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Analysis of rubber and rubberwood biomass management revealed an actualized twin-
loop circularity arising from the multibillion-dollar export revenue downstream and 
upstream segments. Despite resembling a zero-waste and resource-efficient system, 
the revenue from natural rubber exports does not translate as the wealth of rubber 
smallholders, pressing them as the persistent ‘poor dad’ in the rubber value chain. This 
study dwells on how to empower smallholders through high-quality rubber production 
efficiency to compensate for the nose-diving rubber price. Analysis of the challenges 
facing the seemingly forced labor recognized operational costs as the main hindrance 
to productivity. Mapping the challenges through the biomass circularity lenses 
identified the strengths of the sector as clear opportunities to exploit the rubber and 
rubberwood commodities. Access to productive clones, a shift to machine-tapper and 
farm-integrated rubber and rubberwood processors are the immediately actionable 
solutions. Availing expandable rubber-related education programs for youths in 
smallholder families is critical to actualizing technology-driven, and high-productivity 
farming for the segment to build back better. Continuous learning is mandatory to 
innovate, engage in the value chain, and multiply the current twin-loop circularity for 
the succession of dignified smallholders in sustaining the rubber industry. 
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1. Introduction  
1.1 Rubber: Global Players & Impacts 
 

Global rubber consumption has witnessed a drop to 1.9% growth in 2022 [1] despite a steady 
4.8% growth projection [2]. Despite the competition with fossil-based synthetic rubber, natural 
rubber has persisted in its critical role on the planet due to its high relevance to numerous sectors 
not limited to automotive, healthcare, military, construction, sports, and recreation. The magic 
carpet feels on cruising bumpy roads is the effect of the shock-absorbing capacity [3, 4] of rubber 
suspension. As an interfacial element, rubber’s modifiable bonding property could promote vibration 
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damping [5]. In tandem with vibration-damping effects, Gaunke and co-researchers proved the 
helpfulness of rubber flooring in promoting an uninterrupted recovery of bulls with leg and claw 
injuries [6]. Indeed, latex’s superb sealing properties allow the safety and longevity of metal-glass 
interfacing joints. Its soundwave deflecting ability enables noise-proofing [7, 8] in the construction 
critical elements, which all combined, scores for latex’s comforting and perfecting properties. 

Southeast Asia is among the global players in the rubber industry despite Hevea’s Amazonian 
origin. The growing demand had called for its synthetic counterpart to join hands in the rubber supply 
chain, particularly in the automotive industry and in applications requiring thermo-durability. 
Thailand, Indonesia, Vietnam, India, and Malaysia are the world's top rubber producers, supplying 14 
million metric tonnes of natural rubber [1] to top-listed consumers amongst China, the US, India, 
Japan, South Korea, Brazil, Turkey, Europe, and Russia.  

The prosperity of the global rubber smallholders is made sluggish by a string of bleak issues 
despite being the principal movers of the billion-dollar upstream (rubber growing) segment. The 
dwindling price has been ill-affecting approximately 6 million [9] rubber smallholders worldwide, 
prompting big names like Michelin and Continental to respond proactively. While the zero-waste 
downstream segment was designed, evaluated, and promoted by Michelin [10], responsible 
outsourcing of natural rubber is a paradigm shift introduced by Continental via digital trading aimed 
at achieving a traceable and transparent supply chain by 2030 [9]. 
 
1.2 Resource-efficient Serendipity for Prosperity 

 
Delayed end-of-life, low-waste, and low-emission targets [11-15] is the pillar of resource-

efficient or synonymously, circular management, exploitable to revive the rubber industry. Having a 
shared chronological root to the 20th century [11-15], circularity evolved into a circular economy, or 
“nature-powered” economy [17] to reduce waste and emissions through efficient natural resource 
use. As critically required as industrialization, emission reduction is achievable by tracking emissions 
and taking countermeasures as the world pursues industrialization. The growth of the global 
population and intensification of the demand for goods [18] and services increases the heat-trapping 
greenhouse gases (GHG) emissions [19], predominantly carbon dioxide (CO2) ([20]. The hiking 
stratospheric CO2 acidifies the planet, savaging marine biostructures and other inhabitants [21-24]. 
In addition to the already hiking CO2, methane (CH4), the GHG counterpart dissipating alongside 
biodegradation emerge as the multiple-times more corrosive than CO2 [25, 26]. Perturbation in the 
natural ecosystem, uncontrolled evaporation [27,28] and ice-melting following global warming are 
factors to the recurring climate uncertainties manifested as drought, flood, and other environmental 
disasters, marking GHG an unceasing issue with a great deal of impact on agricultural [29] 
productivity - rubber without exception [30-32]. The circular bioeconomy (CBE) is strategized for 
humankind to further industrialization while ensuring a controlled level of emission by proper 
process design, controlled resource use, measured environmental pressure [13], and waste 
minimization analogous to the cradle-to-cradle life cycle [33]. The product’s recyclability, dissipative, 
durability, and reparability are emphasized to achieve a maximum value allowing an extended 
functional life [13, 14]. 

Being the third largest consumer of energy in Southeast Asia [34], Malaysia positions itself with 
an obligation to actualize resource-efficient management or “circularity” [14], particularly in 
sustaining its economic growth [35] via multibillion-dollar export revenues from palm [36, 37] and 
rubber products [38-42] that are rapidly overtaking paddy [36, 43]. Routing the by-products as 
commodity feedstock of a subsequent process is a productive way of reducing waste and providing 
continued support for circularity. Given the critical requirement of scientific knowledge in the circular 
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management of commodities, circularity is here specifically denoted “Biomass circularity science” or 
BCS to facilitate in determining the processing requirements and applications.  

Captured by biomass circularity science is the multibillion-dollar export revenues value from 
rubber and rubberwood products.  While rubber latex is the all-year primary harvest, felled 
rubberwood appears to generate a multibillion-dollar revenue from its unified utilization, giving an 
impression of a circular economy. Malaysia’s USD1.1 billion natural rubber export [41, 42, 44, 45] has 
translated to a multi-billion downstream segment revenue but disconnected from the half-million 
natural rubber producers, making rubber smallholders the ‘poor dad’ in the industry. Concerns over 
the profit intractability [3, 40] plausibly associated with inefficient coordination of rubber production 
[44] remain ambiguous. The backstage smallholders contribute 95% of natural rubber export despite 
being challenged by the volatile, declining rubber prices, logistics, the lack of reasonably skilled 
process operators, and growers’ old age [46]. No different is the fate plaguing Malaysia’s rubber 
smallholders or farmers working on less than 10 hectares of estates and relying on rubber as the 
principal income, to the deplorable condition of the global upstream segment [30, 46-48]. Resolving 
the issue pertinent to the well-being of the smallholders is critical to advance the industry to its 
maximum efficiency while navigating times of economic turbulence in a proven low-risk and high-
profit manner.  

The study identified the commodities in the developed biomass circularity models and propose 
income diversification strategies to overcome the factors holding back rubber smallholders’ 
productivity to the present day. In doing so, it answers two research questions (1) what are the 
strengths that can resolve the weaknesses and threats facing rubber smallholders, and (2) how 
scientific fronts of the resource-efficient circularity principles hereby denoted BCS (circular biomass 
sciences) can best be adapted to lift smallholders’ burdens, diversify earnings, and enhance their 
productivity.  
 
2. Materials and Methods 
 

The adopted metathesis research acquired secondary data from a mix of literature and 
contextual analyses. By the scope of work, the study first analyzed the criteria of resource efficiency 
in a circular bioeconomy also known as circularity. Rubber and rubberwood nature, utilization, export 
revenue, and issues of the upstream segment were analyzed to understand the commodity routing. 
These are translated into a model and a framework to confirm the extent of circularity and to gauge 
the relative complexity of the processes, respectively. Analysis of the rich scholarly and mass media 
resources was performed to spot the global issues facing smallholders. Training resources related to 
commodity management were also analyzed for the possibility of adaptation to the needs.  
 
2.1 Literature Analysis for Circularity Models and Framework Synthesis 
 

The history, principles, and practices of circular bioeconomy, Hevea brasiliensis nature and 
utilization, and challenges facing rubber smallholders were analyzed by referencing policy 
documents, the mass media, and scholarly articles. The knowledge was translated into the circular 
bioeconomy model interchangeably referred to as the “Biomass Circularity Science”, BCS, model. 
Analysis was performed to identify the leveraging possibility to improve the fate of smallholders, 
considering the trained industrial personnel and education sectors as potential transformation 
catalysts.  

To abide by the circular management concept, the forms of residues regarded as commodities 
were identified by the general guide of the routing model in Figure 1.  
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Fig. 1. The general resource routing based on the exploitable 
compositions that make residual biomass commodities (G to L) 

 
Marked in Figure 1 as G to L, residues regarded as feedstocks are routed towards yielding a 

product, forming one feedstock-process-product (FPP) string. Thus, several FPP strings were 
displayable in a framework. A framework normally presents the process strings associated with the 
varying forms of one by-product identified from the lemniscate model in Figure 1. Specific to the by-
products from rubber farming, only strings associated with the marketed by-product derivatives are 
shown on the FPP framework. Due to the industry’s establishment, emphasis is placed on tracking 
industrial symbiosis (a by-product from a process becoming feedstock in another process), which is 
the heart of profit-making and responsible management in a circular bioeconomy.   
 
2.2 Challenges Facing Smallholders: Weakness & Threat Identification 
 

Besides the scientific literature, analysis of the plights of global rubber smallholders was also 
ascertained by statements reported in the mass media. The related issues are tabulated and 
appended to this article. 
 
2.3 Knowledge Related to Biomass Resource Efficiency 
 

Technical and vocational academic programs and contents proposed by two of the European 
Union projects identified as having high relevance to the implementation of resource-efficient 
management for rubber smallholders were analyzed and recommended for adaptation. Modules 
developed in the Promoting   Education, Training and Skills Across the Bioeconomy (PETSAB) and 
the Improving the Malaysian Higher Education Wood and Furniture Making (MAKING4.0) project 
activities having link with the empowerment of the youths within the rubber smallholders’ family 
were selected for adaptation to rubber and rubberwood upstream segments. 
 
2.4 Smallholders in Focus 
 

Being the backbone of the country’s top three major commodities, the rubber growers and mini-
plantation managers operating rubber estates of less than 10 hectares were the smallholders in 
focus. Analysis captured rubber smallholders’ challenges from scholarly references verified in the 
most recent mass media. Progress is tracked and compared to the issues still plaguing Malaysian 
rubber smallholders were the focus due to the longstanding manifold influence of middlemen [41] 
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on the fate of smallholders, beyond the farmgate price issue. The pains were mapped to a set of 
identified strengths and opportunities to move towards resource-efficient (circularity) principles. 
 
3. Results and Discussion 
3.1 Biomass Circularity Science Model  
 

Analysis of commodity routing yields the model in Figure 2. It appears that the upstream and 
downstream rubber segments form a linking resource-efficient industry that not only capitalizes on 
latex from Hevea brasiliensis but also the rubberwood in its post-latex-producing years. Marking the 
export revenues [38-42] to the circularity model in Figure 2 reveals an approximately MYR10 billion 
revenue from rubberwood furniture making. The revenues, residues, and the associated applications 
were based on a huge body of literature including works by [19, 40, 48, 50-53]. 
 

 
Fig. 2. Lemniscate management model resulting from the biomass circularity 
science twin-loop routing of the principal harvest and the by-product forming 
derivatives in the form of products (A-N) and commodity (A, B, C, D, H, I, J) 

 
While the left loop shows the journey of the primary harvest, the right loop marks the by-products 

which used to be routed to the landfill, burnt, sold as firewood, and at a residual scale, used in 
furniture making since the 1980s and realized as an export revenue in Malaysia in the 1990s [54]. 
Together with sawn rubberwood, the rubberwood furniture industry export makes MYR10 billion 
resulting in a 74% gap relative to the natural rubber export.  

The infinity pattern (also known as 'lazy eight' or lemniscate) of resource management in Figure 2 
reroutes wastes to unlimited applications, making them commodities of specific product lines. Each 
arrow pointing outward is a possibility of industrial symbiosis, which is an integral part of the circular 
economy. The practice extends the by-product’s functional life and prevents them from being routed 
to the landfill. Unlimited frameworks associated with A to N can be developed as illustrated in the 
proceeding section.  
 
3.2 Circularity Science Empathising Poor Dads: Restraints and Drivers 
 

A scientific glimpse of the circularity model in Figure 2 recognizes that approximately 450 000 
[46] from about 150 000 to 200 000 nucleus families [32] smallholders were the responsible caretaker 
of the estate’s rubber tree growth and productivity. The estates’ gains depend on the tonnage rubber 
“yield price tag” deducted by the capital from the farm management, transportation, processing, and 
tappers’ wages, on whom rubber yield depends. Rubber tapping involves a skilled debarking process, 
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pursued throughout the rubber tree’s latex-producing years. The activity is performed at the right 
time and the surface incision is 1.5 mm away from the critical growth-control region called the 
cambium. Skilled tapping ensures continuous latex production – in the complex [55] laticifer wiring 
system [56], and eliminates the costs of ensuing treatment from cellular damage that stops latex 
exudation and savior for the loss. Tapping the tree correctly triggers exudation and optimally flows 
the latex into the pool which is coagulated as a “cup lump” or gathered as liquid field latex.  

The latex collected in cups and sold in the form of cup lumps, smoked rubber sheets (Ribbed 
Smoked Sheet, RSS), and concentrated rubber, was historically MYR5/kg (cup lump) and had 
dwindled to as low as MYR1.6/kg [46]. As of August 2022, the price rose to MYR2.6/kg and is 
projected to hike above MYR3.50/kg by the end of the year stimulated by an increase in the global 
export demand [57] and plausibly moved by Malaysia’s rubber anti-corruption plan, GETAR 2021-
2025 [58, 59]. Outside the radar of price control, more concerning is the 175% income gap between 
the latex farmgate export revenue and the manufacturing of latex-based products, signaling the 
timely need for rubber smallholders to engage in humble-scale rubber product making and marketing 
via a creative business model. 

Given the high operational (wages, mobility, processing) and maintenance (fertilizer, remedial 
chemicals, and weed control) capital to actualize high rubber yield, the wages of rubber tappers fall 
prey to leverage the volatile non-competitive rubber prices. Worsened by the nose-diving rubber 
price and increasing cost of estate management, the deplorable living condition associated with 
rubber tappers demagnetizes the newer generation to continue rubber farming. The scenario attests 
to the predominance of senior citizens among smallholders and the 60% inactive plantation [60] in 
Malaysia and shrinking replanting activities in India [61]. 

As farmers switched to other more profitable cash crops [62], the production of natural rubber 
reduced, attenuating Malaysia’s global contribution to the commodity. Today, Malaysia is only 
ranked the fifth most prominent global natural rubber contributor, having been overtaken by 
Thailand, Indonesia, Vietnam, and newcomer, Cote d’Ivoire [63]. To sustain the rubber upstream 
segment, the immediately actionable solutions related to understanding the commodity-bearing 
farm biomass were given a careful analysis.  
 
3.3 Felled Rubberwood: Circularizing Commodity-loaded Biomass 
 

The 20-30 tapping years reduced latex contents and partially removed the structure’s surface 
bark and extractives, simplifying rubberwood conversion to high-price sliced lumber. Given the 
laborious nurturing process, felled rubberwood needs to be tagged at a reasonable price as payback 
to smallholders. Handing over free of charge is an injustice to the farmers and a valuation gauge is 
required for quality assessment to also break even the market-ready rubberwood costing MYR1300 
per tonne [64]. Indirectly, the hardly-earning USD200/month smallholders who are seemingly the 
forced labor in the fragile upstream are also laboriously feeding meranti-compatible [65] raw 
materials to the furniture and rubber product manufacturing industry or the ‘rich dad’ while bearing 
the costs ensuing latex production. Indeed, The inequivalent biomass commodities propelled the 
rubber industry with dual monetary profit, marking the Thailand and Malaysia furniture industries 
[50, 66-68] as champions in implementing a circular biomass economy – Figure 3. Rubberwood export 
also embossed poor countries like Cambodia and Myanmar as furniture wood exporters, which is an 
excellent empowerment model.  

Figure 3 recapitulates and extends the commodity routing possibilities. From the biomass 
science perspective, the rubberwood biomass and clean sawdust as a by-product generated from 
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sawing of rubberwood are in their entirety useful feedstocks for furniture making. The heterogenous 
rubberwood sawdust residues are suited for rough applications not requiring extensive processing.  
 
 

 
Fig. 3. Circularity in the rubber and rubberwood valorization as of 2022 

 
In compliance with the Biomass Circularity Science (BCS) model in Figure 3, Figure 4 provides 

insights into other utilization choices and the pertaining processes to delineate large capital 
processes. The big picture of the feedstock-process-product (FPP) strings aids in visualizing the 
products developed from the felled rubberwood possibly capitalized by rubber smallholders and 
these are detailed in the next section from the BCS perspectives. At present, the billion-dollar 
revenue from furniture making is driven by the unified major downstream use of the felled 
rubberwood in the post-latex-producing years.  
 

 
Fig. 4. Framework for the management of felled rubberwood as a commodity 

 
Circularity strategies reserved for smallholders include low-risk, low-capital approaches towards 

higher latex yield and smallholders’ higher earnings to proactively transform and propel the upstream 
segment, highlighting also the required skills. The proceeding section discusses the reserved lower 
capital, and low-risk circularity suited to smallholders acting as photons of small-medium enterprises 

 

 
 

Figure 4: Framework for the management of felled rubberwood as a commodity.  
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(SMEs), taking into account responsible management via pollution prevention from such known 
sources as agricultural and industrial manufacturing industries [69]. 
 
3.3.1 BCS sensing immediate income diversification 
 

Analogous to woods’ use since the Neanderthals, rubberwood's suitability as firewood [51, 54, 
67] justifies its sawdust practical use as a biofuel resource [70], in line with [72] assessment of the 
ecologically sound use of wood waste for biofuel production (G, Figure 4). The potential use of 
rubberwood sawdust as a market standard activated carbon (Potential L, Figure 4) points the industry 
as self-resolving the GHG emission issue in the upstream segment arising from rubber processing [71] 
to generate Ribbed Smoked Sheet (RSS), concentrated rubber and block-rubber. More cost-realistic 
rubberwoods’ remote use as a mushroom growth substrate [73] illuminated the possibility of 
functional food crop farming. The heterogenous rubberwood sawdust currently valued at MYR2 
(USD0.5) per liter makes an excellent growth substrate for soil-less farming (I in Figure 3). Whether 
expanded by industrial symbiosis or integrated farming, mushroom production using the 
rubberwood sawdust illustrated in Figure 3 and Figure 4 is an economic way of diversifying 
smallholder expendable income from the immediate food market and feedstock for therapeutics 
extraction (Figure 5). 

 
 

 
Fig. 5. Empowerment of the upstream segment by elimination of the middlemen in the natural 
rubber value chain. The direct purchase of rubber from farmers by passing intermediates was 
demonstrated as possible by the downstream sector 
 

From a circularity perspective, the illustrated secondary and tertiary product loop for income 
diversification is a potential manifold gain for rubber smallholders regardless of realizing the 
expansion via industrial symbiosis or an integrated business model. Every liter of sawdust potentially 
returns MYR10 gross profit, plausibly MYR5 net gain per harvest which is the price of 3 kg of cup 
lump. Mastery of knowledge on the felled biomass, target revenue, business model, and marketing 
strategy would push the initiative forward. Marketed as seedling or growth substrates, physically or 
online [74], the strategies are sure earnings for the smallholders, given the established mushroom as 
a food item and rubberwood sawdust as an enabler of the soil-less growth substrate. 
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3.3.2 BCS – efficiency via doing Less for more latex  
 

Natural rubber latex yield enhancement attained within the same or shorter working time is a 
form of efficiency achievable using available technology. Shifting to the use of machinery can reduce 
overhead costs associated with estate maintenance and labor. A speeded tapping activity ensuring 
higher throughput by reducing human energy (and long-term wrist injury) from exerting pressure on 
the living trunk is one of the millennial innovations [75-77] availed for the rubber sector. Deployment 
of a more efficient tapping process allows labor size reduction, which would, in turn, reduce labor 
costs. Expenses related to machine maintenance and fuel positively contrast the eliminated wages 
and medical bills of existing rubber tappers are the aim.  

Hand-operated or automated portable sheeting machines are concepts worth considering. Roll 
press custom-made to 100 to 1200 kg/hour throughput could reduce dependency on factories and 
offer self-sufficiency with rubber pre-processing. Cost analysis is required to verify gain, loss, and 
breakeven points. Farm-integrated machinery for processing rubberwood at felling is also an avenue 
for increasing profits. Besides emission effects that will be deliberated elsewhere, rubber 
smallholders’ readiness to exploit techie opportunities highlighted in the proceeding section.  
 
3.3.3 BCS via trending technology and goods 
 

Covid-19 has taught the need to reduce reliance on the foreign supply chain by integrator business 
model or localized outsourcing, possibly implemented in the rubber and rubberwood twin-loop 
circularity, particularly in product design. Through digital technology, designs emphasizing multi-
functionality, flexible assembly, stackability, and portability are features that smallholders can offer 
using rubber and rubberwood as raw materials. 3D printing is one of the tools suited for custom 
design and in-time production by small to medium enterprises (SMEs). The User-design business 
model allowing users to choose color, material, and joints, for instance, is gaining popularity and 
setting the trend in industry 5.0. Purchase of rubber and rubberwood products via “bundle” is doable 
by pairing a rubber cushion with a wooden stool or a rubberwood tray and rubber anti-slip mat, for 
instance. The rubber used for safety and comfort would feature more value to design, analogous to 
the “Add-ons” business model. Besides digital design, digital marketing has proven to catalyze 
expandable revenue since the trying times of Covid-19. With appropriate training on digital 
marketing identified as one of the critical needs to boost agro-product markets [74] rubber 
smallholders too, could make the transformative move towards income from SME rubber and 
rubberwood trendy products.  
 
3.3.4 BCS conquest by advancing with trading technology 
 

Routing natural rubbers to farmgate dealers simplifies the marketing process but comes at a 
painful cost and digital trading is one of the means to troubleshoot the issue. While restructuring the 
value chain may resolve the issue locally, a concerted global price control analogous to the recently 
voiced instructions to the International Tripartite Rubber Council [78] is mandatory. Assuring results 
can be expected by engaging the downstream segment. In the present ambiguity, price is a complex, 
beyond-control parameter but sets the standard and direction for smallholders’ productivity. 
Bypassing the dealers (intermediates) through contract farming (Figure 5) is envisioned as a fair deal 
for farmers to reap higher profits. Materializing this requires strategic governance and part-take in 
such rubber trading platforms as MyROL [79] and Singapore’s HeveaConnect. 
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3.3.5 BCS catalyzing international engagement for sustainability 
 

Setting Vietnamese as the model for transformative moves, rubber smallholders’ readiness to 
engage in the Global Platform for Sustainable Natural Rubber (GPSNR) more actively is an avenue to 
exchange ideas on better, sustainable practices. Challenges with the disease vulnerability of clones 
and yield enhancement may be tackled in smart ways by exchanging ideas with smallholders from 
other regions. Productive clones could enhance latex yield from the existing 30% to 50% by genetic 
enhancement of polyisoprene biosynthesis [80]. Given the suitability of tapping at the fifth to the 
seventh year, nurturing rubber clones today is likely to reap an improved 50% yield starting between 
2027 to 2029. With prior interventions (farm-integrated machinery), the optimized fertilization and 
weed control costs may be coverable. Such improvement in agronomics is critical for rubber tree 
productivity. The interventions, combined, target the theoretical yield of 7 000-12 000 kg/ha/yr latex 
[29, 80] from rubber clones. An enhanced yield is critical in compensating for the dwindling rubber 
price trap by such a beyond-control factor as stockpile release by a superpower. These diverse 
situations can be clearly understood by engagement in dialogues at the international platforms. The 
prerequisites for sustainable certification can also be negotiated to suit the local needs and 
challenges to align with the global goal.  
 
3.4 Actualizing BCS Systematically  
 

In essence, the strategies presented in section 3.3 implies the need for continuous, systematic 
learning in line with the evolving technologies. Capitalizing the Technical and Vocational Education 
and Training program (TVET) custom-made for a high-income high-skilled nation [81] is the stream 
projected to fulfill the hands-on training needs with less of the mainstream academic issues [82] to 
generate and impact the next generation of rubber estate leaders [83]. Expandable rubber-related 
TVET is envisioned for youths in smallholder families to start nurturing creative thinking skills related 
to rubber growing, rubber products, business models, and rubberwood as a commodity for creative 
earnings. Being hands-on in nature, rubber farms can be configured to serve as an experimentation 
ground to learn, develop problem-solving skills, and spawn innovations by needs, analogous to the 
tapping machine innovation by Kamil and team [75], Raghavendra [76], and Yang et al [77].  

Communication and digital literacy are also fronts to catch up with. While digital trading has 
been proven to resolve transparency and traceability issues plaguing the rubber value chain, 
smallholders' mastery of international communication and digital literacy would facilitate 
engagement with the downstream players. Continental’s initiative in the direct transaction of rubber 
commodities from smallholders [9] is analogous to the export-oriented contract farming [84] 
described by Meemken and Bellemare (2020). The move is a successful model for Continental’s 
rubber deal with Indonesia [85] aimed at bypassing (Contract Farming, Figure 5) the seven 
intermediates identified as the root cause of complexity, poor traceability, and ambiguity in the 
natural rubber value chain. Future conquest of the value chain through the strategic empowerment 
of smallholder family members is expected to be the defense system for the upstream segment to 
eliminate the longstanding overreliance on middlemen [49] beyond rubber trading.  

Technologies related to industry 4.0 and industry 5.0 is the phase of digitization for exposure to 
transform the currently ‘poor dads’ into dignified versatile smallholders. While implementation of 
resource efficiency towards Industry 4.0 requires continuous improvement [86] enculturation of 
circularity requires continuous learning [83]. Encompassed in the proposed expandable TVET is a 
higher institution similar to European Bioeconomy University. The long-term strategy can be initiated 
by first engaging the youths amongst the smallholder community experts to link and embark on 
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projects tailored to the mutual needs of the region. Education, in this light, is the driver towards 
grooming creative thinkers and technology-savvy minds to comprehensively catch up with 
technology and innovate, as similarly posited by Kawano in 2019 [87]. Reliable education platforms 
are to serve well as a transformational strategy and provide a vivid roadmap to actualize sustainable 
and transformed rubber smallholders’ future. 
 
3.5 Capitalizing the Strengths 
 

Biomass circularity sciences (BCS) lays the hugest opportunity for maximizing natural resources, 
human resources (particularly the champions of circularity), and systematic support resources 
(GPSNR and CIFOR, e.g.) to realize efficiency and justice for humankind and the ecosystem. The lower 
soil emission in the smallholding rubber farms in comparison to industrial plantations [88] is the 
reason to support rubber smallholders. As economic uncertainties continue to hit urban lives, 
migration to villages and villagers’ choice to indulge in smallholder-farming is projected to hike. 
Empowerment of the smallholders creates resilience of the upstream segment to the rising demand 
for fossil-based synthetic rubber, which is recovering at a better rate [1]. Creative management of 
rubber and used rubber (e.g., conversion of tires to carbon black [89] in Figure 3) also promotes 
readiness to face the upcoming massive production of Dandelion rubber [90, 91]. The apparent 
expansion of residues utilization from the primary product loop to the tertiary orbit (Figure 5) in 
addition to contract farming are steps envisioned to diversify smallholders’ earnings. The analysis 
implies that the developed BCS model lays the opportunities to exploit commodities and technology 
to troubleshoot arising issues and threats productively. 
   
 

Fig. 6. Strengths, weaknesses, opportunities, and threats (SWOT) analysis of rubber upstream and 
downstream segments affecting rubber smallholders 
 
4. Conclusions 
 
The rubber industry’s significant contribution to the national revenue and global goods 
manufacturing reasons for its sustainability during today’s trying times. Despite the global economic 
turbulence, the declining rubber prices, and a string of unattended pain from maintenance and 
operational costs, smallholders continue contributing to 95% of rubber revenue. The challenged 
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rubber smallholders who are currently the “poor dad” in the rubber supply chain can be immediately 
assisted by facilitating access to appropriate machinery and productive rubber clones for better 
rubber yield. Through the lenses of biomass circularity sciences, resources that smallholders could 
maximize for income diversification is expandable via industrial symbiosis or integrated farming. 
Improving the long-term livelihood through upskilling and continuous education on the adoption of 
resource-efficient circularity principles is essential for upstream rubber segment empowerment. 
Rubber smallholders’ maximum participation in the trading and value chain is also a transformative 
solution. Acceleration of the desired transformation calls for smallholders’ willingness to 
continuously learn and improve practices, to reap the fruit from the government’s intervention, the 
opportunity for contract farming, and stakeholders’ openness to work in synergy toward circularity 
and sustainable rubber industry.  
 
Acknowledgment 
The study is funded by Universiti Sains Malaysia through project 1001/PTEKIND/801162 in line with 
the United Nation’s Sustainable Development Goal 12, (SDG12), Responsible Consumption and 
Production. Concerns over the impoverished group lead to recommendations supporting SDG 1, 
Zero-poverty, achievable through circularity. 
 
References  
[1] European Rubber Journal. “IRSG foresees 2.4% annual growth in rubber demand.” September 1, 2022. 

http://www.european-rubber-journal.com/article/2091994/irsg-expects-rubber-demand-to-grow-2-4-through-
to-2030 

[2] Expert Market Research. “Global Natural Market Report and Forecast 2022-2027.” Accessed December 1, 2022. 
https://www.expertmarketresearch.com/reports/natural-rubber-market 

[3] Ucar, Hakan, and Ipek Basdogan. “Dynamic characterization and modeling of rubber shock absorbers: A 
comprehensive case study.” Journal of Low Frequency Noise, Vibration and Active Control 37 (2018): 509 - 518. 

[4] Sebesan, Ioan, Zaharia, Nicusor-Laurentiu, Spiroiu, Marius Adrian, and Fainus, Leonida.  “Rubber Suspension, a 
Solution of the future for Railway Vehicles.” Materiale Plastice 52, no. 1, (2015): 93-97. 

[5] Sarlin, Essi, Yi Liu, Minnamari Vippola, Markus Zogg, Paolo Ermanni, Jyrki Vuorinen and T. Lepistö. “Vibration 
damping properties of steel/rubber/composite hybrid structures.” Composite Structures 94 (2012): 3327-3335. 

[6] Graunke, K. Laren, Telezenko, Evgennij, Hessle, Anna, Bergsten, Chister, and Loberg, M. Jenny.  "Does rubber 
flooring improve welfare and production in growing bulls in fully slatted floor pens?" Animal Welfare 20 (2011): 
173-183.  

[7] Han, Zhuo, Li Chunsheng, Tom Kombe and Norasit Thong-On. “Crumb rubber blends in noise absorption 
study.” Materials and Structures 41 (2008): 383-390. 

[8] Han, Deshang., Chen, Yihui., Pan, Yi., Wang, Chuansheng. and Zhang, Dewei. “Research on Friction and Wear 
Properties of Rubber Composites by Adding Glass Fiber during Mixing.” Polymers 14 (2022): 
2849. https://doi.org/10.3390/polym14142849  

[9] Continental. “Continental Uses Responsibly Sourced Natural Rubber from Indonesia in Series Production.” 
Continental AG. August 24, 2022. http://www.Continental.com/de/presse/press-releases/20220824-Continental-
Uses-Responsibly-Sourced-Natural-Rubber-from-Indonesia-in-Series Production  

[10] Michelin. “Sustainable Natural Rubber Policy.” February 1, 
2022. https://purchasing.michelin.com/en/sustainable-natural-rubber-policy/ 

[11] Chaturvedi, Ashish Kumar, Jai Kumar Gaurav and Pragya Gupta. “Circular Economy The Many Circuits of a Circular 
Economy.” (2017). 

[12] Wautelet, Thibaut. 2018. The Concept of Circular Economy: Its Origin and Its Evolution. Working Paper. 
https://doi.org/10.13140./TG.2.2.17021.87523  

[13] Pena, Claudia, Bárbara Civit, Alejandro Gallego-Schmid, Angela Druckman, Armando Caldeira- Pires, Bo 
Weidema, Eric Mieras, Feng Wang, Jim Fava, Llorenç Milà i Canals, Mauro Cordella, Peter Arbuckle, Sonia 
Valdivia, Sophie Fallaha, and Wladmir Motta . “Using Lifecycle assessment to achieve a circular economy.” The 
International J. of Life Cycle Assessment.” (2020): 1-2. https://doi.org/10.1007/s11367-020-01856-z 

[14] Guillot, J. Duch. 2022. Circular Economy: Definition, Importance and Benefits. European Parliament Article, 14 z 
(2022):41, 201510201ST005603. 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 207-222 

219 
 

https://www.europarl.europa.eu/pdfs/news/expert/2015/12/story/20151201STO05603/20151201STO05603_e
n.pdf 

[15] Vance, Charlene, J. Sweeney, and Fionnuala Murphy. “Space, time, and sustainability: The status and future of life 
cycle assessment frameworks for novel biorefinery systems.” Renewable and Sustainable Energy Reviews (2022): 
n. pag. 

[16] Lange, Lene. “Business Models, Including Higher Value Products for the New Circular, Resource-Efficient Biobased 
Industry.” Frontiers in Sustainability – Perspective. March 15, 2022. https://doi.org/10.3389/frsus.2022.789435 

[17] Centre for International Forestry Research. “Bioeconomy Solutions. Circular Bioeconomy.” 2022. 
https://www.cifor.org/cbe 

[18] Fai, Soon Zheng, and Yoong, Cheok Choon. “Physical and chemical characterization of oil extracted from 
Citrofortunella microcarpa, Hibiscus sabdariffa and Artocarpus heterophyllus seeds”. Progress in Energy and 
Environment 22 (2022): 1-12. 

[19] Shameer, Syed, Buddolla, Viswanath, and Lian, Bin. “Oxalate-carbonate Pathway – Conversion and Fixation of Soil 
Carbon – A Potential Scenario for Sustainability.” Front. Plant Sci. 11 (2020): 591297. 
https://doi.org/10.3389/fpls.2020.591297  

[20] United States Environmental Protection Agency. “Overview of Greenhouse Gases.” Updated May 16, 2022. 
https://www.epa.gov/ghgemissions/overview-greenhouse-gases 

[21] Statista. (2020). GDP from rice industry 2020. https://www.statista.com/statistics/952735/malaysia-gdp-from-
rice-industry/    

[22] Stager, Curt.  “What Happens AFTER Global Warming?” Nature Education Knowledge 3, no. 10 (2012): 7. 
[23] United States Geological Survey. “Acidification of Earth: An assessment across mechanisms and scales.” December 

1, 2016. https://www.usgs.gov/publications/acidification-earth-assessment-across-mechanisms-and-scales 
[24] Ouyang , Zhangxian,  Liqi Chen,  Yingxu Wu, Ruibo Lei, Baoshan Chen, Richard Feely, Leif Anderson,  Wenli 

Zhong, Hongmei Lin,  Alexander Polukhin, Yixing Zhang, Yongli Zhang, Haibo Bi, Xinyu Lin, Yiming Luo, Zhuang 
Yanpei, Jianfeng Chen, and Wei-jun Cai. “Climate change drives rapid decadal acidification in the Arctic Ocean from 
1994 to 2020.” Science 377 (2022): 1544-1550. https://doi.org/10.1126/science.abo0383 

[25] Lang, Kwong Cheng, Tan Lian See, Jully Tan, Azmi Mohd Shariff, and Hairul Nazirah Abdul Halim. “Life cycle 
assessment of potassium lysinate for biogas upgrading.” Prog. Energy Environ. 22 (2022): 29–39. 

[26] Latõšov, Eduard, Mihkel Loorits, Birgit Maaten, Anna Volkova and Sulev Soosaar. “Corrosive effects of H2S and NH3 
on natural gas piping systems manufactured of carbon steel.” Energy Procedia 128 (2017): 316-323. 

[27] United States Geological Survey. (n.d.). “How Can Climate Change Affect Natural Disasters “ 
www.usgs.gov/faqs/how-can-climate-change-affect-natural-disasters 

[28] Konapala, Goutam, Mishra, K. Ashok, Yoshihide Wada, and Michael E. Mann.“Climate change will affect global 
water availability through compounding changes in seasonal precipitation and evaporation.” Nat. Commun. 11 
(2020): 3044. https://doi.org/10.1038/s41467-020-16757-w 

[29] Ali M. Fadzli, Ammar Abd Aziz, and Alwyn Williams. “Assessing Yield and Yields Stability of Hevea Clones in the 
Southern and Central Regions of Malaysia.” Agronomy 127 (2020): 102449.  

[30] Thu, K. Myo, and Theingi Myint. “Myanmar’s Natural Rubber Policy: Key Stakeholders and Farmers’ Participatory 
Approach.” FFTC Agricultural Policy Platform, August 30, 2022.  https://ap.fftc.org.tw/article/2866 

[31] Silva, Daniella. “Huge potential for sustainability with natural rubber, experts say.” Forest News. June 30, 2022. 
https://forestmews.cifor.org.78076/huge-potential-for-sustainability-with-natural-rubber-experts-say?fnl=en 

[32] Ibrahim, Ahmad. “New strategy needed to help rubber smallholders.” New Straits Times. Columnist. September 
8, 2022. https://www.nst.com.my/opinion/cplumnist/2022/09/829431/new-strategy-needed-to-help-rubber-
smallholders 

[33] Muralikrishna, V. Iyyanky, and Valli Manickam. “Life Cycle Assessment.” In Environmental Management. 2017. 
www.sciencedirect.com/topics/earth-and-planetary-sciences/life-cycle-assessment 

[34] Hashim, A. Hariza, Chong Han Xi, and Che Wen Sien. “Young Consumers’ Perception towards Zero-waste.” 
Malaysian Journal of Consumer and Family Economics 21 (2018): 65-77. 

[35] Khin, Aye Aye, Raymond Ling Leh Bin, Sia Bik Kai, Kevin Low Lock Teng, and Fong Yi Chiun (2019). Challenges of 
the Export for Natural Rubber Latex in the ASEAN Market. IOP Conference Series: Materials Science and 
Engineering 548 (2019): 012024. https://doi.org/10.1088/1757-899X/548/1/012024 

[36] Statista. (2022). Size of areas planted for palm oil Malaysia 2012-2021. 
https://www.statista.com/statistics/1198337/malaysia-size-of-areas-planted-forpalm-oil/  

[37] Bernama. “Palm product export for January-June reaches RM71.02 billion.” Sun Daily. September 20, 2022. 
https://thesundaily.y/business/palm-product-export-for-January-June-reaches-rm7102b-LJ9847782  

[38] Bernama. “About 400 000 hectares of rubber plantations in Malaysia inactive, with inconsistent production, says 
minister.” Malay Mail. March 13, 2022. https://malaymail.com/news/money/2022/03/13/about-400000-



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 207-222 

220 
 

hectares-of-rubber-plantations-in-Malaysia-inactive-with-incon/2047219 
[39] Jaafar, Fayyadh. “Rubber Exports Hit RM71 Billion in 2021.” The Malaysian Reserve, Economy. Malaysian 

Reserve. https://themalaysianreserve.com/2022/03/14/rubber-exports-hit-rm71bil-in-2021/ 
[40] World Wildlife Fund. “Key Messages: Natural Rubber Report.” September 2021. 2021. 

https://www.worldwildlife.org/publications/2021-wildlife-progress-report 
[41] Malaysian Rubber Council. “Industry Overview.” 

2022. https://www.myrubbercouncil.com/industry/malaysia_production.php 
[42] Tiseo, Ian. “Value of Natural Rubber exports from Malaysia 2016-2021.” Statista. August 12, 2022. 

https://www.Statista.com 
[43] Tunku-Yahya, T. Mahmud. “Crop Diversification in Malaysia.” 

https://www.fao.org/3/x6906e/x6906e08.htm#:~:text=Agricultural%20or%20crop%20diversification%20is%20pr
acticed%20in%20Malaysia.,crops%20grown%20by%20the%20private%20and%20public%20sectors.  

[44] Ali, M. Fadzli, Md Ali Akber, and Abdul Aziz, Ammar Abd Aziz. “The dynamics of rubber production in Malaysia: 
Potential Impacts, challenges, and proposed interventions.” Forest Policy and Economics 127 (2021): 102449.  

[45] Workman, Daniel. “Natural Rubber Exports by Country.” 2022. World’s Top Export. 
https://www.worldstopexports.com/natural-rubber-exports-country/ 

[46] Ng, J. and Hamdan, M. Ahmad. “Cover Story: The plight of Malaysia’s rubber smallholders.” The Edge Malaysia. 
September 10, 2020. https://www.theedgemarkets.com/article/cover-story-plight-malaysia-rubber-
smallholders#.Yx_xb1pSFPO.whatsapp 

[47] Kodoh, Julius, Andy Russel Mojiol, Walter Lintangah, Mandy Maid and Kang Chiang Liew. “The contributions of 
rubber plantation to the socio-economic development: a case study on Kanibongan project-rubber smallholders 
community in Pitas, Sabah.” (2016).  

[48] DW Documentary. “Rubber tires – a dirty business.” [Video]. YouTube. September 18, 2019. https://youtu.be/-
fusUxEPwsw 

[49] Arshad, M. Fatimah. “My say: Can middlemen be eliminated, especially in the agriculture and fishing sectors?” The 
Edge Malaysia. January 24, 2020. https://www.theedgemarkets.com/article/can-middlemen-be-eliminated-
especially-in-the-agriculture-and-fishing-sectors 

[50] Yongdong, Zhou, Mingliang, Jiang., Ruiqing, Gao, and Xiaoling, Li. “Rubberwood Processing Manual.” Project 
Document. Chinese Academy of Forestry. 2007. https://baixardoc.com/preview/rubber-wood-processing-
manual-5c7edc4a4b426 

[51] Ratnasingham, Jeganathan, Ark Chin, Latif, A. Haazirah Abdul Latif, Hasshviny Subramaniam, and Albert Khoo. 
“Innovation in the Malaysian Furniture Industry: Drivers and Challenges.” BioResources 13, no. 3, (2018): 5254-
5270. 

[52] Ganesh, V. Shankar.  “Msia plans to export RM19b timber products by 2025.” New Straits Times. April 9, 
2022. https://api.nst.com.my/news/nation/2022/04/787312/msia-plans-export-rm19b-timber-products-2025 

[53] Solhi, Farah. “Malaysia gained RM17.9 billion from timber exports in 2021.” New Straits Times. January 15, 2022. 
[54] Fitch, Peter. “The Amazing Success Story of Rubberwood.” MMMA Newsletter for Panel and Furniture Asia, 

May/June 1-2, 2019. 
[55] Riches, J. P. R. and E. G. B. Gooding. “Studies in the Physiology of Latex. I. Latex Flow on Tapping-Theoretical 

Considerations.” New Phytologist 51 (1952): 1-10. 
[56] Gracz-Bernaciak, Joana, Oliwia Mazur, and Robert Nawrot. “Functional Studies of Plant Latexas a Rich Source of 

Bioactive Compounds: Focus on Proteins and Alkaloids.” International Journal of Molecular Sciences 22 (2021): 
12427 https://doi.org/10.3390/ijms222212427  

[57] Express News Service. “Demand push: Rubber industry looks to double exports by 25’” The Indian Express June 5, 
2022. 

[58] Bernama. “SMR20 price expected to exceed RM6.50 per kg in a few months, says MRB DG.” The Edge Markets. 
October 3, 2022. https://www.theedgemarkets.com/article/smr20-price-expected-to-exceed-rm650-kg-few-
months-says-mrb-dg   

[59] Bernama. “Rubber price expected to exceed RM3.50 per kg by year-end – Zuraida.” New Straits Times. August 17, 
2022. https://www.nst.com.my/business/2022/08/822983/rubber-price-expected-exceed-rm350-kg-year-end-
zuraida 

[60] Then, Stephen. “Untapped millions.” The Star. September 20, 2012. 
https://www.thestar.com.my/news/community/2012/09/20/untapped-millions 

[61] KNN Bureau. “Natural rubber plantation and replantation shrink from 30,000 to 10,000 hectares in 5 years.” KNN 
India. October 14, 2022. https://knnindia.co.in/news/newsdetails/sectors/natural-rubber-plantation-and-
replantation-shrink-from-30000-to-10000-hectares-in-5-year 

[62] European Rubber Journal. “Asian Rubber Farmers switch crops as prices dive.” 2014.  http://www.european-



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 207-222 

221 
 

rubber-journal.com/article/2074688/asian-rubber-farmers-switch-crops-as-prices-dive 
[63] Tiseo, Ian. “Leading Natural Rubber Exporters by Country.” Statista. August 11, 2022. https://www.Statista.com 
[64] Malaysian Timber Industrial Board. “Timber Prices – MTIB.” 2022. 

https://www.mtib.gov.my/en/services/promotion/timber-prices 
[65] Noraida, A. W., and Abdul-Rahim Abdul Samad. “Supply of rubber wood log in Malaysia.” Asian journal of 

agriculture and rural development 4 (2014): 361-371. 
[66] Prakash Kumar, B. G., K. Shivakamy, Lima Rose Miranda and Manickam Velan. “Preparation of steam activated 

carbon from rubberwood sawdust (Hevea brasiliensis) and its adsorption kinetics.” Journal of Hazardous 
Materials 1363 (2006): 922-9. 

[67] de Jesus Eufrade Junior, Humberto, Jéssica Monari Ohto, Lucas D. L. da Silva, Hernando Alfonso Lara Palma and 
Adriano Wagner Ballarin. “Potential of rubberwood (Hevea brasiliensis) for structural use after the period of latex 
extraction: a case study in Brazil.” Journal of Wood Science 61 (2015): 384 - 390. 

[68] Oldertrøen, Kittiya, Aran H-Kittikun, Souwalak Phongpaichit, Sa-ad Riyajan and R. Teanpaisal. “Treatment of 
rubberwood (Hevea brasiliensis) (Willd. ex A. Juss.) Müll. Arg. with maleic anhydride to prevent moulds.” Journal 
of Forest Science 62 (2016): 314-321. 

[69] Kingsly, C. T. Cheah, and Yao J. Sum. “Synthesis and evaluation of Fe-doped zinc oxide photocatalyst for methylene 
blue and congo red removal” Progress in Energy and Environment 22(2022): 13-28. 

[70] Ali, Liaqat, Khurshid Ahmed Baloch, Arkom Palamanit, Shanza Raza, Sawanya Laohaprapanon and Kua-anan 
Techato. “Physicochemical Characterisation and the Prospects of Biofuel Production from Rubberwood Sawdust 
and Sewage Sludge.” Sustainability 13 (2021): 5942. 

[71] Jawjit, Warit, Carolien Kroeze and Suwat Rattanapan. “Greenhouse gas emissions from rubber industry in 
Thailand.” Journal of Cleaner Production 18 (2010): 403-411. 

[72] Saito, O. (2018) Chapter 15 - National Strategy Options for Japan. In K., Takeuchi, H., Syiroyama, O., Saito and M. 
Matsuura, M. (eds.) Science for Sustainable Societies – Biofuels and Sustainability: Holistic Perspectives for Policy-
making,  Springer: Japan. Page 247-265 

[73] Igile, O. Googwin, Bassey, O. Stella, Essein, Nsimah, Assim-Ita, E. A., and Ekpe, Onot. “Nutrient composition of 
Oyster mushroom (Pleurotus ostreatus) grown on rubberwood sawdust in Calabr, Nigeria and the Nutrient 
Availability between harvest times. European Journal of Food Science and Technology 8 no. 2, (2020): 46-61. 

[74] Othman, Zakirah, Nor Hidayah Abu, Shafini Shafie, Nur Badriyah Kamarul Zaman, Emmy Farha Alias, and Wan 
Ahmad Jaafar Wan Yahaya. “Challenges of Social Media Marketing in Digital Technology: A Case of Small Traders 
of Agricultural Products in Malaysia.” Journal of Advanced Research in Applied Sciences and Engineering 
Technology 28, Issue 3 (2022): 312-319 312. https://doi.org/10.37934/araset.28.3.312319 

[75] Kamil, M. Muhammad Faez, Wan Nurshazwani Wan Zakaria, Mohd Razali Tomari, Tee Kian Sek, and Nurfarina 
Zainal. (2020). Design of Automated Rubber Tapping Mechanism. In International Conference on Technology, 
Engineering and Sciences (ICTES). IOP Conf Series Materials Science Engineering. https://doi.org/10.1088/1757-
899X/917/012016. 

[76] Prasad, S. A. Raghavendra. “Rubber Tapping Machine.” International Research Journal of Engineering and 
Technology 7, no. 6 (2020): 1235-1238. 

[77] Yang, Hui, Zejin Sun, Junxiao Liu, Zhifu Zhang, and Xirui Zhang,. “The Development of Rubber Tapping Machines in 
Intelligent Agriculture.” Applied Sciences 12 (2022):  9304. 

[78] Ministry of Plantation and Industrial Commodity. “Rubber News. Getah: SMR20 price expected to exceed RM6.50 
per kg in a few months, says MRB DG” October 3, 2022. https://www.mpic.gov.my/mpi/en/rubber-news 

[79] Devi, Venesa.”Solidifying furniture export position with rubberwood. The Star, Metro News. November 3, 2022. 
https://www.thestar.com.my/metro/metro-news/2021/11/03/solidifying-furniture-export-position-with-
rubberwood  

[80] Helallo, Berhanu Sugebo, Dagnew Yebeyn, and Abera Adugna. “Latex Yield Variation among Hevea brasiliensis 
Clones Grown under the Agro- Climate of South-West Ethiopia.” Trees, Forests and People (2022): n. pag. 

[81] Krishnan, Dhesegaan Bala.  “Malaysia TVET Initiative Proven A Success. New Straits Times. SEAVET, Southeast Asia 
TVET Platform.” SEA-VET Home News. November 26, 2020. https://sea-vet.net/news/799-malaysia-s-tvet-
initiative-proven-a-success 

[82] Ghazali, Arniza, and Azniwati Abd Aziz. “Resetting Academic Integrity through Communication on Plagiarism - 
University Weaving Values into the Social Fabric.” International Journal of Learning and Teaching and Education 
Research 20, no. 12, (2021): 212-231. 

[83] Janzik, Ingar. (2022) Interdisciplinary Education for the Bioeconomy: Embedding the mindset of the bioeconomy 
in the curricula of Higher Education programmes. Promoting Education, Training and Skills Across Bioeconomy, 
PETSAB (Hybrid-European Commission) 15 September 2022. 

[84] Meemken, Eva-Marie, and Mark F. Bellemare. “Smallholder farmers and contract farming in developing 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 207-222 

222 
 

countries.” PNAS, 117, no. 1, (2020): 259-264. https://www.pnas.org/doi/pdf/10.1073/pnas.1909501116 
[85] Continental. “Responsible Sourcing of Natural Rubber: Continental takes on a pioneering role.” September 28, 

2022. http://www.Continental.com/de/presse/press-releases/20220928-responsible-sourcing-of-natural-rubber 
[86] Improving the Malaysian Higher Education Wood Furniture Industry 4.0 (MAKING4.0). “Module 6: Management 

Systems and Business Models” Online Pilot Teaching Module 6, February 17, 2022. 
[87] Kawano, Motoko. “Changing Resource-based Manufacturing Industry: The case of the Rubber Industry in Malaysia 

and Thailand.” In K., Tsunekawa and Tado, Y. (eds) Emerging Economy State and International Policy Studies – 
Emerging States at Crossroads. (2019): Pp. 145-162. https://doi.org/10.1007/978-981-13-2859-6_7 

[88] Centre for International Forestry Research. “Aini Fitri – Smallholder rubber and oil palm plantations affect the 
greenhouse gases emissions.” [Video]. YouTube. June 15, 2015. https://youtu.be/nNTK_wkZ2Zk 

[89] World International Trade Solutions. “Rubber; unvulcanised, compounded with carbon black or silica, in primary 
forms or in plates, sheets or strip imports from Malaysia in 2019.” Page refreshed December 23, 2022. 
https://wits.www.worldbank.org 

[90] Cable News Business Channel. “What The Rubber ‘Apocalypse’ Means For The U. S. Economy.” [Video]. 
YouTube. July 10, 2021. https://youtu.be/p_9XvHBb3nw 

[91] Continental. “Research network for the extraction of dandelion rubber strengthened by additional breeder.” 
September 27, 2022. http://www.Continental.com/de/presse/pressemitteillungen/20220927-forschung-neuer-
zuechter 

[92] Tan, Peck-Leong, S. H. Zakinan Nawas Sahul Hamid, and Norlida Abdul-Hamid,. “Intergenerational Social Economic 
Mobility among Rubber Tappers in Baling, Malaysia.” Malaysian Journal of Consumer and Family Economics 22, 
no. 1, (2019): 1-10. 

[93] Tan, Vincent. ”Malaysia’s glove industry is booming amid COVID-19, but are rubber smallholders seeing the 
benefits? Channel News Asia. October 9, 2020. https://www.channelnewsasia.com/asia/malaysia-rubber-
industry-gloves-trickle-down-smallholder-covid19-601401 

[94] Cui, B., W. J. Huang, H.C. Ye, Q. N. Chen, Z.C. Li, and H. Y. Jiang. “Remote-sensing Monitoring of Rubber plantations 
using object-oriented characteristics from the vigorous period.” In The Proceedings of the Second China Digital 
Earth Conference (Beijing) 2021. IOP Conference Series: Earth and Environmental Science 1004 (2021): (2022) 
012021. https://doi.org/10.1088/1755-1315/1004/1/012021 

[95] Intapun, Jutharat, Naridsara Khowaien, and Arthit Khowaien. “Maturation of Cup Lump Natural Rubber: Growth 
of Microorganisms and Effects on Quality Properties under Alternative Storage Conditions.”  Advanced Materials 
Research 844 (2015): 395-398. 

 


