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Abstract. Thailand, Indonesia, Viet Nam, and India are the major natural
rubber producers to date. Natural rubber has become one of the largest
export commodities in these countries. It creates job opportunities for the
smallholders as well as contributes to the national economy growth.
However, a large-scale of natural rubber plantation results in environmental
issues such as the nitrous oxide (N 2O) emission which is obtained from the
use of synthetic fertilizer during the cultivation process. The postulate of
Environmental Kuznets Curve (EKC) was employed to examine the
relationship between economy and environment from the natural rubber
plantation in major producers using secondary data ranging from 2005 to
2018. Therefore, the N 2O emission in which represents environmental
degradation was regressed with the value of natural rubber production as the
proxy for the economy growth using a fixed effect model on the panel data
regression analysis. Results show that there is an inverted U-shape curve
from the relationship between the N 2O emissions and the value of natural
rubber production. Hence, this study supports the postulate of EKC’s
hypothesis. In addition, results found that the average value of natural rubber
production from major producers was not yet reached the turning point of
EKC. Some suggestions were made in order to increase the productivity
while maintaining yet reducing the emission obtained from the use of
synthetic
fertilizer
during
cultivation
process.
Keywords: Environmental Kuznets Curve, Fertilization, Natural rubber,
N 2O emission, Value of natural rubber production

1 Introduction
Even though natural rubber is not the source of many food-products, we still need it as it can
be easily found in tires, shoe soles, balloons, rubber boots, and any other things that related
to human living. As the needs of automotive are increasing, the demand for natural rubber,
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which around 70% of the productions was used for tires industry, is also increasing. The
United States (US), China, and European Union (EU) are the top importers of natural rubber
because of their huge number of tires production industries, whereas many of t he South East
Asian countries have been exporting natural rubber products since more than a decade.
Rubber is a crop which can be usually found on several countries in the tropics. It was
originated from Amazon Basin in Americas, few countries in West Africa, and Southeast
Asia as well as the Indian sub-continent [1]. Due to the high global rubber demand, the area
of rubber plantations worldwide is gradually increased from 3 million ha in 1961 to 12
million ha in 2019 [2]. From the production side, several Asian countries such as Thailand,
Indonesia, Viet Nam, and India are the major natural rubber producers with the 73%
cumulative share of the global production as well as the highest net production value in recent
years [3, 4].
As a commercial commodity, rubber is not only meet the domestic demand but also look
for the overseas rubber demand. It has an important role in gaining income through the
foreign exchange of the major rubber producing countries [5]. Therefore, in the past few
years, policy has been changed to promote the industrial export activity and successfully
introduced natural rubber as one of the largest agricultural export commodities besides oil
palm, coffee, and cocoa [6]. Thailand, Indonesia, and Cote d’Ivoire are the largest natural
rubber exporting countries with the share of 31.5%, 29.8%, and 8.4%, respectively [7].
Whereas, developed countries such as United States, China , and Germany are the largest
natural rubber importing countries in the world which processed the natural rubber products
to various consumer’s goods.
However, the expansion activity from the agriculture industry can contribute to the
greenhouse gas emissions (GHG). As we might know, GHG have become a fairly prominent
issue in the last few decades. There has been a significant increase in the number of GHG in
the atmosphere since the industrial era due to human (anthropogenic) activities. There are six
main compounds of GHG; carbon dioxide (CO2 ), methane (CH 4 ), nitrous oxide (N2 O),
hydrofluorocarbon (HFC), perfluorocarbons (PFC), and sulphur hexafluoride (SF 6 ) [8]. In
2010, agriculture sector has contributed to 24% of global GHG emission that is mostly comes
from the activities in the cultivation of crops and livestock as well as the deforestation [9].
In order to increase productivity, a rubber plantation is always in need of fertilizers. The
large-scale plantation means that it needs large number of fertilizers. Therefore, it is
necessary for conducting the fertilization management practice in rubber plantations in which
often considered only from a single perspective; economic efficiency. However, the lack of
emission-friendly synthetic fertilizer may harm the environment by releasing N2 O emissions.
As one of the GHG compounds, N2 O can be found from the use of synthetic fertilizers during
the cultivation process [10]. The fertilization activities can release N2 O emissions by the
chemical transformation processes in the soil.
The relationship between environmental degradation and economic activity can be
explained by the Environmental Kuznets Curve (EKC). The curve assumed that the increase
in economic activity can stimulate the increase of emission produced by the activity, eve n
though the emission will start to decline if an amount of economic income has been reached
by the producers. Therefore, the relationship coming from the hypothesis will form an
inverted U-shaped curve [11]. As it explained by [12], the EKC can be divided in to three
stages, in which the first stage is where a country only focused on the production aside from
the environmental impact. After a country reaches some amount of income, which is the
second stage, there is an increase at decreasing rate in environmental degradation. Then, the
last stage is a country will start to inventing new technology and reducing the environmental
impact.
A huge number of authors have studied the EKC hypothesis in which several have studied
from the perspective of agriculture [13-19]. However, a specific study about the environment
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and economy related to the natural rubber plantations is rarely conducted. As one of the
commodities that are beneficial to the country’s economic growth, the natural rubber industry
is related to the negative impact coming from the use of synthetic fertilizer in large-scale
natural rubber plantations. Therefore, this study aims to examine the relationship between
the N2 O emissions from the use of synthetic fertilizer and the value of natural rubber
production in Thailand, Indonesia, Viet Nam, and India.

2 Material and methods
2.1 Study site and data source
The study sites were selected using purposive sampling methods; which was considering the
location-specific condition regarding needs of the study. Known as the top four countries
with the largest natural rubber net production value, Thailand, Indonesia, Viet Nam, and India
were chosen based on their contribution to the global production. In addition, these four
countries are having an increasing rate of natural rubber production.
Aside from time series data, this study also employs panel data, which is the combination
of the time series and cross-sectional data, aimed for the better analysis results with bigger
sample size and minimizing bias [20]. The secondary data of the N2 O emissions, the
production of natural rubber, and the value of natural rubber production during the period of
2005 to 2018 were collected from Food and Agricultural Organization Statistical Data or
FAOSTAT (http://www.fao.org/faostat/en/#data). Regarding the needs of this study, the
collected data therefore has been recalculated.
2.2 The Trends of N2O Emission from Natural Rubber Plantations in Major
Producers
The collected time series data was employed to examine the trends of N2 O emission from
natural rubber plantations in each country using Linear Regression Method. Following the
theory in [21], the equation model can be written as follows:
𝑌 = 𝛽1 + 𝛽2 𝑡 + 𝑢 𝑡

(1)

Where 𝑌 is the dependent variable, 𝛽1 is the intercept, 𝛽2 is the time change regression
coefficient or slope, and t is the time trend variable (i.e., 2005 = 1, 2006 = 2, 2007 = 3, etc).
Following the first objective, therefore the hypothesis is that 𝛽2 is positive or it can be written
as: 0 > 𝛽2 > 1.
2.3 The Analysis of Relationship between N 2O Emission and the Value of
Natural Rubber Production
In order to examine the relationship between environmental degradation and economic
activity, we employ the hypothesis of Environmental Kuznets Curve (EKC). The EKC model
will explain whether a state or a country has reached some particular stage to show their
income allocation to improve the environmental condition. Initially, a country will focus on
increasing their production, thus they might also increase the environmental degradation as
they have not been really concerned about the environment. However, if the country has
reached a particular amount of income, they will allocate their income and start to impro ve
their environment by inventing and adopting new technology that can produce lower amounts
of emission [12].
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This study has modified the EKC equation model from [13], therefore the basic model
can be written as follows:
𝑁2 𝑂𝑖𝑡 = 𝛽0 + 𝛽1 𝑉𝑃𝑅 + 𝛽2 𝑉𝑃𝑅 2 + 𝜀𝑖𝑡

(2)

Where 𝑖 denotes countries, 𝑡 denotes period of time, N2 O is the amount of N2 O emission
obtained from the use of synthetic fertilizer in natural rubber plantations measured in tonne
of CO2 -equivalent per hectares per year, 𝑉𝑃𝑅 is the production value of natural rubber
measured in USD per tonne per year, and 𝑉𝑃𝑅 2 is the square of the production value of
natural rubber.
Because this study employs panel data, we need to choose the best model amongst two
possible models which are the common effect model or known as the ordinary least square
(OLS), the fixed effect model, and the random effect model. Furthermore, the best model is
tested through Chow test and Hausman test.

3 Results and discussions
3.1 The Trends of N2O Emission from Natural Rubber Plantations in Major
Producers
Results from the linear regression trend analysis shows that the N 2 O emission obtained from
the use of synthetic fertilizer during natural rubber cultivation process in four major
producing countries are gradually increasing. This condition is in line with the increase in the
fertilizer usage during the natural rubber cultivation process. Following are the figures of the
trends of N2 O emission from each country in the period of 2005 to 2018.
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Fig. 1. The trends of N 2O emission obtained from natural rubber plantations in Thailand
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Fig. 2. The trends of N 2O emission obtained from natural rubber plantations in Indonesia
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Fig. 3. The trends of N 2O emission obtained from natural rubber plantations in Viet Nam.
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Fig. 4. The trends of N 2O emission obtained from natural rubber plantations in India.

Table 1 shows the rate of applied synthetic fertilizer on the natural rubber plantation in
four major producing countries.
Table 1. The rate of applied synthetic fertilizer on the natural rubber plantation in Thailand,
Indonesia, Viet Nam, and India
Year

Thailand

Indonesia

Viet Nam

India

2005

90,855

152,562

36,619

31,576

2006

94,880

128,910

34,997

34,726

2007

111,715

131,093

43,089

36,843

2008

108,674

171,211

28,319

38,285

2009

133,117

181,388

63,209

40,436

2010

147,220

172,539

48,753

43,698

2011

154,130

179,462

42,262

42,532

2012

186,724

181,731

56,027

41,387

2013

195,957

174,116

82,233

41,946

2014

203,547

184,071

71,061

42,911

2015

187,478

178,123

84,365

44,089

2016

204,773

179,086

79,070

42,958

2017

238,751

173,380

83,915

43,663
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2018

219,654

190,764

89,117

45,396

Avg. Growth Rate (%)

7.47

2.22

12.46

2.90

Source: [22], calculated

In 2019, Viet Nam has highest growth rate of the net rubber production compared to
Thailand, Indonesia, and India [3]. One of the factors that affect production is fertilization.
Table 1 show that Viet Nam has highest average growth rate of applied fertilizer on their
natural rubber plantations valued at 12.46% compared to the other major producing countries.
On the other side, the average growth rate of applied fertilizer on the natural rubber
plantations in Indonesia and India are only around 2 to 3%, whe reas Thailand has 7% of the
average growth rate of applied fertilizer.
With the interpretation from Table 1, it can be related to the above figures, in which Viet
Nam has steepest slope than the other countries (See Figure 3). It means that Viet Nam has
the largest N2 O emission from the use of synthetic fertilizer during the natural rubber
cultivation process. A paper studied the greenhouse gas emission sourced from the use of
synthetic fertilizer on oil palm plantations. They found that the increase in the rate of
nitrogen-based synthetic fertilizer applied during cultivation process will significantly affects
the number of N2 O emission [23].
Figure 2 and 4 shows that the N2 O emission from the use of synthetic fertilizer in
Indonesia and India are just gra dually increasing. With the average growth rate of applied
fertilizer valued at 2.22% and 2.90%, the slope of N2 O emission on both countries are not as
steep as Viet Nam’s. Even though the number of N 2 O emission from natural rubber
plantations in Indonesia is higher than Viet Nam’s, Indonesia has the less steep slope
compared to the others. It means that the N2 O emission from the use of synthetic fertilizer
during natural rubber cultivation process in Viet Nam can be higher than Indonesia’s if it is
not carefully controlled and managed.
Results show that there will be increase on the environmental degradation by the release
of N2 O emissions obtained from the use of synthetic fertilizer on the rubber plantations.
However, if the fertilization is not carried out, it is feared that it will reduce rubber
productivity and will also cause a decrease in land fertility in the future. According to [24],
the factors that influence the success of rubber plant fertilization include; dosage of fertilizer
in sufficient amount, type of fertilizer according to plant needs, timing, frequency and proper
fertilization method, as well as control of weeds and diseases.
In order to achieve the efficiency of fertilizer application in rubber plantations, several
aspects must be carefully considered, especially in the preparation of fertilizer
recommendation dosages. One of the aspects is the soil nutrient which is related to soil
capacity to provide nutrients for plants, environmental factors such as weed conditions that
affect fertilization efficiency, and the need for a specific nutrient according to age, production
and condition of a plant. Therefore, [25] explained the importance of the analysis of soil and
plant leaves in a certain area which is often called the LSU (Leaf Sampling Unit). The
fertilizer recommendations for a better rubber plant cultivation can be made based on the
general dosage of experimental results, soil nutrient index, leaf nutrient index, disease attack
index, wind disturbance index and nutrients depleted due to increased production [26].
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3.2 The Analysis of Relationship between N 2O Emission and the Value of
Natural Rubber Production
EViews 10 software was employed in order to select the best model of a panel data regression
between common effect model, fixed effect model, and random effect model. Results found
that the fixed effect model is the best model to be used in this study based on the Chow test
and Hausman test. The model explained that the relationship between N 2 O emission and the
value of natural rubber production forms an inverted U-shaped curve. It means that the
relationship supports the EKC’s hypothesis.
Following are the results of Chow test and Hausman test as shown in Table 2 and Table
3, respectively.
Table 2. Results from the Chow test analysis
Effect Test

Statistic

d.f.

Prob.

Cross-section F

198.230663*

(3,50)

0.0000

Cross-section Chi-square

143.177981*

3

0.0000

* Significant at 0.05 alpha
Table 3. Results from the Hausman test analysis
Effect Test
Cross-section random

Chi-Sq. Statistic

Chi-Sq. d.f.

Prob.

22.918008*

2

0.0000

* Significant at 0.05 alpha

Based on Table 2, we found that the probability of the cross-section chi-square valued at
0.000 is less than alpha 0.05 (0.000 < α). That means we can reject the null hypothesis;
therefore, the fixed effect model is better than the common effect model based on Chow test
analysis. Similar result was found in the Hausman test analysis. Table 3 shows that the
probability of the cross-section random valued a t 0.000 is less than alpha 0.05 (0.000 < α)
and it has successfully rejected the null hypothesis. Based on this analysis, the fixed effect
model is better than the random effect model. Further interpretation of the analysis with the
fixed effect model is shown in Table 4.
Table 4. The estimation of EKC using fixed-effect model
Variables

Coefficient

Std. Error

t-Statistic

Prob.

Constant

-0.607864*

2.29 x 10-7

5.784415

0.0846

VPR

1.32 x 10-6***

2.19 x 10-14

-1.778129

0.0000

VPR2

-3.89 x 10-14*

0.345417

-1.759800

0.0815

F-statistic

298.2453***
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0.964314

*** Significant at 0.01 alpha
**

Significant at 0.05 alpha

*

Significant at 0.10 alpha

The model has the adjusted R-square valued at 0.964314 which means that 96.43% of the
variation of the dependent variable, which is the number of N 2 O emissions, can be explained
by the independent variables. Findings also show that the model demonstrates a quadratic
function between N2 O emission and the value of natural rubber production which has the Fstatistic valued at 298.2453 and is significant at alpha 0.01. It means that the fixed effect
model is appropriate for explaining the relationship between three variables. It is supported
by the previous study that have successfully found some evidences to the existence of EKC
in lower middle income in Africa using fixed effect model [27]. The two independent
variables used in this study, notated with VPR and VPR 2 , are also significant at alpha 0.01
and 0.10, respectively. Based on the results, the equation model of the relationship between
N2 O emission and the value of natural rubber production can be written as follows:
𝑁2 𝑂𝑖𝑡 = 1.32 ∗ 10 −6 𝑉𝑃𝑅 − 3.89 ∗ 10 −14 𝑉𝑃𝑅 2 − 0.608

(3)

Following the theory of EKC, the analysis results in an inverted U-shaped curve as we
found both positive a nd negative coefficients of 𝛽1 and 𝛽2 which are also statistically
significant. According to [12], the results support the postulate of EKC’s hypothesis only if
𝛽1 > 0 and 𝛽2 < 0. This finding is supported by some previous studies as they have also found
the existence of EKC’s hypothesis in the shape of relationship between economy and
environment from agricultural activities (13-19). Despite using different approach, a study
found that the relationship between CO2 emission and the all-crops production in Pakistan
results in an inverted U-shape [14], whereas other study found CH 4 emission from the
agriculture and economy growth in Argentina gave similar results using ARDL model [18].
This study is more so related to the results from [13] as they have found an evidence to the
existence of EKC by estimating the relationship between the GRDP of agricultural labour
and the emission obtained from agricultural activities using panel data model.
This study provides additional results by comparing the turning point and the average
value of natural rubber production from major producers. According to [28], the turning p oint
can be found by the differential of the first derivative of VPR and VPR 2 . Thereby the turning
point can be calculated as follows:
𝑇𝑢𝑟𝑛𝑖𝑛𝑔 𝑃𝑜𝑖𝑛𝑡 =

−𝛽1
2𝛽2

=

−(1.32∗10 −6)
2∗−3.89 ∗10 −14

= 16,966,580.98

(4)

From the calculation, we found that the turning point of the relationship between the N 2 O
emission and the value of natural rubber production based on EKC is valued at 16,966,580.
According to the explanation from [12], this can be interpreted as the N2 O emission from the
use of synthetic fertilizer in natural rubber plantations will start to decline after it reaches
USD 16,966,580 of the value of natural rubber production per year. Following is the
comparison between the average value of natural rubber production from major producers
and the EKC’s turning point.
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Table 5. The average value of natural rubber production in major producing countries
Country

Average value of natural rubber production

Thailand

5,358,610.0

Indonesia

1,563,022.8

Viet Nam

1,053,436.3

India

1,124,386.2

Average

2,320,240.3

Turning Point

16,966,580.98

Source: Secondary data analysis

Table 5 shows that overall, the average value of natural rubber production from four major
producing countries are still below the value of EKC’s turning point. Based on the theory of
EKC explained by [12], Thailand, Indonesia, Viet Nam, and India are still in the early stage
of the curve where a country still focused on the production activities so the environmental
condition was not the priority of that country. Based on the calculation shown in Table 5,
Thailand, as the leading natural rubber producer, needs to multiplied their value of natural
rubber production by 3 to 4 times to reach the turning point.
High value of an agricultural production can be achieved by increasing its productivity,
or price, or both productivity and price. However, those are the two main problems of the
natural rubber industry nowadays. Several studies found that the natural rubber productivity
is still low compared to other cash crops such as oil palm [29-31]. In fact, most of the natural
rubber plantations in Thailand, Indonesia, Viet Nam, and India are owned by smallholders,
where some of them use uncertified seedling planting material as well as their conventional
cultivation practice. This is due to the limited capital of farmers to invent recommended
practices and/or technology, making it difficult to reach the potential productivity per hectare
land of natural rubber plantation. Therefore, it has been suggested that there is an emergence
of allocating credit loan to the rural and agricultural area so that the agroindustry can be well
developed [32].
Low natural rubber price is another problem for the industry. With the reduced rubber
price since 2011, it has caused some of the toughest era of the natural rubber smallholder
farmers with their only capability to sell fresh rubber latex rather than the pro cessed rubber
[33]. A study modelled the world natural rubber price from Singapore SICOM Price and
found that it involves some factors such as natural rubber production and consumption [34].
They explained that there is a positive relationship between the price and production and it
was supported by the previous studies on similar topic. Therefore, there is an emergence of
increasing natural rubber price as it would lead to the increase in rubber production and
induce higher income for smallholders as well as the country.
3.3 Better Fertilizer Management Practice
Fertilizer is the essential source of nutrients for crops. It helps to increase the productivity of
rubber crops [35]. However, the use of it should be carefully conducted because of
environmental disadvantages obtained from the use of synthetic fertilizer. More important is
because of the use of superior clones by many rubber plantations [36]. Superior clones has
higher rate of productivity that requires a lot of nutrients obtained from the soil. As many
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nutrients have been drained by, it is important for providing some additional nutrients through
fertilization.
Related to this, N2 O emission can be found in the applied synthetic fertilizer during the
cultivation process. N2 O emission can be more dangerous compared to the infamous CO2
emission according to the higher coefficient of Global Warming Potential [8, 37, 38]. A study
found that the N2 O emission from rubber plantations comes from the use of synthetic
fertilizer are 4 kg N/ha/year with the 1.96% emission factor of N2 O [39]. Therefore, in order
to achieve higher outputs from the natural rubber cultivation while still maintain the
environmental condition, it requires best management practice including strategy to mitigate
N2 O emissions form fertilization.
There are several ways to reduce the N2 O emissions on a rubber plantation. It could be
reduced by reducing fertilizer and adding DMPP (3, 4-Dimehylpyrazole phosphate) [40].
Although the addition of DMPP could reduce N2 O emission by 40%, this option is not
commonly used on the field. The reduction about 20% of the prescribed amount of fertilizer
could decrease the yield in the early cultivation stage. The other option to reduce emission
from rubber plantation can be done by introducing a leguminous shrub called Flemingia
macrophylla, which could significantly reduce the number of N2 O emission [41]. There is
also an innovation that has been developed to reduce N2 O emission which is biochar. With
the reduce of applied synthetic nitrogen, it could effectively reduce the N2 O emission up to
73% over the third wet-dry cycle after 4 months of application [42]. However, the type of
biochar and its compatibility with certain soil types are rarely studied on behalf of natural
rubber plantations.

4 Conclusions
Natural rubber is one of the world's tradable commodities mostly coming from South East
Asia and Latin America. It has contributed to the state’s economic growth where Thailand,
Indonesia, Viet Nam, and India are no exception. However, it can also contribute to the GHG
emissions as coming from the use of synthetic fertilizer during the cultivation process. The
nitrogen-based synthetic fertilizer can produce N2 O emission which is one of the GHG
emission’s compounds.
From the findings of this study, we can conclude that this study found the evidence of
EKC’s hypothesis in the form of relationship between N2 O emissions and the value of natural
rubber production. The relationship results in an inverted U-shaped curve. This study also
provides additional information as the major natural rubber producers have not yet reached
the turning point of EKC. Hence, there is an emergence to the industry to increase its value
of production while maintaining yet reducing the emission.
It is also confirmed that even though fertilizer has a pivotal role in optimizing rubber
plant’s growth, the fertilization activity should be carefully controlled and managed. Due to
the less N2 O emission, biochar might be an option to reduce the emission coming from the
nitrogen-based synthetic fertilizer. However, due to the lack of biochar studies on natural
rubber plantations, further researches are strongly suggested.
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