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Foreword

Achieving sustainable increases in agricultural production in sub-Saharan Africa is both a re
and a worldwide concern. High human and animal population densities in some areas have st
land-carrying capacities causing environmental degradation and undermining the long-term s
of these production systems. In attempts to meet the increasing food demands of larger popt
farmers are cultivating more land permanently, grazing lands have diminished and many tra
farming practices that formerly allowed land to rejuvenate are disappearing.

An efficient cycling of nutrients among crops, animals and soil is crucial to the sust
productivity of low-input mixed farming systems in sub-Saharan Africa. Access to agricultural i
such as fertiliser and improved seed is limited. Nutrient balances, or the difference between |
inputs and harvests, are negative for many production systems. Although animal manures are
the most important fertility amendment that many farmers apply to cropland, livestock cal
contribute to these nutrient imbalances. Excessive removal of vegetation by grazing anin
harvesting feeds can deplete soil-nutrient reserves and result in decreases in soil productivity.
portion of nutrients consumed by livestock may also be unavailable for recycling due to volatilis
erosion and leaching losses, and uneven deposition of nutrients by animals in the landscape.

The climatic and socio-economic changes currently taking place in many parts of sub-S
Africa suggest that sustainable increases in agricultural production from an increasingly
ecosystem require new and innovative crop, livestock, and soil-management strategies. To fur
objective, the International Livestock Centre for Africa (ILCA) and its cosponsors convenet
conference to bring together national and international experts in livestock (cattle, sheep anc
nutrition and management, ecology, agronomy, soil science and socio-economics to e
fundamental issues of nutrient balances, agricultural productivity and the well being of the
livestock and environment of sub-Saharan Africa.

The objectives of this conference were to:
* review the present state of knowledge on nutrient cycling in mixed crop—livestock syste

» identify research methodologies for investigating nutrient cycles in the plant/anima
interfaces of mixed farming systems

 identify future research priorities and integrated approaches for improving the role of live
in the nutrient cycles of mixed farming systems.

Fifty-six national and international experts attended the conference. A total of 35 presen
from 18 countries reported on various livestock feeding and nutrient-cycling strategies in inter
and extensively managed mixed farming systems. The opening session provided an overvie
demographic and environmental changes and challenges facing sub-Saharan Africa today and
of livestock in mixed farming systems. Papers presented at the technical sessions addresst
related to how animals acquire and utilise nutrients for their productivity, the fate of nutrients ex
by livestock, methods to improve nutrient capture and recycling and the social and economic pr
that influence the availability of nutrient sources and flows in mixed farming systems. Issues |
to resource management were examined at the field, farm, community and regional levels.

Volume | of the conference proceedings summarises the major discussions, finding
recommendations of the conference as gleaned from the rapporteur reports. The chairpersons
guidance to the Plenary and Focus Group Sessions and the rapporteurs delivered comprehel
punctual reports. Their efforts are gratefully acknowledged.



Programme

International Conference on Livestock and Sustainable Nutrient Cycling
in Mixed Farming Systems of Sub-Saharan Africa

International Livestock Centre for Africa (ILCA)

Monday 22 November

Opening Ceremony:

Opening Session:

Addis Ababa, Ethiopia

22-26 November 1993

Welcome addresses
Dr H A Fitzhugh, Director General, ILCA

Dr Awetahegn Alemayehu, His Excellency the Vice Minister,
Ministry of Agriculture, Ethiopia

Setting the scene

Chairperson: H A Fitzhugh Rapporteur: | Scoones

Technical Session I:

An overview of demographic and environmental issues in sustainabl
agriculture in sub-Saharan Africa.

M A Mohamed-Saleenand H A Fitzhugh

An overview of mixed farming systems in sub-Saharan Africa.
J M Powell and T O Williams

Nutrient cycling and its importance in sustaining crop—livestock syste
in sub-Saharan Africa: An overview.
P J Stangel

Interactions between animals and plants

Chairperson: A A Agboola Rapporteur: P J Thorne

Animal/plant interactions: Nutrient acquisition and use by ruminants.
J W Stuth, R K Lyons and U P Kreuter

Relationship between nutrient content of the veld and production
performance of the grazing ruminant in southern Africa.
C T Kadzere

Quantitative and qualitative estimation of nutrient intake and faecal
excretion of zebu cattle grazing natural pasture in semi-arid Mali.
E Schlecht, F Mahler, M Sangaré, A Susenbeth and K Becker

1. Not presented at conference but published in Vol. Il of Proceedings.



Tuesday 23 November

Technical Session Il:

Foraging behaviour of cattle grazing semi-arid rangelands in the Sah
of Mali X
L Diarra, P Hiernaux and P N de Leeuw

Feeding livestock for compost production: A strategy for sustainable
upland agriculture on Java.
J C Tanner, S J Holden, M Winugroho, E Owen and M Gill

Interactions between animals and soils

Chairperson: M A Mohamed-Saleem Rapporteur: N Umunna

Manure as a key resource in sustainable agriculture.
K H Murwira, M J Swift and P G H Frost

Faecal excretion by ruminants and manure availability for crop
production in semi-arid West Africa.
S Fernandez-RiveraT O Williams, P Hiernaux and J M Powell

Increasing the role of ruminant livestock in the maintenance of soil
organic matter for sustainable production systems in southern Mali.
R Bosma, M’'Pie Bengaly and T Defoer

Nitrogen intake and losses by sheepgMmticagospp and barley pasture
in northern Syria. .
P White, A V Goodchild,T T Treacher and J Ryan

Carbon and potassium dynamics in grass/legume grazing systems ir
Amazon. .
C E Castilla, M A Ayarza and P A Sanchez

Soll aspects of nutrient cycling in a manure application experiment in Ni
J Brouwer and J M Powell

Feed factors affecting nutrient excretions by ruminants and fate of nutrie
when appli*ed to soil.
Z C Somda,J M Powell, S Fernandez-Rivera and J D Reed

Technical Session lll: Interactions between plants and soils

Chairperson: M J Swift Rapporteur: P J Stangel

Nutrient recycling in pasture, rangeland, fallow, and cut-and-carry fee
systems in §SA.
A A Agboola and A A Kintomo

The role of forage legume fallows in supplying improved feed and
recycling njtrogen in the subhumid zone of Nigeria.
G Tarawali and M A Mohamed-Saleem

The benefits of forage legumes for livestock production and nutrient
cycling in pasture and agropastoral systems of acid-soil savannahs ¢
Latin America.

R J Thomasand C E Lascano

Millet and cowpea in mixed farming systems of the Sahel: A review o
strategies for increased productivity and sust*ainability.
S V R Shetty, B R Ntare, A Bationo and C Renard



A critical overview of crop residue use as soil amendment in the We:
African semi-arid tropics.
A Bationo, A Buerkert,* M P Sedogo, B C Christianson and A U Mokwu

Nitrogen in dryland farming systems common in northwestern Syria.
H Harris, J Ryan, T T Treacher and A Matar

The interactive effects of rainfall, nutrient supply and defoliation on
herbage yields and quality of Sahelian rangelands in north-east Mali
P Hiernaux, P N de Leeuw and L Diarra

Wednesday 24 November

Technical Session IV: Nutrient cycling in mixed farming systems

Chairperson: C Renard Rapporteur: P N de Leeuw

Technical Session V:

Socio-economic dimensions of nutrient cycling in agropastoral systel
of dryland Africa.
| Scoonesand C Toulmin

Manure utilisation, drought cycles and herd dynamics in the Sahel:
Implications for cropland productivity.
T O Williams, J M Powell and S Fernandez-Rivera

Nutrient flux between maize and livestock in a maize—coffee—livestoc
system in central Kenya.
J K Ransom,J Ojiem and F K Kanampiu

Farmer and pastoralist strategies in Saurashtra, Gujarat: An analysis
landless pastoralism and dependence on the manure market.
R P Cincotta and G Pangare

The sustainability of rangeland to cropland nutrient transfer in semi-e
West Africa: Ecological and social dimensions neglected in the deba
M Turner

Measuring the sustainability of crop—livestock systems in sub-Sahar:
Africai Methods and data requirements.
S Ehui and M A Jabbar

The role of livestock in sustainable agriculture and natural resource
management.
J D Reed and J Burt

Nutrient transfers from livestock in West African agricultural systems
P N de Leeuw,L Reynolds and B Rey

Modelling nutrient cycles in plant/animal/soil systems

Chairperson: P N de Leeuw Rapporteur: S Gavian

Modelling and simulation in the development of sustainable animal
production systems.
H Breman

Modelling the effects of livestock on nutrient flows in mixed crop—
livestock systems.
P J Thorne



Myth and manure in nitrogen cycling: A case study of Kaloleni Divisic
in Coast Province, Kenya. X
L Reynolds and P N de Leeuw

A static model of nutrient flow on mixed farms in the highlands of we:t
Kenya to expl*ore the possible impact of improved management.
K D Shepherd,E Ohlsson, J R Okalebo, J K Ndufa and S David

African semi-arid agriculture cannot produce sustainable growth with
external inputs. X
J Mclintire and J M Powell

Thursday 25 November
Group meetings

Group I Animal—plant interactions

Chairperson: | Scoones Rapporteur: U P Kreuter

Group I Animal—soil interactions

Chairperson: H Breman Rapporteur: K D Shepherd

Group I Socio-economic dimensions in nutrient cycling research

Chairperson: T O Williams Rapporteur: M Turner
Field trip to ILCA Research Station at Debre Zeit

Friday 26 November
Group meetings
Closing Session
Chairperson: J M Powell Rapporteur: S Fernandez-Rivera
Group reports
Concluding remarks

* Presenter
** Erench paper



Summary of the Plenary Sessions

Opening Session
Chairperson: H A Fitzhugh Rapporteur: | Scoones

The challenges to the environment and agricultural productivity set by projected increa
population growth in sub-Saharan Africa are immense. The opening session provided a broad
for discussing the role of livestock in sustaining agricultural productivity. Cattle, sheep and
contribute directly to household food needs and income and the gross domestic product. TF
provide manure that sustains crop yields. The great demand on agriculture to produce more f
feed requires innovations that increase the efficiency of nutrient management. Given the

prohibitive costs of supplying external inputs such as fertilisers to crop and livestock prod
identifying the major points of nutrient loss and approaches for improving nutrient cycling are ur
needed.

The complementarity between crops and livestock, such as the use of crop residues for ani
and animal traction and manure for crop production, make mixed farming attractive to produce
degree of crop—livestock integration in farming systems and pathways to intensification are ¢
and depend on an array of biophysical and socio-economic factors. These factors are mediate
resources available and management practices of farmers. Appropriate technologies suite
resources available to farmers continue to be needed as well as policies that provide incen
more efficient resource use.

The session highlighted the variability in nutrient cycling patterns across sub-Saharan |
Differences occur across agro-ecological zones, among different livestock species an
combinations, among different groups of farmers and over time, both between years and s
Research and development efforts to improve food production need to recognise the diversity
farming systems and the potential for improving crop and livestock production within each s
Participatory research approaches involving appropriate scientific disciplines, policy make
farmers are needed for developing ecologically sound, economically viable and socially acce
technologies that improve nutrient cycling and enhance agricultural productivity.

Policy issues identified for further discussion

» The effect of property rights on resource management: Secure rights to land, whethel
communal or private regimes, are required for long-term resource management.

« Economic incentives (e.g. subsidies) and policies that encourage well-functioning inpt
output markets can have a strong impact on the choices farmers make between alternati
livestock and nutrient management strategies.

» The role of focused interventions in providing incentives for sustainable management,
through reducing negative externalities or by encouraging resource-conserving practice

Technical Session I: Interactions between animals and plants
Chairperson: A A Agboola Rapporteur: P J Thorne

This session focused on factors governing nutrient acquisition and use by ruminants and the
of nutrients in manure and urine. Two papers addressed nutrient harvesting by cattle from rang
Three papers extended this scope to include the effects of rangeland productivity, the nutrition:
of the animal and diet supplementation on nutrient intake and excrement by grazing cattle. On



examined sheep feeding and composting strategies of intensively managed mixed farming ent
in Indonesia.

Itis clear that nutrient intake by livestock and its management by farmers can greatly affect n
cycling. A variety of research methods are available for estimating nutrient intake, yet the ex
which these capture the inherent variability of feed resources and the selective foraging beha
animals is limited. Approaches that encompass the seasonal and spatial variability in feed re
and animal foraging behaviour are needed if the wider consequences of nutrient intake and
through the system as a whole are to be addressed reliably.

The significance of “nutrient mining” in mixed farming systems is not well understood. A nur
of participants expressed the view that certain practices, such as the channelling of nutrients fi
location to another when livestock graze rangeland and their manure is deposited on croplan
long-term detrimental effects on mixed farming systems. Others, however, indicated tha
practices may not necessarily be detrimental. It has been estimated that the cut-and-carry s
Indonesia which uses forages from field boundaries, roadsides etc has been operating for u
years and a paper from Mali suggested that nutrient inputs and outputs were balanced for the re
studied. Where such nutrient equilibrium is found, there is a need to understand the internal
and balances before embarking on research to improve them. In the absence of reliable infor
itwould be dangerous to assume that such examples of nutrient balances are widespread in sub
Africa.

Other issues arising from the presentations and discussions

» Relative terms such as “overgrazing” and “well-fed” can lead to confusion.

» The extent to which on-station trials reflect on-farm situations needs careful consider
Assumptions based on improved breeds etc may be useful conceptually but r
re-evaluation before being used to make quantitative predictions under sub-Saharan /
conditions.

* Feeding interventions aimed at the manipulation of excreta or compost quality need
considered in relation to animal production, labour availability and other constraints.

» Nutrient balance studies should be treated with care as they may not always identify tl
inputs and outputs.

Technical Session II: Interactions between animals and soils
Chairperson: M A Mohamed-Saleem Rapporteur: N Umunna

Most soils in sub-Saharan Africa are inherently infertile and require amendments in order to ¢
crop yields. Fertilisers are costly and unavailable to most farmers. Since livestock are an integ
of many farming systems, the manure they produce, when applied to the soil, constitutes a I
nutrient source that sustains the yields of many cultivated areas.

The potential fertiliser value of manure is dependent on a number of critical factors such &
nutrient content, which depends on fodder quality, manure storage practices and application str
and the mineralisation rates of manure-bound nutrients into inorganic forms for plant uptake.
nutrient mineralisation and losses are highly influenced by manure handling, storage an
application techniques, improved animal manure and soil management practices that capt
recycle more nutrients could increase both crop and livestock productivity.



Highlights of the presentations and discussions

* In semi-arid environments, great seasonal and annual fluctuations in feed availabilit
quality affect the types and numbers of livestock farmers keep, manure availability and g
and the impact of manure on crop production.

» Feed-quality factors such as nitrogen, cell-wall contents, lignin and polyphenols influen
amount and forms of nutrient excretion by ruminants and their fate when applied to soil

» Applying both manure and urine to soils increases crop productivity more than applying
alone. Management practices such as corralling livestock on cropland return both mant
urine to soils and should be promoted.

» High rates of manure application on sandy soils cause leaching of organic carbon, nitrog
phosphorus. The application of small amounts of manure regularly would be more ef
than the infrequent application of large doses.

» In the Amazon region of South America, soil bulk density increased with increasing sto
rate and decreased with decreasing stocking rate. This indicated that soil compaction
trampling by cattle was reversible. Earthworm populations and activities in the uppe
profile appear to be better indicators of overgrazing than either chemical or physic:
properties.

Technical Session llI: Interactions between plants and soils
Chairperson: M J Swift Rapporteur: P J Stangel

This session addressed research issues pertaining to a variety of plant—soil interactions in th
subhumid, semi-arid and arid zones of sub-Saharan Africa, the semi-arid region of Syria, ¢
subhumid zone of Latin America. Various agronomic aspects of intercropping forage anc
legumes with cereal crops were examined including the effects of legumes on forage quant
quality, animal performance and soil fertility. Nutrient-management strategies for rangelands
Sabhel, and nutrient-cycling models for six distinct urban and rural situations prevailing in sub-S:
Africa were presented.

Highlights of the presentations and discussions

» Poor soil fertility and low use of organic and inorganic fertilisers are the greatest constra
agricultural productivity in the West African semi-arid tropics. Long-term applicatior
fertiliser alone can adversely affect soil base saturation and pH and create aluminum t
leading to reductions in crop yields. These problems can be corrected through the e
recycling of organic materials in combination with chemical fertilisers and by rotating nitro
fixing plants with cereal crops. Information is needed for the predominant soils, climat
mixed farming systems of sub-Saharan Africa on the long-term feasibility and ecor
benefits of using crop residues and animal manures to build soil organic matter reserv
also needed on the effect of the timing of organic matter application to soils ar
mineralisation and nutrient release.

» Considerable debate prevails regarding the best use of crop residues. A review pape
session indicated that cereal stovers must be applied to the barren soils of the Sahel
severe erosion. However, the current strategy of farmers is to feed cereal stovers to «
and apply manure to the soil. The competition between livestock and soils for cereal <
and other crop residues needs to be assessed in terms of the long-term trade-offs in plan
and soil productivity.

» Stylosanthegftass mixtures containing 40—60% legume, if intensively managed, and 10-
legume if extensively managed perform well on acid soils in the subhumid tropics ar
enough nitrogen to sustain the production of associated gr&glesanthggrass mixtures



also provide significant amounts of residual nitrogen for cereals such as acid toleral
varieties, maize and millet that follow in rotation. Livestock graz8tglosanthebased
pastures produce more milk, lose less weight and have shorter calving intervals and gree
survival compared with animals grazing natural pastures.

« Rangelands and degraded soils need to be reclaimed in the Sahel where pastures prov
seasonal feed for livestock belonging to pastoralists and agropastoralists. Forage legun
however, less well suited to this ecological zone. In the Sahel, cowpeas are the predo
grain legume and the hay is used as feed. Strip rows of mill@tgtubantheshow promise
as a food/forage cropping system in the SaheMsedicagois considered a promising legum
for the dry regions of Northern Africa—Western Asia.

Technical Session IV: Nutrient cycling in mixed farming systems
Chairperson: C Renard Rapporteur: P N de Leeuw

This session encompassed nutrient cycling in such diverse mixed farming systems as the ext
managed low input millet systems of the Sahel to the intensive, high input maize—coffee
production systems in the highlands of Kenya. At the extensive end of this continuum, incre
aridity and drought and population pressures are transforming the types and numbers of livestc
by farmers which in turn affects manure outputs and crop yields.

As human and animal population densities increase, more intensive methods of crop and
management are adopted. Manure accumulated in corrals is spread on cropland and animal-|
transport is used for hauling feed to the homestead and manure and other nutrient sources (|
from savannah land and soils from termite mounds) to cropland. Intensive dairying provides c:
purchasing fertiliser that, when combined with manure, sustains high maize yields.

The biological processes that regulate nutrient flows in mixed farming systems are mediated
by socio-economic factors. The manure supply is affected by factors such as herd size, grazir
to communal rangeland and access to manure exchange contracts with mobile herders. Mos
of intensified manure management depend on available labour to collect, process, transport an
manure on cropland and cash to build corrals and to purchase animals and carts for transport
returns from these investments depend on market prices and adequate infrastructure to ensure
of inputs and marketing of farm produce.

Two complementary scenarios for improving nutrient cycling were envisaged. One is bas
improving the efficiency of nutrient cycling by mobilising resources internal to the farming sy:
such as better manure management, legume fallows and soil conservation practices. The othel
of a greater reliance on external resources such as inorganic fertilisers, mechanised cropp
small-scale irrigation. Both scenarios may converge when population density increases the v
land, making investments in soil conservation and fertility maintenance profitable. This proc
intensification is further accelerated by better access to markets and greater inflows of no
income.

Other issues presented and discussed

» Various aspects of soil fertility management including the reliance of many mixed fari
systems on nutrient transfers from rangelands to croplands were discussed. It was ge
agreed that when nutrient outflows continuously exceed inflows, reductions in rangelar
livestock production and manure output (and crop production) occur.

» A methodology was proposed for measuring the ecological sustainability and ecor
viability of crop and livestock production in mixed farming systems by assessing intertem
and interspatial total-factor productivity. This approach evaluates and quantifies chan



stocks and flows of soil nutrients and the effect of material inputs and outputs o
productivity of different farming systems.

» At the local level, more efficient nutrient management could be promoted as an integr:
of community-based resource management of small watersheds using the “farmer-b:
farmer” approach of participatory research.

Technical Session V: Modelling nutrient cycles
Chairperson: P N de Leeuw Rapporteur: S Gavian

This session presented various techniques for modelling nutrient cycles in mixed farming sy
The basic question behind most of the models is how plants, animals and soils can be mar
replenish nutrient losses from cropland. Based on technical parameters borrowed from pro
systems in Europe, the Sahel and Kenya, the models estimated the nitrogen input/output relat
between livestock, trees and crops by tracing the movement of organic materials within v
components of the mixed farming systems.

While most models tried to simulate the complexity of mixed farming systems, each emph
a slightly different component. Included are the effects of animal diet on nutrient excreti
livestock, of various animal-management practices on the accessibility of these nutrients for rec
and of agroforestry on soil-nutrient stocks and degradation. In addition to simulating the effe
various input combinations on the soil nutrient status, the models also predict the producti
croplands and the amount of range required to support the number of livestock needed for o
adequate manure. Models can be used to assess the financial returns to various combin:
physical and biological inputs, and thus farmer incentives to adopt alternative crop, anim
soil-management practices.

The usefulness of modelling

Models are useful for simulating the effects of different climatic, economic and technical conc
on crop and livestock productivity in instances where actual data may not be available. The |
presented in this session simulated nutrient flows as affected by boundary plantings of trees, he
intercropping, zero grazing, and chemical fertilisers. A bio-economic model incorporated
components of crop—livestock production activities with differing price scenarios to predict the
of external inputs that might be needed to support sustainable agricultural production in the S

Although models can be effective tools for understanding complex interactions among v
system components and for educating decision makers, many are poorly suited to the
site-specific needs of farmers.

Closing Session
Chairperson: J M Powell Rapporteur: S Fernandez-Rivera

The reports from the Focus Group Sessions were presented in this session.

Plant—animal interactions

Insufficient supply of feeds for livestock and low returns from the use of soil fertility amendn
were identified as the main problems facing nutrient cycling in many mixed farming systems
research goals included the development of technologies that improve the management of
vegetation and forage reserves and the nutritive quality of feeds, the fate of nutrients consu
livestock and the reduction of nutrient losses from manure and urine. Applied and strategic re
on issues related to vegetation dynamics and feed availability from natural pastures as
site-specific research on resource management were also suggested.



Animal-soil interactions

The problem identified by this group was the declining productivity of both cropland and rang
caused primarily by inappropriate resource use and management. The research goal for this th
to devise resource-management strategies to increase the efficiency of internal and external
inputs and to guide policy makers on long-term strategies for sustainable nutrient cycling. Re
should quantify nutrient flows, processes and balances and develop models that predict the t
existing and improved production systems.

Social and economic dimensions of nutrient cycling

The main problems identified were low agricultural productivity, poor communication among fari
researchers and policy makers, inappropriate policies and lack of focus on agriculture by goverr
Socio-economic research needs to address ways to alleviate impediments to a wider distribu
use of agricultural inputs and how markets can be developed to assure farm profitability. Appli
adaptive research techniques such as rapid rural appraisal and the use of indigenous knowl
needed to involve the farmer in the research process. Dynamic models, nutrient budget analy
geographic information systems (GIS) are valuable tools for determining specific local/rec
nutrient demands and aggregating local-level studies to a regional scale. This aggregation is
in order to present a more global picture and bring the magnitude of nutrient imbalance (whict
village level may appear insignificant) to the attention of policy makers.

Key discussions during the closing session

» Some patrticipants felt that strategic issues of nutrient-cycling research were neglected
focus groups. Others were more optimistic arguing that researchable issues and app
were identified from a multidisciplinary perspective, including policy.

« The benefits of integrated approaches to nutrient-cycling research involving fart
interdisciplinary teams of scientists and policy makers were stressed. The wide rar
participant expertise and the fruitful discussions and recommendations of this confe
attested to the necessity of such research approaches.

« Papers and discussions during the conference highlighted the importance of livestock n
and management in the movement of nutrients in mixed farming systems.

« There is a need for research on the combined use of organic and inorganic sources of ni
the flows of nutrients from rural to urban areas as well as at regional and intercontinental

» It was argued that general models have failed to predict local or specific situations and
suggested that site-specific research is needed.

At the end of the session, participants proposed the formation of a network or associa
scientists interested in nutrient cycling. Some participants suggested that the various e
opportunities should be utilised more fully for forging professional collaboration and communic
the recommendations of this conference to others. It was recommended that a conference s
be written and transmitted expeditiously to other colleagues, institutions, policy makers and d



Summary of Focus Group Sessions

Introduction

This conference brought together a variety of scientific and technical expertise in nutrient c
research from many parts of sub-Saharan Africa and other regions of the world. The Focus
Sessions provided an ideal occasion for participants to share their diverse perspectives on ho
improve the role of livestock in nutrient cycling for various types of mixed farming systems.

The goal of these sessions was to identify key research issues, constraints, goals, approa
indicators in nutrient cycling research for the mixed farming systems of sub-Saharan Africa.

Conference participants were divided into three multidisciplinary groups from different geogr
regions corresponding to three research areas:

* Animal-plant interactions

* Animal-soil interactions

* Socio-economic dimensions in nutrient cycling.

A workbook was developed to guide participants through three tasks:

Task I: List and prioritise the issues and constraints that research should address ar
research goals.

Task II: Identify relevant research approaches, the most appropriate type(s) of resea
accomplish research goals and identify gaps in available research methodolc

Task lll; Identify indicators for monitoring the attainment of goals.

Approximately six hours were devoted to the Focus Group Sessions. The tasks and expe
of the sessions were presented and discussed for a half hour at the end of the second d
conference. An array of issues, constraints, goals and possible approaches in nutrient cycling
was gleaned from the compilation of conference abstracts and used as examples during this pre
session.

It was no doubt difficult to accomplish the ambitious goals of the sessions in such a shot
The guidance and recordings of the chairpersons and rapporteurs is gratefully acknowledg
following summary shows that the groups rose well to their challenges and took different p:
accomplish their goals. As expected, there was considerable overlap among the research is
approaches that were identified by the three groups. This attests to the fact that nutrient cycles ¢
farming systems involve great interaction among biological, social and economic components

Group I: Animal—plant interactions
Chairperson: | Scoones Rapporteur: U P Kreuter

Research imperatives were established and used as a framework for identifying research is:
constraints and defining research goals and approaches:

» Research must focus on nutrient losses and gains in the production system.

» Research must emphasise ecological and sociological issues related to the use and con:
of the natural resource base.



» Research must be directed by the potential adoptability of findings in terms of meeting prc
requirements and values.

Research issues and constraints

Issue I: Insufficient feed of high quality, a situation that is growing worse for many mixed farn
systems.

Constraint: Animal numbers are excessive and/or forage yield and quality is decreasing due
depletion of soil nutrients through the removal of animal and crop products without adequate n
replenishment.

Issue Il: Returns to investments in research aimed at enhancing soil productivity in sub-Saharar
have frequently been low or negative.

Constraint: Technologies that improve forage productivity and nutrient cycling are not being ap
in many areas, either because they are not applicable to local biophysical conditions
management constraints have not been adequately addressed.

Other research issues that were identified

» Exploit the synergisms between fertilisers, legumes and other soil amendments.

* Regional assessment of nutrient flows such as nutrient export from farm to urban area:
form of produce.

« Policies and effective extension tools that facilitate the adoption of sustainable techno
that provide long-term gains in agricultural productivity.

Research goals and approaches

Goal I: Increase feed supply and quality

Greater animal numbers can be supported in areas where natural pastures are undere
especially in the more humid areas of sub-Saharan Africa where trypanosomiasis risks are
areas of feed shortages, additional forages and diet supplements must be provided to support
and any future increases in animal numbers. Inadequate feed and nutrient supplies in man
farming systems is due to large spatial and seasonal variabilities in feed resources.

An understanding of area-specific hatural resource management practices and the key fac
influence farmers’ adoption of alternative practices is critical to the design of research that t
long-term gains in forage productivity. The effective dissemination of research results also re
links between research and local resource management groups at the community level and
efforts of non-government organisations and extension services.

Approaches

« Implement strategic research and monitoring to determine site-specific vegetation dyn
linked to forage management.

« Use farming systems research techniques to capture farmers’ knowledge and practices |
to the animal—-plant interface, especially with respect to local knowledge of landsc
natural-resource use and livestock management.

» Develop systems that monitor, over time, the feed supply and demand by livestock an
allocation to specific components (e.g. cows, oxen and small ruminants) of the live
subsystem.

« Evaluate animal response to vegetation characteristics, determine influence of managet
foraging behaviour and nutrient deposition and develop management practices that oj
nutrient retrieval from natural vegetation.



» Strategically supplement animal diets with nutrients that limit animal production.

» Assess the productivity and nutrient value of new feeds.

» Introduce improved plant types into existing grasslands to enhance forage production a
fertility.

» Improve indigenous animal breeds for increased efficiency of nutrient use.

Goal II: Minimise nutrient losses from dung and urine

The limited availability of nutrient resources in mixed farming systems requires their efficien
The relative returns of nutrients from manure and urine are not well known. There is also insuf
information on:

» the effects of animal diet and watering regimes on nutrient retention by animals
» partitioning of excreted nutrients into manure and urine
» the fate of excreted nutrients in the mixed farming system as a whole.

Such information is required to quantify the impact of current and alternative animal-, plan
soil-management practices on nutrient cycling and long-term agricultural productivity.

Approaches

» Assess farmers’perceptions and practices and local research and extension informatior
to nutrient cycling.

» Determine the types and amounts of nutrient inputs and outputs and develop integrated
that explain nutrient partitioning in animal and plant components on a year-long basis.

» Assess trade-offs between feeding biomass (nutrients) to livestock versus alternative us
soil-fertility amendment, building material and fuel).

» Assess the effects of animal diet on the fertiliser value of manure and evaluate how alte
feeding strategies affect animal productivity and nutrient cycling.

« Conduct site-specific experimentation with treatments (manure, straw, bedding materi:
storage, corralling and tethering systems, anaerobic and aerobic conditions and other Ic
imported nutrient sources) chosen according to local conditions.

Indicators
« Quantifiable reduction in nutrient loss
» Long-term increases in forage productivity
* Improved manure quantity and quality for recycling

* Increased dissemination of information on forage production to clients (producers, exte
services etc)

» Use of research outputs by researchers, farmers, community institutions, non-govel
organisations working in rural communities in collaboration with national agricultural rese
and extension services.

Group II: Animal—soll interactions
Chairperson: H Breman Rapporteur: K D Shepherd

The causes and effects of soil degradation are often interdependent. Research to improve
cycling in mixed farming systems must, therefore, identify and target the key mechanisms that r
nutrient flow between animals and soils. The key nutrient-cycling processes need to be identif
understood not only from a biophysical point of view, but also from the view of farmers, consi
and decision makers.



Issue I: Declining productivity of rangeland and arable land and, therefore, animal and crop produ
Constraints

» Unbalanced flow of biomass and nutrients caused by people and animals at the
community and regional levels.

« Degradation of soil structure, leading to decreased water and nutrient availability for pl

e Short-term vision and/or awareness of farmers themselves and of policy makers who
create either positive incentives for appropriate resource use or negative incentives for r

» Lack of interchange between farmers, scientists, and policy makers.

Soil degradation and declining crop and animal productivity are due to an excessive rem
biomass and nutrients from the land. This leads to soil erosion, an exhaustion of soil organic
content, nutrient leaching, and the disappearance of perennial species from natural pastu
extensively managed mixed farming systems the problems and their causes change in relatic
pressure on natural resources and access to external inputs.

The integration of crops and livestock in mixed farming systems can extend the possibility
degradation beyond cropland to rangeland, fallow land and waste land. As more intensive m
crop and livestock production are initially adopted, natural resources can be overexploited. Liv
can speed-up organic matter and nutrient cycling thereby increasing the possibility of nutrier
Incentives for conservative resource use do not exist in many mixed farming systems.

Goal I: Devise resource-management strategies that efficiently use internal and external nutr
inputs.

Approaches

« Initial diagnosis of farm, local, regional and national impediments to more efficient nut
cycling is needed. Farmers, consumers and policy makers often have different points c
on how to manage natural resources for more sustainable agricultural production. Dia
should quantify nutrient flows, processes and balances for key farming systems.

» Provision of external nutrient sources is necessary where nutrient harvests in grain, forag
other losses are greater than nutrient returns by farmers and the natural nutrient-re
capacity. Fertiliser use will not, however, be profitable in all mixed farming systems. Fert
costs for systems with inherently low biological production potential are likely to excee
benefits in terms of increased crop and livestock output. Fertiliser use will be most prof
in mixed farming systems with high production potential and where there are well deve
markets for the purchase of inputs and the sale of produce.

* Modelling. The long-term implications of existing and improved nutrient-managen
strategies have to be evaluated and comparedeRathteandex postvaluations of the impact
of intervention on animal and plant productivity and soil quality at field, farm and regi
scales are needed. Models should answer such questions as where external inputs car
economically applied within the system (e.g. to the crop or animal component, food ol
crop and rangeland or cropland).

* Reducing nutrient losses via leaching, run-off and volatilisation etc can enhanc
profitability of using external nutrient sources. The timing and placement of nutrients, e
of nutrient application on soil properties and whether water or nutrients are more limiti
plant growth are but a few research areas where information is lacking. The use of deep-
perennials and woody species to enhance nutrient cycling needs further evalu
Recommendations aimed at enhancing nutrient cycling must account for the cost
alternative uses of external inputs, and the interactive effects of organic and inorganic n
use on animal and soil productivity.



Goal IlI: Guide policy makers on long-term strategies for sustainable nutrient cycling.

Approaches

Improve communications. The decision-making processes and behaviour of farmersinr
to their agro-ecological and socio-economic context needs to be understood by researct
policy makers. Researchers need to conduct targeted economic studies at the hot
community, national and international levels to provide pertinent information to farmer:
policy makers on appropriate practices that enhance productivity while conserving n
resources.

Policy initiatives. Lack of awareness or knowledge at the level of farmers, policy make
the population as a whole requires new initiatives in education, extension, public awa
etc. Legislation that creates positive incentives can be effective in mitigating overexploi
of natural resources and degradation.

Population pressures on the environment can be relieved by migration and by the cree
alternative employment. However, migration from overexploited areas is not a v
alternative in most areas of sub-Saharan Africa as there are limited employment opport
outside agriculture. For many regions, the provision of fertiliser is unavoidable if sustai
crop and livestock production is to be achieved and natural resources are to be conser

Indicators

Soil-quality parameters such as improved soil structure, organic matter and nutrient c
base saturation, pH and positive changes in available nutrients in relation to available \

Balanced nutrient budgets for major farming systems
Increased farmer income.

Group llI: Socio-economic dimensions in nutrient cycling

Chairperson: T O Williams Rapporteur: M Turner

Overall goal

Improve the welfare of rural people by increasing the availability and distribution of agronom
important nutrients that are needed to ensure adequate food production and income.

Research issues and constraints

Issue I: Low agricultural productivity

Constraints

Inherently low soil fertility
Inadequate use of soil-nutrient amendments
Inefficient nutrient cycling

Inability of farmers to take remedial action due to lack of secure land tenure, lack of acc
inputs and information to effectively use inputs and lack of appropriate technologie
integrated use of indigenous and external inputs.

Constraints to more effective nutrient cycling can be grouped into the factors of productic
incentives that affect the investments of capital and labour that are often required to in
soil-fertility management. These factors of production include:

lack of capital due to low rural incomes
labour shortages preventing timely application of nutrients
lack of livestock and manure



inadequate fodder for livestock

agro-ecological constraints which limit the range of crops that can be grown
inadequate skills/lknowledge on combining manure and fertilisers

market and infrastructure constraints that inhibit timely supply of fertilisers
lack of adequate extension services to advise on methods of fertiliser use
lack of plant responsiveness to nutrients.

Issue II: Inappropriate policies and lack of government focus on agriculture

Constraints

Poor infrastructure at farm and regional level (e.g. lack of markets and transportation)
Lack of income and credit to purchase inputs

Lack of market information to make decisions on nutrient use

Inappropriate input and output prices.

Issue Ill: Poor communication among farmers, researchers and policy makers

Communication problems can be major impediments to efficient nutrient cycling and incr
agricultural productivity. The causes of poor communication are not so much due to disinterest
part of farmers, researchers and policy makers but a result of institutional constraints.

Constraints to communication between researcher and farmer

The researcher does not fully understand either the goals or the agronomic and
husbandry problems of the farmer.

Demands of experimental design versus farmers’ practices often differ. Agronomists a
to reduce variability and the number of independent variables in their experiments
resulting experimental conditions can diverge greatly from the on-farm situation.

Disregard of the variation in farmers’ practices and the validity of “indigenous knowledg

The demands of a researcher’s discipline for scientific rigour may require more de
scrutiny (time and equipment) than may be needed to respond to the problems of the fe

Researcher’s perception of risk may be different from that of the farmer.

Constraints to communication between policy maker and researcher

Researchers have difficulty conveying or showing clearly the impact of research invest
Inability of policy makers to use research results and therefore, lack of appreciation of re:
by policy makers.

Researcher’s inability to indicate the range of variation and uncertainty of results. This c
viewed as a credibility problem in that researcher predictions often do not come to pas:s
Researchers are unable to conceptualise problems of national importance (e.g. socio-ec

researchers doing village-based studies without conceptual or practical linkages to the pr
of national policy).

There are few communication pathways between researcher and policy maker.

Research goals and approaches

Goal I: Improve the efficient utilisation of indigenous and external nutrient sources.

Approaches

Utilise dynamic models, nutrient budget analyses, and GIS techniques to identify “pre
points” or stressed areas from a nutrient cycling perspective.



Use conceptual models to aggregate local level socio-economic studies to a regional s
Understand farmers’ perceptions of soil fertility by using a hybrid of social, anthropolog
economic and agronomic studies of indigenous nutrient cycling practices.

Determine the possibility of introducing fertiliser responsive crops and/or crops with
input/output price ratios in cases where the price of existing crop is too low to justify fer!
expenditure.

Conduct research on appropriate combinations of manure, residue, and fertiliser applit
for specified localities.

Decrease risk aversion associated with nutrient uses (e.g. crop burning at high appl
rates).

Goal II: Improve access to nutrient supply

Approaches

Conduct studies to identify why markets are unable to provide fertilisers.
Solve problems that impede the proper functioning of markets.
Examine policy issues as they affect input demand and supply.

Understand how social relations condition resource exchange and access (e.g f
pastoralist relations).

Create information-management systems to monitor nutrient-exchange relationships
farm level.

Goal lll: Improve the efficient use of labour in nutrient cycling

Approaches

Improve the control over benefits of labour investment (e.g. land tenure security).
Improve labour returns to fertiliser use through appropriate pricing incentives.

Goal IV: Improve communications

ApproachesFarmer and researcher communications

Use a bottom-up demand-driven approach to problem identification.
Conduct on-farm trials to improve researcher and farmer communication.

Resolve conflicting goals of farmers and researchers (e.g. with respect to the r
importance each group attaches to soil fertility maintenance igisdésvisthe goals of animal
and crop husbandry).

Improve institutional organisation of extension services to make them more effective.

Identify approaches to institutionalise participatory research approaches that include fe
researchers and technology transfer agents in all phases of research.

Approaches: Policy maker and researcher communications

Include researchers in policy-making units.
Engage scientists to act as liaison officers between researchers and policy makers.
Put local and regional issues into a national perspective.

Use information management units for disseminating scientific findings and minimisin
confusion and other problems caused by multiple lines of communication.

Indicators

Favourable benefit: cost ratios arising from the use of indigenous and external nutrient s
To obtain meaningful ratios, a monitoring network may be needed to collect informatic



input and output prices, barter exchanges, increases in crop and livestock productivity and t
impact on the environment.

« Farmer uptake of technologies that enhance nutrient cycling.
* An efficient and equitable distribution of nutrients to producers.

* Increased funding of nutrient-cycling research (signifies a greater recognition of its importan
by policy makers).
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An overview of demographic and environmental issues
in sustainable agriculture in sub-Saharan Africa

M A Mohamed-Saleem aitlA Fitzhugh

Intemational Livestock Centre for Africa (ILCA)
P O Box 5689 Addis AbabaEthiopia

Ever-increasing hunmapopulation ad urbanisation are intensifying the demand for agricultu
commodities in sub-Saharan Africa (SSA). As a result, the traditional balance between people
habitat and socio-economic systems is fast disappe&kugssie deforestationland clearing and
cultivation are occurrigin an attempt to meet rising foademandslLand degradation and pollutior
threatensustainald increases in agricultural productivity aeddangethe survival of present anc
future generation€€hanges in agricultural production are needed soon in sub-Saharan Africa tc
large-scale human suffering. Despite tla@idly growing populatiorand enormougroduction
consteints, SSAcan become agriculturdly self sufficient. This will require imaginative fooc
production techniques and management approaches that protect the enviranmpreécedented
scalesThese changes can only be reaigegough changes in polititavill and nationa attitudes.

An overview of mixed farming systems in
sub-Saharan Africa

JM Powell andT O Williamé&
1. 458Glenway StreetMadisonWI 53711, USA (formerly with ILCA)

2. Internation&Livestock Centre for Afca (ILCA) Semi-aid Zone Progamme
ICRISAT SaheliarCenter BP 12404, Niamey, Nger

Mixed farming systems, involving complementary interactiogtween crops aHivestok such as
usinganimal traction and manure for cropping and feeding crop residues to livest®dkcreasing
in importance in sub-Sahardidrica (SSA). Traditional specialisgoroductionsystems bshifting
cultivation and nomadism are being replaced by more sedentary forms of crop and livestock pro
that involve permanent cultivaticend reducedjrazing The ful integrationof crop andivestock
productian into the same uhis an evolutionary process mediated principally by regional differer
in climate, population densities, disease, economic opportunities and cultural preferences.
farming is well developed in the highlandsS5A andpoorly developedn the humid zone, deto
pessand diseaseand in the arid zone, due to lack of croppifilge greatest potential opportunity fc
increasing agricultural productivity exists through mixed farming in the subhumid and wetter p:
the semi-aridone ofSSA.This paper provides an overvi@iymixed farming systesin SSAby first
examining their evolution and current distribution by agro-ecological zone. It iexan
socio-economic constrainte trop—livesto& integration animd feed issues ahthe use of animal
manure in intensivgland extensivgl managed mixed farming systems and ends with a synops
strategies for attaining sustainable improvements in crdfivastodk production.



Nutrient cycling and its importance in sustaining
crop—livestock systems in sub-Saharan Africa:
An overview

P J Stangel
SAAC, Route 7, P O Box 380, Florence, AL 35630, USA

Nutrient cycling in crop—livestock systems requires major improvements before it is consi
sustainable under sub-Saharan conditions. This is due in part to the inherent low fertility of th
within the region. However, the major impediments are the intense levels of soil erosion al
common practice of diverting large amounts of crop residue and animal manure to non-farm us
energy and building materials) rather than returning them to the soil. In addition, significant qua
of nutrients are lost due to leaching, volatilisation and off-farm transit of grains, meat and live
by-products. Preliminary estimates of net losses of nutrients annually from all sources aver
kg/ha per year or 9.3 million t/yr of nutrients for the entire region. This is four times as high «
average use of fertiliser in sub-Saharan Africa and one-half the world rate of use. A strategy to
nutrient losses by at least one-half and build soil fertility to improve nutrient cycling in crop-lives
systems is advanced in this paper. This includes the creation of pilot areas to verify and adapt
known research findings to local conditions. The specific areas include establishment of soil fi
reserves, creation of agricultural input centres, establishment of agroforestry zones and devel
of land-use centres. Research areas identified deal with nutrient balance studies, finding v
increase soil organic matter in agricultural soils to levels attained under native condition:s
examining ways to reduce nutrient losses in crop-livestock systems. Also considered is an ass
of the impact of landless livestock enterprises on the environment in and around urban areas.



Animal/plant interactions: Nutrient acquisition
and use by ruminants

JW StuthRK Lyons andJ P Kreuter

RanchingSystems Group, Depanentof Rangeland Ecology arlMdanagement
Texas A&M University, College Station, Texas, USA

Nutrient intake constitutes the interface between animals and plants within
soil-water—atmosphere—plant—animal-human (SWAPAH) contintlibis.interface also represent
a major impact point of human management decisions affecting the animal’s weldusiggstem
productivity for humanendeavoursbiodiversity d plants andanimals nutrient cycling water
quality/yield and soil stability. Th hierarchical nature of herbivore diet selection processes
associated physiologicaneeds,relative to the spatial configuratioof natural and man- made
landscape features, sets limits regarding where animals harvest nutriente affettbvely nutrients
are ingestedabsorbd and recycled in the ecosystelthe selected miof animd species ard their
dietary requirements, relative to the available diversity oftpaciesdeterming how efficiently
nutrients are acquideat the landscape level. The nutritional balance of the grazing rumina
determiné by a complex set of factors regulating dry-matter intake, diet quality/composition,
nutrient requirements for critical animal physiologjmecesses. Tenderstand the factors inflngng
dry-matter intakeequires knowledge & speciessex/age clasand breed attributephysiological
stage, effects of terrain on foraging energetics, environmental conditions (temperature,
mud/snow), forage quality/availability, ange of supplemental feeds, mineralsormones and
ionophores. The amount of nutrients harvested relative to the animal’s requirements detbem
potentid of the anim&to convert critical nutrients, particularly crude protein and endayyweight
gain, milk production, repraluctive performance and offspring perbrmance.This pger presents a
“whole-animal-system” perspectwf nutrient acquisition in the context of the SWAPAH continuu
Emerging nutritional decision support systems &etad near-infrared reflectance spectroscoj
(NIRS) monitoring technologies are emphasised.

Relationship between nutrient content of the veld and
productive performance of the grazing ruminant in
southern Africa

C TKadzere

Departent d Livestock andPasture Sciencéniversity of Fort Hare
P B X1314 Alice 570Q Souh Africa

Over 75% of the cattle, sheep and goat population in southerraAfédkept unde smallholder
farming conditions. Tle nutritiond base for these livestock and for those under commercial ranct
systems is the natural pasture. This nutrient base is subject to $easdeat fluctuations which have
direct and indirect influenceson the productivity of the grazing uminant. The paer reviews te
relationshp between the nutrient content of the veld and its implications on the productivi
ruminant livestock.



Quantitative and qualitative estimation of nutrient intake
and faecal excretion of zebu cattle grazing natural pasture
in semi-arid Mali

E Schlechil, F Mahler,2 M Sangaréa,A Susenbeftand K Becker

1. Institute for Animal Production in the Tropics and Subtropics, University of Hohenheim
70593 Stuttgart, Federal Republic of Germany

2. University of Hohenheim/ICRISAT, BP 12404, Niamey, Niger
3. Station de Recherches Zootechniques du Sahel (SRZ/S), BP 12, Niono, Mali

4. Institute for Animal Nutrition, University of Hohenheim, 70593 Stuttgart
Federal Republic of Germany

From 1988 to 1992, 30 zebu bulls and 8 oesophageally-fistulated oxen, initially weighing be
150 and 200 kg, were grazed on natural pastures in central Mali. During dry seasons, 15 bull
oxen were supplemented with local crop by-products. Basad witro digestibilities of extrusa
samples from four oxen in each treatment group, and on estimations of total faecal excretion, th
of organic matter (IOM), nitrogen (IN) and metabolisable energy (IME) were calculated. Rete
of body protein and fat were determiniadsivo using the deuterium dilution techniq7ue. Average d
season IOM of unsupplemented animals varied from 63 gﬂ(é%fll) to 88 g/kg W +17), IME
varied from 512 kJ/kg W'® (293) to 719 kd/kg W '° 135) and IN from 516 mg/kg W° (+144)
to 1629 mg/kg W7o (+469). Rainy season IOM was not different from that observed during the
season. Supplementation increased total IOM, IME and IN but tended to substitute for intak
pasture with increasing vegetation quality. While the additional weight gain of supplemented
on pastures with low vegetation density and quality was 53% higher than that of unsuppler
animals, it decreased to 33% on pastures with high densities of good-quality vegetation. Thel
no significant differences between treatment groups in the relative proportions of empty body
protein and fat. For an unsupplemented animal of 250 kg body mass, average faecal excr
organic matter (FOM) and nitrogen (FN) varied within a range of 1.8 kg G¥/8)(to 2.4 kg OM/d
(x0.5) and 20 g N/d{3) to 47 g N/d £9), respectively, in the dry season. Supplementation did
increase FOM and FN. During the wet season total-N excretion increased due to greater urine e
caused by a surplus of N relative to energy in the diet. The transfer of nutrients from pasture to ¢
through manure and urine can contribute considerably to the maintenance of soil fertility in |
farming systems of the Sahelian zone. Supplementing the diet of free ranging animals has litt
on nutrient cycling.

Foraging behaviour of cattle grazing semi-arid rangelands
in the Sahel of Mali

L Diarra®, P Hiernaug and P N de Leeutv
1. Centre International pour I'elévage en Afrique (CIPEA), BP 60 Bamako, Mali

2. Centre international pour I'elévage en Afrique (CIPEA), Centre Sahélien ICRISAT
BP 12404, Niamey, Niger

3. International Livestock Centre for Africa (ILCA), P O Box 46847, Nairobi, Kenya
Cattle nutrition studies in the Sahel have shown inter-seasonal differences in feed intake and m

higher nitrogen concentrations in selected feed than in forage on offer, indicating efficient g
selectivity. In this study, seasonal changes in feeding behaviour by cattle were related to the s



units were first inferred from differences between the relative extent of units along grazing rout
in the area accessible to the herd. Cattle preferences were further rated using a chi-square t
relative frequency of the bites recorded in one landscape unit with the relative extent of that un
the daily grazing route of the herd. Similar preference ratings were calculated for classes of
standing mass within landscape units. The relative frequency of plant species recorded as d
in randomly sampled bites provided an estimate of cattle seasonal preferences for plant speci
in the wet season, high selectivity was observed between landscape units with herbage mas:s
from 200 to 1500 kg DM/ha, but there were no significant differences in selectivity between
classes. Later in the wet season, the selectivity was more influenced by herbage mass than by |
unit. Cattle avoided patches of low and high mass and selected less common species, includi
and some browses. Early in the dry season, no clear trend was detected in selectivity for lal
unit or herbage mass. As the dry season progressed, herbage mass and quality decrease
remaining high-mass patches became increasingly selected and the diet included an increase
of species and a higher proportion of browses. Seasonal changes in foraging, therefore, do no
only on the standing mass and protein content of the herbage on offer, but are also influence
spatial distribution of the vegetation organised in a hierarchy of scales from plant communities
to patches and individual plants. The impact of such foraging behaviour on vegetation and r
cycling is discussed.

Feeding livestock for compost production: A strategy for
sustainable upland agriculture on Java

J C Tannett S J Holderf, M Winugrohoz, E Owert and M Gilf*

1. Cwm Mawr, Hyssington, Montgomery, Powys SY15 6DZ, UK
2. ODA Animal Health Project, c/o FCO (Jakarta), King Charles Street, London SW1A 2AH,
3. Department of Agriculture, University of Reading, Earley Gate, P O Box 236, Reading RG6 2AT
4. Livestock Section, Natural Resources Institute, Chatham Maritime, Chatham, Kent ME4 4TB

Ruminant livestock are an integral part of smallholder farming systems in Indonesia. Howev
extent and continuous nature of cropping on densely populated islands such as Java leaves \
land suitable for grazing. The majority of livestock are therefore permanently housed in bac
and fed indigenous forages cut from field margins and roadsides. Cut-and-carry feec
labour-intensive and the supply of forage is often the most expensive input to ruminant prod
Surprisingly, farmers collect quantities of forage greatly in excess of the requirements of
livestock. In an experiment, indigenous forage dominatetikoynopus compressusas fed to sheep
at increasing rates: 25, 50 or 75 g DM/kg live weight (W) per day. The results showed that al
DM intake and liveweight gain rose with increasing offer rate, the incremental improvements
50 to 75 were non-significant (P<0.05) and less than from 25 to 50. It is unlikely that farmers
their excess-feeding strategies on the basis of these marginal gains in animal productivity alo
rationale for excess feeding may lie in manure-compost production. Farmers collect uneaten
pits beneath their animal barns. The uneaten feed combines with faeces and urine falling thrc
slatted floors to produce manure-compost. In the above experiment, the quantity of manure-c
made from refused forage mixed with sheep excreta increased markedly as the forage offer r:
It is possible that farmers adjust their feeding rates to optimise total output, i.e. incl
manure-compost, as opposed to animal produg@srse Manure-compost is ranked by farmers
one of the most important outputs from livestock production. In the upland regions of Java, €
the fertiliser used on smallholdings is manure-compost. It is hypothesised that livestock are
produce high-quality compost and that their integration into Javanese agriculture is essentic
sustainability of some of the most intensive cropping cycles in the world.



Manure as a key resource in sustainable agriculture

K H Murwira," M J Swiff and PG H Frost

1. Chemistryand Soil Research Instityt®ox 810Q Causeway, Harare, Zimbabwe
2. TSBF, c/oUNESCO-ROSA, Box 30592 Gigiri, Nairobi, Kenya (corresponding authd

3. University ofZimbabwe Department oBiological Sciences
Box MP 167, Mt. PleasantHarare Zimbabwe

Mixed arable-livestockarming systems are characteristiclafge areas oAfrica. In these systems
manure from livestock is commonly used as a fertiliser in arable fields. In this paper the impo
of manurefrom herbivores asa key ecosystem resowréor agricultural intensification and change i
evaluated. Tw aspect are examined: firsthe value anl utility of manure as a source of nutrient
under currenhcircumstances; ahsecondhe significance of manure as a fertiliser within the who
farming-system context. Manure has traditionally been an important source of nitrgge @her
nutrients. Howeverurrent trends in agricultural intensification tdodards a progressivelecrease
in the availability and quality ofthis resource suggesting that the continuing use of manure col
little benefit aa nutrien fertiliser. There ardhowever, a number of possibilities for manure utilisati
which will maintan its managementWher possible, joint application of manure and inorgan
fertilisers and manipulation of the relative amaantd times bapplication can synchror@$l release
and availability in the soil with demand for, and uptake by, crop plants. This is potentially the
productive approach, combining the short-term benefits of inorganic fertiliser with the longataem
of manureThis multiple-fertiliser approach can be extended. Grleeonajordeficienciesin current
research and extension is the failure to use indigenous knowledge and practice as a starting |
scientific intervention. Small-scale farmers in Zimbabwe commonly use four or five diffe
fertilisersand apply thendifferentially acrosfield types. The number of potential combinations a
possible outcomes in terms of both long- ahdrt-term effecton soil fertility provide the basis for
a flexible and cost-effective soil nutrient management strafegitional increasgin efficiency can
be gained from modification of the storage stagib@$ystem With increasiig pressure otand it is
necessary to look beyond the traditional free range communal g@tems to more intensive
alternatives. Ithisrespect moves towards cut-and-carry and zero-grazing practices such as ar
adopted in Kenya and other countries in East Africa would seem to demsit# option It is
nonetheless necessary to also consider the inclusion of alternative sources of fodder, utiieass
those from N-fixing trees ad othe legumes.

Faecal excretion by ruminants and manure availability
for crop production in semi-arid West Africa

S FernéndeRiveral, TO WiIIiams,1 P Hierrauxtand J M PowelP

1. InternationaLivestock Centre for Afca (ILCA), Semiarid ZoneProgramme
ICRISAT-SC, BP 12404 Niamey, Niger

2. 458Glenway StreetMadisonWI 53711 USA (formerly with ILCA)

Livestock mante is an impetant source onutrients for cop poduction in semarid West Arica.
An assessment dhe potentid of manureto sustain crop production calls for an estimation of t
amounts dmanure that could be@ducedand capturednd thefeedresourcesequired to maintain
livestock usedfor maruring. This paer presents estimates the amaunts of marure pralucedby



cattle, goats and sheep fad libitumunder confinement. A model is presented to predict the ye
faecal output by grazing ruminants under fluctuating feed supplies. Statistics on livestock pop
and cultivated areas are used to evaluate the effects of livestock to cropped area ratios and tt
location of livestock at manuring time, on the potential amounts of manure available for
production. The number of cattle, sheep and goats needed to manure different proportions of
farm and the amounts of feed required for herds used for manuring are estimated. Model results
that the potential of manure to continuously sustain crop production in semi-arid West Africa s |
by livestock population, spatial location of livestock at manuring time, manure excretion per a
efficiency of manure collection, and the amounts of feed and land resources available. Sit
relative importance of these limiting factors and the possibilities for realising this potential var
spatially and temporally, it is suggested that these technical factors should be taken into consi
when evaluating the potential of manure to support crop production at national, regional, or farn

Increasing the role of ruminant livestock in the
maintenance of soil organic matter for
sustainable production systems in southern Mali

R Bosma, M Bengaly and T Defoer

Département de recherches sur les systémes de production (DRSPR)/Sikasso
BP 186, Sikasso, Mali

The maintenance of soil organic matter (SOM) in cultivated soils is a major constraint to susts
crop production in southern Mali, especially with reduced fallow periods. Population gre
increasing cultivated areas and livestock numbers, and frequent bush fires are the major
contributing to inefficient natural fallows. In some areas, 20 to 45% of the land is cultivated,
60% is arable, and stocking rates range from 19 to 30 TLE/Rwo methods for maintaining SON
have been evaluated using a model and data from three studies conducted by DRSPR/
Intensification of manure production all year round while using litter was more effective than imp
fallows ungrazed during the rainy season. However, given the present land use rate, no sus
production can be achieved without increasing ruminant livestock numbers. More cattle incre
profitability of improved fallows. These provide dry-season feed and hence improve the sustair
of the production system. Stall-feeding cattle in the hot dry and early wet seasons helps optin
cycling of crop residues and the use of dry-season labour. It also improves the early gro
vegetation and makes it possible to increase carrying capacity over 30 T.\koio-economic
measures should be considered at farm, village and regional levels to drastically change the |i
management system.

Nitrogen intake and losses by sheep on  Medicago spp and
barley pastures in northern Syria

P White, AV Goodchild, T T Treacher and J Ryan

International Center for Agricultural Research in the Dry Areas (ICARDA)
P O Box 5466, Aleppo, Syria

Farming systems of the semi-arid rainfed West Asia and North Africa regions are character
cereal cropping, mainly barley, integrated with sheep and goats. Recent emphasis on susta
and the environmental implications of losses of nitrogenous gases to the atmosphere unders



need to quantify the role of the grazing animal in nutrient cycling. While the nitrogen (N)
phosphorus (P) contents vary between faeces and urine, they are modified by stage of plant
and by the physiological status of the animals. In field trials using total faecal collection from lac
ewes at ICARDA (International Center for Agricultural Research in the Dry Areas) in northern
(mean annual rainfall 330 mm), total daily N excretion on anklelicagospp pastures fell from
April to September (40 to 13 g/d) while the equivalent drop in intake from barley pastures wa:
2510 8 g/d. A large proportion of that N appeared in the urine (about 70% falling to 90&dmago
and 50% falling to 10% on barley). The largest nitrogen output in milk was 8 g/d, on the medic
in April. Soil samples were held in controlled laboratory environments to examine the influen
soil type, temperature, moisture and organic debris on volatile loss of ammonia from urine.

Carbon and potassium dynamics in grass/legume grazing
systems in the Amazon

CE Castillail, M A Ayarz& and P A Sanchéz
1. ICRAF/CPAF-RO, C. Postal 406, Porto Velho, Rondonia, Brazil. CEP 78900-000
2. CIAT/CPAC, C.P. 08.223, 73.301/970 Planaltina, Brasil

3. International Centre for Research in Agroforestry (ICRAF)
P O Box 30677, Nairobi, Kenya

Pastures in the Amazon are mismanaged. Adapted low-input pastures can, however, be sus
productive and ecologically sound. Two separate trials were undertaken to study the effects of
on potassium (K) and carbon (C) dynamics dBrachiaria humidicolax Desmodium ovalifolium
mixture in the Amazon region. For K, despite high rainfall conditions, losses (below 100-cm c
in bare plots were detected only at high application rates of K (300 kg/ha). Losses were minimi
K retention in specific absorption sites in small quantities of 2:1 minerals. Retention mecha
included high dry matter production and K luxury consumption; residues were also an eff
recycling mechanism. Without animals K losses appeared to be negligible. The animals modif
amount and composition of returned K, especially in urine. They therefore disrupt rather than el
K cycling. Uneven and localised spots of high K return (465 kg K/ha) occurred and annual le
losses of 30 to 94 kg K/ha may occur. For C, under a wide range of grazing conditions, ma;
faecal C inputs were 3.9 t/ha per year and compared to leaf litter, were the main source of C
ground. Stocking rates did not affect root-distribution patterns with depth, grazing stage and r
patterns. Grazing, however, increased the amount of dead roots which increased the estimat
productivity (2.4 t/ha per year). Soil physical and biological properties were affected by stockin
but soil chemical properties were not. Bulk density increased with increasing stocking rats
decreased when the animals were removed, suggesting that trampling is a reversible and te
effect. Increasing stocking rates did not affect root biomass, suggesting that trgmepls&is not
detrimental to plant production. However, earthworm biomass dropped precipitously when the |
was overgrazed. Earthworms may be better indicators of soil damage or degradation than soil
or chemical properties.



Soil aspects of nutrient cycling in a manure application
experiment in Niger

J Brouwer and J M Powefl

1. ICRISAT Sahelian Centre, BP 12404, Niamey, Niger; and Department of Soil Science ¢
Geology, Agricultural University, P O Box 37, 6700 AA Wageningen, The Netherlands

2. 458 Glenway Street, Madison NI 53711, USA (formerly with ILCA)

Lack of nutrients is one of the main factors limiting crop production in the Sahel. Livestock pl
important role in the transfer of nutrients from grazing land to cropping land through deposit
manure and urine. In 1990, a six-year study was initiated in semi-arid Niger, West Africa, to stL
effects of application of various amounts of cattle and sheep manure, with and without urine
one, two or three years, on the efficiency of nutrient use in the production of pearl millet. Inte
soil sampling was only possible during the first 12 months because of the plot size. There
number of indications from the results of this intensive sampling. Regular sampling of sail, inst
the more usual regular sampling of soil water, can be useful in quantifying components of t
nutrient balance. Pre-experiment sampling on a plot basis, to determine the spatial variability
characteristics, should help reduce the effects of spatial variability on experimental results. Sir
chemical parameters can show seasonal, cyclical fluctuations, temporal comparisons of soil pr
should be done over (multiples of) 12-month periods, preferably at the start of the cropping ¢
Incorporation of organic matter by termites, decomposition in deeper soil layers, and leact
nutrients continued during the dry season. Application of manure increased crop growth, ma
accelerated decomposition of organic matter, increased termite activity, and possibly inc
fixation of nitrogen. However, the results also showed that application of high rates of manu
give rise to leaching of organic carbon (C), nitrogen (N) and phosphorus (P). Within 12 mor
application of the equivalent of 13 000 kg/ha of cattle manure, the equivalent of 1070 kg/ha o
kg/ha of N and 19 kg/ha of P had been translocated to beyond a depth of 1.5 m. It may there
more efficient to apply small amounts of manure frequently, than to apply a lot of manur
frequently.

Feed factors affecting nutrient excretion by ruminants and
the fate of nutrients when applied to soil

ZC Somdé,J M Powell? S Fernandez-Rivetand J Reedl

1. International Livestock Centre for Africa (ILCA), Semi-arid Zone Programme
ICRISAT Sahelian Center, BP 12404, Niamey, Niger

2. 458 Glenway Street, Madison WI 53711, USA (formerly with ILCA)

3. Department of Animal Sciences, University of Wisconsin, Madison, WI, USA

Mixed farming systems in semi-arid West Africa rely on recycling organically bound nutrier
maintain soil productivity. The passage of plant biomass through ruminant livestock plays a
role in the nutrient cycles of this region. The feeding value of crop residues and browses ar
impact on nutrient excretion by sheep, and the decomposition of and nutrient mineralisation fro
residues, browse leaves and manure derived from these feeds were studied during the dry,
cool seasons in the Sahel of West Africa. The total amount and proportion of nutrients excr
faeces and urine varied with the lignin:neutral-detergent fibre (NDF), lignin:nitrogen (N)
polyphenol:N ratios of the diets. Feeding browse shifted N excretion from urine to faeces, an



faecal microbial- to undigested feed-N. Initial organic-matter decomposition was more rapi
greater in manure than in browse leaves. Manure decomposition was fastest during the dry &
seasons. Mineralisation and immobilisation patterns of N and phosphorus (P) in leaves and
varied considerably. Whereas N and P were released more quickly from manure, browse
initially immobilised N and P, particularly during the cool season. Mineralisation of N and P
manure varied seasonally and was highly influenced by the sheep diet. This study showed
passage of feed through ruminants can be an important regulator of nutrient cycling in this se
region.



Nutrient recycling in pastures, rangeland, fallow and
cut-and-carry systems in sub-Saharan Africa

A A Agboola and A A Kntomo
Departmenof Agronomy, University oflbadan Ibadan Nigeria

Sustainald agricultueisviewed asa long-terngoal that seeks to overcome problems@onstraints
confronting the economiviability, environmental soundness asdcid acceptance of agriculture
production systems. Improved nutrient cyclisgore of the soil conservatiopractices that may
increase soil productivity in sub-Sahasfrica (SSA). Six agricultural models with different nutrier
recycling mechanismare identified for the ecological zones of SIAkese models are for distar
fams, compound fans crop livestock crop-livestock and urba productian systens. Nutrient
recycling efficiency is highest in compound farrfadlowed by crop-livestockecrop livestock and
urbanfarms. It B estimated that 102 million tonneérefuse are generated annuallgnd 27 million
tonnes of human waste dry mattefrom the urba centres are rautilised. Higher nutrient recycling
efficiency couldbeattained byintegratinghuman—crop—livestock segments in each respective mi
for sustainat# agriculturd development in SSA. Su@mnobjective can be achieved by educating tt
populace orthe advantages of nutrient recycling. Short- and long-term research should be pl
and executed to accomplisbch goals.

The role of forage legume fallows in supplying improved
feed and recycling nitrogen in subhumid Nigeria

G Tarawal and M A Mohamed-@leenf
1. Internationalivestock Centre for Afca (ILCA), PMB 2248, KadunaNigeria
2. Intemational Livestock Centre for Africa (ILCA), P O Box 5689, Addis Ababa,Ethiopia

Sub-SaharaAfrica is experiencing substantial lai@égradation andeclining soil fertility Thishas
led to decreasing total agricultural productivityitroducing forage legume rotations into
crop-livestok systems can stabilise agricultural productivity. In addition to providing high-qu:
forage for animals, legumes can improve soil characteristics for crop prod&eearh conducted
to test the impact of forage legumes on livestock productivity in the subhumid zone of Nigeria s
that catté grazingStylosanthedased pastures in the dry season produced more milk, aeight,
had shorter calving intervals and there was greater calf sbvuinaan compared with natural pasture
Leguminows pasturegrazing bygoats significantly reduced weight losses in the wet sed&sath.
observations were attributéo the greater nutritive value of the forage legume relative to the na
pasture. Thenitrogen(N) recycled bylegumeleys to subsequent crops was assessed in bioass
Results showed that N supplied®tylosanthe® subsequerdropsvaried fom 30-80 kg N/ha. @&in
yields fromarea preceded byhe legume were always higher and in some cases were double
from naturalpasture The superiorperformance of crops following Stylosanthesvas associated with
improvement in soil physical drchemical properties causéy the legume The incorporatio of
forage legumes intcropping systesshows gregpotentid for the maintenance of sustainable farmin
systems.



The benefits of forage legumes for livestock production
and nutrient cycling in pasture and agropastoral systems of
acid-soil savannahs of Latin America

R J Thomas and C E Lascano

Centro Internacional de Agricultura Tropical (CIAT), Apartado Aereo 6713, Cali, Colombia

Agricultural production must increase to match population growth in Latin America. Howevel
region is already witnessing a decline in productivity due to soil loss, compaction, overgrazir
inappropriate cropping systems. The vast savannah areas of infertile acid soils offer some h
sustainable increases in agricultural production. Animal liveweight gains have doubled per he
increased tenfold per hectare with improved grass/legume pastures when compared with i
native savannahs. Similarly, milk production and calving performances can be improved with lec
Grass/legume pastures combined with acid-soil tolerant upland rice are examples of input-e
sustainable systems. Inputs of N from different forage legumes via biological nitrogen (N) fix
were quantified usinéSN isotope dilution techniques. The proportion of legume-N derived fr
fixation was greater than 85%. Thus the amountdiiddd may be calculated from simple estimat:
of legume biomass. A legume content of at least 20% of the above-ground dry matter was es
to be sufficient to maintain the N balance in these tropical pastures. Decomposition of legume re
is a key route for the cycling of N and other nutrients in under-utilised tropical pastures. Litt
studies demonstrated wide variation in rates of nutrient release among forage legumes and
(litter half-lives ranging from 26—173 days during the wet season). Apparent transfer of legum
a companion grass was rapid during the first year of grass/legume pasture establishment on
Oxisol, and depended on legume persistence under grazing. The ability of forage legumesto i
soil quality was investigated usiﬁﬁ: measurements of soil organic matter, potential N mineralisa
rates, soil physical measurements and yields of upland rice crops after a grass/legume pasture
only pasture, or native savannah.

Millet and cowpea in mixed farming systems of the Sahel:
A review of strategies for increased productivity and
sustainability

SVR ShetﬂyB R Ntaret A Batiand and C Renardl

1. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
BP 12404, Niamey, Niger

2. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
Patancheru, A P 502 324, India

In the Sahel, pearl millePennisetum glaucuith) R.Br.) and cowpeafigna unguiculatgL.) Walp.)
are an integral part of the farming systems and contribute to both human food and livestock fe
traditional production system relies on the arrangement of these crops in time and space wi
having implications for crop and livestock productivity, and sustainability. This paper rev
agronomic research and suggests ways and means of improving the productivity and sustaina
this system. The effects of different agronomic factors and cropping systems on grain and fodde
and their implications on nutrient cycling and soil productivity are emphasized. Research
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) Sahelian Center or



factors as cultivar choice, soil fertility and water management, crop management and cropping |
is highlighted. Components of millet production systems found to be promising include appli
of small amounts of phosphorus (P), improved varieties of pearl millet and cowpea, sowing at
densities, use of animal traction for ridging and weeding and rotation of millet and cowpea. TI
of cowpea and forage legumes suclstdosanthes the improvement of soil fertility and the ke
link of crop residues as a source of livestock feed and soil amendment are stressed. Future
priorities on the integration of livestock into millet/land legume-based production systems are proj

A critical review of crop residue use as soil amendment in
the West African semi-arid tropics

A Bationd, A Buerkef, M P Sedog%) B C Christiansofhand A U Mokwuny5e

1. International Fertilizer Development Center (IFDC)/ICRISAT
BP 12404, Niamey, Niger

2. Institute of Plant Nutrition — University of Hohenheim, Stuttgart, Germany

3. Centre national de recherche scientifique et technique (CNRST)
BP 7192, Ouagadougou, Burkina Faso

4. International Fertilizer Development Center (IFDC)
Muscle Shoals, AL, USA

5. International Fertilizer Development Center (IFDC), Lomé, Togo

Poor soil fertility and low use of organic and inorganic fertilisers are the greatest constra
increasing agricultural productivity of farming systems in the West African semi-arid trc
(WASAT). Results from long-term field experiments showed that the use of mineral fertilisers
in the long-run leads to decreasing base saturation, decreasing pH and increasing alumini
toxicity in soils which might be limiting crop yields. The soil fertility in intensified farming in t
WASAT can only be maintained through efficient recycling of organic material such as millet
residues (CR) or manure in combination with mineral fertilisers and using of rotations with lec
such as groundnut and cowpedtylosanthesThe mechanisms responsible for the positive effe
of CR on crop yields are multiple. They include local conditions such as rainfall, wind speed, sol
and temperature regime. Thus, at some sites an increase in available phosphorus (P) or potas
may be the most important mechanism while at other sites, the protection against sand covel
water erosion, a loosening of the upper soil layers, soil microbiological effects or a decrease
surface temperature and soil resistance may be dominant. In mixed crop-livestock systems, t
of competing uses for CR needs to be addressed to understand the current mechanisms of
allocation by farmers and to design economically and ecologically sound alternatives which
the sustainability of current farming systems at a higher output level. The complementary
between livestock and crop production in the Sahel also suggests that research efforts should
take into account ways to increase crop biomass at the farm level, but also how to increase the
and quality of fodder.



Nitrogen in dryland farming systems common in
north-western Syria

H C Harris, J Ryan, T T Treacher and A Matar

International Center for Agricultural Research in the Dry Areas (ICARDA)
P O Box 5466, Aleppo, Syria

Farming systems in West Asia—North Africa involve rotations of cereals with fallow or food/fo
legume crops depending on location and rainfall. Batgyrdeum vulgard..) tends to dominate in
the drier zones and breaf¥iticum aestivuni.) and durumT. turgidumL. vardurun) wheat in the
more favourable areas. Sheep and goats are integral parts of the systems, particularly those d
by barley. The International Center for Agricultural Research in the Dry Areas (ICARDA
developing improved cultivars and management practices, and needs to critically examine
systems in terms of efficiency, costs and sustainability. Therefore, a long-term trial was estal
in 1983/84 at ICARDA’s main research station at Tel Hadya, near Aleppo in northern Syria, to ev
the productivity of systems in which durum wheat is rotated with v&fidie(satival.), lentil (Lens
culinaris Medik.), chickpeaCicer arietinumL.), medic Medicagospp) pasture, wheat, water-melo
(Citrullus vulgarisL.), and fallow. Varying nitrogen (N) levels (0, 30, 60, 90 kg/ha) and intensitie
grazing stubble (heavy, moderate, none) were imposed on the wheat phase. Both the wheat
alternative phase were included each year. While seasonal rainfall, which ranged from 210 to 4
and residual soil moisture after the alternate phase dictated the magnitude of wheat yields, N in
water-use efficiency. Soil N levels (mineral and total) varied with the system and were highe
medic and least for wheat and fallow. Similar differences were evident for organic matter (OM), \
also tended to increase with increasing N level. The concentration of N in grain and straw as
total N uptake varied with the rotation and crop yield. Though the trial needs to continue for s
more years, the impact of some crops (i.e. medic) on soil quality is already apparent.

The interactive effects of rainfall, nutrient supply and
defoliation on the herbage yields of Sahelian rangelands
in north-east Mali

P Hiernau>iL, P N de Leeufvand L Diarra®

1. International Livestock Centre for Africa (ILCA)/ICRISAT
BP 12404, Niamey, Niger

2. International Livestock Centre for Africa (ILCA)
P O Box 46847, Nairobi, Kenya

3. Institut d’Economie Rurale (IER), BP 262, Bamako, Mali

In the Sahelian rangelands biomass production is constrained by soil moisture in the drier (1(
mm) parts and by soil nutrients in the wetter parts. Similarly, for a given Sahelian range, ni
deficiency would be more prominent in good than in poor rainfall years. To test this hypot
fertiliser trials were carried out at sites distributed along the bioclimatic gradient in the Gourma |
over contrasting rainfall years between 1988 and 1992. In good rainfall years, adding 100 kg n
(N) and 38 kg phosphorus (P)/ha increased herbage production by approximately 30%, whel
response to fertiliser was inverted in poor years. Plant uptake of N and P increased with biomas



but at a lower rate. Fertiliser N and P increased biomass and nutrient yields but the nutrient co
biomass decreased due to nutrient dilution. In the pastoral context of the Sahel, grazing
influences the interactive effects of moisture and nutrient supply on herbage production and
To elucidate these interactions, cutting experiments were conducted with and without fertilisel
effects of defoliation without fertilisers depended on rainfall and frequency of cuttings. In fair ra
years early cuttings increased total yield whereas early cutting reduced yield in poor rainfall ye
good rainfall years total yield was reduced by 50 and 25% when repeated cuttings were at
30-day intervals, respectively. Reductions in yields were less severe in poor rainfall years. N
uptakes changed little with repeated cuttings due to higher nutrient contents in regrowth. /
fertilisers increased regrowth yields so that cumulative yields of repeated cuttings equalled or e»
the control yield, depending on the rainfall conditions. Redistribution of rainfall in the landsca
run-off/run-on, and livestock grazing behaviour diversify the quantity and quality of range reso
Thus, recognising that soil nutrients provide a constraining ceiling for primary and seco
productivity on a regional scale, exploiting the quality gradient on a local scale through

management provides room for production improvement with little risk for this ecosystem.



Socio-economic dimensions of nutrient cycling in
agropastoral systems in dryland Africa

| Scoones and C Taulmin

DrylandsProgrammelnternational Institute for Environmeand Development (IIED)
3 Endsleigh Steet London WC1H 0DD, UK

Most research on nutrient cycling to date has focoseits biological dimensiongdowever, social
and economic processes mediate the vojwaieern and distribution of different nutriéflows. This
paper presents a number of questions whichl hebe addressedncluding how sustainable are
nutrient flows within agropastoral systems? and how can nutrient management be intensif
pressure omesources increase€as studies are taken from five areas to provide details of h
nutrients are managed in practise. Bwsve BurkinaFa® and Senegal, Kenya, Mali, Nigaand
Zimbabwe. The case studies illustrate how impdrifais to understand the social amd¢onomic
processsunderlyingthe availability of nutriert source and flows to different people. For example
access to manure depends on herd aize tle existence ofnanuring contracts whergfarmers can
gainaccess to water adopresidusin exchange for the marefrom visiting herdsTenure relations
will condition rights ofaccess to grazingsourcesyhile access to chemitgertiliserwill dependon
whether the farmer has matleecess ahcas income Rising huma population densitysilikely to
lead to increasing problems of soil fertility maintenance. Howé@vegme areasising populations
may provide both an incentive atie means to intensifland usePoliticd relationshetween herding
and farming populations will determine the teron which farmers can gaimccess to manure.
Management skills and availability of farm labour will affect the care with which fertility inputs
applieinrelation to cropgrowth in the rainy season. There are currently two basic policy alterna
for nutrient-cycle management within African agropastoral systems. The first involves the
effective management of resources internal to the agro-ecosysteméing compostiig and
intercropping with leguminaplants), while the second is based on the use of external inputs
chemical fertilisers). Future research reeddentify the costs andeturns ofeachstrategy, ad the
conditions are likely to include sufficient pressure on resources to piatepsification, market
conditions which bring reasonable returns to investroe+iarm andassurediccess to landnd other
resources.

Manure utilisation, drought cycles and herd dynamics in
the Sahel: Implications for cropland productivity

TO WiIIiamsl, J M Powell and S Fenandez-Rivera

1. Internation&Livestock Centre for Afria (ILCA)/ICRISAT SahelianCenter
BP 12404 Niamey, Niger

2. 458Glenway StreetMadisonWI 53711 USA (formerly with ILCA)

Animal manure is of vital importance to soil-fertility maintenance in semi-arid West Africa due 1
intrinsic value as a soil amendment and becauetdw levd of inorganic fertiliser usérhis paper
provides a regional overview manure utilisation for foodropproduction. Resudtof experimental
trials and on-farm studies are reviewed to evaltiz agronomic ad economic effectivenssof
livestock manure as a source of nutrients for millet and sorginoduction. Tle potentia and actual



amounts of manure available for crop production during normal rainfall years are estimated, ¢
effect of drought-induced changes in livestock population and species composition on n
availability and cropland productivity are assessed. In doing this, on-station and on-farm dat
Niger are used to assess nutrient losses from croplands and to estimate the amount of manure
to maintain crop production at various yield levels. The number of animals needed to produ
level of manure and the feed resources required to maintain them are estimated and compa
the level of livestock holdings and feeds found in village studies. The influence of drought «
structure of national and village herds are evaluated and the amounts of different types of mar
are likely to be available in the years immediately preceding and following a drought are estil
These estimates and feed availability parameters are used to assess the adequacy of availab
for food crop production, and the role that manure and other soil amendments can play in the
intensification of agricultural production in semi-arid West Africa.

Nutrient flux between maize and livestock in a
maize—coffee—livestock system in central Kenya

J K Ransorh J Ojien‘? and F K Kanampiﬁ

1. Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT)
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2. Kenya Agricultural Research Institute (KARI), P O Box 169, Kakamega, Kenya

3. Kenya Agricultural Research Institute (KARI), P O Box 27, Embu, Kenya

Soil productivity has been declining in the central highlands of Kenya due to intensive croppi
obtain information on potential points which could be managed to better conserve nutrients wit
farming system, the flux of nitrogen and phosphorus was monitored in four randomly selectec
in Embu District during the 1990/91 short rainy season and in three farms during the same se
1991/92. Grain yield, stover production, stover removal, and fertiliser and manure use were me
Maize yields on average were nearly 4 t/ha in the 1990/91 and 5 t/ha in 1991/92. Measurec
production averaged 2.9 t/ha and 4.9 t/ha in the 1990/91 and 1991/92 seasons, respectively. /
across all farms and years, 72% of all stover was fed to animals. Nitrogen and phosphorus ren
grain averaged 50.7 kg/ha and 17.5 kg/ha, respectively, and by stover 4.9 kg/ha and 1.¢
respectively. All four farms received chemical fertiliser in 1990/91 but only one received fertili
1991/92. Fertiliser supplied more than 50% of the phosphorus. Manure was applied in five of th
farm-years and supplied most of the nitrogen in the system. Inputs of nutrients by manure far e>
their removal by stover. Due to the importance of manure in maintaining the productivity of th
sustaining the production of fodder and developing improved manure-handling techniqu
suggested as key elements in sustaining maize productivity in this area.



Farmer and pastoral strategies in Saurashtra, Gujarat:
An analysis of landless pastoralism and dependence on
the manure market

R P Cincottd and G Pangal%
1. Agency for International Development (USAID), Washington, DC 20523-1819, USA

2. Institute of Rural Management, Anand 388 001, Guijarat, India

Over the past 40 years, Bharavad pastoralists from Saurashtra in Gujarat State, India, hav
themselves divested of rangelands and village commons that were formerly the primary so
nutrition for their ruminant livestock. To adjust to the changing socio-economic and biotic—ed
environments, Bharavad pastoralists in this region have de-emphasised the production ©
nutrient-demanding livestock products and focused on co-existing with farm production thi
marketing livestock manure. A model that was used to examine the economics of farmers’ invol
in the agropastoral production system predicts that farmers with improved dairy cattle will profit
from (&) utilising high quality on-farm crop residues for their own milk production, and (b) tra
low quality crop residue to pastoralists for manure. Other researchers have suggested [in res
our own analysis] that farmer—pastoralist relationships focusing on nutrient cycling can oft
over-emphasised. This paper argues that in Saurashtra (and most likely in other areas where
groups are politically marginalised), manure trade is the only production activity available to he
that utilises pastoral skills and is remotely sustainable.

The sustainability of rangeland to cropland nutrient transfer
in semi-arid West Africa: Ecological and social dimensions
neglected in the debate

M Turner

International Livestock Centre for Africa (ILCA)/ICRISAT Sahelian Center
BP 12404, Niamey, Niger

The integration of crops and livestock has often been cited as a model for agricultural develop!
semi-arid West Africa. Recent formulations treat the adoption of more intensive forms of mar
as a critical step in agricultural development. These analyses have been criticised for igno
underestimating the possible negative consequences of such management on rangeland and
productivity. This paper critically examines this debate. It is argued that the agronomic bene
manuring depend largely on nutrient transfers from non-cropped grazing lands. In this respe
ecological critiques are correct in arguing that, except in sparsely cultivated areas, the liv
required to support continuous cropping cannot be maintained by local pastures without e
inputs. Over the long-term, such nutrient transfers cannot be sustained; nutrient outflows from p
will exceed inflows resulting in a combination of reductions in livestock productivity, manure qui
pasture productivity and local livestock presence. However, these analyses have ignored tt
influence of village-level agronomic and livestock management on the parameters used il
calculations. Once the temporal and spatial aspects of rangeland—cropland nutrient trans
considered, it is shown that the dynamic sustainability of the process is determined, not sirr
rangeland/cropland ratios and livestock stocking rates, but by differences in grazing and r
management at the village and household levels. Village-based livestock management is an



active concern and experimentation by crop—livestock producers in semi-arid West Africa.
efficient nutrient management can be promoted through a combination of policy and extension

Measuring the sustainability of crop—livestock systems in
sub-Saharan Africa: Methods and data requirements

S Ehui and M A Jabbar

International Livestock Centre for Africa (ILCA), P O Box 5689, Addis Ababa, Ethiopia

Livestock are an important component of farming systems in sub-Saharan Africa. They are
mainly for meat, milk and skin and provide a flexible financial reserve in years of crop failure.
also play a critical role in the agricultural intensification process by providing draft power and m
for crop production. With increasing human population and economic changes, cultivated a
many sub-Saharan African countries have expanded on to marginal lands and fallow periods a
shortened. As a result, large areas of land have been degraded and crop and animal yields ha
Improved crop-livestock production systems and technologies are currently being develo
response to the growing demand for food and the degradation of the natural resource bas
technologies must enhance food production; they also need to maintain ecological stabil
preserve the natural resource base, i.e. they must be sustainable. However, the notion of sust
has been of limited operational use to policy makers and researchers attempting to evalu:
technologies and/or determine the effects of various policies and technologies. This paper di
a methodology for measuring the sustainability and economic viability of crop—livestock system
approach is based on the concept of intertemporal and interspatial total factor productivity,

particular attention to the valuation of natural resource stock and flows. The method is applied t
set available at the International Livestock Centre for Africa (ILCA). Intertemporal and inters;
total factor productivity indices are computed for three farming systems in south-western N
Results show that the sustainability and economic viability measures are sensitive to change
stock and flow of soil nutrients as well as to material inputs and outputs. The advantage of this aj
is that intertemporal and interspatial total factor productivity measures are computed using onl
and quantity data, thus eliminating the need for econometric estimation.

The role of livestock in sustainable agriculture and natural
resource management

J D Reed and J Bert

Department of Meat and Animal Science
University of Wisconsin
Madison, WI 53706, USA

The objectives of this paper are to introduce the reader to the Sustainable Agriculture and

Resource Management Collaborative Research Support Program (SANREM/CRSP) a
Landscape Approach to Sustainability in the Tropics (LAST) and discuss the role of livestock ir
projects. LAST uses landscape ecology to research the interactions among ecosystems
watershed. The farmer-back-to-farmer research approach and gender analysis are integral toc
are used throughout the design and implementation of the project. The results of a Partic
Landscape Lifescape Appraisal conducted in collaboration with LAST researchers and the far



the watershed which encompasses the village of Donsin in Burkina Faso are used to illustrate
of livestock in SANREM. Livestock in the Donsin watershed have a direct impact on: consen
of soil and water resources; management of soil fertility and the soil's physical and biolc
characteristics; nutrient cycles within the watershed; cultural practices for controlling erc
maximising biological production potential; the management of forest resources; and the introd
of agroforestry projects. The people of Donsin are heavily dependent on the natural resour
within their watershed but these resources are undergoing rapid transformations due to drou
increased exploitation. The LAST approach will use participatory research in SANREM to ass
people of Donsin improve their standard of living by developing tools which can be use
appropriate management of natural resources. Interdisciplinary research on the role of livestoc
to be incorporated into broader research themes within the context of human and agricultural e
to assist farmers in Donsin manage natural resources.

Nutrient transfers from livestock in West African
agricultural systems

P N de Leeuv}v L Reynoldzs and B Re§

1. International Livestock Centre for Africa (ILCA)
P O Box 46847, Nairobi, Kenya

2. 70, Springfield Crescent, Kibworth Beauchamp
Leicester LE8 OLH, UK (formerly with ILCA)

3. International Livestock Centre for Africa (ILCA)
P O Box 5689, Addis Ababa, Ethiopia

The potential supply of nutrients from excreta voided by livestock and what is potentially ava
for transfer to cropland are examined within a West African context. Nutrient output from ca
derived from a simulation model that predicts nutrient intake in relation to animal performanc
monthly feed supplies; it subsequently links intake to excreted output of lactating and dry cov
young growing stock, as well as of entire cattle herds. The supply side of potential nutrient tre
is addressed at several scales, from agro-ecological zones to that of individual farmers, by ar
ratios between livestock and farmed and non-farmed land. At a regional scale, focus is on Nige
on the cottonbelt in Francophone West Africa. The Nigerian situation elucidates the relatiol
between livestock and land along the rainfall gradient and brings out the multiple interactions be
settled smallholder farmers and more mobile agropastoral and transhumant herders. Farming
in the cottonbelt demonstrate the importance of animal traction and cash cropping as determil
nutrient-transfer patterns. At the farm level, three case areas are analysed: two in the cottonbel
and Cote d'lvoire and one in the closely-settled zone in semi-arid Nigeria. These analyses hi
the variable scenarios of nutrient transfers at the farm and village level, demonstratin
heterogeneity among farmers is as much at play as differences between zones and countr
implications of these nutrient-transfer scenarios are discussed with emphasis on crop—liv
interactions at increasing levels of population pressure and how they may affect pathways of le
intensification and soil-fertility maintenance.



Modelling and simulation in the development of
sustainable animal production systems

H Breman
AB-DLO, BP 14, 6700 AA Wageningen, The Neherlands

Various approaches to nutrient-cycle modelling in the plant—animal—soil systEmresentedAn
(incomplete) inventory of available approaches and models was carried out. Theirlprailisiagon
was then analysed and the problem of their limited use was discussed. Several causes for thi
use were idertified including lack of adequate training, low level of reliability and proble
encountered bthird parties seeking to assakeir applicabiliy and henetheir validity. Some causes
are much more difficult to address including the negative attitude towards models and sustticit
regard to undesirable results. Fortunatigited use dognot mea that modelling and simulation
aretotally absenin Africa. The systermapproachhas largely contributed to strategic changes in rt
development, including increased concern for soil fertitifurd resource management divestock
nutrition. The approach and philosophy of «Production Soudano-Salesienject — Exploitation
optimale des éléments nutritifs en élevage (PSS)» werepesented to underline the nefed
modelling and simulatio in developing sustainable animal production systems. This scier
collaboration project betwaeMali and The Netherlands examines the feasibility of intensifyi
Soudino-Sahelian agriculturethrough introdation of chemical fertilisers for impgoved forage
production A systems approach éssentibfor such an analysbecause: the vadwof trials is limited
in a changing environment characterisbg overexploitation;long-term trials are necessary t
determine the optimal rate of responddestilisers on poad soils time is needed to establighe
efficiency oftheintegratian of biologicd and intensive agriculture; synergism of integration is difficl
to assesmentally, too many parameterffect the cost efficiencof livestock supplementation; anc
the most promisig options can be selected using simulation.

Modelling the effects of livestock on nutrient flows in
mixed crop—livestock systems

P J Thorne
Naturd Resources Institute (NRI), Central Aven@datham Maritime, Kent ME4ATB, UK

Some ofthe effects of the passage of biomass through livestock on the dynamics of whole-
nutrient cycles are relatively clearly defined. However, processée livestodk component may
have other far-reaching effadhat are less readily accountefbr. For example, changes in die
composition can affect the partitionin§excreted nitrogen betweemanure andrine. Suctthanges
can interact with animal and compasanagemenpractices to affdcthe dynamics ofprocesses
occurring in soil orgaimatter A model basedn digestive processes in ruminasiddscribed which
has beerevelopedo assist in resolving these effeand interactions. Initlasimulations wih the
basicAnimal Praluction/Manure (APM) modd have beerconducted, oth alone and in conjunction
with the SCUAF (Soil Changes Under Agroforestry) modékese have been based on a systen
which livestock are fed crop residues but may also grareceive concentratsupplementatioto
highlight a number ofssues, in particulathat animals may, dependingn accesto grazing and
concentrate supplements, act as importers of nwriatd more intensivelycroppedland; and
optimumproductionfrom the animhcomponent mayot necessarily be associated with maximt



losses of nutrients from this land, even when the use of concentrate supplements is limited. Ap:
improving our understanding of whole-cycle nutrient dynamics, the approach used in developi
APM model might also allow a unified approach to questions of whole-system productivity in n
crop-livestock systems. Future efforts will concentrate on defining the parameters of the proce
which APM is based and the validation of the model against field data.

Myth and manure in nitrogen cycling: A case study of
Kaloleni Division in Coast Province, Kenya

L Reynoldé and P N de Leelfv

1. 70, Springfield Crescent, Kibworth Beauchamp, Leicester LE8 OLH, UK
(formerly with ILCA)

2. International Livestock Centre for Africa (ILCA), P O Box 46847, Nairobi, Kenya

A simulation model was developed that predicts dry-matter (DM) and crude-protein (CP) intak
associated cattle performance based on live weight, age, pasture conditions and supple
feeding. Intake data were used to estimate the amount of nitrogen (N) retained by cattle a
excreted in faeces and urine. The N levels in excreta were varied according to the nature, quatr
quality of the diet. Dietary CP level and degradability further influences N excretion in urine
faeces. The availability of excreted nutrients for recycling through soils depends on the live
management system. The model was also used to examine the effects of on- and off-farm feed
and differences in livestock holdings on the on-farm nutrient inputs from livestock in Kaloleni Div
of coastal Kenya. Nutrient requirements for the entire livestock population were calculate
matched with feed resources to predict how rural population density affects the balance betwe
demand and supply. The model showed that cattle owners are able to provide a net input of 25
to their maize, sufficient to maintain a grain yield of 1.8 t/ha. Farmers without cattle suffered
outflow of N from grazing of crop residue by cattle from other farms. As human population de
increases and farm size declines, cattle owners obtain a decreasing proportion of animal fes
their own farms, and cattle spend more time grazing elsewhere. Hence, the net inflow of N w
atthe expense of the rest of the community. Purchased concentrates, an economically viable all
for dairy cattle, are another external nutrient source for raising the N levels in excreta and c:
maintain soil fertility.



A static model of nutrient flow on mixed farms in the
highlands of western Kenya to explore the possible impact
of improved management

K D Shepherd,E Ohlssort; J R Okalebd, J K Nduf& and S David

1. International Centre for Research in Agroforestry (ICRAF)
P O Box 30677, Nairobi, Kenya

2. Soil Chemistry Section, Kenya Agricultural Research Institute (KARI)
P O Box 30148, Nairobi, Kenya

3. Kenya Forestry Research Institute (KFRI), P O Box 25188, Otonglo, Kisumu, Kenya

Currently there is much interest in the potential role of agroforestry in the mitigation of nu
depletion in sub-Saharan Africa. Using data from farm surveys and trials static models of nutrie|
for existing farm systems and improved agroforestry systems were constructed. These ir
boundary plantings of trees, hedgerow intercropping for green manure or fodder, and a well-m
zero-grazing system with moderate fertiliser inputs. The objective was to explore the possible
on nutrient budgets of improved management options. Major nitrogen (N) losses (70% of tote
loss) occurred in the field and hedgerow compartments, principally through leaching
denitrification, which exceeded 60 kg N/ha per annum in all systems. However, there was unce
in predicted net mineralisation and the potential amounts of soil-N losses, and the study in
substantial potential for N mineralisation in deep subsoils. In contrast, phosphorus (P) was effi
conserved in the farm system, and moderate additions of inorganic P fertilisers could maintair
stocks. Net soil nutrient balances ranged from —39 to —118 kg N/ha per annum and from -7 to
P/ha per annum in the different simulated systems. N inputs through biological N fixation an
N capture were significant in agroforestry systems (up to 122 kg N/ha per annum), but whe
were used for production purposes these additional inputs were offset by increases in consul
harvested (grain, wood and milk) which ranged from 35 to 195 kg N/ha. Improved m:
management reduced soil-N deficits by 70 kg N/ha per annum in a zero-grazing system with
manure flux. Research priorities for the humid highland farming systems include the quantifi
and dynamic modelling of (1) N mineralisation and N dynamics throughout soil profiles, (2) s
and temporal patterns of N uptake by trees in agroforestry systems, and (3) nutrient bud
long-term systems trials.

African semi-arid tropical agriculture cannot grow
without external inputs
J Mcintire* and J M Powefl
1. The World Bank, 1818 H Street, N.W., Washington, D.C. 20433, USA
2. 458 Glenway Street, Madison WI 53711, USA (formerly with ILCA)

A multi-period non-linear optimisation model was constructed of a mixed millet and cattle prod
area in the semi-arid tropics of Niger, a poor West African country which is largely agricultural
model compared the economics of “low-input sustainable” (LIS) agriculture, with animal manu
without mineral fertilisers, to those of agriculture using mineral fertilisers and manure subjec



minimum soil fertility constraint. Agriculture using mineral fertilisers was superior at average fert
prices, at fertiliser prices 50% higher than average and at a higher fertiliser response to LIS agri
LIS agriculture was not more stable than agriculture with mineral fertilisers and did not grow
rapidly. A low economic interest rate did not affect the results significantly. LIS agriculture is inf
because it requires very high pasture area per unit of crop area — at least in a ratio of 10:1 —
to produce enough manure to maintain soil fertility in the absence of mineral fertiliser. Such p
area would only be available at very low population densities; at higher population den
competition for land between crops and livestock without mineral fertilisers necessarily results
income or exhaustion of the soil.
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