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Abstract

The demand for rubber by-products has the potential to significantly impact rubber
supply. However, rubber production in the province of Cotabato has not returned to its
peak production reached prior to the El Nifio phenomenon of 2016. It is essential to study
the factors affecting rubber supply and demand as they form the basis for strengthening
the rubber industry. This study aimed to describe the distribution flow of rubber by-prod-
ucts from the major sources to processors, assess cup lump demand by processors and its
supply from farmers, and investigate factors impacting rubber supply and demand in Co-
tabato province. Results revealed that the rubber supply chain in the province encompasses
various steps, including rubber farming, product trading, and rubber byproduct processing,
which eventually leads to the production of rubber sheets and cup lumps. These products
are both distributed locally and exported, depending on market demand and processing
capabilities. Trade relationships within the supply chain rely on mutual trust and verbal
agreements. Despite the potentially stable supply of cup lumps resulting from the presence
of processors and traders, the market price remains unstable, due to dynamics of supply
and demand, particularly the shortage of cup lumps. To ensure price stability, consistent
supply is essential. As a recommendation, the government should formulate policies and
programs to encourage farmers to engage in rubber production and help them improve
rubber productivity to increase supply and meet the demand for cup lumps.

Introduction

In Southeast Asia, natural rubber (Hevea brasiliensis) is recognized as an im-
portant high-value export-oriented agro-industrial crop (Chawananon, 2014). While rubber
trees are native to the tropical zones of mainland Southeast Asia, including the Malaysian
Peninsula and the southern parts of Thailand, Vietnam, and Myanmar, hybrids have been
successfully grown in areas with cooler climates such as China, Laos, and northern Thailand,
Vietnam, Cambodia, and Myanmar (Fox & Castella, 2013). In recent years, rubber farming
has grown dramatically in response to the rising demand for natural rubber and the grow-
ing economies of countries like China and India (Ziegler et al., 2009; Sturgeon, 2010). Rub-
ber plantations worldwide stand at 12.9 million hectares which produce an average output
of 14.0 million MT (Food and Agricultural Organization of the United Nations [FAO], 2023).
Mainland Southeast Asia and China are the dominant production regions (Warren-Thomas
et al,, 2015), with Thailand as the top producer of natural rubber, accounting for approxi-
mately one-third of the volume of global natural rubber in 2021 (FAO, 2023). Extensive
plantations in these areas have been advocated to alleviate poverty, especially in rural areas
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(Agence France-Presse, 2009; Dwyer, 2007). There continues to be a bright prospect for
rubber, with estimated global demand for natural rubber reaching 29.6 million MT (Statista
Research Department, 2023), particularly with the Asian and European markets (Fertilizer
and Pesticide Authority, n.d.).

In 2021, the Philippines had an estimated 239,140 hectares planted with rubber, pro-
ducing approximately 431,000 MT, which accounts for only 3% of global supply (FAO, 2023).
Rubber production is mainly in Mindanao, particularly in Zamboanga and the
SOCCSKSARGEN region, where the agro-climatic condition is favorable for growth (Depart-
ment of Agriculture Philippine Rural Development Project [PRDP], 2014). In the Philippines,
the major demand comes from the manufacturing of tennis balls (Dunlop Slazenger Philip-
pines, Inc.) and tires (Manhattan Rubber and Plastic Manufacturing Corporation, Mitsubishi
Belting Philippine Corporation, and Yokohama Tire Philippines) (Bureau of Plant Industry,
2016). Despite the government's initiative to strengthen the rubber industry, the Philippine
rubber industry still faces some challenges that make it difficult to expand and compete
globally. Lack of support for advanced technology for rubber among farmers and fluctuat-
ing rubber prices due to a fluctuating supply were two of the most prominent difficulties
confronting the Philippine rubber sector (Department of Science and Technology-Philip-
pine Council for Agriculture, Aquatic and Natural Resources Research and Development
[DOST-PCAARRD], n.d.; Department of Science and Technology-Philippine Council for In-
dustry, Energy, and Emerging Technology [DOST-PCIEERD], 2020).

Cotabato province, belonging to the SOCCSKSARGEN region, is one of the leading
producers of raw and semi-processed rubber and industrial trees in the Philippines, con-
tributing 143,422 MT, or approximately 33%, of the total production of the country in 2021
(Philippine Statistics Authority, 2023). Further, the rubber industry can provide much-
needed livelihood in the province, which has the highest number of food-insecure families
(30.3 thousand) in 2018. The province also has the highest number of low-income families
in the region, at 90.09 thousand, in the same year (Philippine Statistics Authority, 2022).

There was an increasing trend in rubber cup lumps production in Cotabato province
from 1990 to 2019, with the years 2010 through 2015 generating the highest volume of
cup lumps. However, Figure 1 shows that rubber output declined during the El Nifio phe-
nomenon in 2016, with rubber production comparatively lower than the previous years.
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Figure 1. Volume of rubber cup lump production in Cotabato Province, 1990-
2019. Source: Philippine Statistics Authority (2020, 2023)

Since the province of Cotabato is one of the country's primary sources of natural
rubber, a decline in rubber cup lumps production in the province impacts the supply for
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the product in the area and throughout the country. To date, there is no research on the
simultaneous estimation of supply and demand for rubber in province. Thus, this study
aimed to estimate the supply and demand of rubber in Cotabato Province. Specifically, it
aimed to (a) identify the major sources of rubber seedlings, (b) determine the distribution
flow of the cup lumps from the major sources to the processors, (c) determine the demand
of cup lumps by the processors and its supply from the rubber farmers, and (d) determine
the factors affecting supply and demand of rubber in the province.

Materials and Methods

Site Description

Cotabato Province is located in Mindanao, Philippines (7.1083°N, 125.0388°E) with a
total land area of 900,890 hectares (National Statistical Coordination Board, 2012). It is
bounded to the north and northeast by Maguindanao, to the west by Sultan Kudarat, and
to the east by the Davao Region. The geography of the province is varied, with mountains,
plateaus, valleys, and rivers. It is also home to the Ligawasan Marsh, one of the Philippines'
largest marshland areas. Cotabato Province is primarily an agricultural province, with ex-
tensive agricultural lands dedicated to rice, corn, coconut, sugarcane, and other crops. The
province is also known for its livestock and poultry farming. The province is one of the
country's leading producers of raw and semi-processed rubber with markets in the locality
and other countries such as Malaysia, China, and Korea, among others (Philippine Rubber
Technical Working Group, 2017). The study was conducted in the major production and
consumption areas of rubber in the province, particularly in the municipalities of Carmen,
Matalam, Kidapawan, Makilala, Arakan, Alamada, and Tulunan.

Respondents

The initial respondents of this study were rubber growers or farmers. From the total
population of 26,000 rubber growers in Cotabato as of 2016 during the time of the study,
the margin of error was set to 7%, the maximum deviation desired between the sample
estimate and the true value. The confidence level was set to 90%, which corresponds to a
z-value of 1.645. The sample size was calculated using the following formula:

2Z2xp(1-p)
n=—— g
e
where:

zis the z-score

e is the margin of error
n is the population size
p is the population proportion

Therefore,

_ 1.6452x 0.5(1-0.5)
n= 0.072

= 139 respondents

A total of 150 rubber farmers were randomly selected for interviews, which were per-
formed with permission obtained from the respective municipal mayors and barangay cap-
tains. These interviews aimed to identify significant sources of rubber in the province, in-
volving questions about where the farmers obtained their rubber seedlings for planting and
where they sold their cup lumps. The initial interviews with the farmers provided insights
into 5 rubber crumb processors, 25 trader-consolidators, and 3 village trader-consolidators,
who were subsequently interviewed to gather data on the volume they handled and their
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demand for cup lumps. Consequently, the study's respondents comprised key figures in
Cotabato Province's rubber industry, including rubber farmers, crumb-rubber processors,
and trader-consolidators. Interviews with these respondents enabled the researchers to de-
termine the demand for cup lumps among processors, the factors affecting the demand
and supply of rubber cup lumps, and the distribution of flow of the rubber byproducts from
the major sources to processors in Cotabato Province, Philippines, 2016.

Data Analysis

The initial respondents of this study were rubber growers or farmers. From the total
population of 26,000 rubber growers in Cotabato as of 2016 during the time of the study,
the margin of error was set to 7%, the maximum deviation desired between the sample
estimate and the true value. The confidence level was set to 90%, which corresponds to a
z-value of 1.645. The sample size was calculated using the following formula:

The model for the estimation of the supply of cup lumps in the province is shown in
Equation 1.

Yi= Bo+ BiX1 + BaXa + B3X3 + BaXa +BsXs + €, Equation 1

where:

Y; = volume of production, in kilogram
Bo = intercept or constant term

B, Bz, B3, Ba, Bs = slope or coefficient
X = cost of land preparation, PhP
X> = cost of planting, PhP
X3= cost of harvesting, PhP
X4= farm size, ha
Xs= planting distance
& = error term/residual

Moreover, the model for the demand for cup lumps in the province is shown in Equation 2.
Yi= Bot+ BiX1 + BoXz + €, Equation 2

where:
Y: =volume of cup lump handled, in kilogram
Bo= intercept or constant term
B, B2= slope or coefficient
Xq= years in operation
X>= number of workers
&= error term/residual

Results and Discussion

Major Sources of Rubber Seedlings in the Province

Based on the survey, majority of the rubber seedlings were from Makilala, Cotabato.
The municipality of Makilala had the highest number of rubber nurseries in the province.
This area is also where the big local processors are located. Other sources of rubber seed-
lings were found in the City of Kidapawan and the municipalities of Kabacan, Pigcawayan,
and Aleosan. Table 1 shows the location of rubber seedlings mentioned by the respondents
of this study.
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Table 1. Major sources of rubber seedlings in Cotabato Province, Philippines, 2016.

Source Address/Location

Rubber Nursery A Kidapawan City

San Vicente, Makilala
Malasila, Makilala
Poblacion, Makilala

Malasila, Makilala

Rubber Nursery B
Rubber Nursery C
Rubber Nursery D
Rubber Nursery E
Rubber Nursery F Poblacion, Makilala
Rubber Nursery G Katidtuan, Kabacan
Rubber Nursery H Poblacion, Makilala
Rubber Nursery | Kidapawan, City
Rubber Nursery J Pigcawayan

Rubber Nursery K Aleosan

Distribution Flow of Rubber Cup Lumps and By-products in Cotabato Province, Phil-
ippines, 2016.

Figure 2 shows the distribution flow of cup lumps and rubber by-products from the
major sources of rubber seedlings to the processors. The product flow begins with the in-
puts of production: rubber farming, trading of products, and processing of rubber byprod-
ucts. Rubber farmers obtain seedlings, fertilizer, and pesticides from nursery operators and
agricultural supplies in the area. In the fifth to seventh years after planting, rubber trees
reach their productive stage and latex can be harvested (Rodrigo et al., 2005), until up to
30 years after planting (Darmawan et al., 2014). During this time, individual farmer-produc-
ers bring their products, such as rubber sheets and cup lumps, directly to traders/proces-
sors, and some are picked up by area consolidators. After cup lumps are processed, local
processors sell their finished product in Standard Philippine Rubber (SPR) form to the dif-
ferent manufacturers in the country.

Some processors directly export cup lumps because they can be exported without
processing, even though this reduces economic efficiency due to high water content. Some
processors/traders are also inclined to export raw rubber cup lumps due to the high cost
of processing, the region's unstable power supply, and the stringent quality standards of
direct buyers (typically tire companies). Traders/consolidators process their cup lumps and
sell these to the big processors (local and international) in the form of rubber sheets. If
demand is high, processors may sell cup lumps; otherwise, some processors sell SPR to
Thailand and Malaysia.

Traders or agents are the main sources of raw materials, and they transport the accu-
mulated cup lumps to the processors within the locality. As in the case of Thailand (We-
erathamrongsak & Wongsurawat, 2013), processing facilities are located close to latex pro-
duction to secure access to raw materials and reduce transportation costs. Current market
rates and the estimated dry rubber content determine the price. Furthermore, relationships
between industry players are established through spot transactions and the "suki" system.
The entire trade is formalized through contracts and memorandums of understanding be-
tween and among the actors in the chain. Commonly in the Philippines, agri-marketing
relationships, mutual trust, and verbal agreement rather than formal documentation form
the basis of the flow of goods and services and can make or break the reputation of grow-
ers/tappers and traders (Department of Agriculture PRDP, 2014).
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On the other hand, along with the distribution flow of rubber by-products, several
problems have been encountered by the players in the rubber industry. For instance, pro-
cessors encountered difficulties in marketing and consuming cup lumps. Among these is-
sues are the low price of cup lumps and low quality of cup lumps (i.e. dirty appearance and
some have stone inside). These issues affect large processors because they incur significant
losses and waste because of adulteration in the quality of cup lumps. Further, some village-
type processors lacked technical know-how and capability to implement sustainable pro-
duction practices, product standardization, and value addition of rubber cup lumps into
rubber sheets or crumbs.
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Cotabato Province, Philippines, 2016.

Major Consumers of Rubber Sheet/Crepe and Crumbs in Cotabato Province, Philippines,
2016

Table 2 shows the major consumers of crepe/sheet and crumb rubber in the major areas,
the consumption volume (in bales), and the desired prices. One bales is equivalent to 35kg.
Based on this study, there are two kinds of crumb rubber produced by the five processors in
Cotabato Province—SPR 10 and SPR 20. Consumers of these crumb rubber are the local man-
ufacturers in Caloocan, Antipolo, Parafiaque, Bulacan, Bataan, Novaliches, Valenzuela, Yoko-
hama, and Ozone Tire and the international manufacturers in Thailand, Malaysia, China, and
Korea. Among the five processors, only two firms (labelled Firm 1 and Firm 2 in Table 2) pro-
vided their volume consumption of SPR 10 (32,200 bales) and SPR 20 (42,000 bales), respec-
tively. The remaining three processors were not able to provide the volume consumption data
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because their data are kept in their marketing offices in Manila and Davao. The price per kilo-
gram of SPR 10 is PhP40.00 and PhP41.00 for SPR 20. The major consumers of the village-type
produced sheets were the processors.

Table 2. Major consumers of crepe/ sheet and crumb in the major areas, indicating
the consumption volume and the prices.

Product Consumers Consumption volume Price/kg (bale)
Crumb:
SPR 10 International and local 32,200 bales (Firm 1) 40
SPR 20 International and local 42,000 bales (Firm 2) 41
Sheet Processors

Note: The data is only available for two out of five processors.

Estimated Volume of Supply and Demand of Cup Lumps in Cotabato Province, Philippines,
2016

From the total area of 239.35 ha managed by the farmers in this study, results revealed
that the total volume of production reached 48.434 MT in 2016. This volume was less than the
demand for cup lumps which was 4,558.08 MT, or 379.84 MT per month. Thus, there was a
recognizable shortage of supply of cup lumps in the local market in 2016.

The demand is further categorized into demand from processors and traders in Table 3.
Among the 33 processors/traders-consolidators of raw rubber in Cotabato Province, 5 (15.2%)
were processors, 25 (75.8%) were traders/consolidators, and 3 (9.1%) were traders/village level.
Data show that processors handled most of the volume of cup lumps in the province (300 MT
per month).

The price of raw rubber during the conduct of the study was Php18.00/kg. This price pro-
vides income to rubber farmers especially if they are engaged in an integrated rubber-based
farming system with banana, cacao, or coconut (Mag-aso & Garcia, 2021). Although rubber
farming can be profitable, it is also risky due to the volatility of the rubber price (Min et al.,
2015).

In terms of rubber industry-related employment, 56 out of 150 (37.3%) respondents were
dependent on the industry as their main source of income. Of this, 34 were processors, while 9
and 13 workers were employed at the traders/consolidators and traders/village level, respec-
tively. The implication is that rubber processors have the largest potential to contribute to eco-
nomic activities both locally and internationally and create a multiplier effect on the economy.
Rubber industries increase employment and income while increasing output in other sectors of
the economy (Nair, 2010). It can also increase rural income and decrease poverty (Gao et al.,
2012).
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Table 3. The demand for cups lumps by the traders and processors, its corresponding price, and the number of
workers in the industry,2016.

The average demand for . The average number of work-
Processors/traders ~ Frequency Price/kg . .
cup lumps/month, tons ers in the industry
Processors 5 300 18 34
Traders/consolidators 25 17.34 18 9
Traders (village-level) 3 62.5 18 13
Total 33 379.84 56

Note: Among the 8 processors in Cotabato Province, 5 of them were interviewed; no data were obtained from other respondents due to the rules
and regulations of their respective companies.

Estimated Volume of Supply and Demand of Cup Lumps in Cotabato Province, Philip-
pines, 2016

Originally, the model included the 13 variables: price of seedlings, cost of land preparation,
cost of planting, cost of fertilizer application, cost of herbicide application, cost of harvesting,
farm size, age of crop, price of cup lump, variety of seedling, number of trees planted per hec-
tare, planting distance, and age of farmers, while production/yield served as the dependent
variable. However, after data transformation and analysis, the researchers included only varia-
bles that were statistically significant up to 10% in the final model. The result of the log-lin
regression model estimates for the factors affecting the supply of cup lumps in Cotabato prov-
ince is presented in Table 4.

Table 4. Estimation of the factors affecting the supply of cup lumps in Cotabato Province, Philippines,

2016.

Supply Coef. Std. Err. t p
Cost of land preparation, PhP —0.000085** 0.000039 2.18 0.031
Cost of planting, PhP -0.000062* 0.000035 1.77 0.079
Cost of harvesting, PhP 0.00005*** 0.000017 3.01 0.003
Farm Size 0.45456*** 0.052819 8.61 0.000
Planting distance 0.11710* 0.060044 1.95 0.053
Constant 5.10347*** 0.64675 7.89 0.000
F(13,136) = 18.36

Prob>F = 0.0000

R? = 0.6370

Adj R = 0.6023

Root MSE = 0.2845

Note: Level of Significance: *** significant at 1% level or better
** significant at 5% level or better
* significant at 10% level or better
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Sixty percent (60%) of the variables included in the study are explained in the model. The
cost of land preparation (p = 0.031), cost of planting (p = 0.079), cost of harvesting (p = 0.003),
farm size (p < 0.001), and planting distance (p = 0.053) are identified factors that could affect
the supply of rubber cup lumps in Cotabato Province. The model shows that the value of supply
for cup lumps is 5.10 kg when all the factors affecting the supply for cup lumps are equal to
zero. Furthermore, for every decrease in the cost of land preparation, and cost of planting, the
supply of cup lump will increase by 0.000085 kg, and 0.000062 kg, respectively, ceteris paribus.
This means that as the cost of planting and land preparation for rubber farms decreases, more
rubber farmers will engage in rubber farming/production. This also means that lower produc-
tion costs increase the supply of rubber because farmers are more willing to engage in rubber
production when production costs are low. On the other hand, for every peso increase in the
cost of harvesting, the supply of cup lump will increase by 0.0005 kg, holding other variables
constant. This means that there is a direct relationship between the number of tappers who
work in rubber farms and the supply of cup lumps. As wages represent the cost on the part of
rubber farmers, an increase in the wage of the tappers incentivizes more tappers to work, con-
sequently increasing the supply of rubber cup lumps. However, when there is a scarcity of farm
laborers, there will be an expected increase in wages', leading to an increase in cost on the part
of the rubber farmers.

The model also shows that the farm size and planting distance are factors that could affect
the productivity of rubber. This means that the larger the land area planted with rubber, the
larger the supply of cup lumps. This is consistent with the study conducted by Purcell (1993)
which showed that the rubber supply was affected by the area planted with rubber. Further, for
every meter increase in the distance between rubber trees, the higher the supply of cup lumps.
This is due to less competition for soil nutrients and sunlight. For every 1-meter increase in the
distance between rubber trees, the production of cup lumps will increase by 0.18 kg, ceteris
paribus.

Estimation of the Factors Affecting Demand of Cup Lumps in Cotabato Province, Philip-
pines, 2016

The variables included in the regression analysis were volume handled by the processor
as the dependent variable, and price of cup lump, years in operation, and the number of workers
as independent variables. However, after the model transformation and regression analysis,
only those variables with statistically significant effect were included. The final model which
includes only two independent variables is presented in Table 5. The model shows that the
variables affecting the quantity demanded for cup lumps among the traders/ processors are
the years in operation and the number of workers in the rubber processing industry. This implies
that firms that have been in business for a longer period have a higher demand for cup lumps.
This is due to already established connections and links with local and international markets for
rubber crepe/sheets and crumbs. As a result, established rubber processors' demand for cup
lumps rises. Furthermore, the number of workers employed in the rubber industry influences
the number of cup lumps demanded by processors. Rubber processors produce value-added
rubber products ranging from cup lumps to rubber crepe/ sheets and crumbs. Hence, these
value adding activities resulted in increased demand for additional manpower.

1 Wages represent the tappers’ share of the total cup lumps produced. The estimated share is around 30%-40% of the total

produced cup lumps.
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Table 5. Estimation of the factors affecting demand of cup lump in Cotabato Province,
Philippines, 2016.

Demand Coef. Std. Err. t p
Years in operation 0.0457** 0.02171 2.19 0.036
Number of workers 0.03971*** 0.0129 3.04 0.005
F(3.32) =8.73

Prob>F = 0.0002

R? = 0.4500

Note: Level of Significance: *** significant at 1% level or better
** significant at 5% level or better

Conclusion

The majority of the rubber seedlings planted by farmers came from various municipalities
in Cotabato province, particularly from Makilala. As a result, most rubber processors are con-
centrated in this area. In addition to rubber farmers, processors also play an important role in
the rubber industry. Rubber by-products are typically added to the value of latex and cup lumps,
and can command a higher price. Of all the actors in the rubber supply chain, processors have
the highest demand for cup lumps. Further, processors/traders contribute significantly to the
local economy by creating jobs, generating tax revenue, and providing employment opportu-
nities for the community. These middlemen play an important role in the distribution of rubber
byproducts, adapting their form to meet the specific requirements of clients and buyers. Main-
taining a good reputation and ensuring product quality are essential factors in the buying and
selling of rubber byproducts.

Recommendations

In addition to being the region's leading producer of rubber by-products, the rubber in-
dustry in Cotabato Province shows great promise. It has been found that the supply of cup
lumps in Cotabato is less than the demand for cup lumps, resulting in a cup lump shortage in
the area. Because the market for cup lumps in the area is stable due to the presence of proces-
sors, farmers can be encouraged to grow rubber.

Investment in rubber plantations in the province is vital, especially in areas with favorable
climatic conditions and agricultural practices, to increase supply and close the demand-supply
gap and achieve balance. To ensure price stability and further reduce poverty levels in the re-
gion, there is a need to maintain consistent supply and good quality produced. To achieve this,
the government should formulate strategic initiatives aimed at boosting rubber production.
Additionally, comprehensive plans and programs tailored to rubber farmers should be imple-
mented to enhance overall rubber productivity. These include policies and programs to help
farmers improve rubber productivity. The government may invest in R&D to produce high-
yielding rubber varieties, improve rubber production, cup lump quality, and the development
of new varieties of rubber trees that are more productive, more resilient in adverse climatic
conditions, and have a lower environmental impact. The government may provide technical
assistance to small-scale rubber farmers, especially on proper rubber tapping and harvesting,
rubber tree care and maintenance, as well as value-adding activities such as providing technol-
ogy for processing cup lumps into rubber sheets and crumbs, aimed at increasing farmer’s in-
come.
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It is also advantageous to encourage collaboration among industry participants to ex-
change knowledge and advance technology. Rubber producers, processors, and traders must
work together to develop innovative rubber-based products that meet changing market de-
mands. Finally, this study focused on demand and supply of rubber cup lumps. A further study
on quality assessment and breakeven analysis as well as on the supply and value chain tracea-
bility of rubber is highly recommended.
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