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Abstract

:

Para rubber feedstock production potential was explored in Hat Yai district. The study focused on the respondent’s socioeconomic status, feedstock production potential, and mapped the relevant actors along the supply chain. Structured questionnaires were administered to 117 respondents chosen through random and purposeful sampling. The descriptive statistics, linear regression models, feedstock potential model, and Simpson’s diversity index were used to analyze the data. The findings showed average ages of 54.4 and 48.4 for farmers and processors respectively, with above 40% literacy. Seventy-six percent of the plantations’ land belongs to the respondents with corresponding average yields of 9.5 tons/yr and 1082.5 logs for latex and parawood as the main products. Farmers and processors had a mean annual para rubber income of USD 6341.35 and 2.55 million USD, respectively. The analysis revealed a significant relationship between plantation size and feedstock supply; the theoretical feedstock potential is 831,630.91 tons and is highly diverse (Simpson’s diversity index of 0.75), indicative of high potential for sustainable production and consumption. The study highlights that low latex prices alone cannot account for the decline in rubber feedstock yield, due to the high cost of new land, the inability of farmers to expand plantations, and four interlinked feedstock supply lines existing in the study area.
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1. Introduction


Rubber trees (Hevea brasiliensis) are primarily cultivated for latex production; nonetheless, they also produce timber for industry, and logging residues have been indicated to be used for energy production, coupled with other merchandises. Several plant species are known to produce natural rubber, but due to quality and economic considerations, the best candidate for a source of natural rubber is the rubber tree (Hevea brasiliensis) [1]. Natural rubber production has increased dramatically globally, from 6.8 million metric tons in 2000 to 13.6 million metric tons in 2019. This was because of increased demand [2]. As of 2018, Asia Pacific accounted for 91 percent of global natural rubber output [3], with Southeast Asia leading the way. According to the International Rubber Study Group, Southeast Asia produced 11,183,000 tons of rubber in 2014, compared to a global average of 12,070,000 tons [4]. Since 1993, Thailand has been the world’s leading producer of natural rubber, accounting for 31.5% of global production in 2019. Thailand accounted for 34% of the world’s natural rubber production in 2013, sequel to the “rubber boom” at that time, as occasioned by the increased global demand for non-synthetic rubber which offered good prices that led to increasing expanses of environmentally valuable and protected lands being cleared for rubber plantations indiscriminately. However, in 2019 Thailand was still the world’s largest natural rubber producer, but accounted for 31.5% of the global production, indicative of a declining rate which is attributed to decreased prices of fresh latex after the ‘boom’. Natural rubber production is expected to be maintained due to its indispensability in the manufacturing sector [5,6], but output has not increased substantially, implying that this failure cannot be explained solely by price fluctuations.



Rubber has the potential to contribute to economic development, but the existing cultivation, processing, and marketing methods do not optimize the benefits that farmers and processors of rubber products will realize. The process of adding value to natural rubber could increase income generation and job creation. For instance, smallholder rubber farmers sell approximately 95% of their total production as raw unprocessed rubber lumps, which results in slim profit margins. Natural rubber marketing is unlike other agricultural products in that it is an industrial business enterprise; it is highly specialized and strict due to the product requirements involved. Inadequacy of coordinated marketing has been identified as a significant impediment to the growth of rubber production. For example, most farmers can barely give details of what happens to their produce beyond the intermediate processor along the value chain. The farmers rely on various marketing agencies to drive their sales, who in turn count on rubber manufacturers for the final say on that. Clearly, the natural rubber sector needs a robust understood marketing system. Therefore, there are questions about what other factors contributed to the natural rubber production downturn, what value-adding responsibilities producers and processors play to maximize their profits, who the stakeholders are and what roles they play in the natural rubber supply chain. Amongst others, these have not been adequately investigated analytically. Moreover, most literature discussing the para rubber tree and its feedstock generally does not vividly distinguish different types of feedstock products, by whom they are produced, to whom they are sold [7] and the socioeconomic status of the stakeholders involved. Comprehensive analysis of feedstock, intermediates, and products is needed in any biomass conversion process, and unfortunately, has not really been explored and characterized in much detail.



Para rubber is critical to Thailand’s economy, primarily in terms of foreign exchange earnings, feedstock sourcing for agro-based industries, and job creation and sustenance of livelihoods through a variety of value addition levels. The Thailand natural rubber industry, which is dominated by smallholders (70%), has suffered a decline in output, despite the potentials of the crop as a major foreign exchange earner [8,9], earning more than rice [10]. Southern Thailand has been known to be an accustomed core for para rubber plantation in the country [11,12], containing over 60% of the country’s total plantations with roughly 1.0 million households owning para rubber plantations [13]. Recently, the Thai government has proposed initiatives targeting rubber and rubber products development aimed at the continued supply of international standard rubber and rubber products, and business opportunity development for both local and foreign investors associated with the concept of ‘rubber city’ [14]. These initiatives can only be effective and sustainable with the understanding of the prevailing realities in a rubber hub such as Hat Yai district, which, for some decades now, has conservatively been a nucleus of rubber industry development and related innovations.



Currently, natural rubber makes some important polymer materials for society, and has become an essential cradle material used in the manufacture of a wide range of goods. About 40,000 products can be produced from natural rubber [15]. This material has been implicated chiefly in the manufacture of automobile parts, medical supplies, chemicals, clothing, and packaging materials, among others. The woody part can make a decent stuff for the industrial production of woody merchandise (e.g., sawn timber, plywood, particle board, furniture). Twigs can be recycled for charcoal fabrication while leaves can be carbonized for briquette making. Moreover, rubber tree-based biomass residuals such as dead stands, twigs, and trunks can be transformed into other usable sorts of energy for combustion and transportation systems. Energy from biological procedures is necessary for driving sustainable development [16,17]. Moreover, rubber plantations have proven to be extremely commercial, hence driving the cultivation communities’ economy. Some distinct socio-ecological benefits of (Hevea brasiliensis) bioeconomy may include reduced reliance on fossilized fuels; lessened carbon dioxide emissions, hence climate change mitigation; delivery of energy; and several other valuable byproducts. In terms of socioeconomic and livelihoods, the significance lies in its role in the facilitation of entrepreneurial activities in cultivation regions where a wide range of stakeholders interact, thereby creating jobs that sustain livelihoods, and consequently the economy.



The para rubber sector value chain should be seen to reflects diverse levels of a feedstock supply chain potentials that ranges from biomass crop support; bioenergy for advanced biofuels; bio refinery, renewable chemical, and bio-based product manufacturing support; to bio-based markets. The connections between these supply chains are what will ensure sustainability, hence a profitable rubber enterprise. The security of feedstock is a critical component of ensuring the sustainability of renewable energy from biomass [18]. Numerous studies have been conducted on the issue of biobased products and bioenergy feedstock security. For instance, an investigation was performed on the energy production prospects of biomass in ecological systems in China in order to address the country’s biomass shortage, which is impeding the progression of the country’s bioeconomy and bioenergy industries [19]. According to [20], approximately 8 million tons (dry weight) of para-rubber waste wood is collected from agriculture and the furniture industry in Thailand each year, which can be used as feedstock to produce 5.32 million tons of wood pellets annually [13]. As of the year 2020, Thailand had produced 4.7 million metric tons of natural rubber [3]. Thai researchers conducting a study on the security of feedstock supply for prospective bioethanol production in Thailand found that higher feedstock increment is essential to meet long-term needs for bioethanol [21]. Moreover, a study quantifying India’s biomass possibilities for energy and biofuel production discovered that energy crop and agroforestry products are promising feedstock [22]. The critical issue of feedstock security analysis is the accessibility and variety of feedstock that will be sufficient to meet future demand for bio-based products and energy [23], taking into account input and output potentials. However, the relevant actors along the rubber value chain and the various types of para rubber feedstock products, how much of these feedstock products are accessible, and their reliability in sustainable utilization become questions to address. This study is conceived with an intent to explore the socioeconomics of para-feedstock production potentials and security, substantiate the range of products produced and analyze the economic opportunities of the para rubber tree as an important resource in the study area. The findings of this study will serve as a new benchmark for the rubber industry’s future development. While this study is focused on the study area, the findings and perspectives will aid in the management of feedstock for energy and non-energy commodity production in other regions within and beyond Thailand with comparable environment and processing situations.




2. Materials and Methods


2.1. Area and Scope of the Study


The study was conducted in Hat Yai district in Songkhla province of southern Thailand. Hat Yai district is located at 7°1′ N 100°28′ E, the district covers an area of 852.796 km2, and the climate of the region is described as a tropical monsoon in the Köppen–Geiger climate classification scheme. The average temperature ranges between 22 and 35 °C depending on the season, and the total yearly rainfall is 1720 mm (Thai Meteorological Department). The soil is clayey-skeletal with little phosphorus and potassium, and it is non-fertile soil according to the Land Development Department’s classification [24]. Para rubber (Hevea brasiliensis (Muell. Arg.)) plantations occupy 1.8 million hectares in southern Thailand [25] and in Songkhla Province, covering virtually 300,000 hectares [24], and 36,313.1 (42.6%) hectares of the land in Hat Yai district is covered with rubber tree plantations. The prolific biomass resources, economic growth, and enormous human population associated with the study area were amongst other reasons informing its choice for para rubber feedstock potential assessment as an important research area for sustainable development.




2.2. Sources and Types of Data


The primary data were collected with the aid of a set of well-structured questionnaires, which were used to gather the information from a range of stakeholders with a focus on the farmers and processors. The questionnaire combined open-ended questions and multiple-choice questions with predefined answers offering respondents the possibility to choose and rank among several options. For these questions, an optional space was provided to elaborate on the answer. This open part is considered of great importance for a survey of this kind as it contributes to improving the interpretation of its overall results and provides additional valuable material. Some of the data sourced were information on socioeconomic status, farm or factory size, quantities of inputs and outputs, knowledge of supply links, and profit made, among others. To ensure the reliability and validity of the data, it was ascertained that all respondents had substantial economic experience and were not para rubber industry novices. Furthermore, after establishing the survey’s face validity, it was piloted with a subset of the intended respondents and compared to data from key informants and direct observation. After testing the questionnaire, the survey was administered to the respective respondents using three trained enumerators under the supervision of the first author. Structured questionnaire, participatory tools, Market sketch, rapid market appraisal, quantitative market study, key informant interviews, structured direct observations were also used in this work.




2.3. Sampling Procedure and Sampling Size


A two-stage sampling procedure involving purposive and a random sampling techniques random sampling technique at 95% confidence level and 8.6% margin error was used in selecting 117 respondents. Stage one was the purposive selection of Khuan Lang, Khu Tao, Kho Hong, Khlong Hae, Khlong U Ta Phao, Chalung, Thung Yai, Thung Tam Sao, Tha Kham, Nam Noi, Ban Phru, and Pha sub districts being the major rubber-producing sub districts in Hat Yai district. The second stage was the random selection of respondents: 96 farmers involved in para rubber cultivation in each of the 12 sub districts from the 2010 directory of para rubber farmers were accessed from the Rubber Research Institute of Thailand and the Thai Rubber Association. Furthermore, because association leaders were involved, ethical concerns were easily complied with through this channel. It is common that, when conducting a study of this nature, it is crucial to consider ethical considerations such as respondents’ willingness, ability to utilize survey tools and more. For example, a study remarked that rubber farmers were chosen based on the diversity of their intercropping vegetation and their desire and ability to participate in information collection [26]. The list comprises of farmers whose plantation would have attained tapping age; gestation period for rubber is 7 years. Twenty-one processors (7 from each type of enterprise) were also randomly selected from different clusters that include latex, wood, and other processors. A total of 117 respondents, comprising 96 para rubber farmers and 21 processors, were interviewed for the study. Like most studies, this design might have limitations. Data sampling is susceptible to biases, as respondents can manipulate the data and enumerators may exclude certain subgroups. This could lead to invalid or inferential statistical procedures, and it can become ineffective as the population size increases. To mitigate the likely limitations, respondents involved in rubber production and processing were selected from the membership of the Thai Rubber Association and the Thai Rubber Processor Association, respectively. All students were interviewed based on their expertise and comprehension of the rubber industry’s dynamics.




2.4. Statistics of Respondents Sampled


One hundred and seventeen respondents were sampled for the study, and a total of 109 were found useful for the study. These represent about 93% of the total response rate (Table 1).




2.5. Analytical Techniques


Data were entered and analyzed in MS Excel using descriptive statistics which were frequency counts, a pie chart, percentages, means and mode. Collinearity and Pearson correlation analyses were explored to check the relationship between continuous and categorical variables, respectively. Moreover, linear regression models were used to evaluate the factors affecting farmers’ feedstock supply, a feedstock potential model was used to estimate the theoretical feedstock potential from the perspective of processors, and the Simpson’s diversity index was used to evaluate feedstock diversity. The value chain was mapped using a functional approach. At each node of the value chain, the fundamental processes, enterprises involved, product flow, and quantity of product were determined and represented.



2.5.1. Evaluating the Para Rubber Farmers Feedstock Supply


To determine the factors associated with farmers feedstock production potential, a linear regression model was used. The regression models are denoted as follows:


   Y 1  =  β 0  +  β 1   X 1  +  β 2   X 2  +  β 3   X 3  +  β 4   X 4  +  β 5   X 5  +  ε t   



(1)






   Y 2  =  β 0  +  β 1   X 1  +  β 2   X 2  +  β 3   X 3  +  β 4   X 4  +  β 5   X 5  +  ε t   



(2)




where    β 0    is the average product supply or wood produced for all the farmers,    β 1  ,  β 2  ,  β 3  ,  β 4  ,  β 5    are regression coefficients, X1, X2, X3, X4 and X5 are plantation size, plantation age, other farms owned, purpose of plantation, and inter-cropping respectively, while Y1 and Y2 are latex- and wood-related product supply, respectively.




2.5.2. Assessing the Theoretical Quantity and Fraction of Potential Para Rubber Feedstocks


The potential quantity of feedstock was evaluated because it is critical for increasing the production of a wide variety of products and energy. The potential quantity of feedstock was calculated by subtracting the total quantity of feedstock from the product. The net feedstock balance was determined by deducting anticipated feedstock necessities from the estimated available feedstock resource. The following equation was used to estimate the accessible feedstock categories [13,21,27].


  P  Q i  = T  Q i  −    ∑   j    C  F  i ,   j   ×  I  I m p u t   i , j   −    ∑   j    C  F  i , j   ×  O  O u t p u t   i , j      



(3)




where:   P  Q i    denotes the potential quantity of feedstock  i  for bio-based product production in the study area (ton/year),   T  Q i    denotes the total quantity of feedstock  i  in the study area over a period (tonne/year), and   C  F  i ,   j     denotes the conversion factor used to convert the quantity of feedstock  i  for producing product  j .    I  I m p u t   i , j     denotes the total supply of product  j  as an input (tonne/year), whereas    O  O u t p u t   i , j     denotes the total supply of product  j  as an output (tonne/year).



The average conversion factor was determined using data from three clusters of latex and wood processors with varying operations and raw materials handled (Table 2).




2.5.3. Assessing the Para Rubber Feedstock Diversity across the Value Chain


Variance was used as a metric of variability to determine how feedstock categories are spread to ensure their security; the formula for computing variance is as follows.


   σ 2  =  ∑     (   X i  − μ  )   2  / N  



(4)




where:



   σ 2    is the estimate of variance;



μ is the population mean; and



Xi is the ith data point out of N total data points.



Simpson’s diversity index was used to determine the diversity of feedstock supply in relation to feedstock security and value chain potential. This index, when used to assess long-term supply security and the diverse distributions of products and energy flows within a system, can broaden additional opportunities and channels for partnership and interdependence within the value chain and energy utilization [28]. The Simpson’s diversity index formula is as follows:


  D =  ∑   (   n i  ×  (   n i  − 1  )   )  /  (  N ×  (  N − 1  )   )     



(5)




where:



   n i    is the number of individuals in the ith species; and



N is the total number of individuals in the community.






3. Results


3.1. Demographic Characterization Analysis of Para Rubber Farmers and Processors in the Study Area


Table 3 presents the demographic characteristics of the rubber farmers and processors. From these pooled results, a composition of 64%, 55% and 36%, 45% indicates the distribution of males and females as farmers and processors, respectively. This shows that, there were more male farmers, with a reasonable number of female processors. The modal age range for both farmers and processors was 51–70 with respective means of 54.4 and 48.4, implying that the most the farmers and processors were above youthful ages. Farmers average family size is 4.4 and for processors it is 3.9, both of which mostly range between 3–4 members. Most farmers (40%) have elementary educational attainment, with a few (17%) of them having vocational education. For processors, the reverse is the case as 35% had vocational educational attainment, with only 15% having elementary education. Generally, the demographic distribution showcases that more males were involved in the rubber production and supply process, and the population of rubber farmers and processors was composed more of older persons than the younger ones in the area. Moreover, more technical know-how was involved in processing than mere cultivation.




3.2. Para Rubber Plantation Ownership and Rubber Land Use Analysis in the Study Area


The plantation ownership and establishment analysis are shown in Figure 1. The results revealed that, most plantations were personally owned by the respondents representing 76%, while only 7% were either partially owned or rented. The analysis revealed that, as high as 21% of the plantations were established for the primary purpose of main income generation source, with only 2% were established for other reasons not categorized. Moreover, some secondary benefits were also derived from the plantations, most of such benefits ranges from integration of the plantation with other crops, firewood, recreation, and others. The results indicate that most secondary benefits were derived from integration with other crops, representing 31%, with the least benefit categorized as others (11%). However, most farmers were not willing to expand their plantations; this category represents 80% compared to only 20% who had expansion plans. The analysis of reasons why plantation owners were willing or not to expand indicates that as many as 36% of the respondents were not willing due to unavailability of land, with the lowest proportion (12%) citing the high cost of land. From the pooled data, it is indicated that the modal plantation age range was 11–15 years with a mean age of 17.4 years old. The sizes of plantations owned by the respondents showed a modal size range of 0.96–1.6 hectares with a mean size of 2.6 hectares. Moreover, the results showed that 30% of the plantations exist without integration with any crop, while the remaining part were integrated mostly with papaya (15%), and some with coconut and others (Table 4). In southern Thailand, there are a number of communities with intricate orchards dominated by rubber. The means of para rubber land use suggested that there is considerable rubber-related product production potential, which is in an active phase of productivity, with a corresponding initiative of sustainable utilization of the plantation across the study area.




3.3. Para Rubber Plantation Owners’ Production and Economic Status Analysis in the Study Area


The pooled data of monthly income and expenditure status of the respondents showed a modal of both income and expenditure ranges to be between USD 310.19–930.58 with means of USD 1079.05 and 937.03, respectively. The analysis of the annual para rubber products production potential showed that farmers primarily supply latex and parawood. The modal annual production ranges were between 6000–10,999 kg and within a decade 1.0–1009 with corresponding means of 9455.4 kg and 1082.5 for latex and parawood, respectively. Moreover, the analysis of annual para rubber-based income generation showed a highest range between USD 31.02–3101.93 with a mean income of USD 6341.35 (Table 5). The results suggest that para rubber is a valuable resource which support livelihoods and economic development in the study area.



The analysis of production and supply dynamics revealed that most (40%) of the plantation establishments were funded by government grants, with only 10% being funded by other means. The products traded from the plantation were mainly fresh latex (74%) latex and parawood. The analysis also revealed that most of the proceeds from para rubber sales were used for family upkeep; this represented 52%, while 20% was utilized in debt servicing. The analysis of challenges associated with the entire production process revealed that low prices of fresh latex constituted the biggest (40%) challenge (Figure 2). These analyses indicated that para rubber production received recognition as a driver of household economy; hence it is capable of impacting the farmers, yet low prices of major and regular products tended to demoralize enhancement across the study area.




3.4. Factors Associated with Para Rubber Farmers Feedstock Supply in Hat Yai District


Results from the regression analysis indicated that the average latex supply among all the farmers was 3528.1 kg (Table 6). The plantation size had a significant association with the amount of latex supply. An increase of 1 hectare in the land size significantly increased the latex supply by 1310.1 kg. The number of farms owned apart from latex was positively associated with latex supply, although the association was not statistically significant. The analysis also showed that farmers who cultivated para rubber as their main source of livelihood had 4676.4 kg more product supply than farmers who used their farms as source of extra income. Farmers who inter-cropped their farms significantly produced 4107.8 kg more than farmers without inter-crops.



The average amount of parawood supplied by the farmers was 271.52 kg (Table 7). The size of plantation showed significant association with the amount of parawood supplied. From the results, increasing the land size by 1 hectare corresponded to a 246.19 kg increase in wood production. All other factors had no significant effects on the wood production.




3.5. Rubber Processors’ Production and Economic Potentials Analysis in the Study Area


The socioeconomic profile of the processing companies is shown in Table 8; the results revealed a mean of 27.9 years of processing operation by the respondents and the modal years’ range was between 18–39 years. The modal range for workforce was between 40–54 persons, with a mean value of 63.8 for the workforce. Moreover, the analysis of the annual income of processors revealed that the modal range was above 3.10 million USD and the mean annual income of processors was 2.55 million USD.



The pooled data analysis of the processors’ production capacity revealed that 70% and 30% of the respondents handled latex related and parawood-related processing, respectively. The most processed product was the standard Thai rubber block representing 26%, while the least was lumber (1%) amongst a wide range of products processed (Figure 3). However, the result revealed that 70% of the processors were not willing to expand their businesses. From the analyses above, more latex related processing facilities exist and the most processed is rubber block, yet a good number of these facilities are not willing to expand their business in the study area due to economic instability.




3.6. Para Rubber Feedstock Potential Security Analysis in Hat Yai District


The theoretical feedstock potential (PQ) of the various clusters of processors is presented in Table 9 by feedstock category. The result indicates that the study area possesses 340,968.68, 241,173.09, and 249,489.14 tons of wet latex, dry latex, and wood-related feedstock.



From the results, the Simpson’s diversity index is 0.75 (Table 10) which is high enough and indicative of good potential for feedstock security and can be used to calibrate the supply-side diversity, which is critical for material flow system since increasing the variance and balance of end-use sectors improve efficiency and adaptability.



Latex and parawood feedstocks find widespread use in a variety of industries, including automotive, medical, packaging, chemical, construction, furniture, and household items. For instance, latex is a nonfungible and important biopolymer that is used to manufacture more than 50,000 rubber products, including tires and medical gloves [29], and possesses special features that synthetic rubber cannot really match [30]. The woody material has been used in the manufacturing of a variety of products and energy generation in the form of timber, wood residues, wood-based materials, woodware, and wood chips. However, numerous studies conclude that using products is more ecologically friendly than removing standing trees [31]. Increased yields and improved management will improve the performance of feedstock sources [32]. According to the findings of [33], agrotechnical considerations, vegetation type, and yield cycle influence not just output, but also the qualitative characteristics of biomass. While the use of bio-based products and biofuels may mitigate the effects of reduced haulage, the total cost of bio-based products and bioenergy may rise when particularly in comparison to solely using bio-based residues [34]. A well-designed feedstock supply trend can boost biomass plant income, feedstock supply quantities, and farmer willingness to participate [35]. The pattern of different yields influences the efficiency of energy and non-energy outputs; whole tree product utilization is significantly more efficient than considering only stem wood [36].




3.7. Para Rubber Feedstock Supply Chain and Economic Opportunities Analysis in the Study Area


Table 11 presents the para rubber feedstock supply channels. The analysis para rubber feedstock supply chain revealed that all types of the para rubber feedstock undergo four tiers along the supply chain with the corresponding input suppliers, key activities, operators, and key products traded at each tier. From the analysis, the trend suggests that a range of products traded tend to increase with increasing tier, implying increasing economic opportunities across the supply tiers.





4. Discussion


The demographic trends were in good conformity with the results of [12] who reported the modal age range of farmers to be between 51–60 years old, with 67% having at least elementary education attainment, and family sizes >3 among other parameters in their assessment of socioeconomic characteristics of forest stewardship council-certified famers in Rayong and Songkhla provinces According to the pooled data, it appears that the sector is mostly male, implying that more men were interested in rubber production and processing. This may be a function of the tremendous amount of labor required in rubber production. The sample’s low representation of youth and middle-aged categories may reflect their derogatory attitudes toward agriculture. Processors have higher literacy and technological proficiency than their counterparts in rubber production. In essence, it may be that they needed the requisite knowledge and skills to improve their efficiency in each of the various aspects of processing and marketing, including effective communication, good record keeping, and inventing better methods, among others. Moreover, similar trends have been reported by [37] in their study of the rubber value chain in Nigeria. They reported that most rubber farmers were males, aged and had some form of formal education attainment. Attributing the trend to value placement on agriculture and education, coupled with gender perception. However, being educated will make it easier for farmers to adopt new and improved techniques, as they are more likely to learn quickly and spread innovations. Larger family size and youth involvement could indeed represent an important source of labor for rubber production and perhaps other agricultural and non-agricultural activities. This will mitigate low efficiency, which is a result of management diversity, a labor shortage, especially during the tapping season, a high cost of production, and limited opportunities for off-farm jobs.



Largely, the results imply that most para rubber plantations were established on owners’ lands with a primary aim to generate income; however, there seemed to be a sought alternative use on the lands to minimize risk and maximize benefits, yet land availability has constrained the expansion of plantations across the study area. The findings varied from the previous assertions of authors such as [38], who found that the most important reasons for unwillingness to expand plantations to be majorly economical in their work analyzing the problems and potential solutions for small-scale rubber farmers in Songkhla province. The present finding implies that the most important factor, low net production in the area, is both socioecological and socioeconomic, since land unavailability was found to be the most important reason why most farmers are unwilling to expand their plantations. This situation may be attributed to the possibility that many plantations have expanded to their maximum limits induced by urbanization among other factors, which fuels the land accessibility constraints among even the few willing farmers. These, coupled with low rubber prices, will leave no option for the farmers other than to just maintain the status quo in their production capacities. Rubber production of small-scale farming systems in Thailand provides farmers with a stable source of income [39]. Intercropping para rubber has been a long-time practice with small farmer holders in this area; if the farmer has good management in place, income can be significantly increased by integrating intercropping or animal husbandry into the farming system. In [40], it is reported that the integration of rubber with fruit crops and native vegetables provides a significant household income in Songkhla. However, the decision to intercrop depends on several factors such as edaphic, marketing, land, and labor availability.



The present study’s results in part concur with the reported findings of [38], who found that most para rubber plantations in this same area integrated crops as intercrops with pineapple, rice, corn, vegetables, and other annual crops in that order. However, the present findings present papaya as the most commonly integrated crop across the study area, implying that there has been a shift in attention from the usual cropping system and land use to suit the eminent realities presented by dynamics relating to the rubber enterprise among producers over the past two decades. The present results revealed that a good number of farmers could not integrate their plantations with any crop; this probably is due concerns of interference due to crop competition that could incur greater management costs, the high value of para rubber, fear of reduced yield and extra labor requirements, which are among the reasons why some farmers are skeptical of integration in plantations. Similar trends of farmers’ annual para rubber income have been reported by [12]; they reported that a significant proportion (27.1%) of rubber farmers had income from rubber plantations of USD 1551.00–3101.93 per year. Rubber will undoubtedly remain a valuable product in the modern age, and because of a positive mindset and ability to adapt, the rubber industry has remained a source of economic strength in this region. As a result, the rubber industry’s dynamics have an impact on the smallholder’s lifestyle and socioeconomic status in their society. It is clear from these findings that, without para rubber plantations, the farmers’ other sources of monthly income and expenditure margins are not wide enough, implying that savings and investments will consequently be constrained and hence will hamper economic growth and development. With the para rubber enterprise, however, farmers are comfortable to channel the proceeds for family upkeep, investments and debt servicing; the majority of rubber farmers, 88.33 percent, had debts totaling an average of 10,868.46 USD [12].



The para-rubber trees are an economically viable resources in the study area, primarily for natural rubber production from the age of seven almost continuously throughout its life; additionally, diseased and spent trees (mostly over 25 years old) are harvested for parawood when the latex yield has significantly decreased. This allows owners to continue to derive economic benefits from the resource, thereby earning a livelihood and facilitating local economic functions. An appraisal of the annual feedstock production capacity of the area implies an impressive potential, which is essential for energy and non–energy supplies. However, despite the recognition and value attached to the para rubber enterprise, farmers face a lot of challenges that impede the productivity of their plantations. These include low latex prices, termites and blasts infestations, drought, and high input costs among others. These constraints are capable of inflicting socioeconomic hardships such as more debts, reserved life, decreased self-esteem, and inequity and inequality on the citizens induced by decreased productivity and income. Moreover, while a good proportion of farmers accessed a government grant as a mean of encouraging production, a significant number exist who still fund the establishment of their plantation by themselves. Similar trends were reported by the works of [38]; when they analyzed the problems and potential solutions for small-scale rubber farmers in Songkhla province, they found the major constraints to rubber production to be low price of the product, deficient expertise, and pest/disease among others which they attributed to the absence of bargaining price insurance potential, a deficit in management knowledge and the high cost of living. For these challenges to linger for over two decades, it implies that important aspects such as product marketing and insurance have not received needed reform; moreover, other factors such as climate change which influence weather related elements and biodiversity most have compounded the challenges. Establishment of a robust, inclusive para rubber business system and biotechnological innovation adoption could be ‘a game changer’ in the rubber sector.



Rubber farmers’ outputs have been positively influenced by plantation size, intercropping, and source of livelihood, and these variables have increased concurrently with rubber feedstock yields. This study found that a larger rubber plantation is the best indicator of increased para rubber feedstock production in Hat Yai district. This finding is consistent with those of [4,41,42,43,44], who reported that the size of plantations resulted in high levels of latex production in Nigeria, Thailand, and Sri Lanka, respectively. This finding reinforces and confirms the implication that land scarcity and related issues are contributing to the decline in feedstock supply, as indicated by many farmers who were unable to increase their yields due to it in the current study. Furthermore, a similar tendency of a negative coefficient of plantation age has been observed by other researchers such as [42], who attributed the trend to technical efficiency factor. Intercropping and the utilization of plantations as a source of livelihood; these factors were positively associated with feedstock output, implying that farmers are investing significantly more in modern plantation cultural practices such as optimal input supply and sustainable farm operations in order to maximize profit. Generally, these results indicate that rubber processing has been a common practice, and an important employer of labor with a reasonable income generation potential over the past three decades across the study area. This trend confirms the findings of [45], who reported that most of these processing facilities are concentrated in this study’s area relative any other province within the southern region. The localization of the rubber processing facilities in this region may be the function of the rubber resource abundance induced by optimum cultivation conditions, industrialization/urbanization and commercial potentials coupled with the strategic location particularly of Hat Yai city, where most of the processing plants are located. There is no doubt that the rubber processing sector drives both the micro and regional economy across the southern region through their respective production, workforce, and income generation capacities.



Remarkably, Thailand’s parawood sawing and energy related industry is still in its growing stage, with small and medium-sized sawmills dominating the enterprises. Previously, the parawood trunks that remained after latex processing were used as firewood on the plantation or in charcoal manufacture [39]. The underdevelopment of the wood sector could be attributed to the greater emphasis on the latex, longer time taken (mostly when trees are spent) to derive benefit from woody derivative relative to latex, tedious labor/technology, logistics involved, inaccessibility of plantations or proximity to processing facility, and an unstandardized marketing system. However, the added value generated by parawood is becoming increasingly important to smallholders, as the market price of rubberwood timber has improved. This might have been occasioned by increased demand for wood and related feedstock as induced by growing innovations in construction, furniture, energy, and other applications. For instance, the feedstock supply of wood pellets in Thailand from para rubber waste wood, economic waste wood and fast-growing trees wood could yield 5.32 million tons of wood pellets across Thailand [13]. Therefore, with a sustainability mindset setting up a system involving the feedstock cultivation, wood energy-related plants and the consumers, if optimized, could reduce the time and use of fuel. This will encourage production of wood pellets and other energy resources and support the security of energy production in Thailand because the feedstock is domestically obtainable. The potential amount of feedstock is related to the future production and consumption of a diverse range of products in the study area. The findings corroborate those of [13], who stated that Thailand has enough para rubber feedstock potential that is densely concentrated in the southern region. This sufficient potential can be attributed to favorable climatic conditions for para rubber production, socioeconomic and socioecological factors, as well as the presence of processing plants in Hat Yai. Therefore, feedstock security becomes critical for the long-term production and consumption of para rubber, and its diversity can help ensure sustainability. Latex and parawood feedstocks find widespread use in a variety of industries, including automotive, medical, packaging, chemical, construction, furniture, and household items. For instance, latex is a nonfungible and important biopolymer that is used to manufacture more than 50,000 rubber products, including tires and medical gloves [29], and possesses special features that synthetic rubber cannot really match 2021) [30]. The woody material has been used in the manufacturing of a variety of products and energy generation in the form of timber, wood residues, wood-based materials, woodware, and wood chip. However, numerous studies conclude that using products is more ecologically friendly than removing standing trees [31]. Increased yields and improved management will improve the performance of feedstock sources [32]. According to the findings of [33], agrotechnical considerations, vegetation type, and yield cycle influence not just output, but also the qualitative characteristics of biomass. While the use of bio-based products and biofuels may mitigate the effects of reduced haulage, the total cost of bio-based products and bioenergy may rise when particularly in comparison to solely using bio-based residues [34]. A well-designed feedstock supply trend can boost biomass plant income, feedstock supply quantities, and farmer willingness to participate [35]. The pattern of different yields influences the efficiency of energy and non-energy outputs; utilization of whole-tree products is significantly more efficient than considering only stem wood [36].



Thailand’s natural rubber supply chain is composed of three distinct components; these includes upstream, midstream and downstream industries. Conceptually, it is assumed that the upstream productions focus on the growing and harvesting of rubber and parawood on plantations, the operators (growers, tappers and loggers) have begun to engage in some kind of simple processing such as production of dried (cup lump, scraps, sheets, and crepe rubber) and some wood primary products (dried wood, various graded wood). Almost all upstream production in Thailand is consumed as inputs into the domestic midstream industry since their products are cradles for midstream processing facilities; midstream productions, or natural rubber processors, take rubber produced from plantations and convert this into intermediate products, (ribbed smoked sheets (RSS), technically specified rubber (TSR), concentrated latex, compound rubber and skim rubber) and wood products (chipped/ground wood, sawdust and wood wastes) which variously have the qualities and properties required as inputs to downstream manufacturers in both domestic and international markets; and downstream producers, or producers of rubber products (tires, latex gloves, condoms, elastics, rubber shoes, chemicals and adhesives, etc.) and wood and energy-related merchandise (particle boards, furniture, and wood pellets and briquettes). However, the reality of rubber supply chain in Hat Yai district begins on the plantation, where rubber farmers grow fresh latex that is preprocessed into simple rubber products such as field latex, unsmoked sheets, and cup-lumps. These resulting products are sold via defined local market traders, which may include the general market, cooperatives, and dealers. These traders deliver the primary rubber products to the processing plants, which process the intermediate rubber products such as rubber blocks, concentrated latex, and other types before supplying them to domestic or export manufacturing customers. Moreover, from the findings of this work, most farmers supply fresh latex, implying that the preprocessing is achieved mostly by rubber cooperatives who act as middlemen and preprocessors, thereby interfering with farmers’ opportunity of value addition to maximize profit [46]. This could be attributed to the fact that most farmers do not have access to preprocessing technology such as rollers and other accessories for rolling unsmoked sheets or have the requisite ‘know–how’ of the process. The same scenario is applicable to the parawood supply chain. Typically, dealers or middlemen purchase wood from rubberwood plantations, and they are also responsible for wood supply. Over the last decade, about 80% of Thai sawn parawood has been exported, mostly to China, Vietnam, and Malaysia, with the remaining 20% being used in Thai furniture plants [39].




5. Conclusions


Although the rubber tree remains a significant global resource, Thailand is a significant global supplier, with most of the production coming from the country’s southern region, where the resource has remained an economic gem, involving farmers, processors, manufacturers, and other related stakeholders in a traditional supply chain. For both farmers and processors common operational challenges relates to product low prices and unstable economic situation. The rate of para rubber plantation expansion may eventually stagnate due to threshold attainment of available and accessible land owned by farmers, identified as key constraints responsible for stagnant expansion. However, numerous enterprises and products derivable from the rubber feedstock value chain were identified in this work. Furthermore, the rubber feedstock supply tiers presented some specific outcomes, which can reinforce the rubber feedstock value addition points to be effective and sustainable. One key inferred factor depressing the production capacity may be the scarcity of a well-established and organized inclusive supply and marketing network that promotes value addition, regulates profit margins, provides price insurance, and provides business support services to participating actors. This way, renewed interest can be generated because everyone benefits; the more efficient the scheme, the more valuable and exciting it becomes. Even though, this study has two important shortcomings that could be addressed in future research. First, the spatial scope of the evaluation was limited by the study’s design, sample size, and data access. Second, the investigation centered on rubber producers and processors, limiting the data analysis to these categories of actors in the sector. These findings have brought to the spotlight important aspects of the para rubber sector for further investigations; the authors plan to research further into the potentials associated with this resource for facilitating circular economy transition for sustainable development in the study area.
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Figure 1. (A) Analysis of para rubber plantation ownership. (B) Analysis of the purpose of establishing para rubber plantations. (C) Analysis of secondary benefits derived from plantation. (D) Analysis of willingness to expand plantations with reasons by respondents (Para rubber farmers). 
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Figure 2. (A) Analysis of the source of funding for running the plantation. (B) Analysis of the main category of products produced and sold. (C) Analysis of utilization of income from plantation. (D) Analysis of challenges associated with the plantations by the respondents (para rubber farmers). 
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Figure 3. (A) Analysis of type of products handled. (B) Quantity of annual production. (C) wiliness to expand business by the respondents (para rubber processors). 
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Table 1. Distribution of Respondents Sampled.
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Category of Respondents

	
Location

	
Number of Sampled Respondents

	
Number of Valid for Study

	
Response Rate (%)






	
Para rubber farmers

	
Khuan Lang

	
8

	
8

	
100




	
Khu Tao

	
8

	
7

	
87.5




	
Kho Hong

	
8

	
7

	
87.5




	
Khlong Hae

	
8

	
8

	
100




	
Khlong U Ta Phao

	
8

	
7

	
87.5




	
Chalung

	
8

	
8

	
100




	
Thung Yai

	
8

	
7

	
87.5




	
Thung Tam Sao

	
8

	
8

	
100




	
Tha Kham

	
8

	
8

	
100




	
Nam Noi

	
8

	
7

	
87.5




	
Ban Phru

	
8

	
8

	
100




	
Pha Tong

	
8

	
6

	
75




	
Subtotal

	
96

	
89

	
92.71




	
Para rubber processors

	
Hat Yai (Dry Latex cluster)

	
7

	
6

	
85.7




	
Hat Yai (Wet Latex cluster)

	
7

	
7

	
100




	
Hat Yai (Parawood cluster)

	
7

	
7

	
100




	
Subtotal

	
21

	
20

	
95.24




	
Total

	

	
117

	
109

	
93.2








Computed from surveyed data.
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Table 2. Conversion factor for three processor clusters.
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Variable

	
Dry Latex Cluster

	
Wet Latex Cluster

	
Parawood Cluster






	
Raw material (ton)

	
356,190

	
571,300

	
318,400




	
Product produced (ton)

	
285,900

	
358,900

	
239,290




	
Conversion factor (Raw material/Product produced)

	
1.23

	
1.59

	
1.33




	
Average conversion factor

	
1.38
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Table 3. Demographic distribution analysis of para rubber farmers and processors respondents.
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Para Rubber Farmers

	
Para Rubber Processors




	
Variable

	
Description

	
N

	
N Total

	
N%

	
Variable

	
Description

	
N

	
N Total

	
N%






	
Sex

	
Male

	
57

	
89

	
64

	
Sex

	
Male

	
11

	
20

	
55




	
Female

	
32

	
89

	
36

	
Female

	
9

	
20

	
45




	
Farmer age range

	
10–30

	
3

	
89

	
3

	
Processor age range

	
10–30

	
3

	
20

	
15




	
31–50

	
31

	
89

	
35

	
31–50

	
7

	
20

	
35




	
51–70

	
45

	
89

	
51

	
51–70

	
9

	
20

	
45




	
>70

	
10

	
89

	
11

	
>70

	
1

	
20

	
5




	
Mean

	
54.4

	
89

	

	
Mean

	
48.4

	
20

	




	
Median

	
55.2

	

	

	
Median

	
50.5

	

	




	
Farmer family size

	
1–2

	
3

	
89

	
3

	
Processor family size

	
1–2

	
5

	
20

	
25




	
3–4

	
50

	
89

	
56

	
3–4

	
9

	
20

	
45




	
5–6

	
30

	
89

	
34

	
5–6

	
4

	
20

	
20




	
7–8

	
5

	
89

	
6

	
7–8

	
1

	
20

	
5




	
>8

	
1

	
89

	
1

	
>8

	
1

	
20

	
5




	
Mean

	
4.4

	
89

	

	
Mean

	
3.9

	
20

	




	
Median

	
4.2

	

	

	
Median

	
3.6

	

	




	
Farmer educational level

	
Elementary

	
36

	
89

	
40

	
Processor educational level

	
Elementary

	
3

	
20

	
15




	
Secondary

	
16

	
89

	
18

	
Secondary

	
4

	
20

	
20




	
Tertiary

	
22

	
89

	
25

	
Tertiary

	
6

	
20

	
30




	
Vocational

	
15

	
89

	
17

	
Vocational

	
7

	
20

	
35








N is number of responses.
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Table 4. Distribution analysis of para rubber plantation ages, sizes and land use owned by respondents (para rubber farmers).
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Variables

	
Description

	
N

	
N Total

	
N%






	
Plantation age

	
6–10

	
8

	
89

	
9




	
11–15

	
33

	
89

	
37




	
16–20

	
30

	
89

	
34




	
21–25

	
6

	
89

	
7




	
26–30

	
6

	
89

	
7




	
31–35

	
4

	
89

	
4




	
>35

	
2

	
89

	
2




	
Mean

	
17.4

	
89

	




	
Median

	
16.1

	

	




	
Plantation size (in Hectares)

	
0.16–0.8

	
10

	
89

	
11




	
0.96–1.6

	
25

	
89

	
28




	
1.76–2.4

	
22

	
89

	
25




	
2.56–3.2

	
13

	
89

	
15




	
3.36–4.0

	
5

	
89

	
6




	
4.16–4.8

	
4

	
89

	
5




	
4.96–5.6

	
4

	
89

	
4




	
5.76–6.4

	
3

	
89

	
3




	
10.56–11.2

	
1

	
89

	
1




	
>11.2

	
2

	
89

	
2




	
Mean

	
2.6

	
89

	




	
Median

	
12.7

	

	




	
Plantation land use

	
No integration

	
27

	
89

	
30




	
Integrated with Papaya

	
13

	
89

	
15




	
Integrated with Pineapple

	
10

	
89

	
11




	
Integrated with Vegetables

	
8

	
89

	
9




	
Integrated with Banana

	
8

	
89

	
9




	
Integrated with Durian

	
5

	
89

	
6




	
Integrated with Rambutan

	
5

	
89

	
6




	
Integrated with Jackfruit

	
5

	
89

	
6




	
Integrated with Coconut

	
4

	
89

	
4




	
Integrated with Others

	
4

	
89

	
4








N is the number of responses.
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Table 5. Distribution analysis of monthly income and expenditure and plantation annual production and income generation by the respondents (Para rubber farmers).






Table 5. Distribution analysis of monthly income and expenditure and plantation annual production and income generation by the respondents (Para rubber farmers).





	
Variable

	
Description

	
N

	
N Total

	
N%






	
Monthly income (USD)

	
<310.19

	
4

	
89

	
5




	
310.19–930.58

	
43

	
89

	
48




	
961.60–1861.16

	
35

	
89

	
39




	
1892.18–3101.93

	
5

	
89

	
6




	
>3101.93

	
2

	
89

	
2




	
Mean

	
1079.05

	
89

	




	
Median

	
908.22

	

	




	
Monthly expenditure (USD)

	
<310.19

	
16

	
89

	
18




	
310.19–930.58

	
36

	
89

	
40




	
961.60–1861.16

	
32

	
89

	
36




	
1892.18–3101.93

	
4

	
89

	
5




	
>3101.93

	
1

	
89

	
1




	
Mean

	
937.03

	

	




	
Median

	
810.38

	

	




	
Annual fresh latex production (kg)

	
1000–5999

	
21

	
89

	
24




	
6000–10,999

	
34

	
89

	
38




	
11,000–15,999

	
15

	
89

	
17




	
16,000–20,999

	
6

	
89

	
7




	
21,000–25,999

	
3

	
89

	
3




	
26,000–30,999

	
8

	
89

	
9




	
>30,000

	
2

	
89

	
2




	
Mean

	
9455.4

	
89

	




	
Median

	
8030.8

	

	




	
Wood production in seven (7) years (logs)

	
10–1009

	
72

	
89

	
81




	
1010–2009

	
2

	
89

	
2




	
2010–3009

	
6

	
89

	
7




	
3010–4009

	
4

	
89

	
5




	
4010–5009

	
1

	
89

	
1




	
5010–6009

	
3

	
89

	
3




	
>6009

	
1

	
89

	
1




	
Mean

	
1082.5

	
89

	




	
Median

	
627.4

	

	




	
Annual income from para rubber products (USD)

	
31.02–3101.93

	
37

	
89

	
42




	
3132.95–6203.86

	
20

	
89

	
22




	
6234.88–9305.79

	
14

	
89

	
16




	
9336.81–12,407.72

	
5

	
89

	
6




	
12,438.74–15,509.65

	
4

	
89

	
5




	
15,540.67–18,611.58

	
3

	
89

	
3




	
18,642.60–21,713.51

	
2

	
89

	
2




	
21,744.53–24,815.44

	
2

	
89

	
2




	
24,846.45–27,917.36

	
1

	
89

	
1




	
>27,917.36

	
1

	
89

	
1




	
Mean

	
6341.35

	
89

	




	
Median

	
4280.66

	

	








N is the number of responses.
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Table 6. Determinants of para rubber farmers latex feedstock supply in Hat Yai district.
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	Factor
	Coefficient
	Standard Error
	t-Value
	p-Value





	Average latex supply
	3528.1
	2822.6
	1.25
	0.215



	Plantation size
	1310.1
	388.3
	3.37
	0.001 **



	Plantation Age
	−115.2
	136.6
	−0.84
	0.401



	Other farms owned
	608.4
	316.2
	1.92
	0.058



	Purpose of plantation
	
	
	
	



	Extra income
	1
	
	
	



	Main livelihood
	4676.4
	1752.3
	2.67
	0.009 **



	Others
	1674.8
	2757.8
	0.61
	0.545



	Intercropping
	
	
	
	



	No
	1
	
	
	



	Yes
	4107.8
	1593.6
	2.58
	0.011 *







** p-value < 0.01; * p-value < 0.05.
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Table 7. Determinants of para rubber farmers woody feedstock supply in Hat Yai district.
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	Factor
	Coefficient
	Standard Error
	t-Value
	p-Value





	Average parawood supplied
	271.52
	619.15
	0.44
	0.662



	Plantation size
	246.19
	85.18
	2.89
	0.005 **



	Plantation Age
	−19.88
	29.97
	−0.66
	0.509



	Other farms owned
	−24.49
	69.36
	−0.35
	0.725



	Purpose of plantation
	
	
	
	



	Extra income
	1
	
	
	



	Main livelihood
	471.53
	384.39
	1.227
	0.223



	Others
	237.66
	604.94
	0.393
	0.695



	Intercropping
	
	
	
	



	No
	1
	
	
	



	Yes
	234.93
	349.58
	0.672
	0.503







** p-value < 0.01.
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Table 8. Distribution analysis of operation duration processing, workforce, and annual income generation from para rubber by the respondents (Para rubber processors).
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Variable

	
Description

	
N

	
N Total

	
N%






	
Number of years of operation

	
1–17

	
5

	
20

	
25




	
18–28

	
6

	
20

	
30




	
29–39

	
6

	
20

	
30




	
40–50

	
1

	
20

	
5




	
>50

	
2

	
20

	
10




	
Mean

	
27.9

	
20

	




	
Median

	
26.7

	

	




	
Workforce

	
10–24

	
2

	
20

	
10




	
25–39

	
3

	
20

	
15




	
40–54

	
7

	
20

	
35




	
55–69

	
1

	
20

	
5




	
85–99

	
2

	
20

	
10




	
100–120

	
4

	
20

	
20




	
>120

	
1

	
20

	
5




	
Mean

	
63.8

	
20

	




	
Median

	
50.2

	

	




	
Annual income (Million USD)

	
<1.24

	
4

	
20

	
20




	
1.24–1.86

	
2

	
20

	
10




	
1.89–2.48

	
1

	
20

	
5




	
2.51–3.10

	
1

	
20

	
5




	
>3.10

	
12

	
20

	
60




	
Mean

	
2.55

	
20

	








N is the number of responses.
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Table 9. Theoretical para rubber feedstock potential for three cluster of processors.
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	Variable
	Quantity (Tons)
	CF
	TQ (Tons)
	PQ (Tons)





	Theoretical feedstock production
	311,473
	1.33
	1,245,890
	831,630.91



	Wet latex cluster (41%)
	127,704
	1.33
	510,815
	340,968.68



	Dry latex cluster (29%)
	90,327
	1.33
	361,308
	241,173.09



	Parawood cluster (30%)
	93,442
	1.33
	373,767
	249,489.14
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Table 10. Para rubber feedstock diversity analysis based on its tiers of supply chain in Hat Yai.
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Category

	
Actors

	
Population

	
Observations (N)

	
Mean (μ)

	
Standard Deviation (σ)

	
Variance (σ²)

	
Simpson’s Index (D)

	
Simpson’s Reciprocal Index (1/D)

	
Simpson’s Diversity Index (1-D)






	
Tier 1

	
Agro input suppliers

	
7

	
4

	
10.3

	
2.86

	
8.19

	
0.25

	
3.98

	
0.75




	
Tier 2

	
Rubber farmers

	
8




	
Tier 3

	
Cooperative dealers

	
14




	
Tier 4

	
Industrial biorefineries

	
12
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Table 11. Para rubber feedstock supply tiers and economic opportunity potentials.






Table 11. Para rubber feedstock supply tiers and economic opportunity potentials.





	

	
Tiers

	
Tier 1

	
Tier 2

	
Tier 3

	
Tier 4




	
Variable

	






	
Input Suppliers

	
-Rubber seedling nurseries

-Agro input shops

-Rubber cooperative societies

-Government agencies

	
-Para rubber farmers

-Rubber community cooperative societies

-Loggers

	
-Cooperative dealers

-Sawmills

	
-Industrial biorefineries

-Wood-based panel processing




	
Key Activities

	
-Growing

-Managing

-Harvesting

	
-Screening raw biomass materials

-Grading raw biomass materials

	
-Refine raw biomass

-Produce refined and intermediate products

	
-Manufacture industrial biomaterials

-Process industrial biomaterial for specific uses




	
Operators/Potential customer

	
-Para rubber plantations

-Tappers

-Loggers

	
-Preprocessors (Cooperative dealers)

-Sawmills

	
-Industrial biorefineries

-Wood-based panel processing

	
-Manufacturing industries




	
Key Products traded

	
Energy

	
Non- Energy

	
Energy

	
Non-Energy

	
Energy

	
Non-Energy

	
Energy

	
Non-Energy




	

	
-Parawood

-Twigs

-Stump

-firewood

	
-Fresh latex

-Cup lump

-Parawood

	
-Graded energy wood (various dimensions)

-Charcoal

-Dried wood

	
-Natural rubber latex (low & high ammonia)

-Latex coagulate grades (STR5L & STR5CV60)

-Uncooked

sheet (STR10, STR10CV, STR20 & STR20CV)

-Ribbed smoked sheet (RSS1, RSS2, RSS3, RSS4, &

RSS5)

-Graded wood (various dimensions)

	
-Ground wood

-Chipped wood

-waste wood

-Sawdust

	
-Ribbed smoked sheet (RSS)

-Air dried sheet

-Concentrated Latex

-Compound Rubber

-Skim crepe

-Skim Block

-Standard Thai rubber block

-Ground wood

-Chipped wood

-Wooden containers and frames

	
-Wood pellets

-Briquettes

	
-Various automobile parts e.g., (Tires, fan belt, radiator hose)

-Various rubber packaging and other materials e.g., rubber bands, toys, bathroom slippers

-Medical items e.g., (Gloves and Condoms)

-Various rubber- based chemicals e.g., (resins, foam, adhesives, and paints)

-Furniture. e.g., (tables and chairs)

-Poles and scaffoldings

-Cellulosic fibers

-Particle boards

-Parquet board

-Dehydrated wood coatings
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