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This report is one of a series of COESA (Canada-Ontario Environmental Sustainability Accord)
reports from the Research Sub-Program of the Canada-Ontario Green Plan. The GREEN PLAN
agreement, signed Sept. 21, 1992, is an equally-shared Canada-Ontario program totalling $64.2 M,
to be delivered over a five-year period starting April 1, 1992 and ending March 31, 1997. It is
designed to encourage and assist farmers with the implementation of appropriate farm
management practices within the framework of environmentally sustainable agriculture. The
Federal component will be delivered by Agriculture and Agrifood Canada and the Ontario component
will be delivered by the Ontario Ministry of Agriculture and Food and Rural Assistance.

From the 30 recommendations crafted at the Kempenfelt Stakeholders conference (Barrie, October
1991), the Agreement Management Committee (AMC) identified nine program areas for Green Plan
activities of which the three comprising research activities are (with Team Leaders):

1. Manure/Nutrient Management and Utilization of Biodegradable Organic Wastes through

land application, with emphasis on water quality implications
A. Animal Manure Management (nutrients and bacteria)

B. Biodegradable organic urban waste application on agricultural lands (closed loop recycling)
(Dr. Bruce T. Bowman, Pest Management Research Centre, London, ONT)

2. On-Farm Research: Tillage and crop management in a sustainable agriculture system. (Dr.
Al Hamill, Harrow Research Station, Harrow, ONT)

3. Development of an integrated monitoring capability to track and diagnose aspects of

resource quality and sustainability. (Dr. Bruce MacDonald, Centre for Land and Biological
Resource Research, Guelph, ONT)

The original level of funding for the research component was $9,700,000 through Mar. 31, 1997.
Projects will be carried out by Agriculture and Agri-Food Canada, universities, colleges or private
sector agencies including farm groups.

This Research Sub-Program is being managed by the Pest Management Research Centre,
Agriculture and Agri-Food Canada, 1391 Sandford St., London, ONT. N5V 4T3.

Dr. Bruce T. Bowman, Scientific Authority
E-Mail: bowmanb@em.agr.ca

Green Plan Web URL: http://res.aqgr.ca/lond/ap/aphompag.html

The following report, approved by the Research Management Team, is reproduced in
its entirety as received from the contractor, designated on the previous page.
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Executive Summary

Many questions about effects on the environment from livestock manures and the nutrients they contain
continue to be of prime concern within rural Ontario. Severa projects undertaken within The Canada:
Ontario Agriculture Green Plan addressed issues related to manure and manure nutrient management
and much useful information and experience were obtained. This report was prepared to facilitate the
transfer of the results of these sudiesto extension personnd and the farmers thet they serve, to the
decison makers within the various levels of government, and to some degree, to the generd public.

This report provides a summary of the mgor observations and conclusions of eight Green Plan research
reports, with particular reference to water quality and greenhouse gas issues, along with supplementary
information from one project funded through the Land Management Assistance Program and four
projects of the Rura Conservation Clubs Program.

Benchmarks

The firg project completed within the Green Plan Research Sub-program was the report, The Current
Sate of the Art on Manure/Nutrient Management by Goss et a, 1994. It identified and ranked
twelve priority areas for research and extenson activities, related to manure nutrient management. It
aso included aliterature review summarizing the extent of the knowledge about manure/nutrient
management as of 1993 and identified the mgor gapsin the information base regarding the
environmental impact of manure management. Throughout this current report, the report by Gosset d
and recommendations made by the committees and sub-committees of the Ontario Agricultura
Services Coordinating Committee (OASCC) were used as benchmarks against which to compare the
progress made within Green Plan. Results from Green Plan projects are summarized according to the
contributions made toward answering specific concerns identified by Goss et a or by OASCC.
Unresolved concerns or gaps in the knowledge base and recommendations for future actions, as noted
in the individua reports by the respective researchers, are aso documented.

ProgressIn Addressing I dentified Needsfor Information

Manure usein conservation tillage systems was investigated in on-farm trids.  Application of
liquid manure was integrated with conservation tillage in an effective and efficient manner, from an
operationa point of view, athough modification of gpplication equipment was sometimes necessary
depending on Site requirements. If tile drains were flowing at the time of gpplication, Sde-dressed
goplications of liquid manure in no-till corn resulted in impairment of the qudity of tile drainage water
such that water quality guiddines for bacteria, ammonia and phosphorus were exceeded for severd
hours. This occurred both immediately following the manure application (i.e. within minutes) and after a
amulated rainfal event one day later, regardiess of the method of liquid manure gpplication. Manure



was confirmed as the source of the contamination and macropore pathways contributed to tile flows
even under unsaturated soil moisture conditions. Compared to surface application, contamination was
generdly less when the manure had been injected, especidly if the systlem was modified to till the soil
before injection. Guiddines were developed to help reduce contamination of tile drainage water from
goplication of liquid manure in no-till Stuaions.

Corn yidds produced with manure-nitrogen applied at rates based on soil N test recommendations
were generdly equivaent to those from control trestments where inorganic fertilizers were used a
equivaent rates.

Theavailability of manure nitrogen to a crop was most directly related to the anmoniacal nitrogen
(NH,-N) content of the manure. This fraction must be measured and taken into account if manure N is
to be used most economically with minimum environmenta impact. The release of avallable N from
spring-gpplied manures with high NH,-N contents (e.g. liquid swine and cattle manures) was rapid in
some years and well in advance of the period of peak N requirement of the corn crop. Solid manures
with alow content of NH,-N and ahigh C/N ratio (e.g solid beef cattle manure) provided little N to the
crop in the year of gpplication. They did not cause adepresson in avallable N in the soil, contrary to
expectations.

Determination of the availability of N in the soil early in the growing season was complicated by the
gpparent disgppearance of N. Within afew days after gpplication, the amount of inorganic nitrogen
that could be extracted from the soil was aways less than the amount of NH,-N applied in manures or
urea. The N in liquid swine manure was generaly more available than that in other manures (i.e catle
or poultry). Theavailability of N in solid beef cattle manure was generdly the lowest. Manure N
from dl sources was less available than N from fertilizer urea.

Manure N dynamicsin the soil, rdated to N minerdization and immobilization, were difficult to
assess because of the differencesin inorganic N recoveries and variable release rates in the soil. Similar
difficulties were experienced in estimating the contribution of avallable N from the organic N fraction of
manures. Nevertheless, there appeared to belittle, if any, early-season release of organic N from
spring-applied manures. Release of organic N occurred late in the growing season or in subsequent
seasons.  There was evidence that some of the organic N in fall-gpplied manure became minerdized in
the late summer, twelve months after gpplication. Significant quantities of resdud manure N can
become available in the year following application. Unfortunately, the soil test for nitrate nitrogen did
aways not accurady reflect the contribution of nitrogen from previous manure gpplications and other
organic sources of nitrogen such as residues from legume crops or cover crops.



Manure N transformationsin moder ately acid soils (eg. minerdization and nitrification) occurred
a adower rate than in neutrd or dightly dkaine soils. However, soil acidity had little influence on the
extent of N transformations. Liming of these acid soils resulted in an increase in the rate of
mineradization and nitrification to near normd levels. Provided that such soilsreceive lime trestments
periodicaly, soil acidity should not interfere with the availability of manure-N in most circumstances.

Theimplicationsfor groundwater quality of usng liquid manure were found to be smilar to those of
using minerd N sources a equivaent rates of inorganic N. There was ahigh risk of nitrate leaching
from fal applications of liquid manures with ahigh NH,-N content (e.g. liquid swine or liquid dairy
catle manures). Thisrisk exigted in thefdl immediatdy after gpplication, in the following soring, and in
the next fal period. There appeared to belittle risk of water quaity impairment from fall-application of
composted manures, composted organic wastes or solid manures with relatively low NH,-N content
and substantial bedding content, but these materials also provided little N to the corn crop in the firgt
year.

Fall treatments, designed to immaobilize nitrogen, (e.g. seeding of cover crops or adding straw)
were not adequate to reduce the risk of nitrate leaching significantly. Cover crops sown after manure
goplication in the fall removed less than 10% of minera-N gpplied in liquid cattle manure, and only
10% - 15% of this was transferred to the following corn crop.  Much of the N from fall-seeded cover
crops did not appear to be become available until late in the following season.

Adjustmentsin the level and degradability of protein in the diets of dairy cattle were more likely
to affect the form of the nitrogen excreted (i.e. urine vs faeces) than the total amount. Feeding a diet
with high protein content and degradabiility to dairy cattle had little effect on the N content of the faeces,
but increased excretion of nitrogen in the urine. The mgor source of avalable N in cattle manure
appearsto be derived from the urine. Faeces may even restrict N availability. Dietary changes that
increase the proportion of N excreted in the urine could influence N utilization by crops, gaseous losses
or leaching.

Thefate of nitrogen inputs in six different conventiona manure handling systems varied depending on
the manure and the system. The amount of N excreted as fresh faeces was consstently 70 - 80% of
feed N. Asapercentage of N inputs (feed + bedding), find plant available manure NH,-N amounts
ranged between 8% (solid beef) and 40% (liquid swine or liquid dairy). Organic N in the manure
varied from 1% (liquid swine) to 45% (solid dairy) of input N. The mgor pathway of N loss was as
ammonia (NH;) volatilization from fresh manure (22 - 65% of excreted N). Becausethislossof N
occurred very quickly before the manure was moved into storage, there gppear to be few management
options for reducing it. In comparison, losses in storage were rdlatively low for most sysems (3 to
23% of manure N). Aerobic conditionsin one storage lagoon for liquid swine manure system resulted
in high concentrations of NH,-N in the liquid manure, leading to sgnificant loss of NH; during agitation
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and spreading of the manure. It is aso Sgnificant to note that the nitrogen contained in runoff from a
solid beef manure storage pad represented as much as 25% of the available N in the find manure to be
Spread.

Greenhouse gas emissions from sx conventional manure handling and Sorage systems were
monitored and an extensve database of information was collected. Greenhouse gas |osses (except
CO,) were usudly negligible with respect to mass balance of C and N. However, the magnitudes of
the losses were important from an environmenta perspective. The fate of carbon inputs in conventiona
handling and storage systems varied depending on the manure and the system.  The amount of C
remaining in the find manure, as a percentage of input C, ranged between 5% (liquid swine) to 39%
(liquid dairy). Lossesof Cin storage ranged as high as 57%.

A compar ative benefit-cost assessment of 9x manure-handling systems, indicated that totd annua
cogts (overhead plus operating) exceeded the vaue of plant nutrients applied to the soil on five of the
Six test farms by amounts ranging from $4.13 to $124.28 per tonne of manure gpplied per year. A
smdl net benefit of $0.06/tonne manure was achieved on one dairy farm.

Soilbor ne diseases of potatoes can effectively be reduced through the use of manures and other
related organic amendments. More than one mechanism isinvolved and the effects vary depending on
the manure, the pathogen, soil type, and soil moisture levels. A rapid and reproducible laboratory
bioassay was developed for determining the effect of manures on pathogensin aparticular soil. This
assay could be used to provide farmers with information as to where certain manures can be safdy
gpplied and under what conditions.

Comparison of techniquesfor composting manur es indicated that manures from Ontario livestock
operations generaly do not have characteristics that minimize the loss of nitrogen or the release of
methane (CH,) during composting.  Solid cattle and swine manures had moisture levels sgnificantly
above the optimum of 60%. Solid poultry manures were significantly below the optimum.  All manures
had C/N ratios Sgnificantly below the optimum. Smilarly, none of the 16 composting techniques tested
showed any consstent advantage over the others for reducing losses of nitrogen or production of CH,.
Because anaerobic microgites formed within the composting mass, CH, was released during
composting in al cases even though pore-space oxygen concentrations were above the 5% level
congdered adequate. Mixing would appear to be warranted for bacteria, enzyme and substrate
distribution (as opposed to overdl aeration) and should be carried out using a compost windrow turner,
rather than afront-end loader, to minimize heat losses. Nitrogen losses for the Sixteen composting
processes studied ranged between 8.4% and 52.7%, with the average nitrogen loss being 29.7%. The
benefit of a 50% reduction in manure volumes due to composting was typicdly offset by the vaue of
nitrogen lost during the composting process. The use of whesat straw to optimize the C/N ratio was
found to be an uneconomica strategy for reducing nitrogen losses.
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Composting generdly reduced the potentid for leaching of nitrogen, phosphorus and potassum from
the finished compost compared to the raw manure. No one process or modification was more
advantageous than another in producing compost with alower potentid for leachate |osses of these
nutrients. The potentid for leaching of nutrients from solid beef cattle manure during the composting
process was low whether it was done outside or inside, because a hard crust formed on the surface of
manure that effectively shed water.

Treatment systemsfor contaminated water were tested in three Conservation Club projects. .
Results from a project to eva uate vegetated filter strips on five cattle farms established that this
technology is an environmentally sound trestment system for feedlot and barnyard runoff. Sampling
showed no accumulation of nutrients in the soil profile and no change in the quality of ground water
samples from precongtruction levels. Two other Conservation Club projects demonstrated that
constructed wetlands can be an effective meansto treat milkhouse wash water and barnyard runoff
without adverse effects on water qudity.

Composted or ganic wastes can be gpplied at rates in the order of 100 Mg ha* without adverse
effects on the production of corn, soybeans or grass hay. Because composts can inhibit germination of
crop seeds to some degree, fal gpplications may be preferable to spring when higher rates of
compogted materids areto be gpplied. Rdatively little of the N in these materidswasin an inorganic
form and it appeared that little or no N from the composts tested was made available to the crops.
Thus, norma N application rates should be used in conjunction with the application of composted
organic wastes. Compodts did contribute sgnificant amounts of phosphorus, potassum, and zinc to the
soil, which in time, could be reflected in reduced fertilizer requirements. Three annua additions of
composted organic wastes, of 10,000 to 15,000 kg carbon ha* yr, increased organic carbon levelsin
the soil by dmost 33%, relative to where no compost was applied.

Application of composted organic wastes did not adversely affect soil qudity in two soils as reflected
by soluble sdts, metal content or soil microbia biomass. Compost has the potentid to increase water
holding capacity and improve soil infiltration rates, thereby reducing risks of soil loss due to water
eroson. The increased resdua water content with the some composts, however, may increase the risk
of delayed planting because of wet soil conditions. The impact of compost gpplication on soil pore Sze
distribution needs to be further investigated.

At an application rate of 100 Mg ha'*, the cost of composted urban organic wastes could not be justified
on the basis of yidd increases and fertilizer benefits. Indeed, these benefits were insufficient to cover the
cost of the gpplication. The intangible benefits of organic carbon, improved water characteridtics, etc.
might be sufficient to judtify the cost of applying compogt if it were delivered to the farm free of charge.



Unresolved Concerns

Although much useful information and experience related to manure management were gained as aresult
of Green Plan activities, most of the concernsidentified by Goss et a or by OASCC remain to be
answered more fully. In an particular, more work is needed to clarify questions related to:

transformations of manure carbon and nitrogen in the barn, in storage and during application.
transformations of manure carbon and nitrogen in the soil after application
the availability of manure N for crop growth.

QOO O O

the relationship between optimum manure application rates agronomicaly, economicaly and
environmentally.

C theinfluence of livestock feeding regimes on manure compodtion and nutrient avallability.
C contral or management of odours and gases released from manure,

C economic consderations of manure management systems and of the off-farm effects of manure.
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1.0 I ntroduction
1.1 Rationale

Issues related to the management of manures, and the nutrients they contain, continue to be of prime
concern within rurd Ontario. Certain sectors of the livestock industry are growing very rapidly in parts
of the country, and the Size of livestock operationsis ever increasing. Thereis much concern about the
potentia environmental impact of livestock operations and the manure thet they generate. Unfortunately,
there has been no clear answer to many of the questions that have been raised about livestock manures
and the environment. A number of the projects undertaken with funding from the Research Program of
The Canada-Ontario Agriculture Green Plan addressed issues related to manure and manure/nutrient
management and much useful information and experience were obtained. To help resolve some of the
issues related to management of livestock manures, the findings from these studies need to be transferred
to extenson personnel and the farmers that they serve, to the decision makers within the various levels of
government, and to some degree, to the generd public.

1.2 Objectives:

1 To review and summarize the Executive Summaries and mgor conclusions of eight Green
Pan research reports, dong with reevant, supplementary information from projects
funded through the Land Management Assstance Program or the Rural Conservation
Club Program, in the context of a*nutrient-balance utilization” approach to manure
nutrient management, with reference to water quality and greenhouse gas issues.

2. To document the progress made within the Green Plan Research Sub-Program reletive to
manure nutrient management practices and in the understanding of the basic reated issues,
snce completion of The Current State of the Art on Manure/Nutrient Management
(Goss et d, 1994), with additiond reference to Ontario Agricultural Services Coordinating
Committee (OASCC) recommendations regarding manure management.

3. To compile unresolved concerns or gaps in the knowledge base and recommendations for
future actions, as noted in the individua reports by the respective researchers.

1.3 Background

Canada's Green Plan ligts three objectives vita to achieving sustainable agri-food systems:
C toconserve and enhance the naturd resources that agriculture uses and shares.
C tobecompatible with other environmenta resourcesthat are affected by agriculture.

C tobeproactive in protecting the agri-food sector from the environmenta impacts caused by other
sectors and factors, externa to agriculture.



The Ontario Minigry of Agriculture, Food and Rurd Affairs (OMAFRA) smilarly identified the pardlel
gods of achieving environmenta sugtainability while maintaining an economicaly competitive agricultura
industry.

The authors of the report, Phase | Evaluation of the Canada-Ontario Agreement on the
Agricultural Component of the Green Plan: Evaluation Assessment, (Ddoitte and Touche
Management Consultants and Apogee Research Internationa) state:

"The (Treasury Board) approval (for the Green Plan) also specifies that Green Plan
effectiveness is to be judged on:

C the contribution to the intended reduction in severity of environmental problems;

C therelated impact on the agricultural productivity and economic viability of the natural
resource base for agriculture, and:

C the contribution to increased knowledge on the parts of all partnersin the sector about
environmental sustainability and solutions to current problems® (page 32)

"The ultimate Green Plan goal, stated clearly in the Treasury Board evaluation requirements,
isto improve environmental conditions and the viability of the agricultural resource base.
These improvements will occur only if farmers change their current practices and adopt the
mor e environmentally sustainable ones being encouraged by the Green Plan activities." (page
33)

In October of 1991, a group of gpproximately 50 stakeholders met at the Green Plan Agriculturd
Stakeholders Forum, held a the Kempenfelt Conference Centre near Barrie Ontario, to identify issues
affecting the environmental sustainability of agriculture in Ontario and to suggest strategies for addressing
each issue.

From the 30 recommendations crafted at the Stakeholders Forum, the Agreement Management
Committee of Green Plan identified nine program areas for Green Plan activities. The Research Sub-
Program of Green Plan was comprised of three program areas, one of which was

Manure/Nutrient Management and Utilization of Biodegradable Organic Wastes.

The summary presented here of Green Plan projects related to manure management included eight
research projects funded through the Green Plan Research Program, one research project funded
through the Land Management Ass stance Program and four demonstration projects funded through the



Rural Conservation Clubs program. The Executive Summaries of the research project reports' are
presented in Appendix A.

1 Thefinal reports of the research projects have been published by:
The Southern Crop Protection and Food Research Centre, Research Branch, Agriculture and
Agri-Food Canada, 1391 Sandford S., London, Ontario N5V 4T3.

Digital versions of these documents are available for downloading from the “Research
Reports’ page on the Green Plan Web Site:  http://res.agr.callond/gpres/reporlst.html
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1.4 Projects Included in this Summary

1.4.1 Green Plan Research Program

Current Sate of the Art on Manure/Nutrient Management. COESA Report: RESYMAN-001/94

M. J. Goss, J. R. Ogilvie, E. G. Beauchamp, D. P. Stonehouse, M. H. Miller and K. Parris,
Universty of Guelph, Guelph, ON

Nitrogen and Carbon Transformations in Conventionally-Handled Livestock Manures.
COESA Report: RES'MAN-002/97
G. Kachanoski, D. A. J. Barry and D. P. Stonehouse,
Environmenta Soil Services?, Arkell, ON

Manure Composting Techniques. Understanding Nitrogen and Carbon Conservation.
COESA Report: RES/MAN-003/97
R. S. Jean, Ecologistics Ltd, Waterloo, ON

Transformations in Soil: Crop Response to Nitrogen in Manures with Widely Different
Characteristics. COESA Report: RES/MAN-004/97

E. G. Beauchamp, J. Buchanan-Smith and M. Goss, University of Guelph, Guelph, ON

The Effects of Livestock Manure Application Methods on Water Quality, Focussing on Nitrogen
and Bacteria Transport in Soil. COESA Report: RES'MAN-005/97

G.J Wadl, B. A. Grant, D. J. King, and N. McLaughlin
Agriculture and Agri-Food Canada, Guelph, ON

Application of Composted Organic Waste to Agricultural Land

2 Thelocation given is that of the principal contractor/researcher. One or more of the co-
authors may be associated with another institution or consultant.
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COESA Report: RES'MAN-006/97
V. Alder, R. W. Sheard, R. G. Kachanoski and M. J. Goss,
Ecologica Services For Planning?, Guelph, ON

Assessment of the Influence of Manures for the Control of Soilborne Pests Including Fungi,
Bacteria and Nematodes COESA Report: RES/MAN-010/97

G. Lazarovits and K. Conn, Agriculture and Agri-Food Canada, London, ON

Investigating Methods of Integrating Liquid Manures into a Conservation Tillage Cropping
System COESA Report: RES/FARM-002/97

G. Schell and V. Alder, Ecologica Services For Planning, Guelph, ON,
in association with R. Samson, REAP Canadaand P.-Y . Gasser, AgKnowledge

1.4.2 Land Management Assstance Program

An Investigation into the Management of Manure-Nitrogen to Safeguard the Quality of
Groundwater COESA Report: LMAP - 013/95

M. J. Goss, W. E. Curnoe, E.G. Beauchamp, P. S. Smith, B. D. C. Nunnand D. A. J. Barry,
Universty of Guelph, Guelph, ON

1.4.3 Rurd Consarvation Clubs Program

Constructed Wetland Project, Belle River Conservation Club

Dignard Artificial Wetland, South Nation River Conservation Authority

Evaluation of Vegetative Filter Stripsto Treat Beef Feedlot and Dairy Yard Runoff in Ontario,
Ontario Cattlemen’s Association



Essex Manure Management Club



2.0 Ildentified Needsfor Information

2.1 Green Plan Agricultural Stakeholders Forum

Recommendations 1 and 2 from the Stakeholders Forum addressed the issue of minimizing the impact of
livestock manures on air and water qudity, while improving the economic efficiency of farming
operations, through more efficient use of manure nutrients.

1. “ Develop alternative manure management systems appropriate for different soil and
livestock management combinations.”

2. “Improve utilization of nutrients by expanded use of soil and manure analyses.”

Recommendation 4 from the Stakeholders Forum addressed the issue of “Closed Loop” recydling of
urban or agricultura organic wadtes, recognizing that a successful recycling system could turn waste
products into useable resources, extend the life of current landfill sites and improve the organic matter
content of soils.

3: “Conduct a pilot project in a small urban community to develop a workable ‘ closed
loop’ organic waste recycling system” (to demondtrate that it can work; to determine the
cogs and financid benefits; and to identify potentia problems or barriers)

2.2 Current State of the Art on Manure/Nutrient Management

Thefirst project completed within the Green Plan Research Sub-program was the report, The Current
Sate of the Art on Manure/Nutrient Management by Goss et a, 1994. (Heresfter, referred to as the
CSAMM Report.) This project was undertaken to:

1. “identify the various areas of active research related to the management of manure
systems and summarize the current knowledge base” .



2: “identify areas of research needed to allow the efficient handling, storage, processing
and utilization of animal manure on farmsin Ontario.”

In preparing their report, Goss et d consulted with The Expert Evauation Pandl for Manure
Management, a multi-disciplinary group with producer, government, university and industry
representatives. This panel identified and ranked twelve priority aress for research and extension
activities, related to manure management. In order of priority, their recommendations were:

1.  Devedop extenson packagesto asss farmersin making more effective use of nutrientsin
manure.

2. Edablish aresearch programme involving engineers, anima scientists, agronomidts, soil
scientists and economigts, to develop a comprehensive framework by which dternative
manure management systems can be compared.

3. Edablish the rlationship between environmentdly safe and the most profitable rates of
manure application to cropland, taking account of the method and timing of gpplications.
Develop more acceptable manure application methods in conservetion tillage systems.

4.  Deveop the means of predicting the composition of the mgor types of poultry, pig and cattle
manures, based on feeding regimes.

5. Improve nitrogen gpplication recommendations for different crops, based on asoil N test,
taking into consderation losses on NH; with different times and methods of gpplication.

6: Develop practical, cogt-€effective methods for managing manure odours from farm systems.
This should indude seeking means by which the hazard to human or animd heelth from toxic
gases, such as H,S, can bereieved in different manure systems, and developing better
engineered and economic manure management systems, that minimize gaseous losses from
manure.

7. Invedtigate the trandformations of manure N following addition to soil to provide more
accurate estimates of denitrification, minerdization and immobilization.

8. Invedtigate and develop the ability to predict the transformations of manure N during sorage
and/or compogting to characterize the impact on availability of N to crops, the potentia for
nitrate leaching and gaseous losses of NH;, NO,, CO, and CH.,.

9:  Examinethe potentia for reducing the nutrient content of manures by using improved feeding
programmes, including use of feed additives.

10:  Assess onfarm economics of different manure management systemsin direct association
with research on storage, application and utilization of manure.



11:  Assessoff-farm costs due to environmental impacts, but not solely with respect to manure
management. Information on environmenta degradation associated with dternative manure
management systems must be quantified to dlow the cogts to be determined.

12:  Deveop the means by which the deterioration of livestock facility structures by gases
produced from manure can be minimized.

Goss et d aso conducted three workshops across the province, in March 1993, with representation
from a broad cross-section of the agricultura industry. Participants in these workshops were asked to
identify the main information needs for farmers and society to address manureissues.  The main issues
identified in thisway are listed below.

C gpplication rates and timing.

C the nutrient content of manure (including manure testing) and its value to crops.
C the economic benefits and environmental costs of manure,

C the relative merits of different manure handling and storage systems.

C methods and equipment to apply manure properly and uniformly.

C dternate uses for manure.

The CSAMM Report included a literature review summarizing the level of knowledge about
manure/nutrient management as of 1993. It dso identifies the mgor gapsin the information base or in
technology trandfer activities, regarding the influence of manure management and environmental
conditions on ether the utilization of manure nutrients by crops, or on the effect of manure on the
environment, or both (summarized in Table 1). Thus, the CSAMM report can be used as a benchmark
againg which to compare the progress made within Green Plan. The various areas identified in the
report which were addressed by specific Green Plan or Supplementary Projects are identified in Table
1. The contributions of Green Plan projects toward addressing specific concerns are summarized in
Section 3 of this report.

2.3 Ontario Agricultural Services Coordinating Committee

Within Ontario, responghility for coordination of agricultura research and servicesis assgned to the
Ontario Agricultura Services Coordinating Committee (OASCC). The eight committees thet report to
OASCC and their sub-committees (Appendix B) have the responsibility to identify issues for which
additional researchisrequired. Severd of these committees have identified the need for research or
service programs to reduce the impact of livestock production and manure use on the environmen.
(Their recommendations are listed in Appendix C.) Many of the recommendations made by these



committees were generic in nature, caling for additiona research directed toward finding affordable and
environmentaly sustainable methods for managing manures and associated environmental contaminants.
More specific recommendations tended to mirror the concernsidentified in the CSAMM report. The
recommendations made between 1992 and 1997 identified the following areas as being those which
should be given priority for additiond research.

C daffordable systemsto minimize contamination of surface and groundwater by livestock wastes.
effects of livestock housing dternatives on the environment.

effects of manure handling methods on the environment.

Innovative methods of treating milkhouse washwater and other contaminated water.
long-term effectiveness of earthen storage structures for liquid manures.

movement of contaminants from manure through soils into tile drainage water or groundweter.
reducing, detecting and dealing with hazardous gases associated with livestock operations.
reducing odours associated with livestock operations.

protecting stedl and concrete from corrosive manure gases.

reducing the effect of livestock operations through management of livestock feeds.

nutrient management extenson programs.

O O O O O O O O O O O

integrated management systems for using nutrients from fertilizers, crop resdues, manures and
organic wadtes, in the agro-ecosystem.

[ep}

investigating the ability of manure application equipment to goply manure uniformly.
C  manure gpplication practices suitable for conservation tillage systems.

C economic anadysis of manure handling systems.

Table 1. Green Plan Activities Providing Information Related to Needs Identified in The Current Sate
of the Art on Manure/Nutrient Management.

Area of Information Need Green Plan Activity
Supplying Information:

Surface Water Quality

C control and treatment of contaminated water including milkhouse Kachanoski et al

wash water and runoff from barnyards, feedlots or manure storages. St Jean

Rural Conservation Clubs
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¢ runoff from fields after manure application N.AZ
C macroporeflow totile drains Wall et a
Ground Water Quality
C leaching from manure storage, processing or treatment Kachanoski et al
St. Jean
C macropore flow or leaching from fields after manure application St. Jean
Beauchamp et al
Schell and Alder
Gosset a (1995)
Alder et al
Air Quality
C generation of odours and toxic gases in barns, storages and N. A.
processing
¢ release of odours and toxic gases during application N. A.
C generation of greenhouse gases in barns, storages or processing Kachanoski et al
and after application St Jean
C deterioration of structures by corrosive gases released from manure N. A.
3 N.A. - Not Addressed by Green Plan Research Projects
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Tablelcont'd: Green Plan Activities Providing Information Related to Needs Identified in The
Current Sate of the Art on Manure/Nutrient Management

Nutrient management

C effects on manure nutrient content and dynamics of livestock Beauchamp et al
species, ration and feeding regime

C carbon & nitrogen transformationsin storage, processing or Kachanoski et al
treatment St Jean
C carbon & nitrogen transformationsin soil after application of Beauchamp et al

livestock manures or other organic materials Gosset al (1995)

Alder et al
Schell and Alder
Other Agronomic Concerns
¢ effectsof application of manure or other organic materials on crops, Beauchamp et al
soil biota, soil structure, soil compaction, pH, weed populations and Alder et al

plant pathogens
Lazarovitsand Conn

Schell and Alder
Gosset a (1995)
St. Jean
Wall et al

Rural Conservation Clubs

C practicesto minimize environmental effects of the use of manure or Wall et a
other organic materialsin conservation tillage systems Schell and Alder
Alder et al
Economics

¢ on-farm costs and benefits of manure management practices Kachanoski et al
St. Jean
Alder et al

¢ environmental costs and benefits of manure management practices N. A.

3.0 Progress Made Within Green Plan Towards Addressing | nformation
Needs Related to Manure/Nutrient M anagement

3.1 I ntroduction
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Asoutlined in Section 2, OASCC and the CSAMM report identified many areas related to manure
management for which there were gaps in the knowledge base. The projects considered in this report
provided information on many of thesetopics. The following sub-sections summarize the key findings of
these projects asthey relate to the areas listed in Table 1. Because the results are organized by issue
areg, information from individua projects may be presented in severa sub-sections.

3.2 Areas of identified needs not directly addressed by Green Plans projects

C Contamination of surface water by runoff from fields after manure gpplication.
Generation of odours and toxic gases (other than ammonia) in barns and storage.
Reease of odours and toxic gases (other than ammonia) during spreading.

Deterioration of structures by corrosive gases released from manure.

QOO O O

Environmenta costs and benefits of manure management practices.

3.3  Contral and treatment of contaminated water including milkhouse wash water and
runoff from barnyards, feedlots or manure storages

3.3.1 Identified Needs

In 1992 to 1997, inclusive, OASCC annually recommended that research be supported to assess the
impact of different manure handling and milkhouse wash water disposa systems on the environment.
Although not formally recorded as such, the need for economica ways to manage runoff from solid
manure storages has a so been frequently expressed.

3.3.2 Summary of Green Plan Resear ch Results

Two research projects provided information related to the control or treatment of contaminated water.

C Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures
(Kachanoski et d)

C On-Farm Manure Composting Techniques. Understanding Nitrogen and
Carbon Conservation (St. Jean)

Runoff from a storage pad holding solid beef manure system from a cow-caf operation contained 2% of
the manure N ddlivered to the pad (Kachanoski et a). Since this was mostly minera N, it represented
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roughly 25% of the find avalable N. The concentration of NH,-N in the runoff storage tank averaged
112 mg kg in the summer and 256 mg kg* in the winter.

Thereis sgnificant loss of moisture from manure by evaporation during composting (St. Jean). Solid
beef cattle manure had a net moisture loss of 43.2% when composted outside, and 69.6% for the
covered control process.  Thus, the process appeared to have potential as ameansto treat
contaminated water (e.g. barnyard runoff and milkhouse waste water). However, moisture loss from
composting processes manipulated for nitrogen conservation was not sufficient to make them suitable for
treatment of farm-generated liquids. There was atrend, that was not satisticaly significant, towards
higher nitrogen and organic matter losses as aresult of the addition of barnyard runoff to composting
manure. (See Section 3.7.3.2)

3.3.3 Observationsfrom Green Plan Rural Conservation Club Demonstration Projects

Three conservation clubs provided information related to the control or trestment of contaminated water.
C Constructed Wetland Project (Bdle River Conservation Club)
C Dignard Artificial Wetland (South Nation River Conservation Authority)

C Evaluation of Vegetative Filter Stripsto Treat Beef Feedlot and Dairy Yard Runoff in
Ontario (Ontario Cattlemen’s Association)

3.3.3.1 TheBdleRiver Conservation Club, in conjunction with the Essex Region Consarvation
Authority, conducted afour year demongtration project to test the feasihility of usng a
constructed wetland to treat barnyard runoff and milkhouse wash water from a 200 head dairy
operation.  The treatment system consisted of a storage pond, a serpentine wetland areg, in
which avariety of native aquatic plants was trangplanted, and a polishing pond. Barnyard
runoff and milkhouse wastes were directed into a collection tank and then pumped into the
storage pond.  The system was sized based on average rainfall and evapotranspiration data
for the areawith additiond provison for a 1:100 year sorm event. Liquidswere held inthe
storage pond from November through April, and released into the wetland when average
water temperatures exceeded 6E C. On average, the operating period was 180 days. The
wetland was designed for aretention time of at least 14 days. Excess water from the polishing
pond was irrigated on an adjacent pasture when necessary. No water was released into
surface watercourses.
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On average over the two years, contaminant concentrations in the polishing pond were
reduced by 88% to 99%, relaive to samples taken at the transfer pump, depending on the
parameter (Table 2). Over ninety percent of the remova of E. coli and Biochemica Oxygen
Demand (BODs) occurred in the storage pond. Sixty percent of the phosphate removal
occurred in the wetland complex. Remova of suspended solids was equdly divided between
the storage pond and wetland area.

Flezometers were ingtdled around the wetland Site to monitor ground water quality. Over the
two operating years of the project, there was no conclusive evidence of ground water quality
imparment.

Additiond information about this project can be obtained from The Essex Region
Conservation Authority, 360 Fairview Avenue West, Essex, Ontario N8M 1Y 6

Table2: Artificial Wetland System Treatment Efficiencies, Belle River Conservation Club

Parameter Concentration a | Concentration at Remova

Transfer Pump Polishing Pond )
(mg/L) (mg/L)

BOD; 670.2 17.8 97.3

NHs-N 452 1.7 96.2

Tota Phosphate 24.6 25 89.7

Suspended Solids 573.6 75 86.9

E. coli 532254 2393 99.6
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3.3.33

The South Nation River Conservation Authority conducted a three year demongtration project
to evauate an atificid wetland for the trestment of milkhouse wash water and runoff from a
solid manure storage and an exercise yard. The system consisted of a previoudy existing
lagoon in which manure runoff was collected and held temporarily, a sabilization pond, an
initid wetland cell, an aerobic pond, a second wetland cdll and a vegetated filter strip for
overland flow. The wetland system was designed to operate between May 1 and September
30. During the rest of the year, the runoff was stored in the lagoon which was sized to hold the
wash water, manure runoff and precipitation from a*“wet winter” (amount expected to be
exceeded oncein ten years).

The stabilization pond was designed to accommodate a BOD; loading of 100 kg/halday. The
wetland was designed for a BOD; loading of 75 kg/halday and atotd nitrogen loading of 3
kg/halday. Pollutant concentrations were monitored at each stage of the sysem. Reativeto
the concentrations in the lagoon, concentrations at the end of the wetland were reduced by
98.7 % for BODs, 97.8 % for nitrogen and 95.3 % for total phosphorus (P). Additional
polishing occurred on the vegetated filter strip. Shalow ground water piezometers were
indalled around the ste for the second year. However, because of low soil moisture
conditions, there was insufficient water in the sampling tubes for regular monitoring.

Additiond information about this project can be obtained from The South Nation River
Conservation Authority, Box 69, Berwick, Ontario KOC 1G0

The Ontario Cattlemen’s Association coordinated demonstration projects on five farms to
evauate vegetative filter drips for the treetment of runoff from beef feedlots and dairy yards.
The treatment systems congisted of the following dements:

C astling areg, usudly the feedlot or yard, to dlow solidsto settle and to serve asa
holding areaiin the case of large storm events.

C afilter box to remove detris.
C agravel spreader to distribute flow over the entire width of the filter strip.
C the vegetative filter gtrip.

Thefilter strips were designed such that liquid flowed in a shalow sheet (< 1.3 cm) and
infiltrated into the soil. The strips were Sized to accommodate a 2-year, 2-hour storm event.
The dope of the various strips were between 0.3 to 4.5 percent; lengths were 70 to 180 m.;
and widthswere 8.0to 24 m. No event of runoff flowing off the end of any strip was
observed. Grab samples were collected for andysis a the point of farthest flow of the liquid.
Rdative to samples collected from the yard runoff, the system reduced contaminant
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concentrations by: nitrate - 45.2%, total phosphorus - 31%, total dissolved solids - 29.1%,
faecal coliforms - 40.6% and BOD; - 51.3%

Results showed no accumulation of nutrientsin the soil profile and no change in the qudity of
ground water samples from precongtruction levels. Surface remova rates, soil profile results,
and groundwater monitoring results when taken together, establish that the vegetated filter strip
system is an environmentaly sound trestment system for feedlot and barnyard runoff.

Additiond information about this project can be obtained from The Ontario Cattlemen's
Association, 130 Macolm Road, Guelph, Ontario N1K 1B1

34 Contamination of surface water through macroporeflow to tiledrains

3.4.1 Identified Needs

A 1992 recommendation from OASCC identified the need to “study the movement of bacteria, toxins
and nutrients through soil and to examine the quantitative and physical processesinvolved aswell asthe
development and eva uation of best management systems to reduce the potentia for ground water
contamination”.

A recommendation submitted annually between 1992 and 1996 stressed the need to “investigate
management systems to minimize contamination of air, surface and groundweter by nitrogen originaing
from fertilizers, legumes, manures and other organic sources, and by bacteria from manures and organic
wastes applied to soils.”

The CSAMM report cited studies documenting the frequent impairment of the qudity of tile drainage
water from the spreading of liquid manure. The report noted the difficulty of determining an acceptable
rate of gpplication of liquid manure due to the numerous factors involved (e.g. manure type and
composition, time and method of application, tillage system, soil conditions and wesather). The
importance of soil macropores for the rapid trangport of bacteria to tile drains was highlighted.

34.2 Summary of Green Plan Research Results

17



In the study, The Effects of Livestock Manure Application Methods on Water Quality, Focussing
on Nitrogen and Bacteria Transport in Soil, Wall et d conducted fidld scde studies to evauate liquid
manure application technologiesin no-till corn cropping systems, in terms of sustainable crop
productivity and subsurface water qudity (nitrogen, bacteria), and to identify pathways and processes of
nutrient and bacteria transport to tile drains and ground water with specid consderation to preferentia
flow.

Side-dressed gpplications of liquid manure, at the four-leaf stage of corn, resulted in water quaity
imparments to tile drainage water if tile drains were flowing a the time of gpplication. Water qudity
guiddines for bacteria, ammonia and phosphorus were exceeded for severd hours. Manure was
confirmed as the source of this contamination and macropore pathways contributed to tile flows even
under unsaturated soil moisture conditions. Simulated rainfal on the day following manure gpplication
aso resulted in impairment of tile drain water quality. Tile water contamination occurred both
immediatdly following the manure gpplication and fter the smulated rainfal event, regardiess of the
method of liquid manure gpplication. Compared to surface application, contamination was generdly less
when the manure had been injected, especidly if the sysem was modified to till the soil before injection.

Based on the results of this study, Wall et d offered the following recommendations for the gpplication of
liquid manure in no-till cropping systems.

i) Liquid manure nutrient testing is required immediately prior to manure application to establish
accurate manure application rates.

ii) Sidedressinjection or surface application of liquid manure at soil test recommended rates, a the
fourth leaf stage, will produce corn yieds equivaent to conventiond inorganic N fertilization.

iy Conventional and modified injection equipment are recommended for use on medium to coarse
textured soils.

iv) Side dressed injection gpplications should be considered to reduce impacts on tile water quality
relative to surface applications especidly on medium and light textured soils.

v) Apply liquid manure to tile drained land when the tile drains are not flowing to reduce impacts on
tile water qudity.

3.4.3 Additional Information from Specific Studies

3.4.3.1 TheFEffects of Livestock Manure Application Methods on Water Qudity, Focussng on
Nitrogen and Bacteria Transport in Soil
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Trids were conducted at locations representing the following soil textures: sandy loam, it loam and sty
clay loam. Liquid hog manure was Side dressed with a 6,800 L tanker around the fourth leaf stage of
corn using surface goplication and two injection techniques (conventiond injection and injection modified
by dight tillage in front of the injectors).

Tile flow rate volumes increased within 30 minutes of liquid manure gpplication and returned to base
flow conditions within three hours. Flow increases represented <3% of the gpplied manure on average.
The greatest increases in flow rates occurred when the tiles were flowing prior to the manure application.
Following smulated rainfal events, one day after manure application, tile flows increased sgnificantly
and did not return to base flow rates for severa days. Tile drain flow increases represented about 10%
of smulated rainfal volumes at the sandy loam and silt loam sites and under 5% at clay loam site.

At dl stes, gpplication of liquid manure when the tile drains were flowing usudly resulted in water quality
imparments to tile drainage water for 2 to 3 hrs following manure gpplication. There was visud evidence
(changein turbidity) of tile water contamination within 7 to 30 minutes from the time of gpplication.
Although the tota volume of manure reaching the tile was small (<2%), water quaity guiddines for
bacteria, ammonia and phosphorus were exceeded for severa hours. The presence of the tracer
bacteriaand chemicdsin the tile water samples after manure application provided verification of manure
asthe source.

The smulated rainfall events resulted in increased levels of ammonia, tracer bacteria and phosphorusin
tile drainage water within 30 minutes. Levels peaked within 60 minutes, but a concentrations lower than
those observed on the day of manure application. Loadings, however, were significantly greater due to
the larger volumes of water coming through thetile drains. Since the bacteria and chemicd tracers were
not detected in the tile water afew days after the rainfall event, it appears that the impact of the manure
goplication on the tile water qudity is relatively short-lived.

Chemica tracers added to the manure mirrored the bacteria movement to the tile drains both in time and
concentration. The percentage of gpplied non-reactive tracers (bromide, chloride) reaching thetile
drains (<2%) was smilar to the percentage of the applied manure volume measured in thetile drains.
Although <1% of the applied reactive tracer (strontium) was recovered in the tile water, its presence
provided evidence that the macropore pathways contribute to tile flows even under the unsaturated soil
moisture conditions of the experiment.

Background nitrate (NO5) levelsin the tile water ranged from 7.0 mg/L to 25 mg/L. Liquid manure
goplication did not immediately affect the NO; concentration of the tile water snce the minerd N in the
manure was predominantly present as NH,-N. Any increase in NO; levels of tile water associated with
manure gpplication did not occur until 1 to 2 weeks following manure gpplication.
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While there was no dgnificant difference between application methods at sandy |oam and sit loam sites,
the manure injection techniques tended to have less water quality impairment than the surface applied
trestment. At the clay loam gSite, surface gpplied manure resulted in Sgnificantly greeter levels of nutrient
and bacteria contamination than the injection methods. However, tile water contamination occurred
both immediately following the manure gpplication and after the Smulated rainfal event, regardiess of the
method of liquid manure application. In this no-till system, it may only be possible to stop tile water
contamination by gpplying liquid manure during growing season periods when soil moisture content is
low and tile drains are not flowing.

Thetile drainage model (DRAINMOD 4.0) provided statisticaly good predictions of tile flow for both
years compared to measured flow vaues. Further study of the water quality components of the model
that are currently under development appear warranted.

3.5 Contamination of ground water by nutrients, pathogensor solids from manurethrough
leaching from manure storage, processing or treatment

3.5.1 Identified Needs

The CSAMM report noted concerns related to the leakage or leaching of manure from storage into the
s0il and hence, into the groundwater. Leskage from concrete storages was thought to be minima. The
greatest concern related to the potentia for leaching from improperly seded earthen storages.
Although, it was not identified in CSAMM, smilar concerns presumably exist for uncontrolled runoff or
leachate from solid manure storages.

3.5.2 Summary of Green Plan Research Results

Two research projects provided information related to the potentid for leaching during manure storage,
processing or treatment.

C Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures
(Kachanoski et d)

C On-Farm Manure Composting Techniques. Understanding Nitrogen and
Carbon Conservation (St. Jean)

Kachanoski et d andyzed soil cores taken at various depths and distances from a poultry manure pile on
afidd ste that had been used for severd years for manure storage. Soil minerd N concentrations in the
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top 0.15 m were 88 mg kg™ within 2.5 m of the pile, but averaged around 20 mg kg* at 5.0 m and
farther from the pile. Mogt of thisincrease in soil mineral N near the pile was from NO;, which was aso
evident at greater depths. While the field storage site did appear to be a point source of NO;, it was not
certain that this NO; was contaminating ground water. 1t may have been denitrified in a saturated zone,
perhaps because of soluble C dso leaching from the manure.

. Jean found that the potentid for leaching of nutrients from solid beef caitle manure during the
composting process was low whether it was done outside or insgde. The drying action of the sun caused
ahard crugt to form on the surface of manure being composted outside. This crust effectively shed
water and reduced the potentia for N leaching during the process despite the exposure to rainfall.

3.6  Contamination of groundwater through macroporeflow or leaching from fields after
manur e application

3.6.1 Identified Needs

A 1992 recommendation from OASCC identified the need to “ study the movement of bacteria, toxins
and nutrients through soil and to examine the quantitative and physical processes involved, aswell asthe
development and evauation of best management systems to reduce the potentia for ground water
contamination”.

A recommendation submitted annually between 1992 and 1996 stressed the need to “investigate
management systems to minimize contamination of air, surface and groundweter by nitrogen originaing
from fertilizers, legumes, manures and other organic sources, and by bacteria from manures and organic
wastes applied to soils.”

The CSAMM report acknowledged the difficulty in determining the potentia for NO; to contaminate
ground water because of the converson of NO; to nitrogenous gases through denitrification. The report
noted that the mgority of research had failed to quantify the maximum nutrient loading that could be
gpplied without a negative impact on the environment and that little information was available about the
effect of manure application systems on NO; leaching. The CSAMM Report aso noted that many
factors influence the leaching of contaminants into groundwater, including manure type and composition,
time and method of manure gpplication, soil physica conditions, weeather and soil nutrient levels.

3.6.2 Summary of Green Plan Research Results

Five research projects provided information related to the potentia for leaching of NO;-N after
application of livestock manures or composted materias.

C  Anlnvestigation into the Management of Manure-Nitrogen to Safeguard the Quality
of Groundwater. (Gosset a 1995)
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C Transformationsin Soil: Crop Response to Nitrogen in Manures with Widely Different
Characteristics. (Beauchamp et d)

C Investigating Methods of Integrating Liquid Manures into a Conservation Tillage
Cropping System (Schell and Alder)

C  On-Farm Manure Composting Techniques: Understanding Nitrogen and
Carbon Conservation (St. Jean)

C  Application of Composted Organic Waste to Agricultural Land (Alder et d)

In the short term the implications for groundwater qudity of using liquid manure are amilar to those of
using mineral N sources at equivaent rates of inorganic N. (Beauchamp et a; Schell and Alder)

Fal gpplication of liquid manures with a high NH,-N content (e.g. liquid swine or liquid dairy cattle
manures) may result in relatively large N lossesand low N use efficiency. (Beauchamp et d; Gosset d,
1995) Therisk from leaching of NO; from fall-gpplied liquid manure was high in the fal immediatdy
after application, in the following spring, and in the next fal period. Fal trestments, designed to
immobilize N, (e.g. seeding of cover crops or adding straw) were not adequate to reduce the risk of
NO; leaching sgnificantly (Goss et d, 1995). Fdl-application of composted manures or of solid
manures with relaively alow NH,-N content and substantial bedding content did not appear to pose a
sgnificant hazard to water quadity. (Beauchamp et d; Goss et d, 1995; St. Jean)

When manures with a high NH,-N content (e.g. liquid swine and cattle manures) are gpplied in the
spring, the release of available N can be rdlatively rapid and well in advance of the period of pesk crop
requirement for N (Beauchamp et d). Thus, thereis the potentia for N loss.

Composting generaly reduced the potentid for N, P and K leaching from the finished compost
compared to the raw manure (S. Jean). No one process or modification was more advantageous than
another in producing compost with a lower potentia for leachate losses of N, P or K. The authors note
that their estimates of potentid leaching from composts should not be interpreted as being reflective of
the behaviour of these nutrientsin the soil. Of these three nutrients, only N is regarded as being highly
mobile.

Applications of composted organic wastes did not contribute to increased NO; levelsin the soil solution.
(Alder et d)
3.6.3 Additional Information from Specific Studies

3.6.3.1 An Invedigation into the Management of Manure-Nitrogen to Safequard the Quality of
Groundwater
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This study investigated the fate of N from liquid dairy cattle manure and from composted cattle manure
in two field experiments conducted a the Elora Research Station of the Ontario Ministry of Agriculture,
Food and Rurd Affairs and a the Winchester Research Station of Kemptville College of Agricultura

Technology, respectively.

At Winchester, approximately 300 kg totd N hal, as either liquid dairy cattle manure and as composted
cattle manure, was gpplied in late August on dfafa sod which had been plowed down. The soil a the
time of manure gpplication contained about 80 kg ha* minerd N. Only 5% of thetota N in the
composted cattle manure was in the minera form, as compared to 72% in the liquid manure. By the
end of November, there was 55 kg NO5-N ha in un-manured plots, 78 kg NO5-N ha! in plots that
received composted manure, and 134 kg NO5-N hat in plots trested with liquid manure. However,
from andysis of the N present in the soil, it appeared that only about 60 kg N hal had been derived
from the minera fraction of the liquid cattle manure and that at least 50% of that fraction had dready
transferred into the organic pool of the soil. (Also see Section 3.10)

Therisk from leeching was high in the fdl immediately after application, in the following spring, and in the
next fal period, especidly if cereds were grown inthe spring. Total N losses from the liquid manure
over two cropping years were estimated at 35% for the spring application and 40% for the fall
goplication. (Some N might have been logt through denitrification rather than by leaching.) Although
prevailing weather conditions were not conducive to leaching, about 25% of the N was Hill lost over
winter. (Thelosswas dightly less where cover crops were grown on land where straw had been
incorporated.)

None of the fal trestments designed to immobilize N were adequate to reduce the risk of NO; leaching
ggnificantly. Cover crops sown after manure gpplication in the fal immobilized N in proportion to the
dry matter produced before the first killing frost. Application and incorporation of straw before seeding
of the cover crops reduced the amount of N in the cover crops because the growth of these crops was
impaired. The cover crops removed less than 10% of minera-N gpplied in liquid cattle manure, and
only about one tenth of thiswas transferred to the following corn crop. The main period of N release
from the cover crops appeared to occur late in the summer when crop uptake would be minimal.

Evidence from spring barley suggested that the minerdization of organic-N from the fal-gpplied manure
occurred in the following July and thereafter. Much of the NO;-N that was released would be at risk of
leaching after harvest of spring-sown ceredls.

Because of itslow content of inorganic N, fall gpplication of composted cattle manure did not pose a
significant environmenta hazard a Winchester. Only 0.46 kg N ha* from the minerd N inthe
composted cattle manure was removed in the corn grain.  However, in thefal of the following year an
average of 85 kg ha of minerd N remained in the soil after the harvest of the corn. Nitrate leaching
from solid beef manure a Elorawas aso less than in other trestments during the 1992 growing Sseason.
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3.6.3.2 Trandormationsin Soil: Crop Response to Nitrogen in Manures with Widdly Different
Characterigtics

Beauchamp et d invedtigated the influence of the characteridtics of five different types of manure and of
various manure management practices on the release or availability of manure N. The manures used in
this study included liquid dairy cattle, solid beef cattle, solid broiler chicken with either wood shavings
bedding or straw bedding, and liquid swine manures.

The rdease of avallable N from some manures gpplied in the spring was relaivey rapid in some years
and well in advance of the period of peak N requirement of the corn crop (e.g. liquid swine and cattle
manures). Where subgtantid available N was released, it was generdly related to the amount of NH,-
N applied with the manure.

The efficacy of fal-gpplied manures and the risk of N loss from them may depend on the characterigtics
of the specific manure. Crop response to solid manures applied in the fall was smilar to the response to
manures of the same type applied in the spring.  Thus, fal-gpplication of solid manures with releively
low NH,-N content and substantial bedding content may not result in much N loss.

Fal gpplication of liquid manures with high NH,-N content (e.g. liquid swine manures) may result in
relatively large N losses and low N use efficiency.  Responseto fdl-gpplied liquid swine manure was
lower than to that applied in the spring, suggesting that a sgnificant amount of N was logt to leaching or
denitrification during the fal, winter or early soring.

3.6.3.3 Invedtigating Methods of Integrating Liquid Manures into a Conservation Tillage Cropping
System

Schell and Alder concluded that the implications for groundwater qudity of using liquid manurein a
conservation cropping system are Smilar to using mineral N sources. Soil NO; levels were measured at
different times throughout the growing season as an indicator of N availability. There was no clear trend,
athough there was a suggestion that manure N increased NO; readings more quickly than equivaent
amounts of N gpplied in inorganic forms.  Resdua soil NO; levels after harvest varied widdy from Ste
to ste, and some were high and potentidly detrimental to water qudity. However, the levels were
smilar whether the N was from manure or mineral sources. Shallow groundweter NO; levels were
monitored at two stes. Many of the treatments had NO; levels that at least occasiondly exceeded the
Ontario drinking water quaity standards. However, there was no indication that manure N should be
managed differently from N from inorganic sources. There were no gpparent implications for
groundwater quality related to the incorporation of manure.

3.6.3.4 On-Farm Manure Composting Techniques, Understanding Nitrogen and Carbon Conservation
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Composting reduced the potentid for nitrogen, phosphorus or potassum (K) leaching from the finished
compost as compared to the raw manure, in fourteen of the sixteen processes studied (St. Jean). The
reduction in leachate losses varied greatly among composts. The N leachate losses observed did not
correlate congstently with mineralized N concentrations, and compost leachates were found to contain
organic N aswdl asinorganic minerdized forms of N. Thismay be areault of the leachate collection
procedures followed for comparison purposes and may not be indicative of soil leachate losses.

No one technology or process manipulation factor showed an advantage over the othersin producing

compost with alower potentia for leachate losses of N, P or K. Specificaly:

C Comparison of traditiond turned-pile, passive-aeration, and forced-aeration composting
processes for solid beef cattle manure did not indicate an advantage for one process over the
other in terms of leaching potentid.

C There was no evidence that curing solid beef cattle manure compost for an additiona period of
time of up to 90 days would reduce the potentia for N leaching.

C Three different composting processes used by ecologica farm operators showed no advantage
over conventiona farm composting techniquesin terms of reduced |leachate losses. (It should
be noted, however, that different types of manures were used in the investigations of
ecological composting techniques than were used in the conventional composting
techniques. The study did not include any manure type by composting technique
comparisons.)

3.6.3.5 Application of Composted Organic Waste on Agriculturd Land

Applications of composted urban organic wastes did not contribute to increased NO; levelsin the soil
solution (Alder et d). Inthefirst year of the sudy (1994), there was a trend towards lower NO; levds
under compost applications but this was not evident in subsequent years a both dtes. In 1995 there
was a trend towards lower dissolved organic carbon (DOC) levels under compost applications.
However , dl solution samples exceeded the Ontario drinking water quality objectives of 5.0 mg L™ of
DOC in water, including the controls.

In the compost gpplication rate study, there was no change in the NO,-N soil test levelsasa result of
fal application of compost.
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3.7  Generation of greenhouse gasesin barns, storage or processing and after application

3.7.1 Identified Needs

The CSAMM report recommended that research be conducted to:
“Investigate and develop the ahility to predict the transformations of manure N during Storage
and/or compogting to characterize the impact on availability of N to crops, the potentia for
nitrate leaching and gaseous losses of NH;, NO,,, CO, and CH,.” (Rec. #8)

3.7.2 Summary of Green Plan Research Results

Two studies gathered information related to the release of one or more greenhouse gases from manure
during storage or composting:

C Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures
(Kachanoski et d)

C On-Farm Manure Composting Techniques. Understanding Nitrogen and
Carbon Conservation (St. Jean)

Kachanoski et d investigated the rlease of greenhouse gases and ammoniain six conventiona manure

gtorage and handling systems (solid beef, solid poultry, liquid swine - high water use, liquid swine - low
water use, solid dairy, and liquid dairy - dley-flush system).  Usudly the greenhouse gas losses (except
CO,) were negligible with respect to mass baance of C and N. However, the magnitudes of the losses
were important from an environmenta perspective.

In evaluating sixteen composting processes, . Jean monitored the moisture, temperature and weight of
manure as it composted and the concentrations of NH;, O,, CO, and CH, in the off-gases and pore
gpaces. No composting technique showed any consstent advantage over the others for reducing the
production of CH,. The author concluded that manures from Ontario livestock operations do not have
characterigics that will minimize the production of CH, during composting. Solid cattle manures had
moidiure levels sgnificantly above the optimum of 60%. Solid poultry manures were sgnificantly below
the optimum. All manures had C/N ratios significantly below the optimum. Because anaerobic

microsites formed within the composting mass, CH, was released during composting even though pore-
gpace oxygen concentrations were above the 5% level considered adequate.  Mixing would appear to
be warranted for bacteria, enzyme and substrate distribution (as opposed to overal aeration) and should
be carried out using a compost windrow turner, rather than a front-end loader, to minimize heat losses.

3.7.3 Additional Information from Specific Studies

3.7.3.1 Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures

Kachanoski et d collected air samplesin the barns on six farms during 24 h periods at various times of
the year to determine concentrations of CH,, CO,, and N,O. (The results of spot sampling of the barn
air to determine NH,; concentrations are summarized in Section 3.9.3.) Measurements of greenhouse
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gas flux rates were made at various stages of the handling systemsto rank them for their potentia to
generate these gases. The results for each of the systems are summarized below.

Solid Beef
The only sgnificant emisson of CH, occurred from the manure pile in September and March.
Rates of CO, emission from the stored manure in Segptember were Smilar to those measured in
March and many times greater than that measured from the field soil in October. A smilar pattern
was observed for N,O emissons, with no obvious difference between the fdl and late winter
emission rates from the stored manure,

Solid Poultry (broiler and roaster chickens on wood shavings)
The CO, concentration in the barn air was 80% grester in the winter than in summer, but the
associated ventilation rate was 2.4 times greater in the summer. The net CO,-C output in the vented
ar however was il greater in the summer than in the winter by afactor of 1.25. Concentrations of
N,O in the barn ar in the summer and winter were less than norma background air, suggesting a net
absorption rather than emission of N,O in the litter.

Despite higher ventilation rates in the summer, CH, concentrationsin the barn air were ten times
greater in the summer than the winter. Output of C as CH, represented about 6% of the total C
output of CO, + CH, during the summer, and 0.3% in the winter. It appeared that CH, producing
bacteriain the litter were inhibited during the winter crop, possibly by high NH; concentrationsin the
barn air.

Gas flux measurements were conducted on the litter surface in the barn during the winter crop of
birds, and on the outdoor pile in March. There was no measurable CH, or N,O emisson from the
litter surface between the fourth and eighth weeks of growth of the winter crop of birds. The
emission rate of CO, tripled at eight weeks compared to the rates at four and six weeks of growth.
Measurable rates of emisson of CH,, CO,, and N,O but not NH; occurred from the manure pilein
March. The rate of CO, emission was comparable to that observed from the litter in the barn at
eight weeks.

Liquid Swine - High Water Use
During January and February, concentrations in the exhaust air were 1300 to 2000 ppm for CO,, 0
to 170 ppm for CH,, and 0.3 to 0.6 for N,O.

Gas flux from manure surfaces was determined for the storage lagoons in the summer, late fdl, and
spring, from the field after manure gpplication in the summer, and from floors and stored manure in
the swine building. The rate of CH, emisson from the lagoons in late summer was a least four times
greater than from the other sources measured. No significant CH, emission was detected from the
soil a 10 to 30 minutes after manure gpplication in August.
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Hux of CO, was dso greatest from the lagoonsin late summer compared to dl other sources. The
rate of CO,-C emission from the lagoonsin August was the same astheir rate of CH,-C emission.
The emission rate of CO, from the soil was increased by afactor of eight within 10 to 30 minutes
after manure application compared to either non-manured soil or to the rate two hours after
goplication.

Hux of N,O did not show consistent patterns among sources of the same type. The lagoons, datted
floors, and soil showed both emission and absorption of N,O, athough emission rates tended to be
greater than absorption rates.

Liquid Swine - Low Water Use
Concentrations of CH, in the nursery rooms, gestation room, and farrowing rooms averaged 41 ppm
in the summer and 45 ppm in the winter, but the concentrations were much more variable in the
summer. The CH, concentrationsin the feeder barn averaged 43 ppm during the winter.
Concentrations of CO, in the various rooms averaged 920 ppm during the summer and 2100 ppm
during the winter. Concentrations of CO, in the feeder barn averaged 1690 ppm in the winter.
Concentrations of N,O did not seem to increase sgnificantly above norma background levels.

The greatest rates of CH, emission were 4 to 10 mg CH,-C mr2 min! measured from the pit below
the gedtation / farrowing barn and the outdoor cement tank. Surprisingly CH, flux from thetank in
March was aimost as great asin August. The greatest rates of CO, emisson were 35 to 60 mg
CO,-C m? mint from the gestation / farrowing barn pit and the outdoor tank. The greatest rates of
N,O emission were 5 to 15 pg N,O-N mr2 min! from the earthen lagoon in November, February,
and April, and the gestation / farrowing barn pit in October.

Solid Dairy
Concentrations of N,O in the barn air were a natura background levels (0.33 ppm) during the
winter and summer. Concentrations of CO, were about two times greater than background (320
ppm) on the two summer sampling dates, and four times greater than background on the winter
sampling dates. Concentrations of CH, averaged about 60 times greater than norma background
concentrations (1.4 ppm) at the winter sampling, and varied from 14 to 80 times greater than
background at the summer sampling dates. It is expected that most of the CH, originated from the
cows rather than from the manure in the barn.

The largest flux of CH, occurred from manure in the centre of the covered storagein August. This
manure was predominantly cow barn gutter manure, most of which was less than about six weeks
old. Much lower rates of CH, flux were detected from older manure in the storage in August, and
from the stored manure in April. A very smal rate of CH, flux occurred from newly dumped gutter
manure and from the manure pack bedding in the heifer barn in August.

Emissions of CO, occurred from al the manure surfaces measured except for the scraped dley in
the heifer barn. The greastest emission rates occurred from manure in the covered storage in July and
Augus, regardiess of the manure age. Emission rates during the winter from the manure piles and
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from fresh cow barn gutter manure were about one haf the rates measured during the summer. The
greatest rates of N,O emission occurred in August from older manure in covered storage.

Liquid Dairy - Alley-Hush System
Concentrations of CO, in the barn air varied from near normd air vaues to about four times norma
during the winter, but stayed at normal background levels during the summer. Concentrations of
N,O remained at norma background air values throughout the winter and summer. Concentrations
of CH, were about 30 times above normd air vaues in the spring, and about 10 times greater than
normd air levels a the summer sampling.

Gas flux measurements were done a the storage lagoons in the early spring and summer, and at the
dley floor in the winter, Soring, and summer. In this system, manure is flushed from the dleys
directly into a holding tank and pumped to an outsde lagoon. Thislagoon is passively connected to
3 more lagoons, and the liquid manure level equaizes in each lagoon. The grestest emission rate of
CH, occurred in August from the crust surface of the third lagoon in the series of four. Therate of
CO, emisson from lagoon #3 in August was ten or more times gregter than the rate from the other
sources measured. The rate of N,O emission was more than ten times greater from lagoon #3in
August compared to the other sources measured.

3.7.3.2 On-Farm Manure Composting Techniqgues, Understanding Nitrogen and Carbon Consarvation

In evaluating sixteen composting processes, St. Jean monitored concentrations of NH;, O,, CO, and
CH, in the off-gases and pore spaces of the manure as it composted. No composting technique showed
any condstent advantage over the others for reducing the production of CH,. The author concluded that
manures from Ontario livestock operations do not have characteristics that will minimize the production
of CH, during composting. The solid dairy and beef manures sampled during this study had moisture
levelsin the range of 70% to 80%, significantly above the optimum of 60%. Solid poultry manures
averaged 33%. High moisture levels cause manure settling and compaction in windrows, which is
believed to reduce the effectiveness of static-pile-forced-aeration and passve-aeration technologies.

CIN ratios ranged from 10 for poultry manuresto 16 to 17 for dairy and beef, much below the optimum
of 30/1.

There was sufficient natural convection through windrows 3 m wide and 1.2 m high to maintain aerobic
conditions without enhancements such as forced-aeration, Static aeration tubes or mixing. Forced-
aeration processes without mixing did not reduce CH, concentrations in pore-spaces or off-gases.
Because of the non-homogenous nature of manure, anaerobic microsites developed within the
composting mass regardless of the technology used. The authors concluded that mixing would help
reduce the level of anaerobic microsites. Mixing was observed to stimulate bacterid activity (as
indicated by atemperature increase after mixing), even when pore-space oxygen levels were not limiting,
probably because of the redigtribution of bacteria, enzymes, and substrate. Significantly more heat was
lost during mixing when this was done with a tractor loader than with a compost windrow turner. This
initid heat loss reduced the rate of natura convection and created atemporary oxygen deficit, increasing
the potentia for CH, production, until the temperature recovered.
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3.8 Effects on manure nutrient content and dynamics of livestock species, ration and feeding
regime

3.8.1 Identified Needs

A recommendation made repeated through OASCC between 1992 and 1997 identified the need for
research “to look for technology that will reduce any negative impact of swine production through the
reduction or balancing of the nutrient content and reducing odour associated with swine manure and
improved feed utilization”.

Other recommendeations have identified the need for research into methods of decreasing the amount of
nitrogen and phosphorous in manure, especidly in relaion to poultry manures.

The CSAMM report recommended that research be conducted to:

“Develop the means of predicting the compostion of the mgor types of poultry, pig and cattle
manures, based on feeding regimes.” (Rec. # 4) and to

“Examine the potentid for reducing the nutrient content of manures by using improved feeding
programmes, including use of feed additives.” (Rec. # 9)

The report highlighted the need to predict the concentrations of the various nutrients in manures, based
on feeding regimes and the composition of feeds, noting that there was opportunity to increase the
efficiency of N recovery from feeds thereby reducing the amount in manure. Further investigation was
required into the differences in nutrient content of manures, with regards both to composition and
availability. There was a need for modelsto predict available N, which must take account of
transformations that occur during both short and long term storage.

3.8.2 Summary of Green Plan Research Results

One phase of the project Transformations in Soil: Crop Response to Nitrogen in Manures with
Widely Different Characteristics (Beauchamp et d) consdered the effects of adjusmentsin the level
and degradability of protein in the diets of dairy cattle on the form and amount of N excreted. The
authors concluded that such dietary changes are more likely to affect the form of the nitrogen excreted
(i.e. urine vs faeces) than the total amount. Feeding a diet with high protein content and high
degradability had little effect on the N content of the faeces of dairy cattle, but increased excretion of
nitrogen inthe urine. Differencesin diet had little influence on extractable inorganic nitrogen from either
urine or faeces treated soil. In asoil incubation study, urine nitrogen was transformed to available
nitrogen (NH, and NO;) much more rapidly than wasfaecd N. Reatively low levels of inorganic
nitrogen present in the faeces-treated soil tended to decrease during the incubation period probably due
toimmobilization. Thus it gppears that the mgor source of available nitrogen in cattle manure is derived
from the urine and that the faeces may even redtrict nitrogen availability. Dietary changes that increase
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the proportion of N excreted in the urine could influence N utilization by crops, gaseous losses or
leaching.

31



3.9 Carbon and nitrogen transfor mationsin storage, processing or treatment
3.9.1 Identified Needs

An OASCC recommendation in 1997 cdled for “development of aternative methods of treating
livestock and poultry waste that reduce odour, break down settleable solids and stabilize nutrients,

epecidly nitrogen”.

The CSAMM report recommended that research was needed to:
“Investigate and devel op the ability to predict the transformations of manure N during storage
and/or composting to characterize the impact on availability of N to crops, the potentid for nitrate
leaching and gaseous losses of NH;, NO,, CO, and CH,.” (Rec. # 8)

The authors noted that a full assessment of different systems for the handling and storage of manure was
needed to determine the extent of ammonia losses from each and to find ways in which these [osses may
be reduced. The authors noted that little was known about the changesin organic N or minera N
during storage of ether liquid or solid manures or aout their effect on the avallability of manure N. The
effects and extent of microbia activity on N dynamics aso needed to be researched.  Information was
needed regarding the effects of storage time and depth on the variability in concentration of N and other
nutrients in liquid manure storages.

Similarly, it was noted that little was known about the quantities of C excreted in relation to feed intake
of C and that there were gaps in the knowledge about the degradability of C in excreted manure.
Further research was needed about C transformationsin either short-term or long-term storage and
about the processes, magnitude and form (i.e. CO, or CH,) of C losses with different manure storage
sysems.

The CSAMM report aso concluded that the factors involved in the loss of C and N during composting
and the extent of these losses need to be investigated.

3.9.2 Summary of Green Plan Research Results
Two studies investigated nitrogen and carbon transformations that occurred in conventiona manure
gorage and handling systems or during composting:

C Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures,
(Kachanoski et d)

C  On-Farm Manure Composting Techniques. Understanding Nitrogen and
Carbon Conservation (St. Jean)

Kachanoski et d tracked the mass balance of C and N from six conventiona manure handling systems
for adefined set of inputs and outputs. The systems included solid top-loading beef, solid poultry
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manure, liquid swine (high water use), liquid swine (low water use), solid dairy, and liquid dairy -

dley-flush sysem. The fate of nitrogen inputs varied depending on the manure and the system (Table
3). Theamount of N excreted as fresh faeces was consstently 70 - 80% of feed N. As a percentage

of N inputs (feed + bedding), find plant available manure NH,-N amounts ranged between 8% (solid

beef) and 40% (liquid swine or liquid dairy). Organic N in the manure varied from 1% (liquid swine) to

45% (solid dairy) of input N.  The mgjor pathway of N loss was as NH;-N volatilization from fresh
manure. Because thisloss occurred very quickly before the manure was moved into storage, there
appear to be few management options for reducing N loss.

Table3: Fateof Nitrogen from Feed and Bedding for Six Manure Handling and Storage
Systems (from Kachanoski et al)

Manure System % Feed N | % ManureN | % Manure N NH,-N as Find Manure
in Faeces Lost before Logtin % of Find NH,-N as
Storage Storage Manure N | % of Input N
Solid Beef 70 65 4 18 8
with Straw
Solid Poultry 75 50 5-7 20-30 75-10
with Shavings
Liquid Swine 74 23 Trace 0 38
(High water use) (but 33% loss
during agitation
and spreading)
Liquid Swine 70-90 25 3 65 40
(Low water use)
Solid Dairy 80 22 4 30 19
Liquid Dairy 81 N.A. 21-23 90-100 40
(Alley Fush) (winter)
50 - 60
(summer)

In comparison, losses in storage were relaively low for most systems. However, aerobic conditionsin

the storage lagoons for the liquid swine manure system with high water usage resulted in high

concentrations of NH,-N in the liquid manure, leading to significant loss of NH,;-N during agitation and

Sporeading of the manure,

Thefate of carbon inputsin conventiona handling and storage systems varied depending on the manure
and the system. Losses of C in storage ranged as high as 57%. The amount of C remaining in the find
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manure, as a percentage of input C, ranged between 5% (liquid swine) to 39% (liquid dairy).
(Informetion related to emissions of CO, and CH, is summarized in Section 3.7)

In evaluating Sixteen composting processes, St. Jean monitored compost moisture, temperature and
weight and the concentrations of NH;, O,, CO, and CH, in the off-gases and pore spaces. (Information
related to emissions of CH, is summarized in Section 3.7). No composting technique showed any
consstent advantage over the others for reducing nitrogen losses. The author concluded that manures
from Ontario livestock operations do not have characterigtics that will minimize losses of nitrogen during
composting. Solid cattle manures sampled had moisture levels significantly above the optimum of 60%.
Solid poultry manures were significantly below the optimum.  All manures had C/N ratios sgnificantly
below the optimum of 30/1. Nitrogen losses for the Sxteen composting processes studied ranged
between 8.4% and 52.7%, with the average nitrogen loss being 29.7%. None of the processes or
modifications investigated showed any advantage over conventiond farm composting techniquesin terms
of nitrogen conservation. The use of wheat straw to optimize the C/N ratio was found to be an
uneconomica drategy for reducing nitrogen losses.

3.9.3 Additional Information from Specific Studies

3.9.3.1 Nitrogen & Carbon Transformations in Conventionally-Handled Livestock Manures

This study generated a reference database of the chemica compostion of manure from as many
components of the different systems as possble. The results for each of the systems are summarized
below.

The characterization included aerobic incubation of sand-soil-manure mixtures in the laboratory to
measure minerdizable C and N. The report includes full nutrient analyss (N, P, K, C) dong with
selected andysis of C and N compounds (lignin, acid digestible fibre, volatile fatty acids, etc). Samples
of barn ar were collected during 24 h periods a various times of the year to determine concentrations of
CH,, CO,, and N,O. Spot sampling of the barn air was aso done for determination of NH;
concentrations.  Measurements of gas flux rates were made at various stages of the handling systemsto
rank them for their potentia to generate these gases. (Information related to concentrations and
emissons of CH,, CO,, and N,O issummarized in Section 3.7)

Solid Beef
Approximately 70% of the N added as feed for a cow-calf operation was excreted as animal faeces.
However, the minerd N available in the find manure spread on the field represented only 8% of the
N input (feed and straw). Significant rates of NH; emission were measured from urine and manure
on the aley floor of the barn in September, and a smdler rate was measured from the top-loaded
pilein September. Very low rates of NH; emission were observed from the manure packsin
September, from the packs and pile in March and in the field immediately after manure spreading.
Anemissonrate of NH,-N inthe dley areaof 10 mg NH,-N m? mint is equivaent to
approximately 7000 kg N per year. This magnitude of N lossis consagtent with the estimate of a
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57% loss (5800 kg N) of N from fresh faeces within the first day or so of excretion. A totd of
57% of the combined excreted and bedding straw C was lost by biologicd activity (CO, loss)
during storage on the manure pad. Find manure C was 25% of feed and bedding straw C.

Solid Poultry (broiler and roaster chickens on wood shavings)
Minerd N in the manure was equivaent to roughly 7.5% to 10% of feed N. Approximately 75% of
the N added as feed was excreted as faeces. Roughly half of this excreted N waslogt to the
atmosphere as NH,;-N within afew days after excretion. NH,; concentrations measured in spot
samples of barn ar were 43 ppm in the winter compared to 14 ppm in the summer. The difference
in NH; concentrations was explained by ventilation rates, as net NH;-N output by ventilation in the
summer (38 kg d*) was similar to that in the winter (43 kg dt). Changing barn ventilation rates did
not influence NH;-N gaslosses. The emission rate of NH; was not measured at eight weeks, but at
gx weeks it averaged about Six times greater than at four weeks. There was no measurable
emission of NH; from the manure pile in March.

Approximately 17% of C from poultry feed ended up in fresh faeces. Chicken respiration losses as
CO, accounted for 73% of added feed C. Little of the manure C was lost by subsequent biological
breakdown of the manure in storage.

Liquid Swine Manure - High Water Use
The farrow to finish operation at the Arkell Research Station uses datted floors and manure channels
that continuoudy drain to a pumping pit which is emptied weekly into storage towers and lagoons.
Final N amounts applied to the soil were 38% of thefeed N, dmost al as NH,-N. It was estimated
that about 74% of feed N was excreted as fresh faeces. Almost 23% of this excreted N was lost as
gaseous NH;-N in the barn storage areas. During the winter, concentrations of NH; in spot samples
of barn air ranged from 7 to 12 ppm NH.

Losses of N from the manure during storage in the lagoon and towers was negligible, but the N
transformed until it was gpproximately 90% NH,-N. Because of the high concentration of NH,-N,
agitation and irrigation of the liquid swine manure resulted in aloss of 33% of the manure N from
NH;-N volatilization, mainly during agitation of the lagoon. Losses from agitation were ranked
summer >> fal > spring, which was attributed to manure temperature. 1t would appear thet the high
water usage resulted in low carbon concentrations in the lagoons, which in turn promoted aerobic
minerdization and the high NH,-N concentrations. Otherwise, the greatest emission rates of NH,
occurred from the lagoons in August and from the soil within 30 minutes after gpplying manure in
August. A smdl amount of the loss (3-5% of manure N) was from theirrigation. Thelossof NH,-
N from the soil over a5 hr period amounted to 2 kg N ha compared to the 30 to 80 kg N ha't

applied.

When it was pumped to the storage lagoons and towers, C in the manure was only 9% of feed input
C. Sgnificant amounts of volatile faity acids were present in the find manure. Lossesof Cinthe
lagoons and towers were approximately 44%. Only 5% of feed C remained in the manure a time
of goreading.
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Liquid Swine Manure - Low Water Use
In the gedtation-farrowing barn, 89% of the feed N was excreted, while 70% of the feed N was
excreted in afeeder barn. Gaseous NH;-N lossesin the barns were estimated at 25% of fresh
faeces. Concentrations of NH; from spot sampling of barn air in various rooms averaged 3.7 ppm
during the summer and 9.6 ppm in the winter. The maximum emisson rate of NH; was 3.5 mg
NHz-N m2 min* from the solid floor of the gestation barn in late summer. There was evidence of
anaerobic conditions in the lagoon for this system and NH,-N concentrations were lower than at
Arkdl. Agitation of manure for spreading did not result in sgnificant NH;-N losses. Losses of N in
the earthen lagoon storage were negligible. Only 5% of the C contained in the manure at the time it
was pumped into storage was lost in the lagoon.

Solid Dairy Manure
Approximately 80% of feed N was excreted as fresh faeces N. In the milking barn, 18% of the feed
N was logt as gaseous N between the milking barn and find storage. Similar losses occurred in the
heifer barn. During outsde storage on a covered pad, there was asmal loss of N as NH;-N (4%
loss of feed and bedding N). Thus, 64% of feed and bedding N was spread as manure N, with
30% of the manure N being present as NH,-N.

The emission rate of NH; was grestest in August from newly dumped cow barn gutter manure in the
covered storage, about one third less for gutter manure stored for afew weeks, and about ten times
less for the oldest manure in the covered storage. Significant NH; emission rates were a so detected
from recently dumped cow barn gutter manure in March, from the scraped dley and from manure
packsin the heifer barn. Losses ranged from 3.5 (new manure) to 0.5 (old manure) mg NH,-N m?
mint. An average loss rate of 2.0 mg NH,-N m? mint gives aloss of gpproximately 400 kg N per
year from the manure surface area.

Liquid Dairy Manure - Alley-flush System
In this system, manure is flushed from the aleys directly into a holding tank and pumped to an
outside lagoon. Thislagoon is passvely connected to 3 more lagoons, and the liquid manure leve
equaizesin each lagoon. Approximately 81% of feed N was excreted in fresh manure.  Almost
23% of the N produced in the barn was lost during storage in the lagoon during the winter-spring
period. During the summer-fal there appeared to be a 21% loss of manure N in both the storage
system and in the pasture. The NH,-N content of the lagoon manure was 90-100% of tota N in the
winter-spring compared to 50-60% in the summer-fal. Tota N % of the manurewas aso lessin
the summer than in the winter. There was dso a 50% decrease in volatile fatty acids in the summer
compared to the winter.

Emission rates of NH; were grestest from the dley before flushing and immediately after flushing in
the spring and summer, and from lagoons #1, #2, and #4 during the summer. No emission of NH;
was detected from lagoon #3, which was crusted over. Significant rates of NH; emisson were dso
detected from the dley floor in January and March. The rate of NH; volatilization from the various

36



sources during the summer averaged about 1 mg N nt? mint. Assuming this rate applied to three
lagoon surfaces and the barn dleys, the annua N loss as NH; would be 1000 kg N.

Manure C transported to the outside storage was 47% of the feed and bedding C. Tota Cinthe

manure as spread was 39% of feed and bedding C. Thus, 16% of the manure C moved to outside
storage was lost during storage.

3.9.3.2 On-Farm Manure Composting Techniques, Understanding Nitrogen and Carbon Conservation

In evaluating Sixteen composting processes, St. Jean monitored compost moisture, temperature and
weight and the concentrations of NH;, O,, CO, and CH, in the off-gases and pore spaces. No
composting technique showed any consstent advantage over the others for reducing nitrogen losses.
The author concluded that manures from Ontario livestock operations do not have characterigtics that
will minimize losses of nitrogen during composting. The solid dairy and beef manures sampled during this
study had moidture levels in the range of 70 to 80%, significantly above the optimum of 60%. Solid
poultry manures averaged 33% moisture, sgnificantly below the optimum of 30/1. High moisture levels
cause manure settling and compaction in windrows, which is believed to reduce the effectiveness of
static-pile-forced-aeration and passive-aeration systems. C/N ratios ranged from 10 for poultry manures
to 16 to 17 for dairy and beef, sgnificantly below the optimum of 30/1.

. Jean tested severd techniques for their potentia to reduce losses of carbon or nitrogen. (In al cases
except the ecological processes, the trials were conducted with solid beef cattle manure.)

C Data collected from three different composting processes used by ecological farm operators
did not indicate any advantage for these processes over conventiond farm composting
techniques in terms of nitrogen conservation. (It should be noted, however, that different
types of manures were used in the investigations of ecological composting techniques
than were used in the studies of conventional composting techniques. The study did not
include any manure type by composting technique comparisons.)

C Traditiona turned-pile, passive-aeration, and forced-aeration composting were equivaent in
terms of carbon or nitrogen conservation.

C Redrricting air exchange potentia during the first 21 days of composting (the period of highest
NH; production) did not reduce the tota nitrogen losses.

C Outsde and insde composting were observed to have smilar nitrogen and carbon losses.

C Inoculation of raw manure with composted manure did not demonstrate a conclusve
advantage over straight manure composting for nitrogen conservation.

C Thevaue of nitrogen conserved by adjusting C/N ratios to 15, 20, 25 and 30 was found to be
approximately 10% of the value of straw added for C/N ratio adjustment.
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C Addition of barnyard runoff to composting manure increased losses of nitrogen and organic
matter athough the trend was not gatisticaly sgnificant. The composting process to which
barnyard runoff was added had a nitrogen loss of 36.2% compared to 22.4% for the control
process. Organic matter loss for the composting process to which barnyard runoff was added
was 57.7%, compared to 53.5% for the control. Significant differences in the compost
concentrations of mineralized nitrogen were observed as aresult of barnyard runoff addition.
Compared to raw manures, NO,-N concentrations in the compost increased by 139 times for
the process to which barnyard runoff was added and decreased by 0.69 times for the control
process.
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3.10

Carbon and nitrogen transformationsin soil

3.10.1 Identified Needs

Three recommendations from the CSAMM report identified the need for research on the gpplication
and management of manure on cropland to:

“Edtablish the relationship between environmentaly safe and the most profitable rates of manure
gpplication to cropland, taking account of the method and timing of gpplications, and to develop
more acceptable manure gpplication methods in conservation tillage systems” (Rec. #3)

“Improve nitrogen gpplication recommendations for different crops, based on asoil N test, taking
into congderation losses on NH; with different times and methods of gpplication.” (Rec. #5)

“Invedtigate the transformations of manure N following addition to soil to provide more accurate
estimates of denitrification, minerdization and immobilization.” (Rec. #7)

The report identified the main research needs as involving the investigation of the complex relationships
among crop Yield, nitrate requirement of crops, the amount of manure applied, and soil physica and
chemica properties.  Specific gapsin the information that were noted related to:

C

the immohilization, minerdization, denitrification and leaching potentia of manure N from
different types of manure over time following gpplication and how these relate to crop growth
and N requirements.

the effect of manure C and N characteritics, and interactions with different soils, on the extent
of C and N transformations, and on the availability of manure N.

the availability of N from previous gpplications of manure,

the agronomic importance of the different forms of N in manure.

asystem or procedure to assist farmers in predicting the nitrogen loss, especidly the loss as
ammonia, that may occur following application.

the effect of manure C qudity or availability to decompaosing organismsin the soil.

the contribution of manure C to the C in soil.

3.10.2 Summary of Green Plan Research Results

Five research projects considered aspects of the transformations and losses of carbon and nitrogen that
occur in the soil following application of manure or composts.

C Transformationsin Soil: Crop Response to Nitrogen in Manures with Widely Different
Characteristics (Beauchamp et d)

C Nitrogen and Carbon Transformations in Conventionally-Handled Livestock Manures
(Kachanoski et &)

39



C AnlInvestigation into the Management of Manure-Nitrogen to Safeguard the Quality of
Groundwater (Gosset a 1995)

C Investigating Methods of Integrating Liquid Manuresinto a Conservation Tillage
Cropping System (Schell and Alder)

C Application of Composted Organic Waste to Agricultural Land (Alder et d)

Beauchamp et a concluded that the NH,-N content of manures was the most important factor affecting
the availability of manure N to acrop and that this fraction must be measured and taken into account if
manure N isto be used mogt economicaly with minimum environmenta impact.

Determination of the availability of N early in the growing season was complicated by the apparent
disappearance of NH,-N soon after gpplication of manures or urea. Even within afew daysfollowing
goplication, the amount of inorganic nitrogen (NH, + NO,) that could be extracted from the soil was
aways less than the amount of NH,-N gpplied in manures or urea. Although it was difficult to make
comparisons of available N among different manures, the N in liquid swine manure was generdly more
available than that in other manures (i.e cattle or poultry). The availability of N in solid beef cattle
manure was generdly the lowest.  Manure N from al sources was less available than N from fertilizer
urea. (Beauchamp et d)

The release of available N from some manures applied in the spring was rdatively rapid in some years
and well in advance of the period of peak N requirement of the corn crop. This was especidly true for
manures with the higher NH,-N contents (e.g. liquid swine and cattle manures).

Fal gpplication of liquid manures with high NH,-N content (e.g. liquid swine and liquid dairy manures)
may result in rdatively large N losses and low N use efficiency. Response to fdl-gpplied liquid swine
manure was lower than that gpplied in the oring, suggesting that a significant amount of N was logt to
leaching or denitrification during the fal, winter or early spring (Beauchamp et d).  Much of the minerd
N from liquid dairy caitle manure gpplied in late August could till be accounted for in the soil and plants
at the end of November (Goss et a, 1995). From andysis of the >N present in the soil, it appeared
that at least 49% of the labelled minera-N had been incorporated in the organic-N fraction of the soil.
Thisfraction reminerdized very dowly.

The differencesin inorganic N recoveries and variable rease rates in the soil made it difficult to estimate
the contribution of available N from the organic N fraction of manures, or to assess manure N dynamics
in the soil involving N minerdization and immobilization (Beauchamp et d). Neverthdess, there did
appear to be some release of organic N, especidly late in the growing season. Goss et a found no clear
evidence that N was released to the crop in the year of application from the organic fraction of spring-
applied liquid cattle manure. There was evidence that some of the organic N in fal-gpplied manure
became minerdized in the late summer, twelve months after application. Uptake in the second season
was about 5% of the minerd N in the manure at gpplication in both cases (Goss et d, 1995).
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Beauchamp observed that sgnificant quantities of resdua manure N can become available in the year
following application.

Solid manures with alow content of NH,-N and ahigh C/N ratio (e.g solid beef cattle manure) did not
provide much N to the crop in the year of gpplication, nor did they appear to cause adepressonin
available N in the soil (Beauchamp et d). Similarly, fal-gpplied, composted beef cattle manure did not
provide much N to the corn crop in the first year, nor did it result in asignificant loss of minera-N.

Cover crops sown after manure gpplication in the fal immobilized N in proportion to the dry matter
produced before the firdt killing frost (Goss et a, 1995). The cover crops removed less than 10% of
minera-N gpplied in liquid cattle manure, and only 10% - 15% of this was transferred to the following
corn crop. Much of the N from the cover crop did not become available until late in the following
Season.

The rate of manure N transformations (e.g. mineraization and nitrification) was dowed in moderatdly
acid soils (Beauchamp et d). However, soil acidity had little influence on the extent of N
trandformations. Liming of these acid soils resulted in an increase in the rate of mineraization and
nitrification to near normd levels. Provided that such soils receive lime trestments periodicdly, soil
acidity should not interfere with the availability of manure-N in most circumstances.

Norma N application rates should be used in conjunction with the application of composted organic
wades (Alder et d). Rdativey little of the N in these materias wasin an inorganic form and it gppeared
that little or no N from the composts tested was made available to the crops. Three annual additions of
composted organic wastes, of approximately 10,000 to 15,000 kg carbon ha' yr?, increased organic
carbon levelsin the soil by dmaost 33%, relative to where no compost was applied.

3.10.3 Additional Information from Specific Studies

3.10.3.1 Trandformationsin Soil: Crop Responseto N in Manures with Widdy Different
Characterigtics

Beauchamp et d invetigated the influence of the characteristics of five different types of manure and
various management practices on the release or avallability of manure N. The manures used in this sudy
included liquid dairy cattle, solid beef cattle, liquid swine manures and solid broiler chicken with either
wood shavings bedding or straw bedding.

Levesof available N were closdy corrdated with grain yieds. The authors concluded that the NH,-N
content of manuresis the most important factor affecting manure N availability to acrop inthefidd. This
conclusion was supported by both crop yield response and monitoring of soil inorganic N and corn plant
seedling N content during the early growing season.
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Determination of the availability of N early in the growing season was complicated by the gpparent
disappearance of NH,-N soon after gpplication of manures or urea. Even within afew days following
goplication, the amount of inorganic N that could be extracted from the soil was dways less than the
amount of NH,-N applied in manures or urea. In some cases, as little as 30 to 40 percent of the applied
inorganic N was recovered. An experiment with >N supported the observation of low recoveries of
added NH,-N. This apparent disgppearance was probably due to a combination of ammonia
volatilization, fixation by clay and immobilization by soil microbes. A laboratory incubation experiment
to determine the nature of this“loss’ using °N produced no clear answer.

Differencesin inorganic N recoveries and variable rease rates in the soil made it difficult to estimate the
contribution to available N from the organic N fraction of manures, or to assess manure N dynamicsin
the soil involving N minerdization and immobilization. Therates of N reease during the firgt two months
of the growing season were inconsstent from year to year, dthough avalable N levels generdly
increased following application. The release of available N from some manures gpplied in the spring was
relatively rapid in some years and well in advance of the period of peak N requirement of the corn crop.
Thiswas especidly true for manures with the higher NH,-N contents (e.g. liquid swine and cattle
manures).

There gppeared to be some release of inorganic N later in the season that may have been partly dueto
the release of some “logt” N and partly from the organic N gpplied in the manures. In many cases when
corn grain yield was plotted againgt urea N or manure NH,-N applications, the latter was apparently
more avallable. Thiswould seem to indicate that available N was being released from the organic N
fraction.

Solid beef cattle manure appeared to behave differently than the other manures. Yield responses were
generdly lowest with the N in thismanure. Release of available N from solid cattle manure was very
dow during the early part of the growing season. Monitoring of soil inorganic N and plant N uptake in
the fidd, dong with a®>N study in the lab, reveded tha sSignificant net immohilization of inorganic N from
this manure occurred during the early part of the growing season. Thisis noteworthy because the C/N
ratio of the solid beef cattle manure was generdly below 20/1, avaue below which net minerdization is
commonly believed to not occur. Corn grain yields and N compostion of mature plants suggested that
there was a substantia release of N from the solid beef cattle manure during the latter part of the
growing season that was not evident with the other manures.

It had been anticipated that solid beef cattle manure would result in a depression in avallable N in the soil
early in the growing season because of itsrelatively low NH,-N content and high C/N ratio. However,
this did not gppear to bethe case. There Smply waslittle or no increasein available N during this

period.
The kind of bedding (wood shavings vs straw) in poultry manure had no gpparent effect on manure N

avallability, soil inorganic N concentrations or grain yidds, despite wide differencesin C/N ratio in the
beddings (approx. 280/1 and 65/1, for wood shavings and straw, respectively).
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In one experiment, straw or wood shavings were added with liquid dairy cattle and solid beef cattle
manures applied in the fall and spring.  The effects on grain yied responses from additiona bedding
materids, ether in thefdl or spring, were generdly smdl. There was atendency for added wood
shavings to reduce grain yields dightly more than added straw. Both added beddings tended to reduce
s0il NO; concentration after manure gpplication, especidly the wood shavings.

The efficacy of fal-gpplied manures and the risk of N loss from them depend in part on the
characterigtics of the specific manure.  Crop response to solid manures applied in the fal was smilar to
the response to manures of the same type applied inthe soring.  Thus, it would appear thet fdl-
goplication of solid manures with relatively low NH,-N content and substantial bedding content may not
result in much N loss.

Fal gpplication of liquid manures with high NH,-N content (e.g. liquid swine manures) may result in
relatively large N losses and low N use efficiency. Response to fal-applied liquid swine manure was
lower than that applied in the spring, suggesting that a Sgnificant amount of N was logt to leaching or
denitrification during the fal, winter or early soring.

Sgnificant quantities of resdua manure N became available in the year following application, depending
mostly on the quantity gpplied. In one of two years of the study, soil N tests reasonably predicted
resdua N avallability. It was anticipated that resdua N from solid beef cattle manure might be greater
than other manures because it contained more organic N that would be presumably released in later
years. Thisdid not appear to be the case.

3.10.3.2 Nitrogen and Carbon Transformations in Conventionaly-Handled Livestock Manures.

Asdiscussed in Section 3.7.3.1, there was a very sgnificant loss of ammonia (33% of manure N) during
agitation and irrigation of liquid swine manure that had a very high content of NH,-N. Mot of thisloss
occurred during agitation of the storage lagoons.  Spreading rates of liquid swine manure from the gun
irrigation system were very uneven. Gaseous NH;-N losses from the soil immediately after application
were quite high, but decreased to negligible levels after 5 hrs. Losses from the soil totalled
approximately 3 kg N ha'*, which was 3 to 10% of the applied N (i.e. application rates varied from 30
to 100 kg N ha™).

3.10.3.3 AnInvedigation into the Management of Manure-N to Safeguard the Quality of Groundwater

Goss et d (1995) investigated the fate of N from liquid dairy cattle manure and from composted cattle
manure in two field experiments conducted at the Elora Research Station of the Ontario Ministry of
Agriculture, Food and Rurd Affairs and at Winchester Research Station of Kempitville College of
Agriculturd Technology, respectively.



At Winchester, gpproximately 300 kg tota N ha, as either liquid dairy cattle manure or as composted
cattle manure, was gpplied in late August on dfafa sod which had been plowed down. The soil & the
time of manure application contained about 80 kg ha-1 mineral N. Only 5% of the N in the composted
cattle manure was present in the minera form, as compared to 72% in the liquid manure. By the end of
November much of the mineral N gpplied in the manure could still be accounted for in the soil and
plants. Therewas 55 kg NO;-N ha! in un-manured plots, 78 kg NO,;-N ha't in plots that received
composted manure, and 134 kg NO;-N hat in plots given liguid manure.  From andysis of the °N
present in the soil, however, it appeared that only about 60 kg N ha had been derived from the minera
fraction of the liquid cattle manure and that at least 49% of the labelled minera-N had been incorporated
in the organic-N fraction of the soil. A smdl part of this fraction appeared to be reminerdized in early
spring. Only smal amounts became available even in the second year, as much of the °N was retained
in the soil organic matter.

In the firgt cropping year, the uptake by corn of N derived from the minera-N in liquid manure was
greater from a spring gpplication (39 kg N ha-1) than from afall application (31 kg N ha-1). Uptakein
the second season was about 5% of the mineral N in the manure a gpplication in both cases. About
32% of the >N applied was taken up by the two following corn crops at Elora, and dmost 21% was
found in the two corn crops grown a Winchester. These were equivaent to 47.4 kg N ha'* taken up at
Elora, and 42.2 kg N ha taken up at Winchester. About 9 kg N ha* was taken up by the second corn
crop. The grain contained 60% of the °N taken up at Eloraand 62% was in the grain at Winchester.
In the first year at Winchester, spring barley took up 14% of the **N gpplied in liquid cattle manure,
equivaent to 28.8 kg N ha'* from the minerd fraction of the manure. Some 52% of the N wasin the
grain of the spring barley. There was no clear evidence that N was released to the crop from the
organic fraction of spring-gpplied liquid cattle manure in the year of application.

Composted manure did not provide much N to the corn crop in the first year, nor did it result ina
ggnificant loss of mineral-N. There was evidence that some of the organic N in fal-gpplied manure
became minerdized in the late summer, twelve months after gpplication.

Cover crops sown after manure gpplication in the fal immobilized N in proportion to the dry matter
produced before the first killing frost. Incorporation of additiona straw before planting of the cover
crop reduced the amount of N incorporated in the cover crops because the growth of these crops was
impaired. The cover crops removed less than 10% of minera-N applied in liquid cattle manure, and
only 109% - 15% of this was trandferred to the following corn crop. Evidence from crop sampling
indicated that much of the N from the cover crop did not become available until late in the season.

N released by ploughing under dfafa sod a Winchester provided sufficient N for the corn crop. The
resultsindicated that avalue of 110 kg N ha, currently used in Ontario, was an appropriate credit for
the underground residues of the dfdfa hay.

The Ontario soil N test cdlearly underestimated the amount of minerd N available in the soil on dll
treatments. The soil N test suggested that the un-manured plots would require some fertilizer N to
obtain the maximum economic yield. However, corn yidds were unaffected by the treatments imposed
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despite the indications of the soil N test. Thus, it is clear that adjustments are needed when making
fertilizer recommendations based on the test to ensure that the N from crop residues (legumes, straw or
cover crop) isincluded.

At Elora, the growth of the corn crop on the microplots was good in both years, and there was no
sgnificant benefit to yied from application of manure compared with control plotsin either season.
Previoudy corn had been grown continuoudy on the Site, o the lack of any effect on yidd due to
manure gpplication in the first season was probably due to resdua N from the management of those
crops.

Hand-harvested yidlds of both corn and barley grown at Winchester on land injected with liquid manure
were sgnificantly greater than from the control treatments, except where straw had been incorporated or
oilseed radish planted. However, there was no difference among trestments in combine-harvested
yieds.

The spring barley lodged preferentiadly on the manured plots making the yield results difficult to interpret.

3.10.3.4 Application of Composted Organic Waste to Agriculturd Land

Alder et d consdered the effects of gpplication of two types of composted organic wastes on the N
nutrition of corn and forage grasses. They concluded that norma N application rates should be used in
conjunction with the gpplication of composts. Thetotal N content of the two composts ranged between
0.94% and 2.1% on a dry matter basis. The total N gpplication averaged 530 and 628 kg N ha' yr? for
thetwo compogts, respectively. Reatively little of this N was in an inorganic form. When applied a a
rate of 50 Mg dry compost ha® yr, the two composts supplied an average of 12 kg inorganic N ha yr
L and 3 kg inorganic N ha* yr?, respectively.

When compost was applied at the rate of 100 Mg ha* yr, corn yields on loam soil were higher or near
those of the controls, either with or without fertilizer N, and there was adequate N in the ear leaf when
messured a dlking. There was no indication that compost reduced the availability of the N in the
fertilizer. Little or no N gppeared to have been made available from the compods.

On the clay loam soil, N fertilizer was gpplied below the maximum economic rate in both years. The
response to the application of compost varied between the two years. In the first year, there was an
indication that compost reduced the availability of fertilizer N and hence, yidds. In the second yesr,
compost gpplications did not reduce average yields relative to the controls, either with or without
fertilizer-N.

In the comparison of compost-N relaions in grass hay, there was no evidence of yield suppression
where 170 Mg wet ha* of compost was gpplied in the spring. Indeed, where adequate N was applied
for optimum yields, the response to N gppeared to increase where compost was applied. (This may
have been the result of an increase in the amount of moisture retained by the soils treated with compost.)
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Dry matter production of the second cut of hay was increased where compost was applied in the
absence of N fertilizer. Thiswould suggest that some N became available to the crop from the compost
or the sail.

Three annud additions of composted organic wastes, of approximately 10,000 to 15,000 kg carbon ha*
yr, increased organic carbon levelsin the soil by dmost 33%, relative to where no compost was
goplied. The A horizon carbon content increased from aleved of 1.7% for the control to avaue of 2.3%
for the treated soils. The increases amounted to gpproximately 17 and 10 tonnes ha* more tota organic
carbon in the A horizon of the loam and clay loam soils, respectively, or roughly one third the amount of
organic carbon applied as compost over the period.
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3.11 Nutrientsother than nitrogen

3.11.1 Identified Needs

Goss et a concluded that the current level of knowledge is adequate for management of manure
phosphorus. However, some studies provided information related to the effect of the application of
manure or other organic materids on the availability of phosphorus and other nutrients.

3.11.2 Summary of Green Plan Research Results

Soil test measurement taken throughout the study | nvestigating Methods of Integrating Liquid
Manures into a Conservation Tillage Cropping System (Schell and Alder) demongtrated the
tendency for manure use to increase the levels of phosphorus and potassum in the soil.

In the study, Application of Composted Organic Waste to Agricultural Land, Alder et d measured
the effects on soil nutrient levels of three annua applications of two types of composted organic wastes
at the rate of approximately 100 Mg haha™ yr.

C Tota phosphorus additions from the two composts averaged 122 kg P ha* yr?, and 82 kg P
ha yr?, respectively.  Over the three years, soil test P in the loam soil (NaHCO,-extractable
phosphorus) increased from 12 mg L™ in the control plot to 30 mg L™ and 20 mg L™, for the
two composts, respectively. On the clay loam soil, soil test Pincreased from 19 mg L inthe
control plot to 30 mg L™ and 22 mg L™, respectively.

C The potassium content of the two composts varied annualy and ranged between 0.79% and
2.50% for one compost, and between 0.37% and 0.98% for the other. Annual additions of
total potassium from compost averaged 752 kg K ha yrt and 300 kg K ha' yr?, for thetwo
materids, respectively. Compost additions increased soil test (exchangeable) potassum
levelsin the loam soil from 64 mg L in the control plot to 161 mg L™ and 95 mg L for the
two treatments, respectively. On the clay loam soil, soil test K increased from 110 mg L™ in
the control plot to 156 mg L't and 129 mg L2, respectively.

C Annuad additions of total zinc from compost averaged 17 and 5 kg ha* yr* respectively. On
the loam soil, soil test extractable zinc increased from 0.99 mg L in the control plot, to 6.8 mg
L and 2.9 mg L, respectively, for the two composts. On the clay loam soil, soil test zinc
increased from 0.78 mg L™ in the control plot to 5.6 mg L™ and 2.6 mg L, respectively.
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3.12 Effectsof application of manure or other organic materialson crops, soil biota, soil
structure, soil compaction, pH, weed populationsand plant pathogens

3.12.1 Identified Needs

Between 1992 and 1997 OASCC annually recommended that research be undertaken to “investigate
the ability of solid manure spreaders to Soread manure in a uniform coating on the land.”

A 1996 recommendation called for research to “ determine optimum rates and application methods of
organic amendments (including biosolids and crop resdues) in farming systems for the improvement of
soil qudlity.”

The CSAMM noted that the influence of microorganisms in manure on soil biology had been
overlooked, for the most part. The report also noted that athough there are models to estimate the
degree of compaction based on axle loads and soil properties, the ability to predict the effect of agiven
degree of compaction on crop yield is limited.

3.12.2 Summary of Green Plan Research Results
Six research projects and one conservation club project provided some information about agronomic

aspects of manure use other than those related to nutrient management.

C On-Farm Manure Composting Techniques. Understanding Nitrogen and
Carbon Conservation (St. Jean)

C The Effects of Livestock Manure Application Methods on Water Quality, Focussing on
Nitrogen and Bacteria Transport in Soil. (Wall et d)

C Application of Composted Organic Waste to Agricultural Land (Alder et d)

C Assessment of the Influence of Manures for the Control of Soilborne Pests Including
Fungi, Bacteria and Nematodes (Lazarovits and Conn)

C Investigating Methods of Integrating Liquid Manuresinto a Conservation Tillage
Cropping System (Schell and Alder)

C AnInvestigation into the Management of Manure-Nitrogen to Safeguard the Quality of
Groundwater (Goss et a, 1995)

C The Essex Manure Management Club

Composts made from manures or organic wastes can inhibit seed germination to some degree, evenin
50/50 soil/compost mixes. (S. Jean; Alder et ) Where high rates of composted materials are to be
applied, fal gpplications may be preferable to spring.



Application of composted organic wastes did not adversaly affect soil quality in two soils as reflected by
soluble sAts, metd content or soil microbia biomass. (Alder et d)

Use of composted organic wastes often resulted in faster early growth and development of both corn
and soybeans (Alder et d). The faster growth and development were usudly aso reflected in higher
yieds.

No-till corn yields produced with manure-nitrogen applied a recommended rates based on a soil test
were not gatigticdly different from control trestments where inorganic fertilizersswereused. (Wall et d;
Schell and Alder) However, Wl noted that on heavier soil types, injection of manure as asSde-
dressed gpplication, reduced corn plant stands because of the disturbance of the soil.

Application of composted organic waste materias resulted in an increase in the total porosity of trested
s0il as compared to the untreated soil (Alder et d). However, the two materids tested differed in ther

effect on pore size distribution. One increased the amount of large pore space; the other increased the
amount of very small pore space. Infiltration was increased by both composts at the clay loam site and
the bulk density decreased.

Use of liquid manure agppeared to increase weed pressure under some circumstances, athough not to
unmanageable levels (Schell and Alder). Inonetrid of the use of composted organic waste in soybean
production, compost applied at the rate of 300 Mg (wet) ha™ acted as amulch in suppressing weeds
(Alder et d). Gosset d (1995) aso noted the tendency of composted cattle manure to suppress weed
emergence.

Manures and other related organic amendments can be used effectively to reduce soilborne diseases of
potatoes (Lazarovits and Conn). More than one mechanism isinvolved and the effects vary depending
on the manure, the pathogen, soil type, and soil moisture levels. Changes in pathogen populations were
both qualitative and quantitative. A rapid and reproducible laboratory bioassay was devel oped for
determining the effect of manures on pathogensin a particular soil. This assay could be used to provide
farmers with information as to where certain manures can be safely gpplied and under what conditions.

3.12.3  Additional Information on Specific Concerns

(Note because this section deals with severd areas of potential concern, it is organized by topic rather
than by research project.)

3.12.3.1 Crop Emergence

Alder et d investigated the effects of two sources of composted organic wastes on the emergence and
growth of lettuce, corn and soybeans. In laboratory studies, emergence was delayed if the application
rate exceeded 2.5 cm in depth (about 165 Mg (wet) hat.) Therewere dsoindicationsin fidld studies
that the rate of emergence of corn was restricted by spring application of high rates of these materids.
The redtriction was attributed to the high concentration of soluble sdtsin the materid. Application of
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compost in the fal did not adversdy affect crop emergence. In one soybean trid on clay loam, the
mulching effect of compost applied in the spring (at 300 Mg (wet) ha't, a depth of approximately 5 cm.)
reduced crusting of the soil surface and substantialy increased the proportion of soybeans seeds that
emerged.

. Jean compared 16 composts made from livestock manures for their tendency to inhibit germination
of cressseed. All compogts inhibited germination to some degree, even in 50/50 soil/compost mixes. In
pure compost, germination percentages ranged between 0 and 63.3%, in contrast to control samples
with 90 to 100% germination. Germination percentages in 50/50 mixes ranged between 0 and 83.3%.
Germination was completely inhibited in finished solid beef manure compost which had been cured for
up to 90 additiond days, dthough germination was improved in the soil/compost mix, relative to uncured
compost.

3.12.3.2 Growth and Yied

Use of liquid manure as a Sde-dressed gpplication did not impair crop growth and development. No-till
corn yields produced with manure nitrogen applied at soil test recommended rates were not satisticaly
different from control treestments where inorganic fertilizers were used (Wal et d; Schell and Alder).

In the study by Wall et d, there was no significant differencein grain yied between injection and surface
manure application methods athough both plant populations and grain yieds were margindly lower than
in control plotsin three of the five crop years. On clay loam soil, the manure injection process crested
problems by tossing large clods onto the corn seedlings, reducing the plant population significantly (6%)
compared to the control trestment. Also, manure tended to pond where the clods had been displaced,
because of the elevated clay and moisture levels at this Site. For successful use on high clay (>30%)
s0ils, the injection equipment used in this study would need to be modified or be used at lower soil
moisture conditions.

Use of composted organic wastes often resulted in faster early growth and development of both corn
and soybeans (Alder et d). Infield trias on two soil types over three years, application of compost
either generally ether increased the corn yield or had no effect onyield. Compost tended to increase
yiddswhen overdl yield levels were good and to have no effect when overal yields were low. (One of
the composted materias did cause alarge reduction in corn yield, relative to the control plot, in one year
on clay loam soil.) There waslesslikelihood of an increase in yield from compost in the absence of
commercid N fertilizer than when the crop was grown using normal N fertilizer practices.  Soybeans
yields were not influenced by compost gpplicationsin onetrid on clay loam soil, dthough compost did
gppear to increase soybean nodule weight per plant.

3.12.3.3 Sail Physicd and Hydraulic Properties
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Application of composted organic wastes increased total porosity in two soils compared to the untreated
soil (Alder et d). However, the two materias differed in their effect on pore size distribution. One
compost caused a decrease in the amount of large pores and avery large increase in the resdua water
content porogty (i.e. very smal pores). The amount of fine pore space increased with each year of
added compost at both Sites. The data suggest that this compost materid is either biologicdly active and
results in the organic materid being progressively more bound to the clay sized fractions with time, or
that the materid is very hydrophilic. In contrast, the other compost resulted in adight increase in the
amount of larger pore Sizes, dong with an overdl increase in the tota porosity compared to the
untreaeted soil. The influence of this compost on the very smdl pores was negligible a the loam site and
variable a the clay loam ste. Infiltration was increased by both compogts at the clay loam site and the
bulk density decreased. Thus, addition of composts could reduce the risk of soil loss due to water
eroson by permitting more rapid infiltration of rainfal into the soil surface. Soil water content usualy
was not influenced by compost applications.

3.12.34 ol Qudity

There was no evidence that gpplication of composted organic wastes diminished soil quality (Alder et
a). Soluble sdtsin two soils remained low after compost gpplications. Metasin the soil were not
sgnificantly elevated. Soil microbia biomass carbon in the soil was not adversdly affected.

3.12.3.5 Weed Contral

In on-farm trids to investigate methods of integrating liquid manure into conservation cropping systems,
use of manure gppeared to increase weed pressure under some circumstances (Schell and Alder).
However, the farmers cooperating with this study concluded that the additiona weeds could be
managed through modifications of the overadl weed management system, with no seriousyield,
management or cost concerns.

In onetrid of the use of composted organic waste in soybean production, surface application of 300 Mg
(wet) ha® (i.e. to adepth of approximately 5 cm.) acted as a mulch in suppressing weeds (Alder et d).
In laboratory experiments, Alder et d measured a Sgnificant reduction in seed emergence for corn,
soybeans and lettuce and St. Jean observed that composted livestock manures smilarly inhibited the
germination of cress seed. Application of composted beef cattle manure acted as an effective inhibitor
of weed seed germination, and there was no measurable plant development on the treated plots. (Goss
et d, 1995) These results would suggest that gpplication of some composts a high rates can suppress
germination and emergence of some weeds.

3.12.3.6 Plant Pethogens
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Lazarovits and Conn conducted a series of experiments to determine if addition of manuresto potato
growing fields affected the severity of two mgor soilborne diseases of potatoes, Verticillium wilt, caused
by the fungus Verticillium dahliae, and potato scab, caused by Streptomyces bacteria. (All of the
discussion in this sub-section relates to this project.) In afield experiment, they also looked at the effect
of manures on the leson nematode population and in dl experiments they monitored popul ations of
microorganisms other than pathogens to provide some indication of the overdl microbia hedth of the
s0il. The effect of manures on soil chemistry was aso monitored.

The authors concluded that manures and other related organic amendments can be used effectively to
reduce soilborne diseases of potatoes. The degree of control depends on the type and condition of the
manure used, soil type, and soil moisture levels. Changes in pathogen populations were both quditative
and quantitative.

The most important factor was the manure used. For example, in certain soils fresh chicken and liquid
swine manures decreased pathogen popul ations while solid cattle manure had no measurable effect. The
effect of amanure on pathogens was aso influenced by the soil to which it isadded. The fact that a
particular manure reduced disease severity in one location did not ensure that it would do so at another.

Soil moisture dso influenced the effect of a manure on pathogens. For example, liquid swine manure
decreased the viahility of V. dahliae in dry soil but not in wet soil.

The impact on pathogens was influenced by the source of manure and how the manure had been
handled and stored. Composting chicken manure for one week destroyed its disease suppressve effect
on V. dahliae and may have increased the potential of potato scab.

Organic amendments had along lasting effect on soil microbiology. All the amendments tested generaly
increased the overdl microbid population in the soil. There were dso changes in the proportions of the
types of micro-organisms present. The increase in microbia population dong with a decreasein
soilborne pathogens is consdered to provide a hedthier soil. Thus, these organic amendments can be
conddered as providing a selective fumigation.

There is more than one mechanism by which these amendments reduce the viability of soilborne
pathogens. One mechanism is believed to be through the release of ammonia, to which soilborne
pathogens are sengtive. The amendments that provided the greatest increase in the overal microbid
population and the best overdl control of soilborne pathogens were those that contained high amounts of
nitrogen (e.g. soymesl, blood meal, meat and bone medl, and chicken manure). These amendments
generdly dso caused the largest increase in soil pH and ammonia levels.

Liquid swine and solid cattle manures did not raise soil pH or anmonialeves but il reduced
populations of some soilborne pathogens and disease incidence. There was a correlation between fungd
colonization of V. dahliae microsclerotiaand reduced viahility of V. dahliae. Thus, one of the
mechanisms by which these manures decrease the viability of V. dahliae might be through the simulation
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of funga colonization of microsclerctia This simulation of biocontrol by these amendments might gpply
to other soilborne pathogens as well.

The authors developed arapid and reproducible |aboratory assay for determining the effect of manures
on pathogensin a particular soil. The assay can be used to provide farmers with information as to where
certain manures can be safely applied and under what conditions. The assay is smple and rapid and
dlowsfor evduation of many manure-soil combinations under controlled environmentd conditions. It
congsts of mixing asmdl amount of manure with soil in test tubes. The mixture is incubated and the
effects on pathogen popul ations determined through plating on sdlective media. A laboratory assay and
field experiments conducted in pardle gave the same results more than 90% of the time.

3.12.3.7 Energy Consumption

Wal et d reported that when the injection equipment for liquid manure was modified to provide asmdl
amount of tillage in front of the injectors points, the power requirement for the modified injection
configuration increased relative to conventiond injection. The difference was relaively smdl, however,
and the modified injection configuration was consdered practical from an energy perspective.

3.12.4 Summary of Resultsfrom Rural Conservation Clubs

The Essex Manure Management Club, in conjunction with the Essex Region Conservetion Authority,
conducted afour year sudy to determine the feasihility of irrigating liquid swine manure from the third
gtage of alagoon system on intensively managed pasture. The lagoon system was associated with a 400
sow farrow-to-finish operation and was sized to provide 365 days Sorage. Relative to the fresh
manure, nutrient concentrationsin the liquid contents of the third stage lagoon were reduced by the
following percentages.

nitrogen 75%

phosphorus  75%

potassum 25%

The pasture area was divided into four paddocks that were managed on a 28 day rotationd cycle from
May to September. Manure was applied to a paddock on days 1 and 8 of the cycle for that paddock.
Stocker cattle grazed the paddock for a period of 7 days beginning on day 21 of the cycle. No
particular problems associated with grazing cattle on irrigated paddocks were reported.

Average daly gainswere 1 Ib/day in the first year of the udy and 2 Ib/day in the second. It was noted
that extremdy hot wegather in the first year limited the growth of the cattle.

No tile flow was observed during the sampling periods following irrigation. Soil nutrient levelsand
ground water qudity were not monitored.
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Additiond information about this project can be obtained from The Essex Region Conservation
Authority, 360 Fairview Avenue West, Essex, Ontario N8M 1Y 6



3.13 Practicesto minimize the environmental impact of the use of manure or other organic
materialsin conservation tillage systems

3.13.1 Identified Needs

An OASCC recommendation in 1997 stated that research was required “to determine methods of
goplication, rates and effects on soil and plant growth of the gpplication of manure in no-till systems,
focussing on maximizing nutrient efficiency”.

The CSAMM report recommended that research be conducted to:

“Edtablish the relationship between environmentaly safe and the most profitable rates of manure
gpplication to cropland, taking account of the method and timing of applications, and to develop
more acceptable manure gpplication methods in conservation tillage systems” (Rec. # 3)

3.13.2 Summary of Green Plan Research Results

Three research projects provided information about agpects of manure use in conjunction with
consarvation tillage systems:

C Investigating Methods of Integrating Liquid Manuresinto a Conservation Tillage
Cropping System (Schell and Alder)

C The Effects of Livestock Manure Application Methods on Water Quality, Focussing on
Nitrogen and Bacteria Transport in Soil. (Wadl et d)

C Application of Composted Organic Waste to Agricultural Land (Alder et d)

Liquid manure application can be integrated with conservation tillage in an effective and efficient manner
that will be acceptable to farmers, dthough modification of gpplication equipment may be necessary
depending on site requirements (Schell and Alder). There was no indication that manure nitrogen

needed to be managed differently than N from inorganic fertilizers at equivalent rates of available N.
Manure gpplication rates should be based on the N content of the manure and the N status of the field as
indicated by the soil nitrate test.

Wil et d conducted field scae sudies to evauate liquid manure gpplication technologiesin no-till corn
cropping systemsin terms of sustainable crop productivity and subsurface water quality, with specid
congderation to preferentia flow. The results of this study have been summarized in Section 3.4.

Alder et d concluded that incorporation of composted urban organic wastes was not generdly
necessary, athough the response of corn to incorporation of the compost was varigble.  On some sails,
applying compost without incorporation was beneficia snce it acted as a mulch, reducing the adverse
effects on emergence from crusting of the soil surface.
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3.13.3 Additional Information from Specific Studies

3.13.3.1 Invedigating Methods of Integrating Liquid Manures into a Conservation Tillage Cropping
System

Schell and Alder conducted experiments on field length plots at six farm sitesin southwestern and
eastern Ontario in the growing seasons of 1994, 1995 and 1996. The farms Sitesincluded two dairy
farms, three hog farms and a poultry farm. The conservation cropping systems included three different
modified no-till systems, an agration tillage system using an Aerway ™ implement, achisd tillage system
and aridgetillage sysem. Treatments included application of 100% of the estimated N requirement
from liquid manure, 100% from inorganic fertilizer and a combination of gpproximately 75% from
manure and 25% from inorganic fertilizer. The effect of timing was evauated through comparisons of
pre-plant and sde-dress manure applications, and different sde-dress application timings. In al cases,
the liquid manure was applied with the farmer’ s liquid manure tanker Soreader.

Some difficulties were experienced in gpplying the required volumes of manure to the field under
conservation cropping systems. However, the co-operating farmers were able modify their equipment
and refine practices such that the manure was effectively and efficiently applied in most cases. Results
varied widdly from year to year and from steto ste. Difficult weather patterns, weed and pest
pressures and changing farmer requirements posed chalenges to the conduct of the research and the
interpretation of results. However, within the satigtica limits of field research, the authors concluded that
liquid manure is an effective source of nutrients for corn grown with conservetion tillage, with smilar
implications for water qudity as N from minerd fertilizers. Wherethetotal N gpplied was close to the
maximum economic rate (MER) for the fidd, yields were smilar for manure and mineral N sources.
Pre-plant broadcast applications and side-dressed applications of manure in emerged corn produced
gmilar yidds

3.13.3.2 Application of Composted Organic Waste to Agriculturd Land

Alder et a compared the effects of incorporating preplant applications of compaosted urban organic
wadtes againg leaving it on the soil surface.  For both treatments, crops were planted with a no-till
planter. Although the responses of corn and soybeans to incorporation of compost were variable,
relative to leaving it on the surface, the authors concluded that incorporation was generaly not

necessay.

Soil water content measurements in the 0-20 cm soil depth did not indicate that the incorporation of the
materid changed the rate of drying of the soil. In addition, measurements of erosion loss did not indicate
aneed for incorporation of compost. On soils prone to surface crusting, compost left without
incorporation can serve as amulch, reducing the risk of poor emergence.
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Applications of compost to a mixed pecies grass hay, where incorporation is not an option, may result
in suppression of some species, dthough species recovery was possible. It is possble that alight
harrowing may reduce the smothering of some species.
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3.14 On-farm costs and benefits
3.14.1 Identified Needs

The CSAMM Report concluded that research was needed to:
“ Assess on-farm economics of different manure management systems in direct association with
research on storage, application and utilization of manure.” (Rec # 10), and to

“Edtablish the relationship between environmentaly safe and the most profitable rates of manure
gpplication to cropland, taking account of the method and timing of applications.” (Rec. # 3)

The report noted that there was a generd lack of information regarding the relative on-farm costs and
benefits of al manure management practices and that information about the environmenta costs of
manure management practices was even less available.

3.14.2 Summary of Green Plan Research Results

Three studies collected information related to the costs associated with the manure or waste
management practices under investigation:

C Nitrogen and Carbon Transformations in Conventionally-Handled Livestock Manures
(Kachanoski et d)

C On-Farm Manure Composting Techniques: Understanding Nitrogen and Carbon
Conservation (St. Jean)

C Application of Composted Organic Waste to Agricultural Land (Alder et d)

Kachanoski et d conducted a comparative benefit-cost assessment of six manure-handling systems.
Tota annual costs (overhead plus operating) exceeded the vaue of plant nutrients applied to the soil on
five of the Six test farms by amounts ranging from $4.13 to $124.28 per tonne of manure gpplied per
year. A smal net benefit of $0.06/tonne manure was achieved on one dairy farm.

. Jean reported that the benefit of a 50% reduction in manure volumes due to composting was typically
offsat by the value of nitrogen lost during the composting process.

At an application rate of 100 Mg ha'l, the cost of composted urban organic wastes ($45 Mg?,
delivered) could not be justified based on yield increases and fertilizer benefits (Alder et d). Indeed,
these benefits were insufficient to cover the cost of the gpplication. The intangible benefits of organic
carbon, improved water characteritics, etc. might be sufficient to justify the cost gpplying compogt if it
were delivered to the farm free of charge.
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3.14.3 Additional Information from Specific Studies

3.14.3.1 Nitrogen and Carbon Transformations in Conventionaly-Handled Livestock Manures
Kachanoski et d compared the benefits and cogts associated with the six manure-handling systems used
inthe study of N and C trandformations in storage and handling (Sections 3.7 and 3.9). The manure
systems included solid beef, solid poultry, liquid swine with high water usage, liquid swine with low water
usage, solid dairy and liquid dairy from an dley-flush sysem. A questionnaire was designed for
collection of bio-physical and economic datafrom farmers. A spreadsheet system was developed to
andyse the farm data and produce a profile of tota annua manure production, totd capita investment in
manure-handling facilities and equipment, annua costs of ownership and operation of manure-handling,
economic benefits from manure, and total net costs or benefits from manure operations (Table 4).

Table4: Summary of Costs and Benefitsfor Six Manure Handling Systems

System Capital Annual Annual Annua Annual Net  Net Cost/t
Invested Ownership  Operating Economic Benefits Manure
Costs Costs Benefits (Costs) of  Applied/ yr
Manure
$ $ $ $ $ Pt
Poultry 128,700 31,067 4,718 16,027 (19,758) (43.13)
(Solid)
Swine (low 181,308 42,778 8,966 25,369 (26,374) 4.23)
water use)
Beef 410,591 138,175 17,057 11,566 (143,666) (124.28)
(Solid)
Swine (high 393,062 95,395 31,280 15,931 (110,745) (16.65)
water use)
Dairy 200,203 51,450 30,771 12,188 (70,033) (19.27)
(Solid)
Dairy 50,383 12,060 3,072 15,465 333 0.06
(Liquid)

Capitd investments in manure-handling facilities and equipment were subgtantia, especidly in the case of
the three research stations (Elora - solid beef; Arkdl - liquid swine with high water use and Ponsonby -
solid dairy). Ownership costs (depreciation, interest, repairs, insurance) were subgtantialy higher than
operating costs (energy and labour) in al cases. Total annual cogts exceeded the economic benefits
(opportunity cost vaue of plant nutrients at field application stage) in the case of five of the Sx test farms
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by amounts ranging from $4.13 to $124.28 per tonne of manure applied per year. A small net benefit of
$0.06/tonne manure was achieved on the dairy farm which used the dley-flush system.

The net cogts, and in the one case smdl net benefits, reflect only the direct, measurable economic
benefits and costs of manure-handling operations. Omitted from the caculations were:

C

C

C

any on-farm benefits from the long-term soil structurd and productivity improvements
conferred by infusions of organic matter in livestock manures,

any on-farm cogts of soil compaction, farm water supply contamination or aeria pollution
associated with manure-handling techniques; and

any codts in the form of off-gte environmental damage due to gaseous emissions and surface
or ground water pollution from nitrate, phosphorus or bacteria leachates.

3.14.3.2 On-Farm Manure Composting Techniques. Understanding Nitrogen and Carbon

Conservation

St. Jean observed that:
C Composting of beef cattle manure reduced the weight of manure to be spread by 57.1% and

spreading costs by $1.71/T (wet) of manure (based on a nitrogen fertilizer cost of $0.814/kg
of actud nitrogen). Nitrogen losses during composting for beef cattle manure were equivaent
in vaue to the reduced spreading costs.

Composting reduced the weight of poultry manure to be spread by 51.0% for areduction in
spreading costs of $1.53/T (wet) of manure. The cogt of the nitrogen loss from poultry
manure exceeded the reduction in spreading costs by $5.10/T (wet).

Compogting of dairy cattle manure reduced the weight of manure to be spread by 58.0%,
reducing land spreading costs by $1.74/T (wet) of manure. The reduced spreading costs for
composted dairy cattle manure yielded a net benefit of $0.41/T (wet) manure after N losses
were accounted for.
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4.0 Recommendationsfor Additional Research

4.1 Introduction

Four of the research project reports contained recommendations for additional research. These
recommendations are listed below as presented by the authors of the respective reports.

4.2 Manure Composting Techniques: Under standing Nitrogen and Carbon Conservation.

C  Thereaultsof the study indicate that there is aneed for additional research on the role of
compogt mixing in smdler dimengon windrows, which remain aerobic through natura
convection. Mixing of compost windrows isadgnificant cost. Research is required to confirm
the optimum frequency, timing and benefit.

C  Curing of compost materidsintended for field applicationsis an area which requires further
sudy. Thereisno question that compost materia at the end of the rapid high temperature
degradation phase has seed germination inhibition properties. The effect that this property has
on field crops at varied gpplication rates, and varied application timing schedules should be
examined further. Application timing may be an effective means of weed control in some
crops.

C  Further dudies are warranted to determine if frequency of mixing or theinitid particle sze
digtribution of manures intended for composting can be manipulated to reduce the production
of methane, a green house gas of concern. 1t may be beneficia to pass the raw manure
through a modified manure spreeder to produce areatively fine manure texture which would
should reduce the potentia for anaerobic clumps.

C  Sudiesto examine the effect of blending raw manures with finished compost to reduce
nitrogen losses and possibly decrease the degree of anaerobic conditionsin the composting
mass warrants further sudy. During this project one such experiment was carried out which
indicated that this Srategy has some merit for nitrogen retention and modified bacterid activity.

4.3 TheEffectsof Livestock Manure Application Methods on Water Quality, Focussing on
Nitrogen and Bacteria Transport in Sail

C  Thetiledrainage modd (DRAINMOD 4.0) provided datistically good predictions of tile flow
for both yearsat Sites 1 and 2 compared to measured flow values. Further study of the water
qudity components of the modd that are currently under development may be warranted.
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4.4 Application of Composted Organic Wasteto Agricultural Land

(Note: The authors of this report presented alist of thirteen “ Conclusions and Recommendations’. Only
those statements that identified the need for additiond research are presented here. The conclusions
have been incorporated into the discussion in preceding sections.)

C

Further information is needed to assess the contribution of N mineraized from the composts
over time to establish whether a nitrogen credit may be warranted.

Compost has the potentid to increase water holding capacity and improve soil infiltration rates,
thereby reducing risks of soil loss due to water eroson. The impact of compost gpplication on
s0il pore size digtribution needs to be further investigated.

The bench marked field sites provide an opportunity to obtain additiond data on soil test
levels. 1t would be useful to monitor the soil test levels at these Sitesin the future thereby
establishing the fertility vaue of the compost gpplications to the farmer. To further evauate the
long term effects of the currently imposed trestments, continuation of the exiting trids for an
additiond three yearsis recommended.

Further understanding of the physica and chemica properties of the compost and
correponding impacts on the physica, chemical, and biologica characteristics of soil when the
compost is gpplied is needed to alow farmers to decide on the suitability of using a particular
compost for a specific soil.

4.5 Assessment of the Influence of Manuresfor the Control of Soilborne Pests Including
Fungi, Bacteria and Nematodes

C

Despite dl that we have learned about why some manures are effective againgt pathogens and
others are not, and why a manure can be effective in one soil but not another, there remains
sgnificant gapsin our knowledge. Manures and soils differ sgnificantly in their chemicad and
biologica properties and thus different manure-soil mixtures affect soil microorganismsin
different ways. More research needs to be done so we can understand more about such
interactions. Manures should not be looked upon as waste materials but rather as under
utilized energy sources that can benefit soil microbia diversty.

Potato growers should pretest manures with their soils to determine the impact on disease
incidence. This can be done on asmdl section of their fidd or with our |aboratory assay.

Methods for manure handling, storage, and application need to be reevauated to maximize the
potential benefit of these products.
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4.6 Investigating Methods of Integrating Liquid Manuresinto a Conservation Tillage
Cropping System

Based on the results of this on-farm research program, and general considerations of the other
concurrent Green Plan studies, the following recommendations are made:

C  All rdevant Green Plan research into manure management and nutrient dynamics should
integrated into a comprehensive set of revised manure management recommendations built on,
or complementary to OMAFRA Publication 296.

C  Theprogram of field research and farm cooperator involvement in conservation tillage and
manure management should continue.

C A seriesof manure management conservation tillage demongration sites should be established
to show the generd farm population the wide range of manure management optionsin
consarvation tillage and demondrate the flexibility and adaptability possble within a
conservation tillage approach.

C  Equipment manufacturers should be encouraged to conduct research and development in Sde-
dress gpplications of liquid manure to allow a broader range of farmersto use this technique
without having to make their own equipment modifications.

C  Theinteraction between agriculturd nitrogen use and rura groundwater quality should continue
to be the focus of research and broad surveys, regardless of the source on nitrogen.

Schel and Alder dso noted that the mgjor drawback with on-farm research isthe lack of experimenta
control and rigour. The main chalenges encountered in their experiments were:

C A tendency of farmer cooperators to change experimenta parameters. (However, the ability
of farmer cooperators to identify and respond to limitations in the practices being studies was
noted as being one of the strengths of on-farm research that should not be diminated.)

C  Thedemands placed upon the researcher when projects are spread out geographicaly.
Because experimentd procedures must be carried out Smultaneoudy at severd locations, the
protocol must be implemented by different individuals. This can lead to inconsstency in
experimental design and measurement.  Tight, Smple, experimenta designs and good
communication among al participants are essentid.

A mgor benefit of this form of research was that farmers were able to evauate the technol ogies being
assessed and to provide immediate feedback.



5.0 Unresolved Concerns

Introduction

Asdiscussed in Section 2.2, the report, The Current State of the Art on Manure/Nutrient
Management, by Goss et d, included twelve priority areas for research or extension activities related to
manure/nutrient management. The following sub-sections each contain a brief summary of the
contributions of Green Plan Research activities toward addressing these priorities and an assessment of
the issues that remain unresolved.

It should be noted that the tone of this section may seem negative because of the emphasison
unresolved questions. In fairness, these questions are very complex and it would not be reasonable to
expect them al to be answered through only eight projects. Asoutlined earlier in thisreport, dl of the
projects made very rea contributions to the level of understanding of these questions. Nevertheless,
much more work needs to be done to answer the crucia questions that till remain.

1. Develop extension packages to assist farmersin making more effective use of nutrientsin
manure.

Development of extension packages was not part of the mandate of the Research Program.
Sgnificant contributions in this regard were made through other components of Green Plan,
specificaly, the Best Management Practices books, the Environmenta Farm Plan and some Rura
Consarvation Clubs.

2: Establish aresearch programme involving engineers, animal scientists, agronomists, soil
scientists and economists, to develop a comprehensive framework by which alternative
manure management systems can be compared.

The need for such a comprehengve system to evauate manure sysems remans high. As
illugtrated by a number of the Green Plan projects, management changes that |essen the effects of
manure on one aspect of environmenta quality often result in aworsening of the effects on other
parameters. No Green Plan project undertook to develop the means to comprehensively compare
dternative manure management systems. However, results from a number of Green Plan

Research Projects are being used as input into the devel opment of a decision-support system
through a project initiated by the Manure Systems Group of the University of Guelph, entitled
Development of a Comprehensive Expert System for Animal Manure Management. The
Manure Systems Group is an inter-disciplinary team, under the leadership of M. J. Gossand D. P.
Stonehouse.

3: Establish the relationship between environmentally safe and the most profitable rates of
manure application to cropland, taking account of the method and timing of
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applications. Develop more acceptable manure application methods in conservation
tillage systems.

Studies demonstrated the importance of the NH,-N fraction of manure as the key indicator of the
vaue of manure as a source of N for crop production and of the potentia for N losses after
aoplication. The results dso confirmed the importance of timing the gpplication of manures with
high NH,-N content to coincide with the period of peak crop N demand in order to reduce the
risk of N losses to the environment.

Because of the difficulty in tracking the fate in the soil of inorganic N from manure, it was not was
possible to measure or predict the transformations of ether inorganic or organic N in the soil.
Thus, it was dso not possible to establish the relationship between the most economica rate of
application and environmentd safety. Additiona work is required to determine if these difficulties
can be overcome.

The potentia for contamination of tile drainage water through macro-pore flow of liquid manure
after application in no-till systems was clearly demonstrated. Although contamination was reduced
when the manure was injected into the soil, as compared to surface gpplication, none of the
application systems reduced contamination to alevel below surface water quaity guiddines,

except in the driest conditions. Further work is needed to establish the combinations of application
rates, methods and timing that would be suitable for use with the wide range of soil and
environmental conditions experienced on Ontario farms.

An on-farm study of manure gpplication methods demongirated the feasibility of applying liquid
manure in no-till Stuations from an operationd point of view. However, this study provided little
information about the environmenta effects of gpplying manure using the gpplication techniques
that were being tested.

None of the Green Plan projectsinvestigated the use of solid manuresin conservetion tillage
systems.

Because of the limited duration of dl the Green Plan projects, none was able to fully investigate the
effects of regular manure gpplications to cropland over the long-term. More information is
required about the effects of historical patterns of manure use on N transformations and on the
levels of inorganic N in soil, from the perspective of both crop nutrition and the potentid for
leaching of nitrate to groundwater. Information is also required about the agronomic and
environmenta implications of continual eevation of soil levels of crop available phosphorus and
potassium.

Develop the means of predicting the composition of the major types of poultry, pig and
cattle manures, based on feeding regimes.
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Adjusmentsin the level and degradability of protein in the diet of dairy cattle were found to be
more likely to affect the form of the nitrogen excreted (i.e. urine vs. faeces) than the tota amount.
It would appear that dietary changes that increase the proportion of manure N excreted as urine
could influence N utilization by crops, gaseous losses or leaching. More work is required before it
will be possible to predict manure composition based on feeding regimes.

I mprove nitrogen application recommendations for different crops, based on a soil N test,
taking into consideration losses on NH; with different times and methods of application.

NH; losses during application were estimated as part of one study. These data add to the
database of information rdating to N losses and in time, will contribution to the development of
predictive tools.

Crop response to manure N, applied at rates based on soil NO;-N test recommendations, was
measured in severa sudies. In most cases, the soil test accurately predicted the optimum rate of
N, but there were incons stencies indicating the need for further work. In particular, the results
confirmed the limitations of the soil NO;-N test for predicting the release of N from the organic
fraction of previous gpplications of manure or from crop residues.

Develop practical, cost-effective methods for managing manure odours from farm
systems. This should include seeking means by which the hazard to human or animal
health from toxic gases, such as H,S, can berelieved in different manure systems, and
developing better engineered and economic manure management systems, that minimize
gaseous losses from manure.

None of the projects investigated techniques to reduce or manage odours from livestock manures.
One study did monitor gaseous losses of carbon and nitrogen from manures during handling,
storage and gpplications. An extensive database of information was collected that, with further
andysis of the data, may indicate possible strategies to pursue for controlling gaseous losses.
However, it should be noted that the authors of that study concluded that because the mgority of
the N losses occur in the barn soon after excretion, the potentia to reduce gaseous losses of N
would appear to be quite limited.

I nvestigate the transformations of manure N following addition to soil to provide more
accurate estimates of denitrification, mineralization and immobilization.

In astudy to determine the extent and rate of the transformations of manure N in soil,
denitrification, minerdization and immobilization proved to be impossble to quantify accurately
because of the apparent disappearance of NH,-N from the soil solution soon after application of
either manure or urea. Because it wasimpossible to establish a base level of inorganic N in the
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10:

soil, it was a'so impossible to determine the source of inorganic N in the soil or in the crop at later
stages of the growing season. Additiona work is required to seeif the difficulties encountered in
this project can be overcome.

Smilar difficulties were experienced in estimating the contribution of available N from the organic
N fraction of manures. In genera, there appeared to be little early-season release of organic N
from spring-applied manures. Release of organic N appeared to occur late in the growing season
or in subsequent years.

I nvestigate and devel op the ability to predict the transformations of manure N during
storage and/or composting to characterize the impact on availability of N to crops, the
potential for nitrate leaching and gaseous losses of NH3, NO,, CO, and CH,.

One study monitored the losses of carbon and nitrogen from manures during handling, storage and
application in gx digtinct systems. The compositions of the manures a each stage of the system
were aso determined, as much as possble. An extensive database of information was collected
that, with further analysis of the data, should provide ingghts into the transformations that occur
and into their potentid effect on nutrient availability.

Transformations in manure carbon and nitrogen during composting were monitored for 16
composting processes. The results of this study suggest that composting cannot be viewed as an
effective means of conserving manure nitrogen nor as a cost-effective means to reduce the amount
of materia to be spread.

Examine the potential for reducing the nutrient content of manures by using improved
feeding programmes, including use of feed additives.

Adjusmentsin the level and degradability of protein in the diet of dairy cattle were found to be
more likely to affect the form of the nitrogen excreted (i.e. urine vs. faeces) than the tota amount.
However, this area continues to appear to be worthy of further investigation, especialy for
monogastrate species.

Assess on-farm economics of different manure management systemsin direct association
with research on storage, application and utilization of manure.

In one study, al costs and direct agronomic benefits associated with six distinct manure handling
and storage systems were monitored in detail. However, because of the wide range of options
available to farmers in designing and operating manure systems, much more data of this nature
would be required to enable the prediction of the costs and benefits of dternative manure handling,
storage and application systems.
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11: Assess off-farm costs due to environmental impacts, but not solely with respect to manure

12:

management. Information on environmental degradation associated with alternative
manure management systems must be quantified to allow the costs to be determined.

None of the Green Plan projects attempted to estimate the economic impact of the off-farm
environmental effects of manure management.

Develop the means by which the deterioration of livestock facility structures by gases
produced from manure can be minimized.

None of the Green Plan projects investigated means to minimize the deterioration of livestock
facilities by gases rleased from manures.
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Appendix A: Green Plan Research Report Executive Summaries

Current State of the Art on Manure/Nutrient M anagement

M. J. Goss, J. R. Ogilvie, E. G. Beauchamp, D. P. Stonehouse, M. H. Miller and K. Parris, University
of Guelph, Guelph, ON N1G 2wW1

COESA Report No.: RESY'MAN-001/94

Executive Summary

This report has been prepared to determine the current state of the art of manure management in Ontario
in reation to concerns in the farm community and amongst the generd public. It isintended to serve as a
guide for coordination of the research, extension and implementation programs needed to overcome
current problems in manure management. A draft report was reviewed by Agriculture Canada, and this
final verson takes account of their comments. This verson aso includes the results of the assessment of
priorities for research made by the University of Guelph Expert Evauation Pand for Manure
Management on 17 September 1993

Following an introductory chapter, a detailed assessment of current knowledge is presented using a
framework that follows manure from the point of excretion to the point of utilization in crops.

The third chapter presents areas of actua or recently completed research in Canada. The fourth chapter
isareview of three manure systems workshops held at Woodstock, Port Perry and Kemptville. The
workshops were intended to gather information on the views of the agriculturd community on the
percaived problems associated with manure management, and to solicit solutions.

The current knowledge base, together with the on-going research projects and the input from the
agriculturad community, provides the basis for identifying priority needs for research and extenson. A
priorized assessment of these needs is presented in Chapter five. Twelve key objectives were identified
for research and extension needs on manure management in Ontario over the next five years:

1. Deveop extenson packages to assst farmersin making more effective use of nutrientsin manure,
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10.

Establish aresearch programme involving engineers, anima scientists, agronomists, soil scientists
and economigts to develop a comprehensive framework by which aternative manure management
systems can be compared.

Egtablish the relation between environmentally safe and most profitable rates of manure gpplication
to cropland, taking account of the method and timing of gpplications. This aso requiresthe
development of more acceptable manure gpplication methods in conservation tillage systems.

Develop the means of predicting the composition of the mgor types of poultry, pig and cattle
manures, based on feeding regimes.

Improve nitrogen application recommendations for different crops based on asoil N test, taking
into congderation the losses of NH; with different times and methods of manure gpplication.

Deveop practica cogt-effective methods for managing manure odours from farm systems. This
should include seeking means by which the hazard to human or anima hedlth from toxic gases, such
as H,S, can berdieved in different manure systems, and developing better engineered and
€CoNnomic manure management systems that minimize gaseous losses from manure,

Investigate the transformations of manure N following addition to soil to provide more accurate
edimates of the denitrification (NOy gas |osses), minerdization and immobilization processes that
are agronomicdly and environmentally important.

Investigate and develop the ability to predict the transformations of manure N during storage and/or
composting to characterize the impact on availability of N to crops, the potentia for nitrate leaching,
and gaseous losses of NH; and NOy, together with CO, and CH,.

Examine the potentia for reducing the nutrient content of manures using improved feeding
programmes, including use of feed additives.

Assess on-farm economics of different manure management systems in direct association with
research on storage, application and utilization of manure.
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11. Thereisaneed to assess off-farm costs due to environmenta impacts, but this should not be

12.

developed soldly with repect to manure management. However, the information on environmenta
degradation associated with dternative manure management systems must be quantified to alow the
costs to be determined.

Develop the means by which the deterioration of livestock facility structures by gases produced
from manure can be minimized.
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Nitrogen & Carbon Transformationsin

Conventionally-Handled Livestock Manures

R. G. Kachanoski, D. A. J. Barry, D. P. Stonehouse and E. G. Beauchamp
Environmentd Soil Services, 605 Arkdl Rd., Arkdl, ON

COESA Report No.: RES'MAN-002/97

I nter pretive Summary

One objective of this project was to investigate various manure storage and handling systems with
respect to nitrogen (N) and carbon (C) changes during storage and handling. A literature review found
few definitive studies done specificaly on thistopic. These transformeations determine the nutrient
content and losses from the handling syslem. Thus, a primary god of the project was to measure C and
N of the animal feed, fresh faeces, and the various States of transformation of the manure as it moved
through the handling system. The magnitudes of the various losses of C and N between the handling
stages were also measured. Thus, methods of estimating the mass balance had to be devised. Sincethe
economics of the systems aso had to be assessed the study was done on “operationa sized units®.

Six manure handling systems were chosen to track the mass balance of C and N for a defined set of
inputs and outputs. The systemsincluded; (1) solid poultry manure, (2) solid top-loading bef, (3) liquid
swine (high water use), (4) liquid swine (low water use), (5) solid dairy, and (6) liquid dley-flush dairy.
The study dlocated considerable resources to chemica andysis, to form a reference database of
chemica composition of manure from as many components of the different sysems as possble. This
characterization included aerobic incubation of sand-soil-manure mixtures in the laboratory to measure
minerdizable C and N. Full nutrient andyss (N, P, K, C) are given dong with sdected andysis of C
and N compounds (lignin, acid digestible fibre, volatile fatty acids, etc ). The data given are average
vauesfor mgor time periods (fal, winter, etc ), but sampling was usualy done on aweekly or bi-
weekly bass. Measurements of greenhouse gas flux rates were made to rank stages of the handling
system with respect to their potential to generate these gases. Usually the greenhouse gas osses (except
CO, ) were negligible with respect to mass baance of C and N. However, the magnitudes of the losses
areimportant from an environmental perspective.
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The fate of the C and N inputs varied depending on the manure, but there were dso many smilarities.
The amount of N excreted as fresh faeces was consistently 70-80% of gpplied feed N. Find plant
available manure NH,-N amounts as a percentage of N inputs were (1) solid poultry manure=7.5to
10%, (2) solid top-loading beef = 8%, (3) liquid swine (high water use) = 38%, (4) liquid swine (low
water use) = 40%, (5) solid dairy = 19%, and (6) liquid dley-flush dairy = 40%. Additional amounts of
organic N werein the manure, but it varied from 1% (liquid swine) to 45%(solid dairy) of input N.
Gaseous loss of N from NH;-N volatilization was the mgor pathway of N loss. Theloss occurred very
quickly from fresh manure leaving few management options for reducing N loss.

A second mgjor objective of this research was to provide a comparative benefit-cost assessment of the
sgx manure-handling systems. A questionnaire was designed for collection of bio-physical and economic
data from farmers, through on-farm interviews or mailing out. A spreadsheet system was developed to
andyse the farm data and produce a profile of total annual manure production, total capitd investment in
manure-handling facilities and equipment, annua costs of ownership and operation of manure-handling,
economic benefits from manure, and tota net costs or benefits from manure operations. Five of the Six
farms displayed net costs of manure operations (i.e. costs exceeded benefits) ranging from $4.13 to
$124.28 per tonne of manure gpplied per year. The sixth farm showed a net benefit of $0.06 per tonne
of manure gpplied per year. These results concurred with previous research results, which typicaly
showed a net cost for manure operations.

Reaults from this study are being used by a manure systems team at the University of Gudphtoadin
development of an expert sysem for managing anima waste. The find manure generated from the
different systlems was used in a different study evaluating plant uptake of the manure nutrients. This
study is a separate AAFC Green Plan report (Principle Investigator, Dr. E. Beauchamp, Univ. of Guelph
), but the combination of the studies gives a complete summary of the fate of C and N and other
nutrients.
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On-Farm Manure Composting Techniques:

Under standing Nitrogen and Carbon Conservation

R. St. Jean
Ecologistics Ltd, 490 Dutton Drive, Waterloo, ON N2L 6H7

COESA Report No.: RESY'MAN-003/97

Executive Summary

Conventiona aswell as ecologica on-farm manure composting techniques were studied in this project
using aseries of 16 compogting trials. The composting trids examined carbon and nitrogen losses as
well as nitrogen, phosphorus and potassum leaching losses. The effect of composting techniques on off-
gas and pore-space methane (CH,), carbon dioxide (CO,), ammonia (NHs), and oxygen (O,)
concentrations was aso examined. Data were collected to track process temperatures, moisture l0sses
and, in some experiments, weight changes. Germination tests were completed using cress seed to
compare seed germination inhibition levels a the end of the active composting process determined as the
point at which the compost process temperature gpproaches ambient temperatures. Germination
inhibition of the compost was also assessed after 30, 60 and 90 days of curing.

Manures were sampled from beef, dairy and poultry operations in Ontario to asses their suitability for
composting in terms of moisture levels and carbon to nitrogen (C/N) rétio.

Manures used and composts produced as part of this project were sampled and andyzed for tota
nitrogen (N), phosphorus (P), potassum (K), ammoniaca nitrogen (ammonium and ammonia), nitrate
(NOy) nitrogen, nitrite (NO,) nitrogen, dry matter (DM), organic matter, (OM), total carbon (TC), pH,
and ash.

Solid manures produced on the dairy and beef farms sampled during this sudy were found to have
moigture levelsin the range of 70 to 80%, significantly above the optimum of 60%. Solid poultry
manures were found to average 33%, sgnificantly below the optimum. All manures had C/N ratios
sgnificantly below the optimum of 30/1 and C/N ratios ranged from 10 for poultry manuresto 16 to 17
for dairy and besf.
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Data collected from three different composting processes used by ecologica farm operators did not
indicate any advantage to these processes over conventiona farm composting techniques in terms of
nitrogen conservation, reduced leachate |osses, or maturity as indicated by seed germination inhibition.

Comparison of traditiona turned-pile, passive-aeration, and forced-aeration composting processes with
amilar windrow dimengons of 3 mwide by 1.2 m high, did not indicate that one process was
advantageous over the other in terms of carbon or nitrogen conservation, leaching potential, or degree of
seed germination inhibition.

Outsde and ingde composting were observed to have smilar nitrogen and carbon losses and nutrient
leaching potentid. The outside composting manure was observed to form a hard surface due to the
sun's drying, which effectively shed water. This hard surface reduces the potentid for nitrogen leaching
during the process despite the fact that it is exposed to rainfal. The net moisture loss was approximately
20% greater for the covered processes compared to the outside process. The outside process had a net
moisture loss of 43.2% compared to 69.6% for the covered control process. Composting processes,
manipulated for nitrogen conservation, were observed to have insufficient moisture loss to make them
suitable for treatment of farm-generated liquids (e.g. barnyard runoff).

Composting was found to reduce the potential for N, P and K leaching compared to raw manure.
Fourteen out of sixteen processes studied showed areduction in N, P and K leaching losses as aresult

of composting.

The study indicated that windrows 3 m wide and 1.2 m high have sufficient natural convection through
them to maintain aerobic conditions without aeration enhancements such as forced-aerdtion, atic
aeration tubes or mixing. Mixing, however, was observed to stimulate bacterid activity (asindicated by
atemperature increase after mixing), even when pore-gpace oxygen levels were not limiting. Thisis
believed to be due to the redistribution of bacteria, enzymes, and substrate. Mixing using a tractor
loader was found to cause sgnificantly greater heat losses during mixing than the use of a compost
windrow turner for mixing. Thisinitid heat |oss was observed to reduce the rate of natura convention
and create atemporary oxygen deficit, increasing the potentia for CH, production, until the temperature
recovered. Based on the data collected, mixing is warranted for bacteria, enzyme and substrate
distribution as opposed to aeration and should be carried out using a compost windrow turner to
minimize hest losses.

The data collected did not indicate that one composting technique was advantageous over another in
reducing the production of CH,. Anaerobic microsites were found to exist regardless of the technology
used. Egablishment of anaerobic microsites is afunction of the non-homogenous nature of manure.
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Forced-aeration processes without mixing were not observed to reduce CH, concentrations in pore-
gpaces or off-gases. It is bdieved that mixing will help reduce the level of anaerobic microgtes.

Compost curing for up to 90 days was observed to be insufficient time for the chemical transformations
necessary to eliminate seed germination inhibition, characteristic of composts at the end of the active
hesting cycle of composting processes. There was no evidence from the data collected that compost
curing up to 90 days would reduce the potentia for nitrogen leaching.

The benefit of a 50% reduction in manure volumes due to compogting istypicaly offset by the vaue of
the nitrogen lost during the composting process. Nitrogen losses during composting for beef cattle
manure were found to be equivalent in value to the reduced spreading costs. The reduced spreading
codts for dairy cattle manure as aresult of composting were found to yield a net benefit of $0.41/T (wet)
manure composted after N [osses were accounted for. 1n the case of poultry manure, the cost of
nitrogen |oss exceeds the benefit of reduced spreading costs by $5.10/T (wet).
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Transformationsin Soil: Crop Response to Nitrogen in Manures
with Widely Different Characteristics

E. G. Beauchamp, J. G. Buchanan-Smith and M. Goss
University of Guelph, Guelph, ON N1G 2W1
COESA Report No.: RES'MAN-004/97

Executive Summary

A three-year field and laboratory study was undertaken to obtain a better understanding of the
availability of N in manures that vary subgtantialy in severa important characteritics.

The manure characterigtics focussed on in this study included kinds of manure (anima species),
ammoniaca and tota N contents, and kind of bedding. A mgor objective was to determine how these
characterigtics affect the release or availability of manure N especidly during the early seasonin
synchrony with corn crop N requirement. Also studied were fal vs spring goplications of manures, the
influence of soil acidity on N availability with different manures, and the effects protein level and
degradability in the diet of dairy cows on manure N availability.

The research was conducted in five phases briefly asfollows.
1 corn crop response to fal- and spring-applied manures on the farms on which they were produced.

1 corn crop response to fal- and spring-applied manures to compare rates of manure N and bedding
additions of severd manures at the Elora Research Station.

1 corn crop responseto resdua N from manure and urea applied the previous year

1 alaboratory study to determine the effects of soil acidity and liming on N transformations with
severd manures

1 alaboraory study to determine the characteristics and availability of N in urine and faeces of dairy
cows fed diets varying with respect to protein content and degradability.

The manures sudied varied widdly with respect to ammoniacal N content and included liquid dairy catle
(LC), solid beef cattle (SC), solid broiler chicken with wood shavings bedding (Pw), solid broiler
chicken with straw bedding (Ps), and liquid swine (LS) manures. These manures represent the range of
manures commonly produced on livestock farmsin Ontario. Different rates of these manures were
compared with different rates of ureaiin field experiments.

It was anticipated that manures with relatively low ammoniaca N content and high C/N rétio (e.g. SC
manure) would result in a depression in available soil and manure N early in the growing season. Instead
there was little or no increase in available N during this period. With LS manure having ardatively high
ammoniaca N content, release of available N occurred well in advance of the mgor period of N uptake
by the corn crop.
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The ammoniacal N content of manures was the mgor determinant of N availability after application.
The relative importance of the organic N fraction compared with ammoniaca N in manures could not be
ascertained. It was observed that extractable soil inorganic N (nitrate and ammonium) was aways less
than ammoniaca N applied in manures or urea even within afew days following gpplication in the spring.
In some cases, aslittle as 30 to 40 percent recovery was obtained. This gpparent disappearance was
probably due to ammonia volatilization, fixation by cay and immobilization by soil microbes. The rates
of release of some of this N during the first two months of the growing season were incongstent from
year to year. Where subgtantid available N was released, it was generdly related to ammoniacal N
applied with the manure. These differencesin inorganic N recoveries coupled with varigble release rates
in the soil from yeer to year made it difficult to estimate the contribution of available N from the organic
N fraction of manures, or to assess manure N dynamicsin the soil involving N
minerdization/immobilization.

In spite of difficultiesin comparing different manures, it appeared that the SC manure behaved differently
than the others. Monitoring of soil inorganic N and plant N uptake in the field dong with a 15N study in
the lab reveded that Sgnificant net immobilization of inorganic N occurred during the early part of the
growing season.  Furthermore, corn grain yields and N composition of mature plants suggested that
there was a subgtantial release of N with the SC manure during the latter part of the growing season that
was not evident with the other manures.

There was no clear indication that fall gpplication of solid manures significantly reduced corn crop
response compared with spring-applied manures. However, crop response to fal-applied swine manure
was decidedly lower than spring-gpplied manure in two field experiments. Thus, it appears that the
efficacy of fal-gpplied manures may depend on manure characterigtics.

The kind of bedding (wood shavings vs straw) in the Pw and Ps manures or the additions of these
beddings to SC and LC manures appeared to have relatively little influence on manure N availability.

The rate of nitrification (ammonium to nitrate) was dower in acid soils but increased to a near normd
rate when these soilswere limed. Other than dowing nitrification rate, soil acidity did not gppear to
exert any other influence.

The feeding of adiet with high protein content and degradability to dairy cettle resulted in a higher
portion of excreted N present in the urine, but with little change in the faeces. Differencesin diet had
little influence on extractable inorganic N from either urine or faeces treated soil. Virtudly dl of the urine
N was converted to ammonium and eventually to nitrate in soil whereas only asmall fraction of faeces N
was recovered asinorganic N. There was evidence that the concentrations of extractable inorganic N
with the faeces treatment actualy decreased during the incubation period. Thisindicated that the urine
fraction of cattle manure contains dmost dl of the N immediately available to a crop.

It is anticipated that the findings of this study will be used to revise the manure gpplication
recommendations for crop production.

This project is related to another project entitled "Nitrogen and Carbon Transformationsin
Conventionaly-Handled Livestock Manures' done by Environmental Soil Services. VariousC and N
characterigtics of the manures are examined to a grester extent in that studly.
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The Effects of Livestock Manure Application M ethods on Water Quality,
Focussing on Nitrogen and Bacteria Transport in Sail

G.J Wadl, B. A. Grant, D. J. King and N. Mc Laughlin,

Land Resource Unit, Greenhouse Processing Crop Research Centre,
Agriculture and Agri-Food Canada, 70 Fountain St., Guel ph, ON
COESA Report No.: RESYMAN-005/97
Executive Summary

In ajoint effort between Agriculture and Agri-Food Canada, the Upper Thames River
Consarvation Authority and the Ontario Ministry of Agriculture Food, and Rurd Affairs, a sudy was
conducted with the following objectives:

1) Conduct fidd scale sudies of liquid manure application technologies for different soil/climatic
conditions;

2) Evaduate gpplication technologies in no-till corn cropping systems in terms of sustainable crop
productivity and subsurface water qudity (nitrogen, bacteria);

3) Identify pathways and processes of nutrient and bacteriatransport to tile drains and ground
water with specid consderation to preferentia flow;

4) Vdidatetile drainage water quaity modd (DRAINMOD) with field scale data and use modds
to identify scenariosin which water quality standards are likely exceeded;

5) Deveop liquid manure gpplication recommendations for environmentaly sustainable no-ill
corn crop production.

Three (two ha) field stes were selected in the Mixedwood Plains ecozone with contrasting ol
textures (Site 1(medium)-silt loam, Site 2 (light)- sandy loam and Site 3 (heavy)- sty clay loam),
systemétic tile drainage and a history of no-till corn crop management. A no-till corn crop was planted in
May at eech field Site by the farm cooperator using commercid no-till planters outfitted with various
coulter and trash whipper arrangements to manage the corn residue. Starter fertilizer was applied with
the planting units according to the farm cooperators preference with rates ranging from 5-36 kg N/ha, 6-
14 kg P/ha, and 0-26 kg K/ha. Control plots were fertilized at the time of planting according to soil test
recommendations. Soil and manure nutrient analysis conducted in about the 3rd week of June was used
to compute the manure application rates that would be required to meet the crop N requirements
according to soil test recommendations. The required liquid manure application rates ranged from about
56,165 to 71,890 L/ha. Crop performance (plant populations, time to silking, leaf tissue andysis, weed
pressure, lodging, grain moisture and yield) was monitored from the time of emergence to harvest. The
cost effectiveness of the manure gpplication equipment in terms of draft and fuel consumption was
measured with an instrumented research tractor from Agriculture and Agri-Food Canada.
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The liquid hog manure was side dressed with a 6,800 L tanker around the fourth lesf stage by
surface gpplication and two injection techniques (conventiond injection and injection modified by dight
tillage in front of the injectors). Before gpplication of the manure, bacteria tracer and strontium chloride
(StCl) and potassium bromide(K Br) were added to the manure. The area being drained by each of 12
tiles (7 m by 100 m) was treated as an individud plot. Three treatments (surface applied, conventiona
injection, modified injection) and a control (inorganic fertilizer) were replicated three times, and crop
and water quaity response to the liquid manure application was monitored. On the day following the
manure application, rainfal was smulated using atravelling gun irrigation system to apply about two to
three cm of water to the plots over a 20 to 30 minute period.

Water quality samples were taken weekly throughout the growing season while the tiles were
flowing. On the days of manure gpplication and the smulated rainfal event, tile water qudity samples
were taken at 15 min to three hour intervals. An automated meterologica station at each study ste
provided temperature, relative humidity, wind speed/direction, and 15 minute precipitation data. Soil and
hydrologic data from the study Stes were used to evaluate atile flow prediction model (DRAINMOD
4.0). Two years of datawere obtained for Sites 1 and 2 while asingle year of data was collected at Site
3.

Agronomic results showed that the use of liquid manure a side dress did not impair performance of
crop growth and development. The combination of sde dressed manure N and the Sarter fertilizer N
when gpplied at soil test recommended rates provided no-till corn yields that were not Satigtically
different from the control treatments where inorganic fertilizers were used. There was aso no sgnificant
difference in grain yield between the injection and surface manure application methods, athough both
plant populations and grain yields were margindly lower than the control plotsin three of the five crop
years. Thetractor energy consumption data clearly showed the extra power required for the modified
injection configuration over the conventiond injection, however, the difference was rdaively smdl and
the modified injection configuration was considered practica from an energy consumption perspective.

Liquid manure gpplication for al trestments resulted in increased rates of tile flow volumes within 30
minutes of application and returned to base flow conditions within three hours. Flow rate increases were
greatest when the tiles were flowing prior to the manure gpplication. The smulated rainfal event
increased tile flows sgnificantly by approximately 20 L/min & Sites 1 and 2 and by 7 L/min a Site 3 and
did not return to base flows for severd days. Flow increasesin the tile drains after liquid manure
gpplication represent less than 3% of the gpplied manure, while tile drain flow increases after the
gmulated rainfal represent about 10% of rainfall volumes at Sites 1 and 2 and less than 5% & Site 3.

Tile water quality impairment was observed through increased turbidity and measured through the
presence of bacteriaand ammonium, for al manure application treatments within 7 to 30 minutes of
gpplication and continued for two to three hours. While the total volume of applied manure reaching the
tile was small(<2%), water quaity guidelines for bacteria, ammonium and phosphorus were exceeded
for several hours. The presence of the bacteria tracer and chemicasin the tile water samples after
manure application provided verification that manure was the source of contamination. The smulated
ranfall event resulted in increased levels (but at lower concentrations then following manure gpplication)
of ammonia, bacteria tracer and phosphorus within 30 minutes and peaked within 60 minutes. Since the
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bacteriaand chemical tracers were not detected in the tile water afew days after the rainfal event it
gppears that the impact of the manure gpplication on the tile water qudity is relatively short-lived.

The movement of the tracers strontium, bromide and chloride mirrored the bacteria movement to
the tile drains both in time and concentration. The percentage of the applied non-reactive tracers
bromide and chloride reaching the tile drains was found to gpproximate the percentage of liquid manure
reaching the tile drains (<2% of applied). While <1% of the gpplied reactive tracer (strontium) was
recovered in the tile water, it provides evidence that the macropore pathways are contributing to tile
flows even under the unsaturated soil moisture conditions of the experiment.

Regardless of the method of liquid manure agpplication, tile water contamination occurred both
immediately following the manure gpplication and the smulated rainfal event. In thisno-till system, it may
only be possible to stop tile water contamination by applying liquid manure during the growing season
periods when soil moisture content is low and tile drains are not flowing.

Thetile drainage model (DRAINMOD 4.0) provided statistically good predictions of tile flow for
both yearsat Sites 1 and 2 compared to measured flow values. Further study of the water quality
components of the model that are currently under development may be warranted.

Study results have led to the following recommendations for the goplication of liquid manurein no-
till cropping sysems:

i)  Liquid manure nutrient testing is required immediately prior to manure application to establish
accurate manure application rates.

i) Sidedressinjection or surface application, a the fourth leaf stage, of liquid manure at soil test
recommended rates will produce corn yields equivaent to conventiona inorganic N
fertilization.

i)  Conventiond and modified injection equipment tested are recommended for use on medium to
light textured soils.

iv)  Side dressed injection applications should be considered to reduce impacts on tile water
quality relaive to surface applications especialy on medium and light textured soils.

v)  Apply liquid manure to tile drained land when the tile drains are not flowing to reduce impacts
on tile water qudlty.
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Application of Composted Organic Wasteto Agricultural Land

V. Alder, R. W. Sheard, R. G. Kachanoski and M. J. Goss
Ecologica Services For Planning, 361 Southgate Drive, Guelph, ON N1G 3M5

COESA Report No.: RES'MAN-006/97

Executive Summary

The application of composted organic waste to agricultura lands has the potentia to benefit agriculture in
terms of improving soil qudity, but information on the environmental and agronomic aspects of the use of
compost is needed to dlow farmers to assess the risks and benefits of its use. The purpose of this study
was to evauate the impact of composted organic waste applications to farmland on soil qudity, crop
growth and yidd, and water quaity in addition to assessing the economics of its gpplication.

A series of |aboratory and field experiments were conducted over afour year period to determine the
feaghility of gpplying urban generated compost to farmland for crop production. Sitesfor the field trids
were established on loam and clay |oam soils on farms near Campbdlville, Ontario. The finished
compodts used in the trids were a mixture of food, wood, paper and yard waste sources, and were
obtained from two private composting facilities.

Theyields of corn, soybeans, and al-grass hay were not generaly depressed by the addition of
compost. In fact, in some cases sgnificant increases in production were attributed to compost.
Incorporation of the compost was not demonstrated to be necessary.

Clear evidence of dtered nitrogen availability was not demongtrated and it appeared that norma nitrogen
application rates would be required in conjunction with the compost gpplications. The contribution of
nitrogen minerdized from compost was not sgnificant in this sudy.

L ettuce seed germination in sand-compost mixes in the lab indicated that high concentrations of compost
in the mix and pure composts were not suitable for seed germination. Mixes containing less than 25%
compost by weight were unlikely to inhibit germination provided that the composts were rdaively
biologicdly stable, or finished'. Such a phytotoxic effect of the composts may explain the clear
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preference for fal gpplications of compost by both corn and soybeans which was evident in asingle year
tria comparing rates and time of application. However, the effect was most noticeable at rates of greater
than or equal to 150 Mg (wet) compost ha™. The spring applications of compost in other tridsin this
study often improved crop success over that where no compost was applied.

Compost improved soil qudity by raisng the soil test index, thus reducing the requirement for
phosphorus, potassum, and zinc. However, the two compost sources varied in their ability to elevate
s0il test levelsin relation to the amount of total P they contained. Subgtantia increases in the organic
carbon content of the soil were evident after only three years of applying the compost on both soils.

The higher organic carbon leved in the soil, in turn, was relaed to adecrease in Soil dendty with a
corresponding increase in total porosity. A greater infiltration rate resulted from the increased porosity.
A higher residud pore volume and increased water retention was observed for one of the compodts.

After three successive years of compost gpplication the metal content of the surface soil was not
increased to levels of potential concern. Evidence of potentia nitrate nitrogen contamination of ground
water supplies was not found. Only sporadic indications of afew metas (Cu, Mn, Ni, Zn) in the water
percolating through the soil profile were observed. Where they appeared they were not aways
associated with a compost treatment.

Some of the parameters measured were influenced to varying degrees by the source of the compost; a
result of differing andyss of the two materids used in the experiments.

An economic andysis of the use of urban compost on agricultura land indicated thet the vaue to the
producer through yield and enhanced soil fertility would barely cover the application codsif the compost
were delivered to the farm Ste a no cost. However, since benefits of compost application to the soil
have been demonstrated which were intangible, such as organic carbon and increased porosity, afarmer
could judtify the cost of gpplying the materid if it were delivered free to the farm ste.



Assessment of the Influence of Manuresfor the Control of Soilborne Pests
Including Fungi, Bacteria, and Nematodes

G. Lazarovitsand K. Conn,
Pest Management Research Centre,
Agriculture and Agri-Food Canada,
1391 Sandford S, London, ON

COESA Report No.: RESY'MAN-010/97

Executive Summary

The objective of this project was to determine if addition of manures to potato growing fields effects the
severity of soilborne diseases. Two mgor soilborne diseases on potatoes in Ontario are Verticillium wilt
caused by the fungus Verticillium dahliae and potato scab caused by Streptomyces bacteria. We used
these two diseases as modd systems to study the effects of manures on soilborne pathogens.

Results and conclusions:

1. Wedeveloped arapid and reproducible laboratory assay for determining the effect of manures on
pathogensin a particular soil. The assay consds of mixing a smdl amount of manure with sail in
test tubes. The mixture is incubated and the effects on pathogen popul ations determined by making
serid dilutions of the soil onto semi-sdective media. This assay gave the same reaults asfidd
experiments more than 90% of thetime. Thisassay is Smple and rapid and dlows for evauation of
many manure-soil combinations. Thiswill enddle usto provide farmers with information asto
where certain manures can be safely gpplied and under what conditions.

2. Theéffect of amanure on pathogensis determined by the soil to which it is added. Example:
Chicken manure reduced the pathogen population in three out of four soils we tested. Thus, the
fact that a particular manure reduces disease severity in one location does not guarantee it will do
S0 at another location.

3. Soil moigture can influence the effect of a manure on pathogens. Example: Liquid swine manure
decreased the viability of V. dahliaein dry but not in wet soil.
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The most important factor that impacts on pathogensis the manure used. Example: In certain soils
we found that fresh chicken and liquid swine manures decreased pathogen populations while solid
catle manure had no measurable effect. Wetting and aerobicaly incubating this chicken manure for
one week destroyed its disease suppressive effect and may have increased the potential of potato
scab. Thus, the impact on pathogens is determined by the source of manure and how the manure
has been handled and stored.

Recommendations:

1.

Despite dl that we have learned about why some manures are effective againgt pathogens and
others are not, and why a manure can be effective in one soil but not another, there remains
sgnificant gapsin our knowledge. Manures and soils differ sgnificantly in their chemica and
biologica properties and thus different manure-soil mixtures affect soil microorganisms in different
ways. More research needs to be done so we can understand more about such interactions.
Manures should not be looked upon as waste materials but rather as under utilized energy sources
that can benefit soil microbid diversty.

Potato growers should pretest manures with their soils to determine the impact on disease
incidence. This can be done on asmdl section of their field or with our laboratory assay.

Methods for manure handling, storage, and gpplication need to be reevauated to maximize the
potential benefit of these products.
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| nvestigating M ethods of Integrating Liquid Manure

into a Conservation Tillage Cropping System

G. Schdl and V. Alder,
Ecologica Services For Planning, 361 Southgate Drive, Guelph, ON N1G 3M5
in association with R. Samson, REAP Canada and P.-Y . Gasser, AgKnowledge

COESA Report No.: RESFARM-002/97

Executive Summary

This research project was funded by the Canada-Ontario Green Plan. Green Plan research activities
were designed to promote environmentaly sustainable agriculture within the farming community. The

objectives of this project were established by the Green Plan Agreement Management Committee and
included:

1  ObjectiveA - to determine the influence of the source (cattle, swine, poultry), amount and method
of manure application on the nutrient Satusin the soil and availability to crop growthina
consarvation tillage system; and

1 Objective B - to investigate techniques of retaining the nutritive vaue of manure within the rooting
Zone in a conservation cropping system.

While the objectives of the project were focused on an investigation of methods of integrating manure
management in a conservation tillage system, an important secondary goa was to produce information
which would be directly relevant and of immediate use to awide range of farmers. Thiswasthe
underlying purpose behind conducting on farm reseerch. The direct and significant involvement of
farmersin designing, implementing and interpreting the research was seen as key to wider gpplication of
results and significant impact on the goa's of the Green Plan.

Research experiments were conducted on field length plots at Sx farm stes in southwestern and eastern
Ontario in the growing seasons of 1994, 1995 and 1996. The farms sitesincluded two dairy farms,
three hog farms and a poultry farm, which provided arange of manure types. The conservation cropping
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systemsin place a the six farms included three different modified no-till systems, an aeration tillage
system using an Aerway™ implement, a chisdl tillage system and aridge tillage sysem. This broad
range of tillage activities provided wide scope for testing manure gpplication practices under arange of
field conditions and timing requirements.

The experimenta trestments included the gpplication of 100% of the estimated nitrogen requirement
from manure, 100% from inorganic fertilizer and a combination of approximately 75% of the nitrogen
requirement from manure and 25% from inorganic fertilizer. The effect of the timing of manure
gpplication was evauated through comparisons of trestments involving pre-plant and side-dress manure
gpplications, and different Sde-dress gpplication timings.

The effect of the treetments on the nutrient status of the soil was evauated through soil fertility and soil N
testsin spring and fal. The effect of the treatments on agronomic and crop productivity was evauated
using corn yield and weed counts at some of the Sites. The effect of the treatments on farm management
activities was eva uated by the farmer co-operators. Farmer impressions and comments were used
extensvely to evauate the operaiond and economic feasbility of treatments.

Aswould be expected in abroad ranging field research program, results varied widely from year to year
and from steto ste. Difficult weather patterns, weed and pest pressures and changing farmer
requirements posed challenges to the conduct of the research and the interpretation of results. However,
within the atigtica limits of field research, severd conclusions were reached.

Fir <t, the research confirmed that liquid manure is an effective subgtitute for inorganic fertilizer in
conservation tillage corn production.  Manure application rates should be based on the nitrogen content
of the manure and the nitrogen response of the field as indicated by the nitrate soil test. A wide range of
manure volumes (2000 to 9000 gallons per acre) and total N applications (100 to 200 kg/ha) were
evduated. Wherethetotal N gpplied was close to the maximum economic rate (MER) for thefield,
yields were similar for manure and mineral N sources. Caculating manure application rateswas a
draight forward matter based on manure andyss and soil nitrate. Delivering the required volumes of
manure to the field under conservation cropping systems was not aways sraight forward. However,
with typica farmer ingenuity, equipment was modified, practices were refined such that the manure was
effectively and efficiently gpplied in most cases. Highly concentrated poultry manure and highly dilute
dairy manure were extreme Stuations that tested farmer ingenuity and equipment flexibility. Yet evenin
these challenging Situations, methods were developed to deliver the volume of manure necessary to
provide the appropriate nitrogen amount to the corn.

Second, the research demondrated thet there isflexibility in the timing of the gpplication of manure
under consarvation tillage. Pre-plant broadcast of manure and application of substantial volumes of
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manure to sanding corn crops were both shown to produce similar yields as mineral N sources, with no
un-surmountable operationd difficulties. Once again equipment modification and farmer ingenuity played
an important role in getting the manure nutrients to the crop at the right time and without crop damage.

Third, the research suggests that the groundwater implications of using manure in a conservation
cropping system are Smilar to usng mineral N sources. Resdud soil nitrate levels after harvest were
measured as an indicator of nitrate volumes potentially available to leach to groundwater. The results of
these measurements varied widdy from ste to Site, and some high, and potentidly detrimentd, levels
were detected. However, the levels were smilar whether the nitrogen was from manure or minera
sources. Based on the reasonable assumption that conservation tillage provides water quality benefits
beyond conventiond tillage, the use of manure in consarvation sysemsis as environmentaly sound as
the use of minera nitrogen, and seemsto offer water qudity benefits over the use of manurein
conventiona systems.

Fourth, the research showed conclusively that manure can be integrated in to conservation tillage in an
effective and efficient manner that will be acceptable to farmers. All the farmersinvolved in the research
were able to solve their problems and develop a manure management/conservation tillage system that
worked for them. Based on their own whole farm accounting, taking into account al the costs and
benefits specific to their own Stuation, 5 of the 6 farmers saw reasons to invest time and money in the
systems. One farmer abandoned conservation tillage during the course of the experiment, but this
decison seems to have been based on awide range of issues not specificaly related to difficulties with
manure gpplications. Following three seasons of data collection, it is evident that no sngle system of
meanure gpplication tested was the mogt efficient in terms of corn yield and minimizing residua N Ieft in
the soil profilein thefal. Conditions vary from farm to farm and it is essentid that the manure application
system be tailored to the requirements a each site. Ongoing on farm research and demondtration Sites
should be used to promote the concept of conservation tillage to awider group of livestock producers.
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An Investigation into the Management of Manure-Nitrogen

to Safeguard the Quality of Groundwater

M.J. Goss, W.E. Curnoe, E.G. Beauchamp, P.S. Smith, B.D.C. Nunn and D.A.J. Barry,
Land Resource Science Dept.,University of Guelph, Guelph, ON N1G 2wW1

COESA Report No.: LMAP-013/95

Executive Summary

In this study the fate of nitrogen from liquid dairy cattle manure and from composted cattle manure was
investigated in two field experiments. These were conducted at the Elora Research Station of the
Ontario Minigtry of Agriculture, Food and Rurd Affarsin collaboration with Drs. D.L Burton, E.G.
Beauchamp and R.G Kachanoski, and a Winchester Research Station of Kemptville College of
Agricultural Technology in collaboration with W.E. Curnoe.

In the first experiment carried out at Elorain 1991-1992, the soil was a Conestogo st loam (Gleyed
Melanic Brunisol). The particle szefraction of the Ap horizon consisted of sand (0.26), silt (0.55), clay
(0.18); the organic matter fraction was 0.056, and the pH was 7.0. A sub-programme of alarger
investigation was established with the objective of evauating therisk of nitrate leaching from
spring-applied manure, and identify how much of the mineral N from the liquid cattle manure (LCM)
was incorporated into a corn crop. The contribution to N in the crop due to minerdization of soil
organic matter was dso investigated. Liquid cattle manure was gpplied in spring before planting corn on
arandomized complete block design with fourfold replication. Corn was aso planted in 1992.

In the second experiment carried out at Winchester in 1991-1993, the soil wasa Dahousie clay loam
(Humic Gleysol). The particle size fraction of the Ap horizon consisted of sand (0.20), slt (0.52), clay
(0.28); the organic matter fraction was 0.037, and pH was 6.3. Both liquid manure from dairy cattle
and composted cattle manure were gpplied to ploughed-down dfafaforage during late summer. The
liquid cattle manure was injected, and the solid manure gpplied with a conventiona spreader. The
objective of the programme was to evauate therisk of nitrate leaching over the fall, winter and spring
from fdl-applied manure, and evauate whether this could be dleviated by timely agronomic practices
without impairing the productivity of theland. Thefollowing ten experimenta trestments were
replicated fourfold in 4 randomized blocks, and test crops planted:
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1. Alfdfaploughed in; grass (Timothy); no manure; corn (Control)

N

Alfdfaploughed in; grass (Timothy); 172 x 103 L ha-1 liquid cattle manure; corn (manure control -
LCM)

Alfdfaploughed in; 54 t ha-1 composted cattle manure; corn (CCM)

Alfdfaploughed in; liquid manure; barley ; wheat (LCM + barley)

Alfadfaploughed in; liquid manure; oilseed radish cover crop; corn (LCM + OSR)
Alfadfaploughed in; liquid manure; 3.8 t ha-1 straw (dry weight) incorporated; corn (LCM+straw)
Alfafaploughed in; liquid manure, straw; oilseed radish cover crop; corn (LCM + straw + OSR)
Alfdfa ploughed in; liquid manure; winter wheet, corn (LCM + winter whezt)

© o N o g b~ W

Alfdfaploughed in; winter whest, corn (Control + winter whest)
10. Alfdfaploughed in; barley; wheset. (Control + barley)

Winter wheat was sown in the fal of 1992 on the plots where spring barley had been grown. In the
gpring of 1993 dl plots not growing winter whest were planted with corn.

The soil, soil water, and plant materiad was sampled to assess the avail ability of the nitrogen to crops,
determine the presence of minerd nitrogen, including nitrate, in the soil, and determine the magnitude of
the fluxes of nitrogen. 15N was used to trace the fate of the nitrogen present in the minera fraction of
the manures at both experimenta Stes. Tracer was dso applied directly to the soil to identify the fate of
minera nitrogen produced by minerdization of soil organic metter prior to the gpplication of manure, and
to help identify potential sources of the nitrogen minerdized after manure gpplication.

From 15N tracing, it was shown that the loss of minera nitrogen from manure was greater during surface
Spreading and mechanica incorporation in spring than &fter early fall gpplication to recently cultivated
land followed immediady by hand-digging.

At Winchester, the soil at the time of manure application contained about 80 kg ha-1 mineral nitrogen.
Only 16 kg ha-1 of minera nitrogen was present in the 320 kg N ha-1 from the composted cattle
manure, but of the 301 kg N ha-1 applied in the liquid manure 216 kg N ha-1 was minera nitrogen.

The volumetric water content of the top 200 mm of soil was approximately 0.15 at the time the manure
was gpplied a the end of August. Thiswasided for injection, but severdy impaired the establishment of
the grass. Growth of the winter whest, oilseed radish was good in the fal of 1991. There was
considerable growth of volunteer oats from seeds present in the incorporated straw, and wild mustard
weeds grew on plots where liquid cattle manure was applied but no crop was planted inthe fal. The
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uptake of minerd nitrogen (y, kg N ha-1) by dl cropsin the fdl was directly reated to the dry matter
produced (X, t ha-1) according to the equation: y = 43x - 10.2 (p < 0.001). However, less than 10% of
minera-N gpplied in the liquid cattle manure was taken up by the sown cover crop. By the end of
November much of the minerd nitrogen gpplied in the manure could be accounted for in the soil and
plants. In un-manured plots there was 55 kg NO3-N ha-1, 78 kg NO3-N ha-1 in plots that received
composted manure, and 134 kg NO3-N ha-1 in plots given liquid manure. All this nitrogen was at risk
of leaching. However, from andysis of the 15N present in the soil it appeared that only about 60 kg N
ha-1 had been derived from the minera fraction of the liquid cattle manure, a least 50% of that fraction
had dready transferred into the organic pool of the soil. Reminerdization of asmal part of thisfraction
gppeared to take place in early spring. But much of the 15N was il retained in the soil organic matter
after two years. Only smal amounts became available even in the second year.

The winter was cold and the snow cover was ended by heavy rain on 14 January, after which the
temperature dropped sharply and killed the winter wheat crop.

There was little through drainage in the early spring of 1992, and al plots contained at least as much
minerd nitrogen at planting in May than in November. Nonetheless, loss of 15N over this period was
consstent with about 50 kg N ha-1 of the nitrogen present in the minerd fraction of the liquid cattle
manure being lost from the soil over winter. The loss was about 25%; less where cover crops were
grown and straw had been incorporated. Two further periods of leaching were identified in late spring
and early summer. The maximum concentration of nitrate-N recorded in the water draining from the
rooting zone for al treatments exceeded the Ontario Drinking Water Objective of 10 mg L-1 during one
or both periods.

Growth of the corn crop on the microplots a Elorawas good in both years, and there was no significant
benefit to yied from application of manure compared with control plotsin either season. Previoudly corn
had been grown continuoudy on the Site, S0 the lack of any effect on yield due to manure gpplication in
the first season was probably due to residud nitrogen from the management of those crops. The crops
a Winchester grown on land injected with liquid manure produced significantly greeter grain yidds than
the Control trestment when harvested by hand, except where straw had been incorporated or oilseed
radish planted, but this was not converted into significantly more combinable yield. Theyield of barley
was influenced by the lodging that took place preferentialy on the manured plots. Although earlier in the
Season nitrogen uptake by barley was grester on manured plots than on plots that received no manure,
there was no sgnificant difference a harvest. In thefirst cropping year the uptake by corn of nitrogen
derived from the minera-N in manure was greater from a spring application (39 kg N ha-1) than from a
fal application (31 kg N ha-1). Uptake in the second season was about 5% of the minerd nitrogen in
the manure at application in both cases. Only 16% of the nitrogen in the cover crop was transferred to
the following corn crop. Evidence from crop sampling indicated that much of the nitrogen from the
cover crop did not become available until after 20 August. Thiswas dso true for nitrogen from the
organic fraction of the manure. There was no clear evidence that nitrogen was released from the organic

92



fraction of the liquid cattle manure to the crop planted after the spring gpplication. There was evidence
that some of the organic nitrogen in manure became minerdized in the late summer, twelve months after
goplication, when it was & risk to leaching over winter.

Nitrogen released by the ploughing of the soil under dfdfa-hay at Winchester provided sufficient
nitrogen for the corn crop. Thetotd nitrogen in the control treatment at harvest was 150 kg N ha-1.
The crop on land injected with liquid manure contained 225 kg N ha-1, but this was not converted into
ggnificantly more combinable yield. About haf of the additiond nitrogen was present in the grain, but
the remainder wasin the harvest resdues that contribute to the organic matter pool of the soil and
therefore could be reminerdized in the future. The resultsindicated that avaue of 110 kg N ha-1,
currently used in Ontario, was an appropriate credit for the underground residues of the dfdfa hay.

The Ontario soil nitrogen test suggested that the un-manured plots would require some fertilizer nitrogen
to obtain the maximum economic yield, but al manured plots contained sufficient nitrogen. Since yidds
of corn were unaffected by the trestments imposed despite the indications of the soil nitrogen test, it is
clear that adjustments are needed when making fertilizer recommendations based on the test to ensure
that the nitrogen from crop residues (straw or cover crop) isincluded. The soil N test, which only takes
account of nitrate-N, clearly underestimated the amount of minera nitrogen available in the soil on dll
treatments.

Tota loss over two cropping years, estimated as 15N not present in soil or crop, were 35% for the
spring gpplication and 40% for the fal application. The potentia for leaching loss to occur in the period
following the fdl application was congderable. The application of manure in the early fal resulted in a
large amount of minera nitrogen in the soil, much of it in the nitrate form.  In thet experiment, the
prevailing weather conditions were not conducive to leaching, but incorporating composted cattle
manure at the same time of year did not have asgnificant impact on the soil pool of minera nitrogen.

The study strongly indicated that gpplying liquid manure in the fal was potentidly hazardous to water
resources. The risk from leaching was high in the fall immediately &fter gpplication, in the following
spring, and in the next fal period, especidly if cereds were grown in the spring. None of thefdl
trestments designed to immobilize nitrogen were adequate to reduce the risk sgnificantly.

Combining straw incorporation and growing a cover crop that would be removed for forage in late fall
appeared to offer the best solution to minimize loss of nitrogen from manure gpplied in early fall.
However, in awet fal theimpact of this trestment might not be as greet as the results for ardatively dry
fdl. Furthermore, smdler yidds may dso result.
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Appendix B: Committees and Sub-committees Within the OASCC System.

Agricultural Economics Cereal Crops
Farm Management & Production Corn
Economics Forage Crop
Marketing Oil and Protein Seed Crop
Resources Devel opment PUlse
Rurd community Development Tobacco

Agriculture and Food Engineering
Food Engineering
On-farm Energy and Processing
Power and Machinery
Rurd Environment Engineering
Structures and Buildings

Animal
Aquaculture
Beef
Dairy
Deer
Equine
Fur-bearing
Goat
Pork
Poultry

Sheep

Fidd Crops
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Food Processing Soil, Water and Air

Dairy Products and Processing Agrometeorology
Fruit/vegetable Products and Processing Soil Management
Grain/oilseed Products and Processing Soil Survey and Land Use
Meat Products and Processing Water Management

Horticultural Crops
Agroforestry
Apiculture and Pallination
Berry Crops
Crucifer Crops
Ginseng
Grape and Wine
Greenhouse Flowers
Greenhouse and Protected Crops
Low Acreage and Speciaty Crops
Marketing
Muck Crops
Nursery/Landscape and Turf
Pome Fruits
Potatoes
Stone Fruit

Tomatoes

Pest M anagement
Crop Protection
Livestock and Poutltry Pest Control
Weed
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Appendix C: Recommendations Relating to Manur e/Nutrient Management
Made by OASCC Committees Between 1992 and 1997.

Year of Recommendation

Recommendations (by Committee and Sub-committee) 97 961 95| 94193]|92

Animal: Beef Sub-committee

Seek solutions to environmental issues that recognize the economic X X X
and production redlities of the farmer. Specificaly, investigate novel

approaches to livestock interactions with watercourses and

management approaches that alow riparian areas to be used for

production while minimizing environmental impacts. Also investigate

novel approaches to manure management which recognize financial

and operational concerns of the farmer while maintaining water

qudlity.

Animal: Dairy Sub-committee

To support research into the assessment of different housing X X X X X X
aternatives and their effects on animal welfare, profitability, producer
welfare and the environment.

Animal: Swine Sub-committee

To support research which assesses the impact of different manure X X X X X X
handling and milking washwater disposal systems on the environment.

To evauate the impact that swine production has on the environment X X X X X X
in the areas of alternative manure storage, manure application,

disposal (vaue added) and dead anima disposa and its effect on soil

and water pollution.

To look for technology that will reduce any negative impact of swine X X X X X
production through the reduction or balancing of the nutrient content

and reducing odour associated with swine manure and improved feed

utilization.

To determine optimum of siting swine barns for odours management, X X X X
disease transmission and the acceptance by the community.

To conduct economic analysis on specific technical swine research X X X
ranging from breeding programs, herd health practices, manure
handling systems, nutritional programs, €etc.
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Recommendations (by Committee and Sub-committee)

Animal: Poultry Sub-committee

Year of Recommendation

97196195|94 93|92

Research to maintain environmenta integrity and lower feed input
costs, by reduction of nitrogen and phosphorous excretion through
improvement of nutrient availability, better recycling of waste
materials and better or aternate methods of manure disposal.
(Broilers)

Research into decreasing the amount of nitrogen and phosphorous in
poultry manure. (Layers)

Methods to reduce faecal output of nitrogen and phosphorous.
(Turkeys)

Soil, Water and Air

To determine methods of application, rates and effects on soil and
plant growth of the gpplication of manure in no-till systems, focussing
on maximizing nutrient efficiency.

Initiate research on the dispersion and diffusion of odours from
livestock wastes to minimize rural/urban conflicts.

Development of aternative methods of treating livestock and poultry
waste that reduce odour, breakdown settleable solids and stabilize
nutrients, especially nitrogen.

Develop integrated management systems for nitrogen from fertilizer,
legumes, manure and organic wastes in the agri-ecosystem.

To develop an integrated approach for the management of water
quality and nutrient for environmentally sustainable use of farm
manure, green manure and agro-chemicals.

Develop feasible methods and techniques to evaluate the effects of
pollution control and remediation measures in agricultura/rural
watersheds.

the use of fertilizersin conjunction with livestock manures within the
farm system.

Develop improved technical means and methods to properly interface

Determine optimum rates and application methods of organic
amendments (including biosolids and crop residues) in farming
systems for the improvement of soil quality.
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Year of Recommendation

Recommendations (by Committee and Sub-committee) 9719619594 ]93]92
I nvestigate management systems to minimize contamination of air, X X X X X

surface and groundwater by nitrogen originating from fertilizers,
legumes, manures and other organic sources, and by bacteria from
manures and organic wastes applied to soils.

Study the movement of bacteria, toxins an nutrients through soil. X
Examine the quantitative and physical processes involved as well as

the development and evaluation of best management systems to

reduce the potential for ground water contamination.

Engineering

Investigate the ability of solid manure spreadersto spread manureina v vy x X X
uniform coating on the land in order to:

a) determine if equipment design alows for the uniform spreading of
solid manure (not a recommendation in 1996)

b) acquire information that can be used to determine the application
rates.

c) identify future research needs in the design of solid and liquid
manure applicators

To evauate and quantify the potential impact of large livestock X X X
operations on the rural environment.

To investigate and develop methods of handling and disposal of large X
volumes of manure.

Research on air qudity in livestock building: Develop an economica X X X X
warning device or devicesto aert farm personnel that a hazardous

gasis at adangerous level; evaluate devices and develop procedures

for dealing with gas hazards, examine in more depth the chronic

effects of sub-lethal gas levels and evaluate the extent of this aspect

of the problem.

Determine the extent of metal corrosion problems in farm structures X X X X X
and develop arecommended course of action. An intensive survey of
farm structures would be helpful in meeting this objective.
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Year of Recommendation

Recommendations (by Committee and Sub-committee) 9719619594 ]93]92
To determine the feasibility of using: X

a) sted coating and/or concrete additives to inhibit the corrosion of
reinforcing steel in such adverse situations as datted floors, silos
and manure storages.

b) concrete sealants and coatings that may reduce concrete
deterioration which in turn will protect the reinforcing stedl.

To determine the relationship between various wood preservatives X
and the amount of corrosion occurring on the metal fasteners
connecting these membersin atypica farm building.

Encourage researchers to work on: X X

a) the establishment of Threshold Limit Vaues (TLV) for the
combination of air pollutant encountered indgde farm buildings

b) the development of Codes of Practices and/or Standards for indoor
ar quality and working environments.
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