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Abstract

Despite global focus on GMPs which enhance environmental protection and resource
efficiency, adoption of GMPs among SME sugarcane agribusinesses remains unclear.
This study assessed the adoption of GMPs among SME sugarcane agribusinesses,
impact on sugarcane productivity and potential drivers and barriers to adoption. The
study followed a cross-sectional mixed-methods study integrating secondary data and
primary data from a structured questionnaire survey and semi-structured interviews. The
research was conducted on a sample of 84 SME sugarcane agribusiness selected
through a purposive sampling method. Key findings made in the study were that GMPs
adoption among SME sugarcane agribusinesses was low. The study also found that
GMPs adoption has a positive effect on sugarcane productivity. Additionally, the study
established that drivers of GMPs adoption among the SME sugarcane agribusinesses
included institutional pressures and support, cost savings and incentives, resource
efficiency, and environmental stewardship. Barriers revealed in the study include high
initial cost, labour and operational challenges, and group decision-making. Through the
study findings, it is confirmed that GMPs adoption will enhance sustainability and
competitiveness of SME sugarcane agribusinesses. Further research is recommended
in a different context, following a longitudinal approach, and to further investigate specific

GMPs elements and their effect on sugarcane productivity.
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1. Introduction to the Research Problem

1.1 Research Problem

This study investigates the role of green manufacturing practices (GMPs) in enhancing
the sugarcane productivity performance and sustainability of small and medium-scale
enterprise (SME) sugarcane agribusinesses in Eswatini. GMPs have become critical for
businesses to secure better productivity and ensure they remain competitive and

sustainable in a dynamic business environment.

Sugarcane production is a critical agribusiness activity for sugar production, bioenergy
generation and rural livelihoods. However, the cultivation of sugarcane production
consumes a significant amount of water, contributes to pollution through chemical use
and GHG emissions which impacts the environment (Viegas et al., 2024; Li & Li, 2024).
Climate change has further exacerbated the environmental impacts of sugarcane
production, creating favourable conditions for increased pest and disease incidence
(Msomba, 2024). A new trend has also developed globally where consumers demand
that their producers become more environmentally friendly (Kannan et al., 2022). In
response to these challenges, GMPs are promoted to enhance resource efficiency and
manufacturing sector resilience (Long & Wang, 2025; Rajathi & Parveen, 2024). Despite
the global momentum created around GMPs, the adoption of these practices has
remained uneven, particularly among SME agribusinesses who face several barriers to
adoption (Alayon et al., 2022).

SME sugarcane agribusinesses in the Eswatini sugar industry collectively supply about
38% of total sugarcane output supplied to the domestic mills (Eswatini Sugar, 2024).
However, these agribusinesses operate under resource constraints and are highly
vulnerable to climate variability, rising input costs, and declining crop productivity
(Mhlanga-Ndlovu & Nhamo, 2019). While sustainability initiatives, such as sustainable
farming and certification platforms such as Bonsucro, Fairtrade, and Farm Sustainability
Assessment (FSA) have gained traction globally to enhance resource efficiency and
grower resilience, their penetration in sugarcane agribusinesses is limited due to cost,

complexity and lack of institutional support (Juarez-Luis et al., 2018; Patil et al., 2024).



The Eswatini sugar industry has begun embracing sustainable practices such as solar-
powered irrigation (SPI), integrated pest management (IPM), and sustainability
certifications like Fairtrade, Bonsucro and Farm Sustainability Assessment (Eswatini
Sugar, 2025). Although these practices align with and upholds sustainable sugarcane
production, adoption of sustainable practices among SME agribusinesses remains
unclear (Eswatini Sugar, 2024). For example, SPIs are attractive in circumstances of
rising energy costs and abundant solar radiation. However, agribusinesses might still

face certain barriers to adoption.

According to Asiedu-Ayeh et al. (2022), green production increases productivity,
enhances the adaptive capacity of agribusinesses to climate variability while reducing
GHGs. If SME sugarcane agribusinesses do not adopt GMPs, they will not realise the
benefits of green manufacturing, thus presenting a critical sustainability problem for
these agribusinesses. This underutilisation of GMPs by SME agribusinesses may
reduce their competitiveness and productivity, and limit access to premium markets that
demand sustainably produced sugar products (Eswatini Sugar, 2024). Without targeted
support, these agribusinesses risk exclusion from emerging value chains and may

struggle to meet evolving environmental and market standards.

The issue of green practices adoption engages with the sustainable development
frameworks that are aimed at fostering environmental protection among stakeholders in
the sugarcane production value chain (Patil et al., 2024). Eswatini Sugar’s strategic goal
to double industry revenue over 10 years from 2017 to 2026 (ES, 2024), hinges on
inclusive growth and sustainability, yet the gap in adoption among SME sugarcane
agribusinesses suggests a need to better understand the mechanisms that enable or
hinder this transition. These include the institutional, economic, and social factors

influencing the adoption of GMPs (Kannan et al., 2022).

1.2 Purpose

The purpose of this research is to examine the role of GMPs in enhancing productivity
performance and sustainability among SME sugarcane agribusinesses in Eswatini.
Specifically, the study assesses the adoption of GMPs which include six different
practices: sustainable farming, technology integration, soil and water management,

renewable energy integration, circular economy (Doda et al., 2025) and sustainability



certifications. The study analyses the relationship between the adoption of these GMPs
and sugarcane productivity to explain how market access and environmental resilience

can be enhanced.

It has generally been observed that the productivity of SME sugarcane agribusinesses
does not match that of large-scale enterprises (LSE) (Dlamini et al., 2021). This points
to an opportunity to find out how SME sugarcane agribusinesses can enhance their
productivity and sustainability. Previous studies highlight that sustainable practices can
significantly improve resource efficiency and competitiveness in agriculture, yet the
impact of these practices among SME agribusinesses in general remains unknown due
to potentially low adoption rates and limited research (Smith et al., 2022). While some
agribusinesses have adopted and implemented GMPs, many are still at a learning and
understanding stage (Donmez et al., 2024). This research explores the institutional and
economic factors that contribute to or prevent the adoption of GMPs, including access

to finance, grower support services, training, and policy support.

1.3 Context of the study

The Eswatini sugar industry is built around two large companies, the Royal Eswatini
Sugar (RES) corporation and Ubombo Sugar Limited (USL) which own three sugar mills
in the country (Eswatini Sugar, 2024). Both companies have own sugarcane farms which
serve as sources of raw materials for their sugar factories. Sugarcane is processed into
sugar and other downstream products such as energy and ethanol. While the companies
produce their own sugarcane, independent agribusinesses also form part of their raw
material supply chain, supplying sugarcane to the factories for sucrose proceeds. These
agribusinesses are classified into SME and LSE. SME sugarcane agribusinesses make

up 95% of these agribusinesses (Eswatini Sugar, 2024).

Eswatini Sugar (ES), formerly Eswatini Sugar Association, is central to the Eswatini
sugar industry. ES is a local company that functions both as the regulator and marketer
of sugar produced in Eswatini. ES is responsible for the marketing and sales of all sugar
and by-products (such as molasses) produced in the country (ES, 2024). The regulator
also provides support services to the industry which include grower support services,

research, sugarcane testing, sustainable farming, warehousing and distribution.



The Eswatini sugar industry contributes approximately 4.6% to gross domestic product
(GDP) and employing over 16,000 people, which is important for the national economy
(ES, 2024). Like all other sugar industries around the world, the Eswatini sugar industry
is under growing pressure to reduce environmental impacts and be sustainable in areas
such using irrigation water wisely, cutting down on chemicals and protecting the

environment (Patil et al., 2024).

GMPs are also critical for Eswatini SME sugarcane agribusinesses due to the role they
play in improving sugarcane productivity, enabling agribusinesses to meet certification
standards and for accessing premium markets. Improving productivity in the sugar
production value chain needs to consider closely environmental impact (Asrol & Purba,
2021). Existing initiatives that promote sustainable production such as Fairtrade have
recently been introduced to SME agribusinesses but their impact with the SME
agribusinesses has not been properly explored. While sustainability is a priority for SME
sugarcane agribusinesses, research on its adoption and impact is still limited. There is
therefore a need for empirical evidence on how GMPs affect productivity and

agribusiness resilience.

1.4 Significance of the Study

This study is significant because it addresses a growing challenge of environmental
degradation and declining productivity associated with growing sugarcane which tends
to require intense farming inputs. The Eswatini Sugar (2025) recently reported that
sugarcane productivity has declined in the past five years from 108 to 92 tons of
sugarcane per hectare (tc/ha) due to extreme weather events. This decline coupled with
volatile global sugar prices puts pressure on the sustainability of sugarcane farming
businesses, particularly in resource constrained SME sugarcane agribusinesses. While
sugarcane production plays a critical role in creating employment and high income in
rural areas (Shukla et al., 2019), the distress and subsequent failure of the SME

sugarcane agribusinesses could have a significant impact in Eswatini’'s economy.

For sugarcane farming businesses, the study offers practical recommendations derived
from data analysis on how they could improve productivity, reduce farm input costs by
enhancing resource efficiency. These results can be used to support better targeted

programs to assist agribusinesses adopt practices that enhance productivity and



sustainability. Sugar mills may also benefit from getting a perspective on the adoption
rates of GMPs as this informs them about the contribution of the sugarcane supply chain
towards the green transitioning journey. As firms are required to be more sustainable in
their supply chains (Du Plooy et al. 2022), this study assists with upstream findings on

sugarcane supply chains for sugar factories in Eswatini.

More broadly, the study contributes to the growing literature in green manufacturing by
integrating findings from the under researched sectors such as the sugarcane value

chain in Eswatini.

1.5 Limitations

This study was specific to SME sugarcane agribusinesses in Eswatini, specifically those
that supply the USL mill. The study, therefore, excludes LSE agribusinesses supplying
the same mill and all other agribusinesses supplying the Simunye and Mhlume Mills in
the northern part of the country. The research conducted focuses on GMPs that are
related to waste minimization, pollution reduction and resource efficiency. It does not

include the social sustainability aspects of sustainable agricultural production.

Primary data used for the study was collected during the 2025/26 season, specifically
from November 2025 through to February 2026. Data collection was conducted through
a cross-sectional survey and follow-up interviews. Secondary data obtained included

production data for a 10-year period from seasons 2015/16 to 2025/26.

1.6 Definition of Terms

Drip irrigation system : Type of irrigation system that delivers water
slowly either onto the soil surface (surface drip)

or directly into the rootzone (sub-surface drip).

Green manufacturing practices : Sustainable practices that are aimed at reducing

environmental impact.

Green harvesting . Harvesting of sugarcane crop without burning.



Grower support officers

LSE sugarcane agribusinesses

SME sugarcane agribusinesses

Sucrose productivity

Sugarcane productivity

Variable speed drive motors

. Officers who are responsible for supporting

growers through technical knowledge, advice

and training in sugarcane production practices.

Large scale enterprises that produce sugarcane
on title deed (TDL) farms and exceeding 1,000

ha of land.

Small and medium enterprises that produce
sugarcane on Swazi Nation Land (SNL) farms

not exceeding 1,000 ha of land.

: Sucrose yield expressed in tons of sucrose

produced per hectare of land (ts/ha).

: Sugarcane yield expressed in tons of crop

produced per hectare of land (tc/ha).

Motors that are connected to devices that control

running speed to save energy.



2. Literature Review

2.1 Introduction

The purpose of the literature review is three-fold. Firstly, the section aims to provide an
analysis of green manufacturing and the pertinent practices in the context of sugarcane
production. Secondly, the review aims to build a solid understanding of the theoretical
foundations that underpin this research. Thirdly, the literature review aims to reference
and discuss the applicable recent literature on GMPs adoption and impact on
productivity in sugarcane farming businesses. Since the study focuses on sugarcane
farming businesses, it concentrates on pollution reduction, energy saving and resource

efficiency in SME sugarcane agribusinesses.

Studies conducted on sustainable practices adoption among agribusinesses have been
anchored on theoretical frameworks that include the Unified Theory of Acceptance and
Use Theory (UTAUT), Technology Acceptance Model (TAM) and the Diffusion of
Innovation (DOI) (Aziz et al., 2024). While these theories provide a foundation for
individual farmer adoption of technology, they do not capture institutional factors
imposed on the enterprise that influence internal strategic business decisions. These
theories are not relevant for agribusinesses. This study is more focused on enterprise
level drivers and barriers of GMPs adoption and productivity as well as strategic

resource management.

To this end, the Institutional Theory (IT) is a more suitable theoretical lens through which
the behaviour of sugarcane agribusinesses regarding GMPs could be assessed, to
focus on the impact of institutional pressures in shaping enterprise level changes
towards sustainable farming. Additionally, sugarcane production entails a significant
impact on the environment due to the high requirements for inputs such as energy, water,
and agrochemicals. This therefore required an analysis of the environmental capabilities
of these business enterprises, particularly as a source of competitive advantage that will
extend to producing sustainable sugar and ability to compete in competitive sugar
markets. Aligned with this analysis of environmental capabilities, the Natural Resource
Based View (NRBV) framework is more appropriate to evaluate GMPs impact on

productivity and evaluate the sustainability of SME sugarcane agribusinesses.



2.2 Theoretical Foundations

2.2.1 Institutional Theory

The adoption of practices that align with environmental care such as in agricultural
production has been studied and explained in past research to be supported by the
effect of the IT (Juarez-Luis et al., 2018). The theory posits that the way organisations
behave is shaped by pressures to appear acceptable to the society it operates in, also
known as legitimacy pressures, rather than simply cost-benefit analyses (Scott, 1987).
It focuses on the analysis of the impact of government, society and cultural pressures
rather than on market forces or resource scarcity (Oliver, 1991). The theory is often used
to understand and explain the external pressures that force businesses or organisations
to adopt new practices (Juarez-Luis et al., 2018). Juarez-Luis et al. (2018) unearthed
that several studies have explained that the institutional theoretical framework highlights
that the implementation of practices that are concious of environmental care come as a

result of coercive, normative and mimetic istitutional pressures.

2.2.1.1 Coercive Institional Pressures
Coercive pressure is defined as institutional pressures exerted, either formally or

informally, by external stakeholders to organisations either to discontinue certain
practices or adopt new ways of doing things (Juarez-Luis et al., 2018; Latif et al., 2020;
Ding & Wang, 2025). Kauppi & Luzzini (2022) state that the organisations from which
coercive pressures emanate are usual more powerful actors on which other firms
depend. These pressures force organisations to behave in a certain expected way as
they are expected to comply (Yue et al., 2022). Such pressure may come from local
governments, international customers, foreign investors, non-governmental institutions
that support transitions to certain practices (Latif et al., 2020). According to Kauppi &
Luzzini (2022), coercive pressures may be in two forms: competition, which comes as a

result of losing competitive advantage, and regulation from regulatory bodies.

Previous studies have highlighted that coercive pressure positively influences the
adoption of green practices. For example, Yue et al. (2022) found that coercive pressure
was positively influencing transitions to green manufacturing in firms, which was
consistent with findings earlier research work. Likewise, Xu et al. (2024) found that

coercive pressures had a positive impact of the adoption of green practices in Chinese



firms. However, Juarez-Luis et al. (2018) found that coercive pressure had the lowest

impact on enhancing green practices among agricultural businesses in Mexico.

2.2.1.2 Normative Institutional Pressures
Ding & Wang (2025) defined normative pressures as institutional pressures that come

from social norms, assumed values and beliefs as well as set of expectations about
responsible business bahaviours. These pressures come from entities such as
suppliers, customers, trade unions and media (Latif et al., 2020). Normative institutional
pressures may originate from professional or generally accepted standards defined by
a specific industry to guide the behaviour of stakeholders within that industry (Kauppi &
Luzzini, 2022).

Unlike coercive pressures, adherence to normative institutional pressure is voluntary but
strongly encouraged. For example, in the Eswatini Sugar industry, there are specific
industry standards that are related to social norms regarding environmental and labour
related expectations that sort of bring social acceptance if stakeholders adhere to.
Based on these standards, stakeholders such as millers, grower association, labour
unions and the ES have expectations on each other and therefore exert normative

pressures, for example of ferming sustainably.

2.2.1.3 Mimetic Institutional Pressures
Mimetic pressures is organisational behaviour wherein firms imitate practices from other

succesful organisations or competitors (Kauppi & Luzzini, 2022; Juarez-Luis et al.,
2018). Mimetic pressures assist firms in keeping up with the latest trends and remain
competitive as they are influenced by peers that are pacesetters (Latif et al., 2020).
According to Xu et al., (2024), mimetic pressures often emanate from unclear and
uncertain futures that organisations might face, forcing them to imitate best-in-class
peers. In a study conducted among agricultural businesses in Mexico, Juarez-Luis et al.
(2018) found that mimetic pressures had the highest influence on green practices

adoption.

The IT is relevant to understanding the adoption of GMPs by sugarcane agribusinesses.
These agribusinesses do business within an ecosystem where several other institutional
players, such government, sugar mills, grower associations, industry regulators,

suppliers and customers, are involved and influence farm level decisions.



Recent studies in other parts of the world have revealed the importance of institutional
factors in sustainable agriculture. Totin et al. (2018) found that enabling institutional
conditions were critical for scaling climate smart agricultural practices, which are
enablers of GMPs. Similarly, Tran et al. (2025) demonstrated that better institutional
conditions significantly influenced sustainable agriculture desired outcomes in a study

in Asian countries.

2.2.2 GMPs (GMPs)

2.2.2.1 Definition and Scope
Before delving into understanding GMPs, there is a need to unpack what green

manufacturing is. According to Bendig et al. (2023), although good progress in green
manufacturing research has been made, authors do not agree on the common definition
of terms and descriptions associated with the theory. Kannan et al. (2022) defined green
manufactuing as a sustainable strategy that is aimed at reducing environmental impact.
Consistent with this definition, Bendig et al. (2023) defined it as a method to reduce
environmental impact of a firm’s activities. The concept is based on two principles:
minimizing environmental impacts and miximising resource utilisation efficiency
(Ghadimi et al., 2021; Nwameke et al., 2025). The environmental impact pillar is
expanded to include waste minimization, pollution control and life cycle thinking (Omar
et al., 2024; Nwameke et al., 2025; Abdellatif, 2024).

In agricultural production, which forms the upstream segment of manufacturing, green
manufacturing overlaps with the broader concept of sustainable agriculture. This brings
together a range of practices that are aimed at enhancing productivity, reducing
environmental impact and conserving natural resources (Donmez et al., 2024). GMPs
focus on specific processes that are aimed at reducing pollution, saving energy and
improving processes for resource efficiency within the production process of a business
(Yue et al., 2022). This study focuses on the three aspects as shown in Figure 1 and

excluded life cycle thing.
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Overview of green manufacturing principles

Reduced Resource Pollution Prevention and

Consumption Control
minimizing the use of reducing emissions and
materials, energy, and water- waste generation

Use of Clean Energy and
Low-Impact Materials
utilising renewable energy
and eco-friendly materials

Figure 1: Overview of green manufacturing (Source: Nwameke et al., 2025)

GMPs Applicable in Agricultural Production

Several practices have been identified in literature as part of sustainable green
practices. In the context of agricultural production, these include practices such as
agroforestry, planting rotational cover crops, and IPM (Pifeiro, et al., 2020). While the
intense application of synthetic fertilisers, herbicides and insecticides to increase
productivity of sugarcane is rife, organic materials such as green manure or legume
cover crops and other plant residue materials have been found to support soil health
and increase productivity (Shukla, et al., 2019). Additionally, there has been a global
advocacy on climate smart agricultural technology (CSAT) aimed at reducing resource
consumption and environmental impact (Aziz et al., 2024).

In light of the above, the following GMPs are identified as applicable in agricultural and
sugarcane production: efficient irrigation systems, precision farming, soil conservation,
agroforestry to preserve biodiversity, reduction of GHGs by shifting from cane burning,
IPM, recycling waste, use of green fertilisers and manures, and use of organic compost
(Pineiro et al., 2020; Shukla et al., 2019; Aziz et al., 2024).
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Figure 2 shows the relation of these the green manufacturing pillars in sugarcane

production.
( 4 Precision agro-chemical R
Min\il\r;aiztaetion application, integrated pest
Gler sl » management (IPM), crop residue
) . 2024) i utilization, cane trash recycling,
( Minisati § N L green fertilisers
inisation o - - ) -
» environmental impacts i 7 i 7
(Ghadimi et al., 2021) o N
\ Emissions . .
o Reduction Avoid cane burning, reduced
> (Nwameke et > tillage, green manuring,
Gfreetn ) al., 2025) maintaining soil organic matter
manufacturing e L
practices :
Meximisation of | ' Resource Use ‘ Efficient irrigation systems, solar:
resource utilization and Efficiency , owered gm R rrxllechani’zation-
efficiency (Ghadimi et (Pinerio et al., R9 PUMBS,J :
al., 2021) 2020) ‘ with energy-efficient equipment

Figure 2: GMPs Classification in Sugarcane Production

In Figure 2, the GMPs expand into two pillars of minimizing environmental impacts and
maximizing resource utilization. The waste minimisation is further categorised into waste
minimisation and emissions reduction. The practices that are applicable in sugarcane
production are grouped into waste minimisation, emissions reduction and resource use

and efficiency.

2.2.2.2 Global and Regional Trends
The interest is green manufacturing and sustainable supply chains have grown globally

as firms are pressured to produce green products. Manufacturing firms globally are
therefore experiencing shifts as they hasten to ensure that their processes are
environmentally safe, to meet customer requirements while balancing their economic
needs and new challenges associated with sustainable production (Singh et al., 2021).
Global leaders such as the European Union, the United States of America and Japan
have taken the lead in committing to protecting the environment by developing the

necessary means towards environmental protection (Liu et al., 2023).

With agriculture providing manufacturing raw material from the upstream segment of the
value chain, green practices in agriculture have become an important aspect in
manufacturing. Agriculture is one of the substantial contributors to GHG emissions and
also uses a significant portion of input resources such as water (Saxena & Srivastava,

2022). As a result, the mordenisation of agriculture has been considered to be one of
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the elements that can be used globally to promote the green transition in manufacturing
firms (Gong et al., 2025). However, the question that stands out is that are all supply

chains shifting towards green manufacturing along with this trend.

Past research has established that 63% of African countries lag in the development and
attainment of sustainable agriculture, which implies that more work done needs to be
done in transitioning economies in Africa towards sustainable production (Myeki et al.,
2023). In a study to review sustainable practices adoption and impacts among SME
agribusinesses, Sithole & Olorunfemi (2024) concluded that adoption of sustainable
practices in sub-Saharan Africa has been low despite their benefits such as improved

crop productivity and revenue, among others.

2.2.3 Determinants of Adoption

2.2.3.1 Drivers of GMP Adoption
Previous studies on either GMPs or sustainable practices have unearthed that the

leading drivers of the adoption of these practices include institutional pressures,
economic incentives, commitment by businesses, access to credit, and knowledge and

technical capacity.

2.2.3.2 Institutional pressures
The institutional environment has been argued to have the most significant influence in

the implementation of GMPs (Juarez-Luis et al., 2018). Among the institutional
pressures, government intervention is argued to have the strongest effect on GMPs
implementation (Kannan et al., 2022). This is one of the external coercive drivers of
adoption and implementation. For example, financial incentives in the form of
government subsidies have enhanced the implementation of these practices in Pakistan
(Wang et al., 2022). This showed that enterprises backed by government thorugh
targeted interventions become more open to adopting sustainable practices.
Governments also have the mandatory regulation instrument which can be used to
enforce or apply coercive pressure to facillitate adoption of sustainable practices (Wang
et al., 2022).

2.2.3.3 Economic incentives
According to Pifeiro et al. (2020), the most critical condition that drives agribusinesses

to adopt sustainable practices is the enhancement of productivity or profitability.
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Profitability is determined by the effect of the practices on the costs or benefits as
perceived by farmers (Asiedu-Ayeh et al., 2022). When the benefits in costs reduction
arising from implementing a practice are communicated to other farmers, they positively
influence practice changes (Shawky et al., 2023). Rizzo et al. (2024) argued that
subsidies and other financial incentives that is tailored to reduce the initial capital burden

on agribusinesses can significantly enhance transition to sustainable practices.

2.2.3.4 Access to knowledge and technical capacity
Agribusinesses sometimes have access to grower support services provided by

government or other stakeholder institutions. This access to services enhances adoption
of GMPs as farm owners/managers receive information that enhances their openness
to sustainable practices (Kulea et al., 2025). Grower support officers (GSOs) provide
trainings and seminars where they engage with agribusinesses and capacitate them on
latest information from research and technology (Wang et al., 2022; Asiedu-Ayeh et al.,

2022). This driver is another institional pressure which aligns with a normative pressure.

2.2.3.5 Influence from peers and social norms
Agribusinesses or farmers that are affiliated to certain associations are influenced by

others to adopt sustainable practices (Kulea et al., 2025). As other agribusiness leaders
or owners describe their success on the implementation of sustainable practices, those
that are are lagging in implementation tend to want to adopt those practices (Asiedu-
Ayeh et al., 2022). As farmers interact, they are exposed to both positive and negative
word of mouth influence pressures that concern agricultural innovation which results in
a decision and commitment to adopt or reject an innovation (Jumman & Bezuidenhout,
2021).

2.2.4 Barriers to GMP Adoption

The factors that preclude green practices adoption among agribusinesses can be
classified as those that stem from within the business (internal factors) and those that
are from outside the business (external factors). Among the internal factors are financial
constraints and knowledge gaps about these practices while those that are external
stem from how external institutions exert pressure or behave to influence the

agribusinesses (Campuzano et al., 2023).
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2.4.2.1 Financial Constraints
Projects associated with green transitioning often require significant capital investment.

This requirement prohibits SME businesses from adopting and implementing these
projects and is a significant barrier to adoption (Kannan et al., 2022; Wang et al., 2022).
For instance, the cost of organic fertilisers and bio-fertilisers is high and often worsened
by their limited availability in the market (Jadhav et al., 2025). Wanjala & Shadeya-
Mudogo (2025) further adds some of the the green practices are associated with high
labour requirements which increase costs thereby inhibiting their adoption among SME

agribusiness.

2.4.2.2 Lack of technical understanding
In a lean-agile-resilience green practices adoption study among dairy farmers, Sahu et

al. (2023) found that agribusinesses sometimes do not understand what their customers
and other stakeholders require on sustainable practices. Likewise, Jadhav et al. (2025)
in a study on the adoption of soil health practices found that sugarcane agribusinesses
lack knowledge on the appropriate practices, such as biofertilisers, that promote
sustainability. This lack of technical knowledge slows doen the uptake of these

technologies.

2.4.2.3 Lack of institutional support
In contrast to Juarez-Luis et al. (2018) argument that the institutional environment is the

most important factor that influences practices adoption, a lack of such institutional
support becomes a barrier to the adoption of sustainable practices. If policies that
promote GMPs adoption are absent, then it is argued that this situation becomes a
barrier and appears in most studies (Campuzano et al., 2023). For instance, Greenland
et al. (2019) found that lack of support for drip irrigation in Australia was a major barrier

in the adoption of this technology.

2.4.2.4 Lack of access to credit
Since sustainable innovation technology is costly, access to credit plays a significant

role in promoting adoption. Lack of access to funding for drip irrigation technology was
found to be frequently mentioned as a barrier to adoption by Australian farmers
(Greenland et al., 2019). Similarly, in a study on constraints towards sustainable
cultivation practices in sugarcane farming in India, lack of timeous availability of credit

facilities was reported as a significant barrier (Kadam et al., 2023). Zulu et al. (2024)
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argued that there is an urgent need to provide SME agribusinesses with access to
agricultural credit which will support the implementation of technologies in farming. This

emphasises that without access to funding, adoption of GMPs is slowed down.

2.2.5 Natural Resource-Based View

The Natural Resource-Based View (NRBV) is argued to be part of the Resource Based
View (RBV) as it views stainability to be an element of strategic decision-making
(McDougall et al., 2019). NRBV is particularly relevant in agricultural contexts, such as
sugarcane production, where environmental practices can serve as sources of

competitive advantage.

The RBV theory postulates that businesses are own resources and possess capabilities
that can be strategically assembled and managed to create profits (Barney et al., 2021).
This value creation occurs when the firm enhances customer willingness to pay for its
products or services, or it reduces the cost of productions. Such resources and
capabilities are those that are valuable, scarce, difficult to imitate and cannot be replaced
with other resources. However, the RBV is argued to have limitations in addressing
environmental contexts (Dias et al., 2021). Green practices have recently been
integrated to the RBV as strategic resources, making them critical elements towards
environmental performance. Furthermore, Dias et al. (2021) argued that small farms can
leverage environmental capabilities to differentiate themselves and respond to market

pressures, making NRBV relevant in sectors like agriculture.

The RBV has also been critiqued for confining sustainability on competitive advantage,
in which case it excludes sustainable stakeholder relationships and ethical responsibility
(Freeman et al., 2021). As a result, an alternative has been suggested to integrate the
Stakeholder Theory to the RBV theory to extend sustainability to a broader view than
profit maximisation, a stance that aligns with the need to consider environmental
sustainability. For instance, adoption of GMP can be thought of not only to gain
competitive advantage for agribusinesses, e.g. better productivity, cost savings, but also
as a commitment to long-term stakeholder well-being through environmental

stewardship and ensuring community health.

The NRBV emphasizes that firms can derive competitive advantage by strategically

setting them to resolve environmental and societal challenges through internal
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capabilities. McDougall et al., (2019) empirically validated this by showing how pollution
prevention, ensuring that products are sustainable, and using technologies that are not
detrimental to the environment serve as a source of competitive edge in agri-food
operations. These resources are underpinned by organizational capabilities such as
knowledge of sustainable practices, technological innovation, and the use of
environmentally friendly inputs. For smallholder sugarcane agribusinesses, this
translates into adopting technologies such as efficient irrigation systems, organic
fertilizers, and renewable energy technologies, all of which reduce waste, improve

resource efficiency, and enhance crop yield.
2.5 Outcomes of Adoption

2.5.1 Adopter Performance

The adoption of green technologies and practices is expected to make it possible for
sugarcane agribusinesses to realise better productivity and revenue (Shukla et al.,
2019). For example, the use of organic soil amendments such crop residue-based
compost and bagasse was found to improve soil health and resulted in better sugarcane
productivity (Singh et al., 2025). Additionally, a study in Brazil has shown that adoption
of practices such vinasse recycling and soil management enhanced water and
sugarcane productivity (Rosa & Marin, 2024). Table 1 shows benefits of some specific

green practices in sugarcane farming.

Table 1: Some benefits of GMPs implementation in sugarcane farming

Practice Explanation Benefits

Cover crop Planting of legume Reduces soil erosion,
crops during sugarcane | nutrient depletion and
fallow period improve soil health and

fertility (Donmez, et al.,
2024)

IPM Biological, cultural and Reduced chemical pest

mechanical pest control ' control, minimized
environmental impact
(Donmez, et al., 2024).
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Practice Explanation Benefits

Solar energy use for Utilising solar generated | Reduced reliance on

pumping energy for pumping non-renewable energy
(Donmez, et al., 2024),
cost savings on energy
for irrigation (Aziz et al.,
2024)

Water conservation Use of efficient irrigation | Reduce water usage

systems to irrigate crop | and enhance water use

efficiency, sustains
production even when
water is scarce
(Donmez, et al., 2024)

It is therefore assumed that sugarcane agribusinesses that adopt green or sustainable
practices will realise better sugarcane and sucrose productivity, which should translate

to better revenue and long-term sustainability.

2.5.2 Long-term Sustainability and Competitiveness

Sustainability is defined as the continued existence of a firm with its value creation and
capturing activities while being mindful of the impacts on the environment (Manzaneque-
Lizano et al., 2019). Several challenges are on the horizon for sugarcane production
ranging from climate change impacts such as droughts and floods, and erratic sugar
prices coupled with increasing customer demands for sustainably produced sugar
(Prasanna et al., 2019; Voora et al., 2023). These highlight the need for SME sugarcane
agribusiness to shift to become more environmentally conscious, and sustainability

certified to enable access to markets.

SME sugarcane agribusinesses can gain competitive advantage through the principles
of NRBV by adopting practices that prevent pollution and using cleaner technologies
(McDougall et al., 2019). Reduction of chemical usage through IPM principles aligns
with the pollution prevention control pillar while technologies such as solar energy

generation, use of green manures and plant remains to restore nutrients will align with
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the cleaner technology pillar of GMPs (Donmez et al., 2024; Pifeiro et al., 2020; Shukla
et al., 2019).

2.6 Research Gaps and Conceptual Framework Justification

2.6.1 Research Gaps

Given the economic importance of sugarcane in Eswatini and the high costs of
production, impact of agricultural activities and sustainability issues associated
sugarcane farming, there is a pressing need to understand what is influencing the
adoption of GMPs and the relevant technologies among SME sugarcane
agribusinesses. Existing studies have not adequately addressed the sugarcane
production processes, and the Eswatini context proposed in this study. Moreover, the
predominance of quantitative approaches in literature leaves a gap in understanding the
current and lived experiences and perceptions of sugarcane agribusiness
owners/managers. The insights based on these experiences are best captured through
qualitative study which is proposed in this study over and above the initial quantitative

study.

A study in Eswatini would therefore contribute to filling this gap by measuring the
adoption levels of GMPs, exploring how sugarcane agribusinesses perceive, adopt, and
experience GMPs and technologies. The study identifies context-specific barriers and
enablers that may not be captured in other studies. This will inform industry policy and
extension strategies tailored to Eswatini’s unique agricultural and socio-economic
landscape. Such a study is timely and necessary to support sustainable green practices
implementation in a sector critical to Eswatini’'s economy, advancing green

manufacturing as an overall sugar industry strategy.

2.6.2 Research Conceptual Framework

To provide a structured approach, the study integrated the IT and NRBV frameworks to
explain the adoption and impact of GMPs among SME sugarcane agribusinesses. The
IT was used to capture external pressures that shape adoption decisions in the form of
both drivers and barriers. The NRBV theory explains how adoption translates to
performance outcomes and long-term competitiveness of the agribusinesses. Figure 3

shows the conceptual framework that guided the study.
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Figure 3: Study conceptual framework

This framework guides the basis for the development of the hypotheses and propositions

for this study. It shows that the adoption of GMPs is influenced by institutional drivers

such as regulatory requirements (coercive pressures), industry norms (normative

pressures), and peer influence (mimetic pressures). These drivers trigger the

consideration of GMPs for adoption. However, other factors may be working against

these drivers to prevent their adoption.

The framework then depicts that if agribusinesses adopt the GMPs, how their

performance on sugarcane productivity is impacted, and how does this performance

contribute to sustainability and competitiveness in the context of the NRBV.
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3. Research Questions, Hypotheses and Propositions

3.1 Research Questions

Environmental and sustainability concerns remain a key challenge in sugarcane supply
chains. While GMPs provide potential benefits in terms of cost reduction, productivity
enhancements, if SME agribusinesses do not adopt them then they will lose on these
potential benefits. Sugarcane agribusinesses, and their harvesting and haulage
contractors often operate independently without the adoption of green manufacturing or
sustainable practices and do not contribute to the overall mill-level sustainability goals
(Patil et al., 2024). This disconnect between millers' sustainability targets as they face
customer requirements around sustainability and sugarcane agribusinesses’ practices

highlight a challenge in the green transitioning of sugar manufacturing businesses.

This study explores this challenge through an over-arching research question to
investigate what GMPs have SME sugarcane agribusinesses implemented, and how
these practices influence the productivity and sustainability of these agribusinesses in

Eswatini? Accordingly, the study sought to answer the following research questions:

Research Question 1: Extent of GMP Adoption

To what extent have SME sugarcane agribusinesses in Eswatini adopted GMPs?

This research question aims to establish which GMPs have been adopted and
implemented by the SME agribusinesses and determine the extent of adoption of the
GMPs among the sugarcane agribusinesses. This would provide a basis for categorising

the SME agribusinesses on some levels of adoption for further investigation.

Research Question 2: Enablers and Barriers
What are the key drivers and barriers influencing the adoption of GMPs among

SME sugarcane agribusinesses?

Research question two focuses on the internal and external drivers to adoption of the
GMPs as well as understanding the barriers to adoption as experienced by the different

categories of the owners/managers of the agribusinesses.

Research Question 3: GMPs Impact on Productivity
How does the adoption of GMPs impact the productivity (e.g., sugarcane yield,

sucrose content) of SME sugarcane agribusinesses?
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Research question three investigates how the adoption of the GMPs impacts the
productivity of the agribusinesses from a sugarcane and sucrose productivity
perspective. These two parameters are effectively what sugarcane agribusinesses sell

to the millers to earn their revenue.

Research Question 4: Contribution to Sustainability
In what ways do GMPs contribute to the long-term sustainability and market

competitiveness of SME sugarcane agribusinesses?

Research question four examines how the GMPs contribute to long-term sustainability
and competitiveness of the agribusinesses as the ultimate goal of the green transition

which has become the global trend.

3.3 Research Hypotheses
The research hypotheses on the extent of GMPs adoption among SME sugarcane

agribusinesses (RQ1) are as follows:

Null hypothesis :  SME sugarcane agribusinesses in Eswatini have a low level
of adoption of GMPs.
Alternative hypothesis : SME sugarcane agribusinesses in Eswatini have a

moderate to high level of adoption of GMPs.
The research hypotheses on how green practices impact the productivity performance

of the SME sugarcane agribusinesses (RQ3) are as follows:

Null hypothesis : There is no significant relationship between GMPs adoption
and sugarcane/sucrose productivity among SME sugarcane
agribusinesses.

Alternative hypothesis : There is a significant relationship between GMPs adoption
and sugarcane/sucrose productivity among SME sugarcane

agribusinesses.

3.4 Research Propositions
The propositions for the drivers and barriers of green practices adoption among SME

sugarcane agribusinesses (RQ2) are as follows:
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3.4.1 Drivers of GMPs adoption

Proposition 1 : Access to training and technical support positively influences the
adoption of GMPs among sugarcane agribusinesses.

Proposition 2 : Perceived economic benefits (e.g., cost savings, increased yield)
encourage agribusinesses to adopt green practices.

Proposition 3 : Support from industry stakeholders (e.g., millers, industry
regulator, and financiers) positively influences the adoption of the

practices.

3.4.2 Barriers to GMPs adoption

Proposition 4 : Limited financial resources hinder the ability of agribusinesses to
implement GMPs.
Proposition 5 : Lack of awareness and understanding of green practices reduces

adoption rates.
Proposition 6 : [Inadequate infrastructure and access to green technologies serve

as significant barriers.
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4. Research Methodology

4.1 Introduction

This chapter outlines the research design and methodology followed in conducting the
study on GMPs among SME sugarcane agribusinesses. The study adopted a mixed-
methods research design and was conducted in four phases, integrating both
quantitative and qualitative data to ensure complete understanding of adoption patterns,
influencing factors, and productivity outcomes. The research methodology is explained

in detail in the following sections.
4.2 Research Design

4.2.1 Purpose of Research Design

This study aimed to examine the impact of GMPs on the productivity performance of
SME sugarcane agribusinesses. To achieve this aim, there was a need to establish the
extent of GMPs adoption among SME agribusinesses before testing and explaining the
links between pressures to adopt GMPs, actual adoption and performance of
agribusinesses after adoption of GMPs. In line with this purpose, an explanatory
research design, as outlined by Saunders & Lewis (2018), was chosen because the
study sought to understand and explain how the adoption of GMPs relate with
agribusiness productivity performance. This design was appropriate as it facilitated the
identification of patterns in green practice adoption and agribusiness performance,
testing hypotheses, and drawing of conclusions about how specific practices influence
grower performance. By employing this approach, the research generated evidence-
based insights that contribute to both academic understanding and practical decision-

making in sustainable agriculture.

4.2.2 Research Philosophy

The study adopted a pragmatism philosophy, which is suitable for addressing
multifaceted research questions. The appropriate research strategy was the case study,
which allowed an in-depth investigation of SME sugarcane agribusinesses as a group.
This study sought to first identify the extent of GMP adoption among small-scale
sugarcane agribusinesses, classifying individual and group agribusinesses into low and
medium/high adoption categories, and then assessed its impact on productivity

performance. In addition, it aimed to explore and understand the contextual drivers and
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barriers influencing GMP adoption within the sugarcane agribusinesses' natural

environment.

Pragmatism supported the use of mixed-methods and philosophical perspectives and
allowing to draw on both quantitative and qualitative approaches to gain a
comprehensive understanding of the phenomenon and to bring practical solutions to the
identified problem (Saunders & Lewis, 2018). This made pragmatism particularly
appropriate for this study as it combines measurement through a quantitative study with
qualitative element to explore the grower perceptions and experiences on GMP

adoption.

4.2.3 Study Approach

The study adopted an abductive approach, combining both the deductive and inductive
approaches. A deductive approach was used to examine the relationship between GMP
adoption and agribusiness performance from primary and secondary data. Then an
inductive approach was used in exploring the contextual drivers and barriers for GMP
adoption which allowed themes to emerge from the experiences and perceptions of the
agribusiness representatives and GSOs who participated in the interviews. This
combination was useful in comprehensively understanding the GMP adoption

phenomenon among sugarcane agribusinesses.

4.2.4 Research Process

The study was conducted in four distinct phases as shown in the process flow in Figure
4. Phase 1 involved obtaining secondary data on grower performance over a period of
10 years from the USL mill grower database. This 10-year data, from seasons 2015/16
— 2025/26, was analysed during this phase to establish baseline productivity
performance, variability, and trends across the SME agribusinesses. The outputs from
this phase included productivity descriptive statistics, trends over the period and
variability presented in box plots. This phase provided input data for the inferential

statistical analysis towards answering RQ3.

Phase 2 entailed collecting primary quantitative data through a structured survey
administered to the agribusiness representatives who included farm owners, managers
or supervisors. The survey captured awareness and knowledge of GMPs and specific

practices adopted to establish adoption rates across different agribusinesses.
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Figure 4: Research Process Flow

The analysis of data gathered during this phase enabled the categorisation of individual
or group agribusinesses into low, moderate, and high adoption levels to form a basis for
comparative analysis. This phase provided output which was used to answer RQ1 on

the extent of GMPs adoption among SME sugarcane agribusinesses.

Phase 3 involved qualitative data collection through semi-structured interviews to a
sample of the sugarcane agribusinesses and GSOs. The aim was to explore key drivers
and barriers to GMP adoption, institutional influences (e.g., mill, government, regulator)
and perceptions of sustainability and future intentions to adopt and implement these
practices. Interviews were audio-recorded with participant consent and transcribed for
thematic analysis. This phase provided the input data for the thematic analysis towards

answering RQ2 on drivers and barriers to GMPs adoption.

Phase 4 of the study involved further analysis and synthesis of data collected to

determine how GMPs adoption could contribute to long-term sustainability and
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competitiveness of the SME sugarcane agribusinesses. The analysis involved some
qualitative integration of findings to evaluate GMPs impact on long-term sustainability

and competitiveness towards answering RQ4.

4.3 Study Context
4.3.1 Study Area

The research was conducted in the Lubombo region of Eswatini. In the context of the
Eswatini sugar industry, the study was conducted among SME sugarcane
agribusinesses in the south region around the Big Bend Mill group area which supplies
the USL Mill with sugarcane. SME agribusinesses in this region form a significant portion
of sugarcane supply to the sugar mill, accounting for approximately 37% of total
sugarcane supply from approximately 9 000 ha of cultivated area (Source: USL provided
data, 2025). The area is an active site for government poverty alleviating strategic
projects to develop more area under sugarcane production and other crops using water
as development catalyst. Figure 5 shows the map of the study area and the USL sugar

mill. Note: Map was developed using grower shapefiles obtained from USL (2026).
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Figure 5: Study Area Map Showing Spatial of the Agribusinesses Farms

4.3.2 Research Population
The population for the study were the SME sugarcane agribusinesses in Eswatini. SME

sugarcane agribusinesses are defined as individually or group owned enterprises that
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are producing sugarcane on either Swazi Nation Land (SNL) or Title Deed Land (TDL)
holding, with a total farmed area not exceeding 1 000 hectares. These agribusinesses
typically operate under resource-constrained conditions, distinguishing them from LSEs
(Mhlanga-Ndlovu & Nhamo, 2019). For this study, a total of 138 SME sugarcane
agribusinesses from the southern region of the Eswatini sugar industry formed the study
population and were targeted during sampling. This southern region was selected due
to the higher concentration of SME sugarcane agribusinesses compared to the northern
region of the sugar industry which has relatively few such agribusinesses, making it less
representative for the objectives of the study. This population is faced with challenges,
primarily stemming from rising production costs and fluctuating sugar prices, which
significantly impact their profitability and sustainability. The farm sizes for these
agribusinesses are relatively small and therefore do not benefit from the economies of
scale that LSE agribusinesses benefit from. Furthermore, the large commercial farms
have embraced some of the green technologies in the market. Understanding how the
SME farmers adopt or perceive green technologies and how it impacts business
performance is essential, as this grower segment impacts many beneficiaries in the rural

areas.

4.3.3 Unit of Analysis

The unit of analysis for this study was the individual SME sugarcane agribusiness. Since
the research sought to understand decisions regarding GMPs adoption by these
agribusinesses and their impact on farm productivity, the farm enterprise level
perspective was found to be the most appropriate. Each USL registered sugarcane
agribusiness was therefore treated as a distinct agribusiness entity, with independent

operational and strategic decisions.

4.3.4 Sampling Method and Sample Size

To obtain a sample for the study, a list of the agribusinesses that are supplying
sugarcane to the USL mill was obtained from mill sugarcane supply database. A total of
138 agribusinesses classified as SME agribusinesses were listed. Out of the 138 SME
sugarcane agribusinesses identified in the mill area, a sample of 105 agribusinesses
was selected within a distance not exceeding 68 kilometres from the USL Mill. The
sample size was calculated from the formula for estimating appropriate sample sizes,

with a total population of 138 SME agribusinesses, considering a 95% confidence level.

28



This resulted in a required sample size of 105 SME agribusinesses, which was aimed
at ensuring statistical reliability and representativeness for the survey. The sample size
was calculated using Yamane’s formula for sample size determination (Ahmed, 2024),

as shown below:

N

T 1TENED)

_ 138
"~ 14 138(0.052)

= 105
Where: n = target sample size, N = population size and e = margin of error.

The study population was heterogeneous in terms of farm size, experience in sugarcane
production and farm ownership category, which formed multiple strata for sampling.
Sampling for the study, therefore, followed the stratified purposive sampling technique
as outlined by Saunders & Lewis (2018), which involved deliberately selecting
agribusinesses from distinct subgroups. The sampling was done based on the three
variables farm size, experience in sugarcane production, and ownership category. This
approach enabled the capturing of the diversity in farm size, sugarcane production
experience, and ownership category. The sample size of 105 was proportionally
allocated into the different strata based on these three variables. Within each stratum,
agribusinesses were purposively selected based on their relevance to the study
objectives. Table 2 shows the resulting sampling framework used in the study, but

excluding the production experience variable within each category of farm size.

Table 2: Sampling Framework

Ownership Farm size Population Sample
size (N) size (n)
Sole-Owned <20 ha 12 10
21-50 ha 18 14
51 -100 ha 4 3
101 — 250 ha 1 1
Sub-Total 35 28
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Ownership Farm size Population Sample

size (N) size (n)
Family-Owned | <20 ha 4 3
21-50 ha 5 4
51 -100 ha 3 2
101 — 250 ha 1 1
Sub-Total 13 10
Farmer <20 ha 2 2
Association 21 -50 ha 28 21
Owned 51 -100 ha 37 27
101 — 250 ha 22 16
>250 ha 1 1
Sub-Total 90 67
Total 138 105

As shown in Table 2, the required and targeted sample of the agribusinesses was
calculated as 105 with the targeted sample size for each category. However, a total of
only 84 respondents completed, giving a success rate of 80% of the intended sample

size of 105 agribusinesses.

4.3 Measurement Instrument

4.3.1 Survey Questionnaire

Two measurement instruments were used to collect data: a survey questionnaire for
quantitative measurement and a semi-structured interview for qualitative data collection.
The structured questionnaire was used to measure the level of GMPs adoption among
the SME sugarcane agribusinesses. This survey was made to confine agribusinesses
to specific suggested GMPs applicable to sugarcane production to ascertain if they have
been adopted. Adoption means the practice is implemented or used by the agribusiness

in its activities.

The main survey questionnaire was adapted from the work of Jadhav et al. (2025) whose
work categorised adoption of soil health management practices into three responses

adopted, partially adopted and not adopted. In this study, these responses were adapted
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and coded numerically. The numerical code zero was equal to not adopted, one was
equal to partially adopted and two equal to fully adopted. This coding formed a basis for
the determination of the adoption index for each practice that was applicable to
sugarcane farming.

The survey instrument was also based on the classification of GMPs into reduced
resource consumption (RRC), pollution prevention and control (PPC) and use of clean
energy and low impact materials (UCELIM) as articulated by Nwameke et al. (2025) as

principles of green manufacturing.

Table 3: GMPs classification and practices

GMPs element Practice applicable to sugarcane farming

RRC

Drip irrigation systems
e Precision farming tools
e Energy efficient machinery

e Recycling/ reuse of farm waste

PPC e Reducing GHG emissions e.g. shift away from
burning sugarcane and trash
e Soil conservation
e Bio-diversity preservation
e Integrated Pest Management (IPM)
UCELIM ¢ Renewable energy generation
e Use of green fertilisers
e Use of green manures

e Use of organic compost

Table 3 shows the classification of the GMPs that were included in the survey instrument
to capture whether the SME sugarcane agribusinesses had adopted them. The
respondents were required to answer in Likert scale with the three levels described as

not adopted, partially adopted or fully adopted.
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4.3.2 Semi-structured Interview

In addition to the questionnaire, the semi structured interview explored and sought to
obtain new insights from a segment of the agribusinesses that have adopted and those
that have not adopted the GMPs and provide flexibility to gather as much information
without confining participants to rigid questions. The interview questions provided a
guide with open-ended questions aiming to gradually improve as new themes emerge

to guide further probing.

4.4 Data Collection Process

4.4.1 Secondary Data Collection

The secondary data used for the study was quantitative sugarcane productivity data.
This data was collected from USL mill sugarcane supply database. To access the
dataset, permission was sought from the Mill Group Committee (MGC), which oversees
the milling operations and grower and miller relations in the mill supply area. The dataset
obtained included annual sugarcane productivity (sugarcane tons per hectare) and
sucrose content (percent) at agribusiness level. The sucrose content was used to
calculate sucrose productivity (in ts/ha) which was used alongside sugarcane
productivity in the analysis. To capture variations in productivity among agribusinesses
at different production experiences, data for newer agribusinesses were intentionally
retained in the dataset used for the study. The data included records for the seasons
from 2015/16 — 2025/26, readily available in excel format.

4.4.2 Primary Data Collection

4.4.2.1 Quantitative Data
One set of primary data used during the study was quantitative data collected through

the survey questionnaire instrument. To collect this set of data, the survey questionnaire
was designed in Google Forms for easy dissemination and consolidation of data
collected. A survey link was then developed for dissemination to the potential
respondents. The data collection involved two separate processes: face to face data
collection and remote data collection. Agribusiness representatives who did not have
the capacity or means to engage with the questionnaire and self-report their responses
were visited by the researcher for a face-to-face contact at their farms where the

questionnaire was completed. For most of the business contacts who could engage
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effectively with the questionnaire, the survey link was sent through the WhatsApp

platform for the informants to respond to.

4.4.2.2 Qualitative Data
This part of the study employed a qualitative approach to explore the drivers and barriers

of GMPs adoption among the SME sugarcane agribusinesses. Seven interviews were
conducted with a sub-sample of the agribusinesses both in the low adoption and
moderate/high adoption categories as well as with GSOs, as agricultural stakeholders.
Participants from the sampled agribusiness firms were visited at their own farms where
the interview was conducted. The interview was recorded using a voicer recorder
software on an Android mobile device. Interviews with the participants were conducted
in SiSwati language, sometimes mixed with English language. The audio recordings

were then transcribed into text in SiSwati before being translated to English language.

The GSOs were interviewed via Microsoft Teams (MS Teams) meeting environment.
The interview was recorded using the MS Teams recording and transcribing functionality.
Interviews with GSOs were conducted in English language and directly transcribed by
MS Teams.

4.5 Data Cleaning

4.5.1 Quantitative Data

Data cleaning for the quantitative data from the survey involved checking and correcting
the agribusiness quota numbers. Quota numbers are the unique identification numbers
for specific farm enterprises in the mill supply database. They were used for linking the

responses with the productivity data and to follow up on outstanding responses.

Apart from this, no further data cleaning was done on the survey data although there
were some few notable inconsistencies in responses compared to what is observed as
factual practice on the ground. For example, some agribusinesses indicated that they
do not practise pre-harvest sugarcane burning, except one who was harvesting
mechanically, which was contrary to the general operational practice and records of

deliveries at the mill. The observed data with inconsistencies was retained.
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4.5.2 Qualitative Data

Data cleaning in the interview transcripts mainly involved removal of removal of repeated
words or phrases which were spoken by the participants. For the transcripts from MS
Teams environment (for interview with GSOs), data cleaning involved removal of
speaker identities and repeated words, statements and unclear characters in the

transcript.

4.6 Data Analysis Techniques

The data analysis techniques are sub-divided into quantitative data analysis and
qualitative data analysis.
4.6.1 Quantitative Data Analysis

4.6.1.1 Descriptive Statistics
Descriptive statistics were used to analyse and present results from the secondary data

obtained from the mill and firmographics from survey results. The secondary data on
productivity performance was analysed using means to summarise productivity,
minimum and maximum values, and inter-quartile ranges to evaluate variability of
productivity. On the agribusiness firmographics, the study made use of frequencies and

percentages for proportions.

4.6.1.2 Adoption Index Scores
To answer the research question one on the extent of adoption of GMPs, composite

adoption index scores were calculated for each agribusiness for the three elements of
GMPs and for the overall GMPs adoption. From the responses (0 = not adopted, 1 =
partially adopted, and 2 = fully adopted) across 13 GMPs, a simplified composite
adoption index score was calculated. The calculation of the composite index scores was
adapted from Chauhan et al. (2025), whose work involved the determination of
technology gap index that involved calculation of a total score for recommended
practices and the actual score of practices adopted. This study used the actual
implemented GMPs score against applicable GMPs in sugarcane farming. The formula

used is as shown:

A
GMP Adoption index = R

Equation adapted from Chauhan et al. (2025).
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Where : A = actual adopted GMPs score

R = maximum possible score (all GMPS applicable to sugarcane farming)

The study then categorised the GMPs adoption into three levels assuming an equal
class width by dividing the maximum GMP adoption index by three, as suggested by
Alkharus (2022), to arrive at three categories: low (0 — 0.33), medium (0.34 — 0.66), and
high (0.67 — 1.00).

From the adoption index scores, descriptive statistics parameters such as mean,
standard deviation, and the median were used to analyse and report on the data by

categorical variables which included farm ownership and farm size.

4.6.1.3 Inferential Statistics
For the research question one, there was a need to test the finding on the mean adoption

index to conclude whether the GMPs mean adoption index was statistically significant
or not. To test and conclude on the statistical significance of the mean adoption index,
the student’s t-test was used. In this regard, a one sample student’s t-test was performed
on the sample mean adoption index against the low adoption category cutoff point of
0.33 (Wegner, 2020). This enabled the decision to be made on whether the difference

in mean adoption index was statistically significant from this cutoff of 0.33.

To address research question three on how green practices adoption impact sugarcane
productivity performance, the study employed the multiple regression analysis technique
(Wegner, 2020; Bluman, 2007). The independent variables were the mean adoption
index scores for the three elements of GMPs: RRC, PPC, and UCELIM. The dependent
variable was a three year mean sugarcane and sucrose productivity. The three year
mean was used because it was recent productivity performance which was assumed as
the output for the recently implemented GMPs across the SME sugarcane

agribusinesses.

The inferential analyses were done using the MS Excel Data Analysis Tools. The
inferential statistics are appropriate for this part of the study because they allow for the

testing of hypotheses related to the study.

35



4.6.2 Qualitative Data Analysis
The qualitative data analysis method used for the study was thematic analysis following

three steps which include coding, categorisation of codes and the generation of themes.

4.6.2.1 Coding
As a precursor for thematic analysis, coding was performed on the transcripts of the

interview participants. This coding was done inductively, mainly using the participants
actual words used in their descriptions during the interview to allow the research themes
to be formulated directly from the qualitative data (Thomas, 2003). This method was
relevant for this study as it sought to explore the factors that enhance or preclude the
adoption or implementation of GMPs applicable to sugarcane as experienced by SME
sugarcane agribusinesses. The analysis involved specifically coding for meaningful

statements or phrases that related to drivers and barriers to GMPs adoption.

To perform the coding process, the interview transcripts were uploaded into ATLAS.ti
Web (Version 9.24.3) where coding, development of categories and themes was done.
During coding, the transcripts were analysed for meaningful statements that related to
the implementation of GMPs, identifying relevant keywords and phrases as codes in

ATLAS.ti Document Manager while linking them with the participants key statements.

4.6.2.2 Categorisation
The identified keywords or phrases captured as codes were then categorised into more

meaningful groups in ATLAS.ti Code Manager. Codes with similar or related meaning
were put in groups such cost reduction, environmental concerns, financial incentives

and energy use.

4.6.2.3 Thematic Analysis
Thematic analysis was done by determining the meanings of the phrases linked to the

specific codes under a code category. These meanings were then categorised to form
an overarching theme linked to whether the theme described a driver or barrier to GMPs

implementation. Resulting themes were then aligned with those from previous studies.

4.7 Ethical Considerations

The research data collection process entailed obtaining secondary data from the mill as
well as quantitative and qualitative primary data from SME sugarcane agribusinesses.

For the secondary data, the researcher obtained permission from the local MGC to
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obtain the data and use it for this research. The MGC permission letter is attached in

Appendix 2.

For primary data collection, the researcher obtained permission to engage with and
collect data from the SME sugarcane agribusiness from the Eswatini Cane Growers
Association (ECGA) where all sugarcane growers are affiliated. The permission for data
collection with the grower agribusinesses is presented in Appendix 3. Additionally, each
participant in the survey questionnaire was made aware that they participated in the
survey at their own volition and could withdraw at any time without being penalised by
the researcher. The interviewer also stated this during the interview introduction prior to

starting the interview with the interview participants.

Overall, the researcher applied for ethical clearance with the Gordon Institute of
Business Science (GIBS) and was granted clearance to proceed with data collection.

Proof of ethical clearance is presented in Appendix 4.

4.9 Research Limitations

The following are the research limitations:

e The targeted population sample size of 105 agribusinesses was not achieved for the
survey questionnaire with only 80% (84 responses) of the respondents managing to
complete the survey. This might have compromised the representation of the SME
sugarcane agribusinesses population for appropriate generalisation on the
population.

e The study was focussed on the SME sugarcane agribusinesses in Eswatini and
specifically around the USL mill supply area. The results are valid and useful for this
region and cannot be generalised beyond the SME agribusinesses and region. This
means that the results cannot be generalised for SME agribusinesses in the northern
region, or for LSE or for sugarcane agribusinesses outside Eswatini.

e The survey results relied mostly on self-reported data whereby a survey link was
sent to the identified respondents. This might have compromised the truthfulness of
the data with likely social desirability bias as often encountered in Likert scale
questionnaires (Alkharus, 2022). This was observed in the survey data with

respondent selecting the “fully adopted” response for all 13 practices which was
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contrary to what was verified on the ground and through the respondent’s designated
GSO.

e To mitigate a possibility that some of the respondents may not understand GMPs,
the researcher attended harvesting meetings where the lead agribusiness
representatives attend weekly to introduce the research work to be conducted and
explained what GMPs were. Additionally, the researcher harnessed advice from
GSOs on capacity of the lead persons and decided to administer face-to-face survey
completion with some of the sampled agribusinesses.

e On the secondary data obtained from the mill, the data lacked annualised
productivity performance or average age at harvest. Sugarcane and sucrose
productivity is influenced by age at harvest which then makes it appropriate to
annualise the data which normalises productivity performance across farms and
seasons by factoring out the harvest age effect.

e Another limitation of the study was the inexperience of the researcher. The
researcher’s personal beliefs and attitudes especially during the interviews might
have compromised the quality of data gathered, and had biases creep in to the study
(Smith & Noble, 2025).

4.7 Conclusion

The study adopted a pragmatism approach to address the multifaceted research
questions. It utilised the abductive method combining both deductive and inductive
approaches. The study was conducted in Eswatini among SME sugarcane
agribusinesses with the individual agribusiness being the unit of analysis. Data collection
was conducted using a survey questionnaire on GMPs adoption and follow-up
interviews. Ethical clearance prior to data collection was obtained from the GIBS Ethical
Committee. Additionally, relevant permissions to use secondary and to engage with
grower agribusinesses on the study were respectively obtained from the MGC for the

sugarcane supply area and the ECGA.
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5. Results

5.1 Introduction

In this chapter, the results of the study conducted will be presented. These results will
be divided into four sections. The first section focuses on secondary analysis results on
SME sugarcane agribusiness performance to establish baseline performance,
variability, and trends across a 10-year period. Then the second section presents results
from the structured survey administered to the sampled SME agribusinesses to establish
GMP adoption levels. The third section focuses on the presentation of thematic analysis
from semi-structured interviews to establish the barriers and enablers to GMP adoption.

Finally, the fourth section will present the integrated quantitative and qualitative findings.

5.1.1 Agribusiness Firmographics

This subsection presents the demographic characteristics of the surveyed SME
sugarcane agribusinesses. Understanding these characteristics is important because
factors such as farm ownership structure, farm size and years in sugarcane production
can influence decision-making and the capacity to adopt GMPs. Table 4 presents the
firmographic variables and frequency of agribusinesses. The data provides context for

interpreting adoption patterns and productivity outcomes.

Table 4: Firmographic Characteristics of Surveyed Agribusinesses

Firmographic Category Number of Percentage
Variable Agribusinesses
Farm Ownership Sole 9 10.7%
Family 14 16.7%
Association 61 72.6%
Farm Size < 20 hectares 8 9.5%
21 - 50 hectares 30 35.7%
51 - 100 hectares 23 27.4%
101 - 250 hectares 21 25.0%
>250 hectares 2 2.4%
Years of < 5 years 15 17.9%
Sugarcane 6 - 10 years 12 14.3%
Production 11 - 15 years 27 32.1%

39



Firmographic Category Number of Percentage
Variable Agribusinesses
16 - 20 years 8 9.5%
> 20 years 22 26.2%

The farm ownership structure of the SME agribusinesses is believed to influence

decision-making autonomy, access to resources, and the ability to implement GMPs. It

is therefore important that this demographic characteristic is understood when studying

the adoption of GMPs among SME agribusinesses. As shown in the chart, the

agribusinesses are categorised into three groups: sole ownership, family-owned, and

association-owned farms. Figure 6 shows the distribution of farm ownership among the

SME agribusinesses surveyed.

Farm Ownership

= Sole = Family

9 (10.7%)

14 (16.7%)

Association

Figure 6: Farm Ownership Pie Chart

Farm size is also a critical factor because it determines the agribusinesses’ resource

availability, economies of scale that the agribusinesses could explore, and the capacity

to implement GMPs. For instance, larger farms may have the flexibility to invest in
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sustainable technologies, while smaller farms may face resource constraints. Figure 7

shows the distribution of farm sizes among the surveyed SME agribusinesses.
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Figure 7: Agribusiness Frequency by Farm Size Category

The variable years in sugarcane production are also important because it can influence
SME agribusinesses’ exposure to innovations as observed from other farms and their
ability to adopt GMPs. Figure 8 shows the distribution of surveyed agribusinesses by

sugarcane production experience.
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Figure 8: Farm Experience in Sugarcane Production
5.2 Baseline Performance and Yield Trends from Secondary Data

This subsection presents baseline yield performance for the 84 sampled SME
sugarcane agribusinesses over a 10-year period. These analyses provide context for

the subsequent analysis linking GMP adoption to productivity outcomes. The subsection
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presents the mean sugarcane and sucrose productivity results for the 10-year period
through graphical trends and performance variability presented using box plots across

farm ownership and size categories.

Sugarcane and sucrose productivity are the two important productivity parameters in
sugarcane production. Sugarcane productivity is the total mass of stalks expressed per
unit area of production land (Almeida, et al., 2024). From the stalk of sugarcane, sucrose
is extracted and processed into sugar. Sucrose is expressed as a percentage of the
mass of fresh sugarcane stalk to sucrose content (%) in sugarcane. Factoring the
sucrose content on the sugarcane productivity (tc/ha) parameter results in the sucrose
productivity parameter (ts/ha) which is the second variable used in the analysis

alongside sugarcane productivity.

5.2.1 10-year Mean Sugarcane and Sucrose Productivity by Farm Ownership

The secondary data for the 84 agribusinesses surveyed was analysed for mean
sugarcane and sucrose productivity and aggregated by farm ownership category. It was
observed that the mean sugarcane productivity ranged from 73.0 to 106.8 tc/ha. The
mean sugarcane productivity for family-owned farms was generally lower than for sole-
owned and association-owned farms. Association owned farms were observed to be
doing better than the other two categories. Figure 9 shows the mean sugarcane yield
(tc/ha) for the sampled SME agribusinesses over a 10-year period from 2016/17 to
2025/26.
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Figure 9: 10-year Mean Sugarcane Productivity by Farm Ownership Category
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Figure 10 presents mean sucrose productivity by farm ownership category. The mean
sucrose productivity ranged from 12.43 — 14.41 ts/ha. The trend between the farm
ownership categories was similar to sugarcane productivity with association-owned

farms doing better than sole-owned and family-owned farms.
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Figure 10: 10-year Sucrose Productivity by Farm Ownership Category

5.2.2 10-year Mean Sugarcane and Sucrose Productivity by Farm Size

The secondary data was also analysed for mean sugarcane and sucrose productivity by
farm size. Figure 11 shows the mean sugarcane productivity data categorised by farm
size. The farm size categorical trends low productivity for the categories < 20 and 21 —
50 ha. The categories 51 — 100 and 101 — 250 ha show some better performance in the

recent years while > 250 ha had only observation is not suitable for comparison.
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Figure 11: 10-year Mean Sugarcane Productivity by Farm Size

Figure 12 shows the mean sucrose productivity by farm size. Similar to sugarcane
productivity, the small farm size categories’ sucrose productivity was lower than the

bigger farms categories.
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Figure 12: 10-year Mean Sucrose Productivity by Farm Size

5.2.3 Sugarcane and Sucrose Variability Across Farm Ownership Categories

An analysis was also performed on the secondary data on the variability of sugarcane
and sucrose productivity between the farm ownership categories. Figures 13 shows the

sugarcane productivity variability between the categories.
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Figure 13: Sugarcane Productivity Variability by Farm Ownership Category

Variability in the box plot is indicated by the spread between the lower quartile (LQ) and
upper quartile (UQ) productivity. The data showed that there was high variability (LQ =
72.9 tc/ha, UQ = 98.9 tc/ha) in sugarcane productivity within the sampled family-owned
farms compared to the sole-owned (LQ = 83.1 tc/ha, UQ = 94.6 tc/ha) and association-
owned farms (LQ = 89.5 tc/ha, UQ = 105.9 tc/ha). The sole owned farms had the least
variability than the other two categories. The box plot also shows that overall the mean
sugarcane productivity of association-owned farms (98.6 tc/ha) has been better than the

other sole-owned (90.4 tc/ha) and family-owned (84.2 tc/ha) farms.

A similar behaviour is observed on sucrose productivity variability with family-owned
farms exhibiting higher variability than sole-owned and association-owned farms (LQ =
12.1 ts/ha, UQ = 14.5 ts/ha). The association-owned farms again showed better
productivity in sucrose (13.5 ts/ha) compared with sole-owned (12.6 ts/ha) and family-
owned with the lowest sucrose productivity at 11.7 ts/ha. Sucrose productivity box plot

by ownership category is shown in Appendix 8.

5.2.4 Sugarcane and Sucrose Variability by Farm Size Categories

In terms of farm size categories, the data showed that there is nearly an identical
sugarcane productivity variability between the farm size categories although the < 20 ha

category had low variability than the other three categories. Figure 14 shows the box
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plots for the farm size categories. The > 250 ha category was ignored in this analysis

because there was only one agribusiness in this category.

Yield variability by farm size
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Figure 14: Sugarcane Productivity Variability by Farm Size Categories

Sucrose productivity seemed to increase with increase in farm size with 101 — 250 ha
category exhibiting higher variability. Similarly, the data showed that the mean sucrose
productivity was increasing with increase in farm size. The box plot for sucrose

productivity is shown in Appendix 9.
5.3 Quantitative Survey Results

5.3.1 Results for Research Question 1: Extent of GMPs Adoption

The study sought to quantify the extent of GMPs adoption among SME sugarcane
agribusinesses. The GMPs adoption was measured using an adoption index that
calculated the extent at which a particular agribusiness has adopted certain practices
categorised into three elements of green manufacturing: RRC, PPC, and UCELIM
(Nwameke et al, 2025).

This subsection presents the GMP adoption index summary calculated for each
surveyed SME agribusiness in each of the three elements. The index is an aggregate of
the adoption levels across GMPs applicable to each element in the context of sugarcane
farming. The composite index score is a continuous variable ranging from 0 — 1

calculated from the applicable GMPs which were either score 0 for not adopted, 1 for
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partially adopted and 2 for fully adopted (Jadhav et al., 2025). The scores for the
applicable practices were summed and divided by the total possible scores for the

applicable element.

5.3.1.1 Mean Adoption Index Scores
Based on the composite adoption index scores, the agribusinesses were categorised

into three levels of GMPs adoption for a specific element of GMPs on the overall GMPs
adoption. This was done based on the method suggested by Alkharus (2022) where the
range of composite scores is divided by the number of desired categories. For purposes
of this study and in line with the work of Jadhav et al. (2025), the adoption categories
adopted were low, medium and high. The category cutoff scores were therefore set as
0 - 0.33 for low adoption, 0.34 — 0.66 for medium adoption, 0.67 — 1.00 for high adoption.

Table 5 shows the descriptive statistics for the adoption index scores for each element.

Table 5: Adoption Index Descriptive Statistics by GMP Category

Indicator RRC PPC UCELIM Overall
GMPs
Mean 0.464 0.344 0.138 0.318
Standard Dev. 0.250 0.198 0.161 0.168
Median 0.500 0.300 0.125 0.269
Sample 84 84 84 84

The results indicate that the mean adoption index for the GMP element RRC was the
highest (u = 0.464, SD = 0.250) among the three elements. The PPC element had the
second highest mean adoption index (u = 0.344, SD = 0.198) while UCELIM had the
lowest mean adoption index (u = 0.138, SD = 0.161). Overall, the mean adoption was
low (u =0.318, SD = 0.168).

5.3.1.2 Significance of the Difference in Mean GMPs Adoption Index
To test the statistical significance of the difference between the overall SME sugarcane

agribusinesses’ GMPs adoption index observed from the results and the assumed low
adoption cut off 0.33, a student’s t-test for a single mean was performed at 95%
confidence level (Wegner, 2020, p. 228). The results are shown in Table 6 with the t-stat

and p-values.
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The hypothesis tested were as follows:
Ho: p=0.33
Hi:pu>0.33

Table 6: One Sample Student's T-Test Results

Indicator RRC PPC UCELIM Overall

GMPs

Mean 0.464 0.344 0.138 0.318

Standard Dev. 0.250 0.198 0.161 0.168
Sample 84 84 84 84

t-stat 4915 0.649 -10.894 -0.667

p-value 2.2 x10% 0.259 5.6 x 1018 0.253

From the student’s t-test analysis, the resulting p-value > 0.05 for the overall GMPs

adoption and, therefore, the null hypothesis (1 < 0.33) could not be rejected.

For each of the GMPs elements, the results show that the RRC element mean adoption
index was higher than 0.33 and the difference was statistically significant (t-stat = 4.915;
p-value < 0.05). The PPC had a mean adoption index that was slightly higher than 0.33
but the t-stat and p-value (t-stat = 0.259, p-value = 0.259) showed that this difference
was not statistically significant. The UCELIM element had a practice mean adoption that
was lower than 0.33 and the difference was statistically significant (t-stat = -10.894, p-
value < 0.05).

5.3.1.3 Proportion of Agribusinesses at Different Adoption Levels
Based on the adoption categories described above (low, medium and high), the mean

adoption levels for each element of GMPs were determined and the proportion of
agribusinesses was calculated in each category was determined. Figure 15 shows the

spread of the agribusinesses under each level of adoption category for each element.

The results show that a higher proportion (51.2%) of agribusinesses surveyed for the
element RRC were in the medium adoption level, while 31.0% were in the low adoption

level and 17.9% were in the high adoption level. For PPC the highest proportion (60.7%)
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of the surveyed agribusinesses was at the low level, while 32.1% and 7.1% were

respectively in the medium and low levels. Similarly, in the UCELIM element a higher

proportion (90.5%) was at low level, followed by 8.3% at medium and 1.2% at high level

of adoption.

Reduced resource consumption

High - 17.9%

0.0% 200% 400% 600% 80.0%

Use of clean energy and low impact materials

High | 1.2%

Medium . 8.3%

0.0% 200% 400% 60.0%  80.0%

100.0%

100.0%

Pollution prevention and control

High . 7.1%
Medium _ 32.1%

Low

60.7%

0.0% 20.0% 400% 600% 80.0%

Overall Practices

High I 3.6%

Low

57.1%

0.0% 20.0% 400% 60.0% 80.0%

Figure 15: Proportion of Agribusinesses by Adoption Level and GMP Element

5.3.1.4 Adoption by Agribusiness Ownership Category
Since strategic business decision-making is key to the adoption of GMPs, farm

100.0%

100.0%

ownership could be thought to influence how SME sugarcane agribusinesses decide to

position themselves for future competitiveness. The study delved to evaluate the

adoption index results taking into consideration who owns the business, that is,

ownership category. Table 7 shows the descriptive statistics with ownership categories.
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Table 7: Mean Adoption Index by Ownership Category

Agribusiness N RRC PPC UCELIM Overall
Ownership practices
Sole Owned 14 0.232 0.236 0.161 0.212
Family Owned 8 0.344 0.325 0.094 0.260
Farmer Association 62 0.532 0.371 0.139 0.349

From an overall practices perspective, the mean adoption index was low (u = 0.212) for

sole owned agribusinesses, followed by family owned (p = 0.260) and then farmer

associations agribusinesses (u = 0.349). This pattern was similar for the elements RRC

and PPC where the mean adoption index was low for sole owned and high for farmer

association owned.

5.3.1.5 Adoption by Farm Size Category

The study also evaluated the mean adoption index by farm size categories to identify if

there were differences in the mean adoption for further exploration. Figure 8 below

shows the adoption results by farm size category.

Table 8: Adoption by Farm Size Category

Farm Size N RRC PPC UCELIM Overall
practices
<20 ha 7 0.286 0.243 0.107 0.214
21 -50 ha 31 0.460 0.352 0.153 0.324
51 -100 ha 27 0.472 0.370 0.139 0.330
101 - 250 ha 18 0.514 0.322 0.125 0.321
> 250 ha 1 0.750 0.500 0.125 0.462

The results showed the overall mean adoption for the < 20 ha category was the lowest

while the next three categories had adoption index scores that were so close. The > 250

ha category was an outlier with one observation for it.
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5.3.2 Results for Research Question 2: Perceived Barriers to Adoption

The survey completed by participants captured structured responses on perceived
barriers to GMPs adoption and implementation. Figure 16 shows the frequencies of the
perceived barriers from the survey. The survey provided a multiple selection option for
the first four, that is, high cost of implementation, lack of knowledge, limited access to
technology and ack of institutional support. The additional three barriers: lack of time for
fallow period, difficulty to implement and lack of management support emerged from the

respondents listed as other barriers.

The results showed that the high cost of implementing GMPs was the most dominant
barrier to adoption, emerging 57 times. This was followed by lack of knowledge
appearing 26 times, while limited access to technology appeared 25 times and lack of

institutional support appearing 15 times.
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Figure 16: Frequency of perceived barriers to GMPs adoption

5.3.4 Results for Research Question 3: GMPs Impact on Productivity

The aim of the study was to ascertain whether the adoption of GMPs by the agribusiness
has resulted in better sugarcane productivity or not. To answer this question, an analysis
to determine the differences in sugarcane and sucrose productivity between low

adopters and medium adopters was performed.
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5.3.4.1 Impact on Sugarcane Productivity
A multiple regression analysis was conducted to establish how much influence of the

three categories GMPs (independent variables) influence the dependent variable

sugarcane productivity (Wegner, 2020; Bluman, 2007).

The results show that the overall adoption of GMPs among SME sugarcane
agribusinesses influences sugarcane productivity and this influence is statistically
significant at 95% confidence interval (F = 6.796, p = 0.000). This indicates that the three
categories’ GMPs index scores collectively explained the variation in the recent mean
sugarcane productivity among the SME sugarcane agribusinesses (adjusted R? =
0.173). Table 9 shows the results of the multiple regression analysis for each GMPs

category. The Multiple Regression results are shown in Appendix 8.

RRC (B = 27.510, p = 0.000) and UCELIM (B = -27.576, p = 0.017) had statistically
significant influences on sugarcane yield productivity. According to these results, it is
suggested that RRC tends to result in higher sugarcane productivity. However, the

results suggest that UCELIM tends to result in reduced sugarcane productivity.

PPC (B = -1.699, p = 0.876) did not show a statistically significant influence on
sugarcane productivity. While this coefficient showed that the category tends to increase

sugarcane productivity, the influence was not statistically different.

Table 9: Regression analysis results for impact of GMPs on sugarcane productivity

Factor Coefficient =~ Standard t-statistic p-value
(B) Error

RRC 27.510 7.431 3.702 0.000

PPC -1.699 10.810 -0.157 0.876

UCELIM -27.576 11.343 -2.431 0.017

From the multiple regression analysis of GMPs impact on sugarcane productivity, p =
0.000 < 0.05 for the overall GMPs (F = 6.796), the null hypothesis is therefore
rejected, and the alternative hypothesis is accepted. This means that there is a

statistically significant relationship between GMPs adoption and sugarcane productivity.
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5.3.4.2 Impact on Sucrose Productivity
As with sugarcane productivity, a multiple regression analysis was performed to test the

significance of the GMPs adoption on sucrose productivity.

The regression results showed that the adoption of GMPs had a statistically significant
effect on sucrose productivity (F = 7.985, p = 0.000). The adjusted R? was 0.188 which
implied that 18.8% of the variation in sucrose productivity is explained by the collective
adoption and implementation of the three GMPs elements. Table 10 shows the
breakdown of the regression results by GMP element. The entire regression analysis

results are shown in Appendix 9.

Table 10: Regression analysis results for impact of GMPs on sucrose productivity

Factor Coefficient = Standard t-statistic p-value
(B) Error

RRC 3.700 0.993 3.727 0.000

PPC 0.134 1.444 0.093 0.926

UCELIM -4.035 1.515 -2.663 0.009

Likewise, on the GMPs impact on sucrose productivity, p = 0.000 < 0.05 for the overall
GMPs (F = 7.985), the null hypothesis is again rejected in favour of the alternative
hypothesis.

5.4 Qualitative Interview Results

5.4.1 Context of Interview Participants

The interviews aimed to capture the views of agribusiness representatives, mainly the
farm owners, board chairpersons, farm supervisors/managers, as well as those of GSOs
in the designated extension regions. To understand the dynamics in the SME sugarcane

agribusiness operations, it is critical to explain the context of the participants.

The SME sugarcane agribusinesses that operate close to one another. There are those
that developed on their own, mainly abstracting irrigation water from the main river
course to produce sugarcane. Later, a government irrigation project executed the
Eswatini Water and Development Enterprise (EWADE) led to the development of many

farmer associations typically drawing bulk water from government bulk water supply
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infrastructure which comprises a dam, distribution canal and balancing dams close to

sugarcane fields.

Due to the significance of these agribusinesses to the sugar industry, ES in collaboration
USL, provides support to the agribusinesses through designated GSO that look after
approximately 2,000 ha per GSO.

For the purposes of this study, four participants interviewed were agribusiness
representatives while three GSO. However, to protect their confidentiality, distinction

between them as sources will not be disclosed in this report.

Purposive sampling was used to identify the agribusinesses and GSOs for the
interviews. The sampling targeted agribusinesses both in low adoption and medium

adoption categories. Table 11 shows a description of the participants of the interviews.

Table 11: Interview participants description

Participants Years in Description

Sugarcane

Production
Agribusiness 1 > 20 years Afarmer association agribusiness farming
(Board Chairman sugarcane production and other cash
and Farm crops. The agribusiness was rated
Supervisor) moderate in overall adoption index.
Agribusiness 2 > 20 years A sole owned agribusiness specialising in
(Farm Manager) sugarcane farming only. The agribusiness

was rated moderate in the overall

adoption index.

Agribusiness 3 < 5 years A farmer association agribusiness that
(Board Chairman produces mainly sugarcane, maize and
and Farm beans. The agribusiness was rated high
Supervisor) in the overall adoption index.

Agribusiness 4 11 — 15 years A farmer association agribusiness that
(Farm Supervisor) produces only sugarcane. The
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Participants Years in Description

Sugarcane
Production
agribusiness was rated low in the overall
adoption index.
Grower Support 1, | N/A Officers supporting sugarcane production
2,and 3 over 2,000 ha each.

(Officers)

5.4.2 Results for Research Question 2: Thematic Analysis

The main themes that emerged from the thematic analysis are summarised in Figure
17. Each theme is discussed below with evidence of participants captured descriptions.
Theme 1: Institutional pressures and support (driver)

The most prominent theme that emerged from the data was institutional pressures and
support as a driver to GMPs adoption. This theme is defined as all the external factors
that influenced the SME agribusinesses to adopt and implement the GMPs either by
being forced by regulation, industry norms and standards or by being coerced through
monetary benefits. It included pressure and support from stakeholders such USL,

EWADE, the Eswatini Sugar and other sustainability certification organisations.

Keywords and phrases used by the participants that were referenced as institutional
pressures and support were “supporting the country”, “miller requires high standards”,
‘EWADE teaching diversification”, and “use of approved chemicals” to denote regulatory
pressure. Phrases that indicated institutional support included ones such as “motivated

by incentives”, “fertilizer subsidy”, “source seed cane from miller”, “cross learning

through demonstrations”, and “extension officers visiting to offer advice”.

For example, one participant who represented an SME agribusiness stated that the
government agricultural development agent encouraged that they should diversify their

crops:

“This, | think, is because of opportunities in looking at the business, looking at
things that bring money in the market and supporting the country. Especially in

this farming program, EWADE was teaching that there must be a portion of the
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land where we must plant food crops so that we support the country and it does

not have to go outside to look for food commodities.”

Another participant alluded to the fact that there is good collaboration between
themselves and other stakeholders such the miller and the sustainability certification

organisation:

“What is motivating us is the collaboration we have with the milling company as
they advise us and the other motivator is Fairtrade because there a set standard
on how to use agrochemicals. So, it’s basically the stakeholders with whom we

work that are supporting us.”
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Institutional
pressures &
support

Institutional
pressures (sub-
categories below)
- Financier advice
- Fairtrade
principles

- LSE influence on

practices
- EWADE
requirements
- Miller
requirements

- Water regulation

- Peer learning

Institutional

support (sub-

categories below)

- Miller support

- Grower support
(extension)

- Fairtrade price
incentive

- EWADE support

Figure 17: Thematic Table on GMPs drivers and barriers

Green Manufacturing Practices
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& environmental
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Resource efficiency
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below)
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application
efficiency
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application
efficiency
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- Soil degradation
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Cost savings &
financial incentives

Cost reduction

(sub-categories

below)

- Energy cost
reduction

- Maintenance cost
reduction

- Overall cost
reduction
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below)
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below)
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A grower support officer interviewed mentioned that they play a major role in influencing
the implementation of best practices which include the practices that are relevant to

green manufacturing principles:

“So, we do encourage and advise growers to ripen their crop, those that are
harvested during the period which requires ripening. Even on that one, when we
do the ripening, we monitor to ensure that the chemicals that are used for ripening
are those that are approved by the sugar industry. Because as an industry, we

do have an approved list of chemicals and herbicides that can be used.”

Theme 2: Resource efficiency and environmental stewardship (driver)
The second leading theme that emerged from the participants descriptions on GMPs

adoption and implementation was resource efficiency and environmental stewardship.
This theme is concerned with the intention of the agribusinesses to better utilise the
available resources at their disposal by reducing wastages, improving resource use

efficiency, and preventing resource degradation and pollution.

The phrases that were brought to the fore by the participants that were interpreted to
relate to resource efficiency and environmental stewardship included phrases such as

11

‘not irrigating unused areas”, “not spraying areas that have been sprayed”, “improving
soil structure”, “preserving the environment”, and “using resources sparingly”. These
phrases referred to the use of natural resources such as water for irrigation, and the soll
for producing the crop as well as farm inputs such as energy to drive machinery,
chemicals used to control weeds, pests and diseases. The theme was focused on better
and precise applications to reduce wastage, spills to the environment that may harm

other organisms, and to maximise productivity benefit from these resources and inputs

One agribusiness representative described how the use of irrigation softwares was

instrumental at conserving water:

“For irrigation, we use a scheduling software which assists with water
conservation because water is scarce this side, since we abstract water from a

dam and there is no river around us.”

On the application of synthetic fertilisers, another participant made mention that use

technology, they were able to achieve more targeted applications to reduce wastages:
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“But the greatest benefit is that if you apply, you are more specific and you apply
right where you have to apply. And there is no fertiliser that spills on unused

areas.”

Attesting to the benefit of efficient water application systems that the agribusinesses

have adopted, a grower support officer explained:

“Yeah, and they also improve the yield if they do efficient irrigation, their yield will
improve while their pumping costs are going down. That's what motivates farmers

the most.”

Theme 3: Cost savings and financial incentives (driver)
This theme captured the motivations that drive the SME sugarcane agribusinesses to

adopt and implement GMPs because these practices either reduce operational costs
or attract financial incentives. The theme, therefore, focuses on factors that are

economic, ranging from cost reductions to increased income for the businesses

The SME sugarcane agribusiness representatives and GSOs interviewed used
keywords and phrases that defined this theme, and these included phrases such as

T3 ” ” “

“cost cutting”, “reduce the cost of pumping”, “energy cost reduction”, “cheaper on
maintenance”, “premium”, “subsidy” and “sustainable practices are cost saving”. The
descriptions that emerged in the data mainly referred to drip irrigation systems and
pumping technology being instrumental at reducing pumping costs, solar energy at
reducing electricity costs and Fairtrade premiums and subsidies from miller in supporting

financial sustainability.

A grower support officer, for example, explained that these agribusinesses are driven by
the desire to lower their production expenses through which they find themselves having

to adopt the GMPs. The officer explained it as follows:

“What is motivating growers under these sustainable practices is to reduce cost,
because these sustainable practices are cost saving most of them. Let me say
like efficient irrigation, when you do precision irrigation, that means you want to

reduce the amount of water maybe you are irrigating with.”

Another grower support officer explained that solar power plants were instrumental at

reducing pumping energy costs. He explained it as follows:
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“I will start with the one on renewable electricity which is very high in the area, so
the growers are being motivated to do something that will cut costs, the cost of
electricity. Fortunately, the use of renewable energy, the installation of solar
power plants is the best solution at the moment. So basically, the motivation
behind is to reduce the cost, the pumping cost in terms of when we are irrigating,

because the electricity cost is very high. So basically, that's the reason.”

A grower mentioned that another motivator for them was the incentives from Fairtrade

that made them adopt sustainable practices:

“Fairtrade, just to add to the issue of debts, because you find that there are these
premiums through which Fairtrade has supported us on, when we get those
funds we are able to budget for other things, our debts you find that they have
been there because we work with banks, we then cease seeking funding from
banks but we take these funds we get from Fairtrade and that’s how we get the
assistance and the business can quickly pay off its debts and then grow and the
shareholders can survive in the right manner and the debts we are able to pay

off because they reduce due to the support.”

Theme 4: Labour and operational challenges (driver)
This theme can be defined as the existing labour and operational challenges such the

high demand for labour for the crop production operations which has the inherent
challenge of difficult supervision. These challenges make it difficult for the
agribusinesses to maximise value of labour units invested in the operations thus leading

to consideration of technology and machinery.

11

Phrases such as “difficult to appropriately task people”, “need to hire a lot of people”,
and “labour taking the money back” emerged as the participants describe the challenges
with labour requirements. This theme made the agribusinesses consider the available
technologies such drip irrigation systems, machinery for infield operations such as

fertiliser and chemical application.

A participant explained that they had a challenge with making revenue which is then

depleted by the payments made for labour even if the tasks have not been completed:
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“We have the discomfort of raising funds which at the end of it all goes to pay for
labour because it is difficult to appropriately task people with the expectation that

the work will be finished so you task with what is required.”

Another comment made by the participant was connected to the unsuitability of using
people in cases where they have apply farm inputs such liquid fertilisers in small doses

for enhanced availability to the crop:

‘Like if you are harvesting in winter, you wish to apply the fertiliser in small doses,

but you are unable to do that because you need to hire a lot of people.”
Barriers to GMPs Adoption

The interviewed participants were asked what could be preventing them from adopting
some green practices especially given the productivity benefits. The following themes

emerged from the descriptions of experience of the participants.

Theme 5: Labour and operational challenges (barrier)

This theme referred to the challenges that were perceived by the participants as making
their operations to be more labour intensive and costly or bringing in more complexities
to the operations they are used to. These include inherent costs associated with green
or mechanical harvesting, increased cost of transport for unburnt sugarcane, and

increased incidence of pests if crop residue is not burnt.

For example, when asked on the barriers to GMPs adoption, one GSO referring to

shifting away from pre-harvest sugarcane burning responded in that:

“You'll understand that if you cut sugarcane without burning, it means now your
sugarcane cutters will have a lot of work to do. So, there's a fear that if we do
that, the contractors for the growers now will increase the cutting rate. Now, which
means now the growers have to spend more in terms of paying for the cost for

the operation of sugarcane cutting, because now it will have more work.”
He added that:

“Even the cost of moving or transporting the cane, because now even if you can
try to remove the trash from the sugarcane before loading it, there will be some

trash left with the cane. Now it means now the payloads will be reduced because
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there will be sugarcane with some trash, which means now the load will have
additional weight trash. So that means now the grower will pay for transporting

sugarcane plus trash, trash which won't give back money to the grower.”

Trash is the dry leaf material which becomes dense when the sugarcane is not burnt.
Payload is the mass of sugarcane per load delivered and weighed at the mill

weighbridge.

On another challenge related to not burning crop residue left in the field, the participant
described that:

“However, | would say that some are burning the trash with the fear that
especially if that field was affected by certain pests like your Eldana, because
they understand that if now that field was affected, it's some problems of Eldana
or any other pest, then if you leave the trash, there is a risk of multiplying the
pest, doing more damage, so they burn the to try to minimise the infestation of

the pest.”

A farm manager who uses a mechanical harvester and enabling him to cut his crop
unburnt (green harvesting), referring to stalk losses that happen in the field mentioned
that:

“Okay on challenges, there is over-trampling. You find that at the end of the field
blocks, you find that we have to run over the sugarcane rows. That’s the
disadvantage, so you find that too many machines there is more of this trampling

compared to people who can easily pass over those areas while cutting.”

Theme 6: High initial and maintenance costs (barrier)

This theme emerged from the cost of technology as an enabler of GMPs and referred to
the high costs of procuring and maintaining technologies such as drip irrigation systems,
precision farming tools such as drones and inputs applicators, and mechanical

harvesters.
One participant summarised it as follows:
“So, there is the high cost of implementation of all those things. And if in the

installation of efficient irrigation systems, like your drip systems, is costly it
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becomes hard to adopt. With the renewable energy like your solar, when you

want to go to solar you need to make heavy investments.”
Another participant alluded to the same barrier as follows:

“Then in terms of having the renewable energy, most growers want to do it.
Unfortunately, the cost of installation is very high. So, if a grower does not have
any challenges financially to install it, they install it. Most growers, they have
existing loans which they are servicing. So, installation of this solar system then

becomes impossible if you are analysing the business viability.”

Theme 7: Group decision-making constraints (barrier)

This theme pertained to the ease of making informed decisions among the SME
sugarcane agribusinesses especially those that are collectively controlled. The elements
under this theme included leadership conflicts and poor decision-making by those in
control. When asked about whether the SME sugarcane agribusinesses under his area

were sustainable, one GSO responded:

“Okay from my side, | don't think they are sustainable. My reasons for that, one
of them are the...social conflicts. | think those are playing a vital role, where | still
feel that organisations like Eswatini Sugar should be playing a vital role in this

”

one.

Another participant raised that because the implementation of GMPs requires some

level of investment with the hope of reaping benefits in the future:

“With all these costs associated with it, which have an impact on the business,
sometimes it is hard for the other board members to agree, because that means

they won't be getting any shares if they are moving in that direction.”

The SME agribusinesses leaders were also described not to be easy-going when it

comes to embracing change:

“So maybe those are some of the problems and resistance to change. Some
people are resistant to change because you know that these growers are
operating in a group setting. So, it's not just a one man show where one man can

decide on, okay, now we're going to do this.”
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5.5 Integrated Quantitative and Qualitative Findings

5.5.1 Results for Research Question 4: Sustainability and Competitiveness

Sustainability is about continued existence of firms, continued value creation and
profitability with due consideration of the environment and society (Manzaneque-Lizano
et al., 2019). The aspect of considering the environment aligns with the adoption of
GMPs built on three pillars: reducing resource use in production processes, reducing
and controlling pollution, and use of renewable energy sources and environmentaly
friendly input materials (Nwameke et al., 2025). Quantitave data analys showed that this
positively impacts sugarcane productivity while qualitative data analysis showed that it
impacts cost control, although with some trade offs on the cost implementation and
operational challenges. The integrated quantitative and qualitative findings of the study

are summarised Figure 18 with the constructs below.

overcome
barriers
(RQ 2)

Consideration of the :> GMPs adoption
environment (RQ1)
Potential Betforsliaarcane Potential cost
sustainability - ducﬁv? (RQ3) reduction &
certification P b efficiency
Access to premium |:> SME sugarcane agribusiness
sugar markets competitiveness and sustainability (RQ 4)

Figure 18: The ultimate integrated approach for SME sugarcane agribusinesses
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5.6 Conclusion

The analysis of quantitative data showed that the mean adoption index of GMPs among
SME sugarcane agribusinesses was at 0.318 which is lower than the low category upper
limit of 0.33. A one sample t-test analysis yielded a p-value > 0.05 and the null hypothesis

that the mean adoption index was less or equal to 0.33 could not be rejected.

When testing the effect of overall GMPs adoption on sugarcane productivity, the results
show a positive and statistically significant effect (F = 6.796, p = 0.000) on sugarcane
productivity among SME sugarcane agribusinesses. RRC element exhibited a higher
and statistically significant influence, while PPC showed a weak and insignificant
influence. The UCELIM element showed a strong and negative influence of sugarcane

productivity, and this was statistically significant at 95% confidence interval.

From qualitative data analysis, the study results uncovered several themes on drivers
and barriers to GMPs adoption among SME sugarcane agribusinesses. The results
reveal that institutional pressures and support, cost savings and incentives, resource
efficiency and environmental stewardship, and operational challenges were key themes
driving GMPs adoption among SME sugarcane agribusinesses. Prominent themes
under barriers include high initial and maintenance costs, labour and operational

challenges, and group decision-making constraints.
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6. Discussion of Results

6.1 Introduction

The study aimed to investigate GMPs adoption levels among SME sugarcane
agribusinesses and explore the drivers and barriers to their adoption. It is also aimed at
understanding how the adoption of GMPs impact sugarcane productivity and contribute

to long-term sustainability and competitiveness of the SME sugarcane agribusinesses.

The research hypotheses that the study sought to test include the claims that: the GMPs
adoption level among SME sugarcane agribusinesses is low, and that the was no
statistically significant relationship between GMPs adoption and sugarcane productivity.
The propositions that the study evaluates are that access to training and technical
support, economic benefits and institutional support are key drivers of GMPs adoption.
While limited financial resources, lack of awareness and understanding of GMPs,
inadequate infrastructure and access to green technology are key barriers to adoption.

This section discusses the results of the study under each research question.

6.2 Discussion on Research Question 1: Extent of GMP Adoption

To what extent have SME sugarcane agribusinesses in Eswatini adopted GMPs?

This research question aimed to investigate the extent at which SME sugarcane
agribusinesses in Eswatini have adopted GMPs that are applicable to sugarcane
production. According to the Eswatini Sugar (2024), the adoption of sustainable
practices among SME agribusinesses was low thereby raising concerns about the

sustainability of this important segment of sugarcane supply chain.

The findings of this study indicated the overall adoption of GMPs among the SME
sugarcane agribusiness was slightly above low. This was shown in the analysis by the
overall mean adopting index score of 0.318 which indicated that GMPs adoption was
likely rated at about 32%. Based on Alkharus (2022) suggested method of dividing the
maximum possible index scores by the number of desired categories, the adoption index
is categorised as in the lower medium class. However, the test for statistical significance
performed on the mean adoption index score against the upper level point of the low
GMPs adoption category indicated that the null hypothesis (u < 0.33) could not be

rejected.
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This meant that even though the mean GMPs adoption index score for the SME
sugarcane agribusinesses in the population represented by the sample was slightly
above the low category, the difference between the observed mean adoption index and
the upper limit of the low adoption category (0 — 0.33) was not statistically significant (p
= 0.253 > 0.05). Therefore, the adoption of GMPs among the SME sugarcane
agribusinesses is confirmed in the results of this study as low which supported the null
hypothesis claim. This finding confirmed the assertion that even though there are several
benefits associated with the sustainable practices, their adoption in sub-Saharan Africa
has been low (Sithole & Olorunfemi, 2024). The results also confirm Eswatini Sugar’s
claim that the adoption of sustainable practices among SME sugarcane agribusinesses
has remained low and raising concerns on their continued existence (Eswatini Sugar,
2024).

The results also indicated that the GMPs under the RRC and PPC elements had a higher
adoption index of 0.464 and 0.344 compared to the low adoption catergory upper limit
of 0.33, respectively. However, only the RRC adoption index was for found to be
significantly different from the 0.33. Additionally, the UCELIM element had a mean
adoption index of 0.138 and its difference was statistically significant compared with the
0.33 limit.

The results also indicate that on RRC, more than half of the SME sugarcane
agribusinesses surveyed is on the medium adoption level, while about a third lags in the
low adoption. However, for the elements PPC and UCELIM, a higher proportion of the
agribusinesses surveyed was at the low adoption level. This shows that there has not
been much transition among the SME sugarcane agribusinesses on reducing pollution
and using clean energy or low impact materials. This shows an opportunity for more
agribusinesses to consider shifting to adopt more GMPs so that they can realise the
benefits that come with these practices. The productivity gap that exists between the
SME and LSE sugarcane agribusinesses could be bridged if these agribusinesses were

to embrace the practices and realise the benefits.

The study results suggested that the SME sugarcane agribusinesses’ practices adoption
was more focused on practices that contribute to RRC such as water, fuel and other

farm input resources, hence the better adoption in this element. This is likely driven by
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the quest for agribusinesses to reduce cost of production. Furthermore, the study results
indicated that there has been limited focus on the use of renewable energy and
environmental friendly materials, suggesting a potential for the agribusinesses to
explore. Given the potential benefits associated with solar energy installations which is
classified under the UCELIM element, the low adoption suggest significant barriers in

the agribusinesses implementing technologies in solar energy generation.

In summary, the finding of this study regarding research question one aligns with the null
hypothesis claim that the GMPs adoption among SME sugarcane agribusinesses is low.
The study also establishes that there is a significant positive relationship between GMPs

adoption and sugarcane productivity. This aligns with the alternative hypothesis claim.

6.3 Discussion on Research Question 2: Enablers and Barriers
What are the key enablers and barriers influencing the adoption of GMPs among SME

sugarcane agribusinesses?

Research question two sought to utilise interviews with agribusiness and grower support
officer participants to capture the experienced and perceived drivers and barriers to
GMPs adoption among the SME sugarcane agribusinesses. Interview sections 3 asked
the participants on what motivated them to adopt the GMPs they have implemented,
while section 4 explored with the participants what has prevented them from adopting
some GMPs. This section, therefore, discusses what emerged as themes for both

drivers and barriers in the interviews.

6.3.1 Drivers to GMPs adoption

The interview results of the study have indicated that SME sugarcane agribusinesses in
Eswatini have been motivated to adopt GMPs mainly by four factors: institutional
pressures and support, cost savings and incentives, resource efficiency and

environmental stewardship, and operational labour challenges.

6.3.1.1 Institutional pressures and support
The description of the interview participants indicated that several institutions were in

interaction with the sugarcane agribusinesses as stakeholders. These institutions
included the milling company USL, the government development enterprise EWADE,

other large commercial sugarcane producers and the sustainability certification
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organisation Fairtrade. Other actors captured in the interview descriptions were the

Financiers and the Irrigation District on the water supply affairs.

The most evident form of institutional pressure captured was government regulatory
pressure from EWADE in agribusiness development to water management. The
participants raised that EWADE encouraged through development initiatives, the
production of other crops other than sugarcane, also worked out ways to reduce water
consumption through the drip irrigation systems at development stages. They also
highlighted that bulk water supply is measured and controlled by EWADE and the

irrigation district even to the extent that agribusinesses share pumping costs.

Additionally, the participants also mentioned that there were standards requirements
from stakeholders such as Eswatini Sugar, USL and Fairtrade. These include restrictions
on chemicals they could use and those they could not use, i.e. banned active
ingredients, requirements regarding the quality of sugarcane they needed to supply as
well as standard expectations among the community of other agribusinesses. These
institutional pressures captured from the interviews were mainly coercive pressures as
they were not voluntary and their source were organisations that possessed more power

than the SME sugarcane agribusinesses (Yue, et al., 2022).

The participants also mentioned that there was cross learning that was observed
amongst themselves which include learning from other agribusiness about the benefits
of installing solar plants, drip irrigation systems and use of drone technology. One
praticipant also raised that they were also learning from other large commercial growers
who were using newer technolgies in agriculture thereby influencing their adoption. This
showed that there was mimetic institutional pressures where firms try to keep abreast
with the latest trends by learning from others (Latif et al., 2020; Xu et al., 2024).

In terms of institutional support, the results showed that SME sugarcane agribusinesses
receive significant support from the miller, EWADE, Fairtrade and the GSOs. This
institutional support comes in the form of subsidies for some farm inputs, farm
development support, continued access to bulk water supply, premium incentives from
Fairtrade and training and advisory support from the designated officers. Such support
shows that there is great potential for these SME agribusinesses to learn more and

implement GMPs to enhance their sustainability. According to Sithole & Olorunfemi
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(2024), such support from government and other development agencies that interact
with rural agribusinesses enhances the adoption of sustainable practices. The study
finding is also consistent with the findings of von Maltitz et al. (2018) that the degree of
institutional support in Eswatini was high due to the involvement of EWADE in
agribusiness development. This institutional support is expected to have positive effect

on adoption intensity of sustainable practices (Kulea et al., 2025).

6.3.1.2 Cost savings and incentives

The research results also showed that SME sugarcane agribusinesses are driven by the
desire for cost savings and financial incentives. The production of sugarcane is a costly
activity especially in the irrigated regions such as Eswatini where a bigger portion of the
input costs go to energy for pumping, agrochemicals, harvesting and transportation. All
interview participants described the issue of high costs, especially energy costs, as the
significant driver towards adoption of technologies that include variable speed drive
(VSD) motors for their pumps and solar power plants. Similarly, on the application of
agrochemicals, it emerged that SME agribusinesses save costs when the practice IPM

strategies in which case they save on chemicals they would have used for pest control.

The financial incentives that entice the SME agribusiness to adopt green practices are
mainly associated with participation in Fairtrade certification. From the interviews, it
emerged that there are some few agribusinesses that subscribe to the Fairtrade
standard, from which they earn some form of incentives on the price of sucrose paid
compared to their peers. These incentives motivate other agribusinesses to start
observing and implementing the sustainable practices for recognition and inclusion to
the Fairtrade standards. Another incentive that emerged is the capital subsidy by
government for the development of new agribusinesses where the government funds
the capital infrastructure development through EWADE and the agribusiness finance

themselves through Commercial banks for the sugarcane production.

The finding that cost savings and financial incentives drive adoption of GMPs
corroborates the observation made by Rizzo et al., (2024 ) that economic incentives play
a vital role enhancing transition to sustainable practices in agriculture. Similarly, the cost
saving finding confirmed the assertion made by Du Plooy et al (2022) that green

practices reduce waste and cut costs thereby benefitting firms through cost savings
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made from reduced use of energy, water and other resources consumed in production

processes.

6.3.1.3 Resource efficiency and environmental stewardship

The findings demonstrated that SME sugarcane agribusinesses are driven by the need
to ensure that available resources are carefully utilized to contribute to increase their
productivity. Alongside this need, they have learned that being environmentally
conscious to ensure that their operations do pollute the environment. The elements that
emerged from the study that pointed to resource efficiency and environmental
stewardship include operations like fertilizer application, irrigation water management,

water scarcity issues and water conservation.

Fertilisers are one of the costly production inputs into sugarcane production and
wastages cost the agribusinesses a lot. The agribusinesses that have installed drip
irrigation systems have been persuaded by the need to apply fertilisers in targeted split
applications of liquid fertilisers rather than granular. They have adopted this method
because it minimizes losses as it directly delivers the fertilizer to the root zone as
opposed to surface applications where nutrients such as nitrogen volatilize into the

atmosphere.

Bulk water supply for irrigation is a challenge in the area where these agribusinesses
operate especially during the peak of summer in November — March. High temperatures
cause a high demand for irrigation, and the capacity of installed irrigation becomes
limiting during this peak moisture demand on the crop. Inefficient irrigation fails to cope,
and the farms lose on potential increase in crop productivity. As a motivation to increase
water use efficiency, some SME sugarcane agribusinesses, through support from
EWADE, have installed drip systems, efficient pump technology and areas where they

could run drip irrigation systems using gravity.

6.3.1.4 Operational labour challenges

One of the characteristics of sugarcane production is its high requirement for labour
where operations are not mechanized. SME sugarcane agribusinesses operate in
smaller farms and were heavily dependent on manual labour for operations such as
weeding, chemical spraying, and harvesting. This high labour requirement came with an

inherent challenge of effective supervision of labour units, which led to
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underperformance due to low manual output of effective work. This puts a strain on the
production costs encountered by the agribusiness and triggered consideration of
technologies such as mechanical herbicide applications, mechanical seed covering, and
drones for aerial chemical spraying. These labour challenges have driven the
agribusinesses to consider other alternatives they could use to cut costs and improve
their profitability. As a result, the agribusinesses have adopted more precision farming
tools such as specialized equipment for chemical weed control and sugarcane ripener

applications.

Increased pressure from government regulation and adherence on minimum wage
restrictions has also contributed to the agribusinesses consider alternatives to their
labour challenges. However, sugarcane cutting remains highly labour intensive due to
its demand on physicality. Readily available labour for sugarcane cutting is a challenge

such that the agribusinesses depend on Mozambique for labour.

6.3.2 Barriers to GMPs Adoption

6.3.2.1 High initial and maintenance costs

The findings also revealed that initial costs of purchasing green technology products or
even services were significantly high for the SME sugarcane agribusinesses. These
technologies included drip irrigation systems, precision farming tools such oil moisture
sensors, and solar power plants. This means that agribusinesses need financial back-
up in the form of bank loans for them to be able to procure and implement these
technologies. Evident from the findings of the study was that, for example, those SME
agribusinesses that have drip irrigation systems were funded through the capital subsidy
from the government development agency EWADE. On the solar energy plants, it
emerged from the results that even though the cost of installation was high, a few
agribusinesses have managed to finance the solar plants through bank loans. For those
agribusinesses that have not adopted these technologies, the prohibiting factors have

largely been the high implementation costs.

The finding on the high initial costs as a barrier to GMPs adoption is substantiated by
Du Plooy et al. (2022) who reported that SME firms do not adopt new production
processes that include significant initial capital investment. The findings also confirm that

high cost of climate smart technologies is a barrier for agribusinesses (Greenland et al.,
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2019). Other studies have documented that green technologies, such as energy efficient
machinery, precision farming and renewable energy technology, attract high capital
costs which are a significant barrier in their adoption (Nwameke et al., 2025; Doda et al.,
2025).

6.3.2.2 Labour and operational challenges

The qualitative data revealed that some of the barriers to the adoption of GMPs are
operational challenges that either require more people or make the sugarcane
production process unacceptable. These challenges include requirements for skilled
labour, increased labour units, and productivity losses associated with adoption of

technologies or practices.

A transition away from pre-harvest sugarcane burning, for example, was cited by the
participants as requiring more labour units, thereby increasing cost of harvesting. This
prevents the agribusinesses from considering this practice which reduces GHG
emissions and preserves more crop residue to support soil health. One participant also
mentioned the mill is also not making it a requirement because the availability of labour
for cutting is fragile even with the practice of pre-harvest burning and would therefore
be a huge problem with a transition to green harvesting. The findings on increased
labour requirements confirm the assertion that green practices sometimes increase
costs and discourage their adoption among SME agribusinesses (Wanjala & Shadeya-
Mudogo, 2025). This finding is validated by Chaya (2024) who established stakeholders
in green harvesting in Thailand agree that green harvesting is inefficient and unable to
dislodge pre-harvest burning. They agreed that there is a need for new technology that

would be affordable for SME sugarcane agribusinesses.

The adoption of drip irrigation systems was described as requiring more skilled labour
for reading complex pressure and water meter, troubleshooting blockages compared to
other irrigation systems. Other operational challenges raised by participants were the
complexities around maintenance and use of machinery infield which could reduce its
life before requiring a replacement. The SME agribusinesses view it as a risk to invest
in despite the water use efficiency and productivity benefits from this system. The
operational challenge cited by the participants aligns with observation that clogging of

drip irrigation system emitters, especially in sub-surface systems, is a significant barrier
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for effective management (Muhammad et al., 2022). The research finding was also
consistent with findings made by Balamurugan et al. (2021) who established that
constraints faced by sugarcane farmers in drip irrigation in sugarcane farming include
frequent clogging, system damage by animas and lack of skill on maintenance and

repair.

Another element of the labour and operational challenges was the losses in productivity
from mechanical harvesting. Mechanical harvesting enables green sugarcane
harvesting which reduces GHG emissions. However, SME agribusinesses are reluctant

to adopt it due to observations made on sugarcane losses in field and its efficiency.

6.3.2.3 Group decision-making constraints

The study evidence suggested that among the SME sugarcane agribusinesses, there is
social element that hinders the adoption of GMPs. This was described as a constraint
around decision-making towards investments in certain technologies and activities. It
was revealed that as some agribusinesses have many shareholders, sometimes there
are disagreements about the type of investments they make. These disagreements may
exist at board level and with the wider membership. One participant during the interview
even alluded to the likelihood that some of the agribusinesses may not be sustainable
due to internal conflicts which make it difficult to make decision that will keep the farms

in production.

6.4 Discussion on Research Question 3: GMPs Adoption Impact

The study results indicate that there is a positive and statistically significant relationship
between the overall GMPs adoption and sugarcane productivity. This means that the
adoption and implementation of the GMPs among the SME sugarcane agribusinesses
results in better crop productivity measured in tons of sugarcane per hectare of land
used for production. Similarly, the results indicate that there is a positive and statistically
significant relationship between the GMPs adoption and sucrose productivity. The
findings on this positive relationship between GMPs adoption and sugarcane
productivity are substantiated by the argument that the adoption of GMPs such as crop
residues as compost and efficient water application systems result in improved health,
better water retention, and increased sugarcane productivity (Shukla et al., 2019; Singh

et al., 2025; Rosa & Marin, 2024). The findings, therefore, supported the alternative
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hypothesis claim that there is significant relationship between GMPs adoption and

sugarcane productivity.

Multiple regression analysis results suggest that an increase by a unit in the adoption
index for RRC results in 3.7 units increase in sugarcane productivity and this effect is
statistically significant at 95% confidence interval. This means that the adoption of GMPs
such as efficient irrigation systems, precision farming tools, energy efficient machinery,
and recycled crop residue results in increased sugarcane productivity. These practices
impact soil moisture, timely application of farm inputs and replenish soil nutrients, all
with direct benefits in productivity (Shukla et al., 2019; Pifeiro et al., 2020).

The results also show that a unit increase in PPC adoption index results in 0.134 unit
increase in productivity. However, this relationship was not statistically significant, which
suggests that the adoption of PPC focused GMPs does not really impact the sugarcane
productivity. PPC is concerned with reducing pollution to the environment which includes
reducing chemical usage and overapplication of fertilizers which may be released to
water bodies. These practices do not result in improved sugarcane productivity hence

the insignificant relationship finding from the regression analysis.

The results also suggest that a unit increase in the adoption of index of GMPs under the
UCELIM element results in 4 units decrease in sugarcane productivity and this
relationship was statistically significant. Although this relationship was statistically
significant, the meaning of this relationship remains unclear. The relationship may reflect

underlying factors not covered by the study and therefore needs further investigation.
6.5 Discussion on Research Question 4: Contribution to Sustainability
In what ways do GMPs contribute to the long-term sustainability and market

competitiveness of SME sugarcane agribusinesses?

This research sought to draw from both the quantitative and qualitative results though
to establish how the adoption GMPs among SME sugarcane agribusinesses contribute

to their long-term sustainability and market competitiveness.

As already indicated, the results show that the adoption of GMPs contributes to the
increased sugarcane productivity. This means that if SME sugarcane agribusiness

transition to GMPs, their total production would increase and earn them more revenue

75



from sucrose produced. In addition to sugarcane productivity, the qualitative results
show that there are benefits of reduced production costs that are being realised by the
agribusinesses when adopting GMPs. The increased productivity coupled with the
reduced costs can enhance the profitability of SME sugarcane agribusinesses and put

them in a better position to remain in business.

As suggested by McDougall et al. (2019), SME sugarcane agribusinesses’ adoption of
GMPs can position them to be able to solve environmental pollution challenges and
impacts of their surcane production activities. In doing so, the will benefit from reduced
costs, reduced GHG emissions from their operations and effectively differentiate
themselves by sustainable suppliers and help them attaim a competitive edge in sugar
markets (Dias et al., 2021). This alignment with environmentaly friendly business
posture will become an internal capability and resource for long-term sustainability as
posited by the NRBV theory.

6.5 Conclusion

The chapter discussed the results obtained from the data analysis conducted and aimed
to discuss the conclusions on the research hypotheses and propositions. The findings
indicate that the overall adoption of GMPs among SME sugarcane agribusinesses is
low. When decomposed into the elements of GMPs, the findings indicate that the SME
sugarcane agribusinesses are on medium adoption level on RRC practices while they
lag in PPC and UCELIM practices adoption.

The findings also indicate that there is positive and statistically significant relationship
between GMPs adoption and sugarcane productivity. This is driven mainly by the
adoption RRC element which shows a positive and statistically significant influence on
sugarcane productivity. This suggested that the practice under this element of GMPs
contribute directly to sugarcane productivity. The PPC had a positive influence but was
not statistically significant while the UCELIM element showed a negative effect on
productivity and was it statistically significant. However, the negative influence of

UCELIM element was unclear and warranted further investigation.

The research findings revealed that the SME sugarcane agribusinesses were influenced
to adopt GMPs by factors that include institutional pressures and support from

stakeholders, cost savings mainly from energy usage and incentives from mill and
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Fairtrade, desire to be more resource efficient and being environmentally conscious,
and operational labour challenges that force them to consider low-cost alternatives.
However, the agribusinesses also face barriers to adoption which include high initial and
maintenance costs for drip irrigation systems, solar power plants installations and
precision farming tools. Other barriers that emerged include labour and operational
challenges, and group decision-making constraints. The adoption of GMPs by SME
sugarcane agribusiness could be used as a strategic direction for them towards
enhancing productivity and certification, which will set them in path towards long-term

sustainability and competitiveness.

In summary, the research made propositions that the drivers of GMPs adoption were
access to training and technical support, support from industry stakeholders and
perceived economic benefits. These propositions were confirmed in the study as
institutional pressures and support and cost savings and incentives emerging as themes
that drive GMPs adoption. The study also suggested that barriers to GMPs adoption
include limited financial resources, lack of awareness and understanding of GMPs, and
inadequate infrastructure. However, the study findings only confirmed that financial
resources hinder adoption due to the high initial and maintenance costs of relevant

technologies.
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7. Conclusions and Recommendations

7.1 Introduction

The study sought to answer the over-arching research question on what GMPs have
SME sugarcane agribusinesses in Eswatini implemented, to what level of adoption, and
how these practices influence the productivity and sustainability of these
agribusinesses. This chapter concludes the key findings of the research aligning with
this overarching question and the pertinent research questions that the study sought to
answer. It also presents contributions to literature in GMPs adoption and their impact by
integrating the Eswatini SME sugarcane agribusiness context. Finally, the chapter
presents the study limitation and recommendations for future studies on GMPs adoption

and their impact.

7.2 Key findings of the study
The key findings of the study are:

SME sugarcane agribusinesses in Eswatini have adopted and implemented GMPs to
some extent. However, the level of adoption of these practices is still low, which confirms
findings by other researchers that technologies’ adoption in developing countries such
as those sub-Saharan Africa are low (Sithole & Olorunfemi, 2024). Among the GMPs
categories, the study uncovered that the SME sugarcane agribusinesses level of
adoption was medium for the category that aims to reduce the consumption of
resources, while they lag in adoption in the categories of pollution prevention and use of
renewable energy and environmentally friendly materials (Nwameke et al., 2025). This
reveals a potential opportunity for the SME sugarcane agribusinesses to explore and
intensify efforts to harness renewable energy generation which can contribute to cost
savings and improvements in farm profitability. An opportunity also exists for the SME
sugarcane agribusinesses to learn more on the benefits of reducing pollution by
implementing strategies such as IPM which will enhance the pollution reduction pillar of
GMPs (Pifeiro, et al., 2020). Likewise, this will benefit the agribusinesses through

reducing chemical costs while also protecting the environmental ecosystem.

The study also revealed that the adoption of GMPs impacts sugarcane productivity
positively. This means that due diligence in adopting and implementing GMPs puts

sugarcane agribusinesses in a better position to increase their yields and reduce their
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cost of production. This finding was corroborated by other researchers’ conclusions that
sustainable practices are instrumental at enhancing productivity (Shukla et., 2019; Singh
et al., 2021; Rosa & Marin, 2024).

The research findings also show that the SME sugarcane agribusinesses are motivated
to adopt GMPs mainly by institutional pressures and support from stakeholders and their
quest to enhance profitability through cost savings and financial incentives. This
supports arguments by other scholars that institutional factors are the most effective at
enhancing technology adoption in agricultural contexts (Juarez-Luis et al., 2018). In
addition to the drivers, the study finds that the key barriers that prevent GMPs adoption
among the SME sugarcane agribusinesses are high initial and maintenance costs,
labour and operational challenges that come with the transition to green practices, and
difficulties in making the relevant decisions due to different views with boards and wider

shareholders.

7.3 Limitations

The study focused on SME sugarcane agribusiness within the USL cane supply area
with 80% of the targeted sample achieved for the survey. This might present a
statistically representative sample of the population. Additionally, there are other SME
sugarcane agribusinesses in the cane supply areas of the two mills in the north of the
country that were not covered in this study. The study was also limited by lack of relevant
literature on the GMPs in the context of sugarcane production with some noted studies
focused on specific practices such as climate smart agriculture. The study was limited
by the unavailability of historical data of harvest age by grower/agribusiness which would
have been used to annualize the productivity data. This would factor out the effect of

harvest age on the sugarcane productivity secondary data used in the study.

7.4 Contribution of the study

This contributes to literature on GMPs adoption and impact of sugarcane productivity by
extending to the underexplored SME sugarcane context. It provides primary data on
adoption levels among the SME agribusinesses and demonstrates how GMPs relate to
sugarcane productivity. The study also contributes by forming basis for further research
work on the constructs explored. Furthermore, the results support grower support

officers, the sugar industry and grower associations with conclusions and
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recommendations on refining sustainability programmes for the SME sugarcane

agribusinesses.

7.5 Recommendations for policy and practice

In light of the findings of the study, the following recommendations are made:

It is recommended that GSOs in conjunction with the ECGA, focus on availing of the
necessary information on the benefits and opportunities of solar energy generation
and support the agribusinesses in identifying credible suppliers for these
installations. This will fast track the adoption of this practice and enhance the use of
clean energy among the sugarcane agribusinesses which will be of great benefit to

them.

It is recommended also that the GSOs directly promote IPM by setting up trials that
will showcase the impact of IPM within the SME sugarcane agribusinesses, measure
and quantify the benefits from that so that more agribusinesses can adopt it and

enhance adoption within the pollution reduction pillar.

It is recommended that other stakeholders such as the milling company (USL) and
Eswatini Sugar, development more targeted programs that detail and guide the
transition for the entire sugar production value chain to transition towards sustainable
green production. Currently, the study revealed that there is gap and opportunity to
use the institutional environment to influence through both coercive and mimetic
pressures to hasten GMPs adoption. This will strengthen the existence of the SME
sugarcane agribusinesses, with a clear understanding that they work for the

betterment of production.

It is also recommended that Financiers in Eswatini should consider making available
green finance to support to support the installation of innovation such as the solar
power plants and curb the high initial cost barrier. Government can also play through
subsidizing the installation of these power plant installations and ease the burden on

the energy utility and tariff increases.
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7.6 Recommendations for future research

For future research, the following recommendations are made:

To further investigate the negative effect of the use of renewable energy and
environmentally friendly materials on sugarcane productivity. This will establish what
underlying factors could have the negative effect on productivity.

To carry out a similar study the other SME sugarcane agribusiness in the other two
mills to compare if similar findings emerge.

To investigate further the GMPs through a longitudinal study that will validate the
GMPs adopted overtime and determine its effect on sugarcane during that period of

observation.
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Appendices

Appendix 1: Consistency Matrix

Research Questions

Research question 1:
To what extent have SME
sugarcane agribusinesses in
Eswatini adopted GMPs?

Research question 2:
What are the key drivers and
barriers influencing the
adoption of GMPs among SME
sugarcane agribusinesses?

Research question 3:
How does the adoption of
GMPs impact the productivity of
SME sugarcane agribusiness?

Research question 4:
In what ways do GMPs
contribute to the long-term
sustainability and
competitiveness?

Hypotheses / Propositions

Hypothesis

* Ny: SME sugarcane agribusinesses
in Eswatini have a low level of
adoption of GMPs.

« N;: SME sugarcane agribusinesses
in Eswatini have a moderate to high
level of adoption of GMPs.

Propositions

« Access to training and technical
support, perceived economic
benefits, and support from industry
stakeholders are influencing
adoption of GMPs.

« Limited financial resources, lack of
awareness on GMPs, and
inadequate infrastructure and
access to GMPs

Hypothesis

* Ng: There s no significant
relationship between GMPs
adoption and sugarcane
productivity..

« N;: There is a significant relations
between GMPs adoption and
sugarcane productivity.

Data Collection Tools

Primary Data Collection
+ Structured survey questionnaire
* Questions in Section 5

Primary Data Collection
* Semi-structure interviews

+ Section 3 and 4.

Primary & Secondary Data

« Structured survey questionnaire:

Question 5.
« Agribusiness productivity data
supplied by USL mill.

Quantitative and Qualitative

Findings Analysis

« Integration of quantitative and
qualitative findings

Analysis

Quantitative Data

+ Calculation of composite GMPs
adoption index (5.3.1)

« Inferential statistical analysis of the
mean adoption index difference
from the low category upper limit
(5.3.1)

Qualitative Data

+ Coding in Atlas.ti

+ Determination of categories
+ Thematic analysis (5.4.2)

Quantitative Data
* Multiple regression analysis (5.3.4)

Integration of Finding
« Descriptive (5.5.1)
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Appendix 2: MGC Permission Letter

eig gend Mill Group Cammmee

Eswatini

clo Ubombo Sugar Limited P O Box 23 Big Bend L311 Eswalini
TELEFPHOME: (268) 23638363 FAX (268) 23636294

15 October 2025

Mr. Menzi T. Matse
MBA Candidate
Gordon Institute of Business Science (GIBS)

University of Pretoria

Subject: Response to Reguest for Access to Grower Performance Data

Thank you for your letter dated 14 October 2025 requesting access to grower
performance data from the Ubombo Sugar Mill database for your MBA research study
titted “Enhancing Sugarcane Productivity Through Sustainable Green Manufacturing
Practices.”

We acknowledge the academic value of your research and appreciate your
commitment to ethical standards and data confidentiality. Your request has been
reviewed by the Big Bend Mill Group Committee Chairperson, and we are open to
supporting your study.

We wish you success in your research and look forward to collaborating with you in
support of sustainable agricultural development.

Yours sincerely,

Mr. Mpendulo Nxumalo

The Chairperson

Big Bend Mill Group Committee (MGC)
Ubombo Sugar Mil
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Appendix 3: ECGA Data Collection Approval Letter

(Y
$ e
£ A4 %
g ! = _-j
7 Al =]
@ office 2nd Floor Nkhotfgjeni Building ud : =
Cnr. Msakato & Dzeliwe Street Mbabane Eswatini E‘ C G A
@ (+268) 2404 35651 . o "
@ info@ecga.co.sz | P. 0. Box 273, Mbabane, H100, Eswatini, Southern Africa eﬂ"'ﬂ Foy Q’ul"'
3 November 2025

Menzi T. Matse
Gordon Institute of Business Science {GIBS)
Student Number: 24103935

Email: 24103935@myagibs.co.za

Dear Mr. Matse
RE: APPROVAL FOR RESEARCH

This is with reference to your letter dated 27 October 2025 regarding your request for
permission to conduct primary data collection with growers in the South. | am
pleased to notify you that you have been granted permission to engage our growers
to conduct your research on “Enhancing Sugarcane Productivity Through
Sustainable Green Manufacturing Practices.”

| urge that your study follows all ethics principles and guidelines, as per your ethics
clearance, to ensure confidentiality and protection of the grower participants.

We wish you all the best in your research.
Yours Faithfully

@{nh—%-‘e

Dr. SV Nkambule
CHIEF EXECUTIVE OFFICER (Cert. Dir.)
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Appendix 4: Ethical Clearance

Gordon Institute -
of Business Science Ethical Clearance

University of Pretoria Appl’ oved

Dear Menzi Matse,

Please be advised that yvour application for Ethical Clearance has been approved.
You are therefore allowed to continue collecting your data.
We wish vou everything of the best for the rest of the project.

Eihical Clearance Form

Kind Regards

This email has been sent from an unmonitored email account. i you have any comments or concems, please contact the GIBS

Research Admin ieam.
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Appendix 5: Survey Consent Form

Enhancing Sugarcane Productivity Through Sustainable GMPs

Quantitative Data Collection Instrument: Survey Questionnaire

Section 1: Introduction and Consent

Dear participant

| am currently a student at the University of Pretoria’s Gordon Institute of Business

Science and completing my research in partial fulfilment of an MBA.

| am conducting research on the adoption and impact of GMPs (GMPs) amongst
sugarcane agribusinesses in Eswatini. To that end, you are asked to complete this
survey about GMPs in sugarcane production. The questionnaire should take no more
than 20 minutes of your time to complete. Your participation is voluntary, and you can
withdraw at any time without penalty. Your participation is anonymous, and only
aggregated data will be reported. By completing the survey, you indicate that you
voluntarily participate in this research. If you have any concerns, please contact my

supervisor or me. Our details are provided below.

Researcher: Menzi T. Matse Supervisor: Mbongeni Ndlovu

Email: 24103935@myaqibs.co.za Email: mbongeni.ndlovu@twimsafrica.com
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Appendix 6: Survey Questionnaire

Enhancing Sugarcane Productivity Through Sustainable GMPs

Quantitative Data Collection Instrument: Survey Questionnaire

Section 1: Introduction and Consent

Dear participant

| am currently a student at the University of Pretoria’s Gordon Institute of Business

Science and completing my research in partial fulfilment of an MBA.

| am conducting research on the adoption and impact of GMPs (GMPs) amongst
sugarcane growers in Eswatini. To that end, you are asked to complete this survey about
GMPs in sugarcane production. The questionnaire should take no more than 20 minutes
of your time to complete. Your participation is voluntary, and you can withdraw at any
time without penalty. Your participation is anonymous, and only aggregated data will be
reported. By completing the survey, you indicate that you voluntarily participate in this
research. If you have any concerns, please contact my supervisor or me. Our details are

provided below.

Researcher: Menzi T. Matse Supervisor: Mbongeni Ndlovu
Email: 24103935@myaqibs.co.za Email: mbongeni.ndlovu@twimsafrica.com
Definition

GMPs (GMPs) refer to farming methods and technologies that:

o reduce environmental impact,
o conserve natural resources, and
o promote sustainability.
In sugarcane farming, this includes practices like efficient irrigation, avoiding burning,

using organic fertilizers, recycling farm waste, and adopting renewable energy.

95



Section 2: Demographic Information

2.1 Quota number:

2.2 Farm category:

o Individually owned: farm owned and managed by a single person.

o Family owned: farm owned and managed by a family unit.

o Association owned: farm is collectively owned and managed by a farmer
association or cooperative.

o Leased or contract-managed: farm is operated under a lease or contract
arrangement.

o Other (please specify):

2.3 Farm size:

o <20 hectares

o 21-250 hectares

o 51-100 hectares
o 101 — 250 hectares
o > 250 hectares

2.4 Farm experience or active years in sugarcane production.

o <byears
o 6-10years
o 11-15years
o 16 —-20 years
o >20years
2.5 Which of the following best describes the grower membership and participation in

the sugarcane growers’ association?

o Not a member of cane growers association.
o Full member but not participating in the grower association’s activities.

o Full member and fully participating in the grower association’s activities.

96



2.6 How frequently does this grower receive technical support from grower support

officers?

o Yes, on a regular basis (at least once a month or more)
o Yes, but occasionally (less than once a month)

o No support at all

Section 3: Farm Characteristics

3.1 Does grower subscribe to or participate in any farm sustainability platforms such as

Bonsucro? (Please select one option).

o Yes, actively participate and comply with platform standards.
o Yes, but participation is limited or informal.
o No, not subscribed to any sustainability platform.
3.2 To what extent does your farm practice mixed cropping (growing other crops

alongside sugarcane)?

o Always — the farm consistently practices mixed cropping alongside
sugarcane.

o Sometimes — the farm occasionally grows other crops alongside sugarcane.

o Never, the farm grows only sugarcane.

3.3 If yes, which other crops does grower produce (select multiple)?

o Maize
o Beans
o Vegetables

o Bananas

O

Other (please specify):

Section 4: Awareness and Knowledge of GMPs

4.1 Is grower aware of GMPs (GMPs) in sugarcane farming?

o Not at all (ho awareness of GMPs)
o Partially (aware of a few GMPs)

o Fully (aware of several GMPs)

97



4.2 If yes, how did grower first learn about GMPs (select multiple)?

(@]

o

Grower support/extension officers
Grower associations meetings
Suppliers of relevant technology
Media (radio, TV, newspapers)
Training workshops or seminars

Other (please specify):

4.3 How would the grower rate their understanding of GMPs?

o

(@]

o

o

(@]

1 — Very poor understanding
2 — Poor understanding
3 — Moderate understanding
4 — Good understanding

5 — Excellent understanding

4.4 To what extent do you believe GMPs contribute to the long-term sustainability and

competitiveness of your farm?

(@]

(@]

o

1 — Not at all

2 —To a small extent

3 — To a moderate extent
4 — To a great extent

5 —To a very great extent
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Section 5: Adoption of GMPs

5.1 Which of the following environmental practices does grower currently use

(Please select one option for each practice)?

Environmental

practice

Not at all (practice
is not used by

grower) — 0

Partially (practice is
sometimes used by

grower) — 1

Fully (practice is
fully used by

grower) — 2

Efficient irrigation
systems (e.g. drip

irrigation)

Precision farms
tools (e.g. smart
water and chemical

application tools)

Not burning
sugarcane before

harvesting

Not burning crop
residue after

harvesting

Soil conservation
techniques (e.g.
reduced tillage,

cover cropping)

Bio-diversity
preservation (e.g.

agroforestry)
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5.2 Which of the following energy and resource practices does grower currently use

(Please select one option for each practice)?

Energy and

resource practice

Not at all (practice
is not used by

grower) — 0

Partially (practice is
sometimes used by

grower) — 1

Fully (practice is
fully used by

grower) — 2

Renewable energy
generation (e.g.
solar, biogas,
bagasse energy for

pumping)

Use of energy
efficient machinery
(e.g. electric or

hybrid powered)

Recycling and re-
use of farm waste
(e.g. mulching with
crop residues, re-
using irrigation run-
off)
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5.3 Which of the following biological and chemical input management practices

does grower currently use (Please select one option for each practice)?

Biological and Not at all (practice | Partially (practice is | Fully (practice is
chemical input is not used by sometimes used by | fully used by
management grower) — 0 grower) — 1 grower) — 2
practice

IPM (use of natural

enemies)

Use of green
fertilisers (e.g.
condensed

molasses solution)

Use of green
manures (legume
cover crop during

fallow period)

Use of organic

compost

5.4 Which institutions have influenced your decision to adopt or consider GMPs (select

multiple)?

o Government

o Sugar Mill

o Grower Association
o Eswatini Sugar

o Customers

o Other (specify)
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5.5 What challenges or barriers have prevented you from adopting GMPs (Select

multiple)?

o Lack of knowledge

o High cost of implementation
o Limited access to technology
o Lack of institutional support

o Other (specify)

Section 6: Perceived Benefits

6.1 If grower has used the GMPs, have they realised any benefits since adopting the
GMPs?

o Yes, grower has realised some benéefits.
o No, grower has not realised any benefits.
o Grower is not sure of any realised.

6.2 If yes, which benefit(s) has the grower realised?

o Realised improvement in cane yield
o Realised improvement in sucrose yield
o Realised cost savings
o Gained market access
o Certified for sustainability
6.3 What kind of support does grower believe would help adopt or expand GMPs

(select multiple)?

o Training and education

o Financial incentives or subsidies

o Access to equipment or technology

o Peer learning or farmer networks

o Technical support from grower support/extension officers
o Other (please specify):

<<<<<< End of questionnaire. Thank you for sharing the information. >>>>>>
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Appendix 7: Interview Guide

Enhancing Sugarcane Productivity Through Sustainable GMPs

Qualitative Data Collection Instrument: Interview Guide

Section 1: Introduction and Consent

Thank you once again for agreeing to participate in this interview. My name is Menzi
Matse, and | am conducting research as part of a study on the adoption of GMPs (GMPs)

among small and medium-scale sugarcane growers in Eswatini.

You previously participated in a survey related to this topic, and you have now been
selected for a follow-up interview to help deepen my understanding of the factors

influencing adoption.

The purpose of this interview is to explore your experiences, perceptions, and decision-
making around green practices in sugarcane farming. Your insights will contribute to
strategies aimed at supporting growers like yourself in adopting sustainable farming

methods.

The interview will take approximately 45 to 60 minutes. Your participation is entirely
voluntary, and you may choose to skip any question or end the interview at any time
without penalty. All responses will be kept confidential and used solely for academic

purposes.

Before we begin, do you have any questions? And are you comfortable with me

recording this interview to ensure accuracy in capturing your responses?

Section 2: Introductory Questions

2.1 Can you describe your sugarcane farming operations?

2.2 What does sustainability mean to you in your context?
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Section 3: For Adopters

3.1 What motivated you to adopt GMPs?
3.2 What benefits have you experienced?
3.3 What challenges did you face during adoption?

3.4 What support helped you most?

Section 4: For Non-Adopters

4.1 What do you understand about GMPs?
4.2 What has prevented you from adopting them?
4.3 What would encourage you to consider them?

4.4 What is your view of your peers who have adopted GMPs?

Section 5: For Both Adopters and Non-Adopters

5.1 How do you perceive the long-term sustainability of your farming?

5.2 How are your decisions to adopt GMPs influenced by institutions (e.g. regulator,

mill, government, sugar customers) to shift towards sustainable farming?
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Appendix 8: Sucrose Productivity Variability by Ownership Category

Sucrose Productivity (ts/ha)
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Appendix 9: Sucrose Productivity Variability by Farm Size Category

Sucrose Productivity (ts/ha)
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Appendix 10: Multiple Regression Results for Sugarcane Productivity

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.451
R Square 0.203
Adjusted R Square 0.173
Standard Error 13.577
Observations 84
ANOVA
Significance
df SS MS F F
Regression 3 3758.056 1252.685 6.796 0.000
Residual 80 14747.182 184.340
Total 83 18505.238
Standard Lower Upper
Coefficients Error t Stat P-value Lower 95%  Upper 95% 95.0% 95.0%
Intercept 84.032 3.353 25.062 0.000 77.359 90.705 77.359 90.705
Reduced resource consumption 27.510 7.431 3.702 0.000 12.722 42.298 12.722 42.298
Pollution prevention and control -1.699 10.810 -0.157 0.876 -23.210 19.813 -23.210 19.813
Use of clean energy and low impact materials -27.576 11.343 -2.431 0.017 -50.149 -5.003 -50.149 -5.003

Appendix 11: Multiple Regression Results for Sucrose Productivity

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.466
R Square 0.217
Adjusted R Square 0.188
Standard Error 1.814
Observations 84
ANOVA
df SS MS F Significance F

Regression 3 72.897 24.299 7.385 0.000
Residual 80 263.223 3.290
Total 83 336.120

Coefficients Standard Erroi  t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 11.790 0.448 26.320 0.000 10.899 12.682 10.899 12.682
Reduced resource consumption 3.700 0.993 3.727 0.000 1.724 5.676 1.724 5.676
Pollution prevention and control 0.134 1.444 0.093 0.926 -2.740 3.008 -2.740 3.008
Use of clean energy and low impact materials -4.035 1.515 -2.663 0.009 -7.051 -1.019 -7.051 -1.019
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Appendix 13: Summary of Qualitative Findings

Inductive Codes

Sub-category

Categories

Theme

“lot of cost cutting”

“sustainable
practices are cost
saving”

“able to save
energy”

“reduces energy
consumption”

“high-cost of
electricity led to drip
system”

“managing the
energy costs”

“pumping costs are
going down”

“reduce the cost of
pumping”

“benefit of energy
cost reduction”

“cheaper on
maintenance”

“focus on
electricity”

“high costs we kept
facing”

“saving on
electricity”

“look for ways to
reduce cost”

“we then cease
seeking funding
from banks”

“motivated by
incentives”

“premium is on the
price”

“we get this
fertiliser subsidy”

Chemical cost
reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Maintenance cost
reduction

Energy cost reduction

Energy cost reduction

Energy cost reduction

Overall cost reduction

Debt reduction

Price incentives

Price incentives

Inputs subsidy

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Cost reduction

Financial incentives

Financial incentives

Financial incentives

Financial incentives

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)
Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)
Cost savings and financial incentives (driver)

Cost savings and financial incentives (driver)
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Inductive Codes

Sub-category

Categories

Theme

“preserving the
environment”

“improve the soil
structure”

“put a cover crop to
try and put back
nutrients”
“replenish organic
matter”

“to improve soil
structure”

“soil needs to be
protected”

“also productive in
yields”

“fields were not
performing better”

“irrigates enough
and timeously”

“productivity is
actually getting
better”

“they also improve
the yield”

“able to apply the
small doses”

“does not spray
where it has already
sprayed”

“harvesting it is
faster”

“no fertiliser that
spills on unused
areas”

“apply large
quantities of
fertilisers”
“unable to apply
small doses”

“assist with water
conservation”

“conserve water”

“the drip system
saves and it
irrigates better”

“water is scarce this
side”

Fertiliser application
efficiency

Soil structure
preservation

Soil health
preservation

Soil health
preservation

Soil structure
preservation

Preventing soil
degradation

Improved productivity

Improved productivity

Irrigation efficiency

Improved productivity

Improved productivity
Irrigation efficiency

Chemical application
efficiency

Harvesting efficiency

Fertiliser application
efficiency

Fertiliser application
efficiency

Fertiliser application
efficiency

Irrigation efficiency

Water conservation

Irrigation efficiency

Irrigation efficiency

Resource efficiency

Environmental
stewardship

Environmental
stewardship

Environmental
stewardship

Environmental
stewardship

Environmental
stewardship

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource efficiency

Resource ef-ﬁciency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)
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Inductive Codes

Sub-category

Categories

Theme

“water shortage in
January”

“we conserve
water.”

“Won't irrigate
unused area”

“financial advice”

“mill not yet
requiring green
cane”

”should not deviate
from guiding
principles”

“have seen big
farms that do not
use manual
chemical spraying”
“pay with other
growers”

“they used drip
irrigation a lot”

“supporting the
country”

“requires high
standards as buyer”

“irrigation district
will charge you”

“why | decided to
instal”

“influence of the
sponsor”’

“also by assistance
from USL”

“approved
chemicals and
herbicides”

“collaboration we
have with milling
company”

“assistance from
Extension”
“assist them with
that”

“motivated by
incentives”

“premium is on the
price”

Water scarcity
Water conservation
Irrigation efficiency

Financiers' advice

Low pressure from
mill

Fairtrade principles

LSE better practices

Development partner
requirements

LSE better practices

EWADE requirements

Miller support

Water regulatory
pressure

Normative pressure
(peers)

Development partner
requirements
Miller support

Grower support

Miller support

Grower support

Grower support

Sucrose price
incentives

Sucrose price
incentives

Resource efficiency

Resource efficiency

Resource efficiency

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional pressure

Institutional support

Institutional support

Institutional support

Institutional support

Institutional support
Institutional support

Institutional support

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Institutional pressures and support (driver)

Institutional pressures and support (barrier)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)
Institutional pressures and support (driver)

Institutional pressures and support (driver)
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Inductive Codes

Sub-category

Categories

Theme

“premium that
exists”

“premium is on the
price”

“brings benefits to
the businesses”

“source seed cane
from miller”

“the training we
normally have”

“we get this
fertiliser subsidy”

“does not waste
water”

“it saves water even
during drought
conditions”

“mulch for water
retention”

“because of the
teachings”

“cross learning
through
demonstrations”

“EWADE teaching
diversification”

“extension officers
come to visit us and
offer advices”

“new to us when we
were being taught”

“heard some
growers have been
helped somewhere”
“high cost of
implementation”

“drip systems, is
costly it becomes
hard to adopt”

“cost of installation
is very high”

Sucrose price
incentives

Sucrose price
incentives

Sucrose price
incentives

Miller support

Sustainability
organisation
principles
Miller support

Preventing water
wastage

Water conservation

Water conservation

Grower support

Grower support

Development partner
requirements

Grower support

Grower support

Normative pressure
(peers)

High cost of efficient
systems

High cost of efficient
systems

High cost of solar
plants

Institutional support

Institutional support

Institutional support

Institutional support

Institutional support

Institutional support

Environmental
stewardship

Environmental
stewardship

Environmental
stewardship

Institutional support

Institutional support

Institutional support

Institutional support

Institutional support

Institutional support

High initial costs

High initial costs

High initial costs

Institutional pressures and support (driver)
Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Resource efficiency and environmental
stewardship (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

Institutional pressures and support (driver)

High initial and maintenance costs (barrier)

High initial and maintenance costs (barrier)

High initial and maintenance costs (barrier)
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Inductive Codes

Sub-category

Categories

Theme

“hard for them to
adopt costly
practices”

“high cost of
implementation”

“difficult to
appropriately task
people”

“need to hire a lot of
people”

“with people takes
the money back”

“do not have high
labour costs”

“you save in terms
of the number of
people”

“easy to get system
blockages”

“increased cost of
cane transport”

“increased cost of
harvesting”

“pest issues for not
burning residue”

“losses in terms of
mechanical
harvesting”

“there is over-
trampling”

“use other
chemicals which are
not much effective”
“difficult to
diagnose where
those blockages
are”

“hard for the other
board members to
agree”

“resistant to
change”

High cost of GMPs

High cost of GMPs

Labour tasking

Labour intensity

Labour intensity

Labour intensity

Labour intensity

Maintenance
technical know-how

Increased cost of
cane transport

Increased cost of
harvesting

Pest infestation

Potential productivity
losses

Potential productivity
losses

Potential productivity
losses

Maintenance
technical know-how

Conflicting views

Resistance to change

Operational cost
constraints and
feasibility
Operational cost
constraints and
feasibility

Operational
challenges
Operational
challenges

Operational
challenges

Operational benefits

Operational
challenges

Operational
challenges

Operational cost
constraints and
feasibility

Operational cost
constraints and
feasibility

Operational
challenges

Operational
challenges

Operational
challenges

Operational
challenges

Operational
challenges

Decision making

Decision making

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Operational labour challenges (driver)

Operational labour challenges (driver)

Operational labour challenges (driver)

Operational labour challenges (driver)

Operational labour challenges (driver)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Labour and operational challenges (barrier)

Group decision-making constraints (barrier)

Group decision-making constraints (barrier)
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