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FOREWORD BY
THE CHIEF EDITOR

Welcome to our Institute of Ecosystem Science Borneo bulletin
dedicated to the Green Economy — a fusion of economic prosperity and
environmental consciousness. In today’s rapidly evolving world, the
concept of sustainability has transcended mere buzzwords, transforming into a
guiding principle steering the course of global development.

As the Chief Editor, I am immensely proud to present this comprehensive
edition, delving into the depths of the green economy—an endeavour that
intertwines economic prosperity with environmental stewardship. This
edition embodies our commitment to shedding light on innovative
approaches, groundbreaking research, and the amalgamation of policies 
shaping this pivotal sphere.

I extend heartfelt thanks to our contributors for enriching this edition. Let 
this bulletin spark conversations and drive positive change toward a world 
where environmental preservation and economic progress go hand in hand. 
 
Warm regards,

Assoc. Prof. Dr. Leong Sui Sien
Chief Editor, IEB Bulletin
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INSTITUT EKOSAINS
BORNEO

VISION 
We intend to be Borneo referral centre for research

and development in ecosystem quality.

MISSION
To be a reference of ecosystem quality.
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PAST EVENTS
Keratan Akhbar Utusan Borneo, Dr Syeed SaifulAzry dilantik sebagai Pengarah

Institut EkoSains Borneo UPM - 02 April 2023
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PAST EVENTS
Keratan Akhbar Utusan Borneo, Institut EkoSains Borneo UPMKB bakal

menjadi pemangkin penyelidikan produk hiliran bernilai tambah berasaskan 
biojisim kelapa sawit - 23 Ogos 2023
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Keratan Akhbar Utusan Borneo, 148 peserta empat negara sertai program 
e-mobiliti pelajar anjuran UPMKB, UNAS - 20 Oktober 2023

PAST EVENTS
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Keratan Akhbar Utusan Borneo, Dr Syeed SaifulAzry dilantik sebagai Pengarah
Institut Ekosains Borneo UPM - 31 Mac 2023

PAST EVENTS
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Keratan Akhbar Utusan Borneo, Kerjasama pelbagai pihak beri impak positif 
dalam bidang penyelidikan - 10 Jun 2023

PAST EVENTS
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Keratan Akhbar Utusan Sarawak, PPDK Bintulu jual sayur hidroponik,
15 Jun 2023

PAST EVENTS
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Institut EkoSains Borneo Webinar, Talk Series and e-Mobility Programme

PAST EVENTS
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PAST EVENTS
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Institut EkoSains Borneo Awards 2023

WINNING AWARDS
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Institute EkoSains Borneo 2023 Awards

WINNING AWARDS
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Institut EkoSains Borneo Awards 2023

WINNING AWARDS
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Institute EkoSains Borneo 2023 Awards

WINNING AWARDS
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Embracing the Green Economy in Sarawak:
A Holistic Approach for a Sustainable Future

Nur Izzah Nabilah Haris1, Syeed SaifulAzry Osman Al-Edrus1,* and Mohd Hafizz Wondi2

1Institute of Ecosystem Science Borneo, Universiti Putra Malaysia Bintulu Sarawak Campus, Nyabau Road, 
97008 Bintulu, Sarawak, Malaysia

2Faculty of Plantation and Agrotechnology, Universiti Teknologi MARA (UiTM), Cawangan Sarawak,
Kampus Mukah

*Corresponding e-mail: saifulazry@upm.edu.my

Sustainable development is a widely discussed concept worldwide, but its essence may be hard to 
grasp due to complex definitions. Simply put, sustainable development means living in a way today that
ensures a better tomorrow. It rests on three core pillars: environmental, social, and economic factors,
resembling a delicate juggling act. To sustain this balance, one must simultaneously prioritize
environmental responsibility, social equity, and economic growth. Neglecting any of these aspects
disrupts the delicate equilibrium. For instance, rapid economic growth becomes unsustainable if it 
disregards human rights and exploits finite natural resources. Similarly, hasty deforestation for
immediate gains jeopardizes animal habitats, leaving local communities vulnerable to enduring risks like 
floods. Balancing these elements is challenging, but the concept of the Green Economy has emerged as a 
guiding light, offering a practical “manual” for navigating the complexities of sustainability.

United Nations Environment Programme (UNEP) defined green economy as “one that results in improved 
human well-being and social equity, while significantly reducing environmental risks and ecological
scarcities (UNEP, 2023). It marks a significant shift towards sustainability, striving to harmonize
economic growth with environmental responsibility and social inclusiveness. The green economy stands 
on three key pillars: environmental responsibility, social equity, and economic prosperity (Figure 1).
Environmental responsibility involves sustainable resource use and practices, emphasizing
conservation. Social equity ensures fair opportunities, fair salary, and community well-being. Economic
prosperity focuses on growth that aligns with sustainability, encouraging innovation and green
technologies. These pillars work together to create a holistic approach where ecological, social, and
economic considerations are harmonized for a balanced and resilient future. The Green Growth Index is a 
comprehensive measure that assesses a country’s progress in achieving environmentally sustainable and 
economically inclusive development. It goes beyond traditional economic indicators by considering factors 
such as environmental sustainability, social inclusivity, and resource efficiency (Figure 2). The performance 
in scores of countries on the Green Growth Index in 2019 is depicted in Figure 3.

The green economy is not a one-size-fits-all concept; rather, it is a dynamic and evolving framework that 
integrates environmental considerations into economic decision-making. Greening the economy depends 
on policy and institutional settings, industrial focus, level of development, social structures, resource
availability, and specific environmental challenges. Let’s delve into City A and City B, each with unique 
industrial focus. City A, deeply rooted in agriculture, prioritizes sustainable farming, emphasizing organic 
methods and renewable energy.
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FIGURE 1: THE PILLARS OF GREEN ECONOMY.

FIGURE 2: CONCEPTUAL FRAMEWORK FOR THE GREEN GROWTH INDEX 
(GLOBAL GREEN GROWTH INSTITUTE, 2020).
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FIGURE 3: PERFORMANCE IN SCORES OF COUNTRIES ON THE GREEN GROWTH
INDEX IN 2019 (GLOBAL GREEN GROWTH INSTITUTE, 2020).

The energy, forestry, and agricultural sectors play pivotal roles in achieving a green economy. The
energy sector, through the adoption of renewable energy such as solar, wind, and hydro power, reduces
reliance on finite fossil fuels, mitigating environmental impact and promoting sustainable energy
practices. In forestry, responsible management practices, afforestation efforts, and conservation
contribute to biodiversity preservation, carbon sequestration, and the sustainable use of forest resources. 
The agricultural sector, focusing on sustainable practices like organic farming and agroforestry, ensures
responsible resource management, soil health, and ecosystem preservation. Together, these sectors
exemplify the commitment to building a green economy, where the responsible utilization of
resources aligns with environmental conservation, social inclusivity, and long-term economic growth.
Sarawak has demonstrated proactive sustainability efforts towards a green economy. The Samalaju
Industrial Park, spearheaded by the Regional Corridor Development Authority (RECODA) and Bintulu
Development Authority (BDA) as part of the Sarawak Corridor for Renewable Energy (SCORE),
encompasses an extensive 8,000-hectare area dedicated to energy-intensive industries (Figure 4). These 
industries adhere to sustainable practices, deriving their power from renewable hydro energy sourced 
from the 2,400MW Bakun and 944MW Murum dams (Figure 5) (Wong, 2023). In the forestry sector, 
Sarawak’s commitment to the Sustainable Forest Management (SFM) standard is acknowledged by the 
National Audit Department (Jee, 2023). Despite historical dependence on timber for income, the Forest 
Department Sarawak (FDS) actively advocates for reforestation, forest conservation, social forestry, and 
emphasizes the nexus between forests and the carbon market (Figure 6).
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FIGURE 5: 2400 MW BAKUN DAM, SARAWAK (HYDROPOWERS AND DAMS, 2018).

Circular economy and low-carbon cities concepts cannot be overlooked in the journey towards a green 
economy. The circular economy model, focused on waste reduction, recycling, and sustainable product 
design, fosters a closed-loop system that minimizes environmental impact. By promoting the efficient use 
of resources and reducing waste, it aligns with the green economy’s commitment to responsible resource 
utilization and environmental conservation. Simultaneously, the concept of low-carbon cities contributes 
significantly to the green economy agenda.

FIGURE 4: AN ALUMINIUM SMELTER OWNED BY PRESS METAL IN SAMALAJU
INDUSTRIAL PARK (WONG, 2023).
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FIGURE 6: RAINFOREST SURROUNDING BATANG AI, SARAWAK
(SARAWAK TOURISM, 2020).

Through urban planning that prioritizes energy-efficient buildings, green spaces, and sustainable
transportation infrastructure, low-carbon cities aim to minimize carbon emissions. This approach not only 
addresses environmental concerns but also enhances the overall quality of life for residents, reflecting 
the social equity pillar of the green economy. BDA is at the forefront of green economy efforts with the
drafting of the Strategic Plan 2024-2030, which aims to establish a low-carbon industry hub in Sarawak. 
This strategic initiative signifies a comprehensive dedication to sustainability, aligning economic activities 
with environmental responsibility and social inclusivity.

In summary, the path to a green economy is both intricate and crucial, striking a careful balance
between caring for the environment, ensuring fairness in society, and fostering economic success. The
commitment to sustainable development is encapsulated in the dynamic framework of the green economy, 
guiding us through various industrial focuses, proactive sustainability efforts, and strategic initiatives like the
Samalaju Industrial Park and the Strategic Plan 2024-2030. The principles of environmental responsibility, 
social fairness, and economic success serve as the foundation of this transformative approach, ensuring a 
harmonious and resilient future. In this collective effort, where diverse sectors and innovative strategies 
come together, the vision of a sustainable and balanced world for generations to come becomes not just 
a possibility but a compelling reality.
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Organic Fertilizers for Green Economy

Latifah Omar* and Mohd Hasyrin Hassan
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Food crops and commodity crops production in sustainable approaches need to be enhanced to
provide healthy food and commodity crops without compromising environment quality, economic
profitability, as well as social and economic equity. In addition, it is important to improve soil fertility
because nutrients in the soil are not readily available and most of the nutrients in the soil are release from 
the application of either organic fertilizers or chemical fertilizers. However, the imbalanced use of chemical 
fertilizers is currently an important issue that needs to be addressed. Moreover, chemical fertilizers are 
one of the expensive inputs in food crops production. Organic farming is considered as the best-known 
alternative for achieving circular and economically feasible practice when the farmers can get a premium 
price for their product. Regulations on sustainability practices in agriculture have been enforced by many
countries to monitor pollution, protect the environment, and control climate change. Using organic fertilizers
produced from waste could be one way to contribute to a green economy. Many studies have been carried 
out on producing organic fertilizers from agricultural wastes to manage those wastes and to also produce 
organic fertilizers to replenish soil fertility for food crops production.

Some of the local entrepreneurs who produce organic fertilizers from crop residues are Mr. Razipin
Gutuk, the owner of Hasil Pertanian Organik, Ranau, Sabah and Mr. Leong Boon Huat, the Director of X
Community Project, Bintulu, Sarawak. Both of these organic fertilizer operators use insect larvae to
produce organic fertilizers due to the shorter production duration compared with the production of
composts. In the production of organic fertilizers commercially on a medium scale, Mr. Razipin used 
waste materials such as banana stems and spent mushroom as carbon source, whereas chicken manure is
included as a source of nitrogen. The combination of rhinoceros beetles’ larvae and earthworms are 

FIGURE 1: COMMERCIAL ORGANIC FERTILIZER PRODUCTION ON A MEDIUM SCALE 
USING AGRICULTURAL WASTES.
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FIGURE 2: ORGANIC FERTILIZERS PRODUCED WITHIN A MONTH USING DEGRADING 
AGENTS.

used as degrading agents to decompose banana stems which contain high fiber and lignin. The effective
microorganisms (EM) are also added into the feedstock mixture (banana stem + sent mushroom + chicken 
manure + rhinoceros beetles’ larvae + earthworms) to speed up the decomposition process (Figure 1).

Owing to the addition of degrading agents such as insect larvae, earthworms, and EM, the
duration of organic fertilizer production only takes 32 to 35 days compared to compost processing which is
typically take up from 50 to 100 days, especially if it involves the use of materials containing high fiber and 
lignin such as banana trunk (Figure 2). For the commercial production of organic fertilizers, the time-con-
suming production period of organic fertilizers is disadvantageous and impractical. Therefore, the use of
degrading agent is important to speed up the rate of decomposition of the main feedstock used in the 
production of organic fertilizers (Figure 2).

Mr. Razipin named the organic fertilizer he produced as tosonong fertilizer which means the best fertilizer 
as an effective marketing strategy and his tosonong fertilizer is sold at a price of RM3.00 per kilogram. 
The production cost of producing tosonong fertilizer is not expensive because most of the materials used 
are from waste such as banana stems, refused spent mushroom (after being used for 6 cycles), beetles 
grubs, and earthworms. The only materials that he obtains from the shop is molasses which is used for EM
production.

Mr. Leong produced organic fertilizer (frass) from black soldier fly larvae digested on decanter cake as 
feeding substrates for frass production (Figure 3). Using degrader agent such as insect larvae is a good
approach to produce organic fertilizer because the larvae could digest and transform the waste by
excreting them in the form of frass. Frass is the excretion of insect larvae after they digested the
feeding substrate. In addition, decanter cake is one of the wastes that is difficult to manage due to high
moisture and grease content. Black soldier fly larvae able to digest almost all of the organic wastes, thus they
become a very important decomposing agent to transform most of the degradable waste’s materials. Mr. 
Leong operates the frass production in a moderate scale and also used wastes as feeding substrate to 
produce frass, larvae, and pupae. Frass produced from rearing black soldier fly larvae is sold at a price of 
RM3.00 per kilogram and is in great demand because the frass fertilizer is suitable to be used as an organic 
fertilizer. Apart from frass, larvae and pupae are sold based on their weight, such as RM5.00 per 100 gram 
for animal and fish feed.
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FIGURE 3: USE OF BLACK SOLDIER FLY LARVAE TO DIGEST ON DECANTER CAKE FOR 
FRASS PRODUCTION.

The use of organic fertilizers for growing food crops and commodity crops is important to ensure the 
production of high-quality products in line with the good quality of the environment and the production 
of high commercially valuable products. It is important to practice organic farming for a green economy 
because agricultural land is the most basic and vast natural resource that contains diversity from which the 
world’s population derives food and shelter. The agricultural sector contributes to the source of income 
and ensures food security through the production of commodity crops and food crops, but it must be done 
without compromising the environment.
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FIGURE 1: INFOGRAPHIC DIAGRAM SHOWING THE LIFE CYCLE OF PLASTIC
POLLUTION CRISIS.

Microbial Alchemy: Pioneering Plastic Biodegradation for a Green Tomorrow

Sui Sien Leong1,2,3,*, Arlene Debbie1 and Seng Chiew Toh1

1Department of Crop Science, Faculty of Agricultural and Forestry Sciences, Universiti Putra Malaysia
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        Introduction
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In recent years, the surge in plastic pollution has become an alarming global concern. Malaysia, ranking 
among the top 10 countries for discarding plastic waste into the ocean, is grappling with a significant
environmental challenge. A report by New Straits Times (September 23, 2023) highlighted Malaysia’s
position as the fifth-largest contributor to ocean plastic, discarding approximately 2.29 kilograms of plastic 
per person annually. In response, the Malaysian government is emphasizing the importance of recycling as 
a crucial step in combatting this escalating issue, urging citizens to adopt a recycling culture and minimize 
plastic consumption.

Plastic, present everywhere in modern life, poses an enduring environmental threat due to its
resistance to degradation. Conventional disposal methods have proven insufficient, prompting a global 
call for innovative and eco-friendly strategies. Microorganisms, with their intrinsic capacity to break down
complex organic compounds, emerge as key players in the pursuit of a greener, more sustainable future. 

Amidst these challenges, our research team has delved into the world of microorganisms, seeking
sustainable solutions to the plastic waste predicament. Microbes, the unsung heroes of the
microscopic realm, possess the unique ability to revolutionize our approach to plastic waste
management. This exploration marks a significant convergence of microbiology and green economy
principles, presenting a promising avenue for mitigating the environmental impact of plastic pollution. This
investigation delves into the intricate interactions between microorganisms and plastic, unveiling the
remarkable processes through which these microbial agents initiate the biodegradation process from
enzymatic degradation of polymer chains to the integration of microbial communities into waste
management systems, the potential applications of microbial solutions to reduce plastic pollution are 
vast. Embarking on research through the microscopic landscapes where bacteria, fungi, and other
microbial marvels thrive, we unravel the promise of a circular economy. Here, plastic waste transforms from a
burden into a resource, showcasing the potential of microorganisms to lead us toward a more sustainable 
and ecologically conscious global community. The synergy between microorganisms and green economy 
principles offers a beacon of hope, fostering an era where the environmental footprint of plastics can 
be significantly diminished. The schematic process of plastic biodegradation in aerobic environments is
illustrated in Figure 2. There are some pictures for the plastic biodegradation research on going in the
laboratory funded by VOT:99692700.

FIGURE 2: THE SCHEMATIC PROCESS OF PLASTIC BIODEGRADATION IN AEROBIC
ENVIRONMENTS. (SHAH ET AL., 2008)
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FIGURE 3: PROGRESS PICTURES FOR ON-GOING STUDENTS’ RESEARCH IN THE
LABORATORY. (A) PLASTIC DEGRADING THERMOPHILES ISOLATES ON PVC MODIFIED 

AGAR; (B) PLASTIC DEGRADING THERMOPHILES GROWTH AS COMPARED WITH
CONTROL (NO GROWTH); (C) CLEAR ZONE ASSAY FLOODED WITH 0.1%

COOMASSIE BLUE SOLUTION.

Microbiology plays a crucial role in various aspects of the green economy, contributing to sustainable
practices in waste management, agriculture, energy production, and environmental restoration.
Harnessing the power of microorganisms can lead to innovative solutions that align with the principles of 
a more sustainable and environmentally friendly economy.
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       Sarawak’s Indigenous Durians

Borneo is recognized as the land of diversity and a rich heritage of flora, as it is the widest
island in the world. Sarawak, a part of the Borneo region, is endowed with abundant biodiversity,
encompassing approximately 3,000 plant species. This tropical rainforest is abundant in diverse beneficial 
indigenous plants; some of them are endemic species to the state of Sarawak. Durians, often referred to 
as the “King of Fruits,” have a special place in Sarawak’s indigenous cultures. Sarawak is serving as the 
home to 16 unique indigenous Durio species, namely D. acutifolius, D. affinis, D. carinatus, D. crassipes, D. 
dulcis, D. excelsus, D. grandiflorus, D. graveolens, D. griffithi, D. kutejensis, D. lanceolatus, D. lissocarpus,
D. testudinarum, D. oblongus, D. oxleyanus and D. zibethinus. Among these, the edible durians of D. 
graveolens (isu), D. kutejensis (nyekak), D. oxleyanus (durian daun), and D. zibethinus(durian kampung) 
are domesticated and widely sold at Tamu markets at a good fetching price. The other wild edible
species, such as D. dulcis (tutong), D. graveolens (isi merah), and D. testudinarum (durian kura-kura), 
are still found in the wild forest, but occasionally they can be found semi-domesticated. The wild edible 
Durio species are equally valuable to D. zibethinus, widely grown on the same large scale. Indigenous
communities have been the custodians of traditional knowledge and practices of indigenous fruits,
possessing invaluable insights into sustainable cultivation methods harmoniously aligned with the
environment. Indigenous durians could provide a steady source of nutrition and hold deep cultural and 
economic significance for local communities. However, in the face of environmental challenges and
changing market dynamics, a transition to a green economy offers a promising path for nurturing Sarawak’s 
indigenous durians can provide the means for sustainable cultivation. This article explores the potential 
of such a transition and its impact on the preservation of both the environment and traditional heritage.

         The Green Economy and Sarawak’s Indigenous Durians

A green economy is defined by its emphasis on economic growth and development while also
considering the social and environmental dimensions. When applied to the cultivation of Sarawak’s
indigenous durians, the green economy concept can serve as a blueprint for a harmonious coexistence of
economic development and environmental conservation. By incorporating modern sustainable farming 
methods such as agroforestry, indigenous durian growers can not only reduce their ecological footprint 
but also maintain the ecological integrity of the land. Besides, durian orchards can be transformed into
eco-tourism destinations, which not only offer a source of income for indigenous communities but also 
promote ecological education. Sustainable tourism can create economic benefits while educating visitors 
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on the importance of preserving the local ecosystem. In term of biodiversity conservation, indigenous 
durian farms often feature a rich assortment of various fruit trees. This biodiversity not only enhances 
the resilience of the ecosystem but also provides additional revenue sources for the communities. More
importantly accessing to markets is crucial for indigenous durian growers to benefit from the green
economy. Initiatives that support direct-to-consumer sales can ensure the economic benefits of durian 
cultivation.

         Challenges and Solutions

While the prospects of a green economy for Sarawak’s indigenous durians are promising, there are several 
challenges that must be addressed. For instance, the recognition of indigenous land rights and respect 
for their cultural heritage is of utmost importance. Policies should be in place to ensure that indigenous 
communities have control over their resources. Besides, indigenous communities may require support to 
access sustainable farming technologies and practices. Collaborations with environmental organizations 
and government agencies can provide the necessary assistance. Capacity-building programs also can help 
indigenous growers to develop the skills and knowledge needed for sustainable durian cultivation and 
business management. Moreover, sustainable practices should be enforced to prevent the overuse of 
natural resources and the degradation of the environment.

        The Way Forward

With the global environmental issues and growing consciousness of sustainable practices, a green
economy presents a chance for Sarawak’s indigenous durian producers to preserve their cultural
legacy while advancing environmental sustainability and economic expansion.  By maintaining traditional 
knowledge and embracing sustainable practices, indigenous communities can play a pivotal role in both 
environmental conservation and economic development. The protection of indigenous land rights,
provision of access to resources, and the fostering of sustainable practices are crucial steps in realizing a 
greener, more equitable future for all. A transition to a green economy for Sarawak’s indigenous durians 
holds the promise of nurturing cultural traditions, conserving natural ecosystems, and safeguarding these 
invaluable resources for future generations.
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Borneo Sour Eggplant, scientifically known as Solanum lasiocarpum Dunal, is a native plant and a
naturally occurring edible crop that can be found in the state of Sarawak, Malaysia. Its unique
characteristics have gained the admiration of both, tourists who have visited Sarawak and local
residents who have settled in the region. The sour eggplant is subject to various botanical
classifications, including S. lasiocarpum and S. ferox. These plants are part of the Solanaceae plant family, 
closely related to tomatoes and peppers, and are predominantly distributed throughout Southeast Asia.

Bacterial wilt (Ralstonia solanacearum), a destructive plant disease causes significant damage and
affecting 10% to 90% of harmful plant diseases. It appears after transplanting and can affect fruit 
production and harvest. This disease usually starts in the upper leaves, leading to complete plant failure
within just a few days. Soil serves as the primary source of infection although it’s important to note that 
the pathogen can also be transported by seeds and seedlings. While the pathogen can induce wilt in
various host plants, its aggressiveness may vary. Plant propagation primarily through seeds faces
limitations due to seed dormancy. Despite, vegetative propagation through grafting is feasible, requiring 
meticulous rootstock and scion development for successful production. Vegetative propagation through 
tissue culture is a promising solution for ensuring uniform planting materials and addressing challenges in 
the production of Solanum lasiocarpum Dunal.

Synthetic seed technology offers a promising method for propagating transgenic, non-seeding,
polyploid, and challenging plants. Encapsulation and micropropagation of seeds reduce
commercialization costs and distribution, making it a popular choice for tissue-cultured plants with
commercial and economic importance. Synthetic seeds are living structures obtained from propagules, 
allowing them to grow into plants under various conditions. They offer low-cost, high-volume propagation, 
easy handling, extended storage potential, and preservation of clonal properties. They promote superior 
plant production, preserve rare species, and enhance biodiversity. The alginate coating protects explants 
during storage. 

To our knowledge, limited publications exist on in vitro preservation of Solanum species. We 
have tested two different nodal segment length which were 2 mm and 5 mm (Figure 1). Our 
tests showed 5 mm nodal segments had more shoots, buds, and leaves. The most significant 
growth development was observed when using 3% sodium alginate and 1% CaCl2 resulting in the
highest number of buds, leaves, and shoots. Media with ½ Murashige and Skoog (MS)
composition showed high significant growth development compared to all other treatments mm (Figure 
1).
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FIGURE 2: SHOOT AND ROOT FORMATION OF IN VITRO BORNEO SOUR EGGPLANT
ON COMBINED CONCENTRATION OF 8 KIN MG/L + 2 IBA MG/L.

FIGURE 1: OBSERVATION ON DIFFERENT TYPES OF EXPLANT SIZE AND DIFFERENT
SODIUM ALGINATE AND CALCIUM CHLORIDE AFTER 4-WEEKS.
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The development of encapsulated nodes into plantlets was significant influenced by the type of growing 
media used, the medium’s media strength, and the presence or absence of plant growth regulators (PGRs) 
in the media. This can be attributed to the fact that the balanced concentration of plant growth regulators 
in the MS media may have provided an optimal environment for the growth development of Solanum
lasiocarpum Dunal. Our observation showed evident that the combination of 8mg/L and KIN+2.0mg/L 
IBA exhibited highest shoot formation percentage, while the control treatment displayed significantly
highest root formation percentage (Figure 2). Borneo Sour Eggplant known as Solanum lasiocarpum Dunal, 
a native wild vegetable in Sarawak, is traditionally grown by local ethnic communities. However, soil-borne 
pathogens can hinder its growth. To address this, sterilization and an in vitro propagation method can be 
used for tissue culture to enhance the commercialization potential of this native vegetable. 
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          Introduction

Malaysia, with its abundant rainforests and diverse wildlife, offers a beautiful natural environment. More 
than half of its land is covered in lush forests, making it a great place for forest therapy. This growing
wellness practice, called Shinrin-yoku in Japanese, encourages people to enjoy the peace of the forest, 
leading to many health benefits and supporting environmental sustainability.

FIGURE 1: EXPOSURE TO NATURAL ENVIRONMENTS HAS BEEN SHOWN TO PROVIDE A 
WIDE RANGE OF BENEFITS FOR BOTH MENTAL AND PHYSICAL HEALTH

(PICTURE CREDIT: DAYALAN SUNDARA RAJOO).
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Reduced stress levels: Exposure to forest environments has been shown to lower cortisol levels, the 
body’s primary stress hormone.
Improved mood: Being in nature can boost levels of serotonin and dopamine, neurotransmitters 
that are associated with feelings of happiness and well-being.
Enhanced cognitive function: Forest therapy has been shown to improve memory, attention, and 
concentration.
Strengthened immune system: Spending time in the forest can increase the production of natural 
killer cells, which play a role in fighting infections.
Reduced risk of chronic diseases: Forest therapy has been linked to a lower risk of developing
chronic diseases such as heart disease, stroke, and diabetes.

           What is Forest Therapy?

Forest therapy originated in Japan in the 1980s, where it was developed as a complementary and
alternative medicine practice. The term “Shinrin-yoku” literally translates to “forest bathing” and
encompasses a range of activities that encourage people to connect with nature through their senses. 
These activities may include mindful walking, breathing exercises, and simply sitting or lying in the forest.

       Health Benefits of Forest Therapy

Research has shown that forest therapy has a wide range of health benefits, including:

        The Role of Forest Therapy in the Green Economy

Forest therapy has the potential to play a significant role in the development of a green economy in
Malaysia. By promoting ecotourism and creating jobs in the wellness sector, forest therapy can
contribute to rural economic development and poverty reduction. Additionally, forest therapy can help to 
raise awareness of the importance of forest conservation and promote sustainable forest management 
practices.

          Ecotourism Potential

Malaysia’s rich biodiversity and extensive forest cover make it an ideal destination for ecotourism.
Forest therapy can be integrated into ecotourism packages, offering visitors a unique and immersive
experience that promotes connection with nature and well-being. This can attract tourists who are
seeking eco-friendly and wellness-focused travel experiences, contributing to the growth of the
ecotourism sector in Malaysia.

         Job Creation in the Wellness Sector

The growing interest in forest therapy is creating demand for trained professionals to guide and
facilitate forest therapy sessions. This presents an opportunity to create new jobs in the wellness sector,
particularly in rural areas where forest therapy is being promoted. Additionally, forest therapy can also 
stimulate demand for local products and services, such as accommodation, transportation and food and 
beverages, further contributing to local economic development.
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        Promoting Forest Conservation

Forest therapy can play a crucial role in raising awareness about the importance of forest conservation. 
By experiencing the benefits of forests firsthand, people are more likely to appreciate their value and
support efforts to protect them. This can lead to increase support for conservation initiatives and
sustainable forest management practices.

        Sustainable Forest Management

Forest therapy can be a valuable tool for promoting sustainable forest management practices. By
encouraging responsible use of forests for recreational purposes, forest therapy can help to reduce the 
impact of tourism on forest ecosystems. Additionally, forest therapy can promote a sense of stewardship 
among local communities, encouraging them to protect and conserve their forest resources.

         Conclusion

Forest therapy offers a promising approach to promote sustainable development and contributing to 
a green economy in Malaysia. By harnessing the therapeutic power of forests, Malaysia can develop a
thriving ecotourism industry, create jobs in the wellness sector and foster a culture of forest conservation. 
As the world transitions towards a greener and more sustainable future, forest therapy has the potential 
to play a significant role in shaping Malaysia’s path towards a greener economy.
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Carbon emissions are now a major global problem due to the acceleration of global warming. The ocean is 
the greatest active carbon pool in the world, able to store up to 30% of the carbon dioxide (CO2) released 
annually by human activity. This carbon storage period can extend up to thousands of years. “Blue carbon” 
refers to the CO2 that is taken up and held by marine life and ocean activity. Tidal marshes, mangroves and 
seagrasses ecosystems come under the umbrella of blue carbon. To combat climate change, numerous 
nations have developed and put into effect regulations aimed at safeguarding blue carbon resources.

A widely accepted objective for the international response to the climate change challenge is “carbon 
neutrality.” Numerous activities have been made in support of this common objective by governments, 
multinational corporations, non-profit organizations, and other organizations. All nations committed 
to keeping the rise in Earth’s temperature to less than 2 degrees Celsius, starting with the 1997 “Kyoto
Protocol” and ending with the 2016 “Paris Agreement.” The “European Green New Deal,” announced by 
the European Union in December 2019, aimed to achieve “Net zero emissions” of greenhouse gases by 
the year 2050. In addition to the United States, other nations that have committed to “net zero emissions” 
include Japan, South Korea, Malaysia, and others. It is evident that the main international organizations 
and countries have committed to achieving “carbon neutrality” and have come to certain understandings 
and conclusions. The concept of “carbon neutrality” encompasses not just government involvement but 
also the involvement of manufacturers, carbon sink providers, individual consumers, and the public. The 
objective of “carbon neutrality” can be effectively realized in practice by combining these factors using 
market trading mechanisms.

Green carbon (the carbon sink on land) and blue carbon (the carbon sink in the ocean) are the two main 
mechanisms involved in the generation of carbon sinks. Governments, academics, and allied organizations 
have acknowledged green carbon, which has grown quickly. Regional carbon sink trading markets like 
voluntary carbon markets (VCM) have been developed by certain nations. Owing to its belated discovery, 
blue carbon has not received the attention it deserves, and its carbon sink mechanism and measuring 
techniques are incomplete. The blue carbon sink trading market has thus not yet reached its full potential. 
Blue carbon ecosystems, however, offer an advantage over other ecosystems. It has capacity to store or 
sequestrate 5 times more carbon than another ecosystem. It completes over 55% of the Earth’s carbon 
sink and stores 93% of the planet’s CO2 emissions. It ought to be included as soon as possible in the
carbon sink trading market system since it is the biggest carbon pool in the world. In support, the “Global 
Blue Carbon Market” plan was suggested in the 2011 “Blueprint for Sustainable Development of Ocean 
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and Coastal Areas” published by the five main United Nations agencies. Including blue carbon activities 
in voluntary carbon markets and other carbon financial mechanisms aimed at mitigating climate change 
is one of the five policy goals set forth in the 2012 “Blue Carbon Policy Outline.” The development of the 
blue carbon market (BCM) has drawn increased attention since then.

By valuing the blue carbon and integrating it to the carbon market, blue carbon market can be established. 
It is necessary to consider issues like unclear accounting practices, unclear ownership of blue carbon and 
insufficient financial resources for oversight and leadership. So here is question what BCM will give the 
benefit:

FIGURE 1: MATANG MANGROVE FOREST RESERVE (MMFR), PERAK.

The establishment of Blue Carbon Market (BCM) will help countries to achieve their net zero targets.
BCM will provide more clarity in the accounting methods for blue carbon.
BCM will raise awareness in the community about the high quality of blue carbon credits compared 
to other carbon credits. 
BCM will give confidence to investors in this nature-based solution (NBS) carbon business for
mitigating climate change.
A stable price for blue carbon credits.
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Mangroves are the primary focus of blue carbon research in Malaysia. The country has an estimated 
total mangrove area of 629,038 hectares as of 2017, with Sabah (60%), Sarawak (22%), and Peninsular
Malaysia (18%) having the largest areas. The average mangrove carbon stock in Malaysia, including above 
and below-ground biomass, is estimated to be approximately 181 MgC/ha. Between 1990 and 2017,
Malaysia experienced a 3.3% reduction in mangrove area, which contributed to roughly 14 million Mg 
of CO2 emissions. By looking at the Malaysia’s Blue Ecosystems Carbon Sequestration Potential (BECSP), 
this ecosystem has the ability to be a leading contributor to the carbon business. Recently, Prime
Minister Datuk Anwar Ibrahim invested RM 10 million in the VCM to boost this business, while Bursa
Malaysia has published a VCM handbook to guide investors in this carbon business. Sarawak state
amended its Forest Ordinance in 2022 and added important sections to support carbon trading, making 
it one of the leading states in carbon business and activities. It is now time for Sarawak again to take 
steps to raise the BCM concept at the federal level, given that it has one of the largest mangrove areas in
Malaysia. As an academician and carbon awareness campaigner, I believe that BCM will be a worthwhile and
profitable step for Malaysia to take to reap economic benefits.
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Bamboo is also known as “green gold”, “poor man’s timber”, “wonder plant”, contributes substantially 
to ecological sustainability because of its uniqueness in providing environmental, economic, and social 
benefits to mankind (Scheba et al., 2017; Manandhar et al., 2019). It offers ecological benefits such as soil 
conservation and carbon sequestration. Due to its rapid growth rate and organic content, bamboo can be 
used as a potential tool for mitigating climate change, which also helps to reduce soil erosion and enhance 
soil quality. Bamboo is widely acknowledged as a green substitute for conventional building materials
because of its wood-like attributes, environmentally friendly growing, and sustainable harvesting. Although 
bamboo is not regarded as wood, it is a fast-growing species of woody grass that can be utilised as an
excellent raw material distribution, reducing the demand for wood and wood products as well as the high 
rate of forest degradation. Bamboo has been dubbed one of the fastest-growing plants on Earth with a 
short gestation time (3 to 5 years) before reaching maturity and harvest (Atanda, 2015). It may be harvested 
and replanted in seven years due to its rapid growth, unlike certain indigenous tree species’ 10 to 50 years 
(Mohamed, 2003; Basumatary et al., 2015). Hence, this makes it appropriate for afforestation purpose.    

In order to drive the growth of the Sarawak bamboo industry in 2016, the Sarawak Government has directed 
the Sarawak Timber Industry Development Corporation (STIDC) in collaboration with research institutes to 
spearhead the development of the Sarawak bamboo industry. Part of the initiatives was the establishment 
of bamboo nursery and bamboo trial plots (Figure 1), and the development of Bambusetum under the Sabal 
Bamboo Pilot Project that adopted a bamboo plantation model, which is technically and commercially
viable. The bamboo pilot project aimed to improve management practices, guarantee a sustainable supply of 
high-quality bamboo and explore the greater business potential of the bamboo industry for Sarawak in 
the future.

Bamboo has been identified and introduced as a potential non-timber forest product (NTFP) to serve 
as an alternative source of raw timber materials since 2016. It was based on the potential of bamboo 
as a raw material for the construction, manufacturing, and food industries as well as for environmental
conservation. By 2030, Sarawak aims to develop bamboo-based industries to produce food, charcoal, 
pharmaceutical, pulp and paper, cosmetics, textiles, handicrafts, and engineered bamboo products 
which is in line with Sarawak Post COVID-19 Development Strategy 2030 (PCDS 2030). Accelerating data
utilisation to generate incomes and driving economic and social benefits were among the two strategic 
thrusts to accelerate Sarawak’s economic growth.
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FIGURE 1: PLANTED BAMBOO SPECIES UNDER THE SABAL BAMBOO PILOT PROJECT BY 
SARAWAK TIMBER INDUSTRY DEVELOPMENT CORPORATION (STIDC). 

(A) DENDROCALAMUS ASPER (BULUH BETONG); (B) GIGANTOCHLOA HASSKARLIANA 
(BULUH BETI); (C) GIGANTOCHLOA LEVIS (BULUH BETING).

          Carbon Sink and Sequestration Potential of Bamboo

Bamboo is a valuable resource known to sequester carbon faster than almost any other tree species, 
and carbon sequestration is the process of storing carbon for a long time in biomass or soil (Gu et al., 
2019). A product’s greenness is determined by how quickly and sustainably it can be renewed, which is
peculiar to bamboo. Under-utilised natural resources such as bamboo can help significantly to combat
global land degradation, desertification, and aid in the mitigation and adaptation of climate change (Holt, 
2019; INBAR, 2014). Bamboo has a great deal of potential for sequestration and as a carbon sink. It can
absorb and store a significant amount of CO2 from the atmosphere, which helps mitigate climate change’s
effects. This is mostly because bamboo has a propensity to grow at an extremely fast rate, meaning that
harvested biomass is quickly replaced by new culms. Compared to species of hardwood, it generates 30% 
more oxygen. It retains carbon and prevents it from returning to the environment for a very long time 
when used as a building material. Numerous studies have reported on the rate of carbon sequestration 
from diverse species of bamboos, highlighting their role in carbon storage. According to Nath et al. (2015), 
woody bamboos in carbon farming is estimated to sequester 6 to 13 Mg C ha-1 annually and store 30 to 
121 Mg C ha-1.



41BULLETIN INSTITUT EKOSAINS BORNEO

         Conclusion

Bamboo provides sustainable solutions to address serious issues of climate change and environmental 
degradation, which are posing unprecedented challenges to the world. By harnessing bamboo’s potential 
and implementing well-designed policies and practices, we can build a more resilient and greener future 
where bamboo is pivotal in balancing human demands with nature’s well-being. Bamboo’s preservation 
and prudent utilisation demonstrate humanity’s ability to live in harmony with the natural world and
preserve the globe for future generations.
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Recent years have been a rollercoaster with wild swings—2020’s locust swarms, wildfires, floods, and 
the ongoing struggles with COVID-19 in 2021. We’ve also seen extreme weather ramp up worldwide. For 
instance, Greenland’s ice sheet is melting fast, bumping up sea levels by 1.4 mm annually. What used to 
be rare—fires, floods, hurricanes, and scorching heatwaves—is now becoming the norm. Experts connect 
this worsening weather to our climate crisis.

But have you ever thought about how our daily meals might connect to all this chaos? Think about 
your food choices—fast-food deliveries, homemade meals with garden-fresh ingredients, or fine dining
experiences. The journey of our food matters. How it’s grown, transported, and how far it travels before 
it reaches our plates all play a part in determining its impact on the environment and our planet’s future.

Let’s chat about carbon. It’s not the villain; in fact, it’s the building block of life. Picture this: 500 million 
years ago, life on land started to bloom, and carbon cycled smoothly, helping life evolve. Then came us. 
We discovered fossil fuels and unlocked tons of carbon dioxide, heating up our planet and upsetting the 
climate balance. This excess carbon is messing with the oceans, causing acidification, and endangering 
marine life.

To avoid an uncertain future with less biodiversity and harsher climate problems, we need to cut back 
on greenhouse gas emissions pronto. Understanding where these emissions come from is key to finding 
solutions. Choosing food with a lower carbon footprint and backing regenerative farming practices can 
help big time.

Supporting local produce or plant-based meals and getting behind farming methods that care for soil 
health and biodiversity can slash our environmental impact. By encouraging farmers to use smart
techniques like crop rotation, we can reduce the use of harmful chemicals and cut emissions from farming. 
Our food choices and support for sustainable farming can truly shape a more resilient and green future 
for our planet.
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