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Introduction: The LCA tool and implications
for sustainable agriculture

In recent years, agricultural
production has been broadly impacted by
debates on environmental sustainability. Life
Cycle Assessment (LCA) is a tool for integral
assessment of the environmental impact of
products, processes and services (Thomassen
et al., 2008), applied both as a research tool
and to achieve accountability in the market
place. However, despite a growing need for
sustainable production and climate change
mitigation, comparison between nations to
identify emission hotspots is limited. The main
sources of greenhouse gas (GHG) emissions
from agriculture are from grazing livestock
such as cattle, agricultural soils, and rice
production (US EPA, 2013), and rice
cultivation is one of the largest sources of
anthropogenic greenhouse gas emissions per
hectare (ha), notably methane (CH4). This
brief compares the emission hotspots
associated with rice production in three
nations: Lao People's Democratic Republic
(Lao PDR), Japan and Australia.

Methodology

Farmer interviews were conducted in 6 farms
in Laos across two villages, and three farms in
Japan. Australian production was assessed
using data from the New South Wales (NSW)
Department of Primary Industries (DPI) gross
margin data (DPI, 2012 & 2013).
Intergovernmental Panel on Climate Change
(IPCC) emission factors of 160, 150 and 225
were used for Laos, Japan and Australia,
respectively (IPCC, 2007). An emission factor
is a representative value that relates the
quantity of a pollutant released to the
atmosphere with an activity associated with
the release of that pollutant (EPA, 2015). Rice
yields for Laos were 3.4 tonnes per ha (t ha-1)

for wet season, and 3.9 t ha-1 for dry season
rice in Dunien village, and 2.3 t ha-1 for wet
season in Nakau village. The average yields for
Japan and Australia were 4.8 and 10 t ha-1,
respectively. All data were entered into
SimaPro software, which was designed to
collect, analyse and monitor the sustainability
performance data, and the climate change
impact was assessed.

Results and Discussion

1. Laos (emissions profile: Figure 1&2)

Comparing the two villages in Laos, Dunien
village had a slightly more GHG-efficient
production system (per kg of rice), which
resulted from the yield increase due to higher
manure application. The GHG emissions from
manure were higher in Dunien village at
higher application rates. However, this was
substantially offset in terms of total emissions
intensity by the corresponding increase in
yield. Rice growers in Dunien village used
approximately four times more organic
manures than Nakau village, which increased
rice yield by 63%.

In this study, Laos had the lowest average
yield and GHG emission efficiency among the
three countries. However, focusing on
increased manure (which is a pure organic
fertiliser) application, the resulting vyield
increase will proportionally increase their
system efficiency. This could easily be
promoted in developing countries, and
farmers would be able to aim for yield
increase for better income and lifestyle.
Facing the rising demand for food in South-
East Asia, increasing the yield and creating
sustainable food production systems are both
extremely important for conserving Earth’s
resources (EPA, 2013).

2. Japan (emissions profile: Figure 3)
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In Japan all the surveyed farmers used various
types of fertilisers and chemicals in small
guantities at various times in the production
cycle (as this is a common practice in Japan),
and each of these products emitted GHG in
small amounts at a time. Soybean meal,
however, provided a relatively large GHG
emission considering the quantity which was
applied, compared with other fertilisers. Profit
is maximised by applying nutrients (fertilisers)
in small quantities but often as such an
approach tends to be efficient in terms of
maximizing the potential of the land, which
also reduces the impact on the environment.
Moreover, in Japan, the effect of diesel
combustion on farm activities (mainly from
rice cultivation) on GHG emissions was most
substantial among the three countries.
Japanese famers tend to cultivate at least
once a year (which involves tillage), compared
with Australia, where zero tillage is practiced.
No tillage management has been promoted as
a practice capable of offsetting GHG emissions
because of its ability to reduce diesel use as
well as sequester carbon in soils, particularly
effective in the long term (Six et al., 2004).
According to Xue et al. (2013), the no-tillage
system has reduced emissions for the whole
cropping system, compared with conventional
tillage, for instance that in China. Furthermore,
cultivation is  associated with  other
environmental concerns such as groundwater
contamination (Oren et al., 2004), impacts on
soil structure and eutrophication of surface
water (Brock et al., 2012) (Brock et al., 2014).

One management practice through which
Japanese rice growers were very effective at
mitigating GHG production was their
treatments of stubble. In both Laos and
Australia, stubble burning was performed:
100% in Laos and a major proportion (~80%)
in Australia. Both N20 and CH4 are produced
from this practice, and the mitigation of these
two gases, both with a high Global Warming
Potential (GWP): 298-310 for N20 and 21-25
for CH4 (IPCC, 2007), is critical. Even though
N20 was produced in the process of
decomposing stubble in Japan, the carbon
dioxide equivalent (CO2-e) value was
substantially lower than from stubble burning.

Another main source of N20 production was
the production and application of fertiliser.
According to Towprayoon et al. (2005), N20
emission offsets the reduction of CH4
emission (for example, in the case of mid-
season drainage in Japan) when nitrogen
fertiliser is applied at a high rate.

In all emission profiles, the most
dominant emission was the methane, which
accounted for 70-90% of total emissions in
Australia and Japan, and more than 90% in
Laos. This is primarily due to the anaerobic
breakdown of organic matter in wetland rice
soils, exclusively by methane-generating-
bacteria (Neue, 1993). In Japan, midseason
drainage is practiced and there are alternative
wetting and drying cycles. This reduces the
methane emission by over 40%, and there are
also other associated benefits such as water
conservation and increased vyields. This may
have contributed to the emission factor for
methane (15 g/m2) in Japan, which was lower
than the other two countries, also possibly
along with the shorter growing season
(Wassamann et al.,, 2009). There are also
alternative ways of mitigating methane
emission from rice plants, for example,
introducing the no-till system (Six et al., 2004),
adding soil amendments such as nitrification
inhibitors (Wassamann et al.,, 1993) or
encapsulated calcium carbide (ECC) (Bronson
& Mosier, 1991), adding Iron(lIl) (Lovley et al.,
2004), increasing the use of urea and
ammonium phosphate (Dong et al., 2011),
and finally, introducing modern technologies
such as cultivar selection and selective
breeding (Gogoi et al., 2008).

3. Australia (emissions profile: Figure 4)

Australia had the lowest amount of methane
emissions per kg rice due to the high grain
yield, brought about by the heavy use of urea.
Urea fertilizers contains an excellent source of
nitrogen for crop production, however this
nitrogen can be easily lost to the atmosphere.
In Australia, despite there was a substantial
increase in GHG production from urea
production and use, the higher yield still
resulted in the lowest emission intensity.
However, there are sustainability issues for
high urea usage, as urea application to



agricultural fields can contribute to acid rain,
ground water contamination and ozone
depletion. One third to half of the applied
urea-N can be lost into the soil and
atmosphere (Prasad, 1998). In future LCA
studies for rice, there is opportunity to
include different impact categories other than
greenhouse gas production. In particular,
whilst some of the side effects of different
fertiliser choice and management, such as
eutrophication, are mentioned, they are not
quantified in this single-issue LCA.
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Figure 3. Major components of the emissions
profile for rice production in Japan (total: 917.9 kg
C0O2-eq/kg rice)

Figure 1. Major components of the emissions
profile for rice production in Laos (Dunien village,
wet season, for rice productions total: 1342.8kg
C02-e/kg rice)
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Figure 4. Major components of the emissions
profile for rice production in Australia (total:
760.6kg CO2/kg rice)

Figure 2. Major components of the emissions
profile for rice production in Laos (Nakau village,
wet season, total: 1917 kg CO2-e/kg rice)

Recommendations

1. Traditional  practices could  be
sustainable

Considering future environmental

sustainability and global food security, it is
important to re-visit the traditional methods
widely used in many developing nations. For
example, the application of manure as a (pure
organic) fertilizer source may provide insights
to creating ‘closed-loops’ which are missing in
many current agricultural systems in
developed nations. There is potential that the
current ‘developed’ methods benefit from the
traditional methods and become overall
‘greener’.




2. Reconsidering mass production...
Previous studies as well as this study have
shown that CH4 arising from anaerobic
respiration of rice crops in flooded fields is the
dominant emission source in rice production.
Japan’s stubble treatment and mid-season
drainage are effective in mitigating CH4
emissions (as well as N20 in the stubble
treatment), which should be promoted.
Furthermore, there are also other aspects of
the production system that could be modified
for more sustainable rice production.
Australia has the lowest amount of methane
emissions per kg rice (in this study); however,
the environmental sustainability of
continuous heavy usage of urea is highly
doubtful. Japan provided an overall ‘more
sustainable’ example for fertilizer use, by
applying them in small amounts at different
times according to the growth of their rice
crops, which provided them decent vyield
whilst maintaining environmental
sustainability.
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