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Minister
of Agricuiture and
Agri-Food

Pdinising
de I'Agrcultura at de
I'Agroalimeantaira

Owwn, Caracda K14 628

MESSAGE FROM THE MINISTER
OF AGRICULTURE AND AGRI-FOOD

The environmental challenges of today in agriculture are many and complex. As a result,
decision makers at all levels need reliable information to better understand and manage
the links between human activity, the economy and the environment.

To better assess the impact of agricultural policies on the environment, in 1993
Agriculture and Agri-Food Canada began developing science-based environmental
indicators for the agriculture and agri-food sector. As these tools have improved, so too
has our ability to help guide and measure the environmental performance of the sector. In
2000, we published the first agri-environmental indicator report.

As Minister of Agriculture and Agri-Food Canada, I am pleased to present this second
report on national agri-environmental indicators. This report provides an updated picture
of the progress that Canadian agriculture has made in both conserving the natural
resource base upon which it depends, as well as supporting surrounding natural
ecosystems. It also informs us about more work that must be done. By doing this, the
report can help us tackle the environmental challenges of our day—challenges that call
upon us to find better ways to improve productivity and competitiveness, while ensuring
that whatever we do sustains a healthy environment.

Agriculture and Agri-Food Canada will continue to work closely with producers and
partners to generate this important information. In so doing, we will contribute to
building the foundation of the environmental policies and programs of the future, and
ensuring Canada’s place as the world leader in environmentally responsible agriculture
production.

Andy Mitchell

Canada



Executive Summary

B CONTEXT

The agriculture and agri-food industry operates
in close connection with the surrounding
environment. Environmental sustainability—
producing and processing food and fibre in

a way that protects or enhances the natural
resources which support production and is
compatible with the surrounding natural
systems—is therefore not a new concept for
the sector. Producers have for a long time
been adopting technologies, production strate-
gies and beneficial management practices that
improve their environmental performance.

In recent decades, globalization, market pressures
and technological innovations have spurred
Canadian agriculture to increase output and
productivity. This has engendered structural
changes in the industry, characterized by the
adoption of new technologies and a gradual
shift towards larger, more intensified operations.
Social preferences of Canadians have also
evolved, and concerns have been raised about
the possible impact of food production on the
environment—on soil, water and air quality,
and biodiversity. Canadians have supported a
growing array of domestic and international
agreements, regulations and research programs
designed to protect the environmental systems
with which agriculture interacts. Agriculture
today has to balance a wide range of continually
evolving environmental demands and expec-
tations. Achieving the goal of long-term
environmental sustainability has become a
more pressing challenge and one that involves
increasingly complex issues.

Farmers, governments and other stakeholders
in Canada’s agricultural industry have become
increasingly aware of the need to integrate
environmental factors into their decision-
making processes. Decision makers at all levels
share a common need for objective information
on the current environmental performance of
the agricultural sector, to determine whether
this performance is satisfactory and how it is
likely to behave in response to the decisions
they make.

B AGRI-ENVIRONMENTAL
INDICATORS

Agriculture and Agri-Food Canada has developed
a set of agri-environmental indicators (AEIs)
specific to the agriculture and agri-food sector to
assess how well agriculture and agri-food systems
manage and conserve natural resources and how
compatible they are with the natural systems
and processes in the broader environment.
These AEIs are a practical means of assessing
environmental sustainability by combining
current scientific knowledge and understanding
with available information on resources and
agricultural practices. The intent is to provide

an objective, science-based assessment of the
overall environmental sustainability of agricul-
ture. These agri-environmental indicators can
then be used to:

e track progress and measure performance in
achieving priority environmental objectives;

e draw public attention to important
environmental issues;

e translate scientific knowledge and
research results into a form that can
be understood and used by citizens and
decision makers; and

e educate students and citizens interested in
understanding agri-environmental issues
and their implications.

Agri-environmental indicators are calculated
using mathematical models or formulas that
integrate biophysical information (on soil,
climate and landscape) with land use and farm
management data generalized to portray certain
environmental conditions in the landscape at

a given time. They are primarily intended to
provide information on a national, provincial
and regional scale, in a manner that is both
sensitive to regional variations in agriculture
and consistent across Canada. However, to
make national assessments, it is necessary to
work at broad temporal and spatial scales and to
use units that are usually not homogeneous in
terms of either farm management practices or
biophysical conditions. The aggregated result
may therefore obscure local reality, and because

Environmental Sustainability of Canadian Agriculture: Agri-Environmental Indicator Report Series—Report #2



of this the indicators cannot be interpreted as
showing any specific on-site conditions such
as at an individual farm.

A first set of AEI results was published in 2000
covering a 15-year period (1981 to 1996).
Building on this initial work, and in light

of current and future needs for this kind of
information, AAFC established the National
Agri-Environmental Health Analysis and
Reporting Program (NAHARP) to strengthen its
capacity to develop AEIs and tools to integrate
them with policy development. This report, the
second of the Agri-Environmental Indicator Report
Series, can be viewed as an incremental step
towards the objective of periodically reporting
on the environmental sustainability of Canadian
agriculture. The work on agri-environmental
indicators involves a process of continuous
improvement, and most of the indicators from
the first report have been updated, extending
the temporal coverage to 2001. Improvements
have also been made to existing methodologies
and datasets, which means that results and
trends for these indicators have been re-assessed
for the entire 20-year period covered (1981 to
2001). This second report also provides informa-
tion on new indicators that are in various stages
of development and are expected to generate
results in the near future.

B SUMMARY OF RESULTS

The AEIs included in this report focus on four
key components of the environmental sustain-
ability of primary agriculture: soil quality, water
quality, air quality and biodiversity. The results
reveal some consistent national trends, as well
as considerable differences in various agri-
environmental conditions across Canada.
Overall, the results suggest that considerable
progress has been achieved towards environ-
mental sustainability, but that further expansion
and intensification of cropping and livestock
production has the potential to exacerbate the
environmental risks unless appropriate actions
are taken to manage them. The main AEI results
for the period 1981 to 2001 can be summarized
as follows:

e Environmental farm management:
This component consists of five indicators,
including three that currently provide
national coverage (Soil Cover, Residual Soil

Nitrogen and Energy Use Efficiency). Results
are mixed, with soil cover showing overall
improvement, whereas nitrogen use effi-
ciency and energy use efficiency have
declined. The two other indicators are still
under development (Water Use Efficiency:
Irrigation and Integrated Pest Management).

Soil quality: There are five soil quality
indicators with results, including separate
indicators for assessing the risk of soil
erosion by water, wind and tillage. The
Soil Organic Carbon Change Indicator
tracks changes in soil carbon content, and
estimates CO, sequestration in agricultural
soils. The Risk of Soil Salinization Indicator
is designed to assess the change in soil
salinity on the Prairies. All five indicators
showed improvement, with a majority of
land in the very low risk classes for erosion
and salinity and most land falling into the
increasing classes for soil organic carbon
change. An additional indicator, the Risk
of Soil Contamination by Trace Elements,
is being developed to gain a better under-
standing of how agricultural management
practices can affect the levels of trace
elements in the soil and change their
bioavailability.

Water quality: On the water quality

front, two separate indicators were used to
assess the Risk of Water Contamination by
Nitrogen and by Phosphorus, taking into
account changes in land use (e.g. shifts in
crop area) and management practices (e.g.
fertilizer inputs). Mixed results were obtained
for these two indicators. While close to
two-thirds of the land shows a low or

very low risk of water contamination by
nitrogen, the 20-year trend is worsening.

By contrast, the trend for the risk of water
contamination by phosphorus (Quebec
only) is improving, although only a third

of farmland is in the lowest risk classes. Two
additional indicators, dealing with pesticides
and pathogens, are still under development.

Air quality: One air quality indicator

is currently available—the Agricultural
Greenhouse Gas Budget estimates green-
house gas (nitrous oxide, methane and
carbon dioxide) emissions from agricultural
sources. The indicator shows a positive

Executive Summary -



Table 1: Summary of indicator results

Issue Indicator Results (2001 National Snapshot) Trend (1981-2001)
Environmental Farm Management
Soil Cover 32% of cropland in the high and very high soil cover classes (300 soil cover days or more) Improving
Nitrogen Use Efficiency 28% of cropland in the low or very low classes for Residual Soil Nitrogen Worsening
Energy Use Efficiency 3% decline in the energy use efficiency ratio Worsening
Soil Quality
Water Erosion 86% of cropland in the very low class for the Risk of Water Erosion Indicator Improving
Wind Erosion 86% of cropland (Prairies) in the very low risk class for the Risk of Wind Erosion Indicator Improving
Tillage Erosion 50% of cropland in the very low risk class for the Risk of Tillage Erosion Indicator Improving
Soil Organic Carbon 31% of cropland in the large increase class for the Soil Organic Carbon Change Indicator Improving
Soil Salinization 70% of agricultural and adjacent land (Prairies) in the very low risk class for the Risk of
Soil Salinization Indicator Improving
Water Quality
Nitrogen 65% of farmland in the low or very low risk classes for the Risk of Water Contamination
by Nitrogen Indicator Worsening
Phosphorus 29% of agricultural land (Quebec) in the low or very low risk classes for the Risk of
Water Contamination by Phosphorus Indicator Improving
Air Quality
Greenhouse Gases 4.4% (2.5 Mt CO,q) reduction in the Agricultural GHG Budget (net emissions) Improving
Biodiversity
Wildlife Habitat 19% of farmland showing a moderate or large increase in the Wildlife Habitat Capacity Indicator Worsening

on Farmland

national trend, with a 4% reduction in net
GHG emissions during the period under
review. This trend is largely attributable to
an increase in soil carbon sequestration,
which compensated for a rise in nitrous
oxide and methane emissions. Work is con-
tinuing on the development of indicators
for measuring agricultural emissions of
ammonia and particulate matter.

e Biodiversity: Biodiversity is assessed
using the Indicator of Wildlife Habitat
on Farmland, which provides insight into
trends in wildlife habitat availability on
Canadian farms. Somewhat negative results
were obtained for this indicator, with more

farmland showing a decreasing trend in
habitat capacity than a rising trend. Several
other indicators are currently under develop-
ment: risk of wildlife damage; invasive alien
species; and soil biodiversity.

Food and Beverage Industry: AAFC's
science-based indicator approach is being
expanded to include eco-efficiency indicators
for the food and beverage industry as well.
These indicators, still under development,
will cover the following environmental
issues: energy use and greenhouse gas emis-
sions; water use and effluent generation; and
organic solid residues and packaging wastes.

Environmental Sustainability of Canadian Agriculture: Agri-Environmental Indicator Report Series—Report #2
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1. Introduction

AUTHOR:
A. Lefebvre

ADAPTED
FROM:

McRae, 2000

B ENVIRONMENTAL
SUSTAINABILITY:
A PRIORITY
IN AGRICULTURE

Sustainable development is a concept that
integrates environmental, economic and social
interests in a way that allows today’s needs to
be met without compromising the ability of
future generations to meet their own needs. In
the agriculture and agri-food sector, sustainable
development calls for ways of producing and
processing food and fibre that protect or
enhance the natural resources which support
agricultural production, are compatible with
surrounding natural systems and processes,
contribute to the economic and social
well-being of all citizens, ensure a safe and
high-quality supply of agricultural products
and safeguard the livelihood and well-being of
agricultural and agri-food businesses, workers
and their families (Agriculture and Agri-Food
Canada 2003). This report focuses on environ-
mental sustainability which is a key aspect

of sustainable development in agriculture.

The agriculture and agri-food industry has a
close connection with the environment, and
environmental issues are not new to the sector.
Canadians generally appreciate the environmen-
tal benefits that agriculture provides, including
wildlife habitat, beautiful landscapes and natural
processes such as nutrient cycling, and water
storage and filtering. In recent decades, how-
ever, Canada’s agricultural industry has seen
significant changes, with the adoption of new
technologies and a gradual shift towards larger,
more intensified operations, in order to meet
the growing global demand for agricultural
products and to increase the country’s share

of global markets. These changes have raised
questions about the implications of expanded
production for the long-term sustainability

of cropping practices and about the potential
for environmental costs, such as declining
water quality, loss of wildlife habitat, reduced
biodiversity and greenhouse gas emissions.

In light of the growing concerns, all sectors

of agricultural production and processing are
being urged to maintain acceptable levels of
environmental stewardship. In some cases,

heightened public concern now poses a direct
constraint to agricultural growth. Furthermore,
since globalization of markets has exposed
Canadian agricultural products to greater
numbers of consumers, these same concerns are
expected to increasingly affect the sector’s ability
to retain and compete for international markets.

Consequently, agriculture today must balance a
wide and continually evolving array of demands
and environmental challenges. Governments,
farmers and other stakeholders are working
together to promote research, programming

and related actions to address environmental
concerns. The initial focus on conserving the
natural resource base upon which agriculture
depends—particularly soil, water and genetic
resources for crops and livestock—has broadened
to include other priority areas such as nutrient
surpluses, the entry of pesticides and pathogens
into water, the loss of soil organic matter, the
release of particulate matter, odours and green-
house gases, wildlife habitat availability and
conservation of species at risk. Achieving the
goal of long-term environmental sustainability
in the agriculture and agri-food sector has
become a more pressing challenge and one

that involves increasingly complex issues.

B INFORMATION FOR
DECISION-MAKING: THE
ROLE OF INDICATORS

The individual decisions of Canada’s agricultural
producers and processors have a direct influence
on environmental sustainability. These decisions
are influenced by a variety of factors and stake-
holders beyond the farm gate. Governments
influence decisions through the development

of agricultural policies and programs, researchers
develop new technologies for improved produc-
tivity and sustainability, and consumers influence
the marketplace through their purchasing
choices. Farmers, governments, researchers,
environmentalists, processors and consumers are
all concerned about ensuring the sustainability
of Canada’s agriculture industry and each of
these different groups can influence the outcome
of this undertaking in unique ways. However,
they all share a common need for environmental
information.

Environmental Sustainability of Canadian Agriculture: Agri-Environmental Indicator Report Series—Report #2



Decision makers at all levels need objective
and reliable information on the current and
expected future evolution of environmental
performance in the agricultural sector. They
need to know whether the current performance
is satisfactory and how it is likely to behave in
response to the decisions they make. If given
this type of information, decision makers are
likely to have a better understanding of the
pressures they face and of the needs and
opportunities to change the system.

Historically, governments and all sectors of
economic activity have invested considerable
resources to promote economic development and
the use of systematic approaches and indicators
for measuring economic performance. These
approaches have, however, largely ignored envi-
ronmental impacts, and the most commonly
used economic indicators do not consider
changes in the value of environmental assets
and services. As a result, decision makers who
rely solely on such indicators run the risk of
achieving economic goals at the expense of
environmental and other objectives. To

address this problem, work is now under way
to develop environmental indicators and tools
for integrating these environmental indicators
with economic and social information, in order
to better understand and manage the links
between human activity, the environment

and the economy.

Environmental indicators are typically designed
to measure and represent trends related to signifi-
cant aspects of environmental sustainability
such as the stresses that impact ecosystems, the
response of ecosystems to change and societal
actions to prevent or reduce these stresses. While
indicators have often been described as “early
warning signals” for emerging environmental
concerns, they have also been criticized for fail-
ing to live up to this expectation. In reality, by
the time environmental data are available and
work has begun on a specific indicator, the envi-
ronmental concern of interest is often no longer
an “emerging” issue; instead it may have become
a fairly high priority for the general public and
policy makers alike (Bond et al. 2005). More

appropriate expectations for environmental
indicators would typically be along the lines of:

e tracking progress and measuring perform-
ance in achieving priority environmental
objectives;

e drawing public attention to important
environmental issues;

e translating scientific knowledge and
research results into a form that can be
understood and used by citizens and
decision makers; and

e educating students and citizens interested
in understanding environmental issues and
their implications.

In 1993, in response to the need for agri-
environmental information and to assess the
impact of agricultural policies on the environ-
ment, Agriculture and Agri-Food Canada began
to develop a set of science-based environmental
indicators specific to the agriculture and agri-food
sector. These agri-environmental indicators (AEIs)
are designed to:

e inform agricultural and other decision
makers about environmental performance
in agriculture;

e determine how environmental conditions
within agriculture are changing over time;

e provide information on the impact of the
adoption of stewardship principles and on
the use of environmentally sound practices;

e support the development of strategies and
actions targeted at areas and resources that
remain at environmental risk; and

e facilitate the environmental analysis of
agricultural policies and programs and
the monitoring of their performance.

A first set of AEI results was published in
February 2000, in the report, Environmental
Sustainability of Canadian Agriculture: Report
of the Agri-Environmental Indicator Project
(McRae et al. 2000).

A. Introduction n



Building on this initial work, and in light

of current and future needs for this kind

of information, AAFC has established the
National Agri-Environmental Health Analysis
and Reporting Program (NAHARP). Its purpose
is to strengthen departmental capacity to
develop and continuously enhance AEIs

and tools to integrate these indicators with
policy development, using the following

three complementary approaches:

1) Update the existing set of AEIs by enhancing
methodologies and underlying data when
appropriate and possible and develop new
indicators to address key gaps in environmen-
tal information in the agricultural production
and food processing sectors.

2

~

Improve the quality and reliability of tools that
integrate agri-environmental indicators with
economic information. While indicators pro-
vide a historical perspective on environmental
performance, this integrated economic/envi-
ronmental modelling provides an improved
predictive capacity for testing different
scenarios, for example, to better understand
how changes to agricultural policies and
programs may affect the sector’s future
environmental performance.

3) Develop the capacity to quantify the eco-
nomic costs and benefits of environmental
impacts in agriculture, for both farmers and
society. There are no market mechanisms
for determining the value of many impacts
of agriculture on the environment, such
as water quality, and wildlife habitat. By
assigning an economic value to these issues,
we will be able to perform quantitative trade-
off analyses of environmental versus
economic impacts.

Agriculture is linked to many global environmen-
tal issues, and agricultural products are a key
element of global trade. Consequently, several
international agencies are also working to
develop and use environmental indicators for
agriculture. The use of international indicators
arises from the need to better understand the
health of the global environment, to guide
and evaluate international efforts to reduce
environmental stresses and to help ensure that
countries do not distort global markets and
enhance their competitiveness through lax

environmental standards or environmentally
harmful subsidies. One international organization
in particular, the Organisation for Economic
Co-operation and Development (OECD) is
co-ordinating efforts among its member countries
to develop a set of agri-environmental indicators
that are based on consistent and compatible
methodologies. The OECD’s indicators are being
developed to:

e provide information on the current state
and changes in environmental conditions
within agriculture;

e Dbetter understand the linkages between the
environmental impacts of agriculture, agri-
cultural policy reform, trade liberalization
and environmental measures along with the
associated causes, and guide the responses
to changes in environmental conditions;

e evaluate the effectiveness of policies
addressing agri-environmental concerns
and promoting sustainable agriculture
(Organisation for Economic Co-operation
and Development 2001).

The development of environmental indicators at
the international level is especially challenging
because of differences in environmental condi-
tions, economic activity, national priorities and
availability of data across countries. Through
AAFC’s work on agri-environmental indicators,
Canada actively contributes to OECD efforts

and benefits from the co-operation and exchange
of results.

B THE AGRI-ENVIRONMENTAL
INDICATORS REPORT

Objectives of this report

This comprehensive report on national agri-
environmental indicators is the second in what
is envisioned to be periodic reporting on the
environmental sustainability of Canadian agri-
culture. Its main objective is to communicate
the results of work based on the concept of
agri-environmental indicators and to attempt
to answer some fundamental questions:

e To what extent do farmers and food
processors use environmentally sound
management practices?
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e How are environmental conditions and
trends within agriculture changing over
time?

e  What areas and resources remain at
significant environmental risk?

As already indicated, the first report of the series
was published in 2000. It presented results for a
suite of 14 indicators, typically reporting trends
for the period 1981 to 1996. This second report
can be viewed as an intermediate step towards
the objective of reporting on a comprehensive
set of AEIs for Canada. Most of the indicators
from the first report have been updated, extend-
ing the temporal coverage to 2001. Much of the
text and reporting style for the indicators have
been maintained or adapted from the first
report, to ensure continuity. The present report
also provides information on new AEIs that are
in various stages of development.

The report is intended for all persons interested
in the environmental sustainability of Canadian
agriculture, particularly decision makers, keeping
in mind that different stakeholders have different
concerns and operate at different levels. For
example, farmers decide which production
strategies to use on their farms. Farm leaders and
government policy makers interact with broader
groups of producers, such as commodity groups
or producer groups within particular regions,

and deal with outside developments that affect
agriculture (i.e. international environmental and
trade agreements). And environmentalists are
concerned with the developments within specific
regions, specific environmental threats from
agriculture or the health of specific components
of the environment.

Often, these different stakeholders seek different
policy outcomes and compete for attention on
what can be a crowded and complex policy
agenda. The objective of this report is neither

to promote nor to reject various claims related
to the environmental sustainability of the
agriculture and agri-food sector. The intent is

to provide an objective, science-based assessment
of the overall environmental sustainability of
agriculture, with a focus on farm management,
soil, water and air quality, biodiversity and
eco-efficiency.

Scope and limitations
of this assessment

As a federal department, AAFC’s goal is to pro-
vide a national assessment of the environmental
performance of agriculture. Therefore, in the
context of NAHARP, AEIs are primarily intended
to provide information at a national, provincial
and regional scale, in a manner that is both
sensitive to regional variations in agriculture
and consistent across Canada. However, to make
national assessments, it is necessary to work at
broad temporal and spatial scales and to use
units that are usually not homogeneous in
terms of either farm management practices or
biophysical conditions. While we are confident
that the current set of indicators provides a
good preliminary assessment of the sector’s
performance in the pursuit of environmental
sustainability, they are all subject to some level
of uncertainty (see Chapter 2).

Indicators usually do not give a very precise
picture of the farming or environmental condi-
tions at specific locations. Accordingly, they
are rarely applicable at the farm level, and this
work is not intended as a guide to on-farm best
management practices. AAFC, in partnership
with the provinces and the agricultural industry,
is involved in efforts to develop other tools
that farmers can use to make informed on-farm
land-use and management decisions, such as
Environmental Farm Planning. Nonetheless,
farmers should find this report useful as an
introduction to environmentally sustainable
agriculture and it may alert them to environ-
mental conditions that pertain to their region.
We encourage all users to exercise caution in
interpreting and using this report.

Reading this report

The report is divided into eight parts:

e Section A gives the background of the
study, including the general concepts,
principles and approaches used to produce
the indicators, and an overview of agricul-
ture in Canada and of the driving forces
that affect environmental trends in agricul-
ture. The chapters in this section will help
the reader to better understand the findings
and conclusions of the overall report.

A. Introduction



e Section B presents information and
agri-environmental indicators that are
specifically related to environmental
farm management and agricultural
production intensity.

e Sections C through F present agri-
environmental indicators related to
soil quality, water quality, air quality
and agro-ecosystem biodiversity.

e Section G presents eco-efficiency indicators
for the food and beverage industry.

e Section H summarizes indicator findings
on a regional basis.

We wanted this report to be understood by lay
persons, not just scientists and agricultural
experts, and so we have tried to minimize the
use of technical words and concepts. Any spe-
cialized terms used are italicized the first time
they appear in the text and defined in a glossary
at the end of the report. Each chapter is written
to stand alone and may be cited as an individual
document (the correct citation is given on

page ii). However, we encourage readers to
peruse the entire report.

As mentioned earlier, the work on agri-
environmental indicators involves a process

of continuous improvement. Hence, although
some indicators have been reported on previ-
ously, improvements have been made to
methodologies and datasets in most cases. Results
and trends for these indicators have therefore
not only been updated with more recent data,
but all calculations have been re-done for the
entire period covered (see Chapter 2 for details).
It is therefore not appropriate to compare the
results provided in this report with those in the
previous report, published in 2000. It is better to
consider this report as “replacing” the previous
AEI report.

Finally, since space is limited in a printed
report, the information presented here must be
viewed as an overall summary of the work done
on Canadian agri-environmental indicators.
Interested readers are invited to consult the on-
line version of this report, where they may find
additional details and more detailed technical
descriptions of each indicator, particularly the

detailed methods of calculation and meta-data
information. Over time they may also find
updated information and results published
on-line, as scientific research and efforts to
address AEI gaps and limitations continue,
furthering AAFC’s commitment to continuously
improve agri-environmental indicators.
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2. Assessing the Environmental
Sustainability of Agriculture

B SUMMARY

This chapter presents an overview of the approach used by AAFC to conduct comprehensive national assess-

ments and report on the key environmental issues that the Canadian agri-food sector faces. By agri-food

sector, we mean both primary agriculture and the food and beverage processing industry. Section A presents

the approach used to assess five key aspects of the environmental sustainability of agro-ecosystems, in the

context of primary agriculture: environmental farm management, soil quality, water quality, air quality

and agricultural biodiversity. Section B discusses the approach that is currently being developed to assess
eco-efficiency of the food and beverage industry, likewise with a focus on five aspects: energy, greenhouse
gas emissions, water use and liquid effluents, solid organic waste generation and packaging wastes. This

attempt to provide a more comprehensive assessment of the agri-food sector by including food and beverage
processing represents a much broader approach than in previous assessments of environmental sustainabil-

ity in agriculture.

A) Primary agriculture

B CONTEXT

Agro-ecosystems result from human manipula-
tion of natural ecosystems to produce food,
fibre and other products for society. This trans-
formation begins when the land is first cleared
of natural vegetation, and domestic crops are
seeded and harvested. Production-enhancing
techniques may be employed, such as tilling of
the soil, supplementing natural precipitation
with irrigation, applying additional nutrients
and controlling weeds and animal pests.
Agro-ecosystems, like natural ecosystems, are
dynamic, with a constant flow of energy, water
and chemical elements entering and leaving
the system in cycles. The rates of flow of these
components may, however, differ considerably
between the two systems.

Interactions between the practice of agriculture
and the surrounding environment are inevitable.
However, this does not mean that environmental
degradation is also an inevitable consequence

of agriculture. To an ever-greater extent, we are
learning ways to practice agriculture that can
minimize environmental degradation and even
enhance natural ecosystems, for example, by pro-
viding wildlife habitat or storing carbon in soils.

Understanding how well agriculture and agri-food
systems manage and conserve natural resources
and how compatible they are with the natural
systems and processes in the broader environ-
ment is critical for assessing their environmental
sustainability. Agri-environmental indicators
(AEIs) can be defined as “measures of key
environmental conditions, risks, or changes
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resulting from agriculture, or of management
practices used by producers” (McRae et al. 2000).
They are the main tools harnessed in this report
to outline the current scientific understanding
of these interactions between agriculture and
nature. Survey based information is also

drawn on to provide additional context for

the evaluation of environmental sustainability.

B AGRI-ENVIRONMENTAL
INDICATORS

Agri-environmental indicators are a practical
means of assessing environmental sustainability
by combining scientific knowledge and
understanding with available information on
resources and agricultural practices. To ensure
credibility and rigour in this assessment process,
all agri-environmental indicators have to meet
a set of fundamental criteria. They have to be:

e policy relevant: indicators should relate to
the key environmental issues that govern-
ments and other stakeholders in the
agriculture sector are seeking to address;

e scientifically sound.: indicators should
rely on methodologies that are scientifically
sound, reproducible, defensible and
accepted, recognizing that their develop-
ment may involve successive stages of
improvement;

e understandable: the significance of the
indicator values that are reported should
be readily understood by policy makers
and the wider public;

e capable of identifying geospatial and
temporal change: indicators should allow
spatial and temporal trends to be identified;

e feasible: indicators should make use of
existing data as much as possible and
they should not be prohibitively expensive
to develop.

To further guide our efforts to identify and
develop appropriate indicators of environmental
sustainability in agriculture, we used a conceptual
framework that characterizes the environmental
aspects and influences of agricultural production
practices. This framework, called the “Pressure—

Outcome-Response Framework,” considers three
broad areas that, when applied to agri-environ-
mental sustainability, can be described as follows:

e Pressure: environmental stresses that may
influence important aspects of agricultural
production, such as the selection of crops and
management practices used for production.

e Outcome: ultimate impact of agricultural
production on the health of the environment
(soil, air, water, biodiversity).

e Response: use by producers of key manage-
ment options which influence the impact of
agriculture on the environment.

While this framework provides a context for
individual indicators, agricultural production
and its interactions and linkages with the
environment are complex and multi-faceted.
Additional (non-environmental) pressures or
responses such as markets, government policies
and private expenditure also influence the
sector’s environmental performance. Although
these additional pressures are not covered in
this assessment, Chapter 3 discusses the efforts
that are under way to link them to the agri-
environmental indicators.

B CALCULATION METHOD

The agri-environmental indicators that are
covered in this report are designed to be
responsive to changes in key land use and farm
management practices, to lend themselves to
broad spatial scales and to zero in on the agri-
culture sector’s positive and negative impacts
on the environment. They typically fall into
one of three categories:

e risk indicators: estimate of the likelihood
of a potential environmental impact;

e state indicators: estimate of the actual
presence and degree of an impact;

e eco-efficiency indicators: estimate of
resource use efficiency, typically by compar-
ing inputs and outputs of some material.

Agri-environmental indicators are calculated
using mathematical models or formulas that
integrate biophysical information (on soil,
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climate and landscape), which is taken mainly
from the Soil Landscapes of Canada, with land
use and farm management data from the Census
of Agriculture and other custom data sets (from
provincial agencies, private sector, remote
sensing, etc.) generalized to portray an environ-
mental condition on the landscape at a given
time. These mathematical models and formulas
have been adapted or developed on the basis

of scientific knowledge and understanding of
the interactions between various aspects of
agricultural practices and the environment.
This approach was selected instead of, for
example, detailed environmental monitoring,
because it lends itself well to calculations at
broad spatial scales, can isolate the specific
impact of agriculture on the environment,
eliminates the time lag between land use or
management change and actual measurable
impact, and is compatible with forward looking
integrated economic/environmental models
used for policy analysis (see Chapter 5).

Summarized results from the Census of
Agriculture, special surveys such as the Farm
Environmental Management Survey (Statistics
Canada, Agriculture Division 2002) or combina-
tions of these two sources are also used in this
report to complement the information provided
by the agri-environmental indicators. These
results are not considered indicators per se, but
are nevertheless important for carrying out a
comprehensive assessment of environmental
sustainability of agriculture.

Geospatial framework: Indicators are
designed to estimate changes and trends in
time and space. Most indicators use a suite of
data that are collected at various temporal and
geographical scales. A great deal of effort goes
into developing proper ways of interpreting and
integrating these data in a common geospatial
framework to allow indicator calculation.

The spatial basis, or the areas used for most

of the indicator model calculations reported

on in this document, are polygons of the Soil
Landscapes of Canada (SLC) map series. These
maps portray generalized soil and landscape
information at a scale of 1:1 million and are
integrated into the National Ecological Framework
for Canada. In 2004, SLC polygons (landscape
units) for agricultural regions of Canada were
updated to provide more accurate placement of
polygon boundaries and, more importantly, to

include additional information on the soils
found within the polygon mapping units.
Polygon size varies, ranging from about

10,000 ha to 1 million ha. Using these mapping
units allows soil and landscape data to be inte-
grated with farm management data for indicator
calculation. Results can then be rolled up and
reported at larger scales suitable for a national
assessment like this one.

A common set of agricultural SLC polygons
was used to calculate the agri-environmental
indicators described in this report. For most of
Canada, in order to be included in the set, the
polygons had to have at least 5% of their area
reported as farmland in each of the 1981, 1986,
1991, 1996 and 2001 Census years. As a result
of these requirements, many polygons in the
fringe areas where agricultural activities are
highly dispersed were excluded from the
calculations. Agriculture in the Yukon Territory,
the Northwest Territories and Nunavut was
excluded from the study, as was agriculture
along the northern fringes or in outlying areas
of the provinces. In the Atlantic Provinces,
where agriculture may represent only small
portions of SLC polygons, all areas reporting
agriculture in the Census years were included
in the analysis. Figure 2-1 shows a map of the
2,780 polygons that met this requirement,
defining the extent of the agricultural area
covered by agri-environmental indicators in
this report.

Re-allocation of data from the Census

of Agriculture (AAFC 2004): Most indicators
use information on crops, land use, land
management and livestock derived from the
Census of Agriculture. However the Census of
Agriculture is compiled using Statistics Canada’s
geographic units, which are aligned to political
boundaries and cannot easily be linked to
biophysical information such as that embodied
in the Soil Landscapes of Canada. An area-
weighting method was devised to calculate and
re-assign the Census data to the SLC polygons.
Data suppression was maintained by Statistics
Canada to protect producer confidentiality after
the re-allocations. AAFC then estimated values
for suppressed locations for use in the calcula-
tions. Since the boundaries of the Census areas
change from year to year based on the number
of respondents in an area, this reassignment of
data to SLC polygons was done for each Census
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Figure 2-1: Extent of agricultural area covered by Agri-Environmental Indicators

year. The Census of Agriculture data for the
years 1981, 1986, 1991, 1996 and 2001 were
used in most of the indicators, and calculations
are therefore typically done for each of these
Census years.

B LIMITATIONS

Our goal in developing agri-environmental
indicators for national- to regional-scale report-
ing is not to measure each issue in the field,
but rather to draw on our scientific knowledge
and understanding of the processes involved
in evaluating the available information.

This results in the indicators being subject

to a number of general limitations that are
described below. Particular limitations that
apply to individual indicators are described

in the chapter concerned.

Knowledge gaps: Indicator development

is dependent on our understanding of the
ecosystem processes involved. The scientific
community cannot produce credible assessments
of environmental health without having a good
grasp of the functions, transformations and
interrelationships that are involved. Calculation
methodologies are at varying stages of develop-
ment, since the work in some areas has been
under way for some time, while in other areas
quantification efforts are at a very early stage of
development. In some cases, there may also be a
lack of knowledge about causalities and linkages
between indicators.

In this assessment, indicators are typically
calculated using mathematical models or

numerical algorithms that were developed
and tested at the field level. This approach
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provides a good theoretical foundation to

help define how management practices interact
with landscape conditions and ecological
processes to produce an environmental effect.
However, any modelling approach is an estima-
tion, which is limited by our incomplete and
still evolving scientific knowledge of these
interactions. Confidence is lessened when the
field-tested models are used at broader scales.
This is why national evaluations such as this
one are limited to potential risk assessments
for some issues as opposed to an effort to
determine actual physical contributions to

the environment from agriculture.

Data issues: The data needed
to calculate the indicators were
not always available or not
available for the entire country.
This occurs either because a
particular parameter has not
been measured or surveyed,

or because data have been
suppressed for reasons of
confidentiality (e.g. Statistics
Canada may suppress livestock
numbers and associated land
areas when there are only a few

Agri-environmental
indicators are key
science-based tools that
can be used to provide
a picture of
environmental
sustainability
in agriculture.

of being certain that the re-allocation of data is
correct. Efforts are continuing to improve this
re-allocation process through the use of satellite
data, manual data checks and validations
against field observations.

Recent improvements to the SLC data have
allowed the soils and landscapes in the SLC
polygons to be represented to a greater extent
in the indicators; however, the data on specific
soil properties that are required to calculate
many of the indicators are often based on
relatively crude estimates, increasing the
uncertainty surrounding indicator analysis.

Reliability: In developing
agri-environmental indicators,
scientists are forced to operate
within their partial knowledge
of the system and within the
precision limits of the data at
their disposal. All measured
data used in calculating the
indicators have an intrinsic
uncertainty associated with
them. In this report we were
unable to use statistical meth-
ods to determine the actual

instances of a particular farm

activity in a given area). When tallied over an
entire province or ecozone, considerable data
may be lost and results skewed. Alternative
approaches are being developed and, when
possible, used to overcome these limitations
and obtain or estimate the missing information.

Indicators are also often calculated using data
items that have been re-allocated to a different
spatial basis from that at which they were
collected. A prime example of this approach is
the re-assignment of Statistics Canada Census
of Agriculture data to the Soil Landscapes of
Canada polygons. Experts have developed
rational means of doing such spatial re-alloca-
tion; however, issues still remain that can result
in errors in the information. In many regions of
the country, agriculture is the dominant land
use and minor errors in this assignment should
not unduly influence the indicator results.
However, much of Canada’s agricultural produc-
tion takes place on landscapes where agriculture
is not the dominant land use, and indeed where
agriculture may occur on such small proportions
of the SLC polygon area that there is no way

uncertainty associated with the
indicator results. This is an issue that we plan to
address in future indicator analyses and reports.

B UNDERSTANDING RESULTS

Agri-environmental indicators are key science-
based tools that can be used to provide a picture
of environmental sustainability in agriculture.
Despite their limitations, the indicators are
sensitive to changing farm management practices
and are able to show patterns of environmental
risk and conditions that reflect the intensity of
agricultural production in regions across Canada.
They provide a trend line over time that indicates
whether the agriculture sector is moving towards
or away from environmental sustainability. In
this regard, they can be used to point out areas
in which further research and investigation are
required before actions can be taken, and provide
useful additional information to decision makers
for developing and evaluating agricultural policy.
The indicator results presented in this report are
designed to provide information on the environ-
mental risks and conditions in agriculture at a
regional to national scale. This information can
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be used to provide a report card for producers,
consumers and the international community on
broad trends in the environmental performance
of Canadian agriculture.

Map presentations for indicator results represent
the most recent assessments of the conditions,
which correspond to the status of the indicators
as of 2001. In these map presentations, entire
SLCs or other spatial polygons are assigned a
value. However, the reader must be aware that
the results apply only to the agricultural portion
of these polygons and that, within a given area,
there will undoubtedly be zones of greater and
lesser concern that the indicator averages out

to a single value. The aggregated result may
obscure local reality, and because of this, as

well as the various limitations described above,
the indicators cannot be interpreted as showing
any specific on-site conditions such as at an
individual farm.

The trends in an indicator over time are just as
important as the current condition or status of
the indicators. This aspect is generally presented
in tabular format, setting out actual results for
Canada and individual provinces that cover
each year for which the indicator was calcu-
lated. The agriculture sector’s interactions with
the environment are complex, and caution must
be exercised in seeking to make overall interpre-
tations from the trends observed in individual
indicators. Positive trends in one indicator may
lead to negative trends in another. A national
and regional summary of indicator trends is
presented in Section H.

The ideal approach for assessing the environ-
mental sustainability of the conditions and risks
identified by the indicators is to compare the
results with science-based reference thresholds
(such as environmental quality standards).

We have attempted to develop a standard
classification framework for all indicators

(Table 2-1), which consists of a five-class rating

Table 2-1: Description of indicator classes for risk indicators

Classes Meaning

2 — Low risk

Agri-environmental health is at low risk of being
significantly degraded.

In many cases this level of risk may be acceptable.

Implication

Continued adoption of beneficial management practices to better
match the limitations of the biophysical resource may improve
sustainability in some areas. Specific (policy or program) actions
not necessarily warranted.

3 — Moderate risk  Awareness of the situation is important.
Agri-environmental health is at moderate risk
of being significantly degraded.

The trend towards or away from sustainability needs to be
assessed.

More attention should be directed locally to promoting the adop-
tion of beneficial management practices in order to better match
the limitations of the biophysical resource and reduce this risk.

4 — High risk Heightened concern is warranted. Under current
conditions, agri-environmental health is at high

risk of being significantly degraded.

A more thorough local assessment is probably warranted.
Additional efforts and targeted actions are likely needed locally
to better match management practices to the limitations of the
biophysical resources.

Note: A similar scheme may be applied to non-risk indicators with slight variations in the class description, meaning and implications.
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system, in which each class has a general mean-
ing in terms of environmental sustainability

or a given implication from a policy perspective.
However, thresholds that would allow us to dif-
ferentiate between the five classes are typically
not available, and most of the indicators were
established on the basis of expert knowledge,
an approach that is subject to additional
interpretation. AAFC is currently working in
partnership with Environment Canada to
develop a systematic approach to establishing
reference thresholds.

The indicators presented in this report are a
vehicle for communicating information in
summary form about important issues from a
biophysical perspective. However their use is
not strictly limited to showing present status
and trends. While in most cases the direction

of change may be unambiguous in terms of

the environmental impact of an increase or a
decrease in a specific indicator, it is preferable
not to interpret indicators in isolation. There
are often important trade-off questions, and one
indicator cannot easily be interpreted without
considering a broader framework, such as
determining the overall socio-economic and
environmental costs and benefits associated
with the adoption of alternative land use or
management practices. As part of its efforts to
develop agri-environmental indicators, AAFC is
also developing tools and approaches for linking
these indicators to economic and policy models,
in order to provide guidance for policy and
program evaluation and development. Use

of the indicators in policy development is
discussed in greater detail in Chapter 5.
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B) Food and Beverage
Processing Industry
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B CONTEXT

The food and beverage processing industry (FBI),
which is classified as a manufacturing industry,
is a major intermediary in the food chain. It is
the pathway of almost half of Canada’s raw
primary agricultural output, and around 70%

of FBI’s inputs come, directly or indirectly,

from agricultural production or fisheries. These
inputs are processed into a
wide range of food products
prior to shipping to domestic
(75%) or international
consumers (25%). It is an
important industry in all
provinces and generally

ranks among the top three
manufacturing sectors in terms
of shipments and jobs. The
food and beverage industry
uses a wide range of technolo-

Five issues have
been identified for
the development of

eco-efficiency indicators
for the food and
beverage processing
industry.

As in all other sectors, food and beverage
processing plants are required to meet various
environmental performance standards, which
may be critical for competing on the world
market. In manufacturing food products, the
food and beverage industry uses a significant
amount of resources (raw agricultural products
or ingredients, energy, water). It also generates
gaseous emissions, liquid wastes
and solid organic residues.
While most packaging waste

is generated at the consump-
tion level, almost all of it enters
the system at the processing
stage. Five issues (or environ-
mental loads) have been
identified for the development
of eco-efficiency indicators for
the food and beverage process-
ing industry:

gies to achieve its two primary
objectives: to carry out the
desired processing (e.g. bread production); and
to stabilize foods and beverages so they will
have a longer shelf life (e.g. milk pasteurization).
The manufacturing steps and processes for most
foods and beverages are well known and usually
fall into the following categories:

e preparing raw materials (washing, cutting,
mixing, homogenization);

e utilizing heat (sterilization, pasteurization);
e utilizing cold (refrigeration, freezing);

e removing water (drying, evaporation,
pressing, filtration);

e modulating product composition (pH,
salts, sugars, preservatives, smoking,
fermentation);

e modulating the product environment
(dissolved oxygen, modified or controlled
atmosphere, active packaging); and

e separating/concentrating the components
of agricultural products (extraction,
membrane, distillation).

e Energy use;
e Greenhouse gas (GHG) generation;

e Water use and waste water production
(e.g. black water, effluents and
contaminants);

e Solid organic residue generation; and

e Packaging waste generation.

B THE INDICATORS

The indicators will be based on the concept

of eco-efficiency, which is a widely recognized
concept in the manufacturing industry that is
often used to help companies characterize and
meet both environmental and economic objec-
tives (Verfaillie and Bidwell, WBCSD 2000).
Eco-efficiency is defined as a process during
which goods or services of greater value or in
greater quantity are produced using fewer raw
materials, and less water and energy, thereby
reducing natural resource depletion and pollu-
tion (NRTEE 2001). The indicators essentially
compare the environmental factors or “loads”
to the quantity of products manufactured.
While this actually provides an intensity rating
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Table 2-2: Coverage plan for the food and beverage industry eco-efficiency indicators

Sub-sectors (NAICS code)

1 Grain and Oilseed Milling excluding Breakfast Cereal Manufacturing (3112 — 31123)

2 Sugar and Confectionery Product Manufacturing (3113)
3 Fruit and Vegetable Preserving and Specialty Food Manufacturing (3114)
4 Dairy Product Manufacturing (3115)
5 Meat Product Manufacturing (3116)
6 Seafood Product Manufacturing (3117)
7 Bakeries and Tortilla Manufacturing including Breakfast Cereal Manufacturing (3118 + 31123)
8 Beverage Manufacturing (3121)
Location
1 Atlantic Provinces
2 Quebec
3 Ontario
4 Prairies
5 British Columbia
6 Canada
Plant size

1 10 to 49 employees

2 50 to 199 employees

3 200 employees or more

Note: Because of the very low number of plants in the Northwest Territories, Yukon and Nunavut, they cannot be reported in our research for reasons of

confidentiality and privacy of information.

(which is the inverse of efficiency), the use of
a common denominator (physical production
unit) will facilitate comparison within each
subsector for each of the five issues of interest.

The indicators themselves are reported according
to a coverage plan, based on sub-sector, geo-
graphic location and processing plant size

(see Table 2-2). This will allow an assessment

of environmental performance trends by
establishment size and by region within the
same sector. Because of the inherent differences
of the industry sectors, cross-sector comparison
of indicators will not be possible, except for

one component of the greenhouse gas indicator,
which is not based on physical production units.
Results for the indicators are relative, in that
individual performances are ranked in compari-
son to the sector’s eco-efficiency leaders.

B CALCULATION METHOD

An inventory approach (mass and energy bal-
ances between inputs and outputs) at the process
and plant levels will be used to quantify the indi-
cators in each of the five categories mentioned
above, in an integrated fashion (see Figure 2-2).
This is necessary to prevent double-counting and
to take pollution movement into account. For
example, wash water (liquid effluent) can be
treated on site to remove solids and the pollution
load, but the resulting sludge becomes a solid
organic residue that is frequently sent to a
landfill site. The methodology will be based on
environmental management and life cycle assess-
ment standards (e.g. ISO 14000, ISO 14040). Data
from specialized surveys or on-site experiments
in production plants will be used to calculate the
various required parameters.
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The indicator concepts will first be tested,
evaluated and validated using data from past
surveys [e.g. the Annual Survey of Manufactures
(Statistics Canada 2005a) and the Annual
Industrial Consumption of Energy Survey
(Statistics Canada 2005b) and the Industrial
Water Use Survey (Environment Canada 2003)].
Individual plants will then be surveyed based on
the above coverage plan to gather data that is
not readily available (e.g. solid organic residues,
water effluent quality) and to update survey
information (e.g. water use). On-site diagnostics
are also planned to measure parameters

or generate data that cannot be obtained
through surveys (e.g. in-process greenhouse gas
generation, amount of water used for specific
operations, etc.). This data will be used to
generate coefficients that can then be used in
conjunction with survey results to estimate
missing values required for indicator calculation.

B LIMITATIONS

The main limitation applying to these indicators
will be the availability and quality of data
required for the calculations. Plans are in place
to bridge the most pressing data gaps, comple-
menting existing survey data with a series of
on-site diagnostics at the plant level (10 to

20 per year) over a four-year period, but

some gaps will remain.

B RESPONSE OPTIONS

In practice, the food and beverage industry’s
environmental performance is influenced by
individual plants’ business practices including
internal policies, management system and staff
awareness and by the manufacturing processes
themselves. Some of the available business
practice options can be grouped under the label
“best operating practices” (BOPs), such as those
recently described in a European Commission
publication (JRC, IPTS 2003). Three criteria are

Figure 2-2: Inventory approach used to qualify the Food and Beverage Industry indicators
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generally used to prioritize and classify these
practices: the investment cost to adopt them,
quantification of the anticipated environmental
gains (made apparent by the indicators), and the
return-on-investment period. Once calculated,
the indicators will shed light on the extent

to which these best operating practices are
being implemented and, in a sense, quantify

a company'’s efforts towards environmental
sustainability (Richard 2003; Industry Canada
2001). As indicator development proceeds, the
specific quantitative contribution of various
BOPs will be determined.
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B SUMMARY

The driving forces affecting agriculture have evolved considerably over the past 20 years. Globalization,

market pressures and technological innovations have spurred Canadian agriculture to increase output

and productivity in an effort to keep pace with growing domestic and world demand. To achieve this,

the sector has undergone structural changes, some of which have environmental implications. Over the

past two decades, the social preferences of Canadians have also evolved. Concerns have been raised about

the environmental costs of food production. Canadians have supported a growing array of domestic and

international agreements and regulations designed to protect the environmental systems with which agricul-

ture interacts. The sector has responded to these driving forces in many ways. More and more, agriculture

is looking for ways to integrate environmental factors into decision-making processes on the farm and in

policy development. The sector is continually adopting new technologies and developing and carrying out

voluntary initiatives to improve environmental outcomes. This chapter reviews some of the changes in

these driving forces which have likely influenced the agriculture sector’s environmental performance in

ways that may be measured by the agri-environmental indicators presented in this report.

B INTRODUCTION

Agriculture is inextricably connected to the
broader policy, economic and social trends of
the world. Globalization, trade agreements,
changing domestic and world demand,
changing market structure and technological
innovations all have an influence on the
decisions made by agricultural producers.
Farmers consider the overall operating context
shaped by these forces and select production
strategies that will allow them to achieve desired
outcomes most efficiently. These forces also
affect the environmental risks and benefits of
agricultural production, which can vary signifi-
cantly depending on the methods of production
selected and the local ecosystems to which they
are applied. The Pressure-Outcome-Response
Framework that is used to guide the develop-
ment of the agri-environmental indicators

(see Chapter 2) integrates these socio-economic
pressures (driving forces), which affect the
management decisions (response) of farmers,
and ultimately, the health of the environment
(outcome). All of the pressures, outcomes and
responses are interrelated.

Throughout the past century these driving
forces have evolved, becoming more complex,
changing even more quickly in recent years.
New issues have emerged as the farm sector con-
tinues to broaden its environmental approach
from a limited “on-farm” resource conservation
approach to one that addresses the effects of
agricultural operations on the larger ecosystem.
Driving forces will continue to evolve, and risks
to the environment will remain a concern as
output expands. Policy, technology and other
instruments will be required to respond to these
driving forces so that economic, environmental
and social objectives can all be achieved.

B MARKET DEMAND

The expanding world population, higher dispos-
able incomes and increased life expectancies in
North America and elsewhere have boosted
global demand for food. With rising incomes

in both developed and developing countries,
consumer preferences are changing and diets
are becoming more varied and include more
expensive livestock products and fresh fruits
and vegetables along with the more traditional
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cereals. Industrial demand for non-food agricul-
tural products (e.g. biofuels, bioplastics, building
materials, nutraceuticals) is also growing.

The rising global demand for food and other
agricultural products has been accompanied by
globalization of markets and trade liberalization.
Canada, with its large land base, limited popula-
tion, ample water supplies and competitive
industry, has been able to respond to this
market-driven opportunity (Figure 3-1). The
industry itself has set targets for increased
agriculture and agri-food trade. For example,
in 1997 the Canadian Agricultural Marketing
Council established a target for Canada to
achieve a 4% share of world agriculture and
agri-food trade by 2005. This objective was
actually achieved in 2001. Agriculture and
agri-food production and trade can also be
negatively affected by climate conditions and
market forces. For example, drought, border
closure due to technical issues (such as the
discovery of a case of Bovine Spongiform
Encephalopathy) and the appreciating Canadian
dollar (30% gain relative to the US dollar) are
all factors that affected trade between 2002
and 2004.

The need to increase competitiveness and
productivity in the global economy has
spawned research initiatives, changes in
government policies (such as income support
programs) and marketing efforts. It has also
led to structural changes in the industry,
including the following:

e the development and use of new production
methods aimed at enhancing competitive-
ness (improved management systems such
as conservation tillage, precision farming);

e changes in the mix of commodities pro-
duced, such as the significantly increased
production of special crops (between 1991
and 2001, the area of lentils tripled to over
700,000 ha and the area of field peas
increased nine-fold to over 1.7 million
hectares);

e greater farm size, specialization and produc-
tion intensity to capture economies of
scale (e.g. emergence of a larger and more
concentrated hog industry as evidenced
by a 26% increase in the number of hogs
between 1996 and 2001 and a concurrent
27% decrease in the number of farms
reporting hogs);

Figure 3-1: Canada’s share of world agriculture and agri-food trade, 1990 to 2003
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e changes in land use and management prac-
tices (e.g. additional use of inputs such as
nitrogen fertilizer to increase production).

As market signals change, Canada’s agricultural
sector seeks to adapt to the changing situation.
The way it responds to changes in driving forces
may have environmental implications for air,
soil and water quality, as well as biodiversity,
which in turn may call for action.

B SOCIAL PREFERENCES

The preferences and expectations of the general
population can have an important influence on
the agriculture and agri-food sector, and this
has been reflected in the sector responses to
mounting consumer demands
for a safe and reliable food sup-
ply. Consumers at home and
abroad are increasingly aware
of the economic and ecological
value of natural resources as
well as the environmental risks
associated with agricultural
production. Canadians also
support rural development and

For the most part,
farmers are not
compensated for

their efforts to reduce
environmental risks.

Changes in public expectations related to

the environment and food products have

direct ramifications for the agriculture sector.
Canadians are generally supportive of initiatives
for environmental preservation and protection.
Governments have responded to their concerns
by adopting a number of strategies that ulti-
mately influence agricultural production and
food processing, such as supporting technologi-
cal research and innovation, implementing
policies and voluntary programs to promote
environmentally sustainable agriculture and
passing regulations to protect the environment.

For the most part, farmers are not compensated
for their efforts to reduce environmental risks.
There is, however, growing public recognition
of the environmental benefits
that agriculture provides, such
as habitat for wildlife, pleasant
landscapes, recycling of efflu-
ents and solid waste, reduction
of greenhouse gas emissions
through carbon sinks and
innovations such as anaerobic
digesters that capture biogas.
Agrotourism and programs

employment and the contribu-

tions that agriculture makes to national income
and trade. Recent public opinion polls in
Canada have revealed that, while respondents
rated the overall environmental performance
of the agricultural sector as positive, they were
concerned about certain aspects of agricultural
production, such as air, water and soil pollution,
the use of chemical pesticides, animal diseases
that can be transmitted to humans and
genetically modified foods and biotechnology
(GlobeScan 2003). Consumer choices can also
influence farm production practices that affect
the environment. For example, the growing
market for organic foods (crops produced with-
out chemical fertilizers or synthetic pesticides
and not derived from genetic engineering) could
lead to reduced risks of chemical and pesticide
contamination of water in some localized areas.
At the same time, organic farming could
increase the risk of pathogen contamination
given the greater use of organic fertilizers

and manure.

sponsored by public interest
groups may provide opportunities for farm fami-
lies to capitalize on these benefits in the future.

B GOVERNMENT POLICY

Government policy operates at local, regional,
provincial, national and international levels and
has a strong influence on the use of agricultural
resources. Since the early 20t century, the pri-
mary objective of Canadian agricultural policy
has been to increase output and promote income
stability in a sector that has to grapple with
variable weather conditions, volatile commodity
prices and strong international competition.
Over the past two decades, government support
has included funding for agricultural research,
long-term capital to finance growth and technol-
ogy adoption, income stabilization programs,
removal of trade restrictions and the mainte-
nance of marketing boards (e.g. the Canadian
Wheat Board) and supply management (dairy
and poultry). Government support peaked during
the 1970s and 1980s when the total amount

of direct and indirect subsidies (the Producer
Support Estimate, or PSE) reached about 30%

of the value of production.
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Table 3-1: Examples of environmental initiatives and regulations

International Initiative

Implications for Agriculture

United Nations Framework Convention on Climate Change (including
the Kyoto Protocol on greenhouse gas emissions)

National response strategy being developed; possible limitations on
agricultural emissions of greenhouse gases; potential for offsets
trading (including soil sinks).

United Nations Convention on Biological Biodiversity (including the
Cartegena Protocol on Biosafety)

Canadian biodiversity strategy developed promoting conservation of
crop and livestock biodiversity, habitats and species.

Montreal Protocol on Substances that Deplete the Ozone Layer

Elimination of the use of methyl bromide (an agricultural fumigant)
by 2005.

UN Economic Commission for Europe (includes Canada and US)
Protocol to Abate Acidification, Eutrophication and Ground Level Ozone

Possible limitations on ammonia emissions (agricultural sources are
fertilizer and livestock) and nitrogen oxide emissions from farm vehicles.

UNECE Protocol on Persistent Organic Pollutants (POPs)

Some pesticides are POPs; most have been banned from Canadian
agriculture.

North American Agreement on Environmental Cooperation

Broad agreement to cooperate to control substances with transhoundary
effects; chemicals management program could affect pesticide use.

North American Waterfowl Management Plan

Could have an impact on the use of wetlands within agricultural
boundaries.

Federal Regulations

Implications for Agriculture

Canadian Environmental Protection Act (CEPA)

Ammonia and particulate matter (including airborne soil) being
assessed under CEPA; limitations on emissions are a possibility.

Canadian Environmental Assessment Act

Requires consideration of environmental impacts of projects prior to
implementation; could affect agriculture on federal lands or in cases
where federal funds or regulations support or approve projects on
private land.

Fisheries Act

Prohibits pollution of waters inhabited by fish; could affect management
of irrigation and drainage canals, as well as pesticide use.

Pest Control Products Act

Controls registration and designates use of pesticides based on
environmental, human health and other factors.

Species at Risk Act

Possible limitations on the use of agricultural land providing habitat
for species at risk.

Provincial and Municipal Regulations

Implications for Agriculture

Numerous provincial acts and regulations and municipal bylaws
and provisions

Controls imposed on a wide range of agricultural activities (e.g.
separation distance to wells, conversion of agricultural land, spreading
of manure, manure storage capacity, location of large hog barns);
regulations vary by province and by municipality.

Source: MacGregor and McRae (2000)

Realizing that much of this support simply
offset what other countries were doing, most
developed countries agreed under the auspices
of the World Trade Organization and the
Agreement on Agriculture (ratified in 1995)

to reduce measures that distort trade. Canada
has been a strong proponent of measures to
reduce trade-distorting agricultural subsidies, as
Canadian farmers are considered to be highly
competitive in most commodities. From 2001 to
2003, the PSE for Canada stood at a much lower
level, i.e. about 20%, than in previous decades

as a result of various reforms, such as the
elimination of grain transportation subsidies,
the decoupling of farm income safety nets

from specific commodity production (so farmers
could respond to prevailing market signals)

and new marketing options for producers cre-
ated by the Wheat Board. The PSE for Canada is
now comparable to the estimates for the United
States and Mexico and well below those for
Japan and for the European Union, as well as
the OECD average (Agriculture and Agri-Food
Canada 2004).
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Not all government policy is geared to expand-
ing production. Although farmers have long
been admirable stewards of Canada’s land

and water resources, growing concern that

the increase in agricultural output was causing
environmental damage prompted governments
to focus to a greater extent on improving the
environmental performance of Canadian farms
and harnessing the resulting benefits. Global
pressures related to issues such as climate
change, ozone depletion, organic pollutants,
wildlife habitat and biological diversity have
given rise to a number of international initia-
tives. Furthermore, a wide range of policies
and initiatives have been adopted at all levels
of government with important implications
for Canadian agricultural production and the
environment (Table 3-1).

The federal, provincial and territorial Ministers
of Agriculture recently developed a five-year
(2003-2008) comprehensive Agricultural Policy
Framework (APF). The APF is composed of five
key elements, one of which involves enhancing
the environmental performance of farms across
Canada. Specific goals have been set for water
supply and water quality, air quality and

soil structure and biodiversity maintenance.
Management goals include the voluntary imple-
mentation of environmental farm plans and the
adoption of beneficial farm management prac-
tices (BMP). Where environmental risks are
identified, remedial action is encouraged
through targeted incentives for producers to
adopt BMPs. Some of the performance targets
set under the APF will be measured and reported
on using agri-environmental indicators.

With regard to the environment, agriculture
remains largely unregulated. However, the
overall trend is toward more government
intervention, mostly at the provincial and
municipal levels. The federal government’s

role centres on providing agricultural research,
funding agri-environmental programs, providing
market information, identifying and promoting
environmentally beneficial management
practices, reforming trade policy and fulfilling
Canada’s international commitments. To provide
farmers with an incentive to meet environmental
goals and standards, some countries have made
eligibility for farm program support contingent
on environmental compliance—a practice

known as cross-compliance. Canada’s main
thrust to date has consisted of voluntary
measures and incentives.

B TECHNOLOGICAL CHANGE

At the farm level, the technological developments
of the past 200 years have significantly altered
the way in which producers use resources. This

is particularly true of the technology explosion
that marked the latter part of the 20t century.
Noteworthy technological advances of the last
10 to 20 years include new farm implements
(e.g. no-till seeders), major improvements in
information technology and genetic engineering
and the advent of precision farming. As well,
structural changes have been made in order to
exploit economies of scale (e.g. fewer and larger
farms, intensive livestock operations). Between
1991 and 2001, the use of no-till methods more
than quadrupled (from 7% to 30% of cultivated
land), producing many positive environmental
effects: improved soil quality, reduced erosion,
enhanced water quality, reduced greenhouse gas
emissions through increased carbon sequestration
in the soil and enhanced biodiversity. In 2001,
39% of Census farms had a computer to assist
with farm management, compared with 11%

in 1991. These developments are shifting the
emphasis in agriculture away from physical pro-
duction to activities based more on knowledge
and skills. Modern agriculture is characterized
by a reduction in physical labour and a move
towards specialization, concentration and
consolidation. Specialization has spread through
entire regions where specific crops are most
profitable. The farms in such regions previously
supplied a wider range of crops to local markets.
Since the prices for specialized crops tend to
fluctuate, farmers have also had to adapt by
adding value through processing, introducing
and developing markets and production
practices for new crops, and becoming more
involved in crop selling on-line or via market
agents. Institutions such as the Wheat Board
have had to adapt their selling practices to
changing farmer needs and expectations. For
most commodities, distance to market is no
longer the most important factor in deciding
where production should take place. Selecting
the right physical and economic environment
is a key factor for success in today’s competitive
world marketplace.
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The environmental effects of technological
change are the subject of considerable debate.
Some technologies have had unanticipated,
adverse effects on the environment. For example,
the fumigant methyl bromide provided benefits
for agriculture for a number of years, but its use is
being phased out because of negative effects on
stratospheric ozone. Once these adverse effects
became known, a new driving force for change
was created, both to control the widespread use
of these chemicals and to search for better alter-
natives. Looking at the other side of the coin,
there are many examples of new technologies
and practices that reduce environmental risks,
such as biological pest control methods, improved
manure management systems, more efficient
livestock diets and conservation tillage.
Biotechnology and genetic engineering poten-
tially offer considerable advantages to farmers for
improving crop yields. Herbicide tolerance and
insect resistance—the dominant traits of geneti-
cally modified crops—can help to increase crop
productivity and reduce the use of external
inputs such as pesticides. However, in Canada
and elsewhere there has been considerable
debate about the merits of this technology.
Many countries oppose GM products due to

the unknown effects on the environment and
human health. While farmers do benefit from
biotechnology in terms of reduced costs for pest
and weed control, consumers are concerned
about how GMOs and biotechnology may
affect the food products sold in Canada
(GlobeScan 2003).

Another emerging technology relates to the

use of agricultural feedstocks such as grain and
cellulose for the production of biofuels. Rising
fossil fuel prices, better harvests and lower
grain prices have sparked interest in the domes-
tic production of ethanol and other biofuels.
Some stakeholders see renewable fuels as a way
to help achieve Canada’s commitment under
the Kyoto Protocol to reduce its greenhouse gas
emissions (e.g. mandating the use of ethanol
blends). The economics of biofuel production
and the life cycle impacts on the environment
require further study.

B REFERENCES

Agriculture and Agri-Food Canada, 2004.

Farm Income, Financial Conditions and
Government Assistance Data Book. AAFC,

Research and Analysis Directorate,

Ottawa (Ont.).
www.agr.gc.ca/spb/fiap-dpraa/publications/dbkrdd/
2004/sep2004/databook_web_e.pdf

GlobeScan Inc, 2003. Food Issues Monitor —
Canada Tables. GlobeScan, Toronto (Ont.).

MacGregor, R.J., and T. McRae, 2000.
“Driving Forces Affecting the Environmental
Sustainability of Agriculture”. Chapter 3

in Environmental Sustainability of Canadian
Agriculture: Report of the Agri-Environmental
Indicator Project, Edited by T. McRae, C.A.S.
Smith and L.J. Gregorich. Agriculture and
Agri-Food Canada, Ottawa (Ont.).
www.agr.gc.ca/env/naharp-pnarsa/

(Go to related documents)

A. Introduction E


http://www.agr.gc.ca/spb/fiap-dpraa/publications/dbkrdd/2004/sep2004/databook_web_e.pdf
http://www.agr.gc.ca/env/naharp-pnarsa/

4. Overview of Agriculture in Canada
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B CANADA Major Agricultural Outputs
Cattle & calves $7.9 billion
Dairy $4.1 billion
Hogs $3.8 billion
Wheat $2.5 billion
! Poultry & eggs $2.4 billion
Floriculture & nursery $1.7 billion
Canola $1.7 billion
o Vegetables $1.5 billion
' . Potatoes $0.7 billion
Corn $0.6 billion
g Food & Beverage Industry
:_.h 5 - Total number of establishments 6,035
Small (less than 50 employees) 81%
Medium (50 to 199 employees) 14%
Large (more than 200 employees) 5%
Total value of shipments $70.2 billion
Food manufacturing $61.6 billion
Meat products 31%
Land Statistics Dairy products 16%
Total area 998.5 million ha Fruits and vegetables 9%
Total land area 909.4 million ha Grain and oilseed milling 9%
Total farm area 67.5 million ha Other food 35%
Cultivated land 61% Beverages $8.6 billion
Pastureland 30%
Other land 9% i L
Average farm area 273 ha International Trade Statistics
Trade halance $7.4 billion
Exports
Livestock Population (number of animals) Total agricultural exports $26.6 billion
Poultry 126 million Bulk 25%
Cattle & calves 16 million Intermediate 25%
Pigs 14 million Consumer-oriented 50%
Dairy cows 1 million Major export markets
United States $16.6 billion
L Japan $2.4 billion
Farm Characteristics EU-15 $1.3 billion
Total number of farms 247,000 Mexico $0.9 billion
Total number of families 188,000 China $0.8 billion
Total number of operators 346,000 Imports
Averagg age of operators 30 Total agricultural imports $19.2 billion
Education level of opere.itors. Bulk 13%
Postsecondary & university 40% Intermediate 16%
Grade 9 to 13 48% Consumer oriented 1%
Less than grade 9 12% Major import markets
United States $12.3 billion
Farm Income EU-15 $2.4 billion
Total net cash income $8.1 billion Australia $0.6 billion
Total cash receipts $36.3 billion Mexico $0.4 billion
Total operating expenses $28.2 billion New Zealand $0.4 billion
Distribution of farms by revenue class
Less than $10,000 22% Contribution to GDP
$10,000 to $49,000 31%  gricfood sector $28.1 billion
$50,000 to $100,000 14% Primary agriculture $6.8 billion
More than $100,000 33% Food processing $21.3 billion
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H BRITISH COLUMBIA
Land Statistics Major Agricultural Outputs
Total area 94.5 million ha Floriculture & nursery $394 million
Total land area 92.5 million ha Dairy $364 million
Total farm area 2.6 million ha Cattle & calves $348 million
Cultivated land 25% Poultry & eggs $330 million
Pastureland 56% Vegetables $293 million
Other land 19%
Average farm area 128 ha
Food & Beverage Industry
Total number of establishments 906
Livestock Population (number of animals) Total value of shipments $5.5 billion
Poultry 18.8 million Food manufacturing $4.5 billion
Cattle & calves 815,000 Meat products 27%
Pigs 166,000 Seafood products 16%
Dairy cows 71,000 Dairy products 16%
Animal food products 11%
- Other food 30%
Farm Characteristics Beveragss $1.0 billion
Total number of farms 20,000
Total number of families 15,000
Total number of operators 30,000 International Trade Statistics
Average age of operators 51 Trade balance -($1.2 billion)
Education level of operators Exports
Postsecondary & University 47% Total agricultural exports $1.4 billion
Grade 9to 13 45% Bulk 3%
Less than grade 9 8% Intermediate 30%
Consumer-oriented 67%
Major export markets
Farm Income _ United States $990 million
Total net cash income $0.4 billion Japan $166 million
Total cash receipts $2.2 billion China $40 million
Total operating expenses $1.8 billion Hong Kong $26 million
Distribution of farms by revenue class Taiwan $23 million
Less than $10,000 50% Imports
$10,000 to $49,000 26% Total agricultural imports $2.6 billion
$50,000 to $100,000 7% Bulk 8%
More than $100,000 17% Intermediate 13%
Consumer-oriented 79%
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B ALBERTA

Land Statistics Major Agricultural Outputs
Total area 66.2 million ha Cattle & Calves $3.9 billion
Total land area 64.2 million ha Wheat $691 million
Total farm area 21.1 million ha Canola $586 million
Cultivated land 52% Hogs $572 million
Pastureland 42% Dairy $348 million
Other land 6%
Average farm area 393 ha
Food & Beverage Industry
Total number of establishments 551
Livestock Population (number of animals) Total value of shipments $9.3 billion
Poultry 12.2 million Food manufacturing $8.4 billion
Cattle & calves 6.6 million Meat products 61%
Pigs 2.0 million Dairy products 10%
Dairy cows 84,000 Grain and oilseed milling 9%
Animal food products 1%
L Other food 13%
Farm Characteristics Beverages $0.9 billion
Total number of farms 54,000
Total number of families 41,000
Total number of operators 76,000 International Trade Statistics
Average age of operators 50 Trade balance $4.7 billion
Education level of operators Exports
Postsecondary & university 42% Total agricultural exports $6.0 billion
Grade 9 to 13 50% Bulk 30%
Less than grade 9 8% Intermediate 30%
Consumer-oriented 40%
Major export markets
Farm Income _ _ United States $3.2 billion
Total net cash income $1.9 billion Japan $781 million
Total cash receipts $8.4 billion Mexico $410 million
Total operating expenses $6.4 billion China, People’s Republic of $281 million
Distribution of farms by revenue class Iran $133 million
Less than $10,000 19% Imports
$10,000 to $49,000 33% Total agricultural imports $1.2 billion
$50,000 to $100,000 16% Bulk 7%
More than $100,000 32% Intermediate 23%
Consumer-oriented 710%

Environmental Sustainability of Canadian Agriculture: Agri-Environmental Indicator Report Series—Report #2




r
=g
B SASKATCHEWAN
Land Statistics Major Agricultural Outputs
Total area 65.1 million ha Wheat $1.3 billion
Total land area 59.2 million ha Cattle & calves $1.2 billion
Total farm area 26.3 million ha Canola $749 million
Cultivated land 70% Barley $301 million
Pastureland 25% Hogs $233 million
Other land 5%
Average farm area 519 ha
Food & Beverage Industry
Total number of establishments 169
Livestock Population (number of animals) Total value of shipments $1.9 billion
Poultry 4.7 million Food manufacturing $1.8 billion
Cattle & calves 2.9 million Meat products 42%
Pigs 1.1 million Grain and oilseed milling 32%
Dairy cows 30,000 Animal food products 10%
Other food 16%
. Beverages $74 million
Farm Characteristics
Total number of farms 51,000
Total number of families 39,000 International Trade Statistics
Total number of operators 66,000 Trade balance $4.2 billion
Average age of operators 50 Exports
Education level of operators Total agricultural exports $4.5 billion
Postsecondary & university 36% Bulk 70%
Grade 9 to 13 51% Intermediate 26%
Less than grade 9 12% Consumer-oriented 4%
Major export markets
Farm Income United States $1.1 billion
Total net cash income $1.8 billion Japan $508 million
Total cash receipts $6.5 billion China $343 million
Total operating expenses $4.7 billion Mexico $253 million
Distribution of farms by revenue class Iran $195 million
Less than $10,000 13% Imports
$10,000 to $49,000 32% Total agricultural imports $287 million
$50,000 to $100,000 20% Bulk 13%
More than $100,000 35% Intermediate 33%
Consumer-oriented 54%
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Land Statistics Major Agricultural Outputs
Total area 64.8 million ha Hogs $806 million
Total land area 55.4 million ha Cattle & calves $570 million
Total farm area 7.6 million ha Wheat $455 million
Cultivated land 65% Canola $364 million
Pastureland 26% Dairy $158 million
Other land 9%
Average farm area 361 ha
Food & Beverage Industry
Total number of establishments 207
Livestock Population (number of animals) Total value of shipments $2.7 billion
Poultry 8.0 million Food manufacturing $2.4 billion
Pigs 2.5 million Meat products 39%
Cattle & calves 1.4 million Animal food products 14%
Dairy cows 42,000 Grain and oilseed milling 11%
Other food 36%
o Beverages $212 million
Farm Characteristics
Total number of farms 21,000
Total number of families 16,000 International Trade Statistics
Total number of operators 29,000 Trade balance $2.3 billion
Average age of operators 49 Exports
Education level of operators Total agricultural exports $3.0 billion
Postsecondary & university 34% Bulk 43%
Grade 9 to 13 52% Intermediate 33%
Less than grade 9 14% Consumer-oriented 24%
Major export markets
United States $1.5 billion
Farm Income Japan $427 million
Total net cash income $0.9 billion Mexico $171 million
Total cash receipts $3.7 billion China $142 million
Total operating expenses $2.8 billion Iran $89 million
Distribution of farms by revenue class Imports
Less than $10,000 18% Total agricultural imports $734 million
$10,000 to $49,000 29% Bulk 15%
$50,000 to $100,000 17% Intermediate 28%
More than $100,000 37% Consumer-oriented 57%
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B ONTARIO
Land Statistics Major Agricultural Outputs
Total area 107.6 million ha Dairy $1.4 billion
Total land area 91.8 million ha Cattle & calves $1.3 billion
Total farm area 5.5 million ha Hogs $946 million
Cultivated land 67% Floriculture & nursery $842 million
Pastureland 16% Poultry & eggs $833 million
Other land 17%
Average farm area 92 ha
Food & Beverage Industry
Total number of establishments 1,932
Livestock Population (number of animals) Total value of shipments N/A
Poultry 44 million Food manufacturing $24.5 billion
Pigs 3.5 million Meat products 24%
Cattle & calves 2.1 million Dairy products 15%
Dairy cows 364,000 Fruits and vegetables 13%
Grain and oilseed milling 13%
e Other food 36%
Farm Characteristics Beverages VA
Total number of farms 60,000
Total number of families 47,000
Total number of operators 85,000 International Trade Statistics
Average age of operators 51 Trade balance -($3.3 billion)
Education level of operators Exports
Postsecondary & University 42% Total agricultural exports $7.8 billion
Grade 9 to 13 45% Bulk 6%
Less than grade 9 14% Intermediate 21%
Consumer-oriented 13%
Major export markets
Farm Income _ United States $6.7 billion
Total net cash |ncqme $1.6 b!ll!on Japan $218 million
Total cash receipts $8.5 billion Hong Kong $135 million
Total operating expenses $6.9 billion United Kingdom $107 million
Distribution of farms by revenue class Germany $64 million
Less than $10,000 26% Imports
$10,000 to $49,000 32% Total agricultural imports $11.1 billion
$50,000 to $100,000 11% Bulk 13%
More than $100,000 31% Intermediate 15%
Consumer-oriented 12%
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Land Statistics Major Agricultural Outputs
Total area 154.2 million ha Dairy $1.5 billion
Total land area 136.5 million ha Hogs $1.1 billion
Total farm area 3.4 million ha Poultry & eggs $588 million
Cultivated land 54% Cattle & calves $533 million
Pastureland 11% Vegetables $282 million
Other land 35%
Average farm area 106 ha
Food & Beverage Industry
Total number of establishments 1,481
Livestock Population (number of animals) Total value of shipments N/A
Poultry 29.2 million Food manufacturing $14.2 billion
Pigs 4.3 million Meat products 32%
Cattle & calves 1.4 million Dairy products 23%
Dairy cows 407,000 Fruits and vegetables 6%
Other food 38%
L Beverages N/A
Farm Characteristics
Total number of farms 32,000
Total number of families 23,000 International Trade Statistics
Total number of operators 47,000 Trade halance $0.4 billion
Average age of operators 47 Exports
Education level of operators Total agricultural exports $3.2 billion
Postsecondary & university 37% Bulk 4%
Grade 9 to 13 44% Intermediate 15%
Less than grade 9 18% Consumer-oriented 82%
Major export markets
United States $2.4 billion
Farm Income Japan $211 million
Total net cash income $1.3 billion Mexico $41 million
Total cash receipts $5.8 billion Cuba $40 million
Total operating expenses $4.5 billion France $33 million
Distribution of farms by revenue class Imports
Less than $10,000 17% Total agricultural imports $2.8 billion
$10,000 to $49,000 21% Bulk 20%
$50,000 to $100,000 13% Intermediate 16%
More than $100,000 44% Consumer-oriented 64%
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B NEW BRUNSWICK
Land Statistics Major Agricultural Outputs
Total area 7.3 million ha Potatoes $100 million
Total land area 7.1 million ha Dairy $68 million
Total farm area 388,000 ha Poultry & eggs $65 million
Cultivated land 39% Floriculture & nursery $46 million
Pastureland 12% Hogs $38 million
Other land 50%
Average farm area 128 ha
Food & Beverage Industry
Total number of establishments 199
Livestock Population (number of animals) Total value of shipments $2.1 billion
Poultry 3.5 million Food manufacturing $1.9 billion
Pigs 137,000 Seafood products 45%
Cattle & calves 91,000 Dairy products 1%
Dairy cows 19,000 Animal food products 6%
Bakeries and tortilla products 3%
e Other food 39%
Farm Characteristics Beverages $210 million
Total number of farms 3,034
Total number of families 2,260
Total number of operators 3,900 International Trade Statistics
Average age of operators 51 Trade balance $119 million
Education level of operators Exports
Postsecondary & university 40% Total agricultural exports $378 million
Grade 9 to 13 44% Bulk 0%
Less than grade 9 16% Intermediate 9%
Consumer-oriented 91%
Major export markets
Farm Income _ United States $308 million
Total net cash |ncqme $72 m!ll!on Japan $30 million
Total cash receipts $412 million Philippines $6 million
Total operating expenses $340 million Venezuela $5 million
Distribution of farms by revenue class Taiwan $5 million
Less than $10,000 39% Imports
$10,000 to $49,000 28% Total agricultural imports $259 million
$50,000 to $100,000 8% Bulk 1%
More than $100,000 26% Intermediate 14%
Consumer-oriented 75%
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Land Statistics Major Agricultural Outputs
Total area 5.5 million ha Dairy $96 million
Total land area 5.3 million ha Poultry & eggs $86 million
Total farm area 407,000 ha Hogs $39 million
Cultivated land 29% Floriculture & nursery $35 million
Pastureland 14% Cattle & calves $34 million
Other land 57%
Average farm area 104 ha
Food & Beverage Industry
Total number of establishments 323
Livestock Population (number of animals) Total value of shipments N/A
Poultry 4.1 million Food manufacturing $2.0 billion
Pigs 125,000 Seafood products 43%
Cattle & calves 108,000 Other food 22%
Dairy cows 24,000 Dairy products 16%
Meat products 13%
e Animal food products 6%
Farm Characteristics Beverages VA
Total number of farms 3,923
Total number of families 3,025
Total number of operators 5,070 International Trade Statistics
Average age of operators 51 Trade balance $6 million
Education level of operators Exports
Postsecondary & university 52% Total agricultural exports $174 million
Grade 9 to 13 39% Bulk 0%
Less than grade 9 9% Intermediate 8%
Consumer-oriented 92%
Major export markets
Farm Income United States $130 million
Total net cash income $70 million Japan $11 million
Total cash receipts $421 million Germany $10 million
Total operating expenses $351 million United Kingdom $ 5 million
Distribution of farms by revenue class France $3 million
Less than $10,000 40% Imports
$10,000 to $49,000 32% Total agricultural imports $180 million
$50,000 to $100,000 1% Bulk 12%
More than $100,000 22% Intermediate 3%
Consumer-oriented 56%
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B PRINCE EDWARD ISLAND
Land Statistics Major Agricultural Outputs
Total area 566,000 ha Potatoes $124 million
Total land area 566,000 ha Dairy $52 million
Total farm area 261,000 ha Hogs $34 million
Cultivated land 67% Cattle & calves $28 million
Pastureland 9% Vegetables $10 million
Other land 23%
Average farm area 142 ha
Food & Beverage Industry
Total number of establishments 88
Livestock Population (number of animals) Total value of shipments N/A
Poultry 365,000 Food manufacturing $859 million
Pigs 126,000 Seafood products 34%
Cattle & calves 85,000 Other food 66%
Dairy cows 15,000 Beverages N/A
Farm Characteristics International Trade Statistics
Total number of farms 1,845 Trade balance $285 million
Total number of families 1,425 Exports
Total number of operators 2,455 Total agricultural exports $288 million
Average age of operators 49 Bulk 0%
Education level of operators Intermediate 1%
Postsecondary & university 41% Consumer-oriented 99%
Grade 9to 13 47% Major export markets
Less than grade 9 12% United States $265 million
Venezuela $4 million
Trinidad-Tobago $4 million
Farm Income Uruguay $2 million
Total net cash income $45 million Barbados $1 million
Total cash receipts $337 million Imports
Total operating expenses $292 million Total agricultural imports $3 million
Distribution of farms by revenue class Bulk 3%
Less than $10,000 19% Intermediate 16%
$10,000 to $49,000 28% Consumer-oriented 76%
$50,000 to $100,000 13%
More than $100,000 40%
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B NEWFOUNDLAND AND LABRADOR 3
Land Statistics Major Agricultural Outputs
Total area 40.5 million ha Dairy $27 million
Total land area 37.4 million ha Poultry & eggs $10 million
Total farm area 41,000 ha Floriculture & nursery $10 million
Cultivated land 21% Vegetables $3 million
Pastureland 24% Cattle & calves $2 million
Other land 55%
Average farm area 60 ha
Food & Beverage Industry
Total number of establishments 179
Livestock Population (number of animals) Total value of shipments N/A
Poultry 1.7 million Food manufacturing $1 million
Cattle & calves 9,000 Seafood products 81%
Dairy cows 5,000 Other food 19%
Pigs 3,000 Beverages N/A
Farm Characteristics International Trade Statistics
Total number of farms 643 Trade balance -($14 million)
Total number of families 430 Exports
Total number of operators 790 Total agricultural exports $1 million
Average age of operators 51 Bulk 0%
Education level of operators Intermediate 12%
Postsecondary & university 46% Consumer-oriented 88%
Grade 9to 13 37% Major export markets
Less than grade 9 16% United States $410,000
United Kingdom $290,000
Germany $250,000
Farm Income _ Russia $140,000
Total net cash income $8 million St. Pierre-Miguelon $110,000
Total cash receipts $79 million Imports
Total operating expenses $71 million Total agricultural imports $15 million
Distribution of farms by revenue class Bulk 0%
Less than $10,000 45% Intermediate 1%
$10,000 to $49,000 28% Consumer-oriented 99%
$50,000 to $100,000 8%
More than $100,000 20%
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B DATA SOURCES

The main source for statistics on land use,
livestock populations, farm characteristics
and farm income is: Statistics Canada, 2001.
Census of Agriculture.

Major agricultural outputs: Statistics Canada,
2001. Farm Cash Receipts.

Food and beverage industry: Statistics Canada,
2001. Annual Survey of Manufactures.

International trade, import and export
markets, contribution to GDP: Statistics
Canada, 2001. Canadian International
Merchandise Trade Database.

Note: Some provincial data on the agriculture
and agri-food sector are underreported owing
to data confidentiality or gaps in the data. As
a result, provincial totals may not add up to
the values reported for Canada as a whole.
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5. Linking Science to Policy

AUTHOR:
B. Junkins

B SUMMARY

Understanding how changes to agricultural polices and programs will impact the sector’s future economic

and environmental outcomes is critical for the policy development and evaluation process. Achieving this

insight necessitates linking science to analytical policy tools. Agriculture and Agri-Food Canada (AAFC)

has used a multidisciplinary approach to develop this kind of integrated modelling capacity by linking the

Canadian Regional Agricultural Model (CRAM), a policy model, to agri-environmental indicators. In recent

years, this science-based analytical approach has proven very useful for agricultural policy analysis, for

example to assess possible greenhouse gas (GHG) mitigation strategies and to support the selection of

quantitative environmental performance targets under the Agricultural Policy Framework (APF). While

the demand for this type of analysis is increasing, many methodological issues still need to be ironed out.

B INTRODUCTION

Agri-environmental indicators (AEI) provide a
historical perspective on the agriculture sector’s
environmental performance. However, in order
for the sector to manage its natural resources in
a manner that is environmentally, socially and
economically sustainable, there is a need to
understand how changes to agricultural polices
and programs will affect the sector’s economic
and environmental outcomes and how to
produce outcomes that are consistent with
government goals and objectives. Science

must be harnessed in the policy development
process to generate reliable quantitative infor-
mation about environmental effects and support
analytical tools that allow this information

to be integrated into the policy decision-making
process. In the present context, this involves
integrating agri-environmental indicator models
with policy models. Such integrated models can
then be used to evaluate existing policies and
programs relative to their combined economic
and environmental performance, as well as to
estimate or predict the economic and environ-
mental impacts of proposed programs and
policies.

B LINKING AGRI-
ENVIRONMENTAL
INDICATORS TO
POLICY MODELS

Building this type of integrated modelling
capacity requires a multidisciplinary approach
involving both research scientists and econo-
mists. The integrated economic/environmental
modelling system under development at AAFC
uses a policy model to estimate changes in farm
resource allocations (crops and livestock) relative
to a baseline level for selected scenarios and
feeds this information into AEI models to assess
a suite of potential environmental outcomes
(Figure 5-1). The economic model used is the
Canadian Regional Agricultural Model (CRAM)
(Horner at al. 1992). It is capable of estimating
the change in resource allocations for various
crop and livestock activities in response to
changes in technology, government programs
and policies or market conditions.

This integrated economic/environmental
modelling approach was first developed to
enable AAFC to estimate the economic and
environmental consequences of wind and
water erosion on the Prairies (Bouzaher et

al. 1995). AAFC subsequently enhanced the
methodology and used it to assess erosion
impacts following the elimination of the
Western Grain Transportation Act (WGTA)
subsidy and the reform of the Canadian Wheat
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Figure 5-1: Integrated economic/environmental analysis
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Board (CWB) pooling regime, as well as for
an environmental assessment of the Federal-
Provincial Crop Insurance Program across
Canada (MacGregor et al. 1998).

In recent years, a lot of work has gone into
developing the Canadian Economic and
Emissions Model for Agriculture (CEEMA)
(Kulshreshtha et al. 2002) by linking CRAM to
the greenhouse gas indicator (see Chapter 21).

CEEMA has been used in the following contexts:

the analysis of possible GHG mitigation strate-
gies in support of the work of the Agriculture
and Agri-Food Climate Change Table (National
Climate Change Secretariat-Agriculture and
Agri-Food Table 2000); the development of
GHG mitigation programs for agriculture;
international negotiations (UNFCCC 2000);
and the development of a national climate
change plan for Canada. Results from the
integrated economic/environmental analysis
of GHG mitigation options for agriculture
were instrumental in getting agricultural soil
sinks accepted under the Kyoto Protocol.

More recently, a study was initiated to use an
integrated economic/environmental modelling
system to support the selection of quantitative

provincial environmental outcome goals and
targets under the Environment Chapter of the
Agricultural Policy Framework (APF) (Heigh et
al. 2005). The system was able to model the
environmental effects associated with the
adoption of a suite of beneficial management
practices (BMPs) for agricultural production in
Canada. The quantification encompassed the
impact of various soil, pasture, nutrient and
livestock management practices and agroforestry
activities on air, soil and water quality, as well
as on biodiversity indicators. The analysis was
limited to existing AEI models with national
coverage that could be linked to CRAM

(water and wind erosion, residual soil nitrogen,
IROWC-N, greenhouse gases, soil carbon and
wildlife habitat). The study also assisted in
identifying appropriate environmental goals
by providing an indication of the range of
achievable outcomes based on three potential
adoption rates for each BMP. The findings have
been used in consultations with the provinces to
set quantitative environmental outcome targets
in the APF Implementation Agreements.
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B LIMITATIONS AND
FUTURE DIRECTIONS

Analytical models based on sound science have
proven very useful for policy evaluation and
development purposes, and the demand for this
type of analysis is increasing. However, this is
groundbreaking work. Development of the
analytical capacity has just begun and there are
still many unresolved issues related to resources,
data, models, science and spatial aspects. Some
of the main limitations in terms of the current
capacity to do this type of integrated modelling,
as well as future directions envisaged for this
work, are described below.

As a policy tool, the Canadian Regional
Agricultural Model (CRAM) is based on political
boundaries that are dictated by
the available economic data
(22 crop production regions in
the Prairies, provincial basis for
crops in other regions and for
livestock). Yet, environmental
issues are inherently local in
nature, which is why agri-
environmental indicators

are based on much smaller eco-
logical regions (Soil Landscape
of Canada (SLC) polygons).
Consequently, the output from

Analytical models
based on sound science
have proven very useful

for policy evaluation
and development
purposes, and the
demand for this type of
analysis is increasing.

The scenarios and agri-environmental indicators
that have been used in the analyses to date

are constrained by the availability of integrated
models. As a result, some important farm
management options (e.g. manure management)
are left out of the analyses. Similarly, quantita-
tive assessments of the “on-farm” economic
impacts of environmental management scenar-
ios are limited by the lack of relevant economic
information. For many scenarios, informed
assumptions about BMP adoption rates have
been imposed, and so the results are not driven
by the underlying economics of the policy
model. Finally, the existing integrated modelling
system does not include any feedback linkages
between the economic and environmental
components in the sense that outputs from
policy model scenarios are

used as input to the AEI models
to estimate the environmental
impacts, but not vice versa
(changes in environmental
indicators could have economic
consequences).

Development of integrated
modelling capacity and of
applications for policy analysis
is an ongoing process. A revised
version of CRAM, which is cur-
rently being tested, incorporates

CRAM needs to be broken
down to the SLC level so that
the cropping and management practice
scenarios from the policy model can be assigned
to specific locations within the landscape. At
present, this is done by assuming a uniform
distribution. Work is under way to improve

this aspect of the analytical system through
developing a Land Use Allocation Model
(LUAM), which would predict spatially

explicit land use change based on factors

such as attributes of the land that affect

its resilience/suitability (soils, topography,
climate), competing land use demands,
proximity to markets, production costs,

existing land use and its adaptability

to change.

a number of improvements,
such as the addition of an agricultural water
demand component and the division of

Ontario, Quebec and British Columbia into
multiple regions. Studies are also planned on

the farm-level costs and benefits of adopting
environmentally friendly BMPs, and the informa-
tion that is obtained will be fed into CRAM to
enhance economic analysis for selected scenarios.
Since the existing AEI models are being updated
and new ones developed, linkages between CRAM
and the AEIs will require ongoing adjustment. In
the future, an estimate of the level of uncertainty
associated with model results will be required for
informed policy decision making.
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Integrated economic/environmental models pro-
vide the capacity to estimate the environmental
impacts of agricultural programs and policies in
physical terms (e.g. soil erosion in tonnes/ha/yr
or greenhouse gas emissions in tonnes/yr), as
well as the economic consequences for produc-
ers. However, to permit a complete cost-benefit
analysis, a monetary value must first be assigned
to these environmental impacts and a trade-off
analysis of the economic and environmental
outcomes can then be performed.

There is increasing demand for this type of
integrated analysis among policy makers.
Ongoing and future applications of the inte-
grated economic/environmental modelling
system include the following: refining the
environmental outcome targets of the APF
and evaluating new technologies and the next
generation of BMPs for the next version of the
APF; tackling climate change by developing a
domestic emissions trading (DET) and offsets
system, analysing a more aggressive set of
mitigation options including environmental
co-benefits and assessing the impacts of climate
change on the agriculture sector along with
possible adaptation strategies; and carrying
out environmental assessments of agricultural
policies and programs (e.g. World Trade
Organization negotiations).
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6. Agriculture Land Use Change

AUTHORS:

W. Eilers and
T. Huffman

INFORMATION
SOURCE:

Census of
Agriculture

STATUS:

National
coverage,
1981 to 2001

B SUMMARY

Over the 20-year period from 1981 to 2001, agricultural land use intensity increased across Canada.

Noteworthy developments in Western Canada include a marked decline in the area of summerfallow,

an increase in the area of forages and expanded use of soil-conserving practices for tillage as well as

summerfallow. Diversification of cropping has been a prominent feature of the changing situation of

land use in the West, particularly on the Prairies, and this is evidenced by a decrease in the area of the

more traditional cereal grains and an increase in the area of oilseed and pulse crops. In Eastern Canada,

whereas the overall amount of farmland decreased during the 20-year period under review, the area of

cropped land actually increased in every province. In general, this expansion in the area of cropland

occurred at the expense of pasture and summerfallow.

B THE ISSUE

The idea of using agri-environmental indicators
to track changes in a broad and varied industry
like agriculture arose because of the impracticality
of repeatedly measuring a wide range of specific
conditions across all the agricultural landscapes
of Canada. The development of science-based
agri-environmental indicators is predicated on
applying current scientific knowledge to under-
standing the effects that a limited number of key
land use and management practices have on the
environment. Trends in such key variables are
assessed over time and interpreted with reference
to individual indicators. As an example, within
the farmland sphere, different crops and land use
types have differing propensities for creating
conditions that are conducive to soil erosion.

A shift toward increasing area under row crops,
such as potatoes or corn, or under summerfallow,
generally indicates movement toward higher
erosion risk, whereas an increase in the area of
hay crops signals a lower risk of erosion. The risk
level may be altered, that is, either increased or
decreased, by the specific management practices
that are applied.

This chapter presents some of the key adjust-
ments in land use and agricultural management
practices that occurred between 1981 and 2001
in Canada based on an evaluation of data from
the Census of Agriculture. This national survey
conducted by Statistics Canada every five years
encompasses a wide variety of variables and

ensures consistent coverage of all farms. It
therefore has tremendous potential as a tool

for assessing changes in land use trends at the
provincial and national levels. The types of
environmental impacts these changes have
generated are captured and explored in the
agri-environmental indicator chapters presented
in this report.

B LAND USE INFORMATION

Within the farmland sphere, different crops and
land use types have different propensities for
causing environmental impacts. To present an
overview of long-term trends in land use for
the individual provinces and nationally, six key
Census variables have been used:

1) Area of farmland
2) Area of cultivated farmland

3) Area of pasture (improved pasture and
native pasture)

4) Area of row crops (corn for grain and silage,
vegetables, potatoes, tobacco)

5) Area of summerfallow

6) Area of “other land,” or the area of farmland
devoted to uses other than crops or livestock
(e.g. farm buildings, barnyards, greenhouses,
woodlots, windbreaks, marshes).
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B CROPPING PRACTICES

In addition to land use information, it is impor-
tant to know the types and trends in crops

that are typically grown in the regions, because
different cropping patterns typically have
differing effects on the environment. Seven

key Census crop type variables are used:

1) Area of annually cropped land (land used
to produce crops, excluding summerfallow
and pasture);

2) Area of cereal crops (wheat, barley, oats);

3) Area of oilseeds (canola, mustard, flax,
safflower, sunflower);

4) Area of corn (grain corn, silage corn);
5) Area of potatoes;

6) Area of pulse crops and legumes (beans,
lentils, chick peas, dry field peas);

7) Area of forage crops (alfalfa and alfalfa
mixes, other tame hay and fodder crops cut
for hay or silage, forage harvested for seed).

B TILLAGE PRACTICES

As noted earlier, the management practices
employed by farmers need to be considered in
interpreting land use trends. Tillage practices
have been evaluated in the Census of Agriculture
since 1991 using six different variables:

1) Area of cropland prepared for seeding using
conventional tillage practices (tillage that
turns over the top 15 to 20 cm of soil,
burying plant residues and exposing the
soil, followed by secondary tillage to break
up soil aggregates and produce a smooth,
even seedbed);

2) Area of land prepared for seeding using
conservation tillage (tillage practices that
break up the soil and kill weeds but do not
turn the soil over);

3) Area of land prepared for seeding using
no-till (management practice that maintains
all plant residues on the surface);

4) Area of summerfallow maintained by tillage
weed control (the practice of fallowing
traditionally required that tillage be carried
out periodically during the growing season);

5) Area of summerfallow maintained by a
combination of chemical and tillage weed
control (chemical and tillage weed control
reduces the amount of tillage involved
in weed control, through either reduced-
frequency tillage or “spot cultivation”);

6) Area of summerfallow maintained by
chemical-only weed control.

B LIMITATIONS

The main limitations relating to the numbers
reported in this chapter consist of the possibility
that producers misinterpreted the Census
questions and changes in the questions over
time. For example, according to Statistics
Canada (1997), in 1981, the area of unimproved
land was underreported in the four western
provinces. This affected the area of total farm-
land and all “other land” categories for each

of the western provinces and for Canada as a
whole. Also producers may have had difficulty
with interpretation of the terms for different
types of tillage practices. This may have influ-
enced the areas reported. A more complete
description of potential errors and data quality
is provided in Statistics Canada (1997).

B OBSERVED TRENDS

National and provincial land use trends, derived
from Statistics Canada’s Census of Agriculture,
are provided in Tables 6-1, 6-2 and 6-3 for
Census years 1981 through 2001 (except for
tillage data which are available only for 1991,
1996 and 2001).

Canada: The total amount of farmland in
Canada remained relatively stable between 1981
(65.9 million ha) and 2001 (67.5 million ha),
largely because the vast majority of land that is
suitable for agriculture is already being used for
that purpose. For similar reasons, the propor-
tions of cultivated farmland (61%), pasture
(30%), row crops (3%) and “other land” (9%)
also remained fairly constant.
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Table 6-1: Agricultural land use, 1981 to 2001

Share of Farmland in Various Uses (in %)

Major Land Use Categories

Specific Land Use Examples

Province Cultivated Pasture Other Land Summerfallow Row Crops

81 86 91 96 01 81 8 91 96 01 81 86 91 96 01 81 86 91 96 01 81 8 91 96 01
BC 29 27 26 24 26 59 51 53 56 56 12 .22 21 20 19 3 3 2 2 1 1 1 1 1 1
AB 56 55 53 52 52 40 38 40 41 42 4 7 6 1 6 12 10 9 7 6 <l <1 <1 <1 «1
SK 71 71 71 71 70 271 24 24 24 25 2 55 5 5 26 21 21 17 12 <l <1 <1 <1l <l
MB 66 65 65 65 65 29 26 27 26 26 5 9 7 9 9 8 7 4 4 3 2 11 1 1
ON 61 63 64 64 67 24 19 19 18 15 15 19 17 19 17 I 1 1«<1«l 21 18 18 18 19
Qac 48 49 48 51 55 21 17 19 15 11 31 34 33 34 35 1 1 <1 <1 <l 8 10 11 13 16
NB 31 33 33 36 39 20 14 16 13 12 49 53 52 52 50 I 1 <1 <1 <l 6 6 7 7 17
NS 25 27 271 29 32 20 16 17 14 14 55 56 56 59 57 1 1<l <1 <l 2 2 2 2 3
PEI 57 58 60 64 67 18 14 14 10 10 25 28 27 25 24 I 1 <1 <1 <l 11 11 13 18 18
NL 15 14 14 17 22 64 34 39 21 24 21 52 47 62 55 1 1<l <1 <l 3 2 2 2 2
Canada 62 61 61 61 61 31 28 30 29 30 710 9 10 9 15 13 12 9 1 3 2 2 2 3
Nationally, the amount of farmland under sum- increased from 1991 (31%) to 2001 (60%),
merfallow decreased by more than half between particularly in the three Prairie Provinces. The
1981 and 2001, from 15% to 7%. There are reasons for this are varied, but include increased
several reasons for this, including the adoption awareness of the benefits of soil conservation
of management practices that and availability of large-scale
make more efficient use of I equipment designed for soil

available moisture and allow
continuous cropping or extended
crop rotations under rainfed
agriculture; the availability of
suitable and affordable chemi-
cal weed-control options; and
the conversion of marginal
land to permanent cover or
pasture. The downturn in the
area of summerfallow is largely

Nationally, the amount
of farmland under
summerfallow decreased
by more than half
between 1981
and 2001, from
15% to 7%.

conservation.

British Columbia: The total
amount of farmland in British
Columbia increased from

2.2 million hectares in 1981

to 2.6 million hectares in 2001,
largely owing to an increase

in the pasture and “other land”
categories. Annually cropped

responsible for increases in the
area of cropped land, which expanded by
5.5 million hectares between 1981 and 2001.

In almost all areas of the country, the amount of
land planted to cereals decreased as a proportion
of annually cropped land (from 66% to 49%)
between 1981 and 2001. Most of this 2.5 million-
hectare contraction in the area of cereals reflects
a shift to oilseeds, pulses and forages or other
regional differences in crops. The use of soil-
conserving tillage practices for crop production

land increased by approximately
57,000 hectares from 1981 to 2001, because of a
gain of 30,000 hectares in total cultivated farm-
land and a decrease of about 27,000 hectares in
summerfallow (from 3% in 1981 to 1% in 2001).
The proportion of cropland devoted to cereal
grains dropped from 30% in 1981 to 17% in
2001, while the proportion devoted to forage
increased from 58% in 1981 to 70% in 2001.
Cropped land used for other crops remained
relatively constant over this period. The use of
conventional tillage expressed as a proportion
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of cropped land fell from 83% in 1991 to 65%
in 2001, when 21% of this land was under con-
servation tillage and 14% was no-till. Practices
applied to summerfallow did not change appre-
ciably over the three-census period, although
chemical-only treatment of summerfallow
increased slightly, from 3% to 6%.

Alberta: Alberta is the province with the second
largest area of farmland in Canada, accounting
for approximately 30% of the national total, or
some 21 million hectares in 2001. Together, the
amount of pasture and forage land increased by
2.2 million hectares between 1981 and 2001,
indicating continued expansion of the livestock
industry. The amount of cropped land expanded
by almost 1.3 million hectares, mostly because
the area of summerfallow decreased by 0.97 mil-
lion hectares during this 20-year period, going
from 12% of farmland in 1981 to 6% in 2001.
Cropping patterns changed as producers diversi-
fied their production, reducing the amount of
cropped land in cereals (from 71% in 1981 to
57% in 2001) and increasing the area of oilseeds
by 0.47 million hectares and the area of pulses by

0.31 million hectares. The use of conventional
tillage practices decreased dramatically from 73%
of cropped land in 1991 to 37% in 2001, when
35% of this land was under conservation tillage
and 27% was no-till. Treatment of summerfallow
showed a similar trend, with soil conservation
practices (tillage + chemical and chemical-only)
used on 42% of summerfallow land in 1991
versus 62% in 2001.

Saskatchewan: Saskatchewan ranks first
among the provinces in terms of area of farm-
land, with approximately 40% of the Canadian
total or about 26 million hectares in 2001. Over
the 20-year period under review, the amount

of cropped land increased steadily by a total of
3.6 million hectares, with this trend occurring
almost entirely because summerfallow shrank
from 26% of total farmland in 1981 to 12% in
2001. The proportions of cultivated farmland,
pasture and “other land” remained relatively
constant over this 20-year period. Cropping pat-
terns changed as producers diversified, reducing
the amount of land in cereal grains from 85% of
annually cropped land in 1981 to 58% in 2001;

Table 6-2: Cropping practices, 1981 to 2001

Share of Annually Cropped Land in Various Uses (in %)

Province Cereal Grains Oilseeds Corn Potatoes/Pulses' Forages Other Crops

81 86 91 96 01 81 8 91 96 01 81 8 91 96 01 81 86 91 96 01 81 86 91 96 01 81 86 91 96 01
BC 30 22 22 22 17 4 8 7 5 4 2 2 2 2 2 1 11 1 1 5 6263 6470 5 5 6 87
AB 71 65 65 63 57 8 13 14 1411 <l <l <1<l <l <1<l 1 1 3 202020 2027 0 00 11
SK 85 80 78 71 58 6 11 12 15 16 <1 <1 <1 <1 <1 <1 1 2 4 14 g8 7 7 810 0 11 21
MB 67 64 62 60 52 15 19 18 19 21 2 1 1 1 1 1 23 2 3 13 1415 1620 1 11 22
ON 24 2519 1815 <1 1 1 1<l 31 27 26 25 26 2 22 1 1 30 3031 2928 13 1521 2730
Qc 20 20 20 16 17 <1 <1 <1 <1 <1 14 17 20 21 26 1 11 1 1 61 5953 5042 4 4 61113
NB 20 21 21 22 21 na? na <1 <1 <1 1 1 1 1 2 17 1517 16 16 56 56 53 50 52 7 7 8 11 9
NS 16 1312 10 9 <1<l <1 <1 <1 4 4 3 4 5 1 12 2 2 65 64 64 58 58 13 17 20 27 26
PEI 46 45 41 37 36 na <1 na <l na 2 1 1 1 1 16 1720 26 25 33 3433 3233 3 3 4 45
NL 1 <1 3 2 3 <1 0na<l 0 1 1 0 0 2 8 5 4 5 3 74 8078 7075 16 1414 2316
Canada 66 63 62 58 49 7 811 13 6 5 4 4 4 4 1 12 3 8 19 1818 1821 2 5 3 412

1 Percentages denote pulse crops for the 3 Prairie Provinces and Ontario, but potatoes for all other provinces. Canadian percentages denote potatoes + pulse crops.

2 Not available due to data suppression.
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and increasing the amount in oilseeds (from 6%
to 16%) and pulses (from less than 1% to 14%).
Together, the amount of pasture and forage land
increased by 0.26 million ha, pointing to con-
tinued expansion of the livestock industry. The
use of conventional tillage decreased from 64%
of cropped land in 1991 to 32% in 2001, when
29% of this land was under conservation tillage

and 39% was no-till. Treatment of summerfallow

showed a similar trend, with soil-conserving
practices (tillage + chemical and chemical-only)
used on 43% of summerfallow in 1991 as com-
pared to 52% in 2001.

Manitoba: Between 1981 and 2001, small
changes occurred in the area of farmland in
Manitoba, which remained relatively stable at
approximately 7.6 million hectares. The propor-
tions of cultivated farmland, pasture and “other
land” also remained relatively constant over this
20-year period, accounting for about 65%, 26%
and 9% of farmland respectively. The amount
of farmland under summerfallow decreased by
0.34 million hectares, from 8% in 1981 to 3%
in 2001, and annually cropped land exhibited
an increase of similar magnitude. Cropping pat-
terns changed as producers diversified, resulting
in a drop in the area devoted to cereals (from
67% of cropland in 1981 to 52% in 2001) and
an increase in oilseeds (from 15% of cropland in

1981 to 21% in 2001) and pulses (from 1% of
cropland in 1981 to 3% in 2001). An increase
in forage crops, from 13% to 20%, of cropped
land, more than compensated for a decrease in
pasture, pointing to continued commitment to
the livestock industry. The use of conventional
tillage practices on cropped land decreased from
66% in 1991 to 54% in 2001, when 33% of this
land was under conservation tillage and 13%
was no-till. Summerfallow treatments showed

a similar trend, with soil-conserving practices
(tillage + chemical and chemical-only) used on
50% of summerfallow in 2001, compared with
27% in 1991.

Ontario: The total amount of farmland, culti-
vated land and pasture all declined, whereas
the amount of cropped land increased slightly,
pointing to an intensification of cropping. Total
farmland in Ontario decreased from 6.0 million
hectares in 1981 to about 5.5 million hectares
in 2001. Cultivation intensity increased, with
cultivated land going from 61% of farmland

to 67% and the proportion of pasture dropping
from 24% of farmland to 15% over this 20-year
period. The area of row crops as a proportion
of total farmland decreased by about 2%,
whereas the “other land” category remained
fairly constant at about 17%. The amount of
summerfallow was very small throughout this

Table 6-3: Tillage and summerfallow practices, 1991 to 2001

Share of cropland area in various tillage practices (in %) Share of summerfallow area in various regimes (in %)

Province Conventional Conservation No-till Tillage only Till. and chemical Chemical only

91 96 01 91 96 01 91 9 01 91 96 01 91 9 01 91 9 01
BC 83 65 65 12 24 21 5 10 14 66 65 65 31 29 30 3 5 6
AB 73 57 37 24 33 35 3 10 27 58 51 39 37 38 38 5 11 24
SK 64 45 32 26 33 29 10 22 39 57 55 48 39 37 36 4 9 16
MB 66 63 54 29 28 33 5 9 13 73 61 50 24 34 38 3 6 12
ON 78 59 52 18 22 22 4 18 27 66 53 65 26 38 24 8 9 11
Qc 85 80 77 12 16 19 3 4 5 48 43 56 28 25 18 24 32 26
NB 85 80 82 12 18 15 2 2 3 79 72 71 8 17 20 12
NS 88 77 71 8 20 20 4 3 8 72 62 69 19 26 19 9 13 12
PEI 91 82 76 8 16 22 1 2 2 35 55 44 23 32 17 42 13 39
NL 84 88 76 8 8 13 8 4 11 49 74 62 38 19 7 13 7 30
Canada 69 53 41 24 31 30 7 16 30 58 54 46 38 37 36 4 9 18
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period, falling to less than 1% in 2001. The
proportion of annually cropped land devoted
to cereal grains dropped from 24% in 1981

to 15% in 2001. The proportion of cropped
land used for other crops remained relatively
constant over this period, with the exception
of corn, which decreased from 31% in 1981 to
26% in 2001. The use of conventional tillage
on cropped land decreased from 78% in 1991
to 52% in 2001, when 22% was under conserva-
tion tillage and 27% was no-till.

Quebec: As in Ontario, the changes in agricultural
land point to an intensification of cropping. The
total area of farmland decreased from 3.8 million
hectares in 1981 to about 3.4 million hectares in
2001, whereas the amount of cropped land
increased by about 0.1 million hectares.
Cultivation intensity increased, with cultivated
land going from making up 48% of farmland to
55% and the proportion of pasture declining from
21% to 11% of farmland over this 20-year period.
The proportion of annually cropped land devoted
to cereal grains dropped from 20% in 1981

to 17% in 2001, whereas the proportion of
cropped land used for other crops remained
relatively constant over this period, with the
exception of corn, which increased from 14% to
26%, and forage, which decreased from 61% to
42%. The area planted to row crops increased from
8% of all farmland to16%, whereas the “other
land” category remained fairly constant at about
34%. The use of conventional tillage declined from
85% of cropped land in 1991 to 77% in 2001,
when 19% of this land was under conservation
tillage and 5% was no-till. The amount of summer-
fallow was very small throughout this period,
falling to less than 1% in 2001.

New Brunswick: Changes in agricultural

land use in New Brunswick likewise indicate an
intensification of cropping. The total amount
of farmland in New Brunswick decreased from
about 0.44 million hectares in 1981 to about
0.39 million hectares in 2001. Cultivation
intensity increased, with cultivated land going
from making up 31% of farmland to 39% and
the proportion of pasture declining from 20% to
12% over this 20-year period. The proportion of
farmland in row crops and in the “other land”
category remained relatively constant at about
7% and 50% respectively. The amount of annu-
ally cropped land increased by slightly more
than 20,000 hectares from 1981 to 2001. The

proportion of cropland devoted to cereal grains,
corn and potatoes remained fairly constant at
approximately 21%, 2% and 16% respectively.
Forages decreased from 56% of cropped land

to 52% over the 20-year period. No clear trend
is evident in the mix of tillage practices, as
conventional tillage practices were used on
approximately 82% of cropped land throughout
the period. In 2001, approximately 15% of
cropped land was under conservation tillage
and 3% was no-till. The amount of summerfal-
low was very small throughout the period,
falling to less than 1% in 2001.

Nova Scotia: The total amount of farmland and
pasture in Nova Scotia decreased, whereas the
amount of cropped land increased slightly, indicat-
ing an intensification of cropping. The total area
of farmland in Nova Scotia decreased from about
0.47 million hectares in 1981 to about 0.41 mil-
lion hectares in 2001. Cultivation intensity
increased, with cultivated land going from 25% of
farmland to 32% and the proportion of pasture
decreasing from 20% to 14% over this 20-year
period. The proportion of farmland in row crops
and in the “other land” category remained
relatively constant at approximately 2% and

57% respectively. The amount of cropped land
expanded by slightly more than 15,000 hectares
between 1981 and 2001. The proportion of
cropland devoted to cereal grains decreased from
16% in 1981 to 9% in 2001, a decline of about
6,000 hectares. Corn and potatoes remained rela-
tively constant over this period at approximately
4% and 2% respectively. The proportion of
cropped land used for forage fluctuated around
60%. The use of conventional tillage on cropped
land decreased from 88% in 1991 to 71% in
2001, when 20% was under conservation tillage
and 8% was no-till. The amount of summerfallow
was very small throughout the period, falling to
less than 1% in 2001.

Prince Edward Island: The total amount of
farmland and pasture in Prince Edward Island
decreased, whereas the amount of cropped

land increased slightly between 1981 and 2001.
Farmland in Prince Edward Island decreased
from about 0.28 million hectares in 1981 to
about 0.26 million hectares in 2001. Cultivation
intensity increased, with cultivated land going
from 57% of farmland to 67% and the propor-
tion of pasture declining from 18% to 10%. The
proportion of farmland in row crops increased
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from 11% in 1981 to 18% in 2001. The propor-
tion of land in the “other land”

category fluctuated around 25%. The area of
cropped land increased by slightly more than
17,000 hectares between 1981 and 2001. The
proportion of cropland used for cereal grains
decreased from 46% in 1981 to 36% in 2001,
whereas the proportion in potatoes increased
from 16% in 1981 to 25% in 2001. The propor-
tion of cropped land in corn and forages
remained relatively constant at 1% and 33%
respectively. The use of conventional tillage
decreased from 91% of cropped land in 1991 to
76% in 2001, when 22% was under conservation
tillage and 2% was no-till. The amount of land
under summerfallow was very small throughout
this period, falling to less than 1% in 2001.

Newfoundland and Labrador: Between 1981
and 2001, the total amount of farmland in
Newfoundland increased from about 33,000
hectares to about 40,000 hectares. Cultivated
land increased slightly as a proportion of farm-
land, from 15% to 22%, whereas pasture shrank
from 64% to 24% over the 20-year period. The
proportion of farmland in row crops remained
relatively stable at about 2%, and the proportion
of “other land” fluctuated between about 50%
and 60%. The amount of annually cropped land
increased by slightly more than 4,000 hectares,

with the proportion devoted to cereal grains
increasing from 1% in 1981 to 3% in 2001.
The proportion in potatoes decreased from 8%
in 1981 to 3% in 2001, whereas forages fluctu-
ated between about 75% and 80%. The use

of conventional tillage on cropped land
decreased from 84% in 1991 to 76% in 2001,
when 13% was under conservation tillage

and 11% was no-till.
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7. Farm Environmental
Management Practices

B SUMMARY

Farm environmental management has important implications for the environmental sustainability of

the agriculture sector and Canadian producers can implement environmentally beneficial management
practices (BMPs) without compromising profitability. This chapter examines the level of adoption of
beneficial management practices related to agricultural inputs such as mineral fertilizers, pesticides
and manure, as well as water management. The analyses are based on a national farm environmental

management survey conducted in 2001, but also make use of data obtained from other related information

sources. For example, temporal trends in manure storage and application practices, identified through

comparison with a 1995 survey, are also discussed.

In 2001, most Canadian farms used mineral fertilizers and one-half conducted soil testing, as recom-

mended, at least once every three years. Producers tend to reduce fertilizer use when nutrients are supplied
through manure spreading. With respect to fertilizer application methods, only 9% of farms used knifing-in
or injection, the most environmentally beneficial approaches. However, application with seed, also a good
practice because of the reduced potential for nutrient loss, was the prevalent method used throughout the

grain growing regions of the Prairies, particularly in Saskatchewan (58%). About 62% of farms store

manure from livestock in solid form. Liquid manure storage has gained increasing acceptance in the dairy
sector, and liquid manure storage capacity is generally sufficient to ensure that good manure management

practices can prevail. Manure application methods have changed little, but the optimal approach of
injecting liquid manure is on the rise. Timing of manure incorporation is not always optimal, as many
farms incorporate manure late or not at all, and only 15% use the most beneficial practice of promptly
incorporating manure. However, as the prevalence of liquid manure systems increases, the practice of

prompt incorporation is also expected to rise. Although pesticides are typically applied by a certified
operator, the equipment is usually only calibrated at the start of the season; few producers re-calibrate
before using a different pesticide. The timing of insecticide applications tends to be optimal, i.e. done
when pest numbers exceed acceptable levels, especially in the Prairies. By contrast, the environmentally
optimal signal for herbicide application—weeds exceeding acceptable levels—is not widely used. Overall,
Canadian producers are maintaining vegetated riparian strips and Keeping livestock away from water

bodies, thereby helping to minimize adverse effects on surface waters.

B THE ISSUE

From an environmental perspective, many farm
management decisions are important because
they represent a direct link between the primarily
economic focus of agriculture and the potential
environmental consequences of agricultural pro-
duction. However, producers sometimes perceive
changes in farming practices that are made solely
for environmental reasons as being detrimental
to farm profitability. Fortunately, this kind of
trade-off does not always occur, as producers can
adopt some beneficial management practices that
allow them to maintain or improve productivity

while protecting the environment. This chapter
examines the extent to which the practices of
Canadian farmers correspond to the notion of
BMPs. The variables reported on here are not
agri-environmental indicators per se. Rather,
they are key pieces of information that provide
valuable insight into the results and trends

revealed by the indicators covered in this report.

More specifically, the present chapter focuses on
the level of adoption of a subset of key BMPs
related to mineral fertilizers, manure, pesticides
and water management.
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Mineral fertilizers: An adequate supply of
nutrients, especially nitrogen, phosphorus and
potassium, is essential to good plant growth.
Many farmers seek to maximize the productivity
and economic returns of their crops by applying
mineral fertilizers. When correctly applied in
the right amounts, these inputs help produce

a robust crop that will yield a good harvest.

An undersupply can lead to depletion of the
nutrients in the soil and in turn spell economic
losses for farmers. The total economic costs of
adding inputs—purchase, transportation and
application—is a significant part of the farm
budget. The environmental costs of applying
nutrients can also be high. Excess nutrients

can be lost from farmland through leaching,
evaporation or run-off, potentially creating
environmental problems such as surface and
groundwater pollution, deposi-
tion of ammonia and acid rain,
and emissions of nitrous oxide
(a greenhouse gas). By applying
beneficial management prac-
tices to optimize fertilizer use,
farmers can improve yields
while keeping costs down and
protecting the environment.

Manure: Growing livestock
populations and greater
concentrations of animals in
certain geographic areas have
led to heightened concerns

In March 2002,
Statistics Canada,
in partnership with

Agriculture and
Agri-Food Canada,
conducted a survey

on environmentally-
related farm
management practices.

Pesticides: Chemical pesticides are used to
limit damage to crops and mitigate economic
losses caused by crop pests. However, they, too,
can contribute to environmental degradation.
Although the newer pesticide products are
generally safer and pose fewer environmental
risks, there is still concern about the impacts of
pesticides on non-target species and on water
quality. Poor choice of pesticides and inappro-
priate timing and application may lessen soil
and water quality because of the presence of
pesticide residues, reduced air quality from
spray drift and vapour from volatilized spray
materials. Furthermore, there may be negative
impacts on biodiversity because of the effects on
non-target species and interference with normal
predator—prey relationships.

Water: The protection of water
quality is a top environmental
priority for all Canadians, as
evidenced by recent health
concerns related to domestic
water supplies. Furthermore,
agricultural producers require
reliable supplies of high-quality
water for irrigation and live-
stock watering. Changes in
production practices and land
use in many areas in recent
decades have had negative
impacts on water quality,
mainly through increased

about methods of manure

storage and application. This is perhaps the
greatest environmental challenge that livestock
producers face, a challenge that is likely to
increase as livestock numbers grow and farming
operations become larger and more intensive. As
an agricultural input, manure can be an inex-
pensive source of crop nutrients, offsetting the
cost and the potential environmental risks of
mineral fertilizers. However, excessive or incor-
rect application can give rise to environmental
problems such as run-off into surface waters and
leaching into groundwater. This is particularly
problematic in local areas with limited farm-
land, high livestock concentrations and
encroaching urban populations.

presence of sediment,
pathogens, nutrients and pesticides in nearby
water bodies. In addition to effective nutrient
and pesticide management, producers can apply
some beneficial management practices to mini-
mize the risk of water contamination, such as
protecting riparian areas and controlling
access to waterways by grazing animals.

B THE SURVEY

In March 2002, Statistics Canada, in partnership
with Agriculture and Agri-Food Canada, con-
ducted a survey on environmentally-related
farm management practices—the 2001 Farm
Environmental Management Survey or FEMS
(Statistics Canada 2002). A questionnaire with
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57 questions on various aspects of the manage-
ment of manure, fertilizers, pesticides, water
and land, as well as on environmental farm
planning, was sent to 22,000 farms across
Canada (excluding the Yukon, Northwest
Territories and Nunavut) with sales of greater
than $10,000. The survey was designed to pro-
vide results complementing the information
compiled in the 2001 Census of Agriculture
(Statistics Canada 2001). It was well received
and achieved an overall response rate of more
than 76%.

The information presented in this chapter has
been compiled from a subset of 15 variables
analysed in FEMS. The comprehensive results
of FEMS are available from Statistics Canada.
Additionally, the manure storage and applica-
tion results of FEMS are compared with those
from a similar survey—the 1995 Farm Inputs
Management Survey or FIMS (Statistics Canada
1995). This was done to provide a time-based
comparison of the level of adoption of specific
beneficial management practices.

B LIMITATIONS

Farm management practices and their environ-
mental impacts vary regionally since agricultural
production, soil quality, landscape, weather

and other aspects also vary from one region to
another. This regional variation sometimes
makes it difficult to interpret survey results in

a consistent way. For example, practices that
entail higher risks in one region may well be
acceptable in other regions. Readers are advised
to use caution when interpreting the FEMS
results presented in this chapter. Though
interesting and relevant, these results are
insufficient in themselves to assess environmen-
tal risks. The FEMS data are meant to provide
an overall picture of the level of adoption of
various farming practices that may affect the
environment. To have a full appreciation of the
implementation of environmental management
practices and of their impacts (positive or nega-
tive) on agroecosystems, additional information
and more comprehensive analysis is required.
Such information is provided by the agri-
environmental indicators presented in this
report. Finally, for manure management practices,
differences in survey design between FIMS and

FEMS may have affected comparisons of the 1995
and 2001 results, although attempts have been
made to account for this.

Results and Interpretation

Mineral fertilizer: Results are presented in
Table 7-1. The proportion of farms that use min-
eral fertilizer on crops is provided for reference.
In 2001, 75% of farms in Canada used fertilizer,
with the highest proportion in Prince Edward
Island (85%) and Ontario (81%). British
Columbia had the lowest proportion of farms
using fertilizer (62%), followed by Alberta and
New Brunswick (69% each).

1) Method of fertilizer application: This
aspect is expressed as the proportion of farms
that use the following methods of mineral fer-
tilizer placement (ranked from most to least
environmentally desirable): injected into soil
(liquid fertilizers and anhydrous ammonia)
or banded (dry fertilizer), applied with seed,
broadcast or other. Injection reduces odours
and volatilization of nitrogen and enhances
crop uptake, whereas banding increases
crop uptake by placing fertilizer near the
root. Broadcasting accounted for about
one-third of all mineral fertilizer application
in Canada, as did application with seed.
Broadcasting was the most popular method
in all provinces except in the Prairies,
where applying fertilizer with seed was
more commonplace. The most environmen-
tally friendly option of knifing-in or injecting
fertilizer into the ground accounted for
only 9% of all commercial fertilizer applica-
tion methods in Canada. This practice was
most prevalent in the Prairies. Banding
accounted for a little over 17% of all methods.

2) Use and frequency of soil nutrient
testing: This is expressed as the proportion
of farms using mineral fertilizer that con-
duct soil tests at specified intervals: every
year; every two to three years; every four to
five years; at intervals of over five years; and
soil not tested. The greater the frequency of
soil testing, the greater the likelihood that
nutrient application rates will be matched to
crop requirements. Soil testing at least once
every three years is desirable. FEMS results
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Table 7-1: Selected aspects of mineral fertilizer management in Canada, 2001

BC AB SK MB ON ac NB NS PEI NL Canada

Application of mineral fertilizer Share of farms growing crops (in %)

Farms using mineral fertilizers 62 69 15 18 81 n 69 16 85 n 15
Method of fertilizer application Share of farms using mineral fertilizers (in %)

Injected or knifed-in 5 10 11 11 7 6 X 2 X X 9
Post-plant, top/side dressing 7 1 1 2 4 5 X 7 4 X 3
Applied with seed 9 41 58 40 22 27 X 12 31 X 36
Banding 11 18 21 20 15 15 15 10 22 16 17
Broadcasting 56 28 9 26 49 45 51 65 41 56 33
Other 12 2 1 1 3 1 X 5 X X 2
Frequency of soil nutrient testing Share of farms using mineral fertilizers (in %)

Every year 16 26 17 26 14 20 23 11 29 23 20
Every 2 to 3 years 23 23 24 27 38 39 22 23 30 27 30
Every 4 to 5 years 10 9 10 9 15 23 16 17 15 15 13
Every 5 years or more 19 12 13 13 13 9 21 21 X X 13
Not tested 33 30 35 25 20 8 19 30 X X 25
Reduction of fertilizer to offset manure Share of farms using mineral fertilizers (in %)

Yes 32 39 21 37 55 72 55 56 12 59 43
No 16 15 17 15 8 5 22 13 X X 13
Not applicable 52 46 61 49 37 23 24 32 X X 44
Nutrient management plan (NMP) Share of farms using mineral fertilizers (in %)

Farms that have a NMP 11 11 6 13 12 47 14 5 9 10 15

X: Data suppressed to maintain confidentiality
Source: Statistics Canada, 2001 Farm Environmental Management Survey

indicate that soil testing is a popular
method of deciding on the amount and type
of commercial fertilizer to apply. About
three-quarters of farms in Canada test

their soils to determine the level of nutrient
carry-over and almost 50% of these farms

do so at least every three years. Most farmers
test soils every two or three years, while

less than 20% carried out soil testing on an
annual basis. Among the provinces, farmers
in Quebec and Prince Edward Island tested
their soil more frequently, while in Nova
Scotia and, to a lesser extent, British
Columbia, testing tended to be done less
frequently. About 40% of farmers in

Central Canada tested their soil every

two to three years.

3) Reduction in fertilizer use to offset

nutrients in manure: This is expressed

as the proportion of farms using mineral
fertilizers that reduce the amount of fertilizer
when using manure (yes), versus those that
don’t (no), or for which this practice is not
applicable (e.g. don’t use manure on their
land). Accounting for manure inputs reduces
the risk of oversupplying nutrients and
subsequent losses to the environment.
Approximately 43% of Canadian farmers
reduced their fertilizer application to land to
which manure had been applied, while 13%
did not. This situation is not applicable to
the remaining 44% of farms applying fertiliz-
ers. The proportion of farms that follow this
beneficial management practice is somewhat
higher in Eastern Canada and lower in the
western provinces.
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4) Nutrient management plans (NMP):
This reflects the proportion of farms that
have developed a nutrient management
plan—a formal written plan that is prepared
by a trained person or specialist and that
considers issues such as application method
and timing, carry-over of nutrients and
distance from water bodies. These plans may
be developed out of a desire to increase the
efficiency of nutrient use and to minimize
risks to the environment, or in accordance
with provincial government regulations.
According to FEMS, 47% of farms in Quebec
have a NMP, a significantly higher percent-
age than in other Canadian provinces.

Manure: Results are presented in Table 7-2
(manure storage) and Table 7-3 (manure applica-
tion). Survey results showed that, in 2001, animal
manure was stored on about 76% of Canadian
farms with livestock. About 62% of these

farms stored manure in solid form, 7% in liquid
form and 7% in both solid and liquid form.
Comparisons between 1995 and 2001 relating
to five variables are discussed below. Generally,
survey results suggest that significant recent
investments in the livestock sector have
included investments in new state-of-the-art
liquid systems.

5) Storage methods for solid and liquid
manure: This is expressed as the percentage
of animals (dairy cattle, beef cattle and hogs)
for which various storage systems are used.
For solid manure, storage methods include
the following: covered storage pad (optimal),
open pad with run-off containment, open
pad without containment, manure pack,
covered open pile, uncovered open pile
(riskiest) and other methods. For liquid
manure, storage methods consist of a sealed
covered tank (optimal), tank below slatted
floor, open tank, lined lagoon, unlined
lagoon (riskiest) and other methods. Liquid
manure systems are sometimes considered
environmentally safer than solid manure
systems because of the greater level of
manure containment they provide and
because they are usually designed by engi-
neers and companies that specialize in their
construction. Nonetheless, liquid systems
often require more labour and greater
management intervention for effective

6)

operation. Furthermore, solid systems are
not necessarily environmentally detrimental
given favourable factors like production
system or agronomic conditions.

In dairy production, liquid manure storage is
increasingly being used, as evidenced by the
expanding proportion of dairy cattle man-
aged with liquid manure systems between
1995 and 2001. Increases in the use of

these systems are observed in most regions,
especially in Manitoba and Saskatchewan.

In addition, the type of liquid system in use
has improved as farmers have moved from
low-containment solid systems, such as open
piles without roofs, to high-containment
tank-based liquid systems. Although more
beef farms are using liquid systems, they still
represent a very small segment of the beef
sector. More importantly, beef producers
have shifted from lower containment solid
systems (open piles without a roof/open pad
without containment) to higher contain-
ment systems (open piles with a roof/open
pad with containment). In 1995, hog pro-
ducers mainly used liquid manure storage
systems in all regions except Atlantic
Canada. By 2001, however, Atlantic region
hog production had shifted to liquid systems
to the same extent as the rest of the country.

Manure application method: This is
expressed as the percentage of crop area
receiving manure through various applica-
tion methods. For liquid manure, injection
directly into the soil is considered the best
practice. Surface application and irrigation-
system application typically produce more
odours and are often more susceptible to
nutrient run-off and ammonia nitrogen
losses. Methods of manure application to
land did not change significantly between
1995 and 2000. Solid manure application
by spreader declined in all provinces except
British Columbia, a trend likely related to
the larger number of liquid manure storage
systems across Canada. Application through
irrigation systems, never a prevalent practice
and noteworthy only in Ontario and British
Columbia, shows a downtrend across the
country. The practice of applying liquid
manure to the surface increased in each of
the eastern provinces but declined in three
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Table 7-2: Selected aspects of manure storage practices in Canada, 1995, 2001

SOLID MANURE
Share of animals treated with each method (in %)
BC AB SK MB ON ac Atlantic  Canada
95 01 95 01 95 01 95 01 95 01 95 01 95 01 95 01
Dairy cattle
Open pile — without roof 21 7 20 31 5 39 36 30 21 19 53 20 57 30 35 21
Open pile — with roof 0 1 3 4 0 1 0 0 0 1 1 2 1 1 0
Manure pack 0 6 17 33 40 30 40 33 4 10 0 1 2 6 4 9
Open pad, no containment 2 2 0 1 0 0 0 0 20 12 7 3 0 6 10 6
Open pad with containment 2 7 0 1 0 3 14 2 13 14 13 16 9 8 11 12
Covered storage pad 2 9 0 0 0 0 0 0 0 2 1 5 3 7 1
Other solid storage 2 2 14 2 0 2 4 5 3 4 1 7 10 4 3 5
Total solid storage 30 34 54 13 97 15 9% N 60 61 15 54 82 60 65 57
Beef cattle
Open pile — without roof 49 58 46 50 52 49 45 57 40 32 71 45 62 48 48 47
Open pile — with roof 1 1 2 1 1 2 6 2 5 3 1 5 0 3 2 2
Manure pack 47 28 52 35 46 36 46 32 11 23 7 12 20 22 43 31
Open pad, no containment 2 1 0 3 0 2 1 0 27 15 8 2 4 5 4 5
Open pad with containment 0 5 0 2 1 1 1 0 9 10 8 9 49 2 4
Covered storage pad 0 3 0 0 0 0 0 0 3 1 1 7 2 1 0 1
Other solid storage 0 1 0 4 0 9 1 9 0 2 3 6 11 0 5
Total solid storage 100 97 100 95 99 100 100 100 94 84 98 86 93 89 99 94
Hogs
Open pile — without roof 3 1 6 7 10 4 1 4 4 3 0 3 8 9 4 4
Open pile — with roof 0 1 0 5 1 0 0 2 0 0 0 0 0 0 0 1
Manure pack 1 0 1 3 5 3 1 2 0 7 0 1 0 3 1 4
Open pad, no containment 0 0 0 1 0 0 0 1 8 2 0 0 0 4 2 1
Open pad with containment 0 0 0 0 0 2 0 0 3 3 0 1 0 1 1 1
Covered storage pad 0 0 0 0 0 6 1 0 0 0 0 1 16 0 1 1
Other solid storage 0 4 1 9 0 2 1 5 0 1 0 0 28 1 1 3
Total solid storage 4 5 9 24 15 18 4 14 16 16 0 5 52 17 9 14

LIQUID MANURE

Share of animals treated with each method (in %)

BC AB SK MB ON ac Atlantic  Canada

95 01 95 01 95 01 95 01 95 01 95 01 95 01 95 01

Dairy cattle
Unlined lagoon 37 17 9 16 1 13 0 9 10 14 14 8 5 11 13 12
Lined lagoon 13 18 23 4 0 3 0 7 4 3 0 2 5 3 5 4
Open tank 13 14 10 1 0 3 1 3 11 13 11 29 6 9 10 17
Tank below slatted floor 0 6 4 5 3 1 0 4 10 7 0 1 2 10 4 4
Sealed covered tank 8 9 0 1 0 3 5 3§ 5 2 0 2 1 5 3 3
Other liquid storage 0 2 0 1 0 1 0 3 0 1 0 5 0 2 0 3
Total liquid storage 70 66 46 27 3 25 6 29 40 39 25 46 19 40 35 43

Beef cattle
Unlined lagoon 0 0 0 5 1 0 0 0 0 2 1 2 7 4 0 3
Lined lagoon 0 3 0 0 0 0 0 0 1 0 0 1 0 0 0 0
Open tank 0 0 0 0 0 0 0 0 4 9 1 8 0 0 1 2
Tank below slatted floor 0 0 0 0 0 0 0 0 0 4 0 1 0 4 0 1
Sealed covered tank 0 0 0 0 0 0 0 0 1 0 0 1 0 4 0 0
Other liquid storage 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
Total liquid storage 0 3 0 5 1 1 0 0 6 16 2 14 11 1 6

Hogs
Unlined lagoon 48 9 21 22 28 18 38 27 10 4 5 5 13 13 30 12
Lined lagoon 0 32 15 33 46 17 1 22 3 2 0 0 13 1 9 12
Open tank 0 5 6 2 0 0 3 7 24 32 44 74 12 31 18 30
Tank below slatted floor 0 41 47 14 11 45 9 18 18 38 0 1 9 17 17 21
Sealed covered tank 48 9 2 3 0 2 46 6 29 8 3 4 0 21 17 5
Other liquid storage 0 0 2 1 1 1 0 8 0 1 3 12 0 0 1 5
Total liquid storage 9% 95 91 76 85 82 9% 86 85 84 100 95 48 83 91 86

X: Data suppressed to maintain confidentiality. Source: Statistics Canada, 2001 Farm Environmental Management Survey
Source: Statistics Canada, 1995 Farm Inputs Management Survey
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Table 7-3: Selected aspects of manure application practices in Canada, 1995, 2001

Share of crop area receiving manure hy each method (in %)

BC AB SK MB ON ac NB NS PEI NL Canada
95 01 95 01 95 01 95 01 9501 95 01 95 01 9501 9501 9501 9501
Manure application method
Solid manure spreader 60 65 82 81 89 8 70 66 73 66 62 53 79 69 73 68 8 79 62 57 13 67
Irrigation system application 3 4 1 0 0 0 3 1 5 4 3 1 1 1 10 0 0 11 3 2
Surface liquid manure application 34 30 15 15 8 6 24 17 22 28 33 42 21 30 26 31 1521 37 42 23 26
Injected liquid manure 3 1 33 3 9 3 16 1 3 2 4 0 1 1 1 0 0 0 0 2 5
Share of manure produced (in %), 2001*
BC AB SK MB ON QcC NB NS PEI NL Canada
Timing of manure incorporation into soil
Injected or incorporated the day of application 16 18 14 21 20 18 16 X 14 X 18
Manure incorporated within one week of application 29 34 30 34 43 37 41 X 33 X 35
Manure left on surface or incorporated after more than 7 days 55 43 56 46 37 45 44 X 54 X 41
*: Data is available for 2001 only
X: Data suppressed to maintain confidentiality
Share of farms that store liquid manure (all livestock combined) (in %)
BC AB SK MB ON ac NB NS PEI NL Canada
95 01 95 01 95 01 95 01 9501 95 01 95 01 9501 9501 9501 9501
Liquid manure storage capacity
100 days or fewer 21 8 41 26 36 40 71 34 5 5 2 X 0 X 16 0 X X 0 0 17 8
101 to 151 days 13 388 13 9 13 X 6 14 12 5 4 X 50 X 16 17 0 X 0 X 10 6
151 to 200 days 44 37 16 9 0 10 X 8 3223 10 7 0 21 31 28 7430 X 70 20 15
201 to 250 days 7 6 39 0 X X 2 1818 18 20 50 21 22 30 X 25 X X 13 16
More than 250 days 15 11 28 47 51 39 23 42 33 50 67 71 0 X 16 25 0 X X X 40 55
X: Data suppressed to maintain confidentiality
Share of manure applied each season (in %)
BC AB SK MB ON ac NB NS PEI NL Canada
95 01 95 01 95 01 95 01 9501 95 01 95 01 9501 9501 9501 9501
Timing of manure application
Winter 9 5 5 3 5 2 7 2 6 4 0 0 1 0 2 X 2 X 20 4 2
Spring 46 53 27 30 20 28 19 20 41 40 27 50 40 53 45 42 61 50 59 54 30 35
Summer 11 19 14 21 26 25 23 23 1923 23 X 23 0 13 27 8 X 16 13 20 27
Autumn 35 23 54 46 49 45 52 56 35 32 50 0 36 47 41 29 2935 22 33 46 36

X: Data suppressed to maintain confidentiality
Source: Statistics Canada, 2001 Farm Environmental Management Survey
Source: Statistics Canada, 1995 Farm Inputs Management Survey
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7)

of the four western provinces (though
Alberta essentially shows no change).
Injection of liquid manure has increased

in all provinces (except British Columbia),
particularly in Manitoba and Saskatchewan,
the two provinces showing the largest shifts
from solid manure systems to liquid manure
systems in their dairy sectors.

Timing of manure incorporation into
soil: This is expressed as the percentage

of manure incorporated into the soil at
various time periods following application.
Immediate injection or incorporation as
soon as possible after spreading are consid-
ered the most environmentally beneficial

and economically optimal. The optimum
time frame for application varies by region,
but a minimum capacity of 200 days is
considered a good benchmark. In general,
liquid manure storage capacity increased
between 1995 and 2001 on all farms with
these systems. The number of lower capacity
systems, holding fewer than 200 days of
production, has declined and have been
replaced by higher capacity storage systems.
Over half (55%) of farms with liquid systems
in 2001 could store more than 250 days of
manure production compared to 40% in
1995. In fact, 10% of farms could store
more than 400 days of manure production.

practices, as they reduce odour problems 9) Timing of manure application: This is
and risks associated with run-off and nutri- expressed as the percentage of manure

ent losses. On average, only 15% of farms applied during each season. Application in
inject liquid manure or incorporate solid the summer after planting makes nutrients
manure the same day as it is applied to land. immediately available to growing crops,
The farms that do this tend to be larger than reducing the risk of losses to the environ-
average, collectively accounting for 18% of ment. Application in spring, prior to

the manure produced. planting, and in fall, after
Incorporation within a I  harvest, is more prone to some

week of application, the
second best practice, is
done by 32% of farms
comprising 35% of manure
production. The least
environmentally favourable

In general, liquid
manure storage capacity
increased between 1995

and 2001.

nutrient losses. Winter applica-
tion is generally not considered
appropriate, although it can
safely be practiced in some
areas with very short winters,
such as southern Ontario and

practice of late or no
incorporation characterizes
more than half (52%) of all farms, represent-
ing slightly less than half (47%) of the
manure produced. The patterns of manure
incorporation do not differ significantly
among the provinces, although broadly
speaking, New Brunswick, Quebec and
Ontario tend to incorporate surface-applied
manure more promptly than the other
provinces. It should be noted that informa-
tion on this variable is available only for
2001, so comparisons cannot be made

with 1995.

8) Liquid manure storage capacity: This

is expressed as the percentage of all farms
that use liquid manure storage systems of
different capacities. Ideally, this capacity
should be sufficient to provide flexibility in
the timing of manure application, allowing
this to be done when both environmentally

Vancouver Island. Elsewhere
though, losses to the environ-
ment are likely to be high because of the
inability of frozen ground to absorb manure
nutrients. Although most manure in Canada
is applied in autumn and spring respectively,
application patterns differ from region to
region because of differences in the type of
livestock and crops produced. Farmers in
British Columbia, Ontario and the Atlantic
Region apply the bulk of their manure pro-
duction in the spring. Conversely, farmers in
the Prairie Provinces apply the bulk of their
manure production in the autumn.

Pesticides: Results are presented in Table 7-4.
The proportion of farms growing crops that use
pesticides (herbicides, insecticides and fungi-

cides) is provided for reference. In 2001, 73%
of farms in Canada used at least one pesticide.

This represents a slight drop of 4% from 1995

(not shown in table). The largest percentage
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Table 7-4: Selected aspects of pesticide (herbicides, insecticides, fungicides) management

in Canada, 2001

BC AB Sk MB ON ac NB NS PEI NL Canada
Application of pesticides Share of farms growing crops (in %)
Farms using pesticides 48 65 83 77 79 68 54 48 80 56 13
Certified pesticide applicator Share of farms using pesticides (in %)
Pesticides applied by a formally certified person 65 43 36 54 93 62 93 X 95 X 61
Sprayer calibration frequency Share of farms using pesticides (in %)
Upon breakage / major component replacement 5 4 4 3 2 9 4 X 6 X 4
Before beginning of each crop season 39 46 54 54 45 49 52 54 60 41 49
Between applications of different pesticides 15 13 18 13 12 8 11 13 8 37 14
Other 9 5 5 7 6 12 6 X 5 X 6
Never 4 6 6 4 2 3 4 X 8 X 4
Not applicable 28 26 14 20 33 20 22 26 14 19 23
Timing of herbicide application Share of farms using herbicides (in %)
Based on calendar dates 11 3 3 1 10 6 8 19 6 24 6
At the first sign of weeds 29 16 18 16 17 28 17 14 15 48 19
Based on crop growth stage 29 56 52 48 50 41 43 51 61 20 50
Based on regional monitoring of weeds 13 14 15 24 15 12 15 X 10 X 15
When weeds exceed acceptable levels 17 10 11 10 9 14 13 X 8 X 1"
Timing of insecticide application Share of farms using insecticides (in %)
Based on calendar dates 8 2 2 3 11 6 4 7 X X 5
At the first sign of pests 33 26 27 28 26 35 28 42 35 71 28
Based on crop growth stage 13 8 5) 11 19 11 15 X 16 X 1
Based on regional monitoring of pests 14 13 12 16 15 24 17 X X X 15
When pest numbers exceed acceptable levels 32 52 ) 43 29 24 37 X 30 X 41
Alternative methods of pest control Share of farms growing crops, more than one option per farm is possible (in %)
Tolerant or resistent plant 2 5 7 7 6 4 2 6 3 X 6
Intercropping 2 3 2 3 2 2 1 3 1 8 2
Green manure 3 2 2 2 4 9 4 4 5 8 3
Cover cropping 6 6 3 4 8 4 6 8 6 6 5
Fall seeding 3 2 2 6 3 1 4 6 4 X 3
Tillage 16 37 47 44 23 27 20 16 24 18 32
Mechanical weeding with rotary hoe 4 2 1 1 5 7 4 3 3 7 3
Mechanical weeding with cultivator 9 13 20 14 14 19 11 5 15 13 15
Hand weeding 18 6 3 3 12 6 7 18 5 21 8
Predators 4 1 0 0 1 1 X 4 1 0 1
Parasites 2 X 0 0 1 X 0 1 X X 0
Parsitoids 0 0 0 0 0 X 0 X X 0 0
Pheromones 4 0 X 0 0 0 X 2 X 0 0
Pathogens 0 X X X 0 0 0 X 0 0 0
Bacillus thuringiensis (Bt) 3 0 0 1 4 4 X 2 X 0 2
Ground cover 5 3 2 2 3 1 2 5 2 X 3
Floating covers 1 0 X 0 0 0 2 1 0 X 0
Mulching 8 2 1 2 3 2 2 5 3 6 2
Pit traps 1 0 X X 0 0 X X 0 X 0
Other methods 10 18 11 11 10 14 35 7 25 X 13

X: Data suppressed to maintain confidentiality

Source: Statistics Canada, 2001 Farm Environmental Management Survey
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of farmers who applied pesticides are found in
Saskatchewan (83%), followed by Prince Edward
Island (80%) and Ontario (79%). British
Columbia and Nova Scotia have the smallest
proportion of farmers using pesticides (48%).

10) Certified pesticide applicator: This is
expressed as the proportion of farms using
pesticides where pesticide application is
handled by someone with certified training
to do so. Given the nature of pesticides and
the importance of proper handling and
application, producers were asked whether
pesticide application on their farm is done
by a formally certified person. Nationally,
61% of farmers responded affirmatively. In
Ontario, Prince Edward Island and New
Brunswick, the percentage of certified
applicators was well over 90%.

11) Sprayer calibration frequency: This is
expressed as the percentage of farms that
apply pesticides using equipment that
has been calibrated at specified intervals:
between applications of different herbicides
(optimal); at the start of the crop season;
when the sprayer breaks down or major
parts are replaced; other and not applicable
(pesticides not applied with a sprayer).
Calibration before applying a different
pesticide helps ensure that application
is at the correct rate. Almost half of the
farmers in Canada only calibrate their
sprayers at the start of each season. Only
14% of Canadian farmers calibrate their
sprayer between applications of different
pesticides (the best practice), indicating
that there is room for improvement.

12) Timing of herbicide and insecticide

application: This is expressed as the
proportion of farms using herbicides where
treatment is timed according to one of the
following: when weeds exceed acceptable
level (e.g. economic injury threshold),
which is the optimal practice; regional
monitoring of weeds; crop growth stage;
first sign of weeds; or calendar dates (riskiest
practice). Applying pesticides only when
weed pressures approach or exceed eco-
nomic levels reduces quantities used and
associated costs and environmental risks.

Half (50%) of the farms in Canada apply
herbicides based on the growth stage of
their crop. All provinces reported similar
percentages, except Newfoundland and
Labrador (NL) and British Columbia, which
had much lower values. The second most
frequent trigger for herbicide application
was the first sign of weeds (19%), followed
by regional monitoring of pests (15%).

The former method was popular in
Newfoundland and Labrador and British
Columbia. The riskiest practice—applying
herbicides based on calendar date—was the
least used method in all provinces except
Ontario (only 10%) and Newfoundland and
Labrador (24%). This approach was fairly
prevalent in Nova Scotia (19%). With respect
to insecticide use, 41% of farmers applied
insecticides when they felt that the level of
pests exceeded acceptable levels (optimal
practice). While considerable variation was
observed across Canada, this method was
especially popular in the Prairies (between
43% and 53%). Another 28% of Canadian
farmers applied insecticides at the first sign
of pests (Newfoundland and Labrador had
the highest proportion, at 71%).
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13) Alternative methods of pest control: This
is expressed as the proportion of farms using
various non-chemical pest control alterna-
tives. While most of these methods have
been commonplace for many years (i.e.
tillage), some are more recent innovations
(e.g. Bacillus thuringiensis). Although there
is no single most optimal practice, these
alternative approaches are generally indica-
tive of efforts to minimize pesticide use
whenever possible. Tillage is the most com-
mon method used across Canada to control
weeds. Mechanical weeding with cultivators
and hand weeding are also used frequently.
Some of the pest control practices can be
described as biological methods, since they
involve utilizing biological agents such as
predators and parasites. These biological
methods represent a relatively small percent-
age of all alternative methods of pest control,
with British Columbia, Nova Scotia, Ontario
and Quebec being somewhat above the
national average.

Water: Some beneficial farm management
practices can be adopted to minimize the envi-
ronmental threats to surface water bodies from

farming activities. In addition to farm input

management, FEMS sheds light on the level of
adoption of some water management practices,
three of which are discussed below (Table 7-5).

14) Vegetation of areas adjacent to natu-
ral sources of water: This is expressed as
the proportion of farms with area adjacent
to surface water bodies that are keeping
these areas vegetated. The presence of
vegetative cover on areas adjacent to
natural water bodies helps prevent the
degradation of banks and captures farmland
run-off containing soil particles, nutrients
and pesticides. The survey asked whether
farmers used this practice, but it did not
collect information on the extent to which
they did so (e.g. all potential areas or only a
portion of them). In 2001, 76% of Canadian
farms maintained vegetative cover on at
least a portion of their land adjacent to
natural water bodies. The proportion is
comparable for all the provinces, though
slightly higher in Western Canada and in
Ontario.

Table 7-5: Selected aspects of farm management practices for water protection

in Canada, 2001

BC AB SK MB ON ac Atlantic Canada
Vegetation of areas adjacent to natural surface water Share of farms with areas adjacent to natural surface water (in %)
Yes* 77 76 79 79 78 70 73 16
No 23 24 21 21 22 30 27 24
Prevent direct access of grazing livestock to surface water hodies Share of farms with grazing livestock (in %)
Yes 63 52 41 54 74 60 61 57
No 37 48 59 46 26 40 39 43

Feed grazing livestock more than 100 metres away from surface
water bodies during winter

Yes 90
No 10

Share of farms with grazing livestock (in %)

93 89 91 91 90 88 91
7 11 9 9 10 12 9

* . At least a portion of the areas adjacent to natural surface water on these farms is vegetated

X: Data suppressed to maintain confidentiality
Source: Statistics Canada, 2001 Farm Environmental Management Survey
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15) Prevention of livestock access to surface
water bodies: This is expressed as the
proportion of farms with grazing livestock
that prevent these animals from having
direct access to surface water bodies. Grazing
animals can deposit manure directly in the
water, increasing the load of nutrients
and the risk of pathogen contamination.
They can also alter riparian areas, causing
increased erosion, compaction and sedimen-
tation. Nationally, in 2001, 57% of farms
with grazing livestock did not allow live-
stock access to surface water bodies, with
the highest proportions observed for eastern
provinces (especially Ontario) and British
Columbia (higher than 60% in all cases).

16) Feeding of grazing livestock away from
surface water bodies during winter
months: This is expressed as the proportion
of farms with grazing livestock that do not
feed their animals within 100 metres of
surface water bodies during the winter. The
feeding of grazing livestock in concentrated
areas near surface water bodies could have
negative impacts on water quality through
run-off losses of nutrients and pathogens
from feeding areas. Feeding livestock in
areas away from surface water bodies is an
effective way to reduce this type of risk.

In 2001, this BMP was adopted by almost
all farms with grazing livestock, as 91% of
Canadian farms with grazing livestock
reported that they did not feed animals
within 100 metres of surface water bodies
during the winter. This very high percentage
was very consistent among the provinces.

B RESPONSE OPTIONS

The findings presented in this chapter show
that good practices related to mineral fertilizers,
manure, pesticides and water management are
being applied on farms across Canada. Although
manure management practices have improved
somewhat, the findings suggest that there is
still considerable room for improvement in this
area. The overall trend in Canadian agriculture
is toward increased specialization and intensifi-
cation of production, along with the use of
more sophisticated processes and technologies.
As agriculture continues to move to larger

and more intensive operations, sound farm
management practices will be critical for
environmental protection, especially in areas

of intensive crop or livestock production and in
areas where landscape and climatic conditions
are susceptible to increased environmental risks.
In most cases, reducing the environmental risks
associated with input management goes hand
in hand with farm profitability.
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8. Soil Cover

B SUMMARY

Agricultural soil that is left unprotected and exposed to the elements (bare soil) is susceptible to degrada-

tion processes such as wind and water erosion, loss of organic matter, breakdown of soil structure and loss

of fertility. The amount of time that soil is left bare depends on a variety of factors such as the type of crop,

the amount of vegetative growth and the tillage practices employed. The Soil Cover Indicator summarizes

the number of days of the year that agricultural soils are covered. An increase in the number of soil cover

days over time indicates an improvement and a declining likelihood that soils will become degraded or

contribute to degradation of the surrounding environment.

Between 1981 and 2001, average levels of soil cover in Canada increased by over 5%. This improvement

came primarily as a result of the widespread adoption of reduced tillage and the decreased use of summer-

fallow in the Prairies. Increases in soil cover associated with reduced-tillage practices were offset to a

considerable degree by cropping intensification (shifts from perennial to annual crops) and by increases

in the area of crops such as potatoes, canola and soybeans, which produce inherently less crop residue.

B THE ISSUE

Bare soil is more susceptible to soil degradation
processes such as wind and water erosion, loss of
organic matter, breakdown of soil structure and
loss of fertility. A variety of factors influence the
proportion and the amount of time that soil is
left bare over a production cycle, including the
following: the type of crop, the amount of vege-
tative growth and the tillage practices employed.
Most perennial field crops such as hay offer
good soil coverage year-round, while annual
row crops such as cereals leave soil exposed at
particular times such as planting. Other annual
crops such as pulses (beans, peas, etc.) and
oilseeds (canola, flax, etc.) tend to produce
lower residue levels, leaving more soil exposed.
Soil productivity and climatic or weather condi-
tions also affect soil cover by influencing the
amount of vegetative growth, and thus the
amount of crop residue available as cover over
the fall, winter and spring. The tillage method
also influences the amount of soil cover, as
some tillage practices turn most of the crop
residue into the soil to leave a clean surface for
seeding (referred to as “conventional tillage”),
while “conservation tillage” leaves more crop
residue on the soil surface, increasing soil cover.

Increasing the amount of soil cover in an
agroecosystem has a number of benefits:

e offering protection against wind and
water erosion;

¢ adding organic matter to the soil, which
helps to maintain soil health;

e promoting carbon sequestration in soil,
which helps to reduce levels of atmospheric
carbon dioxide; and

e providing better wildlife habitat, which
supports biodiversity.

B THE INDICATOR

The Soil Cover Indicator summarizes the num-
ber of days per year that agricultural soils are
covered in a typical crop production cycle. A
“soil cover day” can be achieved with 100%
cover for one day, 50% cover for 2 days, 10%
cover for 10 days, and so on. The indicator
considers the soil cover provided by crop
canopy, crop residues on the soil surface and
snow. As an example, a perennial hay crop
typically has over 300 soil cover days per year,
since there is very little soil exposed at any time.
By contrast, a soybean crop in an area of low
snowfall and without a winter cover crop may
have less than half of that.
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The indicator results are expressed in both the
mean annual number of soil cover days (SCD),
as well as the proportion of cropland falling into
each of five classes of soil cover days per year
(SCD/yr), for each census year between 1981
and 2001. These soil cover classes are defined
as follows: very high (325 or higher SCD/yr),
high (300 to 324 SCD/yr), moderate (275 to
299 SCD/yr), low (250 to 274 SCD/yr) and

very low (249 or less SCD/yr). An increase over
time in the number of soil cover days or in the
proportion of land in the high cover classes
indicates an improvement and a declining
likelihood that soils will become degraded or
contribute to degradation of the surrounding
environment. The performance objective for
this indicator is to have a steadily increasing
trend in soil cover days, and ultimately 365 soil
cover days under all cropping systems.

B CALCULATION METHOD

The indicator is based on an index of soil cover
that estimates the number of days in a year
that there will be soil cover under each typical
combination of crop and tillage. These tillage
practices relate to the Census of Agriculture defi-
nitions for conventional tillage, conservation
tillage and no-till. For example, conventional
tillage is defined as tillage that “incorporates
most of the crop residue into the soil” and cor-
responds to moldboard plowing and/or discing.
Conservation tillage “retains most of the crop

residue on the surface” and involves the use of
equipment that reduces the amount of distur-
bance of the soil surface or the use of fewer
passes with a conventional cultivator. No-till
denotes that no tillage is done prior to planting.

In estimating the number of soil cover days,

we established an annual calendar of “typical”
field operations, with resultant soil cover, for
each crop and tillage system in each ecological
region. We then multiplied the percentage soil
cover by the number of days between operations
to provide the number of SCD in each phase,
then summed the number of SCD that accumu-
late between planting one year and planting the
next year. The soil cover account includes:

e the days on which significant changes occur
in soil cover (e.g. at planting, harvesting
and tillage) and the percentage of soil cover
upon completion of the operation;

e canopy changes between planting,
full canopy and harvest;

e the decomposition of residue;
e the total number of days of snow cover;

e the removal of straw through baling
and burning;

e multiple cuts and grazing on hay
and pasture.

Table 8-1: Average number of soil cover days and proportion of cropland in various

soil cover classes, 1981 to 2001

Soil Cover Days

Area-weighted mean annual Very High High

Province soil cover days (SCD) (=325 SCD/yr) (300 — 324 SCD/yr)

81 86 91 96 01 81 86 91 9% 01 81 86 91 96 01
British Columbia 284 293 294 295 295 0 1 0 1 1 24 48 54 55 54
Alberta 279 282 286 290 292 0 0 0 0 0 17 27 34 44 57
Saskatchewan 258 263 272 218 278 0 0 0 0 0 0 0 1 6 10
Manitoba 274 278 284 286 288 0 0 0 0 0 6 11 10 13 18
Ontario 268 269 273 280 281 1 3 1 2 4 11 14 14 20 14
Quebec 306 307 306 307 304 30 35 32 32 31 36 35 32 32 27
New Brunswick 324 328 326 327 325 58 69 63 65 67 38 25 32 31 21
Nova Scotia 326 329 330 331 330 72 78 76 78 76 20 15 17 19 16
Prince Edward Island 286 289 290 290 291 0 0 0 0 0 14 25 21 14 21
Newfoundland and Labrador 291 322 318 334 328 0 59 32 85 58 28 23 59 14 39
Canada 212 275 281 285 286 3 3 2 3 3 10 15 17 23 29
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The amount of time associated with each
proportion of soil cover was then calculated
and summed to give the total number of days
of soil cover for the year. About 2700 soil-
cover-day tables were needed to account for all
crops and ecoregions in Canada. Data for 90%
of the crop area were drawn from field studies
and many were verified by local field staff.

For very small areas or rare
crops, estimates sometimes
had to be derived from known
values for similar areas, crops
and management.

The index was then applied
to Soil Landscape of Canada
polygons, using crop area and
tillage practice data obtained

On average, soil cover
in Canada increased by
5%, from 272 SCD
in 1981 to 286 SCD
in 2001.

weather conditions are not accounted for.
However, the greatest limitation is that polygon-
average tillage distributions are used for all
crops equally and thus differences in the use

of conservation tillage practices between crops
are not incorporated. This is an ongoing con-
cern and a number of studies and initiatives

are being carried out to address the problem.
Similarly, since conservation
tillage and no-till systems have
only come into wide use in the
past 15 to 20 years and census
reporting of tillage practices
began in 1991, for this study
we assumed that “conven-
tional” tillage was used on both
crops and summerfallow in
1981 and 1986.

from the Census of Agriculture
for 1981, 1986, 1991, 1996 and
2001. The area in each crop-tillage combination
was multiplied by the appropriate number of
soil cover days and a weighted average for all
crops was calculated for each landscape polygon,
as well as for larger spatial units such as
provinces.

B LIMITATIONS

A number of assumptions and limitations are
inherent in the methodology. For example,
the use of “typical” cropping practices and
long-term climatic means (for snow cover,
planting and harvest dates) mean that local
variations in cropping practices, dates and

B RESULTS

Estimates of the mean annual number of soil
cover days and the proportion of cropland in
each of the five soil cover classes per year, for
each province and for Canada, are given in
Table 8-1, providing an overview of soil cover
trends over the period from 1981 to 2001.
Figure 8-1 shows the geographical distribution
of the cropland in the five soil cover classes
in 2001.

Canada: On average, soil cover in Canada
increased by 5%, from 272 SCD in 1981 to
286 SCD in 2001. The rate of increase was

approximately 2% per intercensus period

Share of Cropland in Different Soil Cover Classes (in %)

Moderate Low Very Low
(275 — 299 SCD/yr) (250 — 274 SCD/yr) (<250 SCD/yr)

81 86 91 96 01 81 86 91 96 01 81 86 91 96 01
58 34 32 27 29 17 13 11 9 14 6 4 3 8 2
42 33 29 28 22 29 30 35 14 21 12 10 2 14 0
28 40 43 43 42 26 28 50 21 45 46 32 6 25 3
32 50 67 69 67 61 39 23 15 15 1 0 0 3 0
31 26 35 33 39 32 31 32 29 40 25 26 18 16 3
18 14 21 20 23 15 15 15 13 19 1 1 0 3 0

4 6 5 4 12 0 0 0 0 0 0 0 0 0 0

7 6 7 2 8 1 2 0 1 0 0 0 0 0 0
67 57 60 82 79 19 18 19 4 0 0 0 0 0 0
60 15 2 1 3 12 3 7 0 0 0 0 0 0 0
33 36 39 40 37 30 28 37 18 30 24 18 5 16 1
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Figure 8-1: Soil Cover on cultivated land in Canada, under 2001 management practices
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between 1981 and 1996 and levelled off between
1996 and 2001. A national trend of improving
soil cover between 1981 and 2001 is reflected in
the dramatic increase in the proportion of crop-
land in the high soil cover category. Although the
proportion in the very high cover class held
steady at about 3% throughout the period, the
proportion in the high cover category increased
from 10% of cropland in 1981 to 29% in 2001.
National values are driven primarily by changes
in the Prairie Provinces, masking some of the
provincial and regional variation.

British Columbia: Mean annual soil cover
increased by 4% (from 284 to 295 SCD) over
the 20-year period, with most of the increase
occurring between 1981 and 1986. The increase
continued between 1986 and 2001, but at a
very small and declining rate. The proportion
of cropland in the highest soil cover category
remained at 1%, but the proportion in the
high cover class increased from 24% to 54%,
accompanied by a decrease in the lower classes.
Considerable variation in soil cover change
occurred within the province, with the Lower
Mainland showing a 2% increase in SCD, the
Interior a 3% increase and the Peace River
district a 5% increase.

Alberta: Overall, the province showed a 5%
increase in soil cover between 1981 and 2001,
increasing from 279 SCD to 292 SCD, with a
fairly consistent change between each census
year. Alberta had no cropland in the very high
cover class in any year, but the proportion of
cropland in the high cover class increased from
24% to 54%, and the proportion of cropland in
the very low cover category declined from 12%
to 0%. The southeastern region of the province
(Brown Soil zone) showed a 4% increase in soil
cover, while the change in the central region
(Dark Brown and Black Soil zones) was about 6%
to 7%. As in British Columbia, soil cover in the
Peace River area increased by 5%.

Saskatchewan: This province posted one of
the highest average increases in soil cover

at 7% (from 258 SCD to 278 SCD). The largest
increases occurred between 1986 and 1991 (3%)
and between 1991 and 1996 (2%), compared
with an increase of less than 1% between 1996
and 2001. Increases ranged from 4% in the
southwest to between 6% and 7% in the north
and the east. None of the cropland had a very

high soil cover rating, but the proportion in the
high cover category increased from 0% to 10%
and the moderate cover class increased from
28% to 42%. Meanwhile the very low soil

cover class declined from 46% to 3% of
cropland during the study period.

Manitoba: Soil cover in this province increased
from 274 SCD to 288 SCD (5%) between 1981
and 2001, with the greatest increases occurring
between 1981 and 1991. Although still positive,
the rate of change has declined since 1991.

The southwest portion of the province showed
an increase of 6%, but the provincial average
was reduced considerably by an average change
of only 3% in the Lake Winnipeg Plain. As in
the other Prairie Provinces, no cropland fell into
the very high cover class. Nonetheless, the pro-
portion of cropland in the high cover category
tripled, from 6% to 18%, and the moderate
cover class increased from 32% to 67%.

Ontario: The proportion of cropland in the
very high and high soil cover classes increased
slightly between 1981 and 2001, from 1% to 4%
and from 11% to 14% respectively. The most
significant change came from the very low cover
class, which decreased from 25% to 3%. The 5%
average increase in soil cover (from 268 SCD to
281 SCD) is similar to the change recorded in
British Columbia, Alberta and Manitoba, but

the greatest rate of change occurred later in time
(between 1991 and 1996) than in the western
provinces. The highest rate of change (7%)
occurred in southwestern Ontario, whereas

the central portion of the province showed an
average increase of 3% and the eastern part a
1% decrease.

Quebec: Very high levels of soil cover character-
ized about 30% of Quebec cropland throughout
the period under study. A decrease from 36% to
27% in cropland with high soil cover coincided
with increases in the area with moderate cover
(from 18% to 23%) and low cover (from 15% to
19%). Average soil cover in Quebec was higher
than in Ontario and the western provinces for
all census years, but a slight and steady decline
occurred over the period, from 306 SCD in 1981
to 304 SCD in 2001 (-1%). This overall decline
masks a slight improvement that occurred
between 1981 and 1986. Only the Eastern
Townships and the south shore regions showed
an increase (1%) over the 20-year period.
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New Brunswick: Results are similar to Quebec,
with an increase between 1981 and 1986 and
then a decline to 2001. However, the overall
20-year change consisted of an increase of less
than 1%. The provincial average reflects a very
small decrease in soil cover in the primary
agricultural areas (St. John River Valley and the
Suffolk region) and a small improvement in the
rest of the province. The proportion of cropland
in the very high cover class increased from 58%
to 67%, but the amount in the high cover
category decreased from 38% to 21% and

the amount in the moderate cover category
increased from 4% to 12%. No cropland fell into
either the low or the very low soil cover class.

Nova Scotia: This province
had the highest proportion of
cropland in the very high soil
cover category, with an increase
from 72% to 76% between
1981 and 2001. Soil cover in
Nova Scotia increased by just
over 1% between 1981 and
2001, with most of the increase
coming between 1981 and
1986. Soil cover increased by
less than 1% in the Annapolis
Valley, slightly more than 1%
in the Truro area and about 2%

Changes resulted
from a decrease in the
proportion of cropland

under conventional
tillage, a decrease in the
area of summerfallow
and increases in
conservation tillage.

B INTERPRETATION

As noted previously, changes in soil cover
account for two factors related to cropping
practices: changes in tillage practices such as
the adoption of conservation tillage and no-
till and changes in the area of crops. Thus,
although the adoption of conservation practices
may increase soil cover by up to 100% or
more for a specific crop, a shift from no-till
on a high-residue crop, such as corn, to no-till
on a low-residue crop, such as soybeans, can
result in a decrease in soil cover.

Canada: A national improvement in soil cover
between 1981 and 2001 is reflected in the dra-
matic increase in the proportion of cropland

in the high soil cover category
and the decline in the very low
cover category. These changes
resulted from a decrease in the
proportion of cropland under
conventional tillage, a decrease
in the area of summerfallow
and increases in conservation
tillage and no-till and in the
area of forage crops. An
increase in cropland area and
shifts to lower-cover crops such
as canola, potatoes and soy-
beans put downward pressure

in the southern coastal areas.

Prince Edward Island: No cropland fell into
the very high or the very low soil cover class,
and the amount in the low cover category

fell from 19% to 0% during the 20-year study
period. This was reflected in increases in the
high soil cover class (14% to 21%) and the
moderate class (67% to 79%). Provincially,

soil cover increased by five SCD between 1981
and 2001.

Newfoundland and Labrador: This province
had the greatest increase in soil cover on crop-
land between 1981 and 2001 (12%), along with
the largest increase in the very high cover

class, which went from 0% to 58%. There was

a dramatic increase between 1981 and 1986, a
slight decline between 1986 and 1991, another
increase between 1991 and 1996 and a decline
again between 1996 and 2001.

on soil cover change.

British Columbia: The proportion of cropland
in the high soil cover class increased at the
expense of the lower cover classes. This positive
change came from a 42% reduction in summer-
fallow, a 13% increase in forage and the adoption
of reduced-tillage practices on 34% of cropland
and 37% of summerfallow. Factors countering
the positive effect included a 10% increase in
cropland, a 38% and 50% reduction in the

area of higher-residue spring and winter cereals
respectively and an expansion of the area under
the lower-residue crops of peas, beans, lentils,
berries and grapes.

Alberta: Soil cover increased in this province,
primarily owing to the elimination of conven-
tional tillage on 63% of cropland and on 61%
of summerfallow. In addition, summerfallow
area and flax area (low-cover land uses)
decreased by 44% and 61% respectively and
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forage area increased by 49%. As elsewhere in
Canada, gains in soil cover were partially offset
by other changes in cropping patterns, most
notably a 15% increase in cropland area, a 72%
increase in canola, large increases in potatoes,
peas, beans and lentils, a 65% decrease in winter
cereals and an 8% decrease in spring cereals.

Saskatchewan: The increases in the higher soil
cover classes in Saskatchewan resulted from the
adoption of reduced-tillage systems on 68% of
cropland and on 53% of summerfallow, a 53%
reduction in summerfallow area and a 60%
increase in forages. The improvement in soil
cover was attained despite a 31% expansion of
cropland, large increases in canola, flax, pota-
toes, peas, beans and lentils, an 11% decrease
in spring cereals and a 34% decrease in winter
cereals.

Manitoba: The observed increases in soil

cover can be attributed to a 57% reduction in
summerfallow, a 38% reduction in flax, a 41%
increase in forages and the use of reduced-tillage
on 46% of cropland and on 50% of summerfal-
low. Decreases in the area of higher-residue
crops (spring cereals, -17%; grain corn, -50%)
and increases in the area of lower-residue crops
(canola, up 192%; potatoes, up 90%; peas, beans
and lentils up 174%) had a negative effect on
soil cover between 1981 and 2001.

Ontario: The increases in the proportion of
cropland in the moderate to very high soil cover
classes resulted from the elimination of conven-
tional tillage on 48% of cropland and from a
50% reduction in corn silage area. These
changes would have contributed a higher gain
in soil cover, but a shift away from forages
(-24%), grain corn (-8%) and spring cereals
(-22%) to soybeans (+227%) depressed the
amount of available residue.

Quebec: Factors contributing to the overall shift
in cropland from the high soil cover class to the
moderate and low cover levels include an 18%
increase in the area of cropland under conven-
tional tillage, a decrease of 36% in forage area,

an increase from 2000 hectares to 156,000
hectares under bean production, a 34% increase
in vegetable area and a 300% increase in berry
cultivation. Increases in higher residue grain
corn and spring cereal area (164% and 45%,
respectively) and a 38% decrease in silage corn
also pushed up soil cover values.

New Brunswick: The increases in the amount
of cropland in the very high and moderate cover
categories are explained by various land use
changes: a 28% increase in spring cereals, a
250% increase in winter cereals, a 70% decline
in vegetables, a 16% increase in cropland, a 15%
decrease in forages, an 8% increase in potatoes
and a 6% increase in conventionally tilled
cropland.

Nova Scotia: The slight changes observed in
Nova Scotia came as a result of a 22% decrease in
the area of cropland under conventional tillage,
while increases in cropland (14%), grain corn
(50%), potatoes (34%) and berries (156%) and
decreases in forages (-18%), spring cereals (-25%)
and winter cereals (-43%) also played a role.

Prince Edward Island: The land use changes
that had a positive effect on soil cover include a
decrease in cropland under conventional tillage
(-11%), decreases in silage corn (-39%) and
vegetables (-40%) and increases in grain corn
(750%) and winter cereals (125%). These were
somehow counteracted by negative influences
from increases in cropland (11%), potatoes
(68%) and soybeans (from 42 to 6600 hectares:
up by 6600%) and decreases in forages (-20%)
and spring cereals (-12%).

Newfoundland and Labrador: The increase
in the high and very high cover classes resulted
from upturns in total cropland area (85%),
forages (19%), spring cereals (382%) and winter
cereals (1400%), along with decreases in conven-
tionally tilled cropland (-7%) and in the area of
potatoes (-24%) and vegetables (-19%).
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B RESPONSE OPTIONS

The national increase in soil cover shows a high
rate of change in the early to mid-1990s and a
much more modest rise in the latter part of the
decade. This suggests that the rate of adoption
of conservation tillage practices is reaching a
plateau and that further expansion may not
keep up with the negative influence of cropping
system changes. Changes in cropping patterns
that are slowing the improving trend of soil
cover in Canada, such as expanding production
of pulse crops, oilseeds and potatoes, can be
expected to continue as producers diversify and
follow the markets. To increase the level of soil
protection, it is therefore necessary to expand
and improve techniques for increasing and
maintaining crop canopy and residues.

It appears that there is still opportunity for
expansion of reduced-tillage systems, especially
no-till in British Columbia, Manitoba, Quebec
and the Atlantic Provinces, where it was used on
less than 15% of cropland in 2001. There are
technical and financial concerns related to the
adoption of reduced tillage, and although this
type of system cannot be used on all crops,
continued expansion is expected, albeit at a
lower rate than over the past 25 years.

Of perhaps greater importance in view of

the growing area of low-residue crops such

as potatoes, canola, sugar beets, soybeans and
horticultural crops is the use of practices to
enhance soil cover in these cropping systems.
Planting a “green manure” crop or a winter
cover crop where feasible promptly after har-
vesting would provide a greater degree of soil
cover over the long period between harvesting
and planting. Similarly, the use of cereals or
perennial grass in the interrow area of perennial
horticultural crops would increase soil cover.

The soil cover situation should eventually
receive a boost from research on the develop-
ment of suitable companion and over-winter
crops, cold-germination varieties of crops for
use under no-till, equipment to better maintain
surface residues while performing production
operations satisfactorily, and perhaps even crops
with a greater mass of more durable foliage.
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9. Nitrogen Use Efficiency

B SUMMARY

Residual soil nitrogen (RSN) is the amount of nitrogen that has been applied to soil but not removed in
the harvested portion of crops. The Residual Soil Nitrogen Indicator was calculated as the difference
between all nitrogen (N) inputs (fertilizer, manure, biological fixation and atmospheric deposition) and
all nitrogen outputs (N removed in crop harvest, N lost through ammonia volatilization and N lost
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through denitrification), for each of the five Census years from 1981 to 2001.

On average over the five Census years, most of the farmland in Canada (63%) was in the very low (24%)
and low (39%) RSN classes. RSN remained relatively stable between 1981 and 1996 (16.1-18.1 kg of
N per ha) and then dramatically increased by about 50% to 27.6 kg of N per ha in 2001. This rise was

INDICATOR
NAME:

Residual Soil
Nitrogen

mainly due to an increase in pulse crop acreage (i.e. greater natural biological fixation) without a concur-

rent decrease in fertilizer application and to significantly lower crop yields and reduced N uptake as a

result of climatic constraints (droughts) which were prevalent in many regions in Canada in 2001.

B THE ISSUE

Nitrogen is an essential nutrient required by all
crops. Legumes (e.g. soybean, alfalfa, red clover)
fix nitrogen from the atmosphere, but non-legu-
minous crops (e.g. corn, cereal crops, potatoes)
require applied nitrogen for optimal growth and
yield (Drury and Tan 1995). Nitrogen is added
to these non-leguminous crops through fertilizer
and manure, atmospheric deposition and
mineralization of crop residues and soil organic
nitrogen. Nitrogen must be properly managed
to reduce costs to farmers (from purchasing,
transporting and applying mineral fertilizers),

to maximize productivity and to curb losses

of this key nutrient from agricultural land to
the environment.

Losses occur because not all of the applied
nitrogen is used by the crop, and some
inorganic nitrogen inevitably remains in the soil
at the end of the growing season (residual soil
nitrogen). Environmental risks may be associ-
ated with unduly large surpluses in the soil,
particularly in humid regions. Most of the
residual inorganic nitrogen, which is in

the form of nitrate, is water soluble and is
susceptible to leaching through the soil into
groundwater or to loss through tile drainage
into ditches, streams and lakes. High nitrate
levels in surface waters contribute to algae
growth and eutrophication, and they may pose
a threat to human health in the case of drinking
water (Chambers et al. 2001). Under anaerobic
conditions, nitrate can also be lost (through

STATUS:
National
coverage,
1981 to 2001
denitrification) from the soil to the atmosphere

in the form of nitric oxide, nitrous oxide (a

potent greenhouse gas) and nitrogen gas.

Management of nitrogen is further complicated
by climatic conditions (drought, excess rain,
early frost, etc.) and other soil physical and
chemical factors, which can limit crop growth
and therefore nitrogen uptake. This can in

turn lead to further increases in the amount

of residual soil nitrogen at the end of the
growing season.

B THE INDICATOR

The Residual Soil Nitrogen (RSN) Indicator was
developed to estimate the quantity of nitrogen
in the soil that is provided in excess of crop
requirements and therefore remains in the field
after harvest (MacDonald, 2000). It is the differ-
ence between the amount of nitrogen that is
available to the growing crop from all sources
and the amount removed in the harvested crop
portion under average conditions along with
gaseous losses to the atmosphere.

The indicator in itself does not give any insight
into the environmental effects of various levels of
RSN in different environmental settings. Surplus
nitrogen may pose a risk to the environment, but
this risk is also sensitive to other factors such as
soil type and climatic conditions. Thus, a second
agri-environmental indicator, the Indicator

of Risk of Water Contamination by Nitrogen
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(see Chapter 17), links RSN to climatic condi-
tions in order to assess the likelihood of
nitrogen moving out of the agricultural
system and into water resources.

The RSN Indicator is expressed as the proportion
of agricultural land that falls into each of five
classes (see Table 9-1). The performance objective
for this indicator is to increase the share of
Canadian farmland in classes associated with
minimal nitrogen accumulation over time,
typically Classes 1 and 2.

B CALCULATION METHOD

The RSN Indicator was calculated, at the Soil
Landscape of Canada (SLC) level, using the stan-
dardized Canadian Agricultural Nitrogen Budget
model (CANB Version 2.0). This model uses a
nitrogen budget to calculate annual residual

soil nitrogen as the difference between nitrogen
inputs and outputs, divided by the total area of
farmland in the SLC polygon.

Nitrogen input is the total nitrogen added to
farmland during the growing season from
chemical fertilizers applied to crops; manure
applied to crops and pasture; biological fixation
of nitrogen by leguminous crops; and the total
amount of wet and dry nitrogen deposition
from the atmosphere. It is assumed that only
50% of total manure nitrogen is available for
crops, while another 50% is not readily available
(35% as organic nitrogen and 15% lost during
the storage and application processes).

Table 9-1: Residual Soil Nitrogen (RSN)
Indicator Classes

Class Description Range of Values
(kg N ha')
1 Very low RSN 0-10
2 Low RSN 10-20
3 Moderate RSN 20-30
4 High RSN 30-40
5 Very high RSN Greater than 40

kg N ha'! = kilograms of nitrogen per hectare

Nitrogen output is the total nitrogen removed
from farmland annually in the harvested
portions of crops and pastures, combined with
gaseous losses to the atmosphere, which occur
mainly through denitrification but also through
ammonia volatilization.

The main data inputs are the acreages for all
the major agricultural crops and their associated
crop yields, as well as the type and number of
livestock. Since these data are collected every
five years through the Census of Agriculture,

all input and output calculations are based

on inform