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Abstract: In developing countries, drought is a major climatic challenge that has driven
the development of drought-tolerant seed varieties aimed at improving yields and farm
incomes; however, the adoption of drought-tolerant seeds, such as the TELA maize hybrid,
remains low. This study explored the factors influencing the willingness and ability to
adopt TELA maize seed and its potential production implications in Alfred Nzo District,
Eastern Cape, South Africa. This study employed a multistage random sampling method to
gather data from 120 smallholder maize farmers through a semi-structured questionnaire.
Data were collected and analyzed using descriptive statistics and a probit regression model.
The results showed that 65% of respondents were male, and 53% were married. Notably,
77% had low educational attainment, with the majority having completed only secondary
school or less. Furthermore, 65% of respondents indicated that farming was primarily for
livelihood purposes. This study found that limited access to credit and extension services
were major obstacles to adopting TELA maize seed technology, compounded by skepticism
towards innovation. The findings suggest that addressing these challenges requires the
implementation of targeted gender equity programs, improving educational access, and
enhancing financial support mechanisms. Additionally, strengthening cooperative engage-
ment and extension services is crucial for promoting technology adoption. By fostering
collaboration among stakeholders and providing adequate resources, this study highlights
the potential for increased adoption of TELA maize seed, contributing to improved food
security in rural households.

Keywords: willingness; ability; adopt; smallholder; TELA maize seed; smallholder farmers;
Alfred Nzo District; Eastern Cape; South Africa

1. Introduction

TELA maize seed hybrid technology has been engineered to introduce traits such as
herbicide resistance and pest resilience [1]. The development of genetically modified seeds
is referred to as a specific variety of maize seed that is designed for high performance and
enhanced resistance to common maize diseases and pests; however, this technology offers
a promising strategy for enhancing food security and alleviating poverty in developing
countries, particularly in the context of maize production, where smallholder farmers
often face low productivity levels. In regions such as Alfred Nzo within the Eastern
Cape province, which faces challenges such as drought, soil degradation, and pests, the
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environmental resilience of TELA maize seed, including its drought tolerance and resistance
to diseases, could make it an attractive option. Despite the potential benefits of this
innovative technology, public skepticism regarding the safety of TELA maize seed has
shaped policy discussions across many African nations, necessitating a more informed
dialogue about their economic, environmental, and public health impacts. Farmers who
face unpredictable weather patterns may be more willing to adopt technologies that help
mitigate these risks; however, the seed’s compatibility with local environmental conditions,
such as soil health and fertility, will be a determining factor. If TELA maize seed requires
specific soil conditions or additional inputs, farmers may hesitate, particularly if they lack
the resources to manage such requirements.

In many developing regions, local food production is crucial for long-term food
security and poverty reduction. While cooperative farming has shown success in en-
hancing productivity, access to innovative technologies such as TELA maize hybrid seeds
remains limited. Collective action among smallholder farmers is essential for overcoming
these barriers, as cooperation can facilitate resource acquisition and knowledge sharing.
Manda et al. [2] emphasize that cooperative structures can improve understanding of col-
laborative practices that boost farm productivity.

The adoption of new agricultural technologies by smallholder farmers is influenced by
a variety of factors that span individual, social, economic, and institutional dimensions. In
general, the decision to adopt agricultural innovations, such as genetically modified seeds,
is affected by quite a number of contributing factors ranging from farmers assessing technol-
ogy based on perceived advantages, misinformation about a newly introduced technology,
access to resources, social influence, and network, institutional and policy support.

In South Africa, the adoption of genetically modified (GM) crops, particularly GM
maize varieties such as TELA, has gained attention because of their potential to improve
food security and reduce dependency on chemical pesticides. TELA maize is a genetically
modified maize developed to resist the stem borer pest, a significant threat to maize
production in Africa.

The adoption of TELA maize seed in Alfred Nzo District is influenced by a multi-
faceted set of factors. Addressing the barriers to adoption, such as high seed costs, limited
access to credit, and insufficient information, while enhancing the perceived benefits of
the technology, can increase adoption rates. A comprehensive approach involving finan-
cial support, improved access to information, and community-level engagement can help
farmers realize the potential of TELA maize seed, contributing to greater food security and
agricultural sustainability in the region. Limited access to resources, lack of knowledge
about TELA maize seed benefits, and persistent public skepticism hinder widespread adop-
tion. This study aimed to bridge the gap by addressing the factors influencing the adoption
of TELA maize seed hybrid technology by smallholder farmers in Alfred Nzo District.
Through knowing which factors mostly delay adoption compared with traditional maize
varieties, the research sought to unlock potential by encouraging the adoption of TELA
maize seed hybrid technology by smallholder farmers in Alfred Nzo District Municipality.

2. Theoretical Frameworks

The theoretical importance of this paper lies in its contribution to the understanding of
technology adoption, particularly in the context of smallholder farmers in South Africa. By
incorporating well-established theories such as Innovation Diffusion Theory (IDT) and the
Theory of Planned Behavior (TPB), this paper enriches the theoretical landscape of agricul-
tural technology adoption in a developing country context. The adoption of TELA maize
seeds by smallholder farmers in Alfred Nzo District, Eastern Cape, can be effectively anal-
ysed using Innovation Diffusion Theory (IDT) and the Theory of Planned Behavior (TPB).
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These theories offer complementary frameworks for understanding the factors that influ-
ence the decision-making process and adoption of agricultural innovations such as TELA
maize seeds.

2.1. Theory of Planned Behavior

The Theory of Planned Behavior focuses on the factors that influence an individual’s
intention to engage in a behavior, such as adopting a new agricultural technology. TPB
posits that three key factors shape behavioral intentions and, ultimately, behavior [3].
A farmer’s attitude towards TELA maize will play a significant role in whether they
decide to adopt it. If farmers view TELA maize positively (e.g., seeing it as beneficial
for increasing crop yields or reducing the need for pesticides), they are more likely to
adopt it. Negative attitudes, perhaps because of concerns about genetic modification, could
hinder adoption [4]. The influence of social networks and community norms is crucial. If
respected peers, local agricultural extension officers, or community leaders endorse the
use of TELA maize, other farmers may feel socially pressured or encouraged to adopt
it. Conversely, if there is skepticism or disapproval in the community, adoption could
be limited. Farmers will assess their ability to adopt TELA maize based on factors such
as access to seeds, affordability, and the perceived ease of using the new technology. If
farmers feel that they have the resources (financial, technical, and knowledge-based) to
adopt TELA maize successfully, their perceived behavioral control will be high, making
adoption more likely [5].

2.2. Innovation Diffusion Theory

Innovation Diffusion Theory, developed by Rogers [6], focuses on how innovations (such as
new technologies) are communicated and adopted across a social system. IDT identifies several
factors that influence the adoption process, which is particularly useful for understanding the
uptake of TELA maize seeds among smallholder farmers in Alfred Nzo District, Eastern Cape.
Due to its relative advantages, TELA maize seeds are genetically modified to resist specific pests,
improving yield and reducing crop losses. Smallholder farmers in the region may be more likely
to adopt TELA maize if they perceive it as offering a clear advantage over traditional maize
varieties, such as higher productivity and reduced pesticide costs; however, it depends on how
well it fits with the farmers’ existing practices, needs, values, and how easy it is to understand
and use that particular technology. The other contributing factor to technology adoption is the
possibility of demonstrating through trials the effectiveness of that particular technology and,
last, observing the benefits of adopting TELA maize seed.

3. Conceptual Framework Evaluating the Adoption of TELA Maize Seed

Technology adoption amongst farmers is influenced by a number of factors that deter-
mine whether a farmer can develop a positive interest and willingness in the innovation or
technology being introduced to them. Mabaya et al. [7] argued that the diffusion and adop-
tion of a specific technology are influenced by the effectiveness of extension services and the
manner in which information is disseminated and reaches farmers. Even so, appropriate
extension methods cannot fully guarantee adoption as technology is capital-intensive.

The farmers carefully consider a wide range of criteria before deciding whether to
use new technology; however, the uptake of better agricultural technology is the degree to
which a potential adopter can test the technology on a modest scale before fully adopting is
an indicator that is considered before adoption. The most important factor in the adoption
decision-making process is the nature of the technology. If the technology is extremely com-
plicated and challenging to use, farmers will not be drawn to use it. Furthermore, ref. [8]
argued that technology is divisible and can address the farmer’s needs, such as high-
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yielding variety, fertilizer, herbicides, pesticides, and so forth. Farmers can consider testing
the innovation on a small scale and will be willing to adopt, but if it is lumpy, small-scale
trials are impossible, and the farmer may be more reluctant to adopt.

According to Chima and Rahman [9], the cost of adopting new technology in farming
for improved maize production is very critical. In a study conducted by Martey et al. [6,10]
on price determinants of maize production inputs such as hybrid maize seeds, fertilizer,
and herbicides, the authors indicated that they require high capital. Several studies have
reported that off-farm is the most important strategic system for solving credit constraints
that act as a barrier to rural farmers in less developed countries. Dysfunctional rural
economies and unprogressive governmental programs that do not meet the needs of the
farmers also influence the production progress of these farmers.

Studies by Yokamo [8] and Wossen et al. [11] noted that by improving awareness of
new technologies, smallholder farmers were found to strongly adopt technologies that they
perceive or believe are useful and in line with their needs and are the ones who are easily
adaptable and worth on their farm.

Moreover, the provision and linking of rural smallholder farmers to infrastructure
and agricultural development were among the issues limiting and influencing technology
adoption in developing countries [12]. Anang [13] noted that technology adoption by
smallholder farmers is also tied up to government policies, which in many African countries
become the most constraint; however, the policies are mostly imposed to promote or
ban certain technologies, depending on their nature and their benefits. Arguably, these
promoted or introduced technologies are reported to be easily adopted by farmers if
training and research support are linked to farmers. Based on a study by Gao et al. [14], the
provision of basic services such as water and proper roads play a part in influencing the
attitude and behavior of farmers to adopt new technologies.

Moreover, Figure 1 illustrates that the adoption of TELA maize seeds enhances pro-
ductivity, which in turn contributes to improved productivity and increased crop yields,
bolstering food security. Conversely, the non-adoption of these seeds can lead to diminished
production, resulting in lower productivity, reduced yields, and increased food insecurity.

Farmer’s socioeconomic

characteristics —

Awareness and Adoption of Tela seed

knowledze

Source of income
Household size
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Seed quality and adaptability
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Figure 1. Conceptual Framework for adoption of Tela seeds by smallholder farmers. Source: Author’s

compilation, 2022.
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Several socio-economic factors influence the decision to adopt TELA maize seeds.
These factors include gender, marital status, education level, and occupation. Each of these
aspects can affect farmers’ willingness and ability to embrace new agricultural technologies.

In summary, the choice to adopt TELA maize seeds is not solely a matter of technology
but is significantly shaped by socio-economic contexts and personal circumstances. More-
over, the productivity of TELA maize seeds translates into increased agricultural output
depending on various characteristics and resources available to the farmers. Understanding
these interconnected elements is crucial for promoting the effective use of Tela maize seeds
and enhancing overall agricultural productivity and food security.

4. Methodology
4.1. Description of the Study Area

This study was carried out in South Africa, located at the Southern tip of the African
continent. With an estimated land area of 1,220,000 km?2, South Africa shares borders
with Zimbabwe, Namibia, and Botswana. The country is semiarid, characterized by a low
average annual rainfall of 450 mm and a modest mean annual runoff of 8.6%. South Africa
is divided into nine (9) provinces, with the Eastern Cape being one of them. Eastern Cape
Province is the second largest province by surface area and is also considered the poorest of
the nine provinces of South Africa. This study was specifically conducted in the Alfred Nzo
District, which is one of the nine districts in the Eastern Cape. The district extends from
the Drakensberg Mountains, bordering Lesotho to the North. To the east, it is bordered by
the Sisonke District Municipality, while the O.R. Tambo District Municipality lies to the
South [15]. Geographically, Alfred Nzo District lies at approximately 30°48’ S latitude and
29°22' E longitude, placing it within the broader region of Southern Africa of the African
continent. It has a total area of 10,731 km? and consists of seven major towns, with a total
population of 936,462. The unemployment rate of the municipality is 77.58%. For their
livelihoods, 36% of the population depends on social grants.

Agriculture is the primary economic activity in Alfred Nzo District; however, the
district faces challenges in terms of economic development and agricultural expansion,
as much of the farming is limited to traditional subsistence farming. Alfred Nzo District
exhibits a climate that varies due to its diverse topography and altitude. The district is
generally characterized by high rainfall and mild to warm temperatures, from 7 degrees in
winter to 22 degrees in summer.

4.2. Research Design

A mixed research design in this study allowed for a richer, more nuanced exploration
of the factors influencing smallholder farmers’ adoption of TELA maize seeds. This com-
prehensive approach not only enhances the validity of the findings but also ensures that the
research addresses the multifaceted nature of agricultural practices and decision-making.
This study applied a cross-sectional research design where data were collected at one point
on several variables, such as socio-economic and demographic factors influencing the
willingness and ability to adopt TELA maize seeds.

4.3. Population, Sample Size, and Sampling Procedure

This study was conducted in Alfred Nzo District, chosen purposefully for its high
density of smallholder maize farmers in the Eastern Cape. A multi-stratified random
sampling method was employed to capture a representative sample of the district’s diverse
farming population. The population was first divided into strata based on distinct charac-
teristics, including farm size and farming practices. Within each stratum, farmers were then
randomly selected to achieve a total sample of 120. This approach ensured that the sample
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reflected a broad spectrum of socioeconomic conditions, enhancing this study’s capacity to
draw meaningful, unbiased conclusions applicable to all maize farmers in the district.

4.4. Method of Data Collection

This study utilized a structured approach to data collection involving both primary
and secondary data sources. Farmers selected for interviews were visited prior to the actual
data collection to communicate the purpose of this study and gather preliminary insights.
This initial engagement helped build rapport and ensured that participants were informed
and comfortable with the process. In addition, data collection tools were pre-tested on
12 farmers to assess their reliability and validity.

Primary data were collected through structured interviews with smallholder farmers
in Alfred Nzo District. The interviews focused on various aspects of TELA maize adoption,
including technical efficiency, challenges faced, and personal motivations. Relevant sec-
ondary data sources, such as agricultural reports and the academic literature, were also
reviewed to complement and contextualize the findings from primary data.

4.5. Data Processing and Analysis

Once these data were collected, it was coded and captured in a spreadsheet using Mi-
crosoft Excel 365 (version 2409). These coded data were then exported to STATA (version 16)
for further analysis. Various statistical tests and econometric models to identify the socioe-
conomic characteristics of farmers and factors influencing the adoption of TELA maize
seed were conducted. The methods used for the data analysis are explained below.

4.5.1. Descriptive Statistics

This study employed a descriptive statistic to provide an overview of the respondents’
socioeconomic characteristics. This section of this study aims to examine the socio-economic
attributes, farming activities, and production systems of the sampled farmers. Tools for
descriptive statistics included frequency tables for categorical variables and calculation of
average mean, maximum, minimum, and standard deviation for continuous variables.

4.5.2. Probit Regression Model

The adoption of TELA maize seed hybrid technology by smallholder farmers is in-
fluenced by a variety of factors spanning demographic, socioeconomic, and technology-
specific characteristics [16]. The factors influencing the adoption of Tela maize seed hybrid
technology often draw on utility maximization theory. This theory suggests that individu-
als make decisions based on rational choices, aiming to maximize their satisfaction. This
provides a theoretical framework to understand how and why farmers decide to adopt (1)
or not adopt (0) Tela maize seed hybrid technology. The adoption function is defined

Yi_{liful- >0 M

as follows:

Oifu,-<0

where Y; represents a threshold assumed to be zero. A normal distribution of errors is

assumed as follows: )

pr=1)= " owar= g (gx) @

where a normal distribution is represented as ¢, Y = 1 represents the adoption of Tela maize
seed hybrid technology, x represents explanatory variables that are most likely to influence
farmers’ adoption of Tela maize seed hybrid technology. Moreover, marginal effects are

estimated as follows: 9E (Y | %)
X
= () B ©)
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Moreover, the marginal effects of dummy variables are presented as follows:
PY=1|X,d=1)-P(Y=1|X,d=0) (4)

where x indicates the mean value of all continuous variables, the model estimating the
adoption of Tela maize seed hybrid technology is given as follows:

Y =Bo+p1 X1+ PaXo+ - BuXn+e (G))

where:

Y = Dependent variables

B = Vector of parameters to be estimated

X = Set of explanatory variables (Independent variables)
¢ = Error term

Table 1 provides a summary of the explanatory variables used in this study, detailing
the type of measurement and outlining the proposed theoretical relationship between
these variables and the dependent variable. Data for this study were collected between
December 2023 and March 2024.

Table 1. The variables and measurement levels utilized in the probit regression model, along with the
a priori expectations.

Variables

Measuring Type Expected Sign

(Y) Adoption of TELA maize seed

(Yes =1 or No =0)

Dependent variable

Independent/explanatory variables (X)

X7 = Gender of farmer

Binary: Male = 0, Female = 1 +

Xy = Age of farmer (years)

Continuous 1,2, 3,4,5......... +/—

X3 = Educational level (years)

Categorical: 1 = primary, 2 = secondary,
3 = tertiary, 4 = no formal education =5

X9 = Primary occupation

Categorical: 1 = Farmer, 2= Other businesses,

3 = Employed, 4 = Unemployed —/+

X4 = Household size

Categorical: 0-5=1,6-10=2,11-20=3 +

X5 = Access to land

Binary: Yes =1, No =0 —

X = Farm size (hectares)

Categorical: 04 Ha =1, 5-19 Ha = 2, 2049 Ha = 3,
50+ Ha=4

X7 = Access to maize training Binary: 1 =Yes, No=0 —

Xg = Access to extension

Binary: 1 = Yes, 0 = No —

X9 = Access to credit

Binary: Yes =1, No =0, don’t know =2 —

Xj0 = Cooperative membership Binary: Yes=1,No =0 +/—

X11 = Household annual income (ability) Continuous +/—

X1p = Willingness to adopt

Binary: Yes =1, No=0 +/—

X13 = Farmers’ perception of risk

Categorical: risk-averse = 1, risk-neutral = 2,
risk-preferer = 3

Source: Author’s estimation, 2024.
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5. Results and Discussion
5.1. Reliability, Validity and Trustworthiness

According to Jebb et al. [17], the reliability, validity, and trustworthiness of a data
collection tool are essential measures of effectiveness and quality. Prior to conducting
an analysis of quantitative data, the researchers evaluated the reliability, validity, and
trustworthiness of the questionnaire. Reliability refers to the consistency, stability, and
dependability of the measurement results, implying the degree of trustworthiness in data
collected by the questionnaire. Typically, Cronbach’s Alpha coefficient is used to assess the
reliability of these data, with values ranging from 0 to 1. A value closer to 1 shows stronger
reliability, while a value closer to 0 suggests weaker reliability. In this study, the authors
obtained a reliability value of 0.6, indicating good reliability.

Regarding validity, the authors defined it as the method that assesses the accuracy of
the content. The Kaizer-Meyer-Olkin test is commonly used to measure validity, with val-
ues ranging from 0 and 1. Values closer to 1 indicate a strong correlation, while values closer
to 0 suggest otherwise. In this study, the KMO value was 0.65, implying good validity.

Additionally, the questionnaire was pre-tested by handing out a sample of 10 questionnaires
to maize farmers in the Alfred Nzo District, who were evaluated on their responses to
the research questions. The questionnaire’s content validity was determined using the
designed questionnaires and responses. Content validity and reliability were considered
with the goal of determining whether the wording of the questions is understandable and
achievable and that they are arranged appropriately.

5.2. Demographics and Socio-Economic Characteristics of Smallholder Farmers

Understanding the socio-economic characteristics of the respondents is crucial as
it plays a major role in influencing rural household’s attitudes towards the adoption of
Tela maize seed technology [18]. Socio-economic characteristics track economic progress
and social change and generally describe households’ state of well-being, whereas demo-
graphic characteristics study a population based on factors such as age, gender, educational
level, marital status, and occupation. Tables 2 and 3 present the summary statistics of
demographics and socio-economic characteristics of farmers.

Table 2. Demographics and socio-economic characteristics of farmers (continuous variables).

Variable Description Average Mean Min Max Std.Dev
Non-adopters 57.88 29 82 14.46
Age Adopters 56.88 30 82 11.93
Combined 57.53 29 82 13.58
Non-adopters 1.29 4 1 0.58
Farm size Adopters 1.43 4 1 0.58
Combined 1.34 4 1 0.95
Non-adopters 1.94 1 3 0.67
Household size Adopters 2.05 1 3 0.76
Combined 1.98 1 3 0.70
Non-adopters 2.90 1 5 0.93
efgiﬁiﬁfe Adopters 2.95 2 5 0.99
Combined 292 1 5 0.95




Sustainability 2025, 17, 973 9 of 14
Table 2. Cont.
Variable Description Average Mean Min Max Std.Dev
. In other businesses 4 5.13 8 19.05 12 10.00
ei;gr‘g%e Unemployed 11 14.10 9 21.43 20 16.67
Employed 4 5.13 5 11.90 9 7.50
Abbreviations: Max, Min, and SD; maximum, minimum, and standard deviation. Sources: Findings, 2023.
Table 3. Demographics and socio-economic characteristics of farmers (categorical variables).
Non-Adopters Adopters (S):n?;l;
Variable Description (N =78) (N =42) (N = 120) Chi-Square
N % N % N %
Gender Male 51 65.38 27 64.29 78 65 0.014
Female 27 34.62 15 35.71 42 35
Single 20 25.64 8 19.05 28 23.33
Marital Status Married 41 52.56 23 54.76 64 53.33 472
Divorced 1 1.28 4.76 3 2.50
Widowed 16 20.54 21.43 25 20.84
Primary 12 15.38 14.29 18 15.00
Education level Secondary 35 44.87 20 47.62 55 45.83 3.85
Tertiary 12 15.38 11 26.19 23 19.17
No formal education 19 24.36 5 11.90 24 20.00
Farmer 59 75.64 20 47.62 79 65.83
. CPC i?::gn In other businesses 4 5.13 19.05 12 10.00 11.10
Unemployed 11 14.10 21.43 20 16.67
Employed 4 5.13 5 11.90 9 7.50

Sources: Findings, 2023.

According to Christian et al. [19], gender is an important variable in decision-making
within a household. In this study, there were more male-headed households than female-
headed households. As presented in Table 3, overall, 65% were male-headed house-
holds, while 35% were female-headed. These observations are in line with those of
Kibirige et al. [20], who noted that men dominate farming in the region, with women
largely confined to household duties.

Table 2 shows that the minimum age of farming household heads was 29 years old,
while the maximum age was 82 years old, with the mean average age for the overall sample
being 57.53. This means that age distribution among farmers was fairly old, indicating
an effect on the adoption of new technologies or practices, with younger farmers potentially
being more open to change. Similarly, a study by Odile and Tung [21] found that the average
household age was 50 years, with a notable old population of farmers.

The results in Table 2 indicate that the average farm size among the sampled farms
is 1.34 hectares. This means that, on average, farms are slightly larger than 1 hectare
but smaller than 1.5 hectares. The maximum farm size recorded is 4 hectares, with the
minimum size of 1 hectare, indicating smaller-sized farms. In contrast, a study by Chete [22]
suggested that farm size is a key determinant of technology adoption. More hectares of
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farming land with good financing capital tend to be able to invest in improved seeds, while
farms with fewer hectares were more reliant on traditional seeds and practices.

The results in Table 2 indicate that the average household size is 1.98 individuals,
which is slightly less than 2. This suggests that many households are small, likely consisting
of one or two members. The minimum household size is one, indicating that there are
single-person households, while the maximum of three suggests that larger households are
relatively rare.

The results indicate that the average farming experience among respondents is
2.92 years, suggesting that most farmers in this group have relatively limited experience,
generally just under three years (Table 2). The minimum of 1 year implies that some farmers
are quite new to farming, while the maximum of 5 years shows that a few individuals have
more substantial experience.

This study found that the majority (53.3%) of farmers were married (Table 3). The
stability of married households can enhance decision-making processes and foster a sup-
portive environment for adopting new technologies.

Farmers were asked about educational attainments, measured using the number of
years spent at school. Table 3 shows a troubling trend, with only 15% having primary
education, 46% secondary, 19% tertiary, and 20% with no formal education. This aligns
with findings by Uematsu and Mishra [23] on the generally low educational levels of rural
farmers in South Africa and Jain [24], who highlight the correlation between education
and poverty. Low education levels can limit farmers” understanding and application of
advanced agricultural techniques.

A striking 75.64% of farmers engaged primarily in farming are non-adopters of new
technologies (Table 3). Conversely, those in other businesses (19.65% adoption) seem more
open to innovation, potentially due to greater financial stability and resource availability.
The high rate of non-adoption among farmers may reflect resistance or lack of awareness
regarding new technologies. Farmers engaged in diverse income-generating activities
might possess the flexibility and resources needed to explore new practices, whereas full-
time farmers could be constrained by traditional practices and limited access to innovation.

5.3. Factors Influencing Adoption of TELA Maize Seed

The adoption of TELA maize seed is essential for enhancing agricultural productivity
and ensuring food security. Understanding the factors that influence farmers’ decisions
to adopt this innovation is crucial for promoting sustainable maize production. Table 4
presents results from the probit regression model on the factors influencing the adoption of
TELA maize seed.

Table 4. Factors influencing adoption of TELA seed by smallholder maize farmers.

Non-Adopter/Adopter Coefficient St;?i;rd V4 p>lzl [95% Conf. Interval]
Constant 1.298887 1.347211 0.96 0.335 —1.341598 3.939372
Gender 1463718 0.2778348 0.53 0.598  —0.3981744  0.6909181
Age 0.004325 0.010696 0.40 0.686  —0.0166387  0.0252888
Level of education —0.2012804  0.1458171 —1.38 0.167  —0.4870767  0.0845158
Primary occupation 0.2236672 0.0967373 231 0.021**  0.0340655 0.4132689

Household size

0.004364 0.2152355 0.02 0.984 —0.4174898  0.4262177

Access to land

—0.0871814  0.4766179 —0.18 0.855 —1.021335 0.8469726
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Table 4. Cont.
Non-Adopter/Adopter Coefficient Stg;::;rd V4 p>lzl [95% Conf. Interval]
Farm size 0.0498339 0.2295235 0.22 0.828 —0.400024 0.4996917
Access to training —0.221537  0.2879055  —0.77 0442  —0.7858214  0.3427475

Access to extension and advisory services —0.5903429  0.2884007 —2.05 0.041* —1.155598  —0.0250878

Access to credit

—0.553661 0.2364052 —-234 0.019* —1.017007 —0.0903153

Cooperative membership status 0.3798155 0.3282004 1.16 0.247 —0.2634455 1.023077
Probit Regression Information
Number of observations = 120 LR chi?(11) = 21.87 Prob > chi? = 0.0254
Log-likelihood = —66.75681 Pseudo R? = 0.1408

Note: ** p < 0.05 means significance at 5% levels of significance. Source: Probit model results, 2023.

Gender and age are both statistically insignificant predictors of adoption likelihood at
p > 0.05. Although each has a slight positive coefficient, the lack of significance implies that
these factors do not substantially influence the adoption decisions of the farmers; however,
these findings are contrary to a study by Mdoda et al. [25], that male farmers are more re-
ceptive to newly introduced innovation than female farmers. According to Christian et al.’s
study [26], age was seen as a factor that significantly contributes to decision-making of
putting innovation into practice, as indicated that as household heads keep increasing on
a yearly basis, the chances of technology adoption decrease gradually. In many societies,
farming is traditionally seen as a male-dominated activity. Men are often the primary
decision-makers when it comes to adopting new agricultural practices and technologies.
Their role in the public sphere shows a higher receptiveness to innovation and farming
technology. Moreover, socioeconomic factors, access to resources, risk appetite, and cultural
norms all play significant roles in shaping the willingness and ability of farmers to embrace
new agricultural technologies.

The level of education shows a non-significant, slightly negative effect on adoption.
This could indicate that higher education levels might be associated with a more critical as-
sessment of the adoption decision, possibly leading to hesitation; however, given the lack of
statistical significance, education does not appear to affect adoption meaningfully, meaning
adoption outreach efforts could focus on individuals with varied educational backgrounds.

As a statistically significant predictor at p = 0.021, primary occupation positively
influences adoption likelihood. This indicates that individuals whose primary occupation
is farming are more inclined towards adoption. A study by Gcaba et al. [27], found those
who are into other businesses are more likely to adopt new technologies, among others, as
affordability is high for them.

Household Size has a negligible, non-significant effect on adoption. This finding sug-
gests that household size does not have any influence on the adoption of new technologies;
however, similar to a study by Christian et al. [26], in smaller households, adoption was
less likely to occur, whereas larger households might adopt new technologies for labor or
resource-sharing reasons only.

Access to land and farm size exhibit non-significant effects on adoption, with access
to land showing a slightly negative coefficient and farm size a slightly positive one. The
non-significance of these variables implies that land resources alone do not impact adoption
likelihood. This could reflect the fact that, in some cases, the need for adoption is not tied
to land quantity but to the perceived benefits or utility of the adoption itself. Hence, land
availability and farm size may not be direct barriers or motivators.
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Access to training has a non-significant, negative effect on adoption, suggesting that
training availability does not meaningfully impact adoption decisions; however, this points
to a potential gap in the training approach, suggesting that training programs need to be
more tailored and specific to influence adoption positively.

This variable is significant at p = 0.041 and negatively associated with adoption
likelihood. This finding implies that if advisory services are intended to promote adoption,
they may need to refocus their messaging to better balance the benefits and risks associated
with adoption [28].

Access to credit is also a significant predictor at p = 0.019, showing a negative rela-
tionship with adoption likelihood. Credit access is often expected to enable individuals
to invest in new practices or technologies; however, a few explanations might clarify this
outcome. Individuals with access to credit may prioritize other, more pressing financial
needs, or the type of credit available might not support adoption-related expenses directly.

Cooperative membership has a positive coefficient, but it is statistically insignificant,
indicating that cooperative membership alone does not significantly impact adoption
likelihood. Cooperatives often serve as platforms for knowledge sharing and resource
pooling, which could encourage adoption [29].

6. Conclusions and Policy Recommendation

The findings underscore the need for multifaceted approaches to enhance technology
adoption among farmers. Addressing gender disparities, improving educational access,
supporting various household structures, and engaging resistant farmers through targeted
interventions will be essential for fostering an environment conducive to agricultural
innovation and development in Alfred Nzo District Municipality.

The results of the stochastic frontier model reveal critical insights into the factors affect-
ing technical efficiency among maize farmers. Addressing financial constraints, improving
access to credit, and fostering technology adoption are essential for enhancing productivity.
Additionally, strategies to engage cooperatives, provide effective extension services, and
improve market access will be crucial in promoting sustainable maize production among
smallholder farmers.

To enhance technology adoption among maize farmers in Alfred Nzo District Mu-
nicipality, a multifaceted approach is essential. This should begin with targeted gender
equity programs that empower women farmers through training and resources, fostering
their participation in agricultural decision-making. Additionally, improving educational
access is crucial; practical agricultural literacy programs can equip all farmers with the
necessary skills to adopt modern farming technologies. Support for diverse household
structures, particularly through community-based groups, can ensure that varying needs
are met and resources are effectively shared. By accelerating adoption through these ac-
tions, TELA maize can significantly boost food security, enhance productivity, and improve
the livelihoods of smallholder farmers, particularly those in regions vulnerable to climate
change and drought. The strengthening of policies related to seed access, financing, market
access, and farmer empowerment will ensure the long-term success and sustainability of
this initiative.

Moreover, addressing financial constraints is vital. Establishing microfinance initia-
tives tailored for smallholder farmers can enhance access to credit for purchasing essential
inputs such as TELA seeds and fertilizers. Engaging cooperatives in a way that revitalizes
their membership and incorporates younger, tech-savvy individuals can further boost
efficiency. Strengthening extension services to provide relevant support and improving
market access through better infrastructure and organized buyer connections will be key
to promoting sustainable maize production. By implementing these strategies collabora-
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tively among stakeholders, the region can create an environment conducive to agricultural
innovation and growth.
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