MATCHI NG LI VESTOCK SYSTEMS W TH AVAI LABLE RESOURCES
by
T R Preston

DEVELOPMENT MODELS

The Third Worl d

In the tropical regions of the Third Wrld in general and specif-
ically at the level of the small farm livestock production is in
crisis. This crisis is closely related with the production nodels
which were inplanted in Third World countries during the post-war
period and were intensified in the decades of the 60's and 70's. In
order to introduce these new technol ogies, nmany Third Wrld countries
established credit nechanisns, agricultural research programes, rural
extensi on schenes, and training programes ainmed at increasing produc-
tion by pronoting an increase in the productivity of crops and
ani mal s.

The nodel that was advocated for the agronom c sector ained to
bring about a "green revolution", specifically in cereal grain produc-
tion, that would solve the nutritional problenms and hunger suffered by
mllions of people in the Third Wrld. "lInproved" production systens
wer e pronoted, based on high performance germ plasm nonocul tura
practices and the intensive use of capital, machinery, and costly
inported inputs such as fertilizers, pesticides and herbici des.

In the livestock field, priority was given al nost exclusively to
the introduction of systenms, the technical and econom c bases of which
were derived fromexperiences in the tenperate, "industrialised"
countries, where enphasis had been on | ow | abour inputs, high use of
capital, and intensive specialised production nethods ai med at market
expansi on. For exanpl e:

- Cattle production systens were based on the Anerican and
Austral i an nodel s that enpl oyed extensive grazing on pastures
established in regions previously in natural forest. The result
has been an alarm ng increase in erosion and destruction of
ecosystens and wat er sheds.

- Pig, poultry and mlk production systens were based on "econony
of scale", involving an ever increasing dependence on "inported "
inputs (feed grains and protein neals, germ plasm drugs, equip-
ment and fossil-derived fuel), and an overall negative effect on
enpl oynent opportunities, especially in rural areas.



The result of these activities has been an increasing dependence
on inported inputs, increased costs of production, reduced rural
enpl oynent, contam nation of the environnent and destruction of
ecosystens, deforestation and under-utilization of avail able resour-
ces.

The industrialised countries

The transfer of livestock technologies fromindustrialised to

devel opi ng countries, has obviously been largely unsuccessful. Quite
apart fromthe reasons for such failures, it is relevant to question

t he basic concepts governing the nodels currently enployed in the

i ndustrialised countries. For, contrary to what is so often assuned,
it my not be desirable - even if it were technically and econom cally
feasible - to attenpt to achieve in Third Wrld countries the styles
and standards of living currently "enjoyed" (??) in the industrialised
countries. Leaving aside the social issues, an assessnent of the
present agricultural situation in nost industrialised countries shows
t hat :

- agricultural products - especially those of animal origin - are
expensi ve to produce and to buy,

- present production systens are wasteful and cause considerable
ecol ogi cal danage,

- the systens of production and the products that are produced are
frequently associated with stress both for animls and humans,
and

- the dependence on, and excessive use of, fossil fuel based inputs
is causing an alarm ng increase in atnospheric carbon dioxide
concentrations, which is the main contributer to the warm ng of
the earth's atnosphere - the "greenhouse effect.”

It hardly seens sensible to encourage the devel oping countries to
commt their scarce econom c resources to |livestock production
programmes which may eventually arrive at the same inappropriate end-
poi nt ..

Eco-devel opment and self-reliance

The concept of eco-devel opnent has been proposed by Third Wrld
econom sts as an alternative to the classical devel opnent nodel s
derived fromthe industrialised countries, which have proved to be
unsust ai nabl e when introduced i nto devel opi ng countries. The basic
feature of eco-developnent is that the neans of inproving the quality
of life of a community should be sought within a framework bounded by
the limtations - environnental, social and econom c - governing the
activities of the coomunity. The neans of achieving such ains should



be determ ned by the principles of self-reliance; in other words, the
t echnol ogi es used shoul d be deci ded and executed by the community and
shoul d not be dependent on outside events and forces.

DESI GN OF LI VESTOCK TECHNOLOG ES FOR THE TROPI CAL THI RD WORLD

Goal s and neans

| nproved technol ogies are essential tools in all fornms of devel -
opnent. Past m stakes in technology transfer can be traced to the
failure to understand the fundanental issues which nust be consi dered
bef ore enbarking on the design of technologies. O these, the mgjor
one is: what are the constraints governing the design of the tech-
nol ogi es? Are these the sane for both devel oped and devel opi ng
countries or are there basic differences that should be taken into
account? Experience fromthe Third Wrld tells us that while the
scientific principles which underly technol ogies are the sane, the
technol ogi es thenselves are likely to be quite different. Sone of the
reasons for this statenent are set out in Table 1.

These differences help to explain why there are conflicts con-
cerning the strategies that should be applied when nati onal
governnments, supported by international and bilateral technica
assi stance agencies (whose policies are |argely determ ned by profes-
sionals fromthe industrialised countries), attenpt to introduce
innovations in the field of |ivestock research, technol ogy transfer
and trai ni ng.

Tabl e 1: Design of |ivestock technologies for industrialised and
devel opi ng countries; goals and neans
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Experi ence has shown quite clearly that it is counter-productive
in devel oping countries to base these activities on the nodel s that
have been, or are currently being, applied in the industrialised
countries. The conclusions of a recent evaluation report on Dutch
assistance to the livestock sector in Third Wrld countries (Nethe-
rl ands Devel opment Cooperation, 1987) reveal how nuch tinme and effort
have been wasted in these endeavours:

..."The animals (Dutch dairy cattle) were generally unable to
adjust to local conditions; climate, feed and nmanagenent systens
all posed problens. The cattle were unsuited to small farners'
needs; they could not be used as draught animals and often
suffered fromdi sease stress, leg problens and infertility"

...."the experience of twenty years revealed that the route
(intensive livestock projects) had been ill-chosen”

THE " GREENHOUSE EFFECT"

Di scussing the issues of the world food crisis, population growth and
renewabl e energy, Dunont (1989) st ated:

"..Now an even nore form dable threat has appeared on the
horizon. Until recently, all forecasts (of crop yields) were
based on the virtually certain know edge that the world's various
climates were invul nerable to maj or neteorol ogi cal upheaval s.
That last lingering certainty has passed.....

....1t is now established beyond the slightest doubt that

i ncreased carbon dioxide levels in the air as a result of an
excessively rapid increase in the use of fossil fuels, anong

ot her things, has caused the world's climate to warm up since the
begi nni ng of the 70s.

....The warm ng-up process wll raise the level of the sea and
threaten the existence of all the great river deltas, especially
those in Asia..

...Increased tenperatures have aggravated droughts and thus
reduced the flow of the world's great rivers..

...Since the last ice age 18,000 years ago, the world tenperature
has risen by only four degrees. It is now feared that by the year
2050, only 61 years fromnow, the tenperature increase could be
bet ween two and si x degrees.”



TOMNMRDS A NEW STRATEGY FOR SUSTAI NABLE RURAL DEVELOPMENT

Mat chi ng production systens with avail abl e resources

The situation that has been described nakes it obligatory to
reorientate present production systens and to develop a new agricul -
tural policy based on optinal use (instead of m suse) of the earth's
natural resources. Such a policy nust be rural, rather than urban,
orientated and a notable feature of it will be the economc
strengt heni ng and i ncreased i ndependence of the small-scale farner.

It has been proposed (Preston and Leng, 1987) that such a
strategy be based on the devel opnent of agricultural systens which
i ntegrate production of food, fuel and fertilisers, and diverse
i vestock species, with enphasis on the utilization of:

- Existing under-utilised |ocal resources and wastes (e.g., crop
resi dues, |ivestock excreta and agroi ndustrial byproducts)

- New resources derived fromnore efficient agronom c systens based
on inproved utilization of solar energy, soil, water, genetic
diversity and people - which are the natural resources of the
tropics. Specific reference is nade here to the use of sugar
cane and forage trees and shrubs as the principal elenents in
such a schene.

In the long and short term it is hypothesised that the alterna-
tive to fossil fuel is in bionass derived fromsolar energy capture
and that this is nore viable and desirable than energy from nucl ear
sources, especially when environnental and social issues are taken
into account. Furthernore, it is proposed that there need be no
conflict, indeed the prospects are for conplenentarity, in the use of
bi omass to satisfy both food and fuel needs.

Such a policy presupposes a series of conditions, principal anpong
whi ch are the follow ng

- crops and croppi ng systens nust be chosen which permt nmaxi mum
capture of solar energy and its conversion into bionass;

- optimum fixation of atnospheric nitrogen in relation to the
nutrient needs of the selected crops and associ ated |ivestock
syst ens;

- fractionation of the crops to satisfy dual needs of food/feed and
fuel;

- the livestock conponents of the system should address the
conpl enmentary needs of nonogastric and herbivorous ani ma
speci es.



- The overall system shoul d:

- be at least self-sufficient in, and preferably a net ex-
porter of, energy,

- not contam nate the environnent,

- not destroy natural ecosystens,

- opti m se enpl oynent opportunities, and

- pronote a maxi num degree of self-reliance.

MEASURES THAT CAN BE TAKEN TO REDUCE EM SSI ONS OF CARBON DI OXI DE AND
METHANE

To the general policy described above, there nust now be added a
series of additional recommendations in order to address the specific
probl em of the "greenhouse effect”. The follow ng neasures can be
expected to |l ead to reduced em ssions of nethane and carbon di oxi de.
Not all are inmmediately executable, but they indicate what should be
the long termgoals in order to attain and maintain a bal ance between
sources and sinks of carbon di oxi de and net hane.

- Qving priority to the grow ng of crops which are nost efficient
in fixing carbon dioxide into biomass (eg: perennial tropical
forage crops and trees).

- Encouraging agricultural production in the tropics of the Third
World, instead of pronoting self sufficiency in industrialised
tenperate countries. This is because food production systens in
i ndustrialised countries are highly dependent on fossil fuel-
derived inputs. By contrast, nost Third World tropical country
systens enpl oy ani mal and human power, rather than machinery, and
t hey have a nmuch greater potential for devel opi ng bi omass-derived
fuels. Means to this end would be the elimnation of tariffs on
food inports fromthe tropics, and of subsidies to farnmers in the
i ndustrialised countries, and by applying an environnental tax to
the use of fossil fuel since this is the main cause of the
"greenhouse effect".

- In the tropical countries, wetland rice should be di scouraged and
nore enphasis given to dryland cereal production for human
consunption. Cereal growing for animal consunption in tropica
countries should be actively discouraged, and enphasis given to
perenni al forage crops and forage trees as the basis of intensive
ani mal producti on.



- Gazing systens in the tropics should be actively discouraged, in
favour of conplete or sem-confinenment of animals. This wll
permt planting of existing grazing |lands with forests (especia-
[y multipurpose forage trees) and favour the greater use of crop
residues as aninmal feed (instead of burning them.

- A nmassive programme i s needed to pronote strategic suppl enen-
tation of rumnant diets in Third Wrld countries in order to
optim se runmen function (which | eads to reduced net hane and CO,
production). This wll also |ead to increased production of
food, or the keeping of fewer animals.

- Non-rum nant species (especially pigs, poultry, rabbits) should
be favoured over rum nants as neat producers, since they produce
| ess net hane and carbon di oxi de per unit of product.

- Low cost biogas digestors nust be an essential elenent in al
units where |livestock are confi ned.

- Human organic food waste nust be recycl ed through pigs, and/or
earth wornms, instead of being allowed to fernent in land fills
(giving rise to nethane) or to be incinerated (producing carbon
di oxi de).

- Maxi mum support shoul d be given to research and devel opnent
efforts which will enable fossil-derived fuels to be replaced by
bi omass-derived fuels. Gasification of biomass to produce
hydr ogen and carbon nonoxi de (can be used directly as fuel or as
substrates for chem cal industry) would appear to be the nost
appropriate technol ogy to pronote.

REQUI RED | NFRASTRUCTURE

Political or Technol ogi cal Refornf?

It is usually assunmed that the first constraint to rural devel op-
ment is the need for reformof |and tenure. However, it is becom ng
i ncreasingly apparent that, wth or without agrarian reform there is
no way that farm ng systens can absorb the "l andl ess" | abour force
that exists in rural areas in nost of the Third Wrld. New solutions
are needed and these nust be based on proposals for technol ogi cal as
wel |l as political change.

Tropi cal countries offer exciting possibilities for technol ogi cal
reform because of the largely untapped potential for biomass
production in regions blessed wth abundant supplies of solar energy,
hi gh nean tenperatures and rainfall. However, the realization of such
potential wil require an original approach not only to the grow ng of
the biomass but also its utilization.



Energy (wth food as a byproduct) will be the key to such
schenmes, and the utilization of biomass as feedstock for a chem cal
industry will be as inportant as providing a substitute for present
fossil-based liquid fuels. Rural industries based on "bi omass
refineries" promse to solve problens which are i nmedi ate, such as
i ncreasing rural enploynent, and of longer term as is the prospect of
devel oping a viable and safe alternative to non-renewabl e energy
sources, both fossil and nucl ear.

The need to reverse the greenhouse effect, coupled with the
concern about the risks and the environnmental contam nation associ ated
with the nuclear option, is a golden opportunity for the tropical
regions to exploit their largely untapped resources inherent in the
opportunity to use solar energy throughout the year. Existing rates
of photosynthesis permt the capture of 10 tinmes nore energy than is
presently consunmed as fossil fuel (Hall, 1984: personal com
muni cation). This is being achieved wth an overall global efficiency
of only 0.2% By contrast, a perennial tropical crop such as sugar
cane fixes solar energy at 10 tines this rate (2% annually) (Bassham
1978). Tropical trees are alnost as efficient and nost have the added
virtue of being able to fix anbient nitrogen in their root system

STRATEG ES FOR M LK PRODUCTI ON SYSTEMS | N THE TROPI CS

Where, in the above schene, does tropical mlk production fit and
what strategy should be followed in establishing this kind of
activity? The starting point nust be an analysis of the actually and
potentially avail able resources. There are no specialised tropical
dairy animal breeds, other than the R verine type of bufffalo.
Furthernore attenpts to create them have not proved to be sustai nabl e.
The i npact of the Australian MIking Zebu and of the Jamai ca Hope, for
exanpl e, has been m ninmal outside the i medi ate areas where they were
devel oped.

The i medi ately avail able and nunerically inportant cattle
resources in the tropics are Bos taurus beef cattle. There are nmany
advant ages fromusing these as a basis for m |k production through
crossbreedi ng, forenost anong which is the increase in productivity
and in biological efficiency that results when m |k and beef produc-
tion are conbined in the same animal. Converting existing extensive
beef cattle systens in tropical countries into dual purpose m |l k-beef
enterprises will increase their productivity and biol ogi cal and
econom c efficiency. |In ecological terns, this neans a gl obal reduc-
tion in nethane production per unit of animl product, and the pos-
sibility of reducing total animl nunbers (fewer, nore productive
ani mal s consum ng the sanme basic feed resources).

Fromthe nutritional standpoint, the increase in productivity
required in a dual purpose, as opposed to a specialised beef aninal,



does not entail substitution of |local feed resources by exotic (usua-

I 1y grain-based) "bal anced dairy feeds" as is the case when

speci alised dairy breeds and systens are introduced (Netherl ands

Devel opnent Corporation 1987). What is needed is strategic suppl enen-
tation with runen activators and bypass nutrients, which can be net by
judicious use of nostly locally avail able tropical agroindustrial
byproducts (e.g., multi-nutritional blocks from nol asses and urea,
rumen mcro-nutrients and bypass macro-nutrients fromoil seed cakes
and tree foliages (see paper by Leng, this conference)).

CONCLUSI ONS

A new era is dawning in devel opnment strategy. Participation is
mandatory in the setting of goals and identification of neans. It is
al so becom ng apparent that, because both the goals and the neans are
not the sane, the initiatives taken by devel opi ng countries in es-
tablishing their own devel opnent strategies nust not only be
respected, but may al so serve as stimuli for nore effective
cooperation between devel oped and devel opi ng countri es.

| nadequat e human nutrition is still the nost imrediate problemin
nmost devel oping countries. But it is now being realised that the
solution is not sinply to increase productivity but to tackle nore
fundanmental issues, forenpst anong which is the warm ng of the earth's
at nosphere, caused by increased anbi ent concentration of carbon
di oxide (mainly due to increased use of fossil fuels). This threatens,
in the shorter term to reduce crop yields and, in the |onger term
heral ds unm tigated di saster through flooding of river deltas.

Reversing the "greenhouse effect” wll require pronotion of solar
efficient perennial crops, and forage trees, which sinulate forest
ecosystens and provide a sink for carbon dioxide. The bionass from
these crops should lend itself to fractionation into | ow and hi gh
fibre conponents, the former being the basis of intensive confinenent
production of nonogastric animals, while the latter can be converted
into versatile energy-yielding substrates suitable either as rum nant
feeds or, through the process of gasification, as the basis of a
chem cal industry (hydrogen and carbon nonoxide). Liquid and solid
wast es can be recycl ed through biodigesters and earthworns with nuch
reduced em ssions of methane and carbon di oxi de, conpared with proces-
sing themthrough conventional oxidation |agoons and land fills.

In the field of livestock production, increasing enphasis nust be
given to systens which reduce nethane em ssions per unit of |ivestock
product, at the sanme tinme permtting greater use of l|locally and
potentially avail able resources. |In this respect the two major
approaches are: giving greater enphasis to nonogastric species
(especially pigs) as neat producers, and adapting presently inef-
ficient extensive beef operations into dual purpose mlk-beef systens.



These technol ogi es, which are now being developed in Third Wrld
countries, will lead to nore sustainable systens of |ivestock produc-
tion, to enploynent generation, to increased availability of renewabl e
energy and - nost inportantly -to a reversing of the "greenhouse
effect”". The challenge facing governnents of industrialised and Third
Wrld countries alike is to be able to accept that devel opnent w thout
either fossil or nuclear fuels is not only technically feasible but
wll bring with it nmuch needed sociol ogi cal and ecol ogi cal benefits
through the greater role that will be given to rural areas as the
future source of both feed and fuel.

The i nplenmentation of these new strategies will require a greater
appreci ation of:

- Conmuni cation as a neans of pronoting:
- under st andi ng of changing priorities,

- awar eness of common probl ens and the neans of overcom ng
t hese, and

- Rel ationshi ps founded on technol ogi cal support rather than
econom ¢ dom nance.

- The concepts of ecodevel opnent and self-reliance when designing
and i npl ementi ng technol ogi es.
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