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Abstract
A study on the greenhouse gases (GHGs) emissions quantification was carried out with the objectives to
quantify all the GHGs emissions and identify the main GHGs sources in the production of two whorl
young budding in the polybag. The study was conducted using Simapro software version 7.3.3 based on
the Intergovernmental Panel on Climate Change (IPPC) 2007 fourth assessment report (AR4) global
warming potential (GWP) for 100 year-time horizon involving 32 rubber nurseries in Malaysia. The
production and usage of N fertilizer, HDPE resin E production and diesel production are the four main
processes contributors in releasing the GHGs emissions from the production of one two whorl young
budding in the polybag.

The GHGs emissions from these four main process contributors in the

production of two whorl young budding in the polybag had the potential to be reduce through the
reduction in the period to grown these young budding of rubber and increasing the bud-grafted success
rate of the individual grafters.

Keywords: young budding in the polybag, rubber bud-grafted, rubber nursery, greenhouse gas emissions,
life cycle inventory
INTRODUCTION
Climate is an integral part of environment and climate change in more ways than one is a measure of
abuse and mismanagement of this environment through time1. According to 2, human influence on the
climate change is clear and the more we disrupt our climate, the more we risk severe, pervasive and
irreversible impacts on human and natural system. The issue of climate change is more than just a
warming trend as the increasing temperature through continued emissions of greenhouses gases (GHGs)
will cause further warming and long lasting changes in all components of the climate system which will
eventually lead to changes in major wind patterns, amount and intensity of precipitation and increased
frequency of severe storms and weather extremes1,2.
Malaysia ratified the United Nation Framework Convention on Climate Change (UNFCCC) on 13 July
1994 and the Kyoto Protocol on 4 September 2002 3. As part of the obligations under the Article 4 of the
UNFCCC, the Government of Malaysia submitted its Initial National Communication in July 2000 and
the Second National Communication was submitted in January 20111,3. Malaysia National Policy on
Climate Change was approved by the Cabinet on 20th November 2009 with the policy statement to ensure
climate resilient development to fulfil national aspirations for sustainability4. The National Policy on
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Climate Change provides the framework to mobilize and guide government agencies, industry,
communities as well as other stakeholders and major groups in addressing the challenges of climate
change in an effective and holistic manner5.
Malaysia greenhouse gases (GHGs) emissions for the year 2000 was 222.99 million tonnes CO2eq and
the removal was 249.78 million tonnes CO2eq with a net sink of 26.79 million tonnes CO2eq5. As part of
the sustainable development strategies for Malaysia, the Prime Minister had announced Malaysia’s
voluntary reduction of up to 40% in terms of carbon emission intensity of gross domestic product (GDP)
by the year 2020 compared to 2005 level during his address to the 15 th Conference of the Parties (COP) to
the UNFCC on 17th December 2009 5,6.
A rubber nursery can be considered as a factory producing planting materials before it is ready to be
transplant into the rubber smallholders field7. As of March 2011, there are 110 licensed rubber nurseries
in Malaysia and 103 of these licensed rubber nurseries are active producing the planting material with the
total combined area of 1431.6 hectare8. The commonly produced planting materials by the rubber nursery
industry are in the form of young budding in polybag, bare root budded stump, budded stump in polybag
and green budstick8,9. A total of 19.367 million polybag units were produced from rubber nurseries
operator in Malaysia for 2011 and young budding in polybag is the most popular form of planting
materials representing 69.8% from the total production of polybag units 8.
In line with the global awareness on climate change and Malaysian National Policy on Climate Change,
the Malaysian government through Malaysian Rubber Board (MRB) had formulated a strategy to promote
the green image of Malaysian natural rubber through promoting Life Cycle Assessment (LCA)
methodology as one of strategy in the One Nation Rubber Strategy10. The objective of this strategy is to
make sure that by 2020 there is the availability of national average data on GHGs emissions for the whole
sectors of rubber industry and the data will be use as a guide in formulating strategies to reduce the GHGs
emissions from the whole sectors of the rubber industry10. The GHGs emission study on the production
of young budding of rubber will be the first step towards the overall goal of quantifying the GHGs
emissions from the whole sectors of rubber industry in Malaysia. In the context of Malaysian rubber
industry, GHGs emissions quantification through LCA methodology is totally a new approach and the
study on the quantification of GHGs emissions from the production of young budding of rubber by the
rubber nurseries will be the first study ever conducted in Malaysia. The objectives of this study are
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therefore to quantify all the GHGs emissions and identify the main GHGs sources in the production of
two whorl young budding in the polybag
MATERIALS AND METHODS

The GHGs emissions quantification was conducted using Simapro software version 7.3.3 based on the
Intergovernmental Panel on Climate Change (IPPC) 2007 fourth assessment report (AR4) global warming
potential (GWP) for 100 year-time horizon. In this study, the GHGs emissions from the usage of fuel in
the machineries during the land clearing for nursery establishment is considered as insignificant and
categorized as capital goods by11. The real time GHGs emissions from diesel engine combustion to run
water sprinkler system was also excluded from this study due to difficulty in obtaining data and
inaccessibility of specific equipment during the study period.

A total of 32 rubber nurseries in Peninsular Malaysia took part in this study and these respondents
represent 29.1% from the total number of licensed rubber nurseries in Peninsular Malaysia. The life cycle
inventory (LCI) for this study was carried out according to ISO 14040 and ISO 14044. The scope of this
study was to perform a cradle to gate approach on the production of young budding of rubber within the
boundary of the rubber nursery and the defined system boundary for this study is simplified in Figure 1.

Seed

Seed germination
Materials,
chemicals and
energy

Growing of young
rootstock in polybag

Two whorl
young
budding in
polybag
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planted in
smallholders
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Bud-grafting of young
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Figure 1. The define system boundary for the production of two whorl young budding in the polybag

The functional unit for this study i.e. the quantified performance of a product system for used as a
reference unit as defined by12 was based on the quantity of the two whorl young budding in polybag
produced by the rubber nurseries ready to be planted at smallholders field. For this study, it was assumed
that there was no significant quality differences of the two whorl young budding in polybag produced
from all the respondents that took part in this study.

The two types of data involves in this study are foreground data and background data. The foreground
data for this study were collected directly from the rubber nurseries operators through detailed
questionnaire survey. The foreground data covered the information on the agronomic practices, fertilizers
and plant protection application, diesel consumption for running the water pump and water consumption
for irrigation. The foreground data from the survey were verified during the site visit to the majority of
the respondents. For rubber nurseries which were not visited during this study, the foreground data were
verified through email and telephone communication. The verified foreground inventory data from the
survey were then analysed and summarized into Life Cycle inventory (LCI) table based on the production
of one polybag of two whorl young budding. The background data for the inputs for this study were
source from Ecoinvent database version 2.2, Industrial Data 2.0 database and LCA Food DK database
which is embedded within the Simapro software and also from Pesticide Board, Department of
Agriculture Malaysia online database13.

RESULTS

Life cycle inventory

The LCI table quantifying the average inputs values for the production of one polybag of two whorl
young budding for this study is shown in Table 1.
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TABLE 1. LCI TABLE FOR THE PRODUCTION OF ONE POLYBAG OF TWO WHORL
YOUNG BUDDING.

Input

Unit

Average value

Polybag

Kg

0.0130

N fertilizer

Kg

0.0042

P205 fertilizer

Kg

0.0042

K20 fertilizer

Kg

0.0039

Rock Phosphate fertilizer

Kg

0.0790

Magnesium oxide from Yellow NPK Compound fertilizer

Kg

0.0010

Fungicide with 80% w/w mancozeb as active ingredient

Kg

0.0009

Fungicide with 50% w/w chlorothalonil as active ingredient

Kg

0.0002

Insecticides (various active ingredients)

Kg

0.0003

River water

M3

0.2227

L

0.0399

Emission

Unit

Average value

Nitrous oxide emission from N fertilizer usage

Kg

8.7005E-05

Diesel

Greenhouse gas emissions

The GHGs emission from the production of one two whorl young budding in the polybag from this study
is 1.299E-01 KgC02eq (Figure 2).
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Figure 2: GHGs emissions value in the production of one two whorl young budding in the polybag based
on process
Fertilizer N production is the highest process contributor representing 29.5% from the total GHGs
emissions value in the production of one two whorl young budding in the polybag (Figure 2). The other
main process contributors to the GHGs emissions in the production of one two whorl young budding in
the polybag are fertilizer N application, HDPE resin E production and diesel production at 20.0%, 19.2%
and 13.2% respectively (Figure 2). Phosphate rock production recorded 5.0% while the remaining 6
processes are considered as insignificant process contributors towards the total value of GHGs emissions
in the production of one two whorl young budding in the polybag (Figure 2).
A total of 14170743 units of two whorl young budding in the polybag were produced from rubber
nurseries operator in Malaysia for 201314.The GHGs emissions from the production of 14170743 units of
two whorl young budding in the polybag is 1840 tonnes CO2eq and this represent only 0.58% from the
total GHG emission from the one year average of the GHG emission from the cultivation of rubber trees
in Malaysia from cradle to grave15.
The list of all GHGs that contribute to the total GHGs emission value in the production of one two whorl
young budding in the polybag is shown in Table 2.
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Table 2: GHGs emissions from the production of one two whorl young budding in the polybag
GHG

Weight in KgCO2eq

Nitrous oxide

5.04E-02

Carbon dioxide

7.07E-02

Methane

8.78E-03

Sulfur hexafluoride

3.00E-05

Methane, tetrafluoro-, CFC-14

1.09E-05

Methane, bromotrifluoro-, Halon 1301

9.44E-06

Ethane, hexafluoro-, HFC-116

2.23E-06

Methane, tetrachloro-, CFC-10

1.72E-06

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a

1.15E-06

Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, CFC-114

1.04E-06

Methane, chlorodifluoro-, HCFC-22

8.97E-07

Methane, bromochlorodifluoro-, Halon 1211

2.36E-07

Methane, dichlorodifluoro-, CFC-12

1.57E-08

Methane, trifluoro-, HFC-23

8.80E-09

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-113

1.66E-09

Ethane, 1,1-difluoro-, HFC-152a

9.49E-10

Chloroform

2.60E-10

Methane, monochloro-, R-40

2.31E-11

Methane, trichlorofluoro-, CFC-11

1.44E-11

8

Methane, dichloro-, HCC-30

1.15E-11

Ethane, 1,1,1-trichloro-, HCFC-140

9.64E-12

Methane, dichlorofluoro-, HCFC-21

2.82E-13

Methane, bromo-, Halon 1001

2.11E-17

Total GHG EmissionS

1.299E-01

Carbon dioxide and nitrous oxide are the two major GHGs that contribute 93.2% from the total GHGs
emission in the production of one two whorl young budding in the polybag (Table 2).
Carbon dioxide emission
Carbon dioxide emission represents 54.4% from the total GHGs emissions in the production of one two
whorl young budding in the polybag (Table 2). The details of carbon dioxide emission from the
production of one two whorl young budding in the polybag are shown in Table 3.
Table 3: Carbon dioxide emission based on process for the production of one two whorl young budding in
the polybag
Parameter

CO2 (Kg)

Fertiliser N

1.28E-02

Fertiliser P205

4.65E-03

Fertiliser K2O

2.38E-03

Phosphate rock

6.15E-03

Magnesium oxide,

1.04E-03

Mancozeb

3.47E-03

Chlorothalonil

3.39E-04

9

Insecticides

4.03E-03

Diesel

1.55E-02

HDPE resin E

2.04E-02

Total CO2 Emission

7.07E-02

HDPE resin E production, diesel production and fertilizer N production are the three major carbon
dioxide emission process representing 68.8% from the total value of carbon dioxide emission in the
production of one two whorl young budding in the polybag (Table 3). Carbon dioxide emission from
HDPE resin E production is the highest contributor representing 28.8% from the total value of carbon
dioxide emission in the production of one two whorl young budding in the polybag (Table 3). The second
and third highest contributor to the total value of carbon dioxide emission in the production of one two
whorl young budding in the polybag is diesel production and fertilizer N production at 21.9% and 18.1%
respectively (Table 3). The remaining 6 process are consider as minor contributors with contributions
from 0.5% to 8.7% towards the total value of carbon dioxide emission in the production of one two whorl
young budding in the polybag (Table 3).
The carbon dioxide emission from the production of 14170743 units of two whorl young budding in the
polybag in Malaysia is 1.00GgramCO2 and this represent only 0.75% from the carbon dioxide emission
from one year average of the carbon dioxide emission from the cultivation of rubber trees in Malaysia
from cradle to grave15.
Nitrous oxide emission
Nitrous oxide emission represents 38.8% from the total GHGs emissions in the production of one two
whorl young budding in the polybag (Table 2). The details on nitrous oxide emission for the production
of one two whorl young budding in the polybag based on process are shown in Table 4.
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Table 4: Nitrous oxide emissions based on process for the production of one two whorl young budding in
the polybag
Parameter

N20 (Kg)

Fertiliser (N)

8.07E-05

Fertiliser (P205)

1.58E-07

Fertiliser (K2O)

1.89E-07

Phosphate rock

1.88E-07

Magnesium oxide,

5.51E-09

Mancozeb

8.6E-08

Chlorothalonil

6.65E-09

Insecticides

3.41E-07

Diesel

2.95E-07

HDPE resin E

1.03E-14

N fertilizer usage

Total N20 Emission

8.7E-05

1.69E-04

Nitrous oxide emission from the usage of fertilizer N and production of fertilizer N are responsible for
99.3% from the total nitrous oxide emission in the cultivation of one two whorl young budding in the
polybag (Table 4). Nitrous oxide in the form of direct and indirect emissions from the usage of fertilizer
N contributes 51.5% from the total value of nitrous oxide emission in the production of one two whorl
young budding in the polybag (Table 4). Production of fertilizer N contributes 47.8% from the total value
of nitrous oxide emission in the production of one two whorl young budding in the polybag (Table 4).
The nitrous oxide emission from the production of 14170743 units of two whorl young budding in the
polybag in Malaysia is 2.39E-03Ggram N20 and this represent only 0.0014% from the nitrous oxide
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emission from one year average of the nitrous oxide emission from the cultivation of rubber trees in
Malaysia from cradle to grave15.

DISCUSSIONS

The GHGs emissions from the production of one two whorl young budding in the polybag had the
potential to be reduce if the usage of fertilizer N, usage of polybag in the form of HDPE resin E and the
usage of diesel in the water sprinkler system are reduce significantly.
Fertilizer N usage in the production of one two whorl young budding in the polybag had the potential to
be reduced through the reduction of period needed to produce two whorl young budding in the polybag.
The two whorl young budding in the polybag which can be produced in 6 month time will definitely use
less fertilizer N as compared to 12 month needed to produce two whorl young budding in the polybag.
The reduction in the fertilizer N usage will directly reduce the amount of direct and indirect nitrous oxide
emission. Nitrous oxide is produced naturally in soil through the processes of nitrification and
denitrification16. The emission of nitrous oxide from the soil can be increase through application of N
fertilizer to the soil in the direct emission process17. According to Kramer et al. in 18, the application of N
fertilizers contributed to direct emission of nitrous oxide as results of denitrification. Nitrous oxide is a
gaseous intermediate in the reaction sequence of denitrification and a by-product of nitrification that leaks
from microbial cell into soils and ultimately into atmosphere and one of the main controlling factors in
this reaction is the availability of inorganic nitrogen in the soi116. The indirect nitrous oxide emission are
emissions that are induced by the N fertilizer use, but taking place elsewhere after nitrogen loses from the
fertilized fields17. These losses include nitrogen leaching and runoff, and emissions of N fertilizer as
nitrogen oxides or ammonia17. Nitrous oxide only represent 0.6% from the total value of GHGs emission
in the production of fertilizer N but due to its global warming potential of 298, nitrous oxide is the highest
contributor in the GHGs emission for the production of fertilizer N at 62.7%19.
From the total number of rubber nurseries operators in this study, 31.3% recorded the period to produce
two whorl young budding in the polybag of more than 9 month. Certain agronomic practices that can lead
to shorter period in producing the two whorl young budding in the polybag need to be identified in order
to reduce the GHGs emissions from the production of two whorl young budding in the polybag. The
identification of these agronomic practices however was not identified in this study due to time limitation
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and within outside the scope of this study. The reduction in the period to produce two whorl young
budding in the polybag will also contributes in reducing the diesel usage in the water sprinkler system.
The usage of polybag in the form of HDPE resin E and the usage of diesel in the water sprinkler system
can be reduce increasing the bud-grafted success rate. By employing very experience and skilled grafters,
the bud-grafted success rate can be achieved up to 92.3%20. The selection of good quality seedling from
recommended clones to produce young rootstock and the selection of good quality bud-patches from
recommended clone to be grafted to young rootstock will also definitely enhance the bud-grafted success
rate.
The increase in the bud-grafted success rate will reduce the number of discarded young rootstock in the
polybag that failed the bud-grafted process and this will lead to overall reduction in the amount of diesel
used and the number of polybag needed to produce two whorl young budding. The reduction in the
amount of diesel usage and the number of polybag usage will resulted in the relatively lower value of
GHGs emissions from the production of one two whorl young budding in the polybag. From this study it
was found that the increase of 14.8% in the bud-grafted success rate will translated into the reduction of
13.2% from the total GHGs emission in the production of one two whorl young budding in the polybag.
Based on the survey data, 40.6% of rubber nurseries operator in this study recorded the bud-grafted
success rate of below 80% due to difficulty in getting a very experience and skilled grafters as one of the
main reasons. We don’t have the exact figure on the average of bud-grafted success rate from all the
rubber nurseries in Malaysia but we expected the figure will be in the range of our study i.e. from 6090%.
Sensitivity analysis based on different type of polybag usage in the production of young budding of
rubber
Sensitivity analysis is a comparison of the results obtained using certain given assumptions, methods or
data with the results obtained using altered assumptions, methods or data 21. During the survey verification
visit, it was noticed that there are few rubber nurseries operators that used the relatively cheaper low
density polyethylene (LDPE) polybag in their operations even though majority of the rubber nurseries
operators are using the HDPE polybag due to the robustness of the HDPE polybag. As HDPE resin E
production is one of the major process contributors in the production of one two whorl young budding in
the polybag, a sensitivity analysis was done to compare the GHGs emissions value from the usage of this
two types of polybags.

13

The list of all GHGs emissions from the usage of HDPE polybag and LDPE polybag in the production of
one two whorl young budding in the polybag is shown in Table 5.
Table 5: GHGs emissions from different types of polybag usage in the production of one two whorl
young budding in the polybag
Production of one two whorl young
GHG

budding in the polybag (KgC02eq)
HDPE polybag

LDPE polybag

Carbon dioxide

7.07E-02

7.22E-02

Chloroform

2.60E-10

2.60E-10

Nitrous oxide

5.04E-02

5.04E-02

Ethane, 1,1-difluoro-, HFC-152a

9.49E-10

9.49E-10

Ethane, 1,1,1-trichloro-, HCFC-140

9.64E-12

9.64E-12

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a

1.15E-06

1.15E-06

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-113

1.66E-09

1.66E-09

Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, CFC-114

1.04E-06

1.04E-06

Ethane, hexafluoro-, HFC-116

2.23E-06

2.23E-06

Methane

8.78E-03

9.46E-03

Methane, bromo-, Halon 1001

2.11E-17

2.11E-17

Methane, bromochlorodifluoro-, Halon 1211

2.36E-07

2.36E-07

Methane, bromotrifluoro-, Halon 1301

9.44E-06

9.44E-06

Methane, chlorodifluoro-, HCFC-22

8.97E-07

8.97E-07

Methane, dichloro-, HCC-30

1.15E-11

1.37E-11
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Methane, dichlorodifluoro-, CFC-12

1.57E-08

1.57E-08

Methane, dichlorofluoro-, HCFC-21

2.82E-13

2.82E-13

Methane, monochloro-, R-40

2.31E-11

2.31E-11

Methane, tetrachloro-, CFC-10

1.72E-06

1.72E-06

Methane, tetrafluoro-, CFC-14

1.09E-05

1.09E-05

Methane, trichlorofluoro-, CFC-11

1.44E-11

1.44E-11

Methane, trifluoro-, HFC-23

8.80E-09

8.80E-09

Sulfur hexafluoride

3.00E-05

3.00E-05

Total GHG emission

1.30E-01

1.32E-01

Carbon dioxide and nitrous oxide are the two main GHG contributors to the total GHG emission in the
production of one two whorl young budding from the usage of HDPE polybag and LDPE polybag (Table
5). Carbon dioxide and nitrous oxide contribute 93.2% and 92.8% respectively towards the total GHGs
emissions from the usage of HDPE polybag and LDPE polybag in the production of one two whorl young
budding in the polybag (Table 5).
The GHGs emission from the production of one two whorl young budding from the usage of LDPE
polybag is 1.7% higher but not considered as significantly difference from the GHGs emission from the
usage of HDPE polybag. If the possibility of rough handling by the rubber nurseries workers is taking
into consideration, the possibility of tearing from the usage of the LDPE polybag during the filling of top
soil is relatively higher as compared to more robust HDPE polybag. By taking this scenario into account,
it might be possible that the GHGs emission from the usage of LDPE polybag is much higher than the
GHGs emission from the usage of HDPE polybag in the production of one two whorl young budding in
the polybag.
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CONCLUSION

The production and usage of N fertilizer, HDPE resin E production and diesel production are the main
processes contributors in releasing the GHGs emissions from the production of one two whorl young
budding in the polybag. The two possible approaches which can reduce the GHGs emissions from the
production of two whorl young budding in the polybag are through reduction in the period to grown these
young budding of rubber and increasing the bud-grafted success rate of the individual grafters. Research
works to identify agronomic practices that can lead to a shorter period in producing the two whorl young
budding in the polybag should be prioritize and promoted to the rubber nursery industry in the form of
standard operation procedure as it will help in reducing the GHGs emissions from this industry.

The skills in bud-grafting for individual grafters can be increase through the assistance from the rubber
related agencies in Malaysia in the form of training on the correct bud-grafted technique. The rubber
nursery industry in Malaysia has huge potential to reduce their GHGs emissions from their production of
two whorl young budding in the polybag by concentrating their efforts to increase the bud-grafted success
rate. The increase in the bud-grafting success rate from the rubber nursery industry in Malaysia is not
only help in reducing its total GHGs emissions but indirectly it can be translate into a lower consumption
of resources by the rubber nursery industry. The reduction of resources consumption in the production of
two whorl young budding in the polybag is not only good for the environment but also good in terms of
reducing the operation cost of the rubber nursery industry as most of the fertilizers and chemicals used in
the production of two whorl young budding is imported from oversea. The rubber nurseries operators also
need to be educated on the important to use good quality seedlings and proper selection of good quality
bud-patches from recommended clones in order to increase the bud-grafted success rate.
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