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Abstract— Due to concern with climate change, the carbon footprint of agricultural product is one of the most widely 
discussed environmental issues. The objective of this research was to quantify the carbon footprint per 1 rai of rubber farm in 
the southern part of Thailand. The result showed that the range and average total carbon footprints of rubber plantation in the 
southern of Thailand are 154-942 and 264.36 kg CO2 eq. per rubber rai respectively. The fertilizer use was the biggest single 
contributor to the total carbon footprint, accounting for on average 84 %.  This study result recommended that the approach 
development of adequate feeding strategies to mitigate greenhouse gas emissions of rubber plantation should result in better 
environmental advantages. 
 
 
I. INTRODUCTION 
 
Certainly, Thailand, the world’s largest producer of 
natural rubber, has demonstrated a steady increase in 
the number of rubber plantations from 2003 to 2010 
(1). There are more than 5 million acres of rubber 
plantations in Thailand (2) and most of them locates 
in the South that are the traditional rubber area 
covering 1,814,345.28 ha, whereas all other regions 
are new plantation areas including the Northeast 
(455,286.72 ha), Central and East (336,625.28 ha) 
and Northern regions (96,092.48 ha) (3). The farming 
is, in the vast majority of countries, the main user of 
land and water and exerts positive and negative 
pressures on the environment (4). Specially, Jawjit et 
al (5) indentified that the greenhouse gas emissions 
from rubber plantations largely depend on the history 
of the plantation. In case rubber trees were recently 
(<20 years ago) planted on forest land, the emissions 
from land conversion are by far the most important 
source of greenhouse gases from rubber production. 
In that case, emissions from plantations amount to 6.4 
ton CO2-eq/ton fresh latex/year. However, for older 
plantations on cultivated land, carbon losses from 
land conversion can be assumed to be zero, reducing 
emission associated with fresh latex production to 0.2 
ton CO2-eq/ton fresh latex/year. 
The increase in CO2 emissions can be primarily 
attributed to fossil fuel combustion and land use 
change, while CH4 and N2O emissions have come 
mainly from agriculture (6). The fourth largest 
contribution to global greenhouse gases emissions is 
given by agriculture (14%) (7). Thus the world 
agriculture sector has become increasingly important 
as a global solution to stabilize anthropogenic 
greenhouse gas emissions.  
Carbon footprint refers to the greenhouse gases 
emissions caused by an activity or a product during 
its lifecycle, including direct and indirect emissions 

(8). Quantifying carbon footprint has been widely 
accepted as an approach that can address the potential 
impact of production sectors or human activities on 
climate change, and can be accessed through 
characterizing the amount of greenhouse gas 
emissions “from cradle to grave” induced by a 
product or an activity based on the Life Cycle 
Assessment principle (8-10). The carbon footprint of 
a cropping system can be expressed in terms of the 
total GWP taking into consideration e.g. soil GHG 
emissions, soil carbon sequestration, fuel, fertilizer 
and lime usage. Various research (11-15) motioned 
that carbon footprint in agriculture have been used to 
explore mitigation measures in terms of greenhouse 
gases emissions associated with farming practices 
using the life cycle assessment method up to the farm 
gate. However, there have been few studies on carbon 
footprint quantification of rubber plantation in the 
southern of Thailand. 
The objective of the current study was to quantify and 
analyze the variability of emissions, as carbon 
footprint per functional unit, for southern Thai rubber 
plantation systems. It aimed also to provide 
information for policy-makers to identify key options 
for climate change mitigation in the southern 
agriculture of Thailand. 

 
II. MATERIALS AND METHODS 
1. Carbon footprint, system boundary and 
functional unit  
The carbon footprint was calculated for all the inputs 
used for rubber plantation in the southern of Thailand 
based on the PAS 2050 protocol (10). Emissions of 
CO2, CH4 and N2O were accounted and the results 
expressed in carbon dioxide equivalents (CO2-eq) 
using their relative warming forcing values (16). 
Following the “farm gate” principle generally 
accepted for life cycle assessment in agriculture, the 
system boundary was set from seeding to harvesting 
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of fresh latex. The system boundary of rubber 
plantation showed in Figure 1 and was generated by 
the material flow analysis concept (17). Five 
components of rubber plantation in the Southern of 
Thailand are land preparation, planting hole 
preparation, plantation, maintenance, and harvesting. 
In this study, the functional unit is 1 rai of rubber 
plantation farm. 
 
2. Carbon footprint analysis method 
Based on the system boundary, all greenhouse gas 
emissions take place on the farm and the equations 
and emissions factors that have been used. Most of 
them correspond to IPCC guidelines (18) Off farm 
emissions correspond mainly with the processing and 
transporting of all the inputs.  The emissions are 
expressed in CO2 equivalents in a 100 year Global 
Warming Potential (GWP) of CH4 and N2O of 25 and 
298, respectively, following IPCC guidelines (16). 
Among different categories of environmental 
impacts, the carbon footprint has received the most 
current attention (8). Emission factor of Thai national 
database (19) was firstly selected to use in this study.   
 
3. Data collection 
The data collected in the farm surveys with the 
questionnaire obtained for face-to-face interviewed 
farmers. This questionnaire was approved by the 
ethics committee of Mahidol University Institutional 
Review Board (COA No.2015/357.1711) for the 
protection of ethical issues.  The fifteen rubber farms 
in the southern part of Thailand were divided into 
three groups including low, middle and high level of 
production rate of dry rubber homogenous and 
representative groups. The middle level of production 
rate was 272-283 kg dry rubber/rai/year (20). 

 

 
Figure 1. Material flow analysis of rubber plantation  

 
III. RESRULES AND DISCUSSIONS 
 
Emissions from rubber plantations include carbon and 
nitrous oxide emissions due to land preparation, 
plantation and maintenance processes in rubber 
plantations (Table 1). The range and average of 
carbon footprints from rubber young plant of rubber 
plantation in the southern of Thailand are 175-1480 
and 591.58 kg CO2 eq., respectively.  For the 
transportation, the range and average of carbon 
footprints are 16-168 and 64.82 kg CO2 eq. 
respectively.  In additional, the range and average of 
carbon footprints from oil consumption are 175-1480 
and 591.58 kg CO2 eq. respectively. Regarding 
fertilizer use, the range and average of carbon 
footprints are 735-10,904 and 3,801.01 kg CO2 eq. 
respectively. The range and average of carbon 
footprints from chemical use are 16-64 and 36.33 kg 
CO2 eq., respectively.  According total carbon 
footprints, the range and average are 926-12,506 and 
4,451.99 kg CO2 eq. respectively.  Finally, the range 
and average total carbon footprints of rubber 
plantation in the southern of Thailand are 154-942 
and 264.36 kg CO2 eq. per rubber rai respectively. 
This result recommended that a very effective way to 
avoid future  greenhouse  gas  emissions  from  the  
rubber  

 
Table 1. Carbon footprint of rubber plantation in the southern part of Thailand 
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Figure 2. The average proportion of the total carbon 

footprint for rubber plantation  
 
plantations is to prevent that more forests are 
converted into rubber plantations. This is in line 
with other suggests to avoid deforestation for other 
types of plantations in Southeast Asia (5). Forest 
conversion to rubber or not only results in carbon 
stock loss, but also poses a threat to biodiversity 
(21-22).  
The average proportion of the total carbon footprint 
for rubber plantation in the southern of Thailand is 
presented in Figure 2. The fertilizer use was the 
biggest single contributor to the total carbon 
footprint, accounting for on average 84 %.  Jawjit 
et al. (5) mentioned that the emissions of fertilizer 
use are largely associated with the production and 
use of synthetic nitrogen fertilizers. Although 
emissions from the production of N-fertilizer 
(process related) and the use of N fertilizer may 
seem low, they are dominant in terms of CO2-
equivalents. However, the actual amount of 
fertilizers used by farmers may be lower than as 
recommended by the Thailand Rubber Research 
Institute, from which we acquired the information.  
 
CONCLUSION   
 
This study is the first to quantify carbon foot print 
from rubber plantation in the southern of Thailand. 
The range and average total carbon footprints of 
rubber plantation in the southern of Thailand are 
154-942 and 264.36 kg CO2 eq. per rubber rai 
respectively. Moreover, the fertilizer use was the 
biggest single contributor to the total carbon 
footprint, accounting for on average 84 %.  This 
study result should serve as an example for other 
rubber plantation countries. Hence, it has been 
challenging for Thai rubber farmers to seek suitable 
measures towards producing environmentally 
friendly rubber farms. 
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