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Résumé

Ce volume rassemble les actes de la 8° Conférence Internationale d’'un Réseau
FAO sur le Recyclage des Déchets Agricoles, Municipaux et Industriels en
Agriculture (réseau RAMIRAN, précédemment appelé Réseau sur la Gestion des
Déjections Animales), qui s’est tenue & Rennes du 26 au 29 mai 1998. Le théme de
la conférence était les stratégies de gestion des déchets organiques utilisés en
agriculture, et celle-ci était organisée en 5 parties :

o Stratégies de gestion des déchets organiques utilisés en agriculture
» Valeur agronomique des déchets organigues

» Mesure, modélisation et maitrise des émissions gazeuses

+ Traitement et gestion des déchets

e Impacts environnementaux

Six articles sont présentés dans la premiére partie sur le théme des stratégies de
gestion incluant les systémes experts, la modélisation et les aspects
réglementaires. La deuxiéme partie comprend 11 articles sur la valeur
agronomique et débute par une synthése qui rappelle les bases historiques de
I'utilisation agricole des déchets organiques. Afin d’aboutir & un recyclage efficace,
il est en effet nécessaire de bien connaitre et prédire la disponibilité en éléments
nutritifs. Les différentes étapes du recyclage de déchets organiques
s'accompagnent également de diverses voies de fuites de composés gazeux
indésirables pour 'environnement. On distingue notamment I'ammoniac (NH,), ie
protoxyde d'azote (N,O) et le méthane (CH,). Les inventaires et méthodes de
réduction de ces gaz sont présentés a travers 9 articles dans la troisiéme partie de
l'ouvrage. La quatrieme partie décrit les techniques de traitement et de gestion des
déchets, notamment des effluents d’élevage. Enfin la derniére partie présente les
aspects environnementaux liés a l'utilisation de déchets organiques et notamment
les métaux lourds apportés aux sols par les déjections animales et les aspects
sanitaires.

Cet ouvrage rassemble les principaux auteurs impliqués sur ce domaine de
recherche et présente, a la fois les derniers résultats de leurs travaux, mais
également des considérations pratiques, nécessaires pour assurer une gestion
optimisée des déchets organiques en agriculture.



General Abstract

This volume contains the Proceedings of the 8th International Conference of the
FAO ESCORENA Recyciing of Agricultural, Municipal and Industrial Residues in
Agriculture Network (RAMIRAN, formerly the Animal Waste Management Network),
held in Rennes, France, from 26 to 29 May 1998. The theme of the Conference
was Management Strategies for Organic Waste Use in Agriculture and the
Conference was divided into five parts:

Management strategies for organic waste use in agriculture
Agronomic value of organic wastes

Measurement, modelling and control of gaseous emissions
Processing and handling of wastes

Environmental impacts

Six papers were presented in Part 1 on the theme: Management Strategies
Covering Expert Systems, Modelling and Legislation. The second part consisted of
11 papers on the agronomic value including a review describing the historical basis
for the application of organic wastes to land. To achieve proper recycling, it is
essential to understand the crop availability of nutrients. The various stages of
organic waste recycling provide numerous opportunities for the escape of
environmentally active gases. The gases of greater concern include ammonia
(NH,), nitrous oxide (N,O) and methane (CH,). Inventories and methods for
controlling these emissions were explored through 9 papers presented in Part 3.
Part 4 covered the different aspects of handling and processing wastes in general.
Special attention was given to animal manure, but also other wastes were
considered. The final part on environmental aspects was mainly devoted to the
metal content in animal wastes (4 papers) and hygienic problems.

The book brings together the leading workers in the area and provides an up-to-
date account of the research together with implications for practical
recommendations in this environmentally sensitive field.

These considerations led us to the conclusion that this book is timely and fills a void
on a subject that lacks integrated scientific information.
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Preface

The 8th International Conference of the FAO ESCORENA Recycling of Agricuitural
Municipal and Industrial Residues in Agriculture Network (RAMIRAN, formerly the
Animal Waste Management Network), was held in Rennes, France from 26 to 29
May 1998. The Conference gathered nearly 150 delegates representing more than
26 countries. Colleagues from all European countries, Japan, Canada, USA,
Russia and Chile were present in Rennes.

The FAO European Cooperative Research Network on Animal Waste Management
was formed in 1976. The principal activity of the Network is for members to
exchange research information and to prioritise work topics, which are then
undertaken by expert groups. The need to change the direction and name of the
Network to RAMIRAN, was agreed at the last Network meeting in Godollo, Hungary
in 1996. After 20 years of focusing on animal wastes, it is now necessary to include
municipal and industrial wastes as these are increasingly spread on land and are
also the cause of environmental pollution. Animal wastes remains a significant
component of the Network’s activities but would be considered in a more integrated
manner with other wastes which have similar benefits and problems when spread
on land.

The theme of the Conference was Management Strategies for Organic Waste
Use in Agriculture and the Conference was divided into five sessions:

» Management strategies for organic waste use in agriculture
» Agronomic value of organic wastes

> Measurement, modelling and control of gaseous emissions
» Processing and handling of wastes

» Environmental impacts

During these session, 43 papers were presented, including four invited papers
(C.H. Burton, J C Fardeau, J-M. Merillot and B.F. Pain). These papers are
published in this book. In addition, 50 poster papers were displayed and for each a
short oral presentation was allowed.

The Conference confirmed the importance of the ad hoc expert groups as the focus
of Network activities between meetings. Progress on their activities will be reported
at a workshop planned for 2000 to be held at the Institute of Agricultural
Engineering, Milan, Italy. It is planned to hold the 9th major meeting in 2002, which
will probably be hosted by the Research Institute of Experimental Veterinary
Medecine at Kosice, Slovakia.
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Part 1

Management strategies for organic
waste use in agriculture.

Chairman : J.E. Hall (UK)
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Management strategies related to legislative, economic,
agronomic and environmental impact of organic wastes.

Invited Paper

Stratégies de gestion des déchets organiques prenant en considération
leur impact législatif, économique, agronomique et environnemental.

Jean-Marc Mérillot

Head of Agriculture and Food Department.

French Agency For Environment And Energy Management, Ademe.

Centre d'Angers. 2, square La Fayette. BP 406. 49004 Angers Cedex 01. France
E-mail : jean-marc.merillot@ademe.fr

Abstract

As a result of scientific studies and public awareness, environmental protection is
now recognized as one of the basic state policies. Strategies management of
anthropic activities must, more than ever, take in account not only the
environmental legislation corpus, but the concepts and principles that are used to
build the public policies. Most of the times, it considers also economical and
financial procedures (taxes and grants) and technical tools analysis (systemic
analysis and flows balances). Agriculture is highly concerned because of its natural
relations to environment and also because of its weight as a production /
consumption chain.

In most cases, spreading is used for soil restitution of nutrients but with unbalanced
flows resulting in environmental impacts. It is obvious that territorial regulation of a
« back to soil strategy » must be built on the aptitudes of :
» soils to be amended,
crops to be fertilized,
farms to gain profit,
neighbours to agree,
natural areas and ressources to be protected and exploited,

When considering each elementary flow, the questions are : what kind of natural
cycle is pertinent for a specific flow ? Where and how is it stored in nature ? The
answer is different for carbon, nitrogen or phosphorus.
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Résumé

Devant les résultats d'études scientifiques et face a la demande du public, la
protection de I'environnement est maintenant reconnue comme une des politiques
publiques des états.

Les stratégies de gestion des activités humaines doivent de plus en plus prendre
en compte non seulement le corpus juridique et réglementaire de I'environnement
mais aussi les concepts et principes sur lesquels sont construites les politiques
publiques. Trés souvent, elles intégrent aussi des procédures économiques et
financiéres (taxes et subventions) et s’appuient sur des outils techniques (bilans et
analyse systémique). L’agriculture est hautement concernée, par ses relations
naturelles & l'environnement, mais aussi par son poids dans la chaine de
production / consommation.

L'épandage est une modalité trés utilisée mais en raison du déséquilibre des flux, il
conduit & des impacts environnementaux. Il est évident qu'une stratégie de retour
au sol doit étre basée sur I'aptitude :
e des sols & étre amendés,
des cuitures a étre fertilisées,
des exploitations a étre rentables,
du voisinage a étre d’accord,
des zones et ressources naturelles a étre préservées et exploitées,

Si I'on prend en considération chaque flux élémentaire, les questions qui se posent
sont : A quel cycle naturel se rapporte-t-il ? Ou et comment est-il stocké dans la
nature ? La réponse est différente pour le carbone, I'azote ou le phosphore.

1. Introduction

Traditionally, management strategies of manufactured products cover the wide
range of technical, economical and social considerations, which have learned to
live together more or less quietly. The emergence of environmental considerations
is relatively recent and leads to troubles. At this point of our knowledge and
practices, we can say that :

new questions that have to be taken in account are identified
their solutions are not always correctly implemented

it is often difficult to organise them into a global problematic
it is even more difficult to translate them into actions

16



Applied to waste management, the level of difficulty increases of several points,
because waste management is, more than other subjects, a conflict area. Further if
you add "organic" to "waste", you again increase difficulty because of the
complexity of the organic matter, of its reactive potential and of psychological
considerations.

A management strategy results of the answers to the following questions :

o What is ideally wishful ? considering the global context
¢ What is socially acceptable ? considering the present situation
¢ What is readily feasible ? considering my specific position

These questions must be asked with a frequency depending on the speed of
evolution of context, situation and position. However, this evolution is rather rapid
because we actually live a period of construction under uncertainties. It means that
the questions related to organic waste management must be answered through a
prospective analysis, and with a proactive management policy as strategy means
that you want to anticipate, to predetermine events and not to stay running after
them.

So, the first point is to review the main environmental policies, to analyse their
conception and development mechanisms in order to find how they can change in
the next future. The second point is to detail the role of waste management policies
and systems inside the range of environmental policies, and finally the third point is
to describe the possible strategies for organic wastes. | will conclude on the future
of the "back to soil" strategy applied to all kind of wastes.

2. The place and role of environmental policies

Maybe, the second part of our finishing century will stay in memories as the
emerging period for environmental public policies. And maybe that future
generations will find at least funny or completely crazy our polemic debates and our
environment protection programs. But, the fact is that each state is building
progressively its environmental policies through :

e the organisation of public services for control and incitation
« the development of a legisiative corpus
o the modification of the existing economical rules

The role and respective weight of this different parts varies a lot from state to state
resulting in more or less "hard" or "soft" regulation policies.
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These policies answer to a social demand, as the public opinion has been aware of
environmental impacts through scientific works. Aiming to modify our economical
development conditions, basically responsible of environmental problems, it is not
surprising that they use of financial mechanisms in order to change the value of
things, activities and products.

If we look for details on environmental policies, we must consider on one hand the
concepts, principles and tools on which they rely and on the other hand the different
fields they cover and the way it is co-ordinated.

The concepts, principles and tools can be related to their rationale :

- economical changes to poliuter/payer principle

- global public policies to sustainable development concept

- scientific approaches to systemic analysis

- engineering to best available technologies strategies
- ecological ideal to nature protection strategies

Environmental policies cover a wide range of problems. It results in specific
thematic subpolicies, which can be gathered into groups :

Natural Resources Quality Preservation (air, soils and water)
"Wild" Nature Protection (biodiversity, protected areas, species in
danger...)

e Production Activities Regulation (emissions regulation and waste
treatment)

The third one is often the result of the others which give the background to assess
the field and level of regulations.

Agriculture is highly concerned with environmental policies, because of its natural
relations to nature. it is surrounded by :

elementary fluxes and geo/biocycles

space occupation and landscapes

quality of its own natural resources

wild life versus its domestication processes (fauna and flora)

The main problems with agriculture is that :

1. local impacts are the result of a collective behaviour. So the corrective
actions must also be collective

2. agriculture covers a wide range of activities, and two main levels of
production, e.g. vegetable growing and animal feeding, which have

18



significant differences considering their respective environmental
impacts.

3. production systems for a specific activity are also widely different,
depending on many parameters, a part of them are determined by the
natural local context.

Agriculture is also involved, as a primary activity, in an important
production/consumption chain : the food chain. Specific tools have been developed
to analyse the impacts of products through their production chain. Life Cycle
Analysis is a well known one. It considers that quality requirements and
environmental production conditions are more and more imposed to producers as a
feed-back requirement of consumer behaviours. Applied to primary agriculture
productions, the problem with such tools is to correctly integrate all the local
impacts most of them depending of conditions or practices inside the system and
then of the hypothesis that are used.

Another common specificity of the different production steps of this chain is the co-
production of organic wastes :

crops residues

animal slurries and manure

agro food organic wastes and by-products

the organic wastes or fraction of wastes produced by shops,
restaurants, and finally household

» at the far end, the organic wastes coming from sewage treatments

All these wastes are involved in a specific management system based on biological
processes through animal feeding, biodegradation and new vegetable organic
carbon fixation

Following this organic chain, we can notice that generally :

» the production of organic wastes decreases from agriculture to food
industries and then to household

o the organic purity decreases also, either by mixing with other wastes
or by contamination

¢ the financial capacity increases

When trying to solve environmental local impacts, the first problem is to define the
territorial system and its boundaries. For water pollution problems, it is relatively
easy. But, for air pollution, it can be more difficult. Another problem is to determine
the respective responsibilities and also to find the solidarity between activities on
which can be built action plans. Concerning local space management, there are two
main competitors invoived in land uses responsibilities : agriculture (cropping) as an

19



exploitation activity and municipalities as a public administrative regulation level.
Manufactories and shops are more concerned with product exchanges (transport of
goods, of energy, water resources...) and then with territorial equipment and
networks. The corresponding public administrative levels are regional or national.

To achieve this description of environmental problems and strategies, let's have a
look on the systemic analysis method. As it comes from physical and chemical
principles, it has been developed to assess the impacts of physical and chemical
fluxes in and out of a specific system, a production system for instance. But, the
reasons of the present situation are not physical or chemical. It is more and more
important to take in account for the same system :

¢ social and economical flows (employment, costs, added value...), which

can be easily done
o psychological and cultural flows, which is a little bit more difficult

it is important because the problem of environmental impacts of anthropic activities,
which is as old as humanity, needs a negotiated political response and not only a
scientific explanation. Maybe, we can find here the reasons of the troubles
produced by environmental considerations when applied to social, economical and
technical systems.

3. Waste management policies

Among the different specific environmental policies, one is dedicated to waste
management. Its role is to develop an intermediate eco-industrial activity which
avoid the direct contact between raw rejections (sewage, gases, solid wastes) and
the environment. The waste management system takes in account :
e primary wastes from production/consumption chains including used
packaging, by-products...
e secondary wastes from treatment of rejections as sewage sludge, flying
ashes...

Any waste management system relies on :
e Prevention including avoided productions and improved quality of
wastes
+ Re-use and recycling of wastes
¢ Storage in landfills or salt mines, with graduate levels of insulation
depending on the wastes danger potential

The system is limited and then determine by the two main points that are

Prevention and Landfilling. The problem with prevention is to agree on what has to
be prevented : poliution, costs, landfilling, transport... The problem with landfilling
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depends on the role it plays in the system. It can be only a final storage equipment
for treated wastes or a treatment step, something like an outdoor reactor.

The waste system is mainly defined by the pressure that is made on landfilling
through its legal, technical and economical obligations, comparatively to the same
kind of obligations on the other possibilities. The aim of waste re-uses is not only to
avoid environmental damages from waste disposal, but also to decrease the
exploitation of natural resources through recycling. As it is generally not
economically profitable to recycle, taxes and financial mechanisms have been
developed mainly to charge the consumer and not the citizen.

As the waste treatment activity can produce more pollution than avoided, the waste
treatment system must be a clean one. Most of the time, specific emission levels
are decided for wastes treatment plants and specific quality composition for waste
derived products.

Re-use of waste can be done through three main strategies :
¢ an industrial recycling/re-use strategy
e a"back to soil" strategy
¢ an energy production strategy

Each waste strategy can be done by different ways. On one hand, it can integrate
industrial cycles, as a "secondary raw" matter, for instance glass or cardboard
recycling or industrial organic fertilisers production for organic wastes. At the
opposite, less valuable wastes are managed through a territorial organisation of
treatments plants, with different space levels as for "Russian puppets". These
plants feed proximity utilisation (through networks or local markets).

4. Organic wastes management

The recycling of organic wastes back to the food chain can be done at different
steps of this chain. For instance, animal blood can be used for human food, for
animal feeding or for crops fertilisation. It seems natural that organic wastes come
back to the food chain, but only as far as it is acceptable, | mean safe and not
shocking. But, organic matter can also be used for energy production through
digestion or combustion or cogeneration, as a gaseous, liquid or solid fuel, which
represent a lot of different possibilities. If lignocellulotic, it can also be used in
material recycling, and so on.

The problem of the best solution with organic wastes management covers three
main considerations.
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First, the complex composition of organic matter, if we consider all the elements,
leads to a lot of environmental questions about the most pertinent way to manage
the corresponding fluxes. Is nitrogen better in air as ammonia than in water as
nitrates ? And what about soil accumulation of trace elements ? Is phosphorus the
best target element for organic wastes spreading ?...

Secondly, organic matter is generally very "reactive”, | mean potentially source of
reactions (as biodegradation, volatilisation, toxicity, ecotoxicity...) depending on its
environmental fate. It leads to two kinds of consequences : pollution problems, of
course, but aiso treatment problems as whatever the process you choose, it has
adverse effects.

Third, organic wastes can have a high content of water with and consequently, the
fate of this water flow must be considered. But, the main point with this associate
water is that the alternative strategy is not a solid waste one but a sewage
treatment one.

Up to now, most of the territorial organic waste management systems include :

> a "back to soil" basic strategy, through spreading of more or less
treated (denitrified, digested, composted, limed...) products. The limits of
this basic option come from crops and soils needs and from
environmental policies based on nitrogen or phosphorus loads. The
adequate territorial level is the local agriculture area. it is relevant for the
most aqueous organic wastes including a wide part of soluble elements.
The solid wastes or the extracted solid part of wastes can also be
managed with the same strategy but at a larger space scale.

> an energy strategy based on combustion or incineration in local
supplying energy plants. It works pretty well for dry lignocellulotic wastes
and can be used for the excess solid part of wet organic wastes. The
good scale covers several municipal territories depending on the local
activity pressure and the energy corresponding networks. Anaerobic
digestion can supply energy but remains a biological strategy as the final
digested products is mainly spread on lands.

> finally, landfilling is still widely practised. But, the future of organic
waste landfilling is under discussion and most of environmental policies
aim to reduce or ban it. Direct organic wastes landfiling needs methane
recovery and, if profitable, utilisation.
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5. A biological management strategy for organic wastes
What will happen in the next future ?

There is, nowadays, a great problem of acceptability of spreadings, for municipal
sewage sludges because of health risks and of the bad image of the product, which
applies also to animal slurries because of odour and excessive spreadings.

In order to stop a slow decline of spreadings, the ADEME works on the concept of
biological management of wastes. This concept covers all the "back to soil"
possibilities but places life and biological processes at the heart of the strategy, as
the main decision parameters to regulate this strategy. Then, it must be a demand
drived strategy, highly determined by quality requirements.

A programme has been developed on this concept, based on three complementary

fields :

+ research and development to reduce uncertainties and to improve quality

¢ pilot sites to work on genuine practices and figures, and to know what is needed
and what is effective

« information system for communication and references

To be sure to forget nothing to describe the rules and laws of this strategy, seven
"points of view" are needed :

a) image, communication and social acceptability

b) legislation , contracts and standards

c) quality management and training

d) economical and financial conditions

e) processing, logistics and organisation

f) agricultural integration and results

g) environmental impacts assessment

The aim of this programme is to determine the future conditions of development of
the "back to soil" recycling strategy, safety conditions of course but also and mainly
its contribution to our future sustainable development.

Another key for future is our ability to develop integrated territorial strategies for all
the different sources and kind of organic wastes. We know that the resulting
systems will used more or less of each basic management possibilities, landfilling,
energy production, fertilization, animal feeding, industrial recycling... depending on
local and actual conditions. The co-treatment of different organic wastes is already
possible and has been widely demonstrated. But, the genuine co-management has
to face many resistance, and first the one which lays in minds reducing our point of
view to what happens or not in our backyard.
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Abstract

in 1991 the University of Guelph formed a group to bring together representatives
of all the stakeholders concerned about manure management. The deliberations of
the group, together with views of farmers and advisors obtained at focus workshops
across Ontario, resulted in a report summarizing the state of the art in manure
management. The report identified key areas for research and development. Many
of the proposals for research were included in the Federal-Provincial Green Plan
initiative. The recommendation of most concemn to the industry was the integration
of available information into a form that could guide farmers in improving manure
management.

The University formed a team to develop a computer-based decision support
system (DSS), the first version of which was completed in 1997. The DSS deals
with manure management from the feed input, manure release and handling in the
barn, storage, field application, transformation in the soil, to incorporation of
nutrients in crops.. The information on nutrient loss is used to estimate off-farm
economic impact of the manure system. The DSS also features a weighted rating
system to compare different systems.

Résumé

En 1991, I'Université de Guelph a réuni un groupe de travail comprenant
'ensemble des acteurs concernés par la gestion des déjections animales. Les
travaux de ce groupe ainsi que les contributions d’agriculteurs et de professionnels
ont abouti a la préparation d'un rapport contenant I'état de I'art sur la gestion des
déjections. Plusieurs propositions de recherches furent par la suite dans le contrat
de plan « Vert » Etat Fédéral - Province. L'une des principales recommandations
était ie besoin d'intégrer I'information disponible sous une forme utile pour guider
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les éleveurs dans leur choix de gestion des déjections. L'Université a alors
rassemblé une équipe pluridisciplinaire pour développer un systeme d'aide a la
décision, dont la premiére version fut présentée en 1997. Ce systéme aborde la
gestion des déjections depuis I'alimentation, la production de déjections et la
gestion dans le batiment, au cours du stockage ainsi que I'épandage, la
transformation dans le sol et I'incorporation par les plantes. Les informations sur les
pertes d’éléments sont utilisées pour calculer le colt et I'impact économique du
systéme.

1. Introduction

There has been increasing concern about the impact of animal manure on the
wider environment’, and this has resulted in constraints to the growth or absolute
size of animal production in different regions. In 1991 the University of Guelph
formed a group that brought together representatives of all the stakeholders
concerned about manure management. Their deliberations, together with views of
farmers and advisors obtained at focus workshops across Ontario, resulted in a
report summarizing the state of the art in manure management 2. The workshops
highlighted the need to integrate information related to the feed and supply of water
to confined animals, the design of barns and the associated storage facilities for
manure, opportunities for processing manure, transportation of manure, the land
application and utilization of manure in crop production, and the protection of the
environment from odour and excess nutrients (including carbon). Within each of
these topics, the economic aspects, educational needs, and the development of an
understanding of the processes involved, were identified as important goals that
would allow the farming community to meet its challenges. The University of Guelph
group established for Ontario a priority for research and extension related to
manure. A total of twelve priority areas was identified. The first two were: 1) develop
extension packages to assist farmers in making more effective use of nutrients in
manure; ii) establish a research program involving engineers, animal scientists,
agronomists, soil scientists and economists to develop a comprehensive framework
by which alternative manure management systems can be compared. The
University, through its partnership for agricultural research and development with
the provincial agricultural ministry (Ontario Ministry of Agriculture, Food and Rural
Affairs-OMAFRA), formed a team to develop a computer-based decision support
system (DSS) that would encompass both priority areas. Most of the other priority
areas for research were included in the Canada-Ontario Green Plan initiative (see
http://res.agr.caflond/gp/gphompag.html). This paper describes the integration of
research, development and extension in the process of constructing the DSS, and
highlights the structure of the program that was completed in 1997.
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2. Procedures

The team of scientists was selected according to the research recommendation. In
addition, researchers and extension workers from other public sector organizations
and from private consultancies were invited to attend team meetings. An email
discussion platform was set up as a list-serve address. Subsequently a web site
has been established (see http.//www.oac.uoguelph.ca/ManSys/). Two members of
the team agreed to act as project co-ordinators.

The first action point for the team was to undertake a literature review pertinent to
the needs of the envisaged DSS. This provided an assessment of the significance
that gaps in information would have for the reliability and precision of the DSS. The
material was drawn from North America, Europe, Asia and Australasia. This review
was published as a book 3 comprising nine chapters, although due to the
overwhelming volumes of literature available and the need to work to a tight time
schedule, and considerable selectivity was inevitable. Individuals provided an
overview of alternative DSS's for manure management. it was concluded that
despite the large number of existing software packages there was still a need for a
comprehensive DSS dealing with manure handling and nutrient management.4 One
important factor was that improvements in computer hardware and software have
made complex operations, until recently only possible on mainframes, feasible on
home-computers.

Impacts of animal diet on the nutrient content of manure were reviewed. One
aspect that needed further research was the estimation of the quality of dairy
manure based on feed input.’. Various models were examined that predict the
excretion of N and P by different age classes of pigs. From these models the
nutrient content of manure on an individual farm could be calculated. It was
concluded that more research was necessary to assess the consequences of
phase feeding and amino acid supplements for manure quality.G After excretion,
changes take place in manure composition in the barn and during longer-term
storage prior to field application. Significant gaps were identified in knowledge of
the aerobic and anaerobic processes taking place in solid manure piles, and
knowledge of the influence of depth below the surface of solid piles or liquid
storages on composition.” The pH of manure is important for ammonia (NH,) loss,
but predicting the value at the surface of liquid manure was a major limitation in
estimating NH; volatilization. The capability to predict N,O loss from manure was
also recognised as a significant gap in knowledge.7 The gaseous emissions from
swine and dairy cattle farms are affected by the design of livestock barns, manure
storage, and the field application of manure. The proportion of the total emission
originating in the barn was identified as requiring research, so too was the amount
of the emission that was redeposited locally.? The interrelationship between the
production and emission of CO,, CH,4, N,O and NO was seen as an important area
that required more work.
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In his review of recent research on crop response to manure nutrients, especially
nitrogen (N), phosphorus (P) and potassium (K), Beauchamp® identified that the
following aspects of manure N availability required further research:

> improve methods to predict manure N availability with particular reference to
the organic N fraction from monogastric and ruminant livestock;

» mprove understanding of the roles of ammoniacal N and beddings in relation
to net immobilization and net mineralization of N in soil following manure
application to land;

» clarify crop responses to N in fall-applied manure compared with spring-
applied manure;

> develop a soil N test that reflects the availability of the organic N following
manure appilication;

> clarify the impact of animal diet on availability of manure P relative to fertilizer
P, particularly with respect to differences between monogastric and ruminant
livestock

It was concluded that research on manure phosphorus was generally of lesser
priority than that on manure N. Nevertheless the availability of manure P deserved
attention.

An assessment of the factors associated with the transport of N, P and micro-
organisms into surface and groundwater indicated that prediction of the contribution
from preferential flow to the transport of NO,;™ and bacteria was necessary. It also
mdlcated that the ability to predict transport of bacteria to ground water was
limited.'®

Although on-farm economics of manure management has been studied extensively,
|nformat|on was needed to allow a cost-benefit analysis for alternative management
systems."" Alternative methodologies were identified as needed for evaluating the
economic value of environmental damages caused by contamination stemming
from manure.’

The team also decided to adapt existing programs wherever possible rather than
always create entirely new code. Research was then focussed on establishing
appropriate provincial databases for input parameters and rate constants of
processes.

A call for research proposals to cover identified issues related to manure
management was issued in 1996. This included work on the release of nitrogenous
gases from manure in storage and after application to arable fields, the
development of improved method to predict availability of N in manure, and the
evaluation of contamination of water resources from agriculture, including animal
production units. Specific contracts were placed to develop models to cover the
transport of gases from livestock barns and manure storages, provide information
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on the transport of micro-organisms from manure to ground water after land
application, and develop a cost-benefit database for different components of
manure handling systems.

Information from the projects on manure funded under the Canada-Ontario Green
Plan initiative was also made available for development of the DSS.

To encourage industry participation in the development of the DSS and obtain basic
information on the manure handling systems in use in Ontario, the Dairy Farmers of
Ontario and Ontario Pork, which together represent about 14,000 of the producers
in the province, were asked to support a survey of their members. Producers were
asked about the physical plant used for manure management, and about their use
of computers. Of the dairy farmers who responded to the survey, 34% said they
would consider using a computerized DSS to aid their manure management. The
comparable number for hog farmers was 42%. This provided adequate assurance
that development of a computerized system would be an appropriate goal.

3. Development of the software

The construction of the DSS was based on an earlier program (MCLONE - Manure,
Cost, Labour, Odour, Nutrients and Environmental) developed for swine
operations.” Fleming’s program was written in Turbo Prolog and had a DOS
window system of presentatlon This software had been upgraded to use lnputs
from a mouse control.* The new program, MCLONE3, was developed by Ma’® to
bring the DOS program into a modern computer language. KnowiedgePro++
(Knowledge Garden, Inc., Lake Worth, FL) was chosen to use a Windows™ based
expert system presentation.

MCLONES3 uses an object-oriented format within KnowledgePro. Through a set of
screens users may provide their own inputs, save the input data files and run the
program again. There is a separation of program and data. More sensitive data
such as costs are put in separate files so that the program does not have to be
recompiled when updating. With KnowiedgePro the hypertext feature is built in and
used for explanations of the ‘why' and ‘how’. That is, hypertext provides the user
with a response as to why the question is being asked. Similarly hypertext is used
to explain how the program will arrive at an answer. A certainty factor calculation
has been added although the user does not have the ability to change these
values. That is, the certainty of the answers is judged within the program based on
expert knowledge about the topic. The certainty value is reported to the user along
with the results in each section.
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4. Key features of the DSS

Manure production is normally based on previously available data on output for the
number, size and type of dairy and swine animals'® (Table 1). Another method of
determining swine manure production has been added, called the detailed method
for estimation, in which feed intake is used to determine nutrient and mass output.°
In this approach, feed that goes to waste is assumed to end in the manure. N in
feed is assumed to be in crude protein, and will have a digestibility that depends on
the age of the animals. Undigested protein contributes to the faeces N load.
Digested protein contributes to an increase in the lean yield of the animals or is
excreted in urine. Provision is made to take account of changes in the nutrient
content of manure due to feed additives, such as phytase and amino acids. The
relative proportion following the urine pathway depends on the age and size of the
animal. For liquid storages, summer and winter precipitation and evaporation for the
various regions of Ontario are taken into account to estimate manure volume.

To account for the additional water entering the manure in the barn, different inputs
to the program are required depending on the animal type. For dairy cows the user
inputs the total amount of waste water produced per day. For swine farms, the user
inputs additional water added expressed as a percentage of manure produced for
feeders, starters and breeders. Input for precipitation can be provided by the user,
and for net precipitation, summer evaporation is made equal to precipitation. Winter
evaporation (November-April) is based on an estimate of 60% of the precipitation
being lost by evaporation from an open manure pit. The final volume of manure is
then given by the sum of the volume excreted, the volume of wash water, and the
net precipitation.

Manure mass N P K
kg/day kg/day kg/day kg / day
Dairy cows 86 0.45 0.094 0.29
Dairy calves 62 0.27 0.066 0.28
Swine 84 0.52 0.180 0.29

Table 1.
Manure production of dairy and swine (per 1000 kg of body mass)

Field application takes account of the maximum hydraulic loading possible without
liquid manure running-off the soil surface. The recommended application rate
allows either nitrogen (N) or phosphorus (P) limitations depending on the soil test
results or other environmental factors. Users can also set their preferred rate. Crop
uptake' and ammonia volatilization remove N from the soil, while the sources are
manure-N, any applied fertilizer-N, and residual N from previous manure. Credit is
given for manure applied, or leguminous crops grown, in the previous two years.

N loss during each stage of handling is monitored by the DSS and finally reported
at the end of the program. The loss values were updated from the latest research
findings. They include such modifiers as losses based on type of barn, e.g., open
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dairy housing; losses from storage taking account of loading method, loading rate
and wind speed; losses during field application, where the rate of N loss reflects
inefficiencies in the method of spreading, e.g., irrigation, and from denitrification
when manure is injected. After surface spreading the amounts of ammonia
volatilization varies depending on the length of time before manure is incorporated.

Comparing the N retained on the farm with the total amount excreted by the
animals provides one means by which the environmental impact of a manure
management system is assessed. Advice on protecting water courses from P
contamination following manure application is also included in the DSS. A
phosphorus index for Ontario (P Index) was developed based on a program
developed in Delaware."”” Essentially the index combines inherent properties of the
soil and the field with management factors (Table 2). This index provided a further
limitation to manure spreading on fields susceptible to erosion. Phosphorus not
taken up by crops builds up in the soil and is flagged at 60 mg kg''. Above that limit,
application of manure is restricted to that removed in the harvested crop. Potential
environmental impact due to P derived from manure is then determined from the
soil P test, the amount of P applied relative to crop requirements, the risk of
storages overflowing due to inadequate volume for the number of animals housed
or due to the limited windows of opportunity for manure to be spread. The potential
pollution rating is given as a function of the sum of the P index value, the risk
associated with the application of manure greater than crop requirements, the risk
due to storage shortage, and the number of days over which the shortage might
occur.

Factor Assessment Options for modifying factor
Soil erosionrate  Soil type, slope, ground Introduce conservation practices
cover, rainfall
Soil water Run-off, infiltration Introduce conservation practices
management
Soil P Soil test Adopt nutrient management strategies
P application Fertilizer rate, manure rate Ensure sufficient land area for
spreading
Method of P Equipment adopted Restrict time that manure is left on the
application soil surface
Susceptible water Distance to water course -
body
Table 2.

Factors affecting environmental risks from phosphorus management on farm fields

The problems of odour from barns and manure storage are dealt with using the
minimum separation distance acceptable between these structures and non-farm
properties.’ Odour associated with field application is assumed to be proportional
to the loss of ammonia by volatilization associated with this operation.
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Data requirements for the DSS model's socioeconomic components are subdivided
into those for evaluation of on-farm economics and those associated with the cost
of environmental damage. On-farm economics requires information on operating
costs (for labour; fuels; equipment - custom hire or rentals -; repairs and
maintenance for equipment and machinery), ownership costs (depreciation and
opportunity cost interest on capital assets such as manure storage facilities,
manure collection and field distribution equipment), and benefits from manure
(opportunity cost value of plant nutrients applied to the soil and the value of any
soil-productivity enhancements due to organic matter accumulation). The manure
management system is treated as modular, and costs are incurred for each system
component. Of the operating costs, the user supplies actual costs for equipment,
custom hire, and rentals, unit costs for labour and fuels, plus quantit%/ of labour
used. Fuel use and maintenance costs are based on ASAE standards.’® Similarly,
for ownership costs, annual amortization is calculated from the ASAE standards
equation. Benefits derived from manure are based on opportunity cost vaiue of
plant nutrients alone, there being no reliable data source for longer-term soil
productivity enhancements; plant nutrient (nitrogen, phosphorus and potassium)
quantities are according to laboratory analysis of manure samples at point of field
application, and unit values are according to current retail costs of N, P and K in
synthetic fertilizer form.

For environmental damage cost assessment, a proxy was used. Attention is
focused on social acceptability aspects of manure management. The assumption is
made that social acceptability is inversely related to odour emissions and indirectly,
to gaseous emissions, and that the contamination of water resources can serve as
proxy for environmental damage. Risk assessments related to release of odour
from barns, manure storages and during land application, to the release of
nitrogenous gases, and to the contamination of water resources due to the leaching
of nutrients, are developed for each alternative manure-handling systems using a
simple scalar of 1 to 10, 10 for lowest risk and 1 for highest.

The information generated in the potential pollution rating package, the odour rating
package, the nutrient rating package, the cost rating package, and labour rating
package is brought together in a framework of assessment for the efficiency rating
of the whole system.” The user can set the relative importance of each of the five
aspects to his own situation, with the provision of weighting factors (Fig. 1). The
sum of the five values of the weighting factor has to equal 100. This assessment
framework allows the user to compare different manure handling systems and
evaluate how the weighting of priorities can enhance or affect adversely the
efficiency of the manure management.

As far as possible, geographically-local data are used for equipment replacement
costs, labour costs and capital borrowing costs, so as to reflect regional conditions.
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Otherwise, published secondary sources are used, where available. In many cases,
required data are not available in published form, and need to be generated by the
manure management team.

Feed

/\

Manure Production Crop uptake

Plant available nutrients

Bacteria Nloss Rating o
g .
P loss Odour +— system Labour analysi
Environmental risk Cost analysis

Fig. 1 Schematic for the DSS - MCLONES3.

Note the opportunity to vary the weighting associated with each of the five key
areas that are combined in the rating of the system.

The alpha-test version of the DSS is available for evaluation by downloading from the
University of Guelph's manure management team web site (see
hitp://www.oac.uoguelph.ca/Mansys/)

5. Conclusions

A comprehensive decision support system for manure management has been
developed following an extensive process of consultation and review?’. During the
process, close links have been established between the multi disciplinary team
assembled for the task and the dairy and swine industries through the data
acquisition process. The importance of public concern for the environment has
resulted in the assessment of the manure handling system considering nutrient use
efficiency, odour production, and impacts on water resources as well as the labour
resources and costs. The user of the DSS can change the relative weighting given
to these aspects in comparing different manure management systems.
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Abstract

Collection and storage of farm manures as slurry has become normal practice on
intensive livestock farms. This system for manure storage has many advantages
including automation of slurry collection, reduced labour requirements and minimal
use of bedding materials. Ideally, the slurry should be applied on suitable lands, at
application rates which match the nutrient requirements of the crops being grown.
This approach will minimise the risk of pollution. Often existing methods of
application do not achieve these aims. The slurry is applied at the incorrect rate
because the farmer does not know the nutrient content. Even if the nutrient content
is known, the type of equipment used may not apply the material evenly. Also
different soil types and weather conditions at application will influence the potential
for nutrient leakage and associated pollution risks. This recently completed EU
funded project - Sustainable Waste Application Management Project (AIR3 CT94-
1276) addresses some of the problems associated with utilising slurry and
comprises three major research areas :

o Management and Risk assessment.

e Determining the Nutrient Value of Slurry.

e The development of Prototype Application System.

! Sustainable Waste Application Management Project.
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Résumé

La collecte et le stockage des effluents d'élevage tels que le lisier sont la pratique
courante dans les élevages intensifs. Ce systéme de stockage des effluents
présente de nombreux avantages y compris I'automatisation de la collecte du lisier,
une réduction de la main d’oeuvre requise et une utilisation minimale de litiéres. En
principe, pour réduire les risques de pollution, I'épandage du lisier devrait se faire
sur des terres qui en ont besoin, selon des doses d’application qui correspondent
aux besoins en éléments fertilisants des cultures. Bien souvent, les méthodes
d'application existantes ne permettent pas d'atteindre ces objectifs. Les quantités
appliquées sont incorrectes parce que I'agriculteur ne connait pas la teneur en
éléments fertilisants du lisier. Méme lorsqu'il la connatt, le type de matériel utilise
ne permet pas toujours un épandage régulier. Par ailleurs, le type de sol et les
conditions météorologiques au moment de I'application influencent le potentiel de
ruissellement des éléments fertilisants et les risques de poliution associés. Ce
récent projet européen intitulé SWAMP (projet de gestion de I'application durable
des déchets) (AIR3 CT94-1276) a été réalisé avec l'assistance financiére de
I'Union Européenne (UE). Il visait a résoudre certains problémes associés a
P'utilisation du lisier et se subdivise en trois grands domaines d'étude :

¢ Gestion et évaluation du risque.

+ Détermination de la valeur fertilisante du lisier.

o Développement d'un prototype de systéme d'application.

1. Introduction

For millennia mankind has recognised the importance of recycling organic manures
as a nutrient source for crop production (Tunney et al., 1997). However, as
production systems have developed there has been a trend towards more
specialisation of agricultural activity with an associated reduction in the dependence
on organic manure as a nutrient source. The demand for economic systems of
food production, the availability of relatively cheap sources of inorganic fertiliser and
the development of efficient transport systems for agricultural inputs and products
have aided the increased specialisation of production systems (Fluck and Baird,
1980). The collection and storage of farm manures as slurry has become normal
practice in many regions. This management system has many associated
advantages including the automatic collection of slurry, reduced labour
requirements and minimal use of bedding materials. ldeally, the slurry should be
applied on suitable lands at application rates which match the nutrient requirement
of the crops being grown. This approach will minimise the risk of pollution resulting
from the leakage of plant nutrients either to watercourses or the atmosphere
(Burton, 1997). For grass based production systems suitable application lands are
typically available adjacent to the farm yard. For animal production based entirely
on bought in concentrate feed it is more difficult to source suitable spreading sites.
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Existing methods of application, e.g. vacuum tankers with splash plates, do not
facilitate the effluent utilisation of nutrients in farm slurries (Pain, 1989; Carlson,
1994). The slurry is often applied at the incorrect application rate because the
farmer does not know the nutrient content of the material (O'Bric et al., 1992).
Even when the nutrient content is known, the spreading device may not apply the
slurry evenly. Different soil types and weather conditions at application will influence
the potential for subsequent nutrient leakage and associated pollution risks. A
recently completed, EU funded project - Sustainable Waste Application
Management Project - SWAMP (AIR3-CT94-1276) addressed some of the
problems associated with utilising slurry and comprised three major research areas:

(a) Management and Risk Assessment of Slurry Application Operations
(b) Determining the Nutrient Value of Slurry
(c) The Development of a Prototype Application System

2. Management and Risk Assessment

The objective of good slurry management is to make maximum use of the nutrients
in the material while minimising the risks associated with land application. Many
factors must be considered in the decision process for applying slurry including the
quantity of material to be spread, soil type, field drainage system, weather
conditions, crop type, time of year etc. The SWAMP project developed a decision
support system using computer modelling to aid the decision-making process. A
twin approach was adopted involving two modules - Environmental Risk
Assessment (ERA) and Application Decision Support (ADS). The ERA module
provides an assessment of the nutrient losses (and thus pollution risk) associated
with a particular slurry application event while the ADS module aims to provide the
decision support for the farmer in making the correct day to day management
decisions when applying slurry.

2.1. Environmental Risk Assessment - ERA

Nutrient loss mechanisms from a field include surface run-off of whole slurry,
macropore flow through the soil of particulate pollutants, leaching of dissolved
nutrients to field drains and deep groundwater, ammonia volatilisation and
emissions of nitrogen oxides. Nutrient dynamics as considered by the SWAMP
project are concerned with the loss of phosphorus and nitrogen in surface run-off
and the further loss of N in the form of NO; through leaching via field drains or
ditches.

The approach adopted to provide the assessment of nutrient loss is to use weather
driven simulation models of soil water and nutrient dynamics. These models require
site specific historical weather patterns and soil hydrological characteristics and are
used to simulate agricultural practices over 10 years of weather data. A statistical
analysis of the predictions is then carried out which produces a risk percentage for
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each week that surface run-off will occur on a field during the critical period after
slurry application. A similar procedure produces modelled yearly estimates of N
leaching for each field for various agricultural practices.

A number of simulation models were considered for use in the project. SOIL and
the SOILN models (Jansson, 1996; Eckersten et al., 1996) were selected as being
the most appropriate (McGechan et al., 1997). The SOIL model is a multi-layer
model and it can indicate the soil water content and horizontal movement of water
to field drain backfill at different depths, as well as deep percolation, with a range of
drainage system options. Work was carried out to calibrate and validate the SOIL
model for selected sites in Scotland and lreland. The validation studies with the
model showed reasonable agreement between simulations and measurements for
drainflow volumes, soil water content, water table height and surface run-off
volumes (Lewis and McGechan, 1998).

A similar approach was used to calibrate and validate the SOILN model for nitrogen
dynamics (Wu et al.,, 1998, Wu and McGechan, 1998). The ERA approach
produces information about polluting risks from run-off and about N losses when a
soil type, crop, climate and a fertilisation strategy has been defined.

2.2. Application Decision Support

ADS was devised to assist the farmer in developing a successful farm manure
management strategy and the module has three main elements :

- nutrient balance to the farm
- strategic field by field scheduling of slurry application (planning)
- tactical field spreading decisions (day to day operation)

The nutrient balance is based on details of livestock types and number, housing,
nutrient losses (e.g. treatment or storage), import or export of manure from the farm
and crop nutrient requirements. Strategic scheduling takes into account the
spreading system available and its related nutrient losses, the amount of organic
fertiliser available in relation to crop requirements, the spreading days available
depending on location and restrictions on any spreading operation due to
legislation. The final output of this section is a field-by-field recommendation on the
volumes of slurry to be applied on each field and for each spreading event. It aiso
provides information on the top-up requirements for mineral fertiliser if necessary.
The final section aids the farmer in the making of day to day decisions on slurry
application taking into account weather conditions and practical farm operational
constraints, e.g. work capacity of machines.
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3. Determining the nutrient value of slurry

Slurry in farm stores typically has a variable nutrient content (O’Bric et al., 1992)
which makes it difficuit to efficiently use in a planned fertilisation programme for
crop production. The variable nutrient content of slurry is a result of the variation in
animal type, diet composition, dilution with water etc. Further variation from the
mean nutrient content within individual stores results from the stratification of the
material over time, e.g. surface crust formation in cattle slurry and settlement of
solids in pig slurry.

Four methods of measuring or estimating the nutrient content of slurries were
considered as part of the project and details are outlined in Table 1. The estimation
methods are considered useful for long-term planning of application strategies, e.g.
while the measuring methods are more applicable for use with actual application
operations.

Measuring Methods Estimation Methods
Rapid Laboratory MESPRO Model
In-Line Sensor Balance Approach
Table 1.

Methods examined for determining nutrient value
3.1. Rapid Laboratory Analysis

Laboratory analysis of slurry samples requires the collection of a sample which is
representative of the total amount of manure. Agitation before sampling is
essential. The ability to rapidly produce a result for the farmer is necessary for
practical purposes. The Rapid Laboratory Analysis approach aimed to develop and
test a standard protocol for measuring the nutrient content of slurry which could be
adopted in all laboratories. IMAG coordinated the work on this development. An
advantage of the new method is that only one digestion step is needed to obtain a
solution in which total nitrogen, total phosphorus and total potassium can be
measured with methods available in most laboratories. A successful ring test was
carried out in participating countries to validate the accuracy of the method (Derikx
and Beurskens, 1997). Figure 1 gives a schematic presentation of the procedure
used.
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Sample in the laboratory (0.5-1.0 kg)
Mixing
(dry matter content < 150 g/kg)
Subsample (5 g wet weight)
Addition of chemicals
(H,S04/H,0,/Cu’")

Digestion (3 hours, 330°C)

Dilution (250 ml)
Sedimentation/(Filtration)

Final analysis
- 50 ml nitrogen
- 0.1 ml phosphorus
- 1 ml potassium

Figure 1.
Schematic pathway of the combined determination of N, P and K
of manure samples

3.2. In-Line Sensor

The development of an on tanker in-line nutrient sensing system would remove the
potential error resulting from the sampling operation from stores when taking siurry
samples for analysis as the nutrient content of each tanker load of material could be
measured. Another major advantage of the technique is that the results are
immediately available for use.

Previous research has shown that correlations exist between the nutrient content of
slurries and total solids or bulk density (Piccinni and Bortone, 1991; Tunney and
Bertrand, 1989). These approaches have utilised simple physical measurements
(e.g. hydrometers) to yield predictions of phosphorus and total nitrogen. In general,
these methods are inconvenient for frequent use. The work programme undertaken
in the SWAMP project and directed by Silsoe Research Institute involved the
development of an in-line sensor for slurry using a number commercially available
physical and chemical sensors. Initially, a small scale, in situ device was
constructed and tested on slurries in the UK, Italy, Germany and Ireland. Following
analysis of the data a field scale unit was constructed and fitted to a prototype
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tanker. The unit was tested with a range of cattle and pig slurries in the UK and
Ireland. A single card computer was programmed to convert the individual physical
and chemical measurements to values of nutrients available in the slurry, which
were displayed in the tractor cab. The sensing system was tested with 18 different
slurry samples. In each case the slurry was recirculated through the sensing
system until stable readings of ammoniacal nitrogen (AN), phosphorus (P) and
potassium (K) were recorded. A sample of each slurry was taken for laboratory
analysis of AN, P and K. The predicted values from the in-line sensing system
were compared with laboratory results.

The sensing system gave a good prediction of the ammoniacal nitrogen for all
slurries tested, with a coefficient of determination () of 0.92. The standard error
was 0.38 kg/m® in a range of 0.63 to 5.29 kg/m® (i.e. < + 10%). The results for
phosphorus were disappointing (r2 = 0.44), based on the full set of slurries tested.
However, separate inspection of the results for UK and Irish pig slurries showed a
better prediction (r* = 0.99 and 0.82, respectively). The standard errors were 0.02
kg/m® in a range of 0.24 to 1.73 kg/m® (i.e. < + 10%) and 0.75 kg/m’ in a range of
0.09to 1.77 kg/m3 i.e. < + 45%), respectively. The predictions for potassium were
also encouraging (r* = 0.70). The standard error was 0.62 kg/m® in a range of 0.81
to 6.49 kg/m® (i.e. < + 12%) (Scotford et al., 1997).

3.3. MESPRO

MESPRO is a mathematical model for estimating the amount and composition of
stored slurry produced by fattening pigs (Aarnink and van Ouwerkerk, 1990;
Aarnink et al., 1992). The model was developed for the common situations on
Dutch pig farms characterised by storage of slurry under slatted floors in the pig
house. The aim of the work in SWAMP was to assess the potential use of the
mode! for pig houses in Germany and ltaly and thus to see if such an approach
would be practical in other areas of Europe. In order for the approach to be
successful the MESPRO model was modified. The model output is highly
influenced by the input parameters feed intake, water to feed ratio, digestibility of
crude protein, digestibility of N-free extract and ambient temperature. Accurate
information of these parameters is essential for practical applicability of the model.
In some cases it was clear that inaccuracy in the measurement of some
parameters had a large effect on the calculated slurry volume and nutrient content.
To increase the applicability of MESPRO in such situations it is necessary to use
default values for the less essential parameters and limit the number of variables to
the essential parameters.

3.4. Balance Approach
A nutrient input/output balance for pig and cattle farms was developed and

evaluated. The approach could be used to predict slurry nutrient values in
situations where all the parameters required in the complex MESPRO model were
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not available. The hypothesis proposed for the balance approach to estimate the
nutrient value of slurry was:

Nutrients in manure (kg) =  nutrients in feed (kg) - nutrient removal in animal
product (kg)

Ncalc = Ninput Nremoval

The approach was tested by correlating the calculated value (N.) with the
measured value of nutrient content by Iaboratory analysis.

The results achieved indicated that the balance approach had potential to provide
an estimate of the nutrients contained in the manure without having to physically
sample and test the material. In general, the approach tended to overestimate the
nutrients in the slurry. This is not surprising as N, is by definition the upper limit
for the nutrient concentration in the slurry. In the case of nitrogen there is no
provision for known losses (e.g. volatilisation) that occur between excretion and
measurement. Consequently, N.,. would be expected to be greater than N
measured.

4. Development of a prototype application system

A prototype application system was designed and fabricated (Lenehan et al., 1997).
The work involved the testing and selection of mechanical components, the
fabrication and assembly of the tanker system and the development of a PC based
control system. The tanker system uses a hydraulically driven positive
displacement pump (Vogelsang) to allow control of application rate. Control is
achieved using an electrohydraulic proportional valve (Danfoss) receiving a signal
from the control system. A bandspreader is fitted to ensure even lateral application
rate is achieved. A prefill mascerator (Vogelsang) is fitted on the inlet port of the
tanker to reduce the risk of biockages when applying slurry with the bandspreading
device. The in-line nutrient sensing system is mounted on the side of the tanker
and is constructed from a 2.84 m length of 0.1 m diameter ABS pipe (Class C). The
individual physical and chemical sensors are connected using suitable adapters.
An in-cab PC is used as the principle hardware device with appropriate software
developed to carry out required operations. A schematic diagram of the Contro!
System Structure (CCS) is shown in Figure 2. The required CSS software is
divided into four sections:

(i) CSS 1 - Control software for nutrient measurement
This software is able to accept information on nutrient content either from the
in-line nutrient sensor or direct input to the in-cab PC via keyboard/floppy disk.
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(i1) CSS 2 - Calculation software to determine required volumetric application rate
This software uses the data from CSS 1 and the ADS/ERA software operating
in the farm or advisory office to calculate the required volumetric application
rate.

(iii) CSS 3 - Control software for spreading operation

This software uses data from CSS 2, a forward speed sensor and a slurry
pump speed sensor to produce a control signal for an electrohydraulic
proportional valve to maintain correct slurry pump speed. In addition, CSS 3
functions in parallel with the tanker monitoring system which continuously
checks tanker contents and system faults detected by tanker mounted PLC
(Programmable Logic Controller). CSS 3 provides information on actual
application performance for subsequent processing by the final section of CSS
software.

(iv) CSS 4 - Software for data generation for output files
This software processes the data on actual application performance in the field
and prepare files which can be transferred by floppy disc to the office PC
operating the ADS/ ERA software for record updating.

The computer screen is used in the cab to present continuous information as
analogue displays to the operator on slurry pump speed, application rate, forward
speed, tanker contents and fault condition indication.

OUTPUTS PROCESS INPUTS

1 Mana;gement software: .
. ADS/ERA '
. -
CS881: Control software :
for nutrient measurement,

CSS 2: Calculation
software to determine
required application rate

In-ine nutrient

Measured nutrients:
N.P K & error code
(RS232)

In-ine nutrient sensor:
data analysis software

Machine monitoring:
Pump speed

| Forward speed
Tanker contents

8
|
|

¢

Pump speed CSS 3: Control software .
control voltage for spreading operation Fafxétl S:;em" by PLC
} i -Slurry pressure
: -Pump direction

-Valve faults

CSS 4: Software for data
' l generation for output files
" 1

Figure 2
Control System Structure
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A field testing program was carried out in Ireland. The results of the testing
program showed that with the bandspreader an even distribution could be achieved
independent of slurry pump speed. The coefficient of variation (CV) on lateral
achieved varied from 9 to 14%. The CV obtained for longitudinal distribution was
less than 10%. The results are in good agreement with earlier research carried out
by Huijsmans and Hendrikz (1992).

5. Conclusions

The SWAMP project provides the framework for an integrated slurry management
system. It attempts to draw together a number of approaches. The concepts of
Environmental Risk Assessment (ERA) and Application Decision Support (ADS)
were infroduced and developed. A number of methods for the rapid provision of
information on nutrient content of slurries in a practical way which can be used by
the farmer were examined and tested. A full scale prototype and associated control
technologies has been designed and fabricated to achieve the goals of accurate
application of precise quantities of slurry nutrients while minimising pollution risks.

6. References

Aarnink, A.J.A. and van Ouwerkerk, E.N.J. (1990). Model voor het berekenen
van het volume en de samen stelling van vieezvarkansmest (MESPRO) IMAG-
DLO, Wageningen, Rapport 229, 58 pp.

Aarnink, A.J.A., van Ouwerkerk, E.N.J. and Verstegen, MAAW. (1992). A
mathematical model for estimating the amount and composition of slurry from
fattening pigs. Livestock Production Science, 31 (1992), 133-147.

Burton, C.H., Beck J., Bloxham P.F., Derikx P.J.L.., Martinez J., (eds) (1997).
« Manure management - treatment strategies for sustainable agriculture ». Silsoe
Research Institute, Wrest Park, Silsoe Bedford, UK. 181 p.

Carlson, G. (1994). Nutrient utilisation of slurry by using different application
strategies and techniques. Animal Waste Management Proceedings of 7™
Technical Consultation of the ESCORENA Network on Animal Waste Management,
J.E. Hall, ed.; Bad Zwischenahn, Germany, 17-20 May 1994, pp. 171-181.

Derikx, P.J.L. and Beurskens, A.G.C. (1997). Analysis of manure composition by
means of rapid lab method, a ring test IMAG-nota, p 9718, Wageningen, 22 pp.

46



Eckersten, H., Jansson, P-E and Johnsson, H. (1996). The SOIL N model
User's Manual. Department of Soil Sciences, Swedish University of Agricultural
Sciences, Uppsala, Sweden.

Fluck, R.C. and Baird, C.D. (1980). Agricultural Energetics, AVl Publishing
Company, INC, Westport, Connecticut.

Huijsmans, and Hendriks, J.G.L. (1992). Slurry distribution of spreader and
injectors. In Proceedings of International Conference on Agricultural Engineering,
Swedish Institute of Agricultural Engineering, Uppsala, Sweden, p 622-623.

Jansson, P-E (1996). Simulation model for soil water and heat conditions. Report
165, Department of Soil Sciences, Swedish University of Agricultural Sciences,
Uppsala, Sweden, 82 pp.

Lenehan, J.J., Keppel, D., Carton, O.T., Cumby, T., Scotford, Huijsmans, J.
and Perros, J. (1997). Development of SWAMP prototype slurry spreader. In
Proceedings of 23" Irish Grassland and Animal Production Association Research
Meeting, University College Dublin, April 1997.

Lewis, D.R. and McGechan, M.B. (1998). Watercourse pollution due to surface
run-off following slurry spreading PART 1, Calibration of the soil water simulation
model SOIL for fields prone to surface runoff. Journal of Agricultural Engineering
Research 72, (3), 275-291.

McGechan, M.B., Graham, R., Vinten, A.J.A., Douglas, J.T., and Hooda, P.S.
(1997). Parameter selection and testing the soil water model SOIL. Journal of
Hydrology, 195, 312-344.

O’Bric, C., Carton, O.T., O'Toole, P., Cuddihy, A. and Lenehan, J.J. (1992).
Nutrient values of cattie and pig slurries on Irish farms and the implications for
slurry application rates. Irish Journal of Agricultural and Food Research, Volume
31, No. 1 pp. 89-90.

Pain, B. (1989). Atmospheric pollution from slurry. In: Proceedings of slurry and
sludge management meeting. IGAP Hurley, Chalcombe Publications UK.

Piccinini, S. and Bortone, G. (1991). The fertiliser value of agricultural manure:
simple rapid methods of assessment. Journal of Agricultural Engineering
Research, 1991, 49: 197-208.

Scotford, .M., Cumby, T.R., Richards, P.A., Keppel, D., Lenehan, J.J. (1998).

Development of an in-line nutrient sensing system for livestock slurries (submitted).
Abstract for publication in proceedings of AgEng 98 Conference, Oslo, Norway.

47



Tunney, H. and Bertrand, M. (1989). Rapid field tests for estimating dry matter
and fertiliser value of animal slurries. In: Proceedings of CIGR, 11" International
Congress on Agricultural Engineering, September 1989, Dublin. Balkema,
Rotterdam, ISBN 90 6191 9762.

Tunney, H., Breeuwsma, A., Withers, P.J.A. and Ehlert, P.Al (1997).
Phosphorus fertiliser strategies: Present and Future. In: Proceedings of
International Workshop, Teagasc, Johnstown Castle, Ireland, Phosphorus Loss
from Soil to Water, CAB International, UK ISBN 085199 1564.

Wu, L., McGechan, M.B., Lewis, D.R., Hooda, P.S. and Vinten, A.J.A. (1998).
Parameter selection and testing the soil nitrogen dynamics model SOILN. Soil Use
and Management (in press).

Wu, L. and McGechan, M.B. (1998). Simulation of biomass, carbon and nitrogen

accumulation in grass to link with a soil nitrogen dynamics model. Grass and
Forage Science (in press).

48



Mineral bookkeeping, new manure legislation
in The Netherlands

Comptabilité des minéraux, nouvelle législation sur le lisier aux Pays-Bas

P.J.L. Derikx

Institute of Agricultural and Environmental Engineering (IMAG-DLO),
P.O. Box 43, NL-6700 AA Wageningen, The Netherlands.

e-mail: p.j.l.derikx@IMAG.DLO.NL

Abstract

Intensive livestock production in The Netherlands gave rise to considerable
surpluses of manure on individual farms, which may create an environmental risk.
Attempts in the past to improve manure distribution or to change the animal feed
composition to reduce mineral output of the animals were only partly successful.
Therefore, additional measures are needed to avoid further environmental pollution.

Future measures should be optimised in terms of individual freedom for farmers,
accuracy, possibilities for verification and tamperproofness. As a result the Mineral
Bookkeeping System is introduced. Each farmer has to show an annual balance
between minerals entering and leaving his farm. When the input exceeds the output
a severe tax has to be paid. The level of this tax is so high, Dfl 10.-/kg P,0O;, that
unbalanced mineral bookkeeping threatens the economic feasibility of the farm.

To enable farmers to account accurately for all the phosphorous and nitrogen flows
from and to their farms they are offered tables containing national average figures
about the nutrient content of a number of agricultural products. In addition the
farmer can include farm specific data. For obtaining accurate data about the
quantity of animal manure minerals sampling and weighing of each load is
obligatory. Recent research has made available new techniques that meet the
required accuracy levels, possibilities for verification and tamperproofness. The
different technical modules will be introduced into farmers practice step by step.
Final goal is to obtain accurate information, with as little human effort as possible
and preferably offering no options for misuse.

The article describes the various aspects of the mineral bookkeeping system in
detail and discusses technical options and strategies to improve accuracy and
practical value of the system.

Keywords : balance - nutrients — sampling — environment
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Résumeé

Aux Pays-Bas, l'élevage intensif a amené la constitution de considérables
excédents de lisier dans les exploitations individuelles, ce qui peut présenter un
risque pour I'environnement. Les efforts déployés dans le passé en vue d'améliorer
la répartition ou de modifier la composition de I'alimentation du bétail pour réduire Ia
production de minéraux des animaux n’ont réussi qu'en partie. Aussi des mesures
complémentaires sont-elles nécessaires pour éviter toute pollution supplémentaire
de I'environnement.

Les mesures futures devraient étre optimalisées sur le plan de la liberté individuelle
des éleveurs, de la précision, des possibilités de vérification et de la protection
contre la fraude. Le systéme de comptabilité des minéraux a été introduit a cette
fin. Chaque agriculteur doit présenter annuellement le bilan de la quantité de
minéraux entrant et quittant son exploitation. $’il en entre davantage qu’il n'en sort,
une taxe substantielle doit étre payée ; son niveau est si élevé, 10 florins / kg P,0s,
(soit environ 30 FF/kg P,0s) quune telle situation n'est pas viable
économiquement.

Pour permeitre aux agriculteurs d’estimer avec précision chacun des flux d’entrée
et de sortie de phosphore et d’azote de leur exploitation, des tableaux contenant les
moyennes nationales en matiére de contenu nutritif leur ont été remis. Il leur est de
plus possible d'inclure des données spécifiques a I'exploitation. Afin d’obtenir des
chiffres précis sur la quantité de minéraux contenue dans le lisier, il est obligatoire
de procéder a des prélévements d’échantilions et a la pesée de chaque
chargement. De nouvelles techniques permettant de répondre aux exigences quant
aux niveaux de précision, aux possibilités de vérification et a la protection contre la
fraude sont devenues disponibles grace a des recherches récentes. L'introduction
dans la pratique des nouveaux modules techniques concernés va se faire petit a
petit. L'objectif final est d’obtenir des informations précises avec le moins possible
d’effort humain, suivant un systéme qui, de préférence, ne soit pas susceptible
d’étre enfreint.

L'article décrit plus en détail les différents aspects du systéme de comptabilité
minérale et examine des choix techniques et des stratégies visant a améliorer
I'exactitude et la valeur pratique de ce systéme.

Mots clés : bilan - substances nutritives - échantillonnage - environnement
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1. Current situation in the Netherlands

Over the last decades livestock production in the Netherlands has developed into a
highly specialised branch of agricultural activity. Due to the availability of artificial
fertilisers and cheap feed components on the world market the productivity per
hectare increased and the production of especially pigs and chickens was no longer
linked to the availability of arable land to produce animal feed. As a result the
number of animals has increased in this period as shown in Table 1.

1960 1980 1984 1988 1996
Dairy cattle 1.628 2.356 2.549 1.971 1.665
Other cattle 1.879 2.870 2.967 2.739 2.885
Pigs 2.955 10.14 11.15 13.93 14.40
Laying hens 37.90 37.50 42.70 45.40 39.50
Broilers 45.00 38.60 34.50 40.30 44 .10
Table 1.

Changes in the number of livestock in The Netheriands
in the period 1960 — 1996 expressed as millions
(source: Dutch Ministry of Agriculture, Nature and Fisheries, 1997).

The increasing trend is most striking for the number of pigs and broilers. With the
growing number of animals there was an increase in the amount of manure
produced. Due to measures taken at farm level the annual manure production has
decreased over the last decade (Table 2). As an example, the amount of slurry
produced annually by one fattening pig has decreased from 1.5 m® to 1.1 m°>. This
was mainly achieved by a more strict water management on the farms. Spillage of
water in the houses was avoided and rainwater was prevented to mix with the slurry
into the storages.

1986 1996
Cattle 72.6 59.2
Pigs 19.2 15.9
Chickens 2.5 2.4
Table 2.

Annual manure production in The Netherlands expressed in millions of tons.
(source: Central Office for Statistical Data)

Not only the amount of manure but also the composition is of importance when
considering the effect on the environment. Due to the differences in water
management on the farms the composition of slurry and manure in The
Netherlands may differ considerably from the composition common in other
countries. In Table 3 the major constituents of the manure are mentioned.
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Dry Organic N P,Oq KO MgO Na,O

matter matter
Slurries :
Cattle 90 66 49 1.8 6.8 1.3 0.8
Veal calves 20 15 3.0 1.5 24 - -
Sows 55 34 4.2 3.0 4.2 1.1 0.6
Fattening pigs 90 60 7.2 4.2 7.2 1.8 0.9
Laying hens 145 93 10.2 7.8 6.4 2.2 0.9
Solid manure :
Laying hens (belt) 515 374 24.1 18.8 12.7 4.9 15
Laying hens (bedding) 640 423 19.1 24.2 13.3 5.3 4.2
Broilers 605 508 30.5 17.0 22.5 6.5 3.0

Table 3.
Average composition of slurry and manure in The Netherlands expressed as g/kg
wet product. (source: Quantitative information Livestock production, 1997 — 1998).

As already mentioned the production of pigs and chickens is no longer linked to the
area of arable land available in the direct vicinity of the farm. As a result farms with
larger numbers of animals and hardly any land for manure application were
created. A surplus of manure on farm level is the logic outcome of this
development. Moreover, as these types of farms are regionally concentrated in the
south-east and the middle east of the country there is also a manure surplus on
regional level. Measures taken in the past to improve the transport of manure
surpluses to regions with more arable land and measures to decrease the mineral
content of the feed were only partly effective. Therefore, Dutch authorities had to
take additional measures to avoid further environmental pollution by excess use of
manure in surplus areas. Measures taken so far did not distinguish between
individual farms, which was felt as unfair by those who were more strict in their
mineral management.

In addition, authorities occupied with the supervision of manure legislation so far
were aware of the poor possibilities for verification and the extended possibilities for
tamper. This gave rise to a large number of court cases, where judges often had to
dismiss farmers from any prosecution due to lack of evidence.

New legislation should overcome the disadvantages mentioned above as good as
possible. Summarising this implies that new measures not only should treat farmers
more individually, but also create better tools for the authorities to verify the data
supplied by the farmers. Techniques included in a new system should be designed
in a way that tamperproofness is guaranteed.
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missing he has to pay a levy of Dfl.10.- and for nitrogen the levy amounts to Dfl
1.50 per kg.

MINERAL BOOKKEEPING SYSTEM

mineral inpuf mineral output

animals animals
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Figure 1.
Schematic representation of the mineral bookkeeping system

All mass flows containing nitrogen and/or phosphorous shouid be included
accurately in the mineral bookkeeping. Figure 1 represents the essential of the
system schematically. For those flows, which mineral composition only differ
slightly from farm to farm or with time, standard figures for the nitrogen and
phosphorous content are provided. Animal products and crops are typical examples
for this category. For flows where these criteria imply to a lesser extent farm
specific data must be collected, e.g. number of hectares and animals belonging to
the farm. Maijor mineral input flows are typically artificial fertilisers or animal feed
concentrates. On request the suppliers provide the farmer with detailed information
on the mineral content of their products. Animal manure forms a special flow in this
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All mass flows containing nitrogen and/or phosphorous should be included
accurately in the mineral bookkeeping. Figure 1 represents the essential of the
system schematically. For those flows, which mineral composition only differ
slightly from farm to farm or with time, standard figures for the nitrogen and
phosphorous content are provided. Animal products and crops are typical examples
for this category. For flows where these criteria imply to a lesser extent farm
specific data must be collected, e.g. number of hectares and animals belonging to
the farm. Major mineral input flows are typically artificial fertilisers or animal feed
concentrates. On request the suppliers provide the farmer with detailed information
on the mineral content of their products. Animal manure forms a special flow in this
respect. In particular on the most intensive farms it is the most important mineral
output flow. Its composition differs both from farm to farm and with time. Therefore,
standard figures, based on averages from a large number of farms, are inaccurate
for most individual farms. Within the new legislation the standard figures for the
mineral content of manure are included in the law by the Ministry of Agriculture,
Nature management and Fisheries. It is a demonstration of the political value of
these figures. The values are chosen at such a level that they are unfavourable for
most farmers. As an alternative they are allowed under conditions to use farm
specific figures for the manure composition. The conditions mainly deal with the
procedures and techniques involved in estimating the manure composition. More
details will be given in the section about technical aspects.

3. Introduction of the mineral bookkeeping system

From the description above it may be clear that the introduction of the new system
means a large step for farmers, authorities and people involved in agricultural
business. As the mineral bookkeeping system is meant as protection of the
environment the most intensive farms are first included. As a result about 50,000
Dutch farms with a livestock density larger than 2.5 livestock units per hectare are
fully involved in the system from the start at January 1% 1998. Other farms will
follow suit step by step. In 2000 all farms with livestock and from 2002 also the
farms with only arable land will have to present a total mineral account to the Dutch
authorities. The last two categories now only have to prove that the amount of
minerals used on their farm, originating from animal manure and calculated on base
of standard figures, does not exceed a given limit.

4. Technical aspects of the determination of the minerals
present in manure

In order to determine accurately the quantity of minerals leaving or entering the
farm with a load of manure not only the mineral content but also the size of the load
is of interest. As levies are based on these figures, Dutch legislation states that
estimation of the size of the load can only be done by calibrated weighing
techniques. Currently on board weighing systems are adapted to fit on slurry
tankers.
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and therefore the operator cannot influence either the moment of sampling nor the
sample composition. The high degree of automatisation increases the
tamperproofness of the technique and enables the automatic recording of relevant
data which relieves the operator of the transport of a large part of his
administrational job.

The box shown below the sampling device in Figure 2 contains the sample bottle
and is meant to handle the sample bottie fully automatic. Prior to the sampling
process the bottle and the lid are introduced in the box separately. An in built
camera system checks the cleanness and records the numbers present on both.
Only then the bottle is available for the sample and the sampling process can be
started. After completion of this process the lid is placed on the bottle automatically
and the closed bottle is available for further transport to the laboratory. The sample
bottie and lid are special designed for this sampling system. After closing the lid can
only be removed by breaking a security strip. Laboratories only accept samples with
intact security strips. At the moment the technical development of the sample bottle
handling box and the techniques included is still running. Compulsory application of
this part of the system is foreseen for 1% of January 2000.

Figure 2.
Schematic representation of the side tube slurry sampling technique.

The samples obtained have to be sent to a laboratory for the determination of the
total content of nitrogen and phosphorous. The Netherlands is the first country with
established standard methods for the analysis of slurry and manure. Moreover, the
laboratories involved in these analysis have to meet special criteria in addition to
Good Laboratory Practice. Regularly held ring tests and audits by the certifying
organisation guarantee the quality of the participating laboratories. Data recorded
for each load of slurry or manure are not only reported to the farmers involved but
also to a registration office, ran by the Dutch authorities.

5. Costs

The levy involved in the mineral bookkeeping system amount to Dfl. 10.- per kg
P.Os and Dfl. 1.50 per kg N exceeding the limits of the accepted losses. Related to
the Dutch slurry composition this implies about Dfl. 60.- per ton of slurry originating
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The samples obtained have to be sent to a laboratory for the determination of the
total content of nitrogen and phosphorous. The Netherlands is the first country with
established standard methods for the analysis of slurry and manure. Moreover, the
laboratories involved in these analysis have to meet special criteria in addition to
Good Laboratory Practice. Regularly held ring tests and audits by the certifying
organisation guarantee the quality of the participating laboratories. Data recorded
for each load of slurry or manure are not only reported to the farmers involved but
also to a registration office, ran by the Dutch authorities.

5. Costs

The levy involved in the mineral bookkeeping system amount to Dfi. 10.- per kg
P,05 and Dfl. 1.50 per kg N exceeding the limits of the accepted losses. Related to
the Dutch slurry composition this implies about Dfl. 60.- per ton of slurry originating
from fattening pigs. From these figures it can be derived that it is economically
unfeasible for a farmer to produce pigs without a proven discharge of their slurry.
Moreover, the levy for phosphorous will be increased to Dfl. 20.- per kg P,O5 from
2000 on.

The mineral bookkeeping system increases the need for an accurate financial
administration at each farm. Most figures needed for the mineral bookkeeping
system are linked with the financial bookkeeping. When farm specific data are
needed for the amount of minerals in the manure or slurry additional costs have to
be made for weighing, sampling and analysing the individual truck loads.
Depending on the situation these costs range from Dfl. 50.- to Dfl. 100.- per load.

Not only farmers are confronted with additional legislation and costs. Transport
companies as well get their part. They pay either for weighing at a public weighing
facility and lose some time by visiting such a place or they have to invest in on
board weighing equipment. The preference for either of the possibilities is linked to
particular circumstances such as the distance to a public weighing facility and the
number of transports served by a particular transporting vehicle. The price of on
board weighing systems amount from Dfl. 30,000.- to Dfl. 75,000.-, depending on
the configuration of the weighing system and the vehicle.

A fully automatic sampling device will cost about Dfl. 25,000.-, and with the
introduction of a fully automatic sample bottle handling it will be doubled. The price
of an analysis in one of the certified laboratories will amount from Dfl. 30.- to Dfl.
50.-.

56



6. Future developments

Introduction of such a complex system is hardly ever done at once. Furthermore,
the interest of different parties involved are so much apart that it is nearly
impossible to serve them all at the desired level at the start. The Dutch government
has chosen for a start at 1% January 1998 with a system which already contains the
headlines of the approach and then extend both the number of farms and the level
of verification and tamperproofness. Especially for these last two aspects additional
technical solutions are desirable. Tamper with the sample composition and the
sample bottle will be more difficult when both the automatic sampling and the
automatic sample bottle handling will be compulsory.

To improve possibilities of verification additional data from every transport are
needed. By the introduction of the mineral bookkeeping system a new transport
form is introduced, with a first step towards this extended data recording. With the
availability of highly automatic sampling equipment on the transporting vehicle a
further extension of the data recording comes into sight without increasing the effort
required from the operator. At the moment studies are carried out to investigate
possibilities of application of modern data transfer together with automatic data
recording on the transporting vehicle. The intention of these studies is to make the
paper version of the transport form superfluous and make the data related to a
given transport available for parties involved as soon as possible, preferable before
the transport is completed.

Introduction of such sophisticated technical solutions can only be successful when
all parties involved underline the benefits. Automatic sampling and sample bottle
handling reduce not only the possibilities for tamper but also free the transporting
companies from discussion with farmers about the correctness of the sample.
Automatic data registration and transfer not only enable an extension of the
parameters but also increase the efficiency for all parties involved. At the moment
the information collected on a paper version of the transport form has to be copied
at the administration of the transporting company, the laboratory and the
registration office of the authorities. As it is hand written information the chances for
intended or unintended errors or difficulties with the readability are not imaginary.

Another aspect of future development is the level of accepted losses related to
ground linked activities. At the start the accepted losses are at a level that rather
limited actions of farmers are needed to meet these standards. With time these
levels will decrease (Table 4) and more effort from farmers is needed not to exceed
these levels.
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1998 2000 2002 2005 2008 e.v.

Phosphorous (P,0s) :

Natural environment 10 10 10 10 10
Agricultural land 40 35 30 25 20
Nitrogen :

Natural environment 50 50 50 50 50
Grassland 300 275 250 200 180
Other agricultural land 175 150 125 110 100

Table 4.

Accepted losses for phosphorous and nitrogen in The Netherlands related
to the mineral bookkeeping system, values expressed as kg per hectare per year.

Figures shown in Table 4 beyond the year 2000 serve as an indication as for that
year a political evaluation of the mineral bookkeeping system is announced and the
level of accepted losses will be subject of further discussion.

7. Conclusions

The mineral bookkeeping system, as introduced at the beginning of this year in The
Netherlands, creates optimal freedom to take individual differences between farms
into account without losing the desirable accuracy. Within the agricultural business
environmental unsound use of minerals in general and animal manure in particular
will become economically unattractive.

The inclusion of highly automatic techniques improve possibilities for verification
and tamperproofness without converting farmers or truck drivers into
administrators. Modern data communication techniques may improve the efficiency
of the administration process.
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Abstract

Improving manure management on farms is essential to sustainability. In Ireland,
considerable progress in this context has been made in the last decade. However,
newly introduced legislative requirements are now demanding even greater change
for larger pig, poultry and mushroom enterprises. Achieving both a better balance
between the applied manure nutrient loads, particularly nitrogen and phosphorus
and the crop requirements are now a requirement. The implications are that larger
fand spreading areas are required than have been traditionally used by these
enterprises. However, compliance with the Environmental Protection Agency’s
Batneec regulations; the national Code of Good Agricultural Practice to Protect
Groundwater from Pollution by Nitrates; the general exclusion of land associated
with the national Rural Environment Protection Scheme; the localised concentration
of the enterprises in parts of the country and their general separation from tillage
areas all impact seriously on the availability of suitable spread lands for the manure.
In the absence of improvements in the national water quality it is inevitable that
other agricultural enterprises will be regulated. Therefore, current legislative
conltrols must be carefully monitored and any future control considered in context
so that the viability of the manure land spreading option remains, particularly for the
intensive agricultural enterprises. Sustainable alternatives do not currently exist.

Résumé

L’amélioration de la gestion des déjections a la ferme est indispensable au maintien
de leur durabilité. En Irlande, des progrés considérables ont été réalisés au cours
des dix derniéres années. Cependant les nouvelles réglementations en vigueur
exigent de plus grandes modifications des pratiques notamment pour les
exploitations porcines, avicoles et champignonniéres de taille importante. Il est en
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effet exigé un équilibre entre la charge en éléments minéraux épandus
particulierement N et P et les besoins des cultures. Cela implique que davantage
de surfaces d'épandage sont a présent nécessaires. Cependant, le respect des
différents codes et réglementations en vigueur (Réglementations Batneec de
PAgence pour la protection de I'Environnement ; Le code national de bonnes
pratiques agricoles pour la protection de la pollution de 'eau par les nitrates...)
affecte considérablement la disponibilité des surfaces aptes a I'épandage.

En l'absence d'amélioration au niveau national de la qualité de l'eau, il est
inévitable que d’autres activités agricoles seront également soumises a ces
nouvelles réglementations. |l est toutefois important de conserver ['option
épandage, notamment pour les exploitations intensives. Les alternatives pour une
gestion durable ne sont pas encore disponibles.

1. Introduction

It has been estimated that 153 m t of manure are produced annually in lreland by
farmed livestock (Carton and Magette, 1996). Cattle and sheep manure account for
almost 43 m t which require management annually. Pig and poultry enterprises
produce an estimated 2.8 and 0.6 m t of manure, respectively, every year. There is
in excess of 0.25 m t of spent mushroom compost (SMC) to be managed each
year. Land spreading is the preferred management option for all manures.

Public attention has focused on intensive agricultural enterprises (IAE), ie. pig,
poultry or mushroom farms, in terms of their impact on water quality in spite of the
fact they account for less than 10% of total quantity of manure requiring
management. A factor in this is that their development has largely been confined to
a limited areas of the country. For exampie, about 40% of the national sow herd is
located in two of the 26 counties. In one county, poultry and mushroom production
account for 47% and 12%, respectively, of the gross agricultural output (GOA)
compared with the national figures of 4% and 2%, respectively (Teagasc, 1994).
There is further concentration of IAE within counties. Poultry and mushroom
enterprises account for over 60% of the GAO in one of seven river catchments
within one county (MAWMS, 1994) .

In some of these areas with |AEs, particularly, the North West of the country, water
quality is inferior compared with other regions (MAWMS, 1994). The first major
Irish case of euthrophication in an irish lake was in this region, Lough Sheelin, and
was linked to the expansion of agriculture, including pig enterprises, in the
catchment. It has left a lasting legacy in the public perception about the impact of
7IAE on water quality. This is reflected in legislation through the Environmental
Protection Agency’s (EPA) Integrated Pollution Control (IPC) licensing requirements
for pig and poultry enterprises above a specified size (EPA,1997).
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2. IAE nutrient balances

Generally, there is no link between crop and animal production on IAE. Most
nutrients are imported in the form of cereal based animal feeds or composts on
mushroom farms. The sale of meat, eggs or mushrooms results in the export of a
fraction of the imported nutrients. Therefore, an annual farm nutrient surplus is
generated in the manure or SMC. Logically, the nutrients in the manure should be
recycled to the land that provided the inputs.

However, the spatial separation of the two enterprises militates against the practice.
Crop production is primarily confined to the southern and eastern regions while
IAE’s are somewhat concentrated in the north east and a number of other smaller
areas within the country thus giving rise to high manure transport costs.
Consequently, the traditional approach has been for IAE manure to be applied to
limited areas of grassland in the vicinity of the enterprise. The nutrient supply in the
applied IAE manure generally exceeded the crop requirements as the nutrient
deficit on grassland farms is relatively small (Tunney ef a/ 1996 and Culleton et a/
1996). In some cases the situation was exacerbated by making no adjustment, on
the recipient land, in the inorganic fertiliser applications to take account of the
nutrients already supplied by the IAE manure. The result has been soil test
phosphorus (STP) levels of the IAE manure spread lands that are in excess of
those required for crop production (e.g. Figure 1).
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Figure 1
The distribution ofS TP within the Belsgrove catchment Co. Cavan. Areas with
elevated STP are generally associated with IAE (Humphries et al, 1996).

More than 30% of mushroom farms, 50% of poultry farms and 60% of pig farms
had spread land soils with P levels greater than 15 mg/l (MAWMS, 1994). This

compared with less than 10% on farms with grass based enterprises only.

The potential for phosphorus (P) loss to water is positively correlated with STP.
Therefore, improved nutrient management stratégies to achieve better balances
between the nutrient load in the IAE manure and the needs of crop production are
being introduced in Iégislation and régulations. The objective is to minimise the
impact of land spreading on the environmental média, particulariy surface and
ground water.



3. Legislative controls and restraints on the land spreading of
manures

The primary legislative control on land spreading of IAE manures is the IPC
licensing requirement. [AE applicants for an IPC license must comply with the EPA
BATNEEC (Best Available Technology Not Entailing Excessive Costs) STP
requirement, which prohibits - IAE manure from being applied to land where the
existing STP exceeds 15 mg/l ( Morgan=s Test). Other licensing controls include
requirements to implement a nutrient management plan, and assessing spread
lands in terms of their vulnerability to nutrient loss. Spread lands with high risk are
not acceptable. Defined buffer zones between waterways, wells and buildings also
are required. There has been considerable criticism of aspects of the IPC
licensing requirements by the industry (Tuite, 1996 and Reilly, 1996). However, the
process is in place and to date a number of licences have been issued to operators
by the EPA.

The national voluntary Code of Good Agricultural Practice to Protect Groundwater
from Pollution by Nitrates (COP) (DOE/DAFF, 1996) recommends an upper organic
nitrogen (N) load for agricultural land - “In areas supporting high stocking rates, and
provided surface and groundwater are in good condition, i.e. nitrate concentrations
do not exceed 20 mg/l and there is no evidence of eutrophication caused by
nitrates, the maximum quantity of manure and other organic materials applied to
land, including that deposited by grazing animals, should be such as to ensure that
the N contained therein does not exceed 250 kg/ha/annum. In all other areas, the
N applied from these organic fertilisers should not exceed 210 kg/ha/annum. Lower
application rates than those indicated should be observed in areas where the
County Council indicates that this is necessary because nitrate level in ground
waters, or because the P content of the slurry or other organic manure is causing or
is likely to cause water pollution”. To date the impact of this Code on manure
management practices has been minimal. However, one Local Authority with
polluted ground water supplies is now actively pursuing the statutory
implementation of the COP in water quality black spots under its jurisdiction. It is
anticipated that there will be considerable problems for some of the more intensive
farmers, including grassland farmers, in these areas. It is very possible that some
producers will be required with the possibility of the requirement to reduce stocking
rates and remove |AE manure to suitable areas outside the affected catchment.
The recently introduced Rural Environment Protection Scheme (REPS) (DAFF,
1996), which implements Council Regulation (EEC) No. 2078/92, practically
eliminates the potential of participating farmers to receive IAE manure. REPS
farmers cannot exceed an organic N load of 170 kg/hafyr.

Good nutrient management involves matching nutrient inputs with offtakes. The
revised Teagasc P recommendations for grassland (Carton, Ryan and Magette,
1996) challenge the concept of achieving a balance between P inputs in IAE
manure and removals by the crop - particularly grass.
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4. Implications of legislative controls and restraints on spread
land availability for IAE manure

Achieving compliance with the EPA regulations, COP and REPS create a
significant challenge to the IAE operator in securing acceptable spread lands.

4.1. Soil test P limits

Soils with P levels greater than EPA’s STP limit of 15 mg/l are not acceptable for
the application of IAE manure. The limit is based on the previous Teagasc
agronomic STP leve! for silage production above which no P was recommended
(Gately, 1994). Discounting the exemption that allowed 30 mg P /l on spread lands
with low vulnerability for nutrient iosses, the 15 mg/l restriction is similar to the STP
limit previously proposed by Teagasc (Teagasc, 1994). The exemption was
originally included to accommodate the special circumstances of IAE nutrient
surpluses and their concentration in specific areas within the country. The more
recent links established between STP and P loss to water and the demands for
more sustainable nutrient management resulted in the establishment of the 15 mg/l
EPA BATNEEC STP limit. To date, the EPA has acknowledged the special
problems of IAE by not reducing the BATNEECSTP level to the revised Teagasc
agronomic level of 10 mg/l for grassland (Teagasc, 1996). However, it has the
powers to do if deemed necessary.

As already noted above traditional IAE spread lands tend to have STP levels in
excess of the BATNEEC limit. Over 20% of all grassland and 27% of tillage land
soil samples received at the National Soil Testing Laboratories at Johnstown Castle
had STP levels above the BATNEEC limit (Coulter and Tunney, 1996). Assuming
that these soil samples are an unbiased representation of Ireland’s agricultural soil
resource, at least one fifth of the country’s agricultural land is excluded from
receiving |IAE manure. Intensive compared with extensive grass land will tend to
have higher STP levels. This is confirmed by results from a recent Teagasc pilot
nutrient management planning scheme, supported by the EU LIFE programme, to
promote uptake of nutrient management planning on farms (Carton 1996). The
average stocking rate and STP in two of the catchments with predominately dairy
farms participating was 2.2 LU/ha and 10mg/], respectively. However, the mean
STP was 6 mg/l in a third catchment with a lower average stocking rate of 1.6
LU/ha and a greater mix of dairy and dry stock farms. It is inevitable, therefore, that
compliance with the BATNEEC STP limit will require the transport manure to areas
outside those normally used. It will also force IAE operators to seek spreading
agreements with more extensive farms, which have lower nutrient requirements.
Greater public environmental awareness and the odour associated with the land
spreading of IAE manures may create further difficulties when attempting to secure
new spread lands in areas with no previous history of the practice.



4.2. Code of Good Agricultural Practice

As noted above the COP sets a voluntary organic N load limit of 250 kg/ha in areas
with no water quality problems. The limit can be reduced to 210 or 170 kg/ha in
areas with known water quality problems. These N restrictions will limit the
stocking rates that can be accommodated on grassland used for IAE manure
applications. The maximum allowable stocking rate will depend on the organic N
load applied in the manure and the COP limit (Table 1).

Code of Good Agricultural Practice Organic N limit (kg/ha)

250 210 170
Applica Pig Pouitry SMC | Pig Poultry SMC | Pig Poulitry SMC
-tion
rate Slurry | Litter Slurry Litter Slurry | Litter
(t/ha)
0 29 29 2.9 29 25 25 25 25 20 2.0 2.0 2.0
5 2.7 21 1.4 24 22 1.6 0.9 2.0 1.7 1.2 0.5 1.5
10 24 1.3 - 19 20 08 - 1.4 1.5 0.4 - 1.0
15 22 0.5 - 14 17 - - 09 1.2 - - 04
20 1.9 - - 0.9 1.5 - - 04 1.0 - - -
25 1.7 - - 04 1.2 - - - 0.7 - - -
30 14 - - - 1.0 - - 05 - - -
35 1.2 - - - 0.7 - - - 0.2 - - -
40 0.9 - - - 0.4 - - - - - . -
45 0.7 - - - 0.2 - - - - - - -
50 0.4 - - - - - - - - - - -
55 0.2 - - - - - - - - - - -

B Organic N load in IAE manure exceeds COP limit.

M The organic N content of manures used in the calculations were 4.3, 14, 26 and 8.8 kg/t for pig slurry, poultry slurty,
poultry litter and SMC, respectively (DOE/DAFF, 1996). An annual organic N output of 85 kg for a livestock unit
(LU) (equivalent to 1 dairy cow) was also used (DOE/DAFF, 1996).

Table 1.
The stocking rate limits on grassland receiving IAE manure at a range of application
rates in order to remain in compliance with COP organic N limits.

Grassland farmers are practically excluded from receiving poultry litter or slurry if
they are to remain in compliance with even the highest COP organic N limit of 250
kg/ha (Table 1). At this limit, stocking rates of 0.9 LU/ha or less are necessary
where poultry litter is applied at 5 t/ha. Therefore, it is probable that poultry litter will
be directed towards the most extensive farms considering that the national average
stocking rate is 1.47 LU/ha. A similar, though not as severe scenario, applies to
poultry slurry. Generally, only tillage farms will be in a position to receive poultry
manure without exceeding the COP limit. This is a limited option as tillage crops
account for 8% of agricultural land use in Ireland and there is little history of poultry
manure use in these production systems. The use of improved slurry/manure
spreading systems which can reliably achieve lower spreading rates and a greater
integration of the poultry and tillage enterprises are required to ensure the viability
of the land spreading option for poultry manure.

65



The lower organic N content of pig slurry and SMC eases the impact of COP on
spread land availability for these manures (Table 1). In general, grassland with
stocking rates in excess of 1.9 LU/ha will not be available to receive these manures
under a COP restriction of 250 kg N/halyr. Where the lower COP limits are applied
the availability of spread lands will be even more curtailed and could disappear
altogether.

The introduction of REPS will exclude significant areas of the national land bank for
use as a receiver for IAE manure. As presently specified there is a 170 kg organic
N limit for participating farmers. Therefore, only the more extensive REPS farmers
with organic N loads of less than 110 kg/ha, equivalent to a stocking rate of 1.3
LU/ha, can accept pig manure at the lower end of the application rate achievable
(15 t/ha) with the commonly used vacuum tanker. SMC applied at the 10 t/ha using
a rear discharge spreader will supply almost 80 kg organic N/ha. Consequently,
only REPS farmers with organic N loads of less than 90 kg/ha, equivalent to a
stocking rate of less than 1 LU/ha, can accept SMC and remain in compliance with
the REPS limit. Generally, the use of poultry litter or slurry on REPS farms is
practically excluded because of its high N content.

REPS is a financially attractive scheme for many farmers as it provides annual
payments of up to £5000. The COP limit on organic N will push IAE manure
towards land farmed at intensities permissible in REPS. The Government have set
a national target for a 30% uptake of REPS by farmers by the end of 1999 in its
recently published Sustainable Development Strategy. Failure of farmers
participating in REPS to comply with the organic N limit specified will jeopardize
annual payments as well as other government financial supports. There is an
understandable unwillingness for them to accept |IAE manure. Therefore, the
combined effect of REPS and COP will move the manure towards the most
extensive grassland farmers i.e. with stocking rates < 1.3 LU/ha. It is interesting to
note only one third of farmers with stocking rates less than 1.25 LU/ha indicated
that they were willing to accept IAE manure for application to their land even if it
was free (Teagasc, 1994).

Nutrient requirements on the more intensive farms are being met with inorganic
fertilisers even though the potential exists to utilise the nutrients in IAE manure.
Instead these manures are being diverted to farms with minimal nutrient demands.
The impact of COP and REPS on land spreading of IAE manure deserves further
consideration in the context of achieving improvements in water quality and an
integrated and diversified agriculture. However, |AE operators must adopt and
implement manure management practices such as those outlined by Carton and
Magette, (1998) to provide the public assurance that the option will not impact
negatively on the environment.

it is unlikely that the combined impact of REPS and COP on IAE manure

management options was planned national policy considering that the continued
expansion of the pig industry remains Government policy.
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4.3. Revised P recommendations for grassiand.

Teagasc have recently revised their P recommendations for grassland (Teagasc,
1996). These set lower agronomic STP levels for grazing and silage ground above
which no P is recommended for full crop yields. The quantities of P recommended,
were also lowered. The revised recommendations have reduced the P
requirements for silage and grazing by approximately 50 and 40%, respectively.

Applying nutrients at rates which meet crop requirements, including in some cases
building up soil fertility, is the basis of Teagasc's nutrient management strategy.
The reduced P recommendations for grassland make achieving this balance when
IAE manures are applied very difficult to achieve in practice. The quantity of P
applied with IAE manure at the lowest practical application rates is summarized in
Table 2.

Pig slurry Pouitry Slurry Poultry litter Spent Mushroom
(15 t/ha) (15 t/ha) (10t/ha) Compost (10t/ha)
21 75 90 42
Table 2.

The average P (kg/ha) supplied by pig and poultry slurry, poultry litter and spent
mushroom compost applied at the lowest practically achievable spreading rates.

Note: Nuirient values for slurries, litter and spent mushroom compost from COP.
These are guide values only and will vary from IAE to IAE. Application of 10 t/ha
of poultry litter just exceeds the COP limit of 250 kg organic N/ha.

The P recommendations for a range of crops at soil index 3 (6.1 to 10.0 mg P/) are
given in Table 3.

Grazing (2 to Silage (2 cuts) Cereals Potatoes Sugar beet
2.5 LU/ha)
12 0 20 60 30
Table 3.

The phosphorous recommendations (kg/ha) for a range of crops at soil Index 3

it nearly all cases the annual application of the manure, at the rates indicated in
Table 2, will result in an over supply of P compared with crop requirements. The
extent of the surplus is greatest for poultry slurry and litter (Figure 2). The P
recommendations are greater at the lower soil P indices therefore the surplus P
applied in the IAE manure will be proportionately smaller at these lower indices.
Annual balancing of nutrient inputs with outputs is difficult to achieve in practice
when IAE manure is land spread, particularly to grassland.
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P Suplus / Deficit (kg/ha)

Silage Sugar beet
Cerecals
Crop Type

Poultry sturry - Poultry litter \\\\& Spent mushroom comp

- Pig slurry

Figure 2.
The P surplus/deficit (kg/ha) following manure applications at lowest
practical achievable spreading rates to a range of crops on soils
with STP levels between 6.1 and 10 mg/l.

Phosphorus applied in excess of crop requirements will result in a build up in STP.
In effect the soil “stores” the surplus P, and while the capacity to do so is not
unlimited, it is significant for many soils. Recognition that soils do have a
measurable capacity to store P is essential for the viability of the land spreading
option for IAE manure. Nevertheless, a sustainable balance must be achieved
between the extent of soil P storage and the resulting increase in environmental
risk. By regulation (i.e., BATNEEC) the soil P “storage” capacity is fixed at a
maximum STP of 15 mg P/l. In other words, P applications above levels required
for agronomic requirements are allowed for IAEs until STP reaches 15 mg P/.
Once the STP reaches this limit new spread lands with lower STP must be located.
A reduction in this limit could have serious consequences for the IAE manure land
spreading option.

it must be emphasised that acquisition of spread lands cannot be accomplished
capriciously. Assessment of spread land suitability for [AE manure, particularly
where soil P storage is required, is essential because of the accepted potential of
elevated STP as a contributory factor for increased P loss and fransport to water.
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4.4. Site assessment for land spreading

There is evidence that there are differences between areas within catchments in
the extent to which they contribute to nutrient loss to water (Magette, 1998).
Consequently, areas within catchments can be classified in terms of the risk that
nutrients used there will be lost and transported to receiving waters.. While the
process of ranking fields or catchments in Ireland is at early stage of development it
does provide a mechanism to assist in assessing the suitability of spread lands for
IAE manure applications. Only sites ranked as low risk (for their potential to lose P
and for it to be transported to receiving waters) should be used to “store” the
surplus P from applied IAE manure. High risk sites should not be used for IAE
manure applications.

National acceptance of the combination of site assessment and the use of soil P
“storage” is critical for the viability of land spreading of IAE manure. Without this,
the practicality and economics of the land spreading option for IAE manure is
guestionable. As already noted, the COP and REPS constraints on organic N
loads and the BATNEEC STP limit of 15 mg/l are creating significant difficulties in
terms of available land base. Even as they are currently structured, achieving
compliance for some poultry enterprises is almost impossible. Therefore, any
downward revision of the current BATNEEC STP Ilimit will require careful
consideration.

4.5. Buffer zones

The inclusion of buffer zones, prescribed in the COP around water sources and
houses will further diminish the quantity of available land for manure application.
For example, 12 to 15% of land will be excluded in areas with a high land to water
ratio while in areas with low land to water ratios this may be up to 35%.

4.6. Other factors influencing their availability to receive IAE manure

The EPA IPC license has a requirement for supplementary spread lands over and
above those required to assimilate the nutrient load in the manure. This is set at
50% of the area acquired by agreement (i.e., not under the ownership of the IAE
operator) for new enterprises.

5. Costs

There are costs associated with securing and maintaining an Integrated Pollution
Control license for pig enterprises from the EPA. The costs (exciuding those
necessitating by structural changes at units to comply with licensing) are of three
main types : application preparation, annual administrative cost, and annual
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monitoring fee. For intensive pig producers, these costs are estimated to be as
follows:

1. Preparation of an IPC licence or planning application, including
preparation of an Environmental Impact Statement ~ £25-£40 per sow

2. Annual EPA charge (based on a 1000 sow unit) ~ £1,800

3. Annual monitoring charged incurred as a result of licensing (based on a
1000 sow unit) ~ £ 1,600 including soil and water analysis but excluding
any consultancy or sampling charges.

6. Conclusions

The requirements for improved manure management on farms to reduce
environmental impact are nationally accepted. The growing national concern to
maintain the high quality of the nation’s water resources has resulted in the
introduction of legislative controls on |IAE manure management practices. The
restrictions, noted above, on spread land availability have significant implications for
the land spreading of IAE manure for both new and existing units. Newer IAE have
the option to locate in areas of the Country where the implications of the constraints
on spread land availability are not as great. Ideally, these should be in the tillage
areas where the crops are produced that are used to feed the pigs and poultry.
Such a strategy facilitates the recycling of the manure nutrients back to the areas
from which the nutrients originated. However, achieving this will require clear
national policy about the future development of IAE so that the local fears of their
impact, particularly as many of these areas have no history of IAE, will not result in
unnecessary and costly delays in the planning/licensing process.

There is a more difficult problem for existing enterprises. Locating new spread
lands, in areas with already high IAE concentrations, will require greater travel
distances as STP levels in the immediate vicinity of the operations exceed the
BATNEEC STP limit. An adequate time scale for the full implementation of the
manure management plan will therefore be necessary from the Licensing
Authorities for existing enterprises.

Caution is required with the introduction of any further legislation to ensure that any
new restrictions proposed combined with those already in existence do not
preclude the land spreading option for IAE manure. Alternative management
options for IAE manure are scarce.
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A management model for pathogen abatement in animal slurry
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Abstract

An important concermn connected with the agronomic use of animal slurry is related
to hygiene, both animal and human health. It is therefore of paramount importance
to adopt techniques and operational criteria that minimise the potential risk of
disease transmission. Only information related to the survival of micro-organisms
during individual phases of slurry handling (storing, aerobic or anaerobic treatment,
etc.) is available.

For this reason, we developed and evaluated a model in which the influence of the
slurry management system on pathogen survival is considered (Salmonella dublin
and S. typhimurium).

By using the model, it is possible to evaluate, taking into account the variability, the
consequences of different management options. For instance, we determined that
for cattle slurry with a total solids concentration of 9%, the storage period required
to eliminate S. dublin is approximately 150 days, but it decreases to 120 days if
solid-liquid separation is utilised. Although our preliminary results are very
encouraging, the model needs to consider additional information on the behaviour
of different micro-organisms and to be calibrated to specific conditions under which
it can be utilised.

Key words: manure handling, pathogen control, management models

Résumeé

Un probléme important lié & l'utilisation agronomique des lisiers concerne les
aspects hygiéniques, a la fois pour la santé humaine et animale. Il est par
conséquent particuliérement urgent d’adopter des techniques et des criteres de
gestion qui minimisent le risque de transmission des maladies. Seules les
informations concernant la durée de vie des microorganismes au cours des étapes
particuliéres de gestion des effluents (stockage, traitement aérobie ou anaérobie,
etc...) sont disponibles.
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Nous avons donc développé et évalué un modéle dans lequel linfluence du
systéme de gestion du lisier est relié a [a survie des pathogénes (Salmonella dublin
et S. typhimurium)

£n utilisant ce modéle, il est possible, en prenant en compte la variabilité, d'évaluer
les conséquences des différentes alternatives de gestion. Par exemple, nous avons
déterminé pour le lisier bovin d’une teneur en matiére séche de 9%, que la période
de stockage nécessaire pour éliminer S. dublin est approximativement de 150
jours, mais est réduite a 120 jours si un systéme de séparation liquide-solide est
mis en oeuvre. Bien que nos résultats préliminaires soient encourageants, le
modéle doit pouvoir incorporer d’autres informations sur le devenir des différents
micro-organismes et également doit étre étalonné en conditions réelles d'utilisation.

Mots-clés : gestion déjections, contréle des pathogénes, modéles de gestion.

1. Introduction

There is an increasing interest in the relationship between agriculture and the
environment, in particular as far as the agronomic use of animal manure and
pesticides are concerned. On one hand, there is a growing demand for new
research and scientifically-based advice, that is, guidelines to help farmers and
agricultural advisors in their manure management choices. On the other hand,
politicians seek reliable information to be able to draw up realistic regulations that
can minimise the impact of agriculture on the environment.

One aspect receiving particular attention in the context of the agronomic use of
animal manure is the contro! of hygienic conditions during the handling of animal
manure.

Information on the behaviour of micro-organisms in the various handling stages
(that is, separation storage, aerobic or anaerobic treatment, efc.) is now available.
However, comparable information does not exist from a system’s point of view.
Therefore, we made an attempt to gather and link experimental data in a system
representation. This led to the definition of several models able to identify the main
factors that can be modified to control the hygienic aspects of farm manure
handling.

2. Material and methods

First we devised a general model (Figure 1) describing the possible stages of
manure from the animal to the field, and identifying where changes in the bacterial
characteristics of the manure are possible. Secondly, we analysed the results
obtained in various experiments on micro-organism survival in manure. These data
were organised to clearly identify in each study the test conditions and the factors
influencing survival time of the micro-organisms (Figure 2). Specifically, we
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highlighted the initial concentrations of micro-organisms, temperature, total solids
content, and pH of the manure on pathogen survival time. We utilised linear
regression analysis in which pathogen survival time was the dependent variable
and each survival factor was the independent variable to identify statistically
(P<0.05) significant correlations. These correlations were then entered into the
management model to facilitate their application to practical situations. By the way,
models were devised both for swine and cattle.
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YES NO
S
TYPE OF
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)
SOLID LIQUID
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STORAGE
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MICROBIAL LOAD)

| SPREADING |

T,
CROPS FOR CROPS FOR ARABLE
HUMAN FEEDING ANIMAL FEEDING LAND

Figure 1
General and simplified model describing the slurry cycle from production to the field
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3. Results and discussion

Our management models are based on the analysis of the different stages of
animal manure handling. Within each stage, the initial conditions (e.g. the
concentration of the micro-organisms) and the values referring to factors influencing
survival time or affecting pathogen concentration in manure (e.g. temperature, dry
matter content, pH, duration of the handling process) can be identified. In general
terms, the models define an input-output function (IOF) linking the initial conditions
and the survival factors in order to evaluate the final conditions.

The final conditions of each stage of the handling process represents the initial
conditions of the subsequent stage. By introducing the IOF’s to describe pathogen
survival at various stages of manure handling, it is possible to evaluate the hygienic
state of the manure when it has to be agronomically utilised, provided that the
starting conditions (i.e. the infectious state of the herd and the manure handling
techniques used) are known.

To illustrate the development and use of our models we present an example based
on S. dublin and cattle slurry in Figure 3.
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90 | 340.000 0 7,5 10 | 55 | 39 | serotype HWSSI

Figure 2

Example of organization of the data collected from the various experiments
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Our analysis revealed that during storage the dry matter content had the highest
correlation with survival time of the bacterium, in agreement with findings reported
by several researchers. The slope of the regression line shows that as slurry dry
matter content increases, so does the survival time of S. dublin (Figure 3). On the
basis of this relationship, it can be noted, for example, that in diluted slurries (dry
matter contents of 1%-2%), the survival time of S. dublin during storage is 70-80
days, while in thicker slurries (6%-7% dry matter) survival time is about 120 days.

The same figure also contains the regression lines obtained by grouping data into
three temperatures that are representative of the different seasonal conditions in
temperate climates. It can be noted that with higher dry matter content, survival
times at low (1-6 °C) and moderate (10 °C) temperatures tend to develop and be
similar to the general regression. Larger deviations are shown with thicker slurry
but with lower dry matter content and for higher temperatures (20-30 °C).

We have thus redesigned the original models to these new assumptions (Figure 4).
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manure dry matter content (%)

Figure 3
Relationship between survival time and manure dry matter content
for Salmonella dublin during storage.
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Figure 4
The new model designed taking into account the factors influencing microbial
survival time.
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As an example of how to apply these results to practical situations, let us consider a
manure handling practice in which slurry, produced by cattle on slatted floors (dry
matter content approximately 9%), flows directly into a storage tank. After storage
the slurry is spread on arable land. Using the relationships we developed, we would
recommend that a slurry storage time of 150 days should be provided in order to
reduce S. dublin concentrations to acceptable levels in winter. However, by using a
liquid-solid separator with a 30% efficiency, the dry matter content could be
decreased to 6% and, as a consequence, the storage time required to achieve an
acceptable hygienic standard could be decreased to 120 days. In the summertime,
the higher ambient temperatures would halve this value.

The Figure 5 also shows clearly that the models we derived can help evaluate
different slurry management choices according to hygienic considerations. Such
choices can have significant economic effects on investment and running costs.
Obviously, it would be necessary also to check the compatibility of individual
management decisions with the agronomic requirements on siurry spreading.
Politicians or those in charge of environmental protection could use these results
either to develop slurry management criteria, or as a basis to propose economic
incentives to facilitate adoption of the criteria by farmers.

STORAGE
TIME (WINTER)
150 days

DM ~9%

§3= 30 % STORAGE
/ a TIME (WINTER)

Dor G vi 20 dos

If:: ‘}3:‘1 _-FQ] T

Figure 5
Possible consequencies on slurry management hardware
derived by the use of the model devised.
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4. Conclusions

Despite these encouraging preliminary results, widespread implementation of the
proposed management models requires further investigation to incorporate the
behaviour of additional micro-organisms and to calibrate the models to the specific
conditions in which they would be utilised. An extension of the models to include
different kinds of pathogens (e.g. viruses, parasites, and mycetes) is also needed.
Additional micro-organisms must be taken into account and a comparison with the
results obtained in this study must be made in order to find management solutions
able to give an overall reduction in the pathogenic load, rather than address only a
specific agent. To go further in this direction, it is also necessary to consider both
the risk (damage in economic terms) posed by a specific agent, and the frequency
of infection events in a specific area. By following such an approach, it will be
possible to take into real consideration the hygienic problems associated with
animal manure management, to evaluate the possible on-site and off-site dangers
resulting from the use of this material, and to devise practical methods by which to
keep risks within acceptable limits.

5. References

References, consisting in 76 titles, are available from the authors.



Chairman’s summary of part 1.
Management strategies for organic waste use in agriculture
Jeremy HALL

Six papers were presented during the opening session on the theme of
management strategies covering expert systems, modelling and legislation.

The keynote paper was presented by Dr J-M. Merillot from Ademe. This paper
provided a broad over-view of legislative, economic, agronomic and environmental
impact of organic wastes. It covered the concepts and principles used to build
policies, as well as economic, social and technical aspects, and considered the
environmental balance of benefits and impacts for wastes from the agrofood
industries, municipal and agricultural wastes.

Goss et al described a decision support system (DSS) for manure management.
Key research needs were identified through a group of stakeholders concerned
about manure management, including workshops of farmers and advisors. The
University of Guelph developed the first version of a computer-based DSS. This
deals with all aspects of manure management, particularly the economics and
environmental impacts of different systems.

Lenehan et al presented SWAMP (Sustainable Waste Application Management
Project) which is an EC funded project under taken by seven institutes across
Europe. This addressed some of the problems associated with utilising slurry and
comprised three major research areas: management and risk assessment,
determining the nutrient value of slurry; and the development of prototype
application system.

Derikx presented a paper on the new manure legisiation in the Netherlands. The
aim of this is to provide further controls on nutrient additions to land where there is
already a surplus of manure. This introduces the Mineral Bookkeeping System
under which every farmer has to declare an annual balance of nutrients entering
and leaving his farm. Where input exceeds output, a severe tax has to be paid (Dfl
10/kg P,Os).

Carton’s paper (presented by Magette) discussed the implication of Irish legisiation
for landspreading manure from intensive agricultural enterprises. The objective is to
reduce nutrient emissions and improve the balance of nutrient loads between
manure and crop requirements. The consequence is that more land is required for
spreading manures than has been used in the past to meet with restrictions and
exclusion zones.

Provolo et al described the development and evaluation of a model in which the

influence of different slurry management systems on pathogen survival can be
estimated.
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Part 2
Agronomic values of organic wastes.

Chairman : W. Magette (Ireland)
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Assessment of nutrient availability from organic wastes use in
agriculture. A review.
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Estimation de la biodisponibilité des éléments nutritifs présents
dans les produits organiques résiduaires.

Jean-Claude Fardeau’

DEVM/LEMIR, CEA Cadarache

13108. Saint Paul ez Durance. France
E-mail : Fardeau@versailles.inr.fr

Abstract

Organic wastes are products which, firstly, are wastes and secondly contain
organic compounds, i.e. organic C and N. Except for some special organic
industrial by-products, these wastes, which are farmyard manure, poultry manure,
pig and cattle slurries, sewage sludges, compost and mixtures of these by-
products, are derived from living processes. Therefore they contain all elements
that are found in living organisms, i. e. not only C and N but also P, K, Ca, Mg and
most of the microelements essential for life. Further, they also sometimes contain
elements, accidentally added, which have to be considered as potentially toxic
(PTEs) for life.

Two reasons can explain the transfer of such compounds in agricultural soils. The
first is the mythic role of organic matter in soil. This mythic aspect come from the
past when the farmyard manure was the only source of nutrients for crops and
when it was assumed that plant growth depended on organic compounds. The
second reason is that the increasing urban population wish to dispose their wastes
far from their houses and so explain, to the farmers, that wastes would be very
good, even essential, for crop production, as it use to be in the past. Whatever the
explanations given, organic wastes return, for a part, to farmer fields which are their
origin at a statistic scale.

An essential question concems the effect of such compounds on crop production
and the behaviour of each element of these wastes. Therefore it is of first
importance to be able to characterize and quantify the availability, for crops, of each
nutrient contained in the organic wastes. The main question becomes: how to
characterize the availability of a given element among a lot of other elements which
are added together. One of the most efficient way is the use of an isotope of the

! Present adress : INRA, Département Environnement et Agronomie. Route de Saint-Cyr. F-78000 Versailles.
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element under study. As a matter of fact, when a crop takes an element in two
sources (soil and wastes), labeling of one of the nutritive sources provides, in
crops, the origin and the contribution to crop nutrition of the element. Experiments
have been carried out with "°N, %P or P, *Ca, ®¥Fe, %zn, Cd, *Ni, and some
other tracers. Moreover, such isotopes can inform either on immediate effect of
organic wastes on crops or on the residual effect of organic wastes on available
nutrients in soil-plant systems.

In this review, examples shown concern mainly phosphorus applied as farmyard
manure, slurries sewage sludges and composts whose P availability of P has been
determined using isotopes. The availability of P from farmyard manure and slurries
is of the same order of magnitude than that of water soluble P fertilizers. The
availability of phosphorus in sewage sludges depends firstly on the industrial
processes applied to polluted waters. More the water is cleaned, more the
phosphorus in sludges becomes unavailable for crops. Examples are also given for
other elements as zinc.

Key-words: Organic wastes, bioavaibility, isotopes, phosphorus

Résumé

Les résidus organiques sont d'abord des résidus et ensuit des produits contenant
des composés organiques, c'est-a-dire contenant du C et du N. A I'exception de
certains sous-produits organiques industriels, les autres, tels le fumier de bovins et
de volailles, les lisiers de bovins et porcins, les boues résiduaires de station
d’épuration, les composts et les mélanges de tous ces produits, ont pour origine
premiére la vie. C'est pourquoi ils contiennent I'ensemble des constituants
nécessaire au fonctionnement de la vie. Mais parfois, du fait d'une addition
accidentelle, ils recélent des éléments qui doivent étre considérés comme toxiques
pour les organismes vivants.

Deux raisons conduisent a transférer de tels composés vers les sols agricoles.
Tout d’abord le role mythique de la matiére organique. Cet aspect mythique a pour
origine I'époque ol le fumier était 'unique source de restitutions des éléments
nutritifs aux champs cultivés et ou certains soutenaient que la matiére organique
était absolument indispensable a la nutrition des plantes. La seconde raison est
beaucoup plus simple. Les citadins poussent leurs déchets loin de leurs habitations
et expliquent aux agriculteurs que cette matiére organique est bonne, voire
indispensable, pour la production agricole. Quelles que soient les raisons
évoquées, des composés organiques résiduaires rejoignent les champs.
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La question majeure concerne l'effet des divers éléments contenus dans ces
résidus. Il est de la premiére importance de disposer d'outils permettant de
caractériser et quantifier la biodisponibilité pour les cultures des différents éléments
présents dans ces résidus. Une des méthodes les plus efficaces consiste a utiliser
des isotopes traceurs des éléments. En effet, quand une culture préléve des
éléments dans deux sources nutritives, le sol et le résidu, le marquage de l'une ou
I'autre des sources permet de connaitre, dans la plante, I'origine de I'élément. Des
expériences peuvent étre réalisées avec N, 2P, “Ca, *Fe, ®zn, "“Cd et ®Ni,
voire avec quelques autres isotopes.

On présente, dans cette revue, des exemples concernant principalement le
phosphore. La biodisponibilit¢ du phosphore du fumier de ferme et des lisiers est
trés proche de celle du phosphore des engrais phosphatés solubles dans I'eau. La
biodisponibilité du phosphore des boues résiduaires dépend du processus
industriel de purification de 'eau : plus est « nettoyée », moins le phosphore est
biodisponible pour les plantes. On présente également un exemple relatif au
devenir du zinc contenu dans les lisiers.

Mots clé : résidus organiques, biodisponibilité, isotopes, phosphore.

1. Introduction

This conference is devoted to management strategies for organic waste use in
order to recycle, in agriculture, agricultural, municipal and industrial residues. This
paper is focused on assessments of nutrient bioavailability when applying organic
wastes infon soils. The words: bioavailability, nutrient, organic wastes, recycling
and management structure this review.

The mythic aspect of organic matter was so strong in human subconscious that
even the Vatican took time and money to organize a symposium on « Organic
matter and soil fertility » (Anonymous, 1968). Nevertheless, whatever the historic,
mythic and pertaining to the passions role of organic matter, it was shown by
Liebig, 150 years, ago that there is no need of organic matter for plant growth.
Plants grow, without organic compounds, from inorganic nutrients and CO, and
they create, through photosynthetic processes, organic matter containing mineral
nutrients taken in the soil as ions, the only chemical form which is metabolized,
further, this organic matter as plant, or crop residue, goes back in the environment.

At the opposite, animals, and among them Man, cannot grow, and live, without
organic compounds. They even cannot live without rejecting in the environment a
part of the organic compounds they eat and transform by metabolic processes.
There is no possible animal life without a production of organic residues. These
unavoidable residues are, for example, manure, slurries, municipal residues,
compost and sewage sludges. To avoid increasing amounts of organic residues

87



near our life place, some of them go back to their departure point: the farmer fields.
But organic compounds, and inorganic nutrients included in organic compounds or
in organic structures as crop residues or bacterial cells in sewage sludges, are
unavailable for plants. Inorganic nutrients have to be released and made available
for plants by mineralization of organic matter. Soils contain a diversity of micro-
organisms (Eliott and Coleman, 1988; Beare et al., 1995; Brussard et al., 1997)
known for their ability to mineralize organic matter and, as a consequence, to
release nutrients in their ionic form, i.e. available for plants (Coleman et al., 1983).
Therefore organic wastes can be applied on soils to be mineralized. This property
of soils, with their microoganisms, was called in the past « purifying power »
(Catroux et al., 1974). This expression, probably imagined by a town man to justify
the reject of its residues far from its home, was ambiguous and too optimistic: soil
microoorganisms have only a capability to transform some elements from a
chemical form unavailable, potentially toxic, towards another chemical form,
theoretically neutral for the environment. The too optimistic view has sometimes
contributed to make the soils of farmer fields or forests a bin. When these organic
wastes are transferred from towns to farmers fields concurrently to transfer of foods
from fields to towns, they contribute, for a part, to the recycling of non renewable
nutrients, as phosphorus or potassium, and thus to go towards a more sustainable
development (Biswas, 1994).

2. Bioavailability and mobility of nutrients or elements concepts

Definition of bioavailabity and the concept on which it is based are considered as
unclear for most of the scientists of soils or agronomy (Naidu et al., 1997) and still
more for the regulatory authorities. Bicavailability is the property for a nutrient
to be available. A bioavailable compound, or element, is one that can enter,
whatever the mechanism of entry, into a biological cycle and whatever its
contribution, or not, to the metabolism. Thus, in the context of this conference,
bioavailability corresponds to the mechanisms supplying nutrients to living
organisms, mainly to plants. Therefore, according to Barber (1995), an available, or
bioavailable or phytoavailable, nutrient, is one that is present in a pool of ions in the
soil and can move to the plant root during plant growth if root is close enough.
Mobility is the ability of an element to be transferred from one compartment to
another compartment of the soil-solution-plant system when bioavailabilty is only
the property of an element to be transferred from soil compartment into the plant
compartment.

Confusion between the concept of bioavailability and the measurement of
bioavailability is frequent (Naidu et al., 1997) and has to be avoided. Bioavailability,
as shown by « ity » , indicates a potentiality, a capability for a nutrient to enter into
the roots, and that, irrespective of the realization, i.e. of its extraction from soil by a
plant. C as CO,, N, P K, S, Ca, Mg and the 13 micronutrients considered as
essential for plant growth, according to Marschner (1995), are fully included in the
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definition sensu stricto.. Nevertheless, bioavailability has to be considered as the
property of an element, essential or not, to enter into the roots. Therefore this
review is focused not only on nutrients but also on elements, such as Ni, Zn, Cr ...,
potentially toxic (PTEs) for plants, animals or humans (Smith, 1996; Morel, 1997).

A soil bioavailable element has to be characterized using, at least, three factors: an
intensity factor, ly ; a quantity factor: Qx and a capacity factor Capy. (White and
Beckett, 1964; Barber, 1995). These factors are generally quantified using
parameters derived from soil analysis. The intensity factor is the chemical potential
of the element which illustrates, in the soil-plant system, the « pressure » of
elements on the roots. Therefore the concentration of elements, or ions, in the soil
solution is the experimental parameter generally taken as intensity factor.
Concentration is the first factor accounting for the uptake of nutrients by plants
roots (Barber, 1995). The quantity factor is the amount of the element which is
present in the soil-solution-plant system at the chemical potential of the element in
the soil solution. The capacity factor has to describe the variations of the quantity
factor when the intensity factor is modified either by an uptake by roots or by an
application of the element in soil.

Bioavailability concept referring to plant uptake and growth, bioavailability is a time
depending characteristic. The three factors, intensity, quantity and capacity
proposed in the past, do not document on release, with time, of the element from
soil, i.e. on the kinetic of release. Thus, a gap, more a lack, appear between the
definition taking into account time and factors utilized to characterize and quantify
the nutrient bioavailability.

3. Bioavailability of elements. Its assessment

A full and right assessment of bioavailability would require understanding all
mechanisms governing the flux of nutrients from soil particles or components
towards soil solution and further to roots (Barber, 1995). Unfortunately, at the
present time, only some of these mechanisms are known (Loneragan, 1997). In soil
plant systems, nutrients, and probably other elements, enter into the plants as
ions. lons exist only in water: soil solution is the obligatory way for nutrients
between soil particles and roots. Therefore analysis of particular properties of
elements in the soil solution can document on the behavior and the bioavailability of
nutrients.

3.1. Where and when assess the nutrient availability with organic wastes ?
When applying, on/in soils, an organic waste containing available elements, plants
take the element from the two sources available for plants: that of the native soil

and that of the organic waste. In such case, bioavailability of an element can be
assessed in: (i) the waste, (ii) the soil, (iii) the soil-waste mixture. Two reasons
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justify that there is no universal response face these three possibilities. Firstly
parameters describing bioavailability are not additive; secondly, whatever the waste
applied fo soil, most of the components added react with soil particles and
components. These reactions can modify simuitaneously the bioavailabilty of the
added nutrient and that of the native nutrient. Therefore, the most efficient choice is
often the analysis of bioavailabilty of elements in the soil-waste mixture and to
compare further this availability to that of the element in the soil alone.

3.2. Bioavailability : methods of assessment

Whatever the element, there is no significant correlation between the total content
of an element in the soil and the amount taken up by crops during a growing
season: uptake depends, for a part, on the bioavailabilty of the element. This fact
shows that each element is present in soils with many physico-chemical forms,
many species, and justifies research need on element speciation. The most exiting,
and promising, speciation is that allowing to distinguish between available and
unavailable forms of element.

To choose, and to continuously improve, methods of assessment of bioavailability,
the following established mechanisms have to be kept in mind:

1. Nutrients enter into plant roots only as ions.

2. Nutrient uptake depends on time.

3. Excepted for C, N and S, behavior of inorganic nutrients and elements
depends on physical processes as adsorption-desorption and on
chemical mechanisms as precipitation-dissolution and organic
synthesis.

4. Behavior of nutrient as C via CO,, N and S, depends especially on soil
microorganisms activity. Thus, mechanisms by which organic
compounds are transformed into inorganic compounds are biological
processes and are controlled by all the factors modifying metabolism
and growth of soil microorganisms. These soil factors are water and
oxygen content, temperature, content in energy sources, i.e. in organic
compounds available for microorganisms.

a) Chemical, or physical, extraction

This approach, the most common to assess bioavailability, is that of routine
analysis. It was imagined in 1845 (Daubeny). Such approach is based on
successive assumptions: (i} a chemical reactant could extract specifically a define
physico-chemical form; (ii) the form extracted is available, or unavailable; (jii) there
is a significant correlation between the quantity of element taken up by a crop and
the quantity of P extracted by the chemical. The conceptual limits of such approach
are well known: (i) only one factor among the three required, the quantity factor, is
determined using extraction methods; (ii) chemical extractions modified the
adsorption properties of soil particles and thus modified the behavior of the element
during the extraction procedure, resuiting in various pitfalls (Nirel and Morel, 1990);
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(iii) chemical extractions are iess selective than expected. For example, when using
a basic extractant, the simultaneous extraction of the element and organic matter is
a well known problem ; (iv) Such speciation is a « photography » of the status of the
element at a given time; a photography is a static representation and can never
document on the evolution, with time, of the system. Nevertheless, chemical
extractions continue to be utilized in soil routine analyses for almost all the
elements.

b) The isotopic exchange method

1. Theory. As extraction procedures significantly modify the adsorption
properties of soil components, they give, finally, wrong conclusions concerning the
amounts of available nutrients. Thus it was of first interest to develop, for
bioavailability assessment, experimental procedures without extraction procedure.
This can be reached using isotopic exchange kinetic method.

The aim of this method is to determine size and kinetic properties of a pool, or
compartment, of an element in a pluricompartmental system without extracting
compartments (Shipley and Clark, 1972; Frossard and Sinaj, 1997). Schematically,
the method consists, taking into account some theoretical and practical constraints
to maintain the system under analysis in steady state, in applying an isotopic tracer
in a given pool and to measure, with time, how it leaves the pool. The
mathematical analysis of the kinetic of the isotope transfer, i.e. the decrease with
time of the amount of radioactivity in the pool where the radioactivity was
introduced, documents on the organization of exchangeable ions and on their ability
to move from one pool to another pool (Shipley and Clark, 1972).

2, Results. Such a procedure was performed for phosphate ions in soil
solution systems in steady state or in soil-soil solution-plant systems. The foliowing
conclusions were obtained :

= Analysis of isotopically exchangeable phosphate ion kinetics shows that
isotopically exchangeable P is made of many compartments. Each compartment of
phosphate ions is characterized by its ability, its mean mathematical time, to be
released from the soil particles into the soil solution. The compartments are
organized as a mamillary system: a central pool, made for a part of the ions in the
soil solution, exchange phosphate ions with all the other pools, each with a kinetic
rate of transfer towards the soil solution (Fardeau et al., 1996)

= Thus, isotopically exchangeabie P can be described using its intensity factor: the
concentration of orthophosphate ions in the soil solution expressed in mgP L™ and
its quantity factor: the amount of instantaneously isotopically exchangeable P,
expressed in mgP kg”, and determined in routine analysis as the amount of P
which is isotopically exchangeable in 1 minute. As a consequence, the capacity
factor, which is the ratio of the quantity factor to the intensity factor, is expressed in

91



L kg'1 : it documents on the maximum volume of solution which can be added to soil
without variations of the concentration. It was shown that, for a given soil, there is a
stable relation between the quantity factor, Q, and the intensity factor, | (Morel et
al., 1995). The general equation linking Q to | is a power function: Q = a P

= More, comparing the isotopic composition of phosphate ions in the soil solution
and that of P in crops grown on soils where the isotopically exchangeable
phosphate ions were labeled, it was shown that the soil isotopically exchangeable P
is the only P source for plant nutrition, i.e. is the available soil P (Morel and
Plenchette, 1994). Thus parameters characterizing isotopically exchangeable P can
also be utilized in order to characterize available soil P.

= Finally, the isotopic exchange kinetic method allows to reach the three required
factors. It add a supplementary factor, the time factor, which is essential for plant
nutrition. This time factor can be expressed either in terms of compartments whose
the ability to leave the solid phase in order to enter into the soil solution is time
depending, either in terms of a mean rate of transfer from soil to soil solution
expressed in mgP mn™ kg'1. Thus it is shown that there is no true border between
available and unavailable nutrient: there is a continuum between instantaneously
available soil P and really slowly available soil P.

3. Extension of the method and the concept to other elements. The
same procedure was applied, in soil-solution systems and in soil-soil solution-plant
systems, to potassium, iron, nickel and zinc ions (Frossard and Sinaj, 1997;
Echevarria et al., 1997). Conclusions derived from experiments were similar to that
obtained for soil phosphate.

4. Conclusion on isotopic exchange procedure. At the opposite to the
extraction methods which know borders, the isotopic exchange method which is
based on an universal and unavoidable physical process, the Brownian motion,
had no border. At the present time, there is no experimental and theoretical
evidence that these results can be extended to all nutrients and elements whose
behavior in soil-plant systems is mainly controlled by physico-chemical processes.
Nevertheless, there is also no reason which can proof the opposite. This approach
can be considered as a universal one (Naidu ef al., 1997) and thus a reference
method which could be utilized to test the capability of extraction methods to
extract, from soils, really available soil elements.

3.3. Assessment of the contribution of organic wastes to availability of a
given nutrient

Organic by-products as sewage sludges, farmyard manures or pig slurries applied
in soils can increase bioavailabilty of elements because they contain available
nutrients or nutrient which can be made available following organic compound
mineralization. But organic compounds can also modify availability because some
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of them, and sometimes mineral compounds as calcium oxide added to wastes,
modify mineralization rates and processes (Thien and Myers, 1992) or the ability of
soils to fix, or to release, the native nutrients. In such situations the contribution of
each source to the total element uptake cannot be determined with field, or pot,
experiments and measuring element uptake. The only way to determine the
contribution of each source, wastes or soil, is the labeling of one of the two
available sources: that of the soil or that of the wastes (Fardeau et al., 1996). As
isotopically exchangeable ions in a soil-plant system are the available soil ions, the
labeling can be made using isotopic exchange (Fardeau et al., 1996). In order to
avoid pot experiments with isotopes, which are always time and money consuming,
the contribution of the two source can be obtained, after labeling of one of the two
sources, analyzing the isotopic composition of the element in the soil solution. This
method can be applied to forecast the contribution of P applied to a soil to the P
nutrition of crops (Morel and Fardeau, 1991).

3.4. Case studies

Organic wastes are the main scope of this conference. Due to their very large
varieties, as they are issued: (i) from agriculture as crop residues, farmyard
manure, slurries, (ii) from towns as rough residues compost or sewage sludges
derived from a lot of different treatments, (iii) from industry as ashes of wood, and
to the number of essential nutrients, about 20 (Loneragan, 1997), an exhaustive list
of results is impossible (Sharpley and Smith, 1995 ; Bril and Salomons, 1990).
Some examples are presented below.

a) Potassium.

Potassium ions never link with organic compounds, except for example with an
organic chemical reactant called tetraphenilboron. Thus, potassium is present as its
ionic form in most of organic wastes, as crop residues, composts, sewage sludges,
slurries (Bernal et al., 1993a; Martinez, 1994) urine and farmyard manure. Thus,
when the wall cell of living organisms become porous at death, potassium is
released in the soil solution (Japenga and Harmsen, 1990). Therefore potassium
applied with organic wastes has to be considered as a K fertilizer (Castillon, 1994),
and can be, for a part, leached (Martinez, 1994) when applications are significantly
greater than the needs of plants. It has to be also repeated to farmers that straw, or
crop residues as sugar beet leaves, are the first K fertilizer for the following crop
which has to be taken into account in the balance of the agrosystem.

b) Phosphorus
P can be a limiting factor for crop yields on soils and, at the opposite, P is also
involved in eutrophisation processes in surface water. P is a non renewable
resource and has to be recycled. Therefore P is one nutrient which has been
intensively studied. The main results are summarized as follows:
e P in crop residues: The percentage of utilization of P included in crops
residues is of the same order or slightly higher than that of water-soluble
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P fertilizers. Thus the amount of P in crop residues has to be taken into
account in balances of nutrients at field, farm or country scales.

P in animal wastes: P contained in animal wastes is due to feeds which
contain inorganic phosphate and Ca-Mg phytate, an organic compound
(Cromwell, 1992). The major part of P absorbed by animals is rejected on
the same chemical form. Nevertheless, in soils which received animal
organic wastes, only inorganic phosphate content increases (Robinson et
al., 1995). Phytate is often quickly hydrolyzed by soil microorganisms with
exo-enzymes and inorganic phosphate is released. As a consequence,
availability of P in animal wastes is of the same order of magnitude as that
of P in water-soluble P fertilizers (Bernal ef al., 1993b). Thus the amount
of P to be applied, as animal wastes, for crop production has to be, at
year scale, no greater than that applied as P fertilizer. When P is applied,
as animal wastes, in amounts significantly higher than that taken up by
crop, the content of available soil P increases drastically, whatever the
soil type (Coppenet et al., 1993; Fardeau et Martinez, 1996).

P in sewage sludges: P availability in sewage sludges depends on the
industrial processes of obtaining sludges. In biological sludges, P which is
included in bacterial cells, is available as phosphorus in all residue
derived from living organisms. When successive treatments as iron or
aluminum chloride addition, and/or heating for sterilization, occur the
concentration of phosphate ions in sludge soiution decreases; and
simultaneously P bioavailability in sewage sludges decreases: P can
become almost unavailable for plants. There is, for 10 years,, an increase
of P content in sludges which results of increasing dephosphatation
processes using chemicals; but simultaneously P availability for plant
decreases. At the present time, we have to choose between a water clean
after sludge production where the risk of eutrophisation is really limited
with a decreasing P availability in sludges with less interest for its
recycling and, at the opposite, a high P availability in siudges and a high
risk of water eutrophisation. This case shows the struggle of interests
between surface waters and cropped fields.

P in composts and municipal refuses. P availability in composts is
generally lower than that of P in sewage sludges (Faisse, 1996).

P in industrial wastes. Wood is sometimes utilized to produce heat and/or
energy, for example in paper paste industry. In such case, P, and K, are
found in ashes. P availability, due to the heating which transform free
phosphate ions into little soluble P, is very low.

P in bones. Bones are also derived from living organims and have been
the first P fertilizer recognized. But the availability of P in bones is very
low: phosphate ions are included in very well crystallized apatite. Further
bones were collected to be dissolved with sulfuric acid. It was the birth of
water soluble phosphate fertilizer industry.
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However that may be, P availability decreases when the time of contact between
soil components and P applied as organic wastes increases, similarly to inorganic P
fertilizers (Larsen, 1974).

c) Nitrogen

Nitrogen of organic wastes is unavailable for plants; but it becomes
phytoavailable following microbial mineralization. The rate of mineralization,
which depends on a lot of factors, controls the behavior of organic nitrogen in soils
and its transformation into phytoavailable N. *°N-isotope was sometimes utilized in
order to follow the behavior of organic nitrogen derived from sludges and other
organic residues (Fardeau et al., 1976; Béline et al., 1998). Recently, this isotope
was utilized in order to determine, with pig slurry, the contribution of two very
important processes, ammonia volatilization and denitrification, to the
biogeochemicai cycle of nitrogen (Chadwick et al., 1998): applying « N pig slurry »
on soils in June and October, about 6 % were volatilized, 23 % became in N,O, a
pollutant gas and 12 % turned into N..

d) Microelements

The fate of micronutrients, and some of microelements, the potentially toxic
elements (PTEs), is studied due to potential risks for living organisms (Morel et al,
1997). It was explained that organic matter either fixes heavy metals and make
them unavailable or, at the opposite, that microelements are released more easily
than without addition organic compounds (Smith, 1996). It was shown, for example
that applications of biosolids as sludge (Sloan et al., 1997) and heavy applications
of pig slurries increased significantly Cd, Zn and Cu which are extractable using
various chemicals (Coppenet et al., 1993; L'Herroux et al., 1997). But even when
amounts of microelements extracted by a chemical increases, the element uptakes
can be unvarying (Cabral et al., 1998). But, with such an experimental procedure,
there was no mean to assess the contribution of sludges to the variations of
availability of elements and to determine the causes and the origin of such
increases: increasing mobility and availability of native elements in soils or uptake
of these elements from applied pig slurries.

Isotopes were also utilized to study the fate of PTEs (Fardeau et al., 1976).
Whatever regulation difficulties, often more difficult to solve than safety precautions
! to carry out experiments with gamma-emitter isotopes, the isotopic exchange
method could quickly provide knowledge on the fate of such elements whose
chemical speciations and measurements are always difficult and time consuming
(Echevarria, 1996; Echevarria et al., 1997). Thus, when applying this isotopic
method in soil samples taken in experimental field which received heavy
applications of slurries, it was shown that the amounts of directly available Zn
increased (Frossard and Sinaj, 1997). Generally the capacity factor of soil for a
given ion decreases when the amount of instantaneously available nutrient
increases. But, in this soil the capacity factor for Zn ions increased though amount
of available Zn increased. In this long term field experiment a liming increased more
the capacity factor for Zn than the Zn application with slurry decreased the capacity
factor. Finally, as for P (Morel et al., 1994), some agricultural management
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practices can modify the fate of microelements more than an application or an
uptake of these microelements.

4. Management strategies and needs for the future

In the past, the « town Man » move away its organic wastes and its personal
residues, balance of his metabolism, sometimes towards the farmer fields,
sometimes towards the rivers ! firstly far from its home. This ancestral management
practice was the first « natural » recycling. At the present time at the earth scale,
resources necessary for food production have shown a disquieting deterioration
(Biswas, 1994). Some of these resources, as phosphorus, are non renewable
element at the Man life scale. Therefore, a recycling, through soils, of most of our
organic wastes, which contain more of the inorganic nutrient taken in soil with food
harvests, has to be recommended. Interesting fact: this « disposal and removal »
method has the lower cost ! But for some elements, as most of the PTEs, their
contents in waste dry matter are higher than in soils. In such case, their total
contents in soil increase.

Assessment of phytoavailability of elements would required understanding of
mechanisms involved in transfer from soil components to roots (Barber,
1995)..Applying this comment to organic wastes, the problem could be summarized
as follows :

1. These wastes contain organic and inorganic components.

2. The behavior of inorganic compounds is the same than that of mineral
fertilizers and depends on the result of the competition between soil and
plants for the nutrients.

3. In the context of this symposium only organic part of wastes is examined.
Able to transform organic compounds into inorganic nutrients, soil
microorganisms are the key for recycling (Coleman et al., 1983; Eliott
and Coleman, 1988; Kucey et al., 1989; Thien and Myers, 1992; Brussard
et al, 1997).To become available, elements present in organic wastes
have to be firstly released from biological structures, as cells, or/and
hydrolyzed. This step can be, at the first year scale following the
application, a limiting factor for nitrogen release but most of the other
inorganic elements remain finally most available for crops than those
applied as mineral fertilizers.

Could an accurate availability assessment of nutrient and microelements improve
management policies of organic wastes ? We have to said: YES. The bioavailability
concept is now well known and the isotopic exchange method gives life to the
concept and makes the knowledge on nutrient bioavailability increases. It was
shown that there is a continuum from available to unavailable nutrient.
Nevertheless : (i), methods of soil routine analysis utilized to transform the
bioavailability concept into reality are scarce; (ii) there is a continuous difficulty for
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Man to modify its thinking habit: its is easier to speak on a quantity that to speak on
ability for an element to be released from soil, with time. An evolution of methods
applied to document on bioavailable elements, using new concept and knowledge
have to be introduced in the routine analysis methods, is now required to improve
fertilizer and wastes management. This is the first need for the future.

Have organic wastes, because they contain plant nutrients known as non
renewable resources, to be applied in soils when the amounts and the availability of
nutrients in soils can easily satisfy the plant needs ? The better response could be
probably: NO. In such cases, such management practices result, for example, in
nitrate pollution by leaching (Cheverry, 1992) in ground waters and in nitrogen and
phosphate pollution in surface waters by run-off (Robinson et al., 1995). These
facts mean that management policies of organic wastes, whatever their origins,
have to take into account, not only availability of nutrients in the wastes, but also
their availability in soils. This could be a second need which concerns mainly
developed countries.
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Abstract

Field experiments and pot incubation studies were used to quantify nitrogen (N)
mineralisation from the organic fraction of farm manures. A methodology was
developed to ‘strip’ manures of their readily available N contents to reduce the
masking effects of readily available N on mineralisation measurements. In the pot
incubation study the greatest N mineralisation was from a layer manure (55% of
total organic N applied) and a pig slurry (37%), and least from a dairy slurry (2%)
and beef FYM (6%). The amount of organic N mineralised was inversely related to
the carbon.organic N ratio of the manures (P<0.01). Results from the 3 field
experiments on contrasting soil types were in general agreement with the pot
incubation studies with the largest amount of mineralisation occurring on the layer
manure and pig slurry treatments and least following cattle slurry and FYM
additions. Models that predicted between 10 and 20% of manure organic N would
mineralise in the season following application provided the best agreement with
field measurements, although none of the models successfully predicted
mineralisation differences between manure types.

Key words: Farm manures, organic nitrogen, mineralisation, modelling

Résumeé

Des essais au champ ainsi que des incubations en pots ont été utilisés pour
quantifier la minéralisation de la fraction azote organique des déjections animales.
Une méthode a été développée pour « appauvrir » les déjections de leur fraction
azote minéral disponible afin d'éviter les interférences sur les mesures de
minéralisation. Dans les essais d'incubation en pots, le taux maximum de
minéralisation est obtenu a partir du fumier de volailles (55% de I'N organique total
apporté) et du lisier de porc (37%), alors que des taux plus faibles furent obtenus
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avec le lisier bovin (2%) et le fumier bovin (6%). La quantité d’azote organique
minéralisé est inversement corrélée au ratio carbone sur azote organique des
déjections (P < 0.01).

Les résultats issus de 3 essais au champ sur des sols différents confirment les
observations en laboratoire. Les modéles qui prédisent qu'un taux de minéralisation
compris entre 10 et 20% sera obtenu au cours de la saison suivant I'épandage
corroborent les résultats obtenus au champ, mais ne permettent toutefois pas
d'expliquer les différences entre les différents types de déjections.

Mots-clés : Déjections animales, azote organique, minéralisation, modélisation.

1. Introduction

In the UK, applications of animal manure to agricultural land supply ca. 450,000
tonnes of nitrogen per annum, of which ca. 300,000 tonnes are estimated to be
present as organic N and ca. 150,000 tonnes in readily plant available N forms
(principally ammonium and uric acid-N). Typically, 75-90% of the total N content of
straw-based farmyard manures (FYM) is present as organic N, 50-60% for poultry
manures and 40-50% for slurries (MAFF, 1994).

Research in the UK has largely focused on readily available N forms as these have
the greatest influence in the short-term on crop fertiliser N supply, ammonia
volatilisation and nitrate leaching losses (Jarvis and Pain, 1990; Unwin et al., 1991;
Chambers et al., 1997). in the longer-term, organic N mineralisation will have
increasingly important effects on N supply, particularly in situations where repeated
manure applications are made to land. If mineralisation of the applied organic N
occurs during periods of crop growth (spring-summer) fertiliser N requirements will
be reduced, but if mineralisation occurs during the autumn-winter period, nitrate
leaching and denitrification losses are likely to increase.

This paper describes results from pot incubation and field studies to quantify N
mineralisation from the organic fraction of farm manures. Mineralisation
measurements at the field sites were compared with values predicted by selected
manure N models.

2. Methodology

Quantifying organic N mineralisation is complicated by the presence of often large
quantities of readily available N (principally ammonium-N and for poultry manures,
uric acid -N). Methodologies involving sedimentation (for slurries) and controlled
drying were developed to “strip” the manures of their readily available N contents.
The techniques were effective for the pot incubation studies (17 manure samples)
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and field experiments (9 manure samples) at reducing the readily available N
content of the cattle manure samples to < 1% and < 5% of total N, for the pig
manure samples < 2% and < 10%, and for the poultry manure samples < 3% and <
10%, respectively.

2.1. Pot incubation studies.

N mineralisation from the organic N fraction of 17 manures (3 cattle slurry, 3 cattle
FYM, 3 pig slurry, 4 pig FYM and 4 poultry manures) was measured under uniform
conditions of light (16 hour photo period), temperature (18°C days and 12°C
nights) and soil moisture status (60% of moisture holding capacity) for a period of 6
months. The ammonium -N “stripped” manures were mixed with a loamy sand
textured soil in pots 16.5 cm x 16.5 cm x 20 cm), and sown with perennial ryegrass
(Lolium perenne L.). The treatments were arranged in a randomised block design
with three replicates of each treatment.

The manures were analysed for dry matter, organic carbon (C), total N, ammonium-
N and for poultry manures, uric acid-N. Target applications were 200 kg/ha total N
with additional phosphorus, potassium and sulphur applied in solution to the pots to
ensure that grass growth was not limited by an inadequate supply of major nutrients
other than nitrogen. Six grass cuts were taken during the experiment, with the
ryegrass N offtakes used as a measure of organic N mineralisation.

2.2. Field studies

In June 1996, field experiments were established at 3 sites with contrasting soil
types and climatic conditions (Table 1), to measure N mineralisation from the
organic N fraction of 9 farm manures (2 cattle slurry cattle FYM and pig FYM, 1 pig
slurry, layer manure and broiler litter) and six inorganic N treatments (0-150 kg/ha).
There were 3 replicates of each treatment in a randomised block design.

At each site, ammonium-N “stripped” manures were applied to the plots (3 m x 10
m) prior to the establishment of perennial rye grass. The manures were left on the
soil surface for 48 hours after apzplication to encourage further ammonia
volatilisation before incorporation. 1 m“ mesh squares were placed randomly on
each plot before application so that samples of the manures could be collected at
the time of soil incorporation. The manure samples were analysed for dry matter,
total C, total N, ammonium-N and for poultry manures uric acid-N, so that the
amount of N applied to each treatment couid be quantified (Table 2). At ADAS
Rosemaund, extremely dry weather after the experiment was set up meant that the
grass did not germinate. Grass was satisfactorily established on the plots in
February 1997.

103



Site Soil texture Average annual Topsoil total N | Topsoil organic
rainfall (mm) (%) matter (%)
ADAS Gleadthorpe Loamy sand 650 0.04 1.7
ADAS Rosemaund Silty clay loam 800 0.20 2.9
IGER North Wyke Sandy loam 1000 0.08 1.8
Table 1.

Soil type, cropping and average annual rainfall

Between June 1996 and June 1997, 5 grass cuts were taken at Gleadthorpe and 4
at North Wyke. The late grass establishment at Rosemaund meant that only 1 cut
was possible.

Total N loading (kg/ha)
Treatment Gleadthorpe North Wyke Rosemaund
Cattle FYM 1 526 632 1366
Cattle FYM 2 901 848 824
Pig FYM 1 863 1031 816
Pig FYM 2 794 861 1024
Cattie slurry 1 172 364 231
Cattle slurry 2 676 724 569
Pig slurry 577 543 639
Layer manure 674 364 326
Broiler litter 659 638 444
Table 2.

N loadings at each field site following application of ammonium-N stripped manures

Porous ceramic cups (Webster et al., 1993) were instalied at 90 cm depth on each
manure treatment (4 per plot) to measure nitrate leaching losses. Drainage
estimates were made using the IRRIGUIDE meteorological model (Bailey and
Spackmann, 1996) with leachate samples collected every 2 weeks or following 25
mm of drainage whichever occurred sooner, for nitrate-N analysis. Nitrate-N
concentrations in porous cup samples were combined with drainage volume
estimates between the sampling dates to measure nitrate-N leaching losses (Lord
and Shepherd, 1993). Soil temperatures were measured daily and soil moisture
contents monthly.

The sum of plant N uptakes and nitrate leaching measurements on the control was
subtracted from those on the manure treated plots to quantify organic N
mineralisation. The mineralisation measurements were corrected for the small
amount of readily available N applied in the manures.

Dry matter yields on the manure treatments in year 1 were compared with the

yields on the inorganic N treatments to calculate the fertiliser equivalent value of the
mineralised organic N.
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2.3. Modelling

Field assessments of manure organic N mineralisation at Gleadthorpe and North
Wyke were compared with predictions from N-CYCLE (Scholefield et al., 1991),
MANNER (Chambers et al., 1998) and other manure models; Beauchamp and Paul
(1989), Bhat et al., (1989) and Diltz et al., (1990).

3. Results and discussion
3.1. Pot Incubation studies

Net N offtakes were greatest from a layer manure (115 kg/ha N) and a pig slurry
(60 kg/ha N) and least from a dairy slurry (3 kg/ha N) and a beef FYM (13 kg/ha ).
During the 60 days following incorporation of the manures, net immobilisation was
measured on the dairy slurry and beef FYM treatments. By the fourth harvest (120
days), the mineralisation rates had decreased to iow, relatively constant levels for
all manure types.

70 .
60 1
50 1
40

Dairy Beef

30 4

% organic N applied

S S FYM S FYM FYM § S S FYM FYM FYM FYM BLIT BLIT BLIT LAYF

Notes S = slurry, FYM = farmyard manure, BLIT = broiler litter, LAY = layer manure

Figure 1
Mineralised from different manure types.
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C : organic N ratio

16
T [ y=-0.14x + 14.04
n 12=40%
14

P<0.01

2-
0 ‘: T + t : . i
0 10 20 30 40 50 60
N uptake as % of organic N added
Figure 2

Relationship between %N mineralisation and C : organic N ratio.

The % organic N mineralised (Figure 1) was greatest from a layer manure (55%)
and a pig slurry(37%) and least from a dairy slurry (2%) and a beef FYM (6%). The
amount of organic N mineralised was inversely proportional to the C:organic N ratio
of the manures (P <0.01, r*= 40%,), - Figure 2.

3.2. Field studies

N uptake

At Gleadthorpe, uptakes of mineralised organic N were greatest on the pig slurry
and layer manure treatments with 265 and 200 kg/ha N taken up respectively
between June 1996 and June 1997, respectively. On the cattle FYM-2 and pig
FYM-2 treatments, there was no net N mineralisation between the first and fourth
sampling dates (8 months). Net N uptakes on these treatments were 30 and 23
kg/ha N, respectively.

At North Wyke grass N uptakes were generally greater than at Gleadthorpe for all
the manure treatments which may reflect warmer soil temperatures in the autumn
following application (Figure 3). Between June 1996 and June 1997, the greatest N
uptakes were measured on the layer manure and pig FYM-1 treatments at ca. 339
and 323 kg/ha N, respectively. The lowest N uptakes at 36 kg/ha N was measured
on the cattle slurry -1 treatment. N uptake on the other treatments ranged between
145 and 280 kg/ha N.
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Figure 3

Cumulative day degrees above 5°C at 10 cm soil depth.

At Rosemaund, N uptakes were lower than the other sites because of the late grass
establishment. The greatest uptake was 140 kg/ha N measured on the pig slurry
treatment and least 27 kg/ha on the cattle slurry - 2 treatment.

At all three sites net N mineralisation was continuing 18 months after the manures
had been applied.

Nitrate leaching

At Gleadthorpe and North Wyke, nitrate leaching losses from the cattle FYM, cattle
slurry and pig FYM-2 treatments were similar at ca. 5 kgtha N. Losses on the pig
FYM-1, pig slurry and poultry manure treatments were ca. 10, 15 and 20 kg/ha N at
Gleadthorpe, and 25, 50 and 10 kg/ha N at North Wyke, respectively. The failure to
establish a grass cover at Rosemaund meant that there was no plant N uptake
before drainage began over winter 1996/97 and as a consequence nitrate leaching
losses were overall greater than at the other sites in the range 25-50 kg/ha N.

Mineralisation

Generally, organic N mineralisation (sum of net plant uptake and net N leached)
was greatest following the pig slurry and layer manure applications, with 52% and
36% of the applied organic N mineralised at Gleadthorpe, and 67% and 60% at
North Wyke, respectively. At Rosemaund the greatest amount of mineralisation
occurred on the cattle slurry-2 treatment (31%) followed by the pig slurry treatment
(25%), Figure 4.
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Figure 4
Net mineralisation between June 1996 to June 1997.

The field mineralisation measurements were in general agreement with those
obtained in the pot incubation study, although it was not possible to establish a
relationship between the field N mineralisation measurements and C : organic N
ratio of the applied manures.

In the first growing season following application (i.e. six months from June to
December), grass dry matter yieids on the cattle FYM - 1, cattle FYM -2 and cattle
slurry - 2 treatments were equivalent to those from inorganic fertiliser N applications
of 96, 101 and 117 kg/ha N at Gleadthorpe and 88, 102 and 84 kg/ha N at North
Wyke, respectively. Dry matter yields on the pig FYM-2 treatment at Gleadthorpe,
the pig FYM -1 and broiler litter treatments at North Wyke were equivalent to 121,
129 and 89 kg/ha fertiliser N applications, respectively. It was not possible to
calculate fertiliser N equivalents for the other treatments because dry matter yields
exceed those of the 150 kg/ha fertiliser N applications. At Rosemaund failure to
establish a grass crop meant that it was not possible to determine fertiliser N
equivalents in the first season following manure application.

Modelling

The field measurements of N mineralisation at Gleadthorpe and IGER (June 1996
to June 1997) were compared with model predictions. Comparisons of the field
measurements and model predictions for cattle FYM-1, layer manure and pig slurry
treatments are shown in Figure 5 and Figure 6.
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in general, the best quantitative predictions were provided by N-CYCLE, MANNER
and the Beauchamp and Paul (1989) model. This was because these models
estimated that between 10 and 20% of the organic N was mineralised in a first
growing season after application. The Bhat et al. (1989) and Dilz et al. (1990)
models over estimated mineralisation under these conditions, because they
assumed that 80% and 46% respectively of the organic N would mineralise. None
of the models were able to predict mineralisation differences between the manure

types.
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Abstract.

Carbon mineralization and nitrogen biotransformations were studied in a laboratory
experiment, for 24 days, at 16°C. Thirteen pig slurries and five cattle slurries were
labelled with ("°NH,),SO, and added to a loamy soil (S,, pH 5.4 organic matter 2%)
and to two loamy sand soils (S, et S;, pH 6.7 and 5.5, organic matter 3.9%).

The rates of organic carbon mineralization of the slurries were high, and
significantly higher in S,, compared to S, and S; soils. Carbon mineralization was
well described by a two-compartment model, the first compartment being the
soluble fraction of organic matter determined by Van Soest's method, and the
second corresponding to the non-soluble fraction. The high level of carbon
decomposition strongly stimulated the immobilization of ammonjum. Gross
mineralization also varied greatly with soils and slurries. Net mineralization was
observed for all treatments, on S,;, whereas net immobilization was observed in 28
% of cases, and concerned mainly treatments on S;. Nitrification of the ammonium
in slurmes was complete on day 24 on S, and S, but not on S; soils ; rates of
nitrification varied greatly between soils, during the active phase of nitrification
following the latent period.

A simple model describing nitrogen and carbon fluxes was constructed from the
relationships between the chemical and biochemical composition of the slurries,
carbon and nitrogen mineralization and nitrogen immobilization.

Key words : slurry, °N, nitrogen biotransformations, carbon mineralization

Résumé

La minéralisation apparente du carbone et les biotransformations des formes
azotées du lisier ont été étudiées en laboratoire, sur une durée de 24 jours, a la
température de 16°C. Treize lisiers de porc et cinq lisiers de bovin enrichis en azote
15 par addition de (*°NH,),SO, ont été apportés sur un sol limoneux (S, de pH 5,4
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et de taux de matiére organique 2%) et deux sols limono-sableux (S, et S;, ayant
respectivement un pH de 6,7 et 5,5 et de taux de matiére organique égaux 3,9%).

Le taux de minéralisation du carbone organique des lisiers est significativement
supérieur sur S,, comparativement a S, et S;. La minéralisation du carbone en fin
d’expérience est bien décrite par un modéle comprenant deux compartiments
correspondant a : i) la fraction soluble déterminée par la méthode Van Soest, et ii)
la fraction insoluble. L'importante activité de décomposition du carbone organique
stimule fortement I'immobilisation de 'azote ammoniacal, qui représente 20 a 70%
de I'azote ammoniacal apporté, le jour 24.

La minéralisation brute du systéme sol-lisier varie fortement selon les sols et les
lisiers. On mesure un flux de minéralisation nette pour tous les traitements, sur S, ;
on observe par contre une organisation nette de I'azote dans 30% des cas, sur les
sols 2 et 3.

La nitrification de 'ammonium des lisiers est achevée e jour 24, sur S, et S;, mais
pas sur S, ; les vitesses de nitrification varient considérablement selon les sols, au
cours de la phase active succédant a la phase de latence.

Les relations établies entre la composition chimique et biochimique des lisiers, la
minéralisation du carbone et de I'azote et I'immobilisation de I'azote permettent de
proposer une modélisation simple des flux d’azote et de carbone, & la fin de la
nitrification de I'ammonium du lisier.

Mots-clés : lisier, "°N, biotransformations de I'azote, minéralisation du carbone.

1. Introduction

Nitrate availability after slurry landspreading is determined by : i) the amounts of
ammonia and organic nitrogen supplied, and ii) the rates of gaseous losses, rates
of nitrification/immobilization of ammonia, and mineralization of the slurry organic
nitrogen. Morvan et al (1996, 1997) showed in field experiments that gross
immobilization / mineralization processes were high and mainly occurred during the
first few days following the slurry spreading and that nitrification also occurred
rapidly, but after a lag period.

Nitrogen transformations after addition of crop residues to soils have been
investigated in many studies. Immobilization and mineralization appear to be linked
to carbon decomposition, and mainly depend on : i} chemical and biochemical
composition of the fresh organic matter (Azam et al, 1985, Mary et al, 1996), ii) the
availability of inorganic nitrogen during C decomposition (Recous et al, 1995), iii)
the accessibility of organic matter to the microbial biomass (Darwis, 1993, Angers et
al 1997), and iv) soil characteristics (Nicolardot et al, 1986, Sparling et al, 1996).
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The composition of slurries differ markedly from those of crop residues ; it can be
presumed that the rates of C and N transformations may differ significantly from
those observed with crop residues. Kirchmann and Lundvall (1993), for example,
observed a different pattern of inorganic nitrogen evolution after addition of slurries
to a soil than that usually measured after crop residues incorporation (Mary et al,
1996).

Pig and cattle slurry composition is characterized by great variability, due to : i)
animal species, age and feed supply, and ii) aerobic or anaerobic transformations
of the organic matter during storage (Van Faassen and Van Dijk, 1987). In fact,
Kirchmann and Lunvall (1993) showed that the rates of nitrogen transformations
differed significantly both between pig and cattle slurries, and between fresh or
digested pig slurries.

Since there is little published information about the effect of slurry composition upon
carbon and nitrogen transformations after the addition of slurry to soils, the purpose
of our experiment was to study this effect, on a time scale corresponding to the
duration of nitrification of the ammonia fraction of the slurry.

It is also becoming increasingly necessary to design and validate simple
operational dynamic models, for prediction of the amount and rates of
« production » of the nitrate available after slurry spreading. Such simple models
could be useful for « tactical » decision support systems, and enable the decision
makers to optimize the agronomic utilization of slurries, to calculate the risk of
pollution. We propose therefore a simple model describing short term C and N
biotransformations.

2. Material and methods
2.1. Slurry composition and soil characteristics

Thirteen pig and five cattle slurries were sampled in farms around Rennes, in
Brittany. pH, dry matter content, ammonia (N-NH,") and total nitrogen (N,y), total
inorganic (TIC) and organic (TOC) carbon contents were determined. These
parameters were characterized by a considerable variability (table 1), in agreement
with the results of Sommer and Husted (1995). The C:N ratios of the organic
fraction were rather low, and ranged from 8.2 to 27 ; the neutral detergent soluble
fraction, obtained by Van Soest’s method (Linéres and Djakovitch, 1993), trended
to be higher than the soluble fraction of crop residues.
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minimum maximum median mean

pH 6.8 8.8 7.6 7.6
dry matter s%) 19 19.2 1.4 1.8
N-NH, (g I'") 0.26 5.34 3.1 3.2
Nt (g I ) 0.87 9.60 6.1 5.7
TIC(gI™) 0.02 2.27 0.91 0.85
TOC (g!™) 13.30 81.30 345 385
TOC:Nyy 3.7 17.2 8.0 7.9
TOC : Norg 8.2 27.2 16.2 16.2
SOL (% TOC) 38 85 50.3 52.0
Table 1.

Statistical parameters calculated from chemical and biochemical analyses
of the eighteen slurries

The characteristics of the three soils are given in table 2.

Soil 1 Soil 2 Soil 3
Clay 14.3 19.3 18.5
Silt 72.7 48.8 446
Sand 13.0 319 36.9
pH (water) 54 6.7 55
N org (%) 0.120 0.200 0.210
Corg 1.14 2.29 227
OM (%) 2.0 3.94 3.90

Table 2.

Selected physico-chemical characteristics of the three soils
2.2. Incubation procedure

The experiment was conducted at an average temperature of 16°C for 24 days. Soil
samples of 500 g dry weight basis were placed in 2000 ml wide-mouth glass jars.
The ammonium fractions of the slurries were enriched with "N, using a solution of
(("°*NH,),S0,) 10% atom excess, which was thoroughly mixed with the slurry. The
amount of slurry added to the soils were calculated to ensure rates of nitrogen
supply in the soil, comparable with those usually measured in the field, after slurry
spreading. The amounts of ammonia nitrogen added varied from 85 to 95 ppm for
the pig slurries, and from 43 to 63 ppm for the cattle slurries. The soil water content
was adjusted to 199 mg g soil, and remained constant until the end of the
experiment. Each treatment was replicated twice.

CO, evolved was captured in traps containing 15 mi 1M NaOH. The sampling times

were 1,3,8, 14 et 24 days for CO,. The sampling dates were 3, 8 and 24 days for
the inorganic N analysis and were 8 and 24 days for the N analysis.
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2.3. Analytical procedures

The carbonates trapped in the NaOH were precipitated with excess BaCl, ; the
remaining NaOH was assayed by 0.1 N HCI titration using phenolphtalein as
indicator.

The same analytical procedures were used for "N and '°N analysis as in Morvan et
al (1997).

Flux calculations

Gross N rates were calculated using the FLUAZ model described in detail by Mary
et al (1998). FLUAZ combines a numerical model for solving the balance mass
equations and a non linear fitting program for optimizing the N rate parameters. A
single labelled treatment (NH," labelled in our case) was used to calculate the rates
of ammonium and nitrate immobilization (i, and i, respectively), mineralization (m),
nitrification (n) and volatilization (v). FLUAZ use was limited to treatments that
presented a consistent >N balance on days 8 and 24 ; gross nitrogen rates were
calculated for 14, 8 and 11 treatments, on soils 1, 2 and 3 respectively.

The apparent C mineralization rate of the slurry was calculated assuming that the
priming effect was negligible, and that the TIC supplied by the slurries was
volatilized and trapped during the first day.

3. Results and discussion

3.1. Carbon mineralization of the organic fractions of the slurries

Carbon mineralization rates were high during the first five days after the start of the
experiment, and remained significant until day 24 (fig 1). The cumulative amounts
of C mineralized varied widely between the slurries, ranging from 17 to 43 % of the

added C. Carbon mineralization rates measured in soils 2 and 3 were very similar,
and significantly lower than the C-CO, evolved on soil 1.
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Figure 1
Mineralization kinetics observed on soil 1 for the 18 slurries
(similar patterns were observed for soils 2 and 3).

The cattle slurries were characterized by a lower rate of mineralization, in
agreement with the results of Kirchmann and Lundvall (1993). The kinetics also
differed considerably between slurries, the relative differences being higher during
the first few days, compared to those on day 24.

Kirchman and Lundvall (1993) obtained similar kinetics and rates of C-CO,
evolution, after the addition of fresh and digested slurries to a soil. These authors
found that carbon mineralization rates ranged from 20 to 43 %, at 25 °C, twelve
days after slurry incorporation (comparable with our results, on day 24, if a Qqg of 2
for carbon transformations is considered for the 15-25 °C temperature range). The
rate of evolution of C-CO, was also similar to the rates of C mineralization of plant
residues, such as wheat straw (Mary et al, 1996) or maize roots (Azam et al, 1985),
when decomposition was not limited by the soil inorganic N content (Recous et al,
1995).

The initial high rates of C mineralization have been attributed to the rapid
decomposition of the easily decomposable components of applied organic matter of
low molecular weight ; Reinertsen et al (1984) postulated that fresh organic matter
decomposition in the early stages was largely dependent on the sizes of the water
soluble C pool, and of an intermediately available C pool. Our results are in good
agreement with this hypothsesis : we found that carbon mineralization rates were
closely correlated to the neutral detergent soluble fraction, over the first few days
(similar correlation coefficients for all three soils, and equal to 0.95, 0.94 and 0.91
on days 3, 8 and 14 respectively).
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3.2. Gross and net fluxes of nitrogen immobilization and mineralization

The gross mineralization (m) and immobilization (i) fluxes varied widely between
slurries (fig 2) and were mainly apparent during the first eight days, the 0-8 days
mineralization accounting on average for 78 % of the total nitrogen mineralization.
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Figure 2
Comparison of gross nitrogen immobilization and mineralization (ppm)
of slurries, calculated on day 24.

The gross processes depended on soil type, gross immobilization being lower on
soil 1, than on soils 2 and 3, whereas nitrogen mineralization on soil 1 tended to be
intermediate between the higher fluxes measured on soil 2 and the lower ones
measured on soil 3.

Net fluxes were obtained from the difference (m-i), and varied from -11 to +29 ppm
on day 24 ; net mineralization was dominant, and observed for all treatments, on
soil 1. Despite the low C:N ratios of the organic fractions of the slurries, net
immobilization was observed in 29 % of the cases, and mainly on soil 3. These
contrasting results are consistent with those of Kirchmann and Lundvall (1993) ,
who did not find any net mineralization after the incubation of cattle and anaerobic
pig slurry, in contrast to that of fresh and anaerobically digested pig slurry. These
authors also pointed out that the net immobilization occurring during the early
stages was significantly correlated to the concentrations of fatty acids, which could
represent 10 to 30 % of the total C, and act as very rapidly decomposable C
sources.
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3.3. C-N relationships

e Gross immobilization (i) has been related to carbon mineralization in the
following expression (Recous et al, 1995) :

i=— L Coin=R.Cori

rbio.(1-Y)
where r,, is the C:N ratio of the newly-formed microbial biomass, Y the C
assimilation yield, and Cy;, the amounts of C mineralized. The ‘R’ ratio values were
calculated for each soil (table 3), assuming that these remained constant over the
short duration of the experiment.

R Interval confidence R?
95% level
Soil 1 0.076 0.070-0.082 0.78
Soil 2 0.089 0.080 - 0.098 0.85
Soil 3 0.107 0.101-0.114 0.88
Table 3.

Values of R, given by the relationship : i = R.Cmin, confidence interval
at the 95% level, and value of the determination coefficient.

The resuits are consistent with the values calculated by Aita (1996) and Darwis
(1993), during wheat straw decomposition, which ranged from 0.080 to 0.125. The
significantly different values of R indicate variable values of r,, or Y, or both
parameters, between the soils. Assuming that the r,, value was the same for each
soil, and supposed equal fo a usual value of 10, the R values could be used to
calculate Y values of 0.44, 0.47 and 0.52 on soils 1,2 and 3 respectively.

3.4. Nitrification

The few sampling dates didn't permit a fine description of the typical pattern of
nitrification kinetics, usually Follow Mickaelis Menten kinetics (Le Pham et al, 1984).
We did however observe that the lag period was nearly three days on soils 1 and 3,
but shorter on soil 2. This was followed by an active nitrification phase (fig 3).
Ammonium depletion was complete by day 24 on soils 2 and 3, whereas significant
amounts of N-NH, (2-32 ppm) still remained on soil 1. Apparent rates of nitrification
over the 3-8 days period varied greatly between soils, ranging from 6.0 to 9.1 mg N
kg'1 soil on soil 2, and from 2.4 to 3.3, and from 3.2t0 4.2 mg N kg™ soil on soils 1
and 3.

120



% 15N-NO,

100
i
(U e LR R W ,‘
60 U e T o
04 - T T
| —— Soil 1
204t - S KT S |~ soil 2| -
| —— Soil 3
0 ; ( ; .
0 5 10 15 20 25
Time (days at 16°C)
Figure 3.

Plot of the mean percentage of °N-NO,, for each soil (vertical bars indicate
the standard deviation calculated after pooling the treatments, for each soil)

3.5. A simple model of slurry C and N transformations

Previous results were used to make certain assumptions and calibrate a simple
dynamic model describing C and N transformations following slurry addition to soils
during the period of slurry ammonium nitrification (fig 4). Microbial growth,
maintenance and death was not considered in this simplified approach, implying
that remineralization and recycling were neglected. Direct assimilation of organic
nitrogen compounds by the microbial biomass was also neglected. Given these
limitations, the gross immobilization and mineralization could be linked to carbon
mineralization by means of simple stoechiometric relationships (table 4).

121



NH3

kv

q Vv

/ Km H
. &// binit

Norg

=1

—j N biomass g

Y ia in
—\ R N transformations
: - Cmin |lag X
c soL ‘fs'(‘)‘;_"
\Corg — AN
K k2
- C | —
Biomass

C transformations

Figure 4.
Flow chart of C and N slurry transformations after addition of slurry to soils
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Total organic C supplied Corg yg g soil input
C soluble fraction SOL dimensionless  input
Slurry organic N applied Neorg ug g’ soil input
Ammonia supplied NH, ugg  soil input
Corg:Norq ratio rl dimensionless __input
C:N ratio of the soluble fraction rly dimensionless r;=b.n
C:N ratio of the non soluble fraction 1, dimensionless  rl, = f{Corg, SOL, r, rly)
C assimilation yield Y dimensionless  constant / soil
i : Cmin ratio R pgNug” C constant / soil
decay constant rate for volatilization k, day ™’ input
decay constant rate for SOL C pool k;, day ™ constant / soil and slurry
type
decay constant rate for non SOL C  k; day ™ constant / soil and slurry
pool type
specific growth rate of nitrifiers v day ™' constant / soil
rl,:f ratio b dimensionless  constant
Initial nitrifying biomass bngy  cells pg' soil constant / soil
Mickaelis constant Kn ug g” soil constant
Table 4.

Input parameters and relationships used in the model

Relationships

Cmin = (1= Y).[SOL.Corg.(1-€”*"*) + (1- SOL).Corg.(1-¢™**)]

i=ia+in= R.Cmin

m = SOL.Corg.(1- ™) + %.(1 — SOL).Corg.(1-e7**")
Fi2

rh
¢

n= J‘an——lﬂ
2 Kon+ [NHa)
t

v= [ kv.[ NHz]
0
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The following assumptions were made :

the rate of decomposition of the slurry carbon could be described by a two-
compartment model, as suggested by the great variability of carbon
mineralization kinetics and rates. The easily decomposable compartment was
assumed to be the neutral detergent soluble fraction (SOL), the second pool
consisting of the non-soluble fraction,

the C:N ratio of the SOL fraction (r,;) was assumed to be linked to the global C:N
ratio of the total organic fraction of the slurry (rl; = b.rl)

the C:N microbial ratio (r,;,) and the assimilation yield of the microbial biomass
(Y) were presumed to remain constant throughout the experiment.

Nitrification rate was modeled by Mickaelis Menten kinetics ; the effect of pH on the
rate of nitrification was not considered.

The model requires few parameters : i) the amounts of soluble and total organic
carbon supplied by the slurry, i) the amounts of ammonia and organic nitrogen, and
iii) the rate of volatilization. The other input parameters are constants, such as the b
parameter, or depend only on soil type (Y, R, p, bni;), or on the soil and slurry type
(pig or cattle slurry) (k;, k). Such parameters were obtained by numerical
optimization procedures carried out on the data used for the FLUAZ calculations.
The required input parameters are given in table 4.

The main results were that :

the great variability in the kinetics and final rates of C mineralization observed
between slurries could be well described by a two-compartment model (R* =
0.97 between predicted and measured values). Accurate prediction of C
mineralization was obtained by using the same k; and k, decay constants
values for all pig slurries, and the same k; and k, values which differed from
those of the pig slurries, for cattle slurries. This is of great interest for the
purpose of an operational model,

the C-N relationships provided reasonable predicted values for i and m, on days
8 and 24, if the the ratio ri;:rl was equal to 1.23,

the adjusted values of apparent assimilation yield ranged from 0.52 to 0.61 for
the different soils ; they were in good agreement with the values given by many
authors, and explained the differences due to the soil, for i and m,

this simple model was able to provide an accurate prediction of the amounts of
nitrate available during nitrification of the ammonia of the slurry, and reasonable
prediction at the end of nitrification (fig 5).
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Figure 5.
Comparison of measured and predicted amounts of nitrate (g g soil),
on day 24. (blue rounded points were obtained with freatments used to fit the model
parameters; green squared points were obtained with independent datas)

4. Conclusion

We have shown that the great variability observed between the carbon and nitrogen
biiotransformations of different slurries can be related to the chemical and
biochemical composition of these latter.

A simple dynamic model, requiring few parameters, was calibrated on three soils
and gave an accurate description of the short term nitrogen transformations. The
discrepancies between measured and predicted gross N fluxes might be explained
by the fact that remineralization was not taken into account. Further investigations
will need to be made : i) to quantify the turnover and recycling of the microbial
biomass, and ii) to model the effects of the soil characteristics.
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Abstract

An enormous increase of poultry meat production in the last decade increased the
amounts of solid animal manure for use as a fertiliser in arable farming, but only
poor knowledge about the N utilisation from these manures was available. Field
experiments were carried out on three soil types to assess yield and nitrogen effi-
ciency of broiler manure, turkey manure, layer dry manure and, as a well-known
reference, cattle farmyard manure (FYM). Timing of application (autumn/spring) as
well as manure rate and additional fertiliser N were varied. Soil mineral nitrogen at
the end of the growing season was investigated to assess the potential for nitrate
leaching. The cumulative results of the first five-year-period are reported here, and
the following results were obtained :

s Spring application was usually superior to autumn application.

» Nitrogen efficiency of solid animal manures increased with decreasing C/N
ratio. Mineral fertiliser N equivalents for spring application were 12 kg
(cattle FYM), 25 kg (turkey litter), 31 kg (broiler litter), and 49 kg (layer dry
manure). Optimal grain yields were only obtained with additional fertiliser N.

o Soil mineral nitrogen after harvest was within the range of good agricultural
practice.

e From year to year subsequently increasing soil mineral nitrogen after har-
vest indicates a residual effect. Because of annual variation in growing
conditions and thus a varying nitrogen demand, further research is required
to evaluate the residual effects with regard to the development of the nitro-
gen requirement for optimal yields.

Résumé
L’augmentation considérable de la production avicole au cours des dix derniéres

années s’accompagne d’'une augmentation des quantités de fumier utilisées
comme fertilisants sur les terres cuitivées.
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Des essais au champ réalisés sur trois types de sol nous ont amené a préciser le
rendement obtenu et I'efficacité de I'azote apporté suite a 'épandage de fumier de
volailles de chair, de fumier de dindes et de fumier de pondeuses sec, ainsi qu’'un
fumier bovin de référence.

Les dates d'apports (automne, printemps) ainsi que la dose apportée et les engrais
chimigues complémentaires ont été modulés.

L’azote minéral du sol a la fin de la période de culture a été mesuré afin d'évaluer le
potentiel de lixiviation. Les résultats cumulés des cing premiéres années de ce
travail sont décrits dans cet article. Les principales conclusions sont les suivantes :
¢ Les apports de fumier au printemps sont plus efficaces que les apports
d'automne.
o Lefficacité azotée des fumiers augmente lorsque le ratio C/N diminue.
L’équivalent azote minéral pour les apports de printemps s'établit a
12 kg (fumier bovins), 25 kg (fumier dindes), 31 kg (fumier de volailles
de chair) et 49 kg (fumier pondeuses sec). Les rendements optimums
n'ont été obtenus qu’'avec un complément d’engrais chimique.
s L’'azote minéral dans le sol a la récolte correspond a celui attendu par
I'application de bonnes pratiques agricoles.
o Leffet résiduel de I'azote laissé dans le sol doit étre mieux étudié.

1. Introduction

Heavily increasing poultry meat production (broilers and turkeys) during the last
decade and the switch-over of nearly all layer farms from the slurry system to dry
manure led to a strong increase in the amounts of solid manures produced by these
animals. The manures are characterised by high dry matter contents and, hence,
high concentrations of N, P and K which are often underestimated by farmers. Poor
utilisation of nutrients and the risk of nitrate leaching may thus follow wrong appli-
cation. This paper outlines ways to improve solid manure management and tries to
find answers to the following questions :
1. When should solid animal manures be applied?
2. How is the nitrogen efficiency of solid animal manures?
3. Can optimal yields be obtained with solid animal manure alone, or is it nec-
essary to add fertiliser N?
4. What is the effect of solid animal manures on soil mineral nitrogen after
harvest?
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2. Experimental details

Three static field experiments were established in 1993 in the Weser-Ems area,
situated in the Northwest of Germany (average temperature of the year: 8.8 °C;
average annual precipitation rate: 770 mm). Cropping was winter cereals (four
years) and potatoes (one year, 1995). The experimental design was the following
(table 1) :

Factor Treatment
Soil type 1. organic sandy soil
2. sandy soil
3. loamy soil
Manure type 4. cattle FYM
5. turkey litter
6. broiler litter
7. layer dry manure
Application time 8. autumn
9. spring
Application rate 10. ~ 100 kg/ha total manure N
11. ~ 200 kg/ha total manure N (only spring)
Fertiliser N 12. without
13. 40-60 kg/ha N
14, 80 - 120 kg/ha N

Table 1.
Experimental design.

All manures were applied at the same time, in October (autumn application) with
shallow incorporation before sowing and top-dressed in March (spring application).
Spring application to potatoes was before planting, with shallow incorporation. Ta-
ble 2 shows the average manure composition.

% cattle manure turkey litter broiler litter layer dry manure
DM 23.9 52.5 56.9 64.9
Total N 0.6 1.9 29 3.8
NH,-N 0.1 0.8 0.7 0.6
P,Og 0.4 3.1 2.0 3.4
K,O 0.9 2.1 2.1 1.8
C/N ratio 1:14.9 1:12.7 1:8.8 1:6.5
Table 2

Composition of manures, given in % of fresh matter, and C/N ratio.

The nitrogen efficiency of the animal manures was evaluated in comparison to a
fitted response curve, calculated from spring applied fertiliser.
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Fertiliser N was applied at mid of March for all autumn and spring treatments. Plot
size was 42 m? and 21 m? out of these were harvested. Soil mineral nitrogen
(SMN) samples were taken after harvest down to a depth of 90 cm and analysed

for NOJ -N and NH -N.

All treatments were fully randomised within 4 replicates. For the cereal crops, the
results are shown on average of the three experimental sites and the four years.
The statistical analysis showed no significant effect of the soil and the year factor
on the yield. Potatoes were evaluated separately.

3. Results and discussion
3.1. Timing of application

Fig. 1 shows the effect of manure application in autumn and spring on grain yield.
Yield increased in the order cattle FYM < turkey manure < broiler manure < layer
dry manure. The result was the same for autumn and spring application. On aver-
age of the four years, spring application was more favourable than autumn applica-
tion. This was especially true for broiler litter and layer dry manure with their high
content of soluble nitrogen. A high portion of layer dry manure nitrogen (about 30%)
consists of soluble nitrogen (ammonia N and uric acid, CHAMBERS et al. 1994)
which is easily mineralised to ammonium N and further to nitrate N under aerobic
conditions. Soil mineral nitrogen dynamics after autumn application (fig. 2) point
also in this direction. In autumn, soil mineral nitrogen (SMN) increased, due to N
mineralisation in the soil. If cattle manure was applied, the release of nitrogen was
higher than in the unfertilised plots; but it was significantly higher if layer dry manure
was applied. The figure demonstrates also that, from a peak in December, a net
loss of soil mineral nitrogen until spring occurred for all treatments. In this situation,
on a sandy soil and a lot of rainfall over winter, it is supposed that at least a part of
that loss was leached over winter. Differences in SMN amounts between years are
mainly caused by variations in climatic conditions and cropping. In 1995, potatoes
were grown, and mineralisation of the residues led to an enormous increase of
SMN in autumn.
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Fig. 1: Effect of autumn and spring application of
solid animal manures on grain yield

Fig. 2: Effect of solid animal manure application each
year in October on soil minerai nitrogen on a sandy soil.

A lower nitrogen efficiency from autumn application of poultry manures was also
reported by CHAMBERS et al. (1994). They found, however, that on heavy soils in
low rainfall areas, autumn and spring application may not differ in nitrogen effi-

ciency, due to fewer N leaching losses.
3.2. Minerai Fertiliser N équivalents
Nitrogen efficiencies are given as minerai fertiliser N équivalents. h fig. 3, the min-

erai fertiliser N équivalents for autumn and spring application to cereals of 100
kg/ha N as solid animal manures are shown. For cattle FYM (10-12 kg), only a
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small différence could be found between spring and autumn application, due to its
wide C/N ratio and low ammonia N content. For broiler litter and particularly for
layer dry manure, spring application resulted in a much better N utilisation than
autumn application. For application in spring, about 30 kg N per 100 kg of broiler
litter N and about 50 kg N per 100 kg of layer dry manure could be accounted for.

Fig. 3: Effect of autumn and spring application of solid
animal manures to cereals on minerai fertiliser N
équivalents.

Fig. 4 shows the effect of solid animal manures applied to potatoes. Spring applica-
tion was much better than autumn application. With spring application, fertiliser N
équivalents of 60-80 kg fertiliser N per 100 kg manure nitrogen could be obtained.
However, this is only the resuit from a single harvest, but results with cattle FYM
carried out in the past by various researchers show a better nitrogen utilisation by
root crops like potatoes and sugar beet compared to cereals. Nitrogen minéralisa-
tion in spring cornes usually too late to be of great importance for cereal nutrition.

Fig. 4: trrect ot autumn and spnng application of solid
animal manures to potatoes on minerai fertiliser N
équivalents.
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3.3. Addition of minerai fertiliser N

In the experiments, two manure N rates (100 and 200 kg/ha N) were each com-
bined with three rates of fertiliser N (none, 40-60 kg/ha or 80-120 kg/ha N). Fig. 5
shows the effect on grain yield if either 100 kg/ha manure N or two différent rates of
fertiliser N had been applied additionally to 100 kg/ha of manure N applied in
spring. For cattle FYM and turkey litter, the effect of additionally 100 kg/ha manure
N (i. e. 200 kg/ha manure N in total) was smaller than the effect of additionally 40-
60 kg/ha fertiliser N, whereas for broiler litter and for layer dry manure, additional
manure N was able to increase the grain yield in about the same way as the small
fertiliser N rate. A rate of 80-120 kg/ha fertiliser N increased the grain yield of ail
kinds of manure to about the level of optimum N fertilisation (max. yield). This yield,
however, was obtained with a N rate of 130 kg/ha on average of the years. Addi-
tional fertiliser N was more efficient in those manures which were low in soluble
nitrogen and high in C/N ratio, like cattle FYM and turkey litter. In génerai, it makes
sensé not to cover the crops' nitrogen demand with animal manure alone since this
would lead to an over-supply with other nutrients like phosphorus and potassium.

Fig. 5: Effect of either manure N or fertiliser N applied
additionally to 100 kg/ha manure N on grain yield.

3.4. Soil minerai nitrogen after harvest

Rates of 100 kg/ha manure nitrogen (applied in spring) + 100 kg/ha minerai fertiliser
N left about 50-60 kg/ha soil minerai nitrogen (SMN) after harvest (fig. 6); the
amount of SMN after application of poultry manures exceeded the amounts from
the optimal N treatment. From year to year subsequently increasing soil minerai
nitrogen after harvest indicates a residual effect (fig. 7). Because of annual variation
in growing conditions and thus varying nitrogen demand, further research is re-
quired to evaluate the residual effects with regard to the development of the nitro-
gen requirement for optimal yields.
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Fig. 6: Effect of spring application of solid animal
manures (100 kg/ha N) + 100 kg/ha additional fertiliser
N to cereals on soil minerai nitrogen after harvest

Fig. 7: Increase of soil minerai nitrogen after harvest during
the experiment (solid animal manure without additional N).
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Abstract

In the long-term field experiment at Prague-Ruzyne (since 1955), the effect of
different organic fertilizers (farmyard manure, pig slurry, cattle slurry, poultry slurry,
straw, compost) on the plant yields, nutrient uptake and nutrient status in soil has
been investigated. In comparison to the variant with farmyard manure, a pig slurry
application had the similar positive effect (direct for root crops and subsequent for
cereals) on the nitrogen balance, nutrient efficiency and crop yields. Nitrate
leaching and crop response to applied nitrogen has been studied in another field
experiment on three different sites with annual application of various doses of pig
slurry. The efficiency of N from slurry was practically identical to the efficiency of
nitrogen from equivalent doses of industrial N-fertilizer, especially on clay loam and
loam soils, but it was 2-3 times loer on sandy-loam soil.

The effect of different organic fertilizers on the yield of perrenial ryegrass (Lolium
perenne L.), nutrient status of the soil and nutrient uptake, has been investigated in
green-house pot experiment. Manure (farmyard manure, pig slurry with and without
straw, biofertilizer « Bamil », sewage sludge) was applicated in the same amount of
nitrogen (2 g N per one pot, with 5 kg of topsoil). The highest yield of ryegrass and
simultaneously the highest nitrogen uptake was observed in the variant with pig
slurry, followed by pig slurry plus straw, biofertilizer « Bamil », sewage sludge and
farmyard manure.

Keywords : manure, slurry, biofertilizer, yields.

Résumeé

Dans I'essai au champ de longue durée mis en place en 1955 a Prague-Ruzyne,
I'effet de différents fertilisants organiques (fumier, lisier de porc, lisier bovin, lisier
volailles, paille, compost) sur le rendement des cultures, I'utilisation des éléments et
le statut du sol a été étudié.
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Un apport de lisier de porc présente le méme effet positif notament vis a vis de
l'utilisation de 'azote par les cultures, comparativement a I'application de fertilisants
de synthése, notamment sur sol argilo-limoneux et limoneux. L'effet azote sur sol
sablo-limoneux était 2-3 fois inférieur a celui obtenu avec des engrais chimiques.

L'effet de différents fertilisants organiques sur le rendement de ray-grass
permanent, (Lolium perenne L.), le statut nutritif du sol et l'utilisation des éléments,
a également été étudié lors d'essais en laboratoire (culture sous serre de pots
d'incubation).

Les rendements optimum en ray-grass et consécutivement 'absorption d'azote par
la plante ont été les plus élevés avec le lisier de porc, suivi par lisier de porc + paille
et par le biofertilisant « Bamil », puis par boues de station d'épuration et par le
fumier.

Mots-clés : déjections, lisiers, biofertilisants, rendements.

1. Introduction

The average nutrients input from organic fertilizers has been nearly equal to the
nutrients input from industrial fertilizers in Czech agriculture in years 1991 - 1996. It
reached approximately 75 kg N + P,0O5 + K,O per 1 ha of agricultural land (or
approx. 100 kg N + P,O5 + K,O per 1 ha of arable land, as the main target of
fertilization and manure application). The other sources of organic matter and
nutrients in addition to the animal manure are as follows: treated public sewage
sludges, urban composts from public garbage collection, industrial wastes, such as
products from the food processing industry and other organic products used as
fertilisers. The new type of organic fertilizer is represented by microbial biofertilizer,
produced in bioreactors on the basis of animal excrements and/or other agricultural
wastes.

2. Districtwise analysis of productivity, farmyard manure
application and industrial fertilizer consumption in Czech
agriculture

The analysis of current situation in plant nutrition, fertilization leve! and soil fertility
status has been done on the basis of the official statistical data on the district level
in the year 1995. There are 77 districts in the Czech Republic (4.28 mil. ha of total
agricultural land, 3.14 mil. ha of arable land). According to the soil fertility and
climatic conditions the area can be divided into three main groups of districts. The
average vields of all harvested field crops were recalculated on the basis of their
energy value to the « grain units » (1 GU is equivalent to 0,1 t of cereal grain). The

138



« agroecological production potential » represents the level of yield, which can be
reached under conditions of optimal agricultural practice.

group of | number of | arable land production yields in production
districts districts area (in potential 1995 potential
thousand ha) | of soils (GU/ha) | (GU/ha) utilization (%)
i 24 1136 65,7 52,6 80
Il 23 920 51,4 44,7 87
I 30 1087 43,3 38,5 89
total 77 3143 54,0 45,4 84

GU = grain units = 0,1 t of cereal grain).
Table 1
Production potential and its utilization in 1995.

The response to the industrial fertilizer consumption (kg of N + P,O5 + K,O per 1
hectare of arable land) and to the farmyard manure application (t per 1 hectare of
arable land) is shown in figures 1 and 2. The columns represents average yields in
subgroups of districts grouped according to fertilization level and/or farmyard
manure application expressed as the difference from the mean value of the main
group. Because of decreasing of NPK fertilizer consumption, the role of organic
fertilization as the plant nutrient source (figure 1) seems to be more important than
the role of NPK fertilization (figure 2). The average input of nuirients from both
sources is practically identical, but in the case of organic fertilizers the ratio
between main elements is more suitable, and into the bargain, by the organic
fertilizers farmers supply to the soil other active substances (organic matter,
microbes, enzymes etc.).

GU ser 1 ha of aramis 1ama

" : ‘ | — T

&8

" Iiltmean =82 t/ha)

_Z/F Iimean=355 t/ha!
2 [l tmean=57 t/ha}
#
tarmyard manure consumption

Figure 1
The effect of farmyard manure on crop production
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Figure 2

The effects of N P K fertilizers on crop production

3. Animal manure and organic waste nutrients inputs in Czech agriculture

Animal manure and organic waste nutrients inputs in Czech agriculture has been
calculated according to the OECD balancing method. The “soil surface nutrient
balance” is one of the priority issues in developing an OECD set of agri-
environmental indicators, as part of the contribution to the analysis of the
interactions between agriculture and the environment and impact of changes in
agricultural policy on the environment. The soil surface balance calculates the
difference between the total quantity of nutrient inputs entering the soil and the
quantity of nutrient outputs leaving the soil annually. The calculation of the soil
surface balance is a modified version of the so called “gross balance”, which
provides information about the complete surplus (deficit) of nutrients into the soil,
water and air from an agricultural system.

A soil surface N, P, K balance for the Czech Republic in the years 1985 - 1997 was
calculated on the base of official statistical data (fertiliser use, sewage sludge and
wastes application, numbers of live animals in terms of different categories
according to species, sex, age and purpose, quantity of harvested crops and
forage) and converse coefficients (animal excrements production, nutrients content,
nitrogen fixation and deposition).
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The annual total quantity of nutrients inputs for the soil surface nutrients balance
includes in addition to industrial fertilizers, nutrients contained in seeds and planting
materials, atmospherical nutrient deposition and biological nitrogen fixation other
sources as follows :

o net input of manure = livestock manure production - manure withdrawals
(manure withdrawn from agriculture and not applied to agricultural land,
destruction of manure and evaporation of ammonia which occurs from stored
manure and livestock housing)

e nutrients from recycled organic matter (treated public sewage sludge, urban
compost from public garbage collection, industrial waste, such as products
from the food processing industry and other organic products used as

fertilisers)
Recycled organic matter % in dry matter
used in agriculture N P,0; K,0
Sewage sludge 4 2,5 04
Urban compost 1,5 0,4 0,5
industrial waste products 1,5 1,4 1,5
Other products 1 0,6 0,3

Table 2.
Average nutrient content of organic wastes.

The results of organic wastes and manure nutrients balances are shown
in figures 3 - 6.
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Potassium inputs in Czech agriculture
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4. Nitrogen utilization from organic fertilizers in pot experiments

The effect of different organic fertilizers on the yield of perrenial ryegrass (Lolium
perenne L.), nutrient uptake by plants and nutrient status of the soil has been
investigated in green-house pot experiment. Manure (farmyard manure, pig slurry
with and without straw, biofertilizer « Bamil », sewage sludge) was applicated in the
same amount of nitrogen (2 g N per one pot, with 5 kg of topsoil). Tested fertilizers
were pig slurry ( 0.55 % N in raw material), farmyard manure (0.39 % N), stabilized
solid sludge (0.84% N), biofertilizer « Bamil » (product of Scientific & Technological
Centre "NIKA", St.Petersburg, Russia, which is pelletized biofertilizer from products
of aerobic treatment of pig farm wastes, 3.9 % N). The control variants were PK
and urea (46 % N) + PK.

The highest yield of ryegrass and simultaneously the highest nitrogen uptake from
the organic fertilizer was observed in the variant with pig slurry, followed by pig
slurry plus straw, sewage sludge, biofertilizer « Bamil » and farmyard manure
(figure 7). After application of microbial pelleted biofertilizer « Bamil », successive
mineralization and nitrification of organic N was observed, without nitrate
accumulation in soil solution and with low nitrate content in the plants (figures 8 and
9).

The effect of the new biofertilizer « Bamil » has been studied although in the course
of biological recultivation of various types of man-made violations of soils in the
industrial regions of the north-western Czechia. It was marked with the increase of
yield in dry weight of grasses, biological activity of soil, reduced removal of nitrates
from soil, as well as prolonged effectiveness of fertilizer - gradual mobilization of
nutrition elements, primarily nitrogen.
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Abstract

Stricter legislation on disposal of pig slurry has stepped up the search for solutions
that make it possible to produce compost instead of slurry and above all in
structures outside the swine rooms, which do not involve far-reaching modifications
to building design and swine management. In view of the unsatisfactory results
obtained with biological oxidization of pig slurry on a bed of wood shavings, other
methods must be identified. Liquid manure with a low TS content (< 6% in the case
of pig slurry) must be mixed with straw for sorption of water and formation of a
porous structure that can be used for composting. In the classical composting
process, the material must be placed in windrows and a turning machine is required
to add, mix and turn the substrate. To reduce composting costs, the process was
divided into a sorption phase, in which the slurry was added to the substrate, and a
maturing phase, in which the material was collected, forming a stack. An
experiment based on this technique was carried out in 1997 at a piggery in the
Western Po Valley using Winter wheat straw and com stalk as substrate and
forming a 25-kg/m® layer on a 50-m® covered concrete platform surrounded by a
20-cm high kerb. In the sorption phase, 240 I/m’ of slurry were added to the
substrate on three occasions (120 ym? just after formation of the layer of substrate
and 60 I/m’ twice, at an interval of 15 days). After the 45-day sorption period, a 1.5-
high stack was formed with the material. A period of 8 weeks was required for the
maturing phase, after which 64 kg/m2 of compost were obtained with a 26% TS
content.

Résumé
Les réglementations contraignantes liées a I'utilisation du lisier de porc aménent a

considérer des solutions alternatives telles que la production de compost a
I'extérieur des batiments.
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L'effluent d'élevage avec une teneur en matiére séche inférieure a 6% (notamment
pour le lisier de porc) doit étre mélangé a de la paille lors d’'une étape d’absorption
de I'eau et production d’une structure poreuse utilisable lors du compostage.

Dans notre étude, le procédé de compostage était ainsi divisé en une étape
d’absorption au cours de laquelle le lisier est mélangé au substrat et une phase de
maturation. Un premier essai basé sur cette approche a été effectué en 1997 dans
une exploitation porcine de la vallée ouest du Po en utilisant de la paille de bié et
des résidus de mais en tant que substrat et en formant ainsi une couche de
25 kg/m? sur une surface de 50 m? en plateforme béton.

Lors de la phase d’absorption 240 I/m? de lisier sont ajoutés au substrat en 3 fois
(120 I/m? juste aprés formation couche de substrat et 2 fois 60 i/m? a intervalles de
15 jours).

Aprés 45 jours de période d’absorption, un tas de 1,5 m de hauteur a ainsi été
constitué. Une période de 8 semaines était nécessaire pour la phase de
maturation, a la suite de laquelle on obtient 64 kg/m? de compost présentant un
taux de MS de 26%.

1 - Foreword

In the last few years, pig breeders have shown increasing interest in waste
management methods that do not produce slurry, disposal of which is now
regulated by ever tighter restrictions with therefore increasingly higher costs.

Different researches and experiments undertaken recently for stabling of pigs on
litter have revealed that, although this solution is effective for service houses,
pregnant sow houses and weaner houses (Navarotto & Al., 1991; Simoni, 1993), it
cannot be used for rearing and fattening houses (Bonazzi & Navarotto, 1992;
Bonazzi & Navarotio, 1993). Also, at existing piggeries, this solution involves
expensive modifications to the swine rooms. Hence, the considerable interest
shown at the moment in solutions that make it possible to transform pig slurry into
manure or compost using structures outside the buildings in which the animals are
housed (Piccinini et Al. 1995; Balsari et Al. 1996).

Composting could represent an effective solution to problems of pig slurry disposal
in areas with a high animal population, making it possible to transfer the organic
substances and excess nutritional elements towards areas where there is a
shortage of these. The end product has a high content of total solids and good
fertilizing characteristics such as to make transport of this, even over long
distances, economically viable.
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For example, it could be used in agriculture as fertilizer for herbaceous and tree
crops - the most probable solution, characterized by the greatest opportunities for
placement - or as a component for the production of composts for both vegetable
and flower growers, as well as for recovery of downgraded areas and maintenance
of public parks and gardens.

However, transformation of pig slurry into compost entails a number of difficulties to
be ascribed mainly to its high moisture content which means that it must be mixed
with byproducts of vegetable origin available directly at the farm such as wheat
straw and corn stalks or outside this (pruning shoots and material resulting from
maintenance of public parks and gardens and recovery of wood packing material),
even if the quality and effective availability of these materials in the quantities
required must however always be checked.

2 - The trial carried out

When organizing this experiment, reference was made to an experiment carried out
in Northern France with satigfactory results (Callarec, 1996). The experimentation
was carried out on a 50 m (10 x 5 m) cement platform with a 1% slope with
direction normal to the long side (to permit collection of waste liquid in two
underground cylindrical tanks with a total volume of 0.2 m ). The platform was
equipped with protective kerbs to prevent any risk of percolation of the slurry in the
water table.

The experiment was carried out using two different types of substrates: wheat straw
and a mixture of wheat straw and corn stalks.

In both trials the substrate was distributed on the platform. and then pig slurry was
applied on three occasions at an interval of about 15 days. Each distribution of
slurry was followed by mixing of the mass using a straight blade hoe hooked to a
tractor (sorption phase). Fifteen days after the last application, the material was
placed on a maturation platform in stacks maturing period (fig.1).

During both the experimental periods they were recorded :

- distributed substrate main chemical characteristics (TS, total nitrogen);

- applied slurry main chemical characteristics (TS, VS, total nitrogen, ammonium
nitrogen, pH);

- substrate temperature during the maturing phase (every week) by thermocouples
LSI PT-100 finked to a digital thermometer;

- substrate main chemical characteristics (TS, VS, total nitrogen, ammonium
nitrogen, pH, C/N ratio) at the end of sorption period and at the end of the maturing
phase.

All input and output materials were weighted for mass balance determinations.
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Figure 1
Diagram of the thin layer bed management.

2.1 - Test with wheat straw

At the start of the test on February 4 (day 0), 1.25 t of straw and 5.8 m® of slurry at
6% of TS were distributed on the ylatform. After fifteen days, 3.3 m® of pig slurry at
8.2% TS were added while 3.2 m” of slurry al 1.7% of TS were distributed 36 days
later (tab. 1), with a delay of one week on the date planned because of slow
absorption of the slurry by the straw substrate. On day 0+51, the material was
stacked and a representative sample of the mass was taken.

Slurry application
day 0 day 0 + 15 day 0 + 36
TS (%) 6.08 8.23 1.70
VS (%) 4.00 5.55 0.97
Total nitrogen (%) 0.55 2.68 0.29
Ammonium nitrogen (%) 0.32 1.71 0.17
Table 1

Test with wheat straw: chemical characteristics of slurry applied

Another sample was taken on day 0+169 when it was decided to end the test in that

the temperature of the stack had reached a value slightly above ambient
temperature. (fig. 2).
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Test with wheat straw: temperature evolution during maturing period.

During the experiment, 12.3 m® of pig slurry were distributed on 1250 kg of wheat
straw corresponding to a total mass of 13550 kg. At the end of the experiment, i.e.
after 169 days, the total weight of the mass present inside the pilot system was
3840 kg. This value corresponded to a dry substance and nitrogen foss of 45% and

60% respectively (tab. 2)

. wet basis | dry matter .total
materials (kg) (kg) nitrogen
substrate 1250 1087.5 6.5
slurry 12300 678.6 57.0
input material 13550 1766.1 63.5
output material 3840 976.9 25.3
output/input 28.3% 55.3% 39.9%

Table 2

Test with wheat straw: mass balance of the experiment.
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The fraction of pig slurry distributed lost through draining off the platform of the pilot
system was negligible. Briefly, during this first test, around 10 kg of pig slurry were
disposed of by one kilogram of wheat straw. Assuming a slurry production per head
of 0.54 kgTS and an effective duration of the process cycle equal to that of the test,
this value corresponds to a requirement of 2 m? of covered surface per head and to
use of 1 kg/head.day of wheat straw.

The analyses of the samples examined revealed that at the end of the sorption
phase (on day 0+51), the substrate had not yet stabilized (C/N > 23; organic
carbon = 45.6%). On the other hand, at the end of the maturing period (i.e. at the
169" day), the organic carbon and C/N ratio values were within the limits regarding
compost quality of ltalian regulations (DLGS 22/97). Nevertheless, the TS content
(25.44 against minimum of 60%) and the pH (9.50 against a permitted range of
variation of 5.5-8) deviated considerably from the values indicated (tab 3).

sampling time
end of sorption end of maturing

parameters . .

period period
Total Solids (% WB) 23.52 25.44
Volatil Solids (% DM) 82.07 60.52
Aches (% DM) 17.93 39.48
Organic Carbon (% DM) 45.60 33.62
pH 9.50 9.50
Total Nitrogen (% ss) 1.91 237
C/IN 23.88 14.17

Table 3

Test with wheat straw: analytical results of the experiment.

Briefly, the material obtained is odorless and can, to all effects and purposes, be
considered manure, which, as such, can be used at the farm or in areas close to
this, whereas possible sale as compost or transport over long distances requires
further drying until an TS content of around 50% is reached.

2.2 - Test with wheat straw and corn stalks

At the start of the test on August 12 (day 0), 550 kg of straw, 880 kg of corn stalks
and 7.7 m® of slurry al 3.5% of TS were distributed on the platform of the pilot
system. On day 0+14, 3.5 m’ of slurry at 2.8% of TS were distributed while on day
0+35, with a delay of one week on the planned date because of slow absorption of
the slurry, 2.8 m® of slurry at 9.5% of TS were distributed (tab. 4).

152



slurry application
day 0 day 0+15 day 0+36
TS (%) 354 2.80 9.55
VS (%) 2.01 1.54 5.85
Total nitrogen (%) 0.36 0.32 0.44
Ammonium nitrogen (%0) 0.22 0.19 0.29
Table 4

Test with substrate of straw and stalks: chemical characteristics of slurry applied

On day 0+49, the material was stacked and a representative sample of the mass
was taken. On day 0+106, as the temperature of the stack was close to 20°C, the
test was considered as completed and a sample was taken to determine product
physical-chemical characteristics (fig. 3).
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Figure 3

Test with substrate of straw and stalks: temperature trend during maturing period.

During the experiment, a total of 14 m> of slurry were distributed on 1430 kg of
substrate, corresponding to a total mass inserted in the system of more than 15400
kg. At the end of the experiment (i.e. after 106 days), the material inside the pilot
system weighed 4370 kg. Therefore, in the more than 3 months of the process, an
approximate 72% weight reduction was obtained; also, the loss of dry substances
was close to 48% with a 54% loss of nitrogen (tab. 5)
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t basi d atter tota!
wet basis m;
materials kg) v (k) nitrogen
(kg)
substrate 1430 12441 8.2
slurry 14040 642.2 51.6
input material 15470 1886.3 59.8
output material 4370 981.1 275
outputinput 28.2% 52.0% 46.1%
Table 5

Test with substrate of straw and stalks: mass balance of the experiment.

The amount of pig slurry composted by one kilogram of substrate (straw + corn
stalks) was close to 10 liters. Assuming a daily production per pig raised of 0.54
kgTsS, this means that 2.1 m%head of bed surface per pig raised are required and
that 1.2 kilograms of substrate per pig raised must be inserted in the system each
day.

The analytical data of the samples examined revealed that at the end of the
sorption phase (on day 0+49), the substrate was already sufficiently stabilized and
characterized by organic carbon (35.73) and C/N ratio (17.02) values within the
compost quality limits. In this test also, the related values of total solids and pH of
the material (21.4 and 9.3 respectively) at the end of the maturing period (106" day)
were such that the product obtained cannot be classified as compost in our country.

Compared with the experiment carried out using only wheat straw as substrate,
faster downgrading of the organic substance was observed with values of C/N and
organic carbon on the dry substance very close to those of a compost already at
the end of the composting period (49™ day) (tab. 6).
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sampling time
parametrs end Zfe i%r;)tion end oFf) :iit(;mng
Total Solids (% WB) 20.87 2145
Volatil Solids (% DM) 64.32 56.58
Aches (% DM) 35.68 43.42
Organic Carbon (% DM) 35.73 31.44
pH 9.50 9.70
Total Nitrogen (% ss) 2.10 1.58
C/N 17.02 16.87
Table 6

Test with substrate of straw and stalks: analytical results of the experiment

3 - Remarks on the results obtained

The results achieved during the preliminary tests revealed that composting of pig
slurry on beds of limited thickness makes it possible to obtain, in short times and
with limited use of substrate, a product similar to manure which can therefore be
distributed on agricultural land without any legal constraints.

An initial outline economic assessment of this operating system, carried out
assuming a 2000 m? system able to manage the slurry produced by a fattening
piggery of 1200 heads, returned a management cost of the entire system of around
14 ECU/m® of slurry treated, whereas the production cost of the manure would be
close on 45.2 ECU/t; a cost that has a 12.2% incidence on the Gross Income
(calculated assuming a price of the pig of 1.3 ECU/kg).

These values could be considerably reduced assuming zero cost of the substrate
(the farmer who picks up the manure at the end of the cycle provides the straw
required to produce it). In this case, the cost for the breeder would drop to 6.4
ECU/m® of slurry treated with a 5.5% incidence on the Gross Income.

Lastly, assuming that at least half of the substrate used is produced at the farm and
that the product obtained at the end of the process (manure) is sold on the market
at 10.2 ECU/t from the farm, the cost of treating the slurry would be 7.6 ECU/m’,
with therefore a 6.6% incidence on the Gross Margin.
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Abstract

During storage of solid animal manure, biological transformation of nitrogen and
carbon may increase the temperature to 60 to 70°C, i.e. composting. The rise in
temperature may cause a substantial loss of ammonia, as the ammonium is
transformed to ammonia at high temperatures and because the heat is generating a
flow of air through the dung heap. In the present study emission of ammonia,
carbon dioxide (CO,), nitrous oxide (N,O) and methane (CH,) was measured using
dynamic chambers covering three heaps of deep litter from a house with dairy
cows. The heaps were either mixed after 30 days, compressed or untreated.
Compaction of the very porous material enhanced the temperature increase in the
heap. Ammonia emission was therefore high from the compacted heap giving a
cumulated NH; loss of 0.2 kg N ton™. Initially temperature also increased in the
heap being turned after 30 days, and in total the NH; losses from this heap were
similar to losses for the compressed litter. Only, half this amount was lost from the
heap in which the temperature did not increase much initially. High amounts of
carbon dioxide were emitted during composting of the deep litter, the cumulated
losses were 33 kg C, 20 kg C and 17 kg C from the litter being mixed after 30 days,
compressed deep litter and untreated deep litter. High nitrous oxide emission were
determined when the initial high temperature declined, indicating that nitrifies are
affected by the high temperatures during composting. Elevated CH, emission were
observed after a period of 15 to 30 days,. Methane and nitrous oxide was emitted at
a ratio of 1.6 to 39.9 g CH,-C day" tonne™ and 0.04 to 10 g N,O-N day’’ tonne™.

Résumeé
Au cours du stockage de déjections animales solides, les transformations
biologiques de l'azote et du carbone aboutissent a une augmentation de la

température pouvant aller jusqu'a 60-70°C i.e. compostage. Cette augmentation de
température peut entrainer des pertes importantes sous forme d’ammoniac. Dans
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notre étude, les émissions d’ammoniac, de dioxyde de carbone (CO,), de
protoxyde d’azote (N,O) et de méthane (CHy) ont été mesurées a l'aide de
chambres dynamiques couvrant trois tas de litiére profonde provenant d'un
batiment de vaches laitiéres. Les tas étaient agités aprés 30 jours, compressés ou
non traités. La compaction d'un matériel poreux favorise I'augmentation de
température dans le tas. Les émissions d'ammoniac issues du tas compacté
étaient alors plus importantes et aboutissent & des pertes cumulées en NH; de 0,2
kg N tonne.

La température initiale augmente également dans le tas retourné ce qui aboutit a
des pertes ammoniacales similaires a celles observées avec le tas compacté.
Seulement la moitié de cette quantité d'NH,; était émise dans le cas ol la
température dans le tas n'augmente pas.

Des quantités importantes de CO, ont été mesurées au cours du compostage de
cette litiere avec des pertes de 33 kg C, 20 kg C et 17 kg C respectivement & partir
de litiére agitée aprés 30 jours, compactée ou non perturbée.

Des pertes imporantes en N,O ont été mesurées lorsque la température initiale
élevée commence a décliner, indiquant que les nitrifiants sont inhibés par les
températures élevées observées au cours du compostage.

Le méthane et le protoxyde d’ azote étaient émis & des taux de P'ordre de 1,6 a
39,9 g C-CH, tonne ™ jour"et 0,04 4 10 g N-N,O tonne™. jour™.

1. Introduction

The policy of the Danish government is to increase the share of organic farms to 10
% of the area under cultivation. Mineral fertilisers are not accepted for plant
production within organic farming. Thus, limitation in the amount of nutrients
available may contribute to reductions in crop yield and of animal production within
organic farming. Nitrogen can be supplied through nitrogen fixation of leguminous
plants, and at present, organic farms may import nutrients in roughage (cf.
regulation on organic soil production).

A substantial amount of the nutrients needed by the crops in rotation are supplied in
animal manure produced by animals feed with imported or produced roughage. The
nutrients that are lost from livestock manure are irreplaceable, and losses will
therefore reduce plant production on organic farms. Deep bedding and slurry are
the two most common types of organic manure at organic farms. In organic farming
there is a tradition to transform deep litter into compost. As far as we know, there
are few studies of nitrogen losses and transformation of the nutrients in farmyard
manure during composting. Traditionally composting processes and gaseous
emission of oxidised and reduced nitrogen has been measured in compost of
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municipal litter and livestock manure being turned frequently, often several times
each week (Hellman et al. 1997; Martin and Dewes, 1992). In farming systems the
deep litter being stored will not be turned at all or in organic farming normally only
one time after about 1 month of composting.

Gaseous emission of carbon dioxide, methane and nitrous oxide has been
quantified in this study . A movable dynamic chamber was used to determine
gaseous losses. Techniques for reducing the losses was tested.

2. Methods

Gas emission during composting of deep litter was studied in three pilot scale dung-
heaps of deep litter from housing of dairy cows. The litter was stored on a sealed
surface (L: 4 m, W: 2 m) with collection of runoff to closed containers buried in the
soil. In table one is given the amount and composition of the deep litter used in this
experiment. In the experiment starting the 29th of September 1997 the deep litter
was mixed by treating the material three times with a manure spreader on the
initiation day of the experiment, immediately after this treatment the litter was stored
under the following conditions 1) compressed, 2) mixed by turning the litter
manually after 3 weeks and 3) untreated.

Treatment |Amountf DM | Ash [TotN| NH, | NO; [ P | K | C

Tonnes g/kg

Compressed | 0.980 379.35 | 52.83]7.50 0.63 0.13 1.21 | 11.95 | 160.26

(47.31) | (6.32)(1.13)| (0.04) | (0.04) | (0.20) | (1.26) |(24.24)

Mixed 0.660 |408.55 | 59.43|8.30 0.60 0.25 140 | 13.67 |172.35

(11.24) | (2.29) (0.14) | (0.04) | (0.04) | (0.02) | (0.48) | (4.75)

Untreated 0.720 421.65 | 60.87 | 8.36 0.54 0.20 143 | 13.54 [177.87

(0.64) | (0.42) (0.34)| (0.03) | (0.00) | (0.03) | (0.12) | (0.86)

Table 1.

Amount and composition of the stored deep litter from dairy cow houses.
The deep litter was compressed, mixed after 30 days and kept untreated,
the volume of the deep litter heaps were 3 m°, 3.2 m® and 3.6 m°, respectively.
(In bracket S.D., N=2).

At the initiation of the experiment 2 samples of organic material each of 2 L, were
taken from each dung heap. The samples of organic material were stored at -18°C.

For the determination of CH,, N,O , CO, and O, from the centre of the heap gas
samples were collected by modifying the technique of Petersen et al. (1998). The
two ends of a flexible, but rigid plastic tube (i.d. 10 mm) containing 4 x 2 mm holes
per cm length were connected to two 2 m lengths of gas-tight teflon tubes (i.d. 2
mm), the teflon tubes were connected to a diaphragm pump (Model 5002, ASF
GmbH, Germany). At initiation of the experiment a silicone tube were inserted into
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the rigid tube, but no air samples could be collected after 2 to 3 weeks, and at day
30 the silicone tube was removed from the rigid tube in the heap that was mixed
after 30 days. A septum for gas sampling was located immediately after the
diaphragm pump, continuously circulating air through the tubes during an
experiment. Four samples of 55 ml were taken at each sample collection with
syringes. The gas samples were transferred to 5 ml glass tubes fitted with butyl
rubber septa. When injecting the samples into the glass tubes, a needle was
inserted through the rubber seal and the tubes were flushed with 45 ml of the gas in
the syringe, after flushing the tube the 15 mi remaining in the syringe were injected
after removing the needle penetrating the septum (Petersen et al., 1998).

Dynamic chamber

The dynamic chamber consists of a mobile chamber covering the storage during
measurements, a ventilator for suction of air through the chamber, and equipment
for measurements of gas, temperature and air velocity. A field lab placed close to
the experimental area provided the supply of electricity (340 Volts) to the ventilators
and instruments for measurement of gas emission.

The three movable chambers on wheels had the dimensions, height 1.6 m , width 2
m and length 4 m. The chamber was made of waterproof plywood and mounted on
a metal frame, with only one gable closed by plywood, the other end being open for
facilitating the chambers to be moved over the heaps, and connected to a
stationary gable placed at the end of the sealed surface. The gable on the
chambers had an opening for incoming air. A steel tube (L:2 m, D:0.40 m) with a
ventilator was connected to the stationary gable. A rectangular metal frame was
mounted on the sealed surface perpendicularly to the stationary gable. The
dimensions (length: 4 m, width: 2 m) of the frame allowed it to fit closely with the
chambers when mounted. Air was drawn through the chamber by the ventilator
enabling measurements of the flux of gases to and from the chamber. Before a
measurement, the chambers was moved over the dung heap and fixed to the
stationary gable.

Air flow through the dynamic chamber was measured with cup anemometers in the
steel pipe, the air flow rates could be adjusted from the field-laboratory. Air
temperature and the temperature in the dung heap (40 cm) was measured with
PT100 and thermocouple sensors (Kontram A/S, DK-Copenhagen). The sensors
were connected to a datalogger (Datataker DT200, Data Electronics LTD,
Australia).

When measuring emissions of NH; air speed was adjusted to 3 m s™, the air speed
was adjusted to 1.2 m s™ for measurements of N,O, CH, and CO, emissions.
Ammonia was determined with active denuders. For analysis o