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and rates of transformation and transfers into loss pathways and construction of soil and systems
nutrient balances and the identification and determination of acquistion rates of N by plants from soil,
fertilizer, manure or atmosphere.

NUTRIENT DISEQUILIBRIA IN AGRO-ECOSYSTEMS:CONCEPTS AND CASE STUDIES
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Amongst the problems that African agriculture faces, soil fertility decline is mentioned as a major
pressure. The declining state (lower soil fertility) has led to different responses by researchers,
iandusers and policy makers. All responses directly or indirectly boil down to some form of
'Integrated Nutrient Management' (INM), which is defined as the 'judicious' manipulation of
nutrient stocks and flows. As INM is complex and multi-faceted, it is difficult to derive simple
indicators for policy makers from it. The concept of stocks (state) and flows (pressure), however,
links well with economic sciences.

A continental study revealed that Africa is losing nutrients at a rather alarming rate, i.e., 22 kg N,
2.5 kg P and 15 kg K per ha per year (Stoorvogel and Smaling, 1990). These values represent the
sum of the outputs minus the sum of the inputs mentioned below.

IN1

IN 2

IN 3

IN 4

IN 5

mineral fertilizer

organic fertilizer

atmospheric deposition

biological N fixation

sedimentation

OUT1

OUT 2

OUT 3

OUT 4

OUT 5

nutrients in harvested parts, milk, meat.etc.

nutrients in removed crop residues

leaching

gaseous losses

runoff and erosion

This study however, commissioned by FAO, had to deal with a lot of higher-scale problems, i.e.,
using FAO's production yearbooks, using the 1:5,000,000 FAO Soil Map of the World,
generalisation, simplification, and the use of proxies (transfer functions).

It triggered many studies at lower spatial scales (field, farm, village, watershed), in which inputs
and outputs are accompanied by internal flows within the system. In other words, INM can be
geared towards

• adding nutrients to the system

• saving nutrient from being lost from the system

• recycling so as to maximize nutrient use efficiency

Measurement of nutrient flows is complex: a simple fertilizer trial implies adding nutrients, and
harvesting part of the extra nutrients, but what happens to the nutrients that were not taken up by
the crop? More spatially complex is the ring management system in West Africa where animals
spend the night and early morning around the village, fertilizing this area, while they eat and
deplete the bushlands during daytime.

IFPRI has, for its Vision 2020 study, grouped the tropical world into five 'agricultural landscapes',
i.e.,

• Irrigated lands

• High quality rainfed lands

• Densely populated marginal lands

• Extensive agriculture in marginal lands
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• (Peri)urban agriculture

The complexity of measuring the nutrient balance for these 'landscapes' will be highlighted.

Measurement problems seem to be scientific issues, but they do come back at the policy level. In
The Netherlands, a mineral book keeping system is in place (MINAS), which works with farmgate
balances. However, a surface balance approach would give other figures and would encompass
different incentives for the land user. More accurate compartment approaches are liked by the
researcher but generally regarded as too cumbersome to build policies on.

It is very difficult to scale up point research to higher spatial and temporal scales. Examples are
given of agricultural landscapes in Madagascar and Nigeria that may help in deciding where to
focus research efforts.

It is crucial that scientific development on INM is closely related to policy and landuse, as all these
fields are changing simultaneously. Policies are increasingly developed at decentral levels,
opening up avenues for INM approaches that were not applied before. Also, landusers become
more vocal, and want to be involved in research for development (e.g., participatory technology
development). INM therefore should be a joint effort between researchers, policy makers and land
users. Research has a key role to play in development of sound methodologies for measurement,
modelling and monitoring.
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IN INTEGRATED CROP/LIVESTOCK SYSTEMS IN SOUTH EAST ASIA AND LATIN AMERICA
EITH A FOCUS ON CONSERVATION AND SUSTAINABILITY ISSUES

Graeme Blair

Agronomy and Soil Science, University of New England, Armidale, NSW 2351, Australia

Between 1979/81 and 1999 livestock numbers increased throughout S.E. Asia and Tropical
America despite the increasing human population density in these regions

Indonesia, Myanmar and Thailand dominate the large ruminant population in S.E. Asia. . The
large ruminant population in these countries is dwarfed by that in China. In tropical America Brazil,
Colombia and Venezuela have the largest large ruminant populations . In S.E. Asia, between
1979/81 and 1999, cattle numbers increased by 9 1 % but buffalo numbers decreased by 3%. The
cattle population in Tropical America has increased by 19%.

The largest small ruminant population in S. E. Asia occurs in Indonesia and, in Tropical America,
in Brazil and Mexico. There has been a very significant (90%) increase in small ruminants in S.E.
Asia.

The major needs of the largely cut and carry systems used in much of S E Asia and Africa is to
provide a year-round supply of high quality forages to supplement low quality crop residues and
forages cut from roadsides and wastelands. Because of the reluctance of farmers to fertilise
forages in these systems it is an imperative that the flow of nutrients from the soil to the plant and
then to the animal be as efficient as possible. In the past legumes, particularly tree and shrub
legumes, have been the preferred supplementary forage supply but as systems become more
intensive increased attention needs to be paid to N fertilised grasses and direct supplementation
of animals with N, P, and other nutrients.

The research to be undertaken needs to trace the flow and balance of nutrients (particularly
N,P,K,S,Zn and C) through the plant production cycle, particularly the recycling of nutrients when
associated with carbon in crop residues and specialist supplementary fodder crops. Studies are
also needed on the efficiency of animal feeding and nutrient utilisation, especially in the re-
utilisation of manure, urine and bedding material in subsequent crop production.
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