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Additional research is required at providing minimal nutrients to specialist forage crops and to
directly supplementing animals to enhance their performance and to provide manure and urine of
better quality for application to following food crops.

In systems where biogas is generated studies are needed on the losses and transformations of
nutrients that take place in the biogas generator and the fate of nutrients when the various liquid
and solid residues from the generator are re-used in agriculture.

In order to study the primary and interaction effects of nutrients in the plant/animal/soil system, it
will be necessary to produce multi-labelled plant material.

Because of the widespread occurrence of P deficiency it is recommended that labelled legume
forages be produced with a range of P application rates (from farmer practice to high rates). Plant
production data should be collected to assess the direct benefits of P fertilisation on biomass
production and quality. The forage should be fed to penned sheep or goats (or other appropriate
livestock) at a range of supplementary levels to assess animal production gains. Partitioning of
15N and S in the animals can be estimated. Manure, urine, and bedding samples need to be
analysed to determine inorganic and organic nutrient concentrations. These "waste" products
need to be managed using both local farmer practice and best practice prior to their application to
the food crop. These materials should then be applied to soil and the contribution of N, S, and C
to crop production and soil organic matter and fertility determined

It is recognised that the research outlined above is complex and expensive but I feel that
continuing research on single nutrients, and studying only part of the system will add little to our
understanding of the nutrient cycles in plant/animal/soil systems.

THE ROLE OF ISOTOPES IN STUDYING NUTRIENT AND ORGANIC MATTER DYNAMICS IN
LIVESTOCK/CROPPING SYSTEMS, WITH EMPHASIS ON CARBON AND NITROGEN

Stewart F. Ledgard

AgResearch Ruakura Research Centre, Private Bag 3123, Hamilton, New Zealand

Integration of livestock and cropping systems can increase the efficiency of use and recycling of
nutrients and other resources. In developing countries, a key goal in mixed animal/cropping
systems is maximising production of animals and crops, possibly including grain for human
consumption, while minimising the need for inputs of resources such as fertilisers, irrigation water
and energy. Low organic N levels in soil in some developing countries, such as in Africa, mean
that achievement and maintenance of high yielding crops requires appropriate inputs of organic
and/or fertiliser N sources. Improvement in organic matter and N levels in cropping soils are
generally achieved via crop rotations or inter-cropping with grain legumes or green manures, or by
importing external sources of organic material. Recycling of crop residues is also important for
retaining organic matter and nutrients in cropped soils.

Increases in the efficiency of these farming systems require a detailed knowledge of the limiting
factors or resources for maximising productivity. Isotopes can play a valuable role in identifying,
understanding and testing new methodologies associated with soil, water and nutrient resources.
Isotopes (particularly 15N) have been widely used in field studies for determining fertiliser use
efficiency, N2 fixation, and more recently for studying the fate of nutrients from organic materials
and crop residues. The major benefit in using isotopes in studies of nutrient use efficiency is that it
enables the fate of the nutrient to be traced throughout the soil/plant system even where there are
large reserves of the nutrient in soil pools. Most research with isotopes has been restricted to
above-ground plant components but some recent studies have targeted plant roots. Foliar 15N
labelling has been used to better quantify root N yields and to determine the uptake of 15N-labelled
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root N by subsequent crops. Similarly, 13CO2 pulse labelling studies have provided valuable
information on the root carbon pools and turnover rates for different plant systems.

In livestock research, isotopes have been used to determine the relative conversion of dietary
nutrients into animal produce, animal tissues, dung and urine. However, this is more commonly
determined using non-isotopic studies with stall fed animals and nutrient analysis of the various
components. Isotopic studies of this kind are most valuable for detailed research tracing nutrient
conversion into specific animal components or metabolites. Several studies have used 15N-
enriched plant material fed to animals to generate 15N-labelled excreta for research on the fate of
excreta N.

Quality of the feed source for livestock can have a marked effect on the relative conversion of
feed N into animal produce, dung or urine. While this has been well researched in intensive
livestock systems in developed countries, there is much less information on the fate of feed N
consumed by animals in developing countries where poor quality feed sources may be used. In
the latter, more than half of the consumed N can be excreted in dung and this represents an
important potential source of N and other nutrients for recycling onto crops.

The system of animal management influences the recovery of nutrients in manure. In developing
countries, such as in Africa, animals may be penned continuously and the manure is collected,
stored and applied onto cropping areas. The storage method and treatment of manure (e.g. straw
may be mixed with it) will influence the temporal availability of nutrients after application to soil.
Detailed research is required to better understand the variability in N supply from manures in
relation to feed quality and to develop practical recommendation systems for their optimum use in
cropping systems. The stable isotopes 16N and 13C can play a valuable role in such research
programmes.

Research requirements in developing counties should be based on local knowledge and
identification of specific key limitations to productivity and sustainability in those countries. Ideally,
it should also be an integral part of existing research programmes so that other skills (e.g.
agronomists, microbiologists) can be utilised. However, some generalisations can be made in
relation to some of the key factors controlling nutrient flows and efficiency in livestock/cropping
systems.

In developing countries where resource inputs (e.g. fertiliser) can be expensive, it is important to
achieve efficient re-use and cycling of nutrients within the livestock/cropping system. An allied
component to this is the importance of maintaining acceptable levels of soil organic matter to
ensure longer-term sustainability. Thus, it is suggested that a general priority for research in
livestock/cropping systems in developing countries is nutrient supply from manures, organic
matter sources and/or crop residues. Research could target management strategies to
manipulate the nutrient supply to achieve some synchrony with crop demand. The research
approach should involve determining nutrient transformations and efficiency using non-isotopic
and isotopic techniques, in conjunction with preliminary evaluation of strategies using computer
models.
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ANNEX4

PROJECT DOCUMENT

1. Title of the CRP:

Integrated Nutrient Management to Improve Productivity and Sustainability of Ruminant/Cropping
Systems in Tropical Regions of Africa and Asia

2. Justification

One of the greatest challenges faced by mankind is to satisfy the nutritional needs of the rapidly
expanding global population while at the same time preserving biodiversity and land, water and air
resources. Livestock are an important part of the agricultural landscape in terms of outputs of
food, fuel and fibre. Livestock produce diverse food products, provide security, complement crop
production systems, and generate cash incomes for rural and urban populations, provide fuel and
transport, and produce goods that can have multiplier effects and create a need for services.
Furthermore, livestock diversify production and income, provide year-round employment and
spread risk. There is a rapidly growing demand for livestock products world-wide, as human
population pressure and incomes increase and as dietary habits change. Changes in land use
and human population are now leading to intensification and expansion in many types of livestock
production systems.

Re-utilisation of nutrients on-farm has been a normal practice for centuries. However, the
relevance of research in the fields of nutrient stocks, flows, and management has increased due
to massive population growth, industrialisation, decrease in availability of arable land,
development of high-input livestock systems, increased use of mineral fertilisers, high demand for
livestock products as a result of growing world economies, and globalisation of trade.

In developing countries people currently consume an average of 21 kg/capita of meat and fish and
40 kg/capita of milk equivalents as against of 100 kg/capita of meat and fish and 178 kg/capita of
milk equivalents in developed countries. By 2020, people living in developing countries are
projected to consume an average 38 % more meat and 62 % more milk per capita than in early
1990s (Delgado et al., 1999). The increased livestock population required to meet this demand
may worsen environmental problems. This calls for development and introduction of systems,
which are economically, socially and ecologically sustainable. In mixed farming systems, in
particular integrated crop/livestock systems, livestock play a central role in creating more
sustainable farming systems. The ruminants in particular are of particular importance in this
context in that they can be raised on crop residues, agro-industrial by-products and low quality
roughages, which do not compete with human food (Fadel 1999). In addition, integrated
crop/livestock systems at present provide 90% of the milk, 77% of the ruminant meat, 47% of pork
and poultry meat, and 31 % of the eggs.

Animal protein intake in developing countries has increased sharply over the past decades, and
this trend is expected to continue.

The increasing demand for animal products is outstripping population growth. In many parts of the
tropics both ruminant and human populations are increasing rapidly._Remenyi and McWilliam
(1986) predicted that the demand for forage in S.E. Asia and the S. Pacific would double between
1985 and 2000 if there was no change in the typical feed regime and projected trends in ruminant
numbers. This doubling in demand was expected to occur despite a projected decline of 33% in
meat self-sufficiency. Increasing food production in the regions means an increasing production
of crop residues and agro-industrial by-products and, depending on management, this could be
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used to not only to sustain the increased animal numbers but also to increase efficiency of animal
productivity.

In their assessment of the situation in S.E. Asia Remenyi and McWilliam (1986) pointed
out that production of forages was not a traditional activity for the majority of smallholders and
farmers in the region. Both land and labour constraints were seen as limitations to expansion of
forage production. In the intervening years these problems have been exacerbated by increasing
human population.

As a result of these changes new pressures on the environment are developing or could emerge,
and should, therefore, be of concern. It is increasingly clear that livestock-environment linkages
should be seen in the context of human, economic and political aspects as well as natural
resource utilisation. These challenges demand a flexible and dynamic approach in the
development and formulation of policies for the livestock sector. The scale and nature of the
interaction between livestock production and the environment has been the subject of much
speculation and debate. A technical basis for making balanced policy decisions and for
formulating intervention plans is generally lacking. A paucity of precise information about
ecosystems and their interactions with livestock enterprises can lead to erroneous decisions,
particularly at the policy level, and to wrong interventions.

In the last few years a number of organisations, namely FAO, the World Bank, USAID, ILRI,
Netherlands Ministry of Foreign Affairs, EL), DANIDA of Denmark, BMZ of Germany, DFID, U.K.
etc. undertook a major 'multi-donor study on livestock-environment interactions'. The catalyst was
the United Nations Conference on Environment and Development (UNCED) Meeting in Rio in
1991, which placed environmentally-sustainable agriculture high on the international agenda. The
'multi-donor study' included an International Conference on Livestock and the Environment which
issued a document containing state-of-the-art reviews. The following were identified as critical
issues:

Overgrazing and degradation

Deforestation

Wildlife and livestock interactions

Upsetting the balance between crops and livestock

Soil and water pollution

Emission of greenhouse gases

The interactions between livestock and the environment are many and complex. Deforestation,
soil erosion, reduced soil fertility, loss of biodiversity, water contamination, waste disposal and
greenhouse and obnoxious gas emissions are some of the recognised environmental problems.
Measures that tackle only the superficial effects of environmental damage will never be as
effective as policies and interventions which attack the underlying causes.

Meanwhile, many livestock systems are severely under pressure. Free-range systems in Africa
are increasingly pushed into marginal areas or have to share feed resources with game animals.
The pastoralists of the recent past (Peulh, Masai) have recently turned to semi-sedentary forms of
agropastoralism. At the same time, farmers in semi-arid Africa with mixed crop-livestock systems,
which depend on communal lands for their grazing needs, see these lands declining in size and
productivity. Animals are highly important to very many resource-poor farmers. They provide
meat, milk and draft power to subsistence farmers, are living bank accounts, and fulfil an array of
social and gender-sensitive functions (e.g. provision of dowry).

The future of ruminant systems in the developing world is clearly in mixed crop-livestock systems,
with a reasonable level of overall system productivity. For this to be achieved, a good
understanding is needed of the existing fertility of the entire agro-ecosystem, of which the
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ruminant forms part, as well as the major nutrient flows that determine production (useful or
marketable output), productivity (useful output per unit input) and sustainability (total outputs do
not exceed total inputs). Hence, the challenge is to direct nutrient flows towards 'marketable
output' as much as possible, to achieve the highest possible output per unit input (fertiliser,
nitrogen fixed,, labour), and to reduce leaching, erosion, gaseous losses and removal of residues
from the system. Integration of system components can be used to increase nutrient use
efficiency, improve household economics, and reduce the need for imported resources such as
mineral fertilisers.

The role of ruminants in the larger agro-ecosystems of which they form part has been under-
rated. Piece-meal research efforts on either soil fertility, forage quality, feed supplements, or
increased nutrient use efficiency within the animal have not provided the necessary broader
'systems' picture that allows animal production to stand out as a vital component to recycle
nutrients for increased production. Clearly, there are still knowledge gaps on how best to describe
and mobilise the ruminant subsystem as part of these larger systems. Then follow the key
questions. What is the best method to improve the productive potential of the system? What
nutrient flows should be focused on?

The environment associated with livestock is under pressure. Free range pastoralists are finding it
difficult to survive in increasingly harsh environments. At the same time, industrial livestock
farmers may be responsible for environmental pollution and have to respond to tough legislation.
The huge demand for animal products forces research efforts into the development of mixed
crop-livestock systems that are productive (high outputs), clean (few non-useful outputs), efficient
(high outputs per unit input) and sustainable (outputs do not exceed inputs). The challenge is to
analyse the processes that determine the value of these indicators in different systems, and to
design better management systems that are within reach of those who have to implement them.
Use of stable isotopes is extremely useful in quantifying and tracing nutrient pathways, and in
targeting further research on nutrient flows where there are opportunities for improvement.

Poor animal production resulting from protein deficiency, and poor management of excreta from
ruminant animals contributes to poor nutrient cycling in many agricultural systems. As cropping
intensities increase in response to increasing population pressures greater amounts of crop
residues are potentially available to ruminants but the time and labour available to manage these
residues for animal production becomes increasingly limited. Improving the feed conversion
efficiency through strategic supplementation with farm grown protein sources offers scope to
enhance animal production, lower environmental polluting gases such as methane and carbon
dioxide, and to improve the efficiency of nutrient cycling in the food crop sector.

A technical basis and sound quantitative data for formulating guidelines and intervention plans are
lacking. A complete knowledge of farming systems and their nutrient inputs/outputs, flows and
potential for loss will assist the farmer in his decision to efficiently utilise nutrients and optimise
production.

The proposed CRP will be conducted in collaboration with National Agricultural Research Systems
(NARS) and International Organisations where appropriate. The research activities will be
conducted in Africa and in South and/or South East Asia.

The research will focus on three main lines of investigation:

a) Improving the quantity and quality of leguminous protein supplements, preferably from trees
and/or shrubs, for use in crop residue-based feeding systems in which low quality forages are
an important part of the animal diet.

b) Manipulation of the flow of nutrients through the animal/plant/soil system, via animal excreta
,and strategic inputs of fertilisers.

c) Monitoring the effects of modified nutrient flows on animal and crop production and system
nutrient budgets.

In addition, cost/ benefit analyses will be undertaken to facilitate uptake of the research findings by
farmers and the CRP will enhance the in-country capacity to conduct integrated nutrient studies by
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facilitating linkages between soil scientists, agronomists, animal production specialists, modellers
and economists.

The Agency's involvement is justified in that:

a) Isotopes (stable and radioactive) are essential to obtain a quantitative estimate of nutrient flows
in these target systems and to evaluate the impact of interventions.

b) The objectives of the proposed project are in line with the strategic objectives of the FAO's
Department of Agriculture, the joint FAO/IAEA Programme and its constituent sub-programmes
D1 and D3

c) The research approaches envisaged are highly relevant to many Member States of FAO and
IAEA.

d) The proposed CRP will entail the formation of a network of international and national research
institutes working in tropical areas. The Agency has a strong track record in the conduct of co-
ordinated research projects that have successfully brought together scientists from different
disciplines in both developing and developed countries. The findings from this CRP could be
disseminated through Technical Cooperation projects as has been done with previous CRP's.

e) The Seibersdorf Laboratory of IAEA has strong in-house capacity to support the CRP through
training, quality assurance, analytical services, and strategic research capability-
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3. Overall Objective

To improve nutrient management in integrated ruminant/cropping systems and enhance animal
and crop production, through improved feeding strategies.
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4. Specific Research Objectives

4.1 To characterise the target systems.

4.2. To increase the productivity of animals through the introduction of legume leaf protein to
supplement low quality crop residues and forage.

4.3. To improve the management of excreta to increase re-cycling and reduce losses of nutrients
resulting in higher crop production.

4.4. To monitor the residual effects of excreta on soil physical properties and fertility

4.5. To monitor the performance of ruminants and construct nutrient budgets in systems adjacent
to the experimental sites to allow comparisons with experimental data.

4.6. To use appropriate models to aid prediction and scaling of the research findings.

4.7. To build in-country capacity to conduct integrated nutrient studies with the aid of nuclear
techniques.

5. Expected Outputs

5.1. Improved knowledge of nutrient cycling in integrated ruminant/cropping systems and
strategies to enhance nutrient capture within the system.

5.2. Established guidelines for the management of livestock excreta, crop residues and low quality
forages.

5.3. Increased capacity of NARS to integrate nuclear techniques into research programmes and to
conduct inter-disciplinary research

5.4. Published and disseminated research results

These outputs, together with the goal and purpose statements, are presented in a logical
framework matrix below.

6. Outcomes and Impacts

6.1 Knowledge-based nutrient management strategies implemented by farmers

6.2 Increased productivity achieved through improvements in ruminant nutrition and reduction in
nutrient losses from the crop/ livestock system.

6.3 Conservation of soils and biodiversity through improved nutrient management resulting from
the use of strategic inputs and re-routing of nutrient flows within the system.

6.4 Reduced emission of greenhouse gases and ammonia and losses and of nitrogen and
phosphorus to waters.

6.5 Linkage of scientists in developing countries into groups better able to tackle environmental
and production issues resulting from increasing human and animal populations.
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7. Workplan

7.1 Selection of sites.

Criteria for selecting the systems in which the studies are undertaken should include

a) Systems which occupy large area of the continent

b) Population dependence on the system and resources available to farmers

c)The fragility of the agro-ecosystem

d) Relative importance of the livestock sector

The specific criteria to be considered in each target region includes:

Africa : The farming system targeted should be characterised as agropastoralists with strong inter-
relationships between semi-arid cropping and free range (common lands). Farmers in these
systems have market access restricted to the local area and hence have limited cash transfer
opportunities.

South and South East Asia: The focus of the research should be in rice based agro-ecosystems,
with an abundant supply low quality crop residues. Farmers in these systems have access to both
local and global markets.

7.2 Experimental outline.

a) Characterise the physical resources and social structure of the crop livestock systems in
operation in the target areas.

b) Establish a standardised data management system to allow analysis and transfer of data
within and between locations

c) Grow the most suitable tree or shrub legume with and without P fertiliser application

i) In a large area without tracers to use as the main source of supplement

ii) In a small labelled area to produce feed to be fed to animals to determine nutrient
partitioning in excreta and to produce labelled manure and urine

d) Supplements to be fed with crop residues at minimal and optimal levels to measure animal
production responses to leaf supplementation, and this to be compared with direct
supplementation of the animal with urea and P and to the application of legume directly to the crop

e) Collect labelled urine and manure during labelled feeding periods and store under farmer
practice or optimal conditions.

f) Apply the excreta to a food crop and measure yield and quality response and trace fate of
nutrients (with and without additional N), and

g) Measure direct and residual effects on soil fertility and physical properties.

7.3 Considerations for the selection of contract holders

a) Ideally the contract holders should be involved in similar research to that proposed here so that
nuclear techniques could be introduced to the studies to improve the definition of nutrient flows.

b) Linkages between scientists and/or institutions with expertise in soil fertility, agronomy and
animal production is essential.
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c) Supplementary funding from national/international donors should be available to enable the
scale of the study to be sufficient to encompass the whole soil/ plant/ animal continuum.

d) Separate financial support should be given to soil and animal scientists operating at the same
research site to enable the necessary integration to be accomplished.

7.4 Isotope techniques and required support

Isotope techniques to be used in the CRP include some, or all of the following:

a) 15N and M S for nutrient dynamics studies to follow the pathways of nitrogen and sulfur in the
soil/plant/animal continuum.

b) 13C for constructing carbon budgets and to be able to determine short-term changes in soil

organic matter concentrations.

c) 32P or 33P to estimate the efficiency of P utilisation in legume leaf production

d) A Technical Contract to study of the value in using 18O as a surrogate for P should be awarded.
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8. Project logframe

Narrative summary

Goal (overall objective):

To enhance animal and crop production
through improved feeding strategies of
ruminants and more efficient nutrient
cycling in integrated ruminant /cropping
systems

Purpose (specific objectives)

1 .To characterise the target systems.

2.To improve the productivity of animals
through the introduction of legume leaf
protein to supplement low quality crop
residues and forage.

3. To improve the management of excreta
to increase the re-cycling of nutrients
which is reflected in improved crop
production.

3. To monitor the residual effects of
excreta on soil fertility and physical
properties

Verifiable indicators

Farmers adopt better
feeding and excreta
management strategies

Physical and social
survey conducted

Animal production
increases via improved
feed efficiency

Crop production
increases and improved
nutrient use

Reduced nutrient losses
from the system

Enhanced nutrient
supply and retention
capacity.

Better conditions for root
growth and soil better
water relations

Means of verification

Increased animal and crop
production

Improved nutrient budgets

Report

Feed intake, animal
liveweight data

Crop yield and quality data.

Nutrient balance data

Soil physical and chemical
analysis data

Important assumptions

Human and physical infrastructure
available and institutional
commitment

Staff available with the necessary
skills

No disease outbreak or effective
control measures available or
catastrophic climatic events

As above

Analytical capability available and QA
implemented



Narrative summary

4. To investigate the role of the animal in
optimising the transfer of nutrients to the
crop

5. To monitor the residual effects of
excreta on soil physical properties and
fertility

6. To monitor the performance of
ruminants and construct nutrient budgets
in systems adjacent to the experimental
sites to allow comparisons with
experimental data.

7. To use appropriate models to aid
prediction and scaling of the research
findings.

4.7. To build in-country capacity to
conduct integrated nutrient studies with
the aid of nuclear techniques.

Outputs:

1. Improved knowledge of nutrient cycling
in integrated ruminant/cropping systems
and strategies to enhance nutrient
capture within the system.

Verifiable indicators

Relative economic
returns from animal and
crop outputs

Changed nutrient flows

Reduced need for
fertiliser, soils easier to
cultivate and soil water
properties improved

Similarity of production
and research systems
verified

Contrasting models
selected

Preparation of training
manual on soils, animal
and data management

Data on nutrient pool
sizes and flows

Means of verification

Economic analysis

Nutrient budgets

Data entered in database
and report prepared

Data entered in database
and report prepared

Model available to
extension personnel

Training course completed

Progress reports from
participants

Important assumptions

No influence of catastrophic events

Analytical capability available and
QA implemented

No influence of catastrophic events

Links with research services well
established

Competent and enthusiastic staff
available

Analytical capability



Narrative summary

2. Established guidelines for the
management of livestock excreta, crop
residues and low quality forages.

3. Increased capacity of NARS to
integrate nuclear techniques into research
programmes and to conduct inter-
disciplinary research.

4. Published and disseminated research
results

Activities:

1. Form a research network

2. Organise 1SI RCM to agree on work
plans

3. 2na RCM to evaluate progress in
implementation and revise protocols.

4. 3™ RCM to evaluate management
practices

5. Final RCM to present all results

Verifiable indicators

Definition and
comparison of
management options

NARS personnel skills
enhanced

Technical and scientific
research papers,
conference /workshop
presentations

a) 10 RC from Animals
and 10 RC from Soils in
partnership

b)5AH

Hold 1SI RCM (2001)

Hold 2™ RCM (2002)

Hold 3ra RCM (2004)

5. Hold Final RCM

(2006)

Means of verification

Publication of guidelines
document

Increases in quality
publications

Participation in integrated
research projects

Publications available

20 RC and 5 AH awarded.

1s ' RCM Report

2™ RCM Report

3ra RCM Report

5. Final report

Important assumptions

Good quality data available

Staff commitment

Staff time allocated to this task

Suitable proposals submitted.

Field experiments conducted and
samples analysed.

Evaluate progress of improved
management practices and refine
where necessary.

Timely submission of final reports


