significant in the understanding of the adoption of
technologies by particular groups of people as repre-
sented through the diffusion of innovation model. Jere
and Maharaj (2016) found that ICT-based factors such
as culture, perceived usefulness and ease of use have
a bearing on adoption and diffusion amongst smallhold-
er farmers in KwaZulu-Natal Province, even though no
association between the perceived attributes of innova-
tions and the nature of social systems was found. In ad-
dition, Dlamini and Ocholla (2018) also found that lack
of awareness was a challenge in the availability of ICTs
in KwaZulu-Natal. These studies depict the early stages
of the diffusion of innovation model as having an effect
on the knowledge of and persuasion of people to adopt
digital technology. According to Rogers (2003), there
are various stages that an individual goes through when
making innovation decisions (Fig. 2). These include
knowledge, persuasion, decision, implementation, and
confirmation. In the context of the current study, at the
knowledge stage, the smallholder farmers are exposed
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Fig. 2. Innovation of diffusion model
Source: Rogers, 1995.

to digital technologies and understanding of their use.
The persuasion stage involves the creation of a positive
or negative perception of digital technologies, which
leads to the decision to adopt or not to adopt. The im-
plementation stage involves the actual use of the digital
technology by the smallholder farmer, while confirma-
tion reinforces further use or rejection of the digital
technology.

The current study addresses the confirmation stage
of the innovation diffusion model, assessing the utiliza-
tion of digital technologies and indicating which receiv-
er and social system variables inform this utilization.

STUDY DESIGN
A purposively selected sample of 250 small-holder

farmers was obtained through a cross-sectional survey
design. A binary logistic regression, as used by Groher
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et al. (2020), was used to assess the factors affecting the
utilization of digital technologies by smallholder farm-
ers in Port St Johns and Ingquza Hill Local Municipali-
ties. The logit model was specified as follows (Wool-
dridge, 2016; Greene, 2018):

P=1|x)=Py=1|x,, %, X3, ..., X)) =
=GBy + Bix; + B, + ...+ Bx) = G(By + xP)

where y is the probability of utilising (y = 1) or not uti-
lising (y = 0) digital technologies, the x values are the in-
dependent variables and 0 < G(x ’f) < 1. The logit model
followed a logistic function:

: exp(x /5)
Gxp)y=——""""""7>7
CD= 0+ exple )
where Az is the cumulative logistic distribution func-

tion. The marginal effects were formulated using the
following equation:

=Ax'p
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L opin - ace p1p

The variables used in the logistic regression are
shown in Table 2.

An ordered logistic regression, as used by Michels
et al. (2020), was used to analyse the extent of digital
technology utilization by smallholder farmers in Port St
Johns and Ingquza Hill Local Municipalities. The or-
dered logistic model followed (Greene, 2018):

y=xpte
where y* is unobserved. However, the following obser-

vations are made:

y=0ify" <0,
= 1 if0<y*51ula
=2ifu, <y <u,

The model will estimate 4 and . After normaliz-
ing the mean and variance of ¢, we have the following
probabilities:

Prob(y =0 | x) = O(-xp),
Prob(y = 1 [ x) = O(u, — x ') - O(—=xp),
Prob(y =2 [ x) = O(u, — x ) = O, — x )
For positive probabilities, the values of u should
have the following property.

0<wm <u

The variables in Table 2 were used in the ordered lo-
gistic regression, with the extent of utilization of digital
technologies as the dependent variable.

Table 2. Variables used in the logistic and ordered logistic models

Variable Explanation Measurement Expected sign
Dependent
Y (logistic regression Utilization of digital Binary: 0 — utilisation, 1 — otherwise
model) technologies
Y (ordered logistic ~ Extent of utilizing Ordered: 0 — to some extent, 1 — large extent, 2 — very large extent
regression model) digital technologies
Independent
GEN Gender Nominal: 0 — male, 1 — female -
AGE Age (years) Ordinal: 0 —30-39, 1 — 4049, 2 — 50-59, 3 — 6069, 4 — 70 and -
above
MARST Marital status Nominal: 0 — married, 1 — not married -
EDU Education level Ordinal: 0 — none, 1 — primary, 2 — secondary, 3 — tertiary +
EMPL Employment status Nominal: 0 — full-time farmer, 1 — part-time farmer -
SOUINC Source of income Categorial: 0 — social grant, 1 — salary, 2 — agricultural activities, +/—
4 — remittances
MI Monthly income Ordinal: 0 — less than R1000, 2 — R1001-R5000, 3 — R5001-R10000, +
4 — more than R10000
HHS Household size Ordinal: 0 — 1-5, 1 —6-10,2 — 11-15, 3 — 15 and above +/—
FEN Farming enterprise 0 — crop production, 1 — livestock production, 2 — mixed farming +/—
TEN Tenure Nominal: 0 — communal, 1 — leased +
FZ Farm size (ha) Ordinal: 0 — 1-5, 1 — 6-10, 2 — 11-20 +

Source: field survey, 2022.
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RESULTS

Table 3 shows that 55.36% of the smallholder farmers
in PSJ and IH Local Municipalities use digital tech-
nologies whereas 44.64% do not. Furthermore, 39.53%

smartphones only and 27.91% use radio only. A paltry
1.55% use digital sensors. Nearly half (47.29%) of the
smallholder farmers use digital technologies to some ex-
tent, while 30.23% and 22.48% use them to a large ex-
tent and to a very large extent, respectively. Most of the

use smartphones and radio, while 31.01% utilize

Table 3. Descriptive statistics

smallholder farmers (65.12%) have been using digital

Question Answer %
1 2 3
Used any digital technologies Yes 55.36
No 44.64
Types digital technologies used Digital sensors 1.55
ICT (smartphones) 31.01
Radio 27.91
Smartphone and radio 39.53
Extent of digital technologies use To some extent 47.29
Large extent 22.48
Very large extent 30.23
Duration of use (years) 1-4s 65.12
5-10 29.46
11-15 3.88
Above 15 years 1.55
Are digital technologies beneficial Yes 89.06
No 10.94
How are digital technologies Assists in accessing farming information 25.44
beneficial Assist in seeking farming advices 20.18
Improve communication between farmers and extension officers 16.67
Assist in tracking market prices 4.39
Assist farmers in looking for market to sell the produce 5.26
Help to get information related to climate change /follow daily weather reports 26.32
Communication between extension officers & farmers and also to look for market 1.75
Would you continue to use digital Yes 83.59
technologies No .
Why would you continue to use Helps to track market and market prices 3.77
digital technologies Helps to learn about improved seeds and get educated about different cropping systems 30.19
Helps to get climate change information 27.36
Digital technologies improve farming skills and knowledge 33.02
Promote better production and marketing 5.66

www.jard.edu.pl
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Table 3 — cont.

1 2 3
Extent of willingness to continue Not at all 5.36
using digital technologies
To some extent 25.89
Large extent 41.07
To a very large extent 27.68
Why would you not continue to use ~ Not beneficial to farmers’ need 44.44
digital technologies .
Expensive 11.11
Poor network coverage 5.56
Expensive data and poor network coverage 3333
Expensive data bundles 5.56
Do you recommend digital yes 85.04
technologies
No 14.96
Reason for recommending digital Digital technologies improve and make farming activities easy and interesting 17.39
technologies
& Digital technologies bridge the gap between extension officers & farmers and promote 25.22
information dissemination
Helps to access farm loans 522
Provide farmers with knowledge and information about agriculture 43.48
Not recommending it because it is expensive 6.96
Improve farmers’ marketing skills 1.74

Source: field survey, 2022.

technologies for 14 years, while 29.46% have using
them for 5—10 years. About 89.06% indicated that digi-
tal technologies were beneficial, with 26.32% indicat-
ing that digital technologies assist in getting climate and
weather-related information. This was relative to 25.44%
of the smallholder farmers who indicated that they aid in
getting farming information and 20.18% who noted that
they assist in getting farming advice. Up to 83.59% of
smallholder farmers from PSJ and IH had opted to con-
tinue using digital technologies because they improve
their farming skills and knowledge (33.02%), assist in
learning about new farming techniques and methods
(30.19%), and help provide access to climate-related in-
formation (27.36%). Around 41.07% of the smallholder
farmers indicated that they would continue to use digital
technologies to a large extent, 27.68% to a very large
extent, 25.89% to some extent, and 5.68% not at all.
About 44.44% of the smallholder farmers who said they
would discontinue using digital technologies indicated
that they were not beneficial to farmers, 33.33% indi-
cated that they would stop using them due to expensive

272

data and poor network coverage, and 11.11% indicated
that the technologies themselves were expensive. 85%
of smallholder farmers from PSJ and IH Local Munici-
palities would recommend the use of digital technolo-
gies to other farmers, due to the provision of knowledge
and information about farming (43.38%), their capacity
to bridge the gap between extension officers and farm-
ers (25.22%) and their potential to improve farming and
make it easy and interesting (17.39%).

Table 4 shows the factors affecting the utilization of
digital technologies by smallholder farmers in PSJ and
IH Local Municipalities. The model was significant at
the 1% level with a Nagelkerke of 0.31. This indicates
a model fit of 31.00%, with the same amount of variance
explained by the variables used. Table 4 shows that the
utilization of digital technologies by smallholder farm-
ers is affected by educational level, source of income,
land size (1% level), age and marital status (10%) level.
The results show that there is a 76.00% chance that as
age increases, smallholder farmers will utilise digital
technologies. Furthermore, there is 1.45% chance that
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Table 4. Factors affecting the utilization of digital technolo-
gies by smallholder farmers in Port St Johns and Ingquza Hill
Local Municipalities

Variable s Std. Error P, Exp(B)
Gender 0.05 0.34 0.89 1.05
Age —-0.28 0.16 0.09 0.76
Marital status 0.37 0.20 0.06 1.45
Education -0.91 0.25 0.00 0.40
Employment status ~ —0.11 0.15 0.44 0.89
Income source -0.29 0.11 0.01 0.75
Monthly income -0.28 0.25 0.25 0.75
Household size -0.29 0.24 0.23 0.75
Farming activity -0.10 0.17 0.54 0.90
Tenure —0.49 0.69 0.48 0.61
Land size 1.14 0.30 0.00 3.13
Constant 2.41 1.02 0.02 11.19
Model summary
b 60.38 0.00
—2 Log Likelihood  259.94
Nagelkerke R? 0.31

Source: field survey, 2022.

smallholder farmers will not use digital technologies
if they are single/unmarried, while there is a 40.00%
chance that an increase in education level will be as-
sociated with the utilization of digital technologies. The
results also show that if a farmer’s income is derived
from full-time farming, they is a 75.00% chance that
they will use digital technologies, and there a 3.13%
chance that as land size increases, they will not use digi-
tal technologies.

Table 5 shows the factors affecting the extent of
digital technology utilization by smallholder farmers in
PSJ and IH Local Municipalities. The model was also
significant at the 1% level with a higher Nagelkerke of
0.68. Thus 68.00% of the variance in the extent of digi-
tal technology utilization was explained by the variables
that were included in the model. The results show that
gender, age, marital status, employment status, house-
hold size, farming enterprise, and land tenure were sig-
nificant factors at the 1% level. A decrease in age was
associated with a reduction in digital technology utiliza-
tion, with both married and single smallholder farmers
indicating that they would use digital technologies to
a larger extent. A decrease in educational level was asso-
ciated with an increase in the use of digital technologies,

Table 5. Factors affecting the extent of digital technology utilization by smallholder farmers in
Port St Johns and Ingquza Hill Local Municipalities

Variable s Std. Error Poe
1 2 3 4 5

Gender Male 1.37 0.78 0.08
Female”

Age 30-39 6.01 1.83 0.00
40-49 4.98 1.85 0.01
50-59 5.12 1.80 0.00
60-69 6.81 1.69 0.00
70 and above”

Marital status Single —2.64 1.52 0.08
Married -2.83 1.54 0.07
Divorced -24.33 0.00
Widower/widow”

Education No formal education -9.03 2.48 0.00
Primary education -2.33 1.36 0.09
Secondary education -2.83 1.39 0.04

Tertiary education”
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[
Table 5 — cont.
1 2 3 4 5

Employment status  Unemployed 12.39 4.98 0.01
Formal employed 11.04 5.38 0.04
Self-employed 9.24 5.44 0.09
Full-time farmer 12.16 5.23 0.02
Part-time farmer 12.00 5.82 0.04
Retiree’

Source of income  Social grants —0.81 2.46 0.74
Salary/wages -2.35 3.56 0.51
Agricultural activities -2.05 2.89 0.48
Remittances -18.37 9203.61 1.00
Social grant and Agri- -3.72 2.81 0.19
cultural activities
Retirement pension
funds”

Social grant and
remittances”

Income level R500-R1000 —2.28 3.04 0.45
R1001-R5000 -0.91 2.71 0.74
R5001-10000 0.45 2.60 0.86
More than R10000?

Household size 1-5 people -20.59 1.23 0.00
6-10 people -19.35 1.18 0.00
11-15 people -14.35 0.00
Above 15 people”

Farming enterprise ~ Crop production only 2.06 0.67 0.00
Livestock production —-0.08 1.31 0.95
only
Mixed farming”

Land tenure Communal land —2.81 1.38 0.04
Leased”

Land size (ha) 1-5 -2.96 2.02 0.14
6-10 0.71 2.33 0.76
11-20"

Model summary
v 397.95 0.00
—2 Log Likelihood 150.85
Nagelkerke R* 0.68

"Referral category.
Source: field survey, 2022.
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while unemployment was associated with a decrease in
the use of digital technologies for smallholder farmers
in PSJ and IH Local Municipalities. A smaller house-
hold size was associated with an increase in digital tech-
nology utilization. Producing crops only and the use of
communal land for farming were associated with a de-
crease in the use of digital technologies.

DISCUSSION

The results show that most smallholder farmers have
been using smartphone and radio digital technologies
to some extent for 14 years. Furthermore, they indi-
cate that digital technologies are beneficial, especially
in assisting with climate and weather-related informa-
tion, with most smallholder farmers indicating that they
would continue using digital technologies to a large ex-
tent, as they improved their farming skills and knowl-
edge. However, some smallholder farmers indicated that
they would discontinue the use of digital technologies,
as they are not beneficial to farmers. Most of the farm-
ers would recommend the use of digital technologies to
other smallholder farmers due to the provision of farm-
ing information. The use of mobile phone and radio
digital technologies in South Africa has been confirmed
by various authors, such as Migiro and Kwake (2007),
Akinsola (2014), Dlamini and Ocholla (2018), Makaula
(2021), Oladipo and Wynand (2019), Maumbe (2010)
and Otiso and Moseley (2009). The reason radio and
mobile phones are prominent is cost, as these technolo-
gies are relatively inexpensive, but the disadvantage of
using them is that they are used instead of advanced
technologies. However, the use of mobile phones offers
an entry point to the use of other high-tech digital tech-
nologies — for example, the use of the internet, email,
cameras and GPS, which can be integrated into mobile
phone designs. Omulo and Kumeh (2020) and Caine et
al. (2018) indicated that the use of digital technologies
was beneficial to obtain climate and weather-related
information as well as providing a platform for energy
exchange, while Makinde et al. (2022) found unsuit-
able and prohibitively expensive digital technologies
in Canada. Alant and Bakare (2021) confirmed the use
of digital technologies for climate and weather-related
agricultural practices by smallholder farmers. This is
because farmers require historical, current, and fore-
cast weather information to sustain their production and
market prospects.

www.jard.edu.pl

The results also show that older, educated, and mar-
ried smallholder farmers who practice full-time farm-
ing on small pieces of land make more extensive use
of digital technologies. Furthermore, older, single, less
educated, and full-time smallholder farmers with small
household sizes on leased farmland who did not con-
centrate on crop production used digital technologies to
a greater extent. Groher et al. (2020) highlighted that the
use of digital technologies varies according to the type
of technology and the characteristics of the agricultural
enterprise in addition to the farmer’s socio-economic
characteristics. Factors such as age (Shang et al., 2021;
Giua et al., 2022a; Khan et al., 2022), gender (Drewry
et al., 2019; Michels et al., 2020), marital status (Vimal-
kumar et al., 2021; Melaine and Nonvide, 2023), educa-
tion (Ashwini et al., 2022; Carrer et al., 2022), source
of income (Shang et al., 2021; Musyoki et al., 2022),
employment status (Rodriguez Castelan et al., 2021),
household size (Musyoki et al., 2022), land size (Ker-
necker et al., 2020; Giu et al., 2022a) and enterprise type
(Groher et.al., 2020; Giua et al., 2022a) have also been
identified in the literature as affecting the adoption and
use of digital technologies.

Four factors were significant in both the propensity
to use and the extent of utilization of digital technolo-
gies. These were age, marital status, educational level,
and full-time farming. Groher et al. (2020) found that
there was less likelihood of using new technologies as
age increased in Switzerland, which is contrary to the
study findings. This was supported by Michels et al.
(2020) in Kenya and Michels et al. (2020) in Australia,
where there is lower adoption of digital technologies as
age increases. This is because the younger the farmer,
the more affinity they have for the adoption of digital
technologies. This effect is compounded by their lower
agricultural production experience, and thus they rely
more heavily on digital technologies. The findings in
the study can be explained by the type of digital tech-
nologies being used, which are mostly low-tech mobile
phones and radios, everyday household and personal
appliances. This was compounded by the contextual un-
derpinnings of the region where the study was carried
out, with over 63% of the respondents from both study
sites having an age greater than 50 years. These results
reinforce the emerging cyclical process of an affinity for
low-tech and easy-to-use technologies by the older gen-
erations being perpetuated by even lower-tech and older
smallholder farmers.
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Melaine and Nonvide (2023) found that marital sta-
tus was a significant determinant of digital technology
utilization in Benin. This was supported by Kaur et al.
(2022) in India and Vimalkumar et al. (2021), who indi-
cated that it was a significant factor in the digital divide.
However, Reisdorf (2011) was of the view that marital
status was a less important factor in the use of digital
technologies. These studies, however, do not provide
any insights into the significance or lack of significance
of marital status. Puzzlingly, the results show that mar-
ried smallholder farmers have a propensity to utilize
digital technologies, but the extent of utilization is larg-
est amongst unmarried smallholder farmers. Therefore,
even though there is low utilization of digital technolo-
gies amongst unmarried smallholder farmers, once they
are utilized, they are exploited to a larger extent than
they are by other groups. It seems logical to conclude
that spousal influence affects the utilization of digital
technologies by smallholder farmers. This can be tied
in with co-decision-making in married households, with
the associated high opportunity cost of using digital
technologies relative to other family or spousal obliga-
tions. Thus, the more responsibilities there are due to
extended family, the less important the use of digital
technologies for agricultural practices becomes. The re-
verse is true for unmarried smallholder farmers.

Authors such as Carrer et al. (2022), Michels et al.
(2020) and Drewry et al. (2019) found that higher edu-
cational levels were associated with greater use of digi-
tal technologies. Educational levels were significant in
Brazil, mainly due to the technological and managerial
demands of digital technologies which require higher
levels of education (Carrer et al., 2022). According to
Michels et al. (2020), higher educational levels are as-
sociated with the ability to process information on new
technologies. Furthermore, they enhance knowledge
and skills in technology adoption. However, Giua et
al. (2022b) found that education was not a significant
factor in the decision to adopt digital technologies. The
authors attributed this finding to the contextual under-
pinnings of the study, which was carried out in an area
of Italy with a fairly high level of education. The study
findings indicate that high educational levels were sig-
nificant in deciding whether to utilize, and low educa-
tional levels were significant in the extent of utilization.
The results reflect a belief or perception barrier in the
utilization of digital technology, especially in the initial
stages of utilization. The decision to utilize is informed
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by exposure. This can be through different media and
forums, requiring higher levels of education. However,
once that hurdle has been overcome, those with lower
educational levels have a higher affinity for digital tech-
nologies. This is due to the benefits that they enjoy from
the technologies.

Gabriel and Gandorfer (2023) indicate that part-time
farming among smallholder farmers is associated with
economic risks, especially in using digital technologies
that they are not certain about. Part-time smallholder
farming is associated with reduced time and capital
investment with reduced motivation (Gabriel and Gan-
dorfer, 2023). Contrary to the study findings, Groher et
al. (2020) found that whether the farmer was part-time
or full-time did not affect decisions to utilize digital
technologies in Switzerland. In Bavaria, Gabriel (2023)
indicated that segmentation into part-time or full-time
farming was associated with awareness and protection
in using digital technologies. It was particularly highly
educated part-time smallholder farmers who had confi-
dence in using digital technologies. However, the same
study highlighted that full-time smallholder farmers
with small farm sizes also showed awareness and con-
fidence in using digital technologies, mainly due to in-
tensive investment in new technologies, which required
them to familiarize themselves with the technology. In
Germany, Michels and MuBhoff (2022) found that the
extent of digital technology utilization was positively
affected by full-time farming. This is due to the high op-
portunity cost and huge benefits of utilizing digital tech-
nology for welfare gains. The study findings showed
that full-time farming was associated with both the
propensity to use and the extent of utilization of digital
technologies. This was in line with Gabriel (2023) and
Michels and MuBhoff (2022), and the reasons given for
this were high investment, opportunity cost, and welfare
gains from income and food security.

According to Kernecker et al. (2020) and Tagarakis
et al. (2018), the utilization of digital technologies de-
pends on larger farm sizes, contrary to the study findings.
This was supported by Groher et al. (2020), who found
that there was less likelihood of using new technologies
as farm size decreased. This was due to the lowering of
perceived investment risks as the farm increased in size,
increasing access to capital (Gabriel and Gandorfer,
2023). However, the study by Kernecker et al. (2020)
was carried out in Europe, where there is less small-
holder subsistence agriculture, or there are differentiated
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characteristics at most. Different land sizes require dif-
ferent types of digital technologies (Bronson and Kne-
zevic, 2019). Kos and Kloppenburg (2019) indicate
that use of digital technologies is inherently connected
to land size, as there is higher utility, for instance, in
optimal input utilization and supply. The findings from
the study show the dynamic relationship between low-
tech digital technologies and farm size. In this instance,
because the digital technologies are low tech, limiting
their applications in the farming enterprise, their utiliza-
tion is associated with small-holder production systems
which are less sophisticated.

Musyoki et al. (2022), Rodriguez Castelan et al.
(2021) and Huang et al. (2023) indicate that house-
hold size significantly affects the decision to adopt
digital technologies. This can be advantageous in pro-
viding family labour and access to a wide variety of
digital technologies from different family members
(Musyoki et al., 2022). However, Kiarie (2020) found
that household size was insignificant in the utilization
of digital technologies in Kenya. The findings from
the study highlight that household size was significant,
but there was increased utilization of digital technolo-
gies for smaller households, contrary to Musyoki et al.
(2022), Rodriguez Castelan et al. (2021) and Huang et
al. (2023). The use of low-tech digital technologies may
also help explain why there is increased utilization when
households are small. There is a negligible increase in
utility when there are more individuals in households,
likely with similar technologies, such as smart phones
and radios, which is characteristic of African house-
holds. In fact, one radio can service the needs of the en-
tire family. Therefore, the likely increase in family size
will not affect the number of radios and the information
obtained from the radio, which is standardised across all
receivers.

The study findings further showed that concentrat-
ing on non-crop agricultural activities increases the uti-
lization of digital technologies for smallholder farmers.
Smallholder crop and animal production, especially in
Africa, is associated with rainfed, low-technology sys-
tems (Kuivanen et al., 2016). High value agricultural
practices such as horticulture and dairy production re-
quire high-tech digital technologies related to precision
agriculture, aquaponics, and irrigation, etc. (Munyua
et al., 2009; Singh et al., 2022; Gabriel and Gandor-
fer, 2023). The findings are peculiar, though, given that
small-holder farmers in the study region rely on grain
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crops for their food security needs. The study findings
confirm that the farming enterprises being pursued by
small-holder farmers, i.e. crop production, are not par-
ticularly suited for the utilization of digital technologies.
They are generally small-holder farming systems that
are low-input and environment-reliant.

The findings from the study also show that tenure
(particularly leasing) was a significant factor in the
utilization of digital technologies. Elsafty and Atallah
(2022) found that land tenure was not a significant fac-
tor in the utilization of digital technologies in Egypt.
Gardezi and Bronson (2020) found that in the US, farm-
ers were less likely to use digital technologies when
they rented more land than they owned. According to
Sudan (2020) tenure security affects the incentives for
long-term investment in an agricultural enterprise. Lack
of ownership translates into compromised expansion,
and prevents land from being used as an asset in the
farming enterprise (Sudan, 2020). However, Gardezi
and Bronson (2020) indicated that farmers who leased
their land had a propensity for short-term, high-return
investments. In the context of the current study, small-
holder farmers had a propensity to use digital technolo-
gies even when they were leasing. The particular tech-
nologies used (i.e. mobile phone and radio) did not have
much effect on capital expenditure and investment in
their enterprises, hence the propensity to use low-tech
digital technologies.

CONCLUSION

The study sought to understand the determinants of
digital technology utilization by smallholder farmers in
South Africa. A cross-sectional survey and a purposive-
ly selected sample of 250 smallholder farmers in Port St
Johns and Ingquza Hill Local Municipalities were used.
Binary and ordered logistic regressions were employed
to assess the determinants of (i) utilization and (ii) the
extent of utilization, respectively. The results show that
more than half of the smallholder farmers were using dig-
ital technologies. Furthermore, most of the smallholder
farmers were using smart phones and radios. Close to
half of the smallholder farmers had been using digital
technologies to some extent for between 1 and 4 years.
Close to 90% of the smallholder farmers indicated that
digital technologies were beneficial, especially for pro-
viding climate and weather-related information. Close
to 80% of the smallholder farmers had opted to continue
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using digital technologies, with 41% highlighting they
would do so to a large extent, as it improved their skills
and knowledge. However, 44% of the smallholder farm-
ers who indicated that they would discontinue the use of
digital technologies highlighted that they are not benefi-
cial to farmers. Overall, four of every five smallholder
farmers indicated that they would recommend the use of
digital technologies to other farmers, especially in the
provision of knowledge and information. The results
also show that older, educated and married smallholder
farmers who practice full-time farming on small pieces
of land are more likely to utilize digital technologies.
Furthermore, older, single, less educated and full-time
smallholder farmers who had small household sizes and
did not concentrate on crop production on leased farm
land utilized digital technologies to a greater extent.

The study concludes that there is partial utilization
of digital technologies in Port St Johns and Ingquza Hill
Local Municipalities. However, the smallholder farmers
there were using low-tech digital technologies and had
only recently started using them. This relatively small-
scale and recent adoption was mainly informed by the
cost of such digital technologies. Their main use was in
the provision of weather and climate information, es-
pecially to sustain production and marketing activities.
There were various socio-economic factors that affected
the utilization and extent of utilization of digital tech-
nologies amongst the smallholder farmers. Chief among
them were age, marital status, educational level and full-
time farming, which affected both the decision to utilize
and the extent of utilization. Conclusions drawn from
the study include the socio-economic determinants that
play a part in the utilization of low tech digital technolo-
gies, and conversely, how low tech technologies shape
the influence of socio-economic factors on the use of
digital technologies. Furthermore, socio-economic fac-
tors appear to have differentiated effects on the use and
extent of use of digital technologies.

RECOMMENDATION

The study recommends the promotion of digital technol-
ogies for smallholder farmers. This is, however, more
effective when it is carried out by means of other infor-
mation-related digital technologies such as the electron-
ic and print media. Extension officers offer a tangible
way to disseminate digital technology information. This
can be augmented by involving the developers of the
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technologies (especially high-tech technologies) in the
training of farmers. Farmer groups and cooperatives can
also be used as conduits to inform and train smallholder
farmers in the awareness and utilization of digital tech-
nologies. The design of digital technologies and training
in their use should take account of the socio-economic
circumstances of the target audience. The study recom-
mends that the design of the new digital technologies
and associated training programmes should be appeal-
ing to older, educated and married smallholder farmers
who practice full-time farming on small pieces of land.
Furthermore, the continued use of existing digital tech-
nologies should target older, single, less educated and
full-time smallholder farmers who have small house-
hold sizes and do not concentrate on crop production on
leased farm land.
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