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Abstract: This study aims to explore adaptive farming methods that have been
planned or implemented by farmers and parties involved in the vertical
agriculture process, focusing specifically on Bentong ginger cultivation. A semi-
structured interviews with 20 purposively selected stakeholders, 04 focus group
discussions and participant observations were undertaken to investigate their
experiences, challenges, and perceptions regarding the implementation of
climate-smart farming practices. This multi-method approach ensures a robust
examination of the factors enabling or hindering the transition to vertical farming.
Findings suggest that while stakeholders recognize the potential of vertical
farming to improve productivity and environmental sustainability, significant
barriers remain. Farmers express concerns over the high capital costs and the
technical knowledge required to manage vertical farming systems effectively.
However, many stakeholders see long-term economic gains and reduced
environmental impact as compelling reasons to adopt this technology. The study
also reveals positive perceptions of vertical farming's potential to enhance food
security and reduce logistical costs, particularly in urban areas. Policy-level
stakeholders emphasize the need for increased financial incentives, training
programs, and technical assistance to support farmers in this transition.
Additionally, collaboration between government bodies, investors, and farmers
is highlighted as crucial for overcoming the financial and technical barriers to
widespread adoption. By capturing the adaptive methods and collaborative
efforts currently being explored by stakeholders, this study provides critical
insights into the strategies needed to integrate vertical farming into the ginger
farming industry. The findings aim to inform policymakers and agricultural
organizations on how to support climate-smart agriculture and ensure the
successful implementation of vertical farming in Malaysia.
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1. Introduction

Ginger, an essential ingredient in diverse culinary traditions, holds substantial eco-
nomic value, particularly as a dietary supplement, food seasoning, and medicinal herb
(Gatabazi et al., 2019). The demand for ginger-based products continues to grow,
driven by increasing awareness of their health benefits. Bentong ginger (Zingiber of-
ficinale var. Bentong), a premium variety cultivated in Malaysia, is especially prized
for its high phenolic content and antioxidative properties, which distinguish it from
other ginger varieties (Kaur, 2023). Additionally, black ginger (Kaempferia parviflora),
another variety gaining traction, has been recognized for its health benefits, including
anti-inflammatory and antioxidant effects, contributing to its rising demand across
Asian markets (Kaur, 2023). As former Felda director-general Datuk Dr. Othman Omar
has noted, this expanding demand for ginger, particularly black ginger is tied to its
growing recognition as a health-promoting supplement in the region (Kaur, 2023).

Despite this rising demand, ginger farming in Malaysia faces numerous obstacles.
The average age of ginger farmers is 47 years, and their small-scale farms, averaging
just 2.085 hectares in size, limit productivity and contribute to high susceptibility to
diseases like rhizome rot (Dahal & Rijal, 2020). Addressing these challenges requires
a shift toward more resilient cultivation practices that can support higher productivity,
especially through innovative methods such as climate-smart and vertical farming sys-
tems. Such practices address broader agricultural challenges, including urbanization,
water scarcity, and climate change, which collectively strain food security and empha-
size the need for sustainable production methods (Lin & Gomez-Mequeo, 2023). As
traditional farming increasingly faces sustainability constraints, adopting new ap-
proaches becomes essential to meet growing demand while preserving environmental
integrity. Additionally, the industry grapples with limited access to advanced cultiva-
tion practices, insufficient storage infrastructure, price fluctuations, and a restricted
supply of high-quality rhizome seeds, further underscoring the need for modernization
(Dahal & Rijal, 2020).

Compounding these agricultural challenges are global issues such as rapid popula-
tion growth, urbanization, water scarcity, and climate change, all of which strain food
security. By 2050, the world's population is expected to surpass 9 billion, necessitating
a 70% increase in food production to meet global demand (FAO, 2009). However, con-
ventional farming methods have led to significant environmental degradation, includ-
ing deforestation, soil depletion, and increased pesticide and fertilizer use (Lin &
Gomez-Mequeo, 2023). The sector is thus under pressure to adopt more sustainable,
resilient agricultural practices to mitigate the impacts of climate change and resource
depletion.

To address these concerns, the adoption of vertical farming, an innovative farming
technique that allows for higher yields in a limited land area has gained attention glob-
ally. Vertical farming systems, which grow crops in stacked layers or vertically inclined
surfaces, offer a solution to the decreasing availability of arable land while minimizing
the environmental footprint of agriculture. A vertical farming system can produce up
to 100 times more vegetables per day compared to traditional methods while using sig-
nificantly less water and energy (The Star, 2021). For instance, building plant-growing
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chambers up to 20 stories high in a space of 5,000 square meters can generate six to
eight tons of vegetables daily, demonstrating the potential of vertical farming to revo-
lutionize agricultural productivity (The Star, 2021).

In Malaysia, the push towards vertical farming is gaining momentum, particularly
with the government's National Agrofood Policy (NAP 2.0) (2021-2030), which prior-
itizes climate-smart agriculture and aims for a 2.9% compound annual growth rate
(CAGR) in the food trade balance by 2030 (Ministry of Agriculture and Food Indus-
tries, 2021). Furthermore, vertical farming in the Asia-Pacific region is forecasted to
grow at a CAGR of 22.1%, reaching a market value of USD 2101.0 million by 2024
(Teo et al., 2021). This growth is supported by initiatives such as the Agriculture
Productivity Fund (APF), which encourages research and innovation in farming tech-
niques, including vertical farming (Teo et al., 2021).

However, successful adoption of vertical farming at the farmer level remains chal-
lenging due to high initial capital costs, the technical complexity of these systems, and
a lack of training to support the transition from traditional to vertical farming methods
(Chandia, 2015). Despite these barriers, the advantages of vertical farming—such as
year-round production, efficient resource use, and reduced transportation costs—pre-
sent compelling incentives for farmers. Overcoming these challenges will require col-
laboration among farmers, investors, government authorities, and other stakeholders to
ensure broader adoption and success (Hussain et al., 2019). Vertical farming and other
innovative practices can catalyze this transformation by providing controlled environ-
ments that enhance yield per square meter, reduce resource use, and lessen dependency
on arable land. Aligning these practices with the rising interest in ginger (Bentong gin-
ger and black ginger) offers Malaysia an opportunity to lead in sustainable ginger pro-
duction, reduce logistical costs, enhance food security, and contribute to economic
growth.

This study aims to explore adaptive farming methods that have been planned or im-
plemented by farmers and parties involved in the vertical agriculture process, focusing
specifically on Bentong ginger cultivation.

2. Literature Review

2.1  Farmers Perception on the Vertical Farming

Several studies provide a global perspective on farmers' perceptions of vertical farming
(for instance, Musa & Basir, 2021; Sujianto et al., 2021). Research indicates that while
traditional farming methods remain prevalent, there is a growing interest among farm-
ers in exploring alternative approaches to address environmental concerns, resource
scarcity, and the need for sustainable food production. The impact of climate change
on crop productivity has been a subject of extensive research, with findings from studies
such as Alam et al. (2011) and Puthuma (2020) emphasizing its global implications for
agriculture and food security. Alam et al. (2011) delved into the multifaceted conse-
quences of climate change on Malaysian agriculture, exploring phenomena such as nat-
ural disasters, drought, floods, pest attacks, plant diseases, and alterations in crop cycle
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times. Their study confirmed the significant impact of climate change on the produc-
tivity and profitability of crops in Malaysia, highlighting the vulnerabilities of the ag-
ricultural sector.

Building on Alam et al.'s (2011) work, Puthuma (2020) conducted a recent study
focusing on spice crops in Kerala. Using secondary data, Puthuma reaffirmed the find-
ings of Alam et al. by providing evidence of climate change influencing the production
of spice crops. These studies collectively underscore the global and varied impact of
climate change on different crops, necessitating comprehensive strategies for sustaina-
ble agricultural practices.

In response to the challenges posed by climate change and the imperative to ensure
global food availability without compromising natural resources, a shift towards sus-
tainable agricultural systems has become imperative. Savelli et al. (2022), Musa and
Basir (2021), Saad, Hamdan, and Sarkar (2021), and Pivoto et al. (2018) are increas-
ingly exploring innovative approaches, and one notable avenue is the adoption of smart
farming. Smart farming involves the integration of information and communication
technologies into machinery, equipment, and sensors within agricultural production
systems. Farmers' motivations for adopting vertical farming practices are diverse and
multifaceted. Literature suggests that factors such as limited arable land, water scarcity,
and the desire for year-round crop production drive farmers to consider vertical farming
as a viable solution. Economic considerations, including potential cost savings and in-
creased revenue, also play a significant role in shaping farmers' motivations.

However, incorporating technology to improve agricultural management practices
by leveraging smart-farming technologies it’s a major challenge. This shift towards
technology integration signifies a proactive response to the evolving landscape of agri-
culture, aiming for increased efficiency, productivity, and adaptability in the cultivation
of food crops. Khatiwada and Yadav (2022) investigated the technical efficiency of
ginger production in Nepal, emphasizing the positive correlation between technical ef-
ficiency and productivity. While this study contributes to the technical aspects of ginger
farming, there remains a need to extend such research to vertical farming methods,
considering their unique socio-economic implications. Understanding the challenges
and barriers faced by farmers in adopting vertical farming is crucial. Research high-
lights common concerns, such as high initial investment costs, technical complexity,
and the need for specialized knowledge. Farmers' perceptions of these challenges influ-
ence their willingness to embrace vertical farming, indicating the importance of ad-
dressing these barriers for widespread adoption. For instance, Sujianto et al. (2021)
examined ginger production performance in Central Kalimantan, shedding light on fac-
tors affecting ginger prices. The study conducted in-depth interviews to capture farm-
ers' perspectives, experiences, and challenges, providing valuable insights into the eco-
nomic considerations and market dynamics associated with ginger cultivation.

Farmers' knowledge and awareness of vertical farming practices significantly influ-
ence their perceptions. Studies emphasize the need for targeted educational programs
to enhance farmers' understanding of the technology, its benefits, and the potential risks
involved. Knowledge gaps can act as obstacles, hindering the acceptance of vertical
farming among traditional farming communities. Baral et al. (2021) explored the adop-
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tion of Good Agricultural Practices (GAP) in ginger plantations in Nepal, demonstrat-
ing the potential for increased crop output. This study, however, also focused on tradi-
tional plantation methods. Bridging the gap in research involves exploring how vertical
farming methods, with their controlled environments and resource-efficient practices,
can influence the socio-economic aspects of ginger cultivation.

2.2 Stakeholders’ Perception on the Vertical Farming

Numerous studies offer a global perspective on the perceptions of various stakeholders
regarding vertical farming. Policymakers, investors, consumers, and environmentalists
are among the diverse range of stakeholders contributing their viewpoints. These col-
lective perspectives play a pivotal role in shaping the narrative surrounding the adop-
tion and integration of vertical farming into existing agricultural systems.

Comprehending the perspectives of policymakers and government agencies is para-
mount in shaping the regulatory environment surrounding vertical farming. Existing
research indicates that favorable policies, incentives, and regulatory frameworks can
significantly influence stakeholder perceptions, thereby fostering the seamless integra-
tion of vertical farming into broader agricultural strategies (Buscher et al., 2023; Benke
& Tomkins, 2017). In a study by Buscher et al. (2023), the potential of vertical farming
in the context of large-scale urban transformation in Germany was assessed using a
SWOT analysis. The authors highlighted the ongoing need for regulatory facilitation
from policymakers and urban planners to establish vertical farming as a more perma-
nent solution, effectively addressing the challenges associated with high investment and
operating costs. Moreover, Petrovics and Giezen (2021) emphasized the importance of
collaborative interaction between vertical farms and various stakeholders, including the
government and the developing industry, for the successful implementation and impact
of vertical farming initiatives.

The involvement of the financial community, particularly investors and financiers,
is instrumental in steering the development and widespread adoption of vertical farming
practices. This influence is underscored by insights from Petrovics and Giezen (2021)
and Kheir (2018), who emphasize that financial stakeholders evaluate vertical farming
projects based on critical factors such as economic viability, return on investment, and
alignment with sustainable development goals. Investors' perceptions carry substantial
weight and can significantly impact funding decisions. Notably, there is a prevalent
preference among investors for farming methods that offer lower production risks, as
elucidated by Lencsés and Takacs (2014). The findings of Lencsés and Takacs (2014)
further reinforce Petrovics and Giezen's (2021) assertion, illustrating that Hungarian
investors and producers prioritize investments grounded in economic viability and char-
acterized by reduced risk. This indicates that the financial community places a premium
on projects that demonstrate a clear path to financial success while minimizing potential
setbacks.

Moreover, Lencsés and Takacs (2014) highlight the positive reception of technolog-
ical investments that enhance crop production. This aligns with broader trends observed
in the studies of Maciejczak (2012) and Daberkow and McBride (2003), further em-
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phasizing the financial community's inclination towards innovative solutions that con-
tribute to increased agricultural productivity. This collective insight underscores the
multifaceted criteria investors use to evaluate vertical farming initiatives, emphasizing
the need for economic feasibility, risk mitigation, and technological advancements to
attract financial support.

Consumers represent a crucial stakeholder group in the realm of vertical farming
production. Their significance lies in the fundamental principle that supply thrives in
the market when there is corresponding demand. Therefore, understanding consumer
perceptions of vertically farmed crops becomes paramount. Consumer and retailer per-
spectives play a pivotal role in determining the market acceptance of products culti-
vated through vertical farming practices. Research underscores that consumers and re-
tailers prioritize factors such as freshness, local production, and reduced environmental
footprint when evaluating vertically farmed products (Ares et al., 2021; Ivascu et al.,
2021; Jurkenbeck et al., 2019). These considerations indicate a growing awareness and
preference for sustainable and locally sourced agricultural practices among consumers.

In a study by Ayamany and Azizan (2023), it was revealed that the acceptability of
vertical farming systems by customers is heavily influenced by their perceived useful-
ness. Drawing from a sample in the Klang Valley, this insight underscores the im-
portance of not just the end product but also the perceived benefits and practicality of
vertical farming methods in influencing consumer choices. Consumer perceptions,
therefore, wield significant influence over market demand and subsequently impact the
strategies employed by retailers when incorporating vertically farmed produce into their
offerings (Ivascu et al., 2021). Recognizing and responding to these consumer prefer-
ences are vital considerations for the successful integration of vertical farming into
mainstream agriculture and food supply chains.

In summary, this literature review provides a comprehensive overview of existing
research on farmers' and stakeholders perceptions of vertical farming. Understanding
the motivations, challenges, and attitudes of farmers is essential for developing strate-
gies and interventions that promote the widespread adoption of vertical farming prac-
tices. Yet, the acceptance and perception of this method among farmers and stakehold-
ers in Malaysia remain uncertain, presenting a significant research gap in the realm of
vertical farming. The identified gap emphasizes the need for a study, similar to the one
conducted by Sujianto et al. (2021), specifically focusing on the vertical farming of
ginger in Malaysia. The objective would be to understand the perspectives and ac-
ceptance levels of farmers and stakeholders regarding the adoption of vertical farming,
considering that the conventional method is predominantly used in Malaysia.

3.  Methodology

This study is an exploratory study which aims to grasp well the issues and challenges
in applying vertical farming with focus on ginger, and to seek the adaptive approaches,
and planned or enacted changes and adjustments to respond, adapt, and build resilience
from the perspective of farmers and other stakeholders. This study considers an induc-
tive approach which aims to develop a framework which emerges from the underlying
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structure of experiences or processes that are evident in the text data (Thomas, 2006).
To collect and analyze the raw data, eliciting the thoughts and experiences of knowl-
edgeable and experienced individuals who are involving in ginger farming was funda-
mental. Thus, this study is qualitative in nature which able to capture farmers and other
stakeholders’ opinions, emotions and willingness in ginger farming. The application of
qualitative methods able to provide a substantial contribution to our understanding on
the challenges occurs and selection of action to promote vertical farming (Ungar, 2003).
Qualitative methods also are well suited to the discovery of protective process and fa-
cilitate for the complementary of research framework. In this study, a phenomenologi-
cal research approach is applied whereby we investigated the lived experiences and
willingness of farmers in adopting and investing in vertical farming specifically in gin-
ger farming.

3.1 Data Collection Process

This research is conducted in states that focus on ginger farming namely Kedah, Pa-
hang, Selangor, and Johor. Small and larger scale that are involved in ginger production
on those states are included in the category of urban and suburban agriculture. The land
in these states is considered among the best farming land that suitable for ginger pro-
duction. This research is a qualitative study where the data is collected from 04 focus
group discussions, 20 interviews and field notes. In this regard, new questions were
designed and updated continually. In this research, we applied the data triangulation
method. This data triangulation facilitated the identification of concerns and experi-
ences of the vertical farming through multiple sources of evidence that include (i) semi-
structured interviews, (ii) focus group discussion, and (iii) participant observation. Be-
sides, the triangulation of datasets is critical in offering clarity to research studies and
enhances credibility of study conclusions (Thurmond, 2001). In order to explore differ-
ent aspects of the experts’ views, experiences and perspectives on developing vertical
farming, the interview questionnaire mainly consists of open-ended questions. Inter-
view sessions were held in few areas of the selected states and cover questions related
to vertical farming development, application, policies, marketing, opportunities, chal-
lenges and future prospects. The interviews were held face-to-face. The participants in
the sample were informed about the purpose of the study, their roles in the study, and
the use of a voice recorder during the interviews.

3.2 Data Analysis

The data analysis, conducted using NVivo software, involves several key stages, start-
ing with data preparation and initial coding, where interviews and FGDs are transcribed
verbatim to capture participants' responses accurately. Initial codes are generated from
significant phrases in the transcripts, forming the basis for thematic analysis. Categories
and themes are then developed by grouping codes into broader concepts, systematically
organizing the data. Thematic analysis explores relationships among these categories,
refining themes to ensure they represent the data accurately. Triangulation, following
Meijer et al.'s three-step process, enhances the study's validity through cross-checking
findings from semi-structured interviews, stimulated recall interviews, and concept
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maps. Integration and interpretation synthesize the results into a coherent narrative,
contextualizing them within climate-smart farming practices. Finally, the findings are
validated through member checking or peer review and documented in a comprehen-
sive report that outlines the key themes and insights, contributing to the understanding
of vertical farming practices.

4.  Findings and Discussion

The diagram illustrates the adaptive ways planned and executed for vertical farming.
Six main themes were determined: agricultural techniques and practices, resource man-
agement, technology management, sustainability and environmental impact, govern-
ment and policy support and institutional collaboration.
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Figure 1: The main and Sub- themes

Theme 1: Agricultural Techniques and Practices.

Findings shows that agricultural techniques and practices are one form of adaptation.
In vertical farming systems, optimising productivity requires targeted crop selection
and consistent, accurate fertilisation. Participants expressed this as follows:

“The appropriate crop selection is essential to vertical farming to maximise effi-
ciency and production especially for ginger.”
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The core of vertical farming is crop selection, which maximizes production and re-
source efficiency. Because they flourish in regulated indoor environments with minimal
energy, water, and fertilizer requirements, high-value, quick-growing crops like beans,
cucumbers, and herbs are frequently selected (Beacham et al., 2019). Ginger is empha-
sized as a useful crop in vertical farming for its long-term profitability, while being
more difficult because of its longer growth period. This illustrates how, in order to
maintain economic viability, high-value crops must be balanced with crops that grow
quickly. Because controlled settings greatly limit disease and insect exposure, which
results in less pesticide use, participants particularly emphasized the suitability of ver-
tical farming systems for crops that are susceptible to pests. Additionally, by maximis-
ing space and nutrient flow, researchers have discovered that adopting containers, like
polybags, might improve crop efficiency (Kalantari et al., 2018). High value, quickly
growing crops with little energy, water, and nutritional requirements are usually the
main emphasis of vertical farms (Beacham et al., 2019).

“... cucumber, herbs, and beans are popular options as they grow quickly and do
well in regulated conditions compared to ginger.”
“In order to maximise plant development, vertical farms can also regulate elements
including light, humidity, and nutrient availability.”

“Vertical farming may be advantageous for some crops that need constant condi-
tions or are pest-prone in outdoor settings...ginger should be considered due to the
long term value..”

Vertical farming requires more complex fertilization than standard systems, and hy-
droponic systems need precise and balanced nutrient supply to flourish as best they can.
Nutrients are supplied in precise amounts at predetermined intervals using techniques
such as the AB fertilization system, which enhances plant health and reduces waste
(Ahamed et al., 2023; Kobayashi et al., 2022). In addition to improving yield and re-
source efficiency, this degree of control over nutrient administration allays worries
about nutrient waste that are frequently connected to soil-based farming (Bate et al.,
2021). In urban environments, where resources like water and nutrients must be used
sparingly, the precision of these fertilization techniques is crucial. The sub-themes are
presented in Figure 2.
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Previous researchers highlighted that the best way to guarantee maximum crop yields
and preserve plant health is to use systems like the AB fertilisation method, which de-
livers nutrients in precise amounts at predetermined intervals (Ahamed, et al., 2023;
Jafar et al., 2024).

“Managing space and resources when using polybags or other comparable grow
containers is important especially if involves ginger.”

Another crucial component of vertical farming is space efficiency. For crops like
ginger that require particular root space management, methods like employing polybags
or comparable containers enable efficient root confinement and growth control
(Ahamed et al., 2023). Better control over plant size and nutrient uptake is made possi-
ble by polybag systems, which allow for a denser crop arrangement in constrained ur-
ban areas. Vertical farms are a feasible solution for highly populated places with limited
agricultural land because of the increased crop production per square meter made pos-
sible by this spatial optimization. This shows that for root confinement and farmers who
can have more control over plant size and nutrient uptake (Ahamed, et al., 2023).

The potential of vertical farming to protect crops from the unpredictable weather
brought on by climate change is one of its main benefits. Vertical farms can enable
year-round production regardless of weather conditions by controlling temperature,
light, and humidity with greenhouse systems (van Delden et al., 2021). These regulated
settings are very helpful for preserving regular crop growth cycles, which improves
predictability and output. Furthermore, lowering exposure to diseases and pests outside
reduces the need for pesticides, which promotes more sustainable farming methods. In
vertical farming, greenhouse systems improve temperature and light control, allowing
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for year-round production in any environment (Klyuchka & Petkovic, 2021). Partici-
pants further explained as follows:

“...lowering disease and insect exposure would minimises the requirement for pes-
ticides in urban farming situations.
“Optimising yield and efficiency while reducing resource use is the aim.’

>

Hence, the principal agricultural techniques and practices employed in vertical farm-
ing include crop selection, fertilisation techniques, polybag utilisation, and system op-
timisation for climatic adaptability.

Theme 2: Resources Management

Controlled settings are essential to vertical farming, which frequently makes use of
greenhouse systems with artificial lighting and energy recovery technologies. Despite
requiring large initial investments, these systems gradually reduce energy usage (Al-
Kodmany, 2024). Participants emphasized that although energy-efficient solutions,
such as heat recovery systems and LED lighting, are crucial for reducing continuing
costs, their high upfront prices can prevent widespread adoption.

This implies that managing resources in vertical farming requires both a financial and
technological commitment, requiring calculated expenditures to produce long-term,
sustainable benefits. Participants expressed as follows:

“Greenhouse systems in vertical farms can be built with energy recovery and artifi-
cial lighting to minimise energy consumption...however, the initial investments are
high.”

“...Additionally, a lack of labour might make managing resources in vertical farm-
ing more difficult, particularly when it comes to managing intricate automated sys-
tems.”

“...When labour shortages occur, vertical farming faces operational issues as it re-
quires a competent labour force to manage new technologies and crop cycles.”

In vertical farming, where sophisticated automated systems and cutting-edge agri-
cultural technologies necessitate a skilled and knowledgeable crew, labor is a vital re-
source. Because vertical farming necessitates knowledge of crop cycles, environmental
controls, and automated systems, participants pointed out that a lack of skilled operators
and a labor scarcity can cause operational problems. In order to fill current labor short-
ages and give employees the skills they need to operate complex farming systems, this
necessitates workforce training and development (Benke & Tomkins, 2017; Kalantari
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et al., 2017). In addition to enhancing operational effectiveness, workforce training in-
vestments help create a skilled labor force that can adjust to new developments in ver-
tical farming. The sub-themes are presented in Figure 3.

Investment in
greenhouse systems

Consistent water, Implements regular
supply checks and
balances on
chemical use

Resources
Management
Long Investment Manage labor
Cycle shortages
Labor and
Operational
Management

Figure 3: Sub-themes for Resources Management

Careful financial and environmental management is necessary due to the high upfront
expenditures and ongoing expenses, especially for infrastructure and chemical inputs
(Avgoustaki, 2021). By preserving ideal conditions, greenhouse systems lessen the
need for pesticides and, thus, the exposure to chemicals in urban settings. In vertical
farming, resource optimization is also required to balance the expenses of environmen-
tal management, insect control, and fertilizer solutions. Making strategic investments
in these regions not only increases productivity but also lessens the environmental im-
pact, which makes vertical farming a more environmentally friendly choice for urban
agriculture.

"The most common methods used in vertical farming is hydroponic systems, which
use water much more efficiently than conventional soil-based farming.”

Vertical farming uses hydroponic systems, which use water significantly more effi-
ciently than conventional soil-based techniques, to address the major issue of water
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scarcity in urban agriculture. Because the water is recycled inside the system, hydro-
ponics can save up to 90% on water use when compared to conventional farming (Po-
moni et al., 2023). Hydroponics is a sustainable option for cities dealing with water
scarcity because of its water-efficient methodology, which fits in well with urban re-
source limits. By protecting one of the planet's most valuable resources, it also advances
the objective of lessening the environmental impact of farming operations.

Theme 3: Technology Management

The focus of Technology management, is on the usage of Artificial intelligence (Al)
and internet of things (IoT). These use of technologies in vertical farming is to optimise
growing conditions and minimise human error. Crop conditions, energy and water use,
and artificial intelligence are all monitored by automated systems and Al (Mekonnen,
et al., 2019). Besides, labour expenses in vertical farming can be considerably de-
creased by Al-driven automation. Automation can increase operational efficiency by
handling tasks including planting, harvesting, and pest monitoring (Mahmud, et al.,
2020). The sub-themes are presented in Figure 4.

Technology
Managemen
Vertical farming
et o and Al for opimiang
* Ii&?itr?gr; - the processes

Figure 4: Sub-themes for Technology Management

Lighting and water efficiency are related because light intensity and duration have a
direct impact on plant transpiration rate, which determines water use (Xin, Li, Zhang
& Hu, 2019).

“...For plants to develop in vertical farming, lighting is essential, especially in sys-
tems that don't receive natural sunshine.”

“The precise light spectrum required for photosynthesis is mainly through LED
lighting.”
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Based on real-time data, Al can optimise water usage, ensuring that plants receive
precisely the right amount of water (Kalantari et al., 2017). Vertical farms may produce
high yields with minimal resource inputs thanks to technology developments such as
energy-efficient lighting, renewable energy integration, and the use of Al and automa-
tion to optimise climatic conditions. Therefore, in order for vertical farming to be sus-
tainable, technology management is crucial.

Theme 4: Sustainability and Environmental Impact

Fourth adaptive way is by focusing on sustainability and environmental Impact. vertical
farming is marketed as an environmentally friendly way to achieve Sustainable Devel-
opment Goals (SDG), such SDG 17, which promotes collaboration to achieve the goals
(UN, 2021). As it can be integrated into urban areas and consumes less space than tra-
ditional farming, it is viewed as a sustainable alternative to food transportation, poten-
tially reducing emissions connected to food transportation (Davies & Garrett, 2018).
The sub-themes are presented in Figure 5.

Sustainability and
Environmental
Impact

Align vertical
farming with

sustainable
development

Vertical farming
practices align with

Figure 5: Sub-themes for Sustainability and Environmental Impact

Participants expressed this as follows:

“Moreover, vertical farming depends on collaborations between many sectors such
as private, government agencies, and academia to share resources.”

This reflect the SDG 17, which calls for multi-stakeholder cooperation to solve
global concerns, this collaboration is vital (Tandon & Chakrabarty, 2018). Participant
further explained as follows:
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“Vertical farming can help create more resilient and sustainable communities by
reducing reliance on global food supply chains through localising food production”.

According to Vatistas, Avgoustaki & Bartzanas (2022), vertical farms have the op-
tion to use solar panels or wind turbines to power their operations. This can serve as a
means of offsetting their reliance on non-renewable energy and reducing their overall
carbon impact. Participant expression example as follows:

“...Many vertical farms are using renewable energy sources, such solar and wind
turbines...which, lowers carbon footprint.”

“...Compared to traditional agriculture, vertical farming has several environmental
and sustainable benefits, such as more effective use of land and water.”

This indicates the possibility for lower carbon emissions, and the capacity to adjust
to the challenges brought on by climate change (Panotra, et al., 2024). Hence, vertical
farming offers a way towards more resilient and sustainable urban food systems by
using renewable energy, lowering waste, and harmonising with the Sustainable Devel-
opment Goals.

Theme 5: Government and Policy Support

On the other hand, government and policy support will also encourage the vertical farm-
ing. Through research funding, subsidies, and the establishment of regulatory environ-
ments that are favourable to urban farming efforts, government policy plays a critical
role in encouraging vertical farming initiatives. The sub-themes are presented in Figure
6.
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tech grant

Figure 6: Sub-themes for Government and Policy Support

“...States like Penang have created programs to encourage vertical and urban farm-
ing.”

According to Goodman & Minner (2019). these policies might include tax breaks
for urban farming efforts, credits for green buildings, and loosened rules on rooftop
farms and building-integrated agriculture. Participants expressed this as follows:

“...Because vertical farming requires advanced technology (LED lighting, climate
control systems, sensors, and automated systems), the setup expenses are much greater
than for regular farming.”

This shows that, it is hard for small and medium-sized businesses (SMEs) to invest
in this sector without government funding assistance. However, this expense may be
lessened with the aid of government grants and subsidies (Bachani et al., 2024). In an
effort to advance vertical farming technologies, governments need to frequently support
cooperative research projects including universities, governmental research institutes,
and private businesses. This covers fields such as robotics, automation, LED lighting
efficiency, and Al-powered farming solutions (Sengodan, 2022). Participant expression
example as follows:

“..For instance, to improve vertical farming methods, Malaysia's Agricultural Re-
search and Development Institute (MARDI) needs to frequently works with regional
universities.”
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The development of clear legal frameworks, R&D support, sustainability-focused
legislation, subsidies, and incentives for urban farming are all essential to the expansion
of vertical farming. Therefore, support from the government and policy makers is nec-
essary for vertical farming to be successfully adopted and sustained.

Theme 6: Institutional Collaboration

Finally, the advancement of vertical farming technology and practices also depends
heavily on institutional collaboration. The sub-themes are presented in Figure 7.

Companies like Er?‘{fm Lbnéjlarwﬁé'
Vitrox have set up etweer an
systems like a - MARDI
seeder machine \O
Institutional
Collaboration
In collaboration with Caollabaoration
institutions such as between research
SIRIManda institutions such as
Thailand university USM and UPM

Figure 7: Sub-themes for Institutional Collaboration

Innovations in urban agricultural growth and climate adaptation are facilitated by re-
search collaboration, especially when it comes to public-private partnerships (H. Far-
hangi, et al., 2020). Participant expression example as follows:

“Innovative approaches developed through collaborative research by private farms
is important to lessen their environmental effect.”

Data sharing is another area of emphasis for research collaborations, enabling insti-
tutions to compare outcomes from various geographic locations and environmental set-
tings (Bodin, 2017). Participant expression example as follows:

“...For instance, to address local temperature circumstances and optimise indoor
agriculture, institutions in Malaysia, including MARDI and research universities like
USM and UPM and international universities, like Thailand, are collaborating on ver-
tical farming research.”
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This shows that the commercialisation of vertical farming technology driven by pri-
vate firms, will be supported by research institutes or university to concentrate on the-
oretical and experimental aspects of the practice. Participant expression example as
follows:

“..For example, businesses such as Vitrox in Malaysia have worked with universi-
ties to develop and apply cutting edge technologies like automated harvesters.”

Hence, the institutional collaboration driven by research organisations, especially
universities and government research are necessary to make vertical farming more sus-
tainable and efficient (Yadav, Dadhich & Bhateshwar, 2022).

5. Conclusion

Crops damaged by the disasters due to unpredictable weather impacts food supply
chain, and cause food price imbalance. Besides, farmers are still encountering issues
such as support of minimum agricultural product prices, less control over market glut
or important agricultural products. Climate Smart Farming can increase the productiv-
ity of agriculture and income sustainably from gingers without having negative impact
on the environment. Use of herbicide, insecticide and pesticide is controlled from Cli-
mate Smart Farming.

Our research identifies the hindrances that contribute to lowering adoption of Cli-
mate Smart Farming that could assist policymaker to further strengthen programs to
promote it, especially to attract the youth into the agriculture sector. The enhancement
of overall society’s wellbeing that is consistent with the aims of Environment, Social
and Governance (ESG), United Nations Sustainable Development Goals (SDGs): SDG
2 — Zero Hunger, SDG 3 — Good Health and Wellbeing, SDG 8 — Decent Work and
Economic Growth, SDG 12 —responsible Consumption and Production, SDG 13 — Cli-
mate Action and SDG 17 — Partnership for the Goals, and Net Zero 2050 Plan.

6.  Policy Implications

The development of Climate Smart Farming with the research and development on re-
newable energy and water technologies of the institutions of higher learning as well as
grants / subsidies or other incentives provided by the Department of Agriculture (DoA)
will enhance the gingers' productivity and contributing to green solution and environ-
mental sustainability. The local authorities also play essential roles in the land leasing
or conversion for agriculture production purposes.

This research would be able to deliver the knowledge on the Climate Smart Farming
to farmers in various ways. This is important to make sure the farmers are aware with
the technologies and innovation in the farming specifically in ginger farming. This
could be done through the workshop by academics and agriculture specialists. This
method could help the farmers to learn the tacit knowledge in the ginger cultivation. In
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addition, the instructor-led-training such as talk, public lectures and workshops could
help in sharing the knowledge more effectively and standardized approach to the farm-
ers.

Farmers consider farming to be very risky due to unsecured nature of the weather
impact on the farming system. Economically viable investment in Climate Smart Farm-
ing will help farmers to get hold of information about their lands which can save them
much time, labour and money, on top of sustaining a high standard for food safety and
quality.

7. Limitations and Future Research

This research contributes important data regarding the adoption and impacts of climate-
smart farming practices (CSFP) in Malaysian Bentong ginger but has several limita-
tions. The nature of the research was mainly qualitative, based on a number of inter-
views, and while these provided rich context, they may not cover general trends or
confirm statistical relevance that quantitative methods could offer. This method re-
stricts the applicability of the results to a larger audience. Researchers should use a
mixed-methods approach, combining qualitative interviews with quantitative surveys
to yield deeper and more balanced insights. An advanced qualitative method and survey
could then triangulate the insights gained from interviews, approaching a sample size
where survey data may strengthen generalizability in an analysis by numbers fashion.
Further, this study only addressed stakeholders in Bentong areas only. Incorporation of
data from farmers and other stakeholders involved in ginger cultivation in other major
ginger-growing areas in Malaysia will help give a comprehensive overview of climate-
smart practices implemented across the country. Longitudinal research might also
measure the adoption and impact of these practices over time, informing future studies
regarding their sustainability and effectiveness in the long term.

A further limitation is the stakeholder perspective coverage that appears to not have
fully captured all relevant voices of stakeholders such as agricultural policy makers,
financial institutions or technology providers. Future studies should incorporate these
viewpoints into more comprehensive systems-based studies centered on the obstacles
and enablers of climate-smart agriculture. Additionally, incorporating environmental
metrics—Tlike soil health, water use efficiency and crop production indicators—will im-
prove knowledge of the direct benefits on both agricultural productivity and ecological
sustainability.

Finally, this study did not investigate the economic implications of climate-smart
practices (cost-benefit analysis) especially in terms of farmer profitability and liveli-
hoods. These dimensions need to be accounted for in future research to offer more spe-
cific insights that can better guide policy and practice and support the design of focused
support programs addressing these points.

Acknowledgments. The authors would like to thank the UTAR Research Funding Scheme
(UTARREF) for backing the research. The view expressed herein are those of the authors and do
not necessarily reflect the views of UTARRF.



From Field to Market 353

Disclosure of Interests. The authors declare that they have no potential conflicts of interest to
disclose in relation to this study.

References

10.

11.

12.

13.

. AbdelRahman, M.A.E. An overview of land degradation, desertification and sustainable

land management using GIS and remote sensing applications. Rend. Fis. Acc. Lincei 34,
767-808 (2023) https://doi.org/10.1007/s12210-023-01155-3

Ahamed, M. S., Sultan, M., Monfet, D., Rahman, M. S., Zhang, Y., Zahid, A., ... & Achour,
Y. A critical review on efficient thermal environment controls in indoor vertical farm-
ing. Journal of Cleaner Production, 138923 (2023)

Alam, M. M., Siwar, C., Murad, M. W., & Mohd Ekhwan, T. Impacts of Climate Change
on Agriculture and Food Security Issues in Malaysia: An Empirical Study on Farm Level
Assessment. World Applied Sciences Journal, 14(3), 431-442 (2011)

Al-Kodmany, K. Mitigating Climate Change: The Potential of Vertical Farming to Feed
High-Density Cities. In The Routledge Handbook on Greening High-Density Cities (pp. 50-
70). Routledge (2024)

Ares, G., Ha, B., & Jaeger, S. R. Consumer attitudes to vertical farming (indoor plant factory
with artificial lighting) in China, Singapore, UK, and USA: A multi-method study. Food
Research International, 150, 110811 (2021) https://doi.org/10.1016/j.foodres.2021.110811

. Ayamany, K., & Azizan, S. A. Consumer Perception and Acceptance Across Different

Scales of Vertical Farming in Klang Valley. East Asian Science, Technology, and Society:
An International Journal, 2(1), 07-17 (2023) e-ISSN: 2948-4065. DOI:
https://doi.org/10.37698/eastj.v2i1.197

Avgoustaki, D. D. Growth perspectives of indoor vertical farms in cities: The sustainable
energy-based approach (2021)

Bachani, A. M., Bentley, J. A., Kautsar, H., Neill, R., & Trujillo, A. J. Suggesting

global insights to local challenges: expanding financing of rehabilitation services in low and
middle-income countries. Frontiers in Rehabilitation Sciences, 5, 1305033 (2024)

Bate, N. J., Dardick, C. D., de Maagd, R. A., & Williams, R. W. Opportunities and
challenges applying gene editing to specialty crops. In Vitro Cellular & Developmental Bi-
ology-Plant, 57(4), 709-719 (2021)

Beacham, A. M., Vickers, L. H., & Monaghan, J. M. Vertical farming: a summary of ap-
proaches to growing skywards. The Journal of Horticultural Science and Biotechnol-
ogy, 94(3), 277-283 (2019)

Benke, K., & Tomkins, B. Future food-production systems: vertical farming and controlled-
environment agriculture. Sustainability: Science, Practice and Policy, 13(1), 13-26 (2017)
https://doi.org/10.1080/15487733.2017.1394054

Bodin, O. Collaborative environmental governance: Achieving collective action in
social-ecological systems. Science, 357(6352) (2017)

Buscher, J., Bakunowitsch, J., & Specht, K. Transformative Potential of Vertical Farming—
An Urban Planning Investigation Using Multi-Level Perspective. Sustainability, 15(22),
15861 (2022) https://doi.org/10.3390/su152215861

Chandia, MGardens in the Johannesburg Inner-city: An Analysis of the Multifunctionality
of Urban Agriculture (Master’s Dissertation). Johannesburg: University of Johannesburg.
(2015)


https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.1016/j.foodres.2021.110811
https://doi.org/10.37698/eastj.v2i1.197
https://doi.org/10.1080/15487733.2017.1394054
https://doi.org/10.3390/su152215861

354

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A. Senadjki et al.

Daberkow, S.G., & McBride, W.D. Farm and Operator Characteristics Affecting the Aware-
ness and Adoption of Precision Agriculture Technologies in the US. Precision Agriculture,
4, 163—177 (2003) https://doi.org/10.1023/A:1024557205871 .

Dahal, Bhishma Raj & Rijal, Swodesh. Ginger value chain analysis: A case of smallholder
ginger production and marketing in hills of central Nepal. Agricultural Science and Tech-
nology, 12, 1, 31-36 (2020) DOI: 10.15547/ast.2020.01.006

Davies, F. T., & Garrett, B. Technology for sustainable urban food ecosystems in the devel-
oping world: Strengthening the nexus of food—water—energy—nutrition. Frontiers in Sustain-
able Food Systems, 2, 84 (2018)

. Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R. T., Molnar, Z., ... & Shi-

rayama, Y. Assessing nature's contributions to people. Science, 359(6373), 270-272 (2018)
Ebi, K.L., Vanos, J., Baldwin, J.W., Bell, J.E., Hondula, D.M., Errett, N.A., Hayes, K., Reid,
C.E., Saha, S., Spector, J. & Berry, P. Extreme Weather and Climate Change: Population
Health and Health System Implications. Annu Rev Public Health. 42:293-315 (2021) doi:
10.1146/annurev-publhealth-012420-105026. Epub 2021 Jan 6. PMID: 33406378; PMCID:
PMC9013542

Fallah Shayan, N.; Mohabbati-Kalejahi, N.; Alavi, S.; Zahed, M.A. Sustainable Develop-
ment Goals (SDGs) as a Framework for Corporate Social Responsibility (CSR). Sustaina-
bility, 14, 1222 (2022) https://doi.org/10.3390/su14031222

Food and Agriculture Organisation, FAO. High Level Expert Forum — How to Feed the
World in 2050. Rome, Italy. (2009)

Gamage, A., Gangahagedara, R., Gamage, J., Jayasinghe, N., Kodikara, N., Suraweera, P.,
& Merah, O. Role of organic farming for achieving sustainability in agriculture. Farming
System, 1(1), 100005 (2023)

Gatabazi, A., Marais, D., Steyn, M.J., Araya, H.T., Mofokeng, M.M. and Mokgehle, S.N.
Evaluating Growth, Yield, and Water Use Efficiency of African and Commercial (2019)
Ginger Species in South Africa. Water, 11, 548; doi:10.3390/w11030548

Goodman, W., & Minner, J. Will the urban agricultural revolution be vertical and soilless?
A case study of controlled environment agriculture in New York City. Land use policy, 83,
160-173 (2019)

H. Farhangi, M., Turvani, M. E., van Der Valk, A., & Carsjens, G. J. High-tech urban agri-
culture in Amsterdam: An actor network analysis. Sustainability, 12(10), 3955 (2020)
Hariram, N.P.; Mekha, K.B.; Suganthan, V.; Sudhakar, K. Sustainalism: An Integrated So-
cio-Economic-Environmental Model to Address Sustainable Development and Sustainabil-
ity. Sustainability, 15, 10682. https://doi.org/10.3390/sul51310682 (2023)

Hussain, M.R.M., Yusoff, N.H., Tukiman, I, Samah, M.A.A. Community Perception and
Participation of Urban Farming Activities. International Journal of Recent Technology and
Engineering (IJRTE). 8, 1C2, 341-345 (2019)

Indoor Farming Gaining Popularity (26 November 2021). The Star. 26 November 2021.
https://www.thestar.com.my/business/business-news/2021/11/26/indoor-farming-gaining-
popularity (2021)

Ivascu, D., Arulanandam, B. V., & Tirian, G.-O. The Perception and Degree of Adoption by
Urbanites Towards Urban Farming. Sustainability, 13(21), 12151.
https://doi.org/10.3390/su132112151 (2021)

Jacob, Emmanuel Gabriel. Cooperative membership and Ginger Productivity in Same Dis-
trict in Tanzania. Research Paper, Master of Arts in Development Studies, International In-
stitute of Social Studies of Erasmus University of Rotterdam. The Netherlands. (2021)
Jafar, A., Bibi, N., Naqvi, R. A., Sadeghi-Niaraki, A., & Jeong, D.Revolutionizing


https://doi.org/10.1023/A:1024557205871
https://doi.org/10.3390/su14031222
https://doi.org/10.3390/su151310682
https://doi.org/10.3390/su132112151

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

From Field to Market 355

agriculture with artificial intelligence: plant disease detection methods, applications, and
their limitations. Frontiers in Plant Science, 15, 1356260 (2024)

Kalantari, S., Marefat, A., Naseri, B., & Hemmati, R. Improvement of bean yield and
Fusarium root rot biocontrol using mixtures of Bacillus, Pseudomonas and Rhizo-
bium. Tropical Plant Pathology, 43(6), 499-505 (2018)

Kaur, Sharen. (2023). Call for expansion of black ginger farming. New Straits Times. 5
September (2023)

Khatibi, F.S., Dedekorkut-Howes, A., Howes, M. et al. Can public awareness, knowledge
and engagement improve climate change adaptation policies?. Discov Sustain 2, 18 (2021)
https://doi.org/10.1007/s43621-021-00024-z

Kheir, A. The Vertical Farm: A Review of Developments and Implications for the Vertical
City. Buildings, 8(2), 24 (2018) https://doi.org/10.3390/buildings8020024

Kobayashi, Y., Kotilainen, T., Carmona-Garcia, G., Leip, A., & Tuomisto, H. L.

Vertical farming: A trade-off between land area need for crops and for renewable energy
production. Journal of Cleaner Production, 379, 134507 (2022)

Klyuchka, E. P., & Petkovic, M. Vertical Greenhouses agro-technology: solution

toward environmental problems. Ecological Intensification of Natural Resources for Sus-
tainable Agriculture, 289-339 (2021)

Lencsés, E., & Takacs, I. Farmers’ Perception of Precision Farming Technology among
Hungarian Farmers. Sustainability, 6(12), 8452-8465 (2014)
https://doi.org/10.3390/su6128452

Lin A.H.M. and Gémez-Maqueo A. Strengthening food security through alternative carbo-
hydrates in the city-state of Singapore. Front. Sustain. Food Syst. 7, 987402 (2023) doi:
10.3389/fsufs.2023.987402

Maciejczak, M. The Concept of Smart Specialisation in the Development of Agribusiness
Sector on the Example of Cluster of Innovations in Agribusiness in Mazovia Province. An-
nals Of the Polish Association of Agricultural and Agribusiness Economists, 14(6), 169-176
(2012)

Mahmud, M. S. A., Abidin, M. S. Z., Emmanuel, A. A., & Hasan, H. S. Robotics and auto-
mation in agriculture: present and future applications. Applications of Modelling and Simu-
lation, 4, 130-140 (2020)

Mc Kinsey and Company. (2020). Consumer sentiment and behaviour continue to reflect
the uncertainty of the COVID-19 crisis. https://www.mckinsey.com. [16 Oct 2020]
Mekonnen, Y., Namuduri, S., Burton, L., Sarwat, A., & Bhansali, S. Machine learning tech-
niques in wireless sensor network-based precision agriculture. Journal of the Electrochemi-
cal Society, 167(3), 037522 (2019)

Ministry of Agriculture and Food Industries, MAFI. National Agrofood Policy 2021-2030
(NAP 2.0). MAFI: Putrajaya (2021)

Moya-Clemente, 1., Ribes-Giner, G., & Pantoja-Diaz, O. Identifying environmental and eco-
nomic development factors in sustainable entrepreneurship over time by partial least squares
(PLS). PloS one, 15(9), €0238462 (2020)

Musa, S. F. P. D., & Basir, K. H. Smart farming: towards a sustainable agri-food system.
British Food Journal, 123(9), 3085-3099 (2021)

Omar, M. M., Shitindi, M. J., Massawe B. H. J., Fue, K.G., Meliyo, J.L. & Pedersen, O.
Salt-affected soils in Tanzanian agricultural lands: Type of soils and extent of the problem,
Sustainable Environment, 9:1, DOI: 10.1080/27658511.2023.2205731 (2023)

Panotra, N., Belagalla, N., Mohanty, L. K., Ramesha, N. M., Tiwari, A. K., Abhishek, G. J.,
... & Pandey, S. K. Vertical Farming: Addressing the Challenges of 21st Century Agriculture


https://doi.org/10.1007/s43621-021-00024-z
https://doi.org/10.3390/buildings8020024
https://doi.org/10.3390/su6128452

356

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

A. Senadjki et al.

through Innovation. International Journal of Environment and Climate Change, 14(4), 664-
691 (2024)

Petrovics, D., & Giezen, M. Planning for sustainable urban food systems: an analysis of the
up-scaling potential of vertical farming. Journal of Environmental Planning and Manage-
ment, 65(5), 785-808 (2022) https://doi.org/10.1080/09640568.2021.1903404

Pivoto, D., Waquil, P. D., Talamini, E., Finocchio, C. P. S., Dalla Corte, V. F., & De Vargas
Mores, G. Scientific development of smart farming technologies and their application in
Brazil. Information Processing in Agriculture, 5(1), 21-32 (2018)

Pomoni, D. 1., Koukou, M. K., Vrachopoulos, M. G., & Vasiliadis, L. A review of
hydroponics and conventional agriculture based on energy and water consumption, environ-
mental impact, and land use. Energies, 16(4), 1690 (2023)

Puthuma Joy. Challenges of climate change on spice crops in Kerala. International Journal
of Herbal Medicine, 8(3) (2020)

Rangarajan, Anu and Riordan, Molly. The Promise of Urban Agriculture: National Study of
Commercial Farming in Urban Areas. Research in Agricultural and Applied Economics
(AgEcon Search) (2019)

Saad, M. H., Hamdan, N. M., & Sarker, M. R. State of the Art of Urban Smart Vertical
Farming Automation System: Advanced Topologies, Issues and Recommendations. Elec-
tronics, 10(12), 1422 (2020)

Santini, A., Bartolini, E., Schneider, M., & de Lemos, V.G. The crop growth planning prob-
lem in vertical farming. European Journal of Operational Research. 294(1),377-390 (2021)
Sargani, G.R.; Zhou, D.; Raza, M.H.; Wei, Y. Sustainable Entrepreneurship in the Agricul-
ture Sector: The Nexus of the Triple Bottom Line Measurement Approach. Sustainability,
12,3275 (2020) https://doi.org/10.3390/sul12083275

Savelli, A., Atieno, M., Giles, J., Santos, J., Leyte, J., Nguyen, N. V. B. & Grosjean, G.
Climate-Smart Agriculture in Indonesia. CSA Country Profiles for Asia Series. Hanoi, Vi-
etnam: The Alliance of Bioversity International and CIAT; The World Bank Group (2022)
Sengodan, P. An Overview of Vertical Farming: Highlighting the Potential in

Malaysian High-Rise Buildings. Pertanika Journal of Science & Technology, 30(2) (2022)
Sugianto, S.; Deli, A.; Miswar, E.; Rusdi, M.; Irham, M. The Effect of Land Use and Land
Cover Changes on Flood Occurrence in Teunom Watershed, Aceh Jaya. Land, 11, 1271
(2022) https://doi.org/10.3390/1and11081271

Sujianto, Gunawan, E., Saptana, Syahyuti, Darwis, V., Ashari, Syukur, M., Ariningsih, E.,
Saliem, H., Mardianto, S. & Marhendro. Farmers’ perception, awareness, and constraints of
organic rice farming in Indonesia. Open Agriculture, 7(1), 284-299 (2022)

Sulemana, M., Fuseini, M. N., & Abdulai, I. A. Effects of microfinance and small loans
centre on poverty reduction in Wa West District, Ghana. Heliyon, 9(12) (2023)

Tandon, R., & Chakrabarty, K. Partnering with higher education institutions for SDG 17:
The role of higher education in multi-stakeholder partnerships. Approaches to SDG, 17, 75-
85 (2018)

Teo, Y.L. & Go, Y.I. Techno-economic-environmental analysis of solar/hybrid/storage for
vertical farming system: A case study, Malaysia. Renew. Energy Focus, 37, 50-67 (2021)
Van Delden, S. H., SharathKumar, M., Butturini, M., Graamans, L. J. A., Heuvelink, E.,
Kacira, M., ... & Marcelis, L. F. M. Current status and future challenges in implementing
and upscaling vertical farming systems. Nature Food, 2(12), 944-956 (2021)

Vatistas, C., Avgoustaki, D. D., & Bartzanas, T. A systematic literature review on con-
trolled-environment agriculture: How vertical farms and greenhouses can influence the sus-
tainability and footprint of urban microclimate with local food production. Atmos-
phere, 13(8), 1258 (2022)


https://doi.org/10.1080/09640568.2021.1903404
https://doi.org/10.3390/su12083275
https://doi.org/10.3390/land11081271

66.

67.

68.

69.

70.

71.

From Field to Market 357

Viana, C. M., Freire, D., Abrantes, P., Rocha, J., & Pereira, P. Agricultural land systems
importance for supporting food security and sustainable development goals: A systematic
review. Science of the total environment, 806, 150718 (2022)

Villarrubia-Gémez, P.; Comell, S.E.; Fabres, J. Marine plastic pollution as a planetary
boundary threat-The drifting piece in the sustainability puzzle. Mar. Policy, 96, 213-220
(2018)

Xin, P., Li, B., Zhang, H., & Hu, J. Optimization and control of the light environment

for greenhouse crop production. Scientific reports, 9(1), 8650 (2019)

Yadav, G. K., Dadhich, S. K., & Bhateshwar, M. C. Recent Innovative Approaches in Ag-
ricultural Science (2022)

Yoro, K.O.; Daramola, M.O. Chapter 1—CO2 emission sources, greenhouse gases, and the
global warming effect. In Advances in Carbon Capture; Rahimpour, M.R., Farsi, M.,
Makarem, M.A., Eds.; Elsevier BV: Amsterdam, The Netherlands; pp. 3—28 (2020)
Zandalinas, S.I.; Fritschi, F.B.; Mittler, R. Global Warming, Climate Change, and Environ-
mental Pollution: Recipe for a Multifactorial Stress Combination Disaster. Trends Plant Sci.,
26, 588-599 (2021)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	From Field to Market: Assessing the Adoption and Impact of Climate-Smart Farming Practices in Malaysian Bentong Ginger Cultivation



