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ABSTRACT
Indonesia is a prominent example where crossbreeding with European breeds has
been promoted to intensify beef production. It is implemented throughout the country
regardless of the different agro-ecological conditions, of which the available feed
resources are the main element. Crossbreeding at farm level in Central Java showed that
crossbreeding has not changed the farming systems or motivations for keeping cattle.
These results lead to our hypothesis that we expect no differences in global warming
potential (GWP) of local and crossbred cattle production systems in Central Java. Life
Cycle Assessment (LCA) is acknowledged method to assess the contribution of livestock
production to GWP. Expressed per kg live weight, GWP of local and crossbred cattle was
29.1 kg CO2 and 32.1 kg CO2. These results were higher compared to the GWP of beef
cattle production systems in European countries. Future LCA’s of smallholder systems
should pay more attention to the multi-functional aspects of a production system, because
the GWP’s mitigation depending on the multi-functions included.
Keywords: Local cattle, Crossbred cattle, Life Cycle Assessment, Global Warming
Potential, Indonesia

INTRODUCTION
In resource-poor environments, crossbreeding with breeds selected for a high
production has become the standard intensification approach for cattle husbandry.
Indonesia is a prominent example where crossbreeding with European breeds has been
promoted to intensify beef production (Widi et al., submitted).
Pilot studies, indicate, however, that the impact of intensification on e.g. the global
warming potential (GWP) of dairying is not straight forward leading to less emissions.
Little is known about greenhouse gas emissions of beef cattle systems in smallholder
settings. Studies on greenhouse gas emissions from beef cattle production invariably
analyzed systems under intensive conditions in Europe or America (Casey and Holden,
2006; de Vries and de Boer, 2010; Nguyen et al., 2010). Wall et al. (2010) and Scholtz et
al (2012) claim that genetic improvement and crossbreeding may be permanent ways of
reducing the carbon footprint of beef cattle, but no results from field studies support such
hypothesis.
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The objective of this study was to assess the environmental impact, in terms of
GWP of Ongole and crossbred beef cattle production systems in different agro-ecological
zones, in Central Java, using LCA methodology.

MATERIALS AND METHODS
The study areas were situated in the southern part of Central Java. Wet lowlands,
wet uplands and dry uplands could be distinguished. Each area has different topography,
soil types, soil fertility and agro-climatic conditions.
We sampled 146 farms for monitoring inputs, outputs, and on-farm resource flows.
The first author recorded, by monthly visiting farms, farmers’ inputs and outputs of their
cattle keeping over a period of one year (January 2011 – January 2012). Feed inputs were
calculated based on farmers’ estimates and direct observation on kind and amounts of
feeds offered, in one year. These estimates were translated into kg dry matter (DM)
applying the literature of Hartadi et al. (2005).
The first step of LCA includes definition of system boundary, the ‘Functional Unit’
(FU), the method of allocation, and the impact categories to be analysed. Based on the
system boundary, we computed the main greenhouse gases (GHGs): carbon dioxide
(CO2), methane (CH4) and nitrous oxide (N2O). We assessed all processes up to the farmgate, including the cattle (enteric fermentation), feed production and transportation of
feeds. The method used to calculate GHG-emissions from the enteric fermentation was
based on the intergovernmental panel on climate change (IPCC) good practice guidance,
Tier 2 approach (IPPC, 2006). To assess GWP at Ongole and crossbred cattle farms,
emissions of CO2, CH4 and N2O were summed up based on their equivalence factors in
terms of kg CO2-eq. One for CO2, 25 for CH4 and 298 for N2O (IPCC, 2006).
Interpretation of the results is based on the FU live weight of sold cattle.
Analysis of variance by one-way ANOVA was performed to analyse the variation
in GWP per kg product among areas, with breed nested within areas (Ott and Longnecker,
2001). The model was simplified to compare breeds within areas, because for most
parameters no interaction was found between breed and area.

RESULTS AND DISCUSSION
Table 1 shows the total GWP for the cattle component of the two farm types for the
four areas. Overall, Ongole farms had, on average, a significantly lower GWP than
crossbred cattle farms: 4,100 vs 6,010 kg CO2-eq per year, of which about 75% was
methane emissions from enteric fermentation. The remaining 25% were from feeds and
forage transport. Use of forages in crossbred farms resulted in significantly higher GWP
per farm compared to Ongole farms. Expressed per kg live weight, GWP of local and
crossbred cattle was 29.1 kg CO2 and 32.1 kg CO2.
To compare our results with literature we converted the GWP estimates per kg
product to per kg edible product using the conversion factor of 0.43 kg edible product in
one kg beef (de Vries and de Boer, 2010). Our estimate of about 48.5 kg CO2-eq per kg
edible meat acknowledging various functions of cattle, was larger than the range of 14 –
43 kg CO2-eq in beef systems in Europe (de Vries and de Boer, 2010; Nguyen et al.,
2010), it was about comparable to suckler cow and fattening systems in Japan (52.5 kg
CO2–eq; Ogino et al., 2007), and slightly lower than the average value of 56.1 kg CO2-eq
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per kg edible meat for SE Asia (Gerber et al., 2013). In Europe the GWP per kg beef is relatively low. This is due to the higher growth rates of
beef animals and to the fact that 80% of the beef herd is produced by dairy animals (surplus calves and culled cows), resulting in lower emission
intensities for beef.
Table 1. Global warming potential of Ongole and crossbred cattle production systems in four study areas
Area /Breed

Average

Wet lowlands I (N=25)
Ongole
Crossbred
(N=8)
(N=17)
Mean ± s.d
Mean ± s.d
4.82a ± 1.81
5.91a ± 2.0

Wet lowlands II (N=59)
Ongole
Crossbred
(N=28)
(N=31)
Mean ± s.d
Mean±s.d
3.46a ± 1.53
5.29b ± 3.05

Wet uplands (N=25)
Ongole
Crossbred
(N=10)
(N=15)
Mean ± s.d
Mean ± s.d
5.32a ± 2.34
5.54a ± 1.70

Dry uplands (N=37)
Ongole
Crossbred
(N=14)
(N=23)
Mean ± s.d
Mean±s.d
4.08a ± 1.17
7.35a ± 7.81

Ongole
(N=60)

Crossbred
(N=86)

Mean±s.d
4.10a ± 1.76

Mean±s.d
6.01b ± 4.58

3.77a ± 1.3

4.67a ± 1.5

2.76a ± 1.2

4.16b ± 2.4

3.92a ± 1.6

4.34a ± 1.22

2.78a± 0.81

4.97a ± 4.82

3.09a± 1.30

4.51b ± 2.98

 Forage

0.46a ± 0.16

0.50a ± 0.18

0.24a ± 0.12

0.36b ±0.21

0.46a ± 0.17

0.48a ± 0.16

0.65a ± 0.20

1.10a ± 1.00

0.40a ± 0.22

0.60b ± 0.60

 Supplementary feed

0.16a ± 0.2

0.40b ± 0.28

0.08a ± 0.06

0.25b ± 0.26

0.38a ± 0.37

0.30a ± 0.24

0.18a± 0.11

0.48a ± 1.21

0.16a ± 2.02

0.35b ± 0.66

 Rice strawns

0.44 ± 0.22

0.34 ± 0.20

0.38 ± 0.21

0.52 ± 0.37

0.57 ± 0.37

0.41 ± 0.22

0.34± 0.13

0.62 ± 0.70

0.41 ± 0.24

0.49 ± 0.45

0.00 ± 0.00

0.00 ±0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ±0.00

0.00 ± 0.00

0.14 ± 0.04

0.22 ± 0.21

0.03 ± 0.06

0.06± 0.15

33.9±10.8

33.1 ± 19.6

29.5 ± 21.1

32.3 ± 18.2

27.4 ± 12.7

29.9 ± 12.4

26.7 ± 10.2

32.7 ± 15.1

29.1 ± 16.4

32.1 ± 16.6

Total GWP (000 kg CO2 –eq) in
a year
 On farm cattle

 Transportation of forage
(off farm)ns
Without allocation GWP / FU
(kg CO2 –eq / kg BW)ns
a,b
ns

different superscripts indicate significant differences between breeds within area and in all areas (P<0.05)
non significant

The global call for intensification of livestock production to improve productivity of livestock production and so to reduce greenhouse gas
emission intensities (Steinfeld et al., 2006; Herrero et al., 2010; Gerber et al., 2013) is not confirmed by our field research on the environmental
impact of crossbreeding in mixed farming systems of Central Java. Systems should pay more attention to the multi-functional aspects of a
production system, because the GWP’s mitigation depending on the multi-functions The postulated paradigm that breeding strategies, such as
crossbreeding, can reduce the carbon footprint of cattle production (Scholtz et al., 2012) is not that straight forward in complex mixed farming
systems. Intensification through crossbreeding resulted in 25% higher body weights for crossbred cattle compared to local Ongole cattle (Widi et
al., submitted). But, there were no differences in GWP per kg live weight sold between local Ongole and crossbred cattle production systems.
Thus the reputation that local breeds in local production systems have much higher emissions per unit product than improved breeds or in this
case crossbreds of Ongole and Simmental cattle is not justified.
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IMPLICATIONS
Mitigation options coming from global studies focus on increasing individual
animal production, reducing the number of unproductive animals, better feeding and
manure management (Herrero et al., 2010; Gerber et al., 2013). Few studies show the
environmental impacts of smallholder livestock systems in tropical countries where
livestock is fed more forage and has various functions. Future LCA’s of smallholder
should include multi-functional aspects of a production system, because the GWP’s
mitigation depending on the multi-functions included.
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