Digesting the
‘farmyard effect’

Roger Beckmann explains that microbes and vaccines can be used

to lift feed-conversion rates in ruminants, while at the same time

clearing the air they exhale.

or many people, the term “greenhouse

ctfect’ conjures up images of

blackened, belching smoke stacks. A
significant proportion of Australia’s
contribution to the world’s greenhouse
gases, however, comes in a different form
and from a ditferent source.

OF course, Australia does release plenty
af « Q5 (more per capita than many other
developed narions) and fossil-fuel-burning
Is [|1L‘ Ill.linl CALsc nr- I|I':~, H”L '.\J|'LE|; (.( }_,
contributes most to the global greenhouse
effect, methane is actually a far more
powerful greenhouse gas on a molecule-for-
molectle basis. Fortunately, it exists in air
at a concentration abour 200 ames lower
than that of CO,.

Australia is a relanively high per capira

methane emicrer because of the nature of its

agriculture. Methane is produced when
“I'g.l[!h_' c\.lrl"ﬂl'l-k.‘!lll.'IHNH:_.'J‘ L'“l]ll"‘ﬂllj'ld‘- are
combined with hydrogen, usually because
oxygen Is ot present in sutficient (uantity.

I'hese conditions are met in COMPOST |1l.'.L|.'l'~.

wiaste LII]II!"?\. "]'.li'\h'.':\. E!IL‘ |'|ill[l!ll'l lII.

stagnant lakes, nce |‘r;L-.|.ﬂ.|}' fields, and in the

gut flllhl.lli}' animals.

How much methane goes up?

Finding out roughly how much methane
the country produces, and its source, is not
casy. T'wo of the specialists in this area are
Dr Tom Denmead and Dr Ray Leuning of
the CSIROY Division of Environmental
Mechanics in Canberra. They have devised
various ingenious techniques for measuring
the quantity of merhane, carbon dioxide

and nitrous oxide emitted from landfills.

For rwo weeks in .-'&ng{u:-l 1994, at a
landfill site in Canberra, they calculated a
trace gas budger, measuring the gases in air
and then using marhemarical techniques w
scale up the measurements for the area
covered (see story on page 34). OF course,
they had to take continual account of the
speed and direction of the wind, and the
gas concentration in air upwind and
downwind of the area studied. 1 |1¢'}' fotnd
that in the second year atver burial, 10
kilograms of methane was emirted 1o the
.ltl'nll'~|5|'l-l.'l‘<.' tor each ronne ot garbage
dumped at the landfll.

I'he scientists also found thar the
methane concentration in the air ar the
landfill was some 10 1o 100 rimes its usual
value of 1.7 parts per million. Bur rhese
high concentrations are sull not likely to

pase any tl.l]]%.:‘.'l Lo 1]L‘.1]1|].

Ecos 87 Autumn 1896 31



Then, in a two-week period in Ocrober
1994, they studied the fluxes ol gases at an

.l:_[l':it'lllllll'.ll site in rhe ra'gilm of Wa

gga

Wagga in southern New South Wales,
Methane was taken up and destroyed by
micro-organisms in the soil at a slow rare,
but overall there was a net input ol
methane to the atmosphere over the region,
and rthe source was undoubredly the

livestock.

Curbing methane

I'he Centre for Environmental Mechanics
was one many CSIRO divisions involved in
a series of '.-.'|J|Is,i|]?| 15;"'1];‘,\ l]LH pul l‘{*gt‘lhcr
the National Greenhouse Gas Inventory for
Australia. This invelved developing
methods for estimaring how much
greenhouse gas is emitted by Australia’s
various human activities,

It was estimated that agriculture
contributes 54% of Australia’s toral
anthropogenic (human-caused) methane
gas emissions, with 85% of this toral
coming from animals (landfills account for

abour 229%). In absolute terms, carde and

sheep in Australia are thoughr to produce
abour 2.2 million ronnes of methane a year
{10% of roral greenhouse gas emissions).

The Federal LOVEINMEnt has Jg.',I'L‘L'LE o

an international [11upnm| to stabilise
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Microbes that aren’t
bacteria any more

ethanogens used to be called bacteria. But recent changes in'the classification of
I\/Iall microbes have given the group a new status,

It turns out that methanogens and various other ‘unusual’ bacteria-like microbes
(such as those that are highly salt-tolerant or can exist at very high temperatures) are
so different in their biochemistry and appearance that they should no longer be classed
with 'real' bactena. Instead they have been given their own group, known as the

Archaea.

The name reflects the fact that these ‘bacteria-like’ creatures were probably some
of the earliest life-forms on the planet, evolving in conditions very different from those
that exist over most of the planet taday. Thus the habitats in which these microbes can
live nowadays are unusual to say the least: hot oil deep beneath the ground, super-
saline lakes, and oxygen-free places such as bottom of marshes or the guts of more
recently evolved organisms. You won't find many of the exotic Archaea in the usual

abode of bactena.

Australia’s ever-rising greenhouse gas
emissions at 1988 levels by the year 2000,
and to reduce them by 20% by 2005. No-
ane is sure how, or if, this can be achieved,
bur at one stage a tax on methane-
producing livestock was a possibility.

Reducing the amount of methane
produced by cartle and sheep would no
doubt benefit the atmosphere, and would
lessen the burden on farmers were they
faced with a methane tax. Buc is there a way
of stopping animals producing methane
without inhibiring rheir growrh or
damaging their health?

I'he good news from two CSIRO labs is
ves! Two groups ar opposite ends of the
country are working on curbing methane
production in livestock i two completely

A study of gas emissions at Wagga
Woagga in New South Wales found
that livestock contributed to the net
input of methane to the atmosphere

aver the region.

different ways, and initial rrials suggest thar
borth are successtul, The aim of this research
was to improve the ui'ﬁk'ic'nq- with which
livestack convert food into meat, milk and
wool by reducing the amount of feedstuff
that ends up as unwanted methane gas.
Although it was not designed with the
atmosphere in mind, the greenhouse effect
is certainly an important exrra con-
sideration.

The forestomach in animals such as
cattle and sheep is a huge fermentation vat
(known as the rumen) where many diff-
erent types of microbe munch their way
through a mush of plant marerial, much of
which is indigestible ro the enzymes that
mammals can produce.

For some rime now, scienrists have
sugeested various ways of modifying rthe
workings of the rumen. For example,
antibiotics can be used. By ki”ing; or
inacrivating cerrain microbes both in the
rumen and in the intestine, they can
improve the growth rate of animals. Of
course, the disadvantages of antibiotic
residues in the meat and the creation of
antibiotic-resistance in the microbes makes
this approach to improving efficiency a
wi h-\.;tl_l_'.L'd .\\\-‘ul'd..

But the new approaches don't rely on
antibiotics, The particular target of both
groups of CS5IRO researchers has been a
group of microbes (which are not acrually
bacreria, see hox story) called methanogens,
I'hese obtain their chemical energy by the
chemical reduction of simple carbon
compounds such as carbon dioxide (C0),)
and formic acid (CH,COQH), derived
from plant starch and cellulose.

In chemical terms, reduction means
adding |1_\'c|r[:‘u,r|1 andfor removing oxygen,

and the result in this case is the formation



of the gas methane (CHy). This is then vented from the
animals when they exhale. The methane represents carban
that, rather than going to the atmosphere, could be
incorporated into the animal if it were in the nght chemical
form. It's been calculated thar abour 2-12% of the plant
energy thar the animal takes in is then lost through methane
production,

D John Edgar and Dr Chris May, at the CSIRO
l‘l"\'(’]'l ':I I\I.“]“l;l] Il\.r]lll i[] \1Li|"3LI|]|§, tl.l'\ ¢ come LLi}
with a new form of a chemical compound thar blocks the
biochemical pathway thart leads to the formation of methane.
I'he compound, which they have produced as a simple whire
powder, is not an antibiotic, and does not interfere with the
other rumen microbes. It simply prevents the formation of
methane by the microbes, and in so doing, leads 10 2 more
efficient use of the starch and cellulose in the animal’s diet.

lhe work has led o discussions with companies wich a
view to commercial production of the compound, and
CSIRO has filed a patent. It's expected that the product will
be on the market wichin abour two years.

Lrials on anmimals are revealing rthar the compound does
not lose its effect quickly, as some antibiotics do. Scientises
have noted that methane production remains inhibited for
some time atter the dose wears off. And so far no side-cffects
have been found. The compound is naturally metabolised by
the animal and the breakdown producrs are excrered withoun
any harmful residues remaining. The tials are supported by

wool and mear praducers through the I'WS and the MRC.

Vaccinating for greenhouse

[he other -I|"'|"I'H-I\h (8] m]\illgi the |=tn|'|-.'1|| involves rq.']‘.illg:
on the immune systems of the animals themselves. In work
partly tunded h." the Mear Research Corporation, D Sue
Baker and her colleagues at the Division of Animal

Production at Florear Park in Western Australia have found

Researchers at CSIRO’s Division of Animal Production in Western

Australia have fitted 100 cattle with high-tech “sniffer collars' which

measure the amount of methane exhaled.

Reducing global methane emissions

M ethane levels in the earth's atmosphere are low but the gas

rmakes a sizeable contribution to global warming, second
only to that of carbon dioxide. More than 70% of methane
emissians are associated with human activities, @ majer
contributor being coal-based activities.
CSIRO's Division of Coal and Energy Technology is
contnbuting to an Intermational Energy Authority research and
development program an global methane emissions, The

prograrm will establish the most effective control technologies or
practices for reducing, eliminating or utilising methane emissions

from coal. A first stage in the study will assess:
= worldwide emission levels in relation to factors such as coal
type. rank, porosity and depth;
+ differences in global practices and technologies for trapping o
utiising the gas; and
= the environmental consequences of using methane.
The study will seek to identify appropriate technologies for
monitoring, controlling or utilising methane emissions from

coalbeds, mimng ventilation systems, coal preparation, stockpiling,

handling and transport. In some instances this will include

identifying the potential for additional research and development.

A 1995 Intemational Panel for Climate Control estimate
suggests 22-36 million tonnes per year of methane are emitted
from the coal-based activities of |10 major coal-producing nations.
Only a small fraction of this methane is utilised

A‘;. Cj!_‘l"l\c'll'lﬂ Ff_!l' f_f:’.l.\ll r‘i_}l"ﬂ_ﬁ:"_. I:_{_TIIT][J}':I"IIL‘:—. o mine ljl.:"."_'pl_'l Searms,
methane levels will increase. Removal and utilisation of the
methane will make sense both in terms of economics and salety
The study will provide forward projections of both methane
levels and likely improvements to usage,

And, while the less-concentrated methane in ventilation gas is
less easy to access, the study will also idemtify technologies for
extracting this methane as a possible fuel.

Further downstream, in coal preparation, it s estimated that
up to 40% of the methane may still reside within the micropores
of the coal: right up to the cleaning stage. The study will validate
this figure, and again identify any technologies or processes being
used to collect methane dunng coal preparation

I'he study will be one of the mast comprehensive available in
this area and will provide a global picture of the potential for
improvement in management of methane emissians including
increased use of a valuable energy resource.
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that 1t's possible to vaccinate livestock against the microbes,
thereby causing the animals’ antibodies o reduce methane
production by the methanogens. The animal is made
resistant to the methanogens as it would be o disease-
causing micro-organisms. Dr Baker's team has filed a patent.

The team has been monitoring caule and sheep fitted
with specially-developed collars thar act as methane
measurers for any of the air exhaled. Abour 100 privileged
Western Australian animals are having their breath carefully
analysed for methane with these ‘snifter’ collars. The animals
wear the collars for abour a day at a time, with no
discamfort. OF course, measuring the breath is difficult. You
can't casily collect all of it. The collars only measure gas
concentrations near the mouth and nostrils. How can this be
accurate?

The technique relies on putting a small wbe containing
an inert gas (sulfur hexatluoride) into the animal’s rumen.
The gas is released at a known rate and measured by the
collar near the mouth and nostrils of the animal. The actual
amount measured, when compared with the amount known
to be released in a given time, tells the scientists the extent to
which the gas is diluted before it hits the detecror around the
animal’s face. Methane is also measured in the same place.
The ‘dilution factor’ caleulated from the SFg gas is then used
to multiply up the methane measured and thereby deduce
how much actual merhane must have been produced.

With the ‘sniffer collars’, Dr Baker's team is also w-::rkiug
on improving techniques for estimating greenhouse gas
emissions from livestock. Baker says existing estimation
methods are based on studies of penned sheep and cartle.

Methane production by grazing animals, however, is
aftected by the nature and composition of their diet, and by
the amount of food consumed. To account for these
variables, Baker's ream is measuring emissions from grazing
sheep and cacele under a range of pasture conditions in
Australia. The resulis of this work will allow estimartion
methods used for the Narional Greenhouse Gas Inventory
for Livestock to be evaluared.

Both vaccination and the antimethanogen compound are
showing that with ingenious science it's possible ro curb
methane emissions from livestock without any damage to the
animals cancerned. In fact, there’s a considerable benefit to
the farmer, the atmosphere and, who knows, maybe to the
animals themselves. After all, imagine whar it would feel like
1o be producing all thar gas!
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