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Minister Ministre
of Agriculture and de I'Agriculture et de
Agri-Food I’Agroalimentaire

Ottawa, Canada K1A 0C5

A word from

The Minister

on Sustainable Development

The sustainable production of food is crucial for us all. As Minister of Agriculture and
Agri-Food Canada, | am pleased to predemtironmental Sustainability of Canadian
Agriculture: Report of the Agri-Environmental Indicator Projedh this report, we

introduce a new set of tools, agri-environmental indicators, to help guide and assess the
environmental performance of our primary agriculture sector.

Agriculture and Agri-Food Canada is pleased to have lead the development of these
indicators, which are based on our best understanding of agricultural ecosystems and
their interactions with the economy and surrounding environment. Our scientists have
worked together with the invaluable assistance of an external Advisory Committee to
develop the methods and information, and also to analyze the results. We can now
begin to use the indicators to assess the environmental implications of our actions, and
we will draw on this and related information as we engage our partners in a dialogue
aimed at developing a new Sustainable Development Strategy. Many of the underlying
concepts and methods may well be used by others to track the environmental perform-
ance of primary agriculture elsewhere, such as in other countries.

Environmental Sustainability of Canadian Agricultur@eport of the Agri-Environmental Indicator Projéstanother

important contribution toward our goal of increasing understanding of linkages between the environment and the agricultural
economy. The results clearly demonstrate the progress Canadian agriculture has made in conserving the environment, and
also focus our attention on where we need to work harder. This publication complements and integrates the information
presented in related publications from Agriculture and Agri-Food CaihdaHealth of Our Soil (19957 he Health of

Our Air (1999)andThe Health of Our Water (2000)

Agriculture and Agri-Food Canada will continue to work with its partners to encourage sustainable development through

basic research, and by developing and transferring the tools producers and other decision-makers need to improve environ-
mental management in agriculture.

Lyle Vanclief
%4; K

Minister@ﬁcg’riculture and Agri-Food Canada
and Minister Coordinating Rural Affairs

Canada



A word from
the Agri-Environmental Indicator Project
Advisory Committee

Agriculture is integral to Canadian society, of the advisory committee's efforts, many indi-
making significant contributions to our econo- cators were modified, some were dropped, anc
my, rural communities, and food security. It is others were added.
also intimately connected to the environment.

Not only are resources such as soil and water The advisory committee regards the indicator |
vital to agricultural productivity, but agriculture project as a success. The findings of this repor v

both affects and is affected by the local, confirm that the agricultural industry’s efforts
regional, and global environment. to address environmental challenges have 3 o
yielded many positive results, and also that : , '

In recent years, Canadians have made signifi- much remains to be done. This study repre-
cant commitments toward a more sustainable sents a major step forward in our ability to pro-
society. The government of Canada has signedide national assessments of the environmente
international conventions; federal and provin- performance of agriculture, based on available
cial governments have implemented environ- information and resources.

mental legislation, policies, and programs; and 2
municipalities have adopted environmental ~ We encourage all users to exercise caution in =
bylaws. Citizens and industry have also con- interpreting and using this report. The indica-
tributed through numerous actions. The chal- tors provide first approximations; their limita- =~
lenge of achieving a more environmentally  tions are explained in Chapter 2 of the report, : ¥,
sound agriculture has been taken up by farm- as well as for each individual indicator. More ;
ers, and the agriculture industry has undertakeresearch and effort will be needed to increase
many initiatives to ensure its sustainability. If the accuracy and scope of the indicators. Also,
more sustainable agriculture is to become a the utility of the indicators has yet to be fully =~
reality, objectives and indicators of progress tested, and this will be the ultimate measure o '
are needed to guide these efforts. their success.

Recognizing the need for indicators, and in ~ We are confident that the indicators will con-
response to recommendations made by severatibute to a more informed debate in Canada
groups, Agriculture and Agri-Food Canada regarding the establishment and pursuit of
(AAFC) initiated the Agri-Environmental environmental sustainability goals for agricul-
Indicator Project in 1993. The department’s  ture, and that this work will contribute to simi-
Environment Bureau and Research Branch catar initiatives underway elsewhere within

ried out most of the work. Many AAFC scien- Canada and abroad. We urge Agriculture and
tists and analysts from across the country weré\gri-Food Canada to ensure the continuous
involved in developing and using the indicatorsimprovement and periodic reporting of the agri

to generate the findings presented in this environmental indicators in the future.

report. Many scientists outside of AAFC also

contributed to this work. David Lobb, Marie Boehm, and Jim Farrell
Co-chairs, Agri-Environmental Indicator

An advisory committee was established in Project Advisory Committee

1995 to provide input from agencies other than
AAFC. Several farm and farm input-supply
organizations, conservation groups, universi-
ties, scientific bodies, provincial agriculture
ministries, and federal departments were repre-
sented on this advisory body, which played a
significant role in the process of developing the
indicators and shaping this report. As a result






A. Introduction and Background

Introduction

T. McRae

The priority of environmentally
sustainable agriculture

he production of food and fibre will always remain at the core of

agriculture. Global population and food demands continue to grow,
and Canada’s agricultural industry has set ambitious new targets to
increase its share of global markets. However, continued increases in
agricultural production raise questions about how the benefits of addi-
tional production compare with the costs, including environmental costs.
Consequently, agriculture today must balance a wide array of demands
and environmental challenges that are continually evolving in their
nature and complexity.

The long term environmental sustainability of production is one major
question facing the agricultural sector. For example, the 1984 report by
the Senate Standing Committee on Agricult@ei at Risk: Canada’s
Eroding Futuresounded the alarm that soil degradation was undermin-
ing sustainable crop production. Later scientific and policy studies, such
as the 1990 report of the Federal-Provincial Agriculture Committee on
Environmental Sustainability, have raised concerns about the broader
environmental costs of agriculture, such as declining water quality, loss
of wildlife habitat, reduced biodiversity, and emissions of greenhouse
gases. On the other hand, agriculture is increasingly valued by
Canadians for its environmental benefits, including its provision of some
wildlife habitat; the visual beauty of farmland; and environmental serv-
ices, such as nutrient cycling and the storage and filtering of water.

Environmental issues are not new to agriculture. Governments, farmers,
and others have worked together to promote research, programming, and
related actions to address environmental concerns. Historically the focus
has been the conservation of the natural resource base upon which agri-
culture depends, particularly soil, water, and genetic resources for crops
and livestock. But over the past 15 years, the environmental challenges
facing agriculture have broadened as the agricultural sector has adopted
new production methods and intensified production to meet society’s
growing demand for agricultural products.

At the same time, more scrutiny and pressure are being placed on agri-
culture (and other economic sectors) to maintain acceptable levels of
environmental quality and quantity. In some sectors, such as livestock
production, environmental concerns now pose a direct constraint to
growth. In other sectors, resource degradation remains a constraint over
the longer term. Internationally, globalization of markets has exposed
Canadian agricultural products to greater numbers of consumers, and
environmental performance will increasingly affect agriculture’s ability

to retain such markets, as well as compete for new ones.
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Introduction and Background

In short, today an environmentally sustainable SNA is largely silent on the environment, and
form of agriculture is more urgently needed. most common economic indicators do not take
The policy challenge in agriculture — to into account the growing or declining value of
ensure optimal and sustainable social, economenvironmental assets and services, such as land,
ic, and environmental benefits — has become water, and wildlife. As a result, decision makers
more pressing and complex than ever. who rely solely on economic indicators risk
achieving economic goals at the expense of
environmental and other objectives. Over the
The need for information past 15 years, considerable effort has gone into
developing new ways of measuring and valuing
armers, governments, researchers, environenvironmental assets and services, and under-
mentalists, and consumers all have a stakestanding the links between the environment and
in ensuring a sustainable agriculture industry the economy. Environmental indicators are one
for Canada, and each group can promote envitesult of such efforts.
ronmental sustainability in a variety of ways.
For example, governments cooperate with part-
ners in developing the overall policy frame- ~ Qbjectives of this report
work for agriculture and sometimes influence
the economic signals that affect farmers’ deci- I n 1993, Agriculture and Agri-Food Canada
sions. Researchers develop new technologies B initiated work to establish a systematic
and methods to improve productivity and sus- approach to answering questions such as:
tainability, and consumers influence the mar- . 19 what extent do farmers use environmen-
ketplace through their purchasing decisions. The t)ly sound management practices?
individual decisions taken by Canada’s farmers : .
have a direct influence on environmental sustain- How are_eQV|ronmentaI condm(_)ns and _
trends within agriculture changing over time,

ability, but these decisions are influenced by an and how can such changes be explained?

array of factors beyond the farm gate. i o
» What areas and resources remain at signifi-

Information is one of the common needs of all cant environmental risk?

decision makers concerned with sustainability. . )

To be managed effectively, pressures and opporl? this report we present the results of this work,
tunities must be understood. Decision makers ap@sed on the concept adri-environmental

all levels need information on the performance indicators.Agri-environmental indicators are

of a given system, why that system is behaving measures of key enwronmental COI’]dI.tIOI’lS,

as it is, whether that performance is satisfactory,"ks, and changes resulting from agriculture,
and how it is likely to behave in the future in ~ @nd of management practices used by produc-
response to potential changes in policies and ~ €rs- We have worked closely with farm leaders
other driving forces. In agricultural terms, if we @nd other stakeholders to select and develop
genuinely want to practise environmentallys- ~ appropriate mdlcator_s, and we believe they will
tainable agricultureye must have some idea of ben_eflt Canada’s agriculture industry and the
whether the path we are on is headed toward orénvironment by

away from this goal. By providing decision mak-¢ informing agricultural and other decision

ers with the information they need, better deci-  makers about environmental performance in
sions about whether and how to change the sys- agriculture

tem are the likely result. « demonstrating the progress being made by

_ the agriculture sector in adopting steward-
Over the past decades, governments and indus- ghip principles and using environmentally

try have invested considerable resources to both goung practices

promote economic development and develop . .
) . . » supporting the development of strategies and
systematic approaches for measuring economic .
actions targeted at areas and resources that

perfor_mance. The economic measurement sys- remain at environmental risk

tems in use today are embedded in the United

Nations System of National Accounts (SNA),  * facilitating the environmental analysis of poli-
from which economic indicators such as Gross ~ €ies and programs in agriculture and providing
Domestic Product are derived. However, the a means of monitoring their performance.



Scope of this assessment In doing this work, we have also contributed to

international efforts to develop agri-environmental
his report is directed at all persons interest-indicators and benefitted as a resaégBox).
ed in the environmental sustainability of
Canadian agriculture, particularly decision
makers. Decision makers in agriculture have Reading this report
different concerns and operate at different lev-
els. For example, farmers decide which pro- his report is presented in eight parts.
duction strategies to use on their farms. Farm B Section A gives the background to the
leaders and government policy makers are corstudy, including the concepts and methods used

developments that affect agriculture (such as be better placed to situate and understand the H;f Hdl ‘_ Aty
international environmental and trade agree- findings and conclusions of the overall report. =~ . .I g
ments). Environmentalists are concerned with Sections B through G present agri-environmen- 3

developments within specific regions, specific tal indicators related to farm management, soil Mo s R

environmental threats from agriculture, or the quality, water quality, greenhouse gas emis- :

health of specific components of the environ- sions, agroecosystem biodiversity, and produc-

ment. Often, different stakeholders desire tion intensity. Section H summarizes the indi-

different policy outcomes and compete for cator findings on a regional basis, presents the

attention on what can be a crowded and com- overall conclusions of the report, and suggests

plex policy agenda. There are also many links ways in which this report can be used. e e A

between these levels and interests. Farmers, for R e e T ) ;

example, manage their farm operations but aré\e intend this report to be understood by people i e T

also interested in national and international ~ who are not scientists or agriculture specialists‘." o =t (o

developments that affect agriculture. However, we have not avoided technical words a7 '
and concepts completely. These words are itali-

Given these links, we have attempted an over-cized the first time they appear in the text and

all assessment @fgroecosysteraustainability  are defined in a glossary at the end of the

by considering the major environmental condi-report. Although each chapter is written to | T N

tions within agroecosystems, as well as rela- stand alone (each may be cited as an individuai;- 3 R

tionships between agroecosystems and the  document for which the correct citation is f_._‘-' ;

broader natural ecosystems and driving forcesgiven on page ), the reader will benefit most =

with which they interact. Our focus is on farm from reading the entire report. For a summary =

management, soil, water, air, biodiversity, and of the key points of interest, see the highlights

production intensity. at the beginning of each chapter.

As a federal department we have tried to pro- Readers interested in a more detailed descrip-
vide national coverage of agri-environmental tion of the indicators, particularly the method
sustainability in a manner that is sensitive to of calculation, are referred to the technical

the regional variations in agriculture across  reports for each indicator. These reports, listed
Canada. However, some of the indicators applyn Further Reading at the end of the report
only to specific regions or to selected aspects along with other general references, also pro-
of broader issues. We acknowledge gaps in  vide a more comprehensive bibliography than
our assessmensgeChapter 2) that may be is offered here.

addressed in future work. Because of the broad

scale of this assessment, the indicators cannot

be applied at the farm level, and this report is

not intended as a guide to best management

practices. Still, interested farmers will find this

report useful as an introduction to the subject

of environmentally sustainable agriculture and

may be alerted to environmental problems and

solutions that apply to their farms.



A. Introduction and Background

International interest in agri-environmental indicators

Over past decades, the earth’s life support systems have become increasingly stressed by eco-
nomic activities that consume resources and generate waste. The world’s population gnd eco-
nomic activity are now so large that many environmental impacts are felt at the global| level.
Governments and international organizations have responded with a wide range of regignal and
global agreements, such as the conventions to pimtdogical diversity the stratospheric ozone
layer, and the earth’s climate. Agreements governing economic exchange among nations| such as
the North American Free Trade Agreement and the World Trade Organization (WTO) Agregement,
are also beginning to include provisions related to the environmental effects of enhanceq trade.

The growing focus on global dimensions of the environment has led to several international
efforts to develop environmental indicators. At this scale, the use of indicators arises from|a need
for information to better understand the health of the global environment, to guide and eyaluate
international efforts to reduce environmental stresses, and to help ensure that countries do not dis-
tort global markets and enhance their competitiveness through lax environmental standards or
environmentally harmful subsidies. Agriculture is linked to many global environmental igsues,
and agricultural products are a key element of global trade. Consequently, several interpational
agencies are working to develop and use environmental indicators for agriculture.

The Organization for Economic Cooperation and Development (OECD) is coordinating an effort
among its member countries to develop agri-environmental indicators. OECD's indicatars are
designed to help in reforming domestic and international agricultural policy (such as the WTO'’s
Agreement on Agriculture). About 15 indicators are being developed to help understand and
assess the external environmental benefits and costs of agriculture, the relationships petween
government policies (such as farm income support) and environmental conditions in agri¢ulture,
and the underlying causes and effects of agriculture’s impact on the environment. The indicators
address agri-environmental issues such as farm management, soil and water quality, anq agricul-
tural biodiversity.

Several indicator initiatives are being pursued through the United Nations. The secretdriats of
both the Convention on Biological Diversity and the Framework Convention on Climate Change
are working on indicators that involve agriculture (such as the possible role of agricultural soils
as a sink of atmospheric carbon). Through related work, the Commission for Sust@inable
Development has developed a working list of 134 indicators of sustainable development, [includ-
ing several that relate directly to agriculture. Twenty-one countries from all geographic regions
of the world have volunteered to test these indicators over the next three years in relation to their
own national priorities and interests.

The World Bank is pursuing a rural strategy in developing countries to promote ecgnomic
growth, enhance food security, and promote sustainable resource management. As pait of this
strategy, it is leading an international coalition to develop indicators of land quality for applica-
tion at national and regional scales. Land use intensity, land cover, soil quality, and agrg-biodi-
versity are among the indicators being developed.

The development of environmental indicators at the international level is especially challenging
because of differences in environmental conditions, economic activity, and availability of data
across countries. Canada actively contributes to such efforts and benefits from the cooperation
and exchange that results.

T. McRae, Agriculture and Agri-Food Canada




A. Introduction and Background

Understanding and Assessing
the Environmental Sustainability
of Agriculture

C.A.S. Smith and T. McRae

HIGHLIGHTS

The two main criteria used to judge the environmental sustain-
ability of Canada’s agriculture are how well it manages and con-

serves natural resources that support agricultural production,
how compatible agricultural systems are with natural syste
and processes.

Agri-environmental indicators were selected using a Driving
Force—Outcome—Response framework. The environmental Iut—

comes of agriculture can be either beneficial or adverse,

and
ms

nd

these can be managed by controlling the forces that drive agri-
cultural production. Societal responses to actual and perceived
changes in outcomes and driving forces include producer behav-

iour, consumer reactions, technological development, and g
ernment action.

DV-

Fourteen agri-environmental indicators were developed within

six categories: environmental farm management, soil qual
water quality, greenhouse gas emissions, agroecosystem b
versity, and production intensity. Some indicators are summa
of nationalCensus of Agriculturdata, survey data, or provincial
data. Others were calculated using existing or newly develo
mathematical models or formulas and an integration of cen
data, Soil Landscapes of Canadaformation, and, in some
cases, custom data sets.

All indicators are subject to various limitations, including thos
related to gaps in data and our knowledge base, the quality of

ty,
odi-
ies

ped
5US

e
the

data, and geographical limits. These limitations confine the uise

of the indicators to depicting trends over time in certain are
and providing a basis for comparison between areas.

as




A. Introduction and Background

Introduction

To provide a context for the indicator chapters

themselves, this chapter

F rom the desire to promote sustainable agri-*

discusses the linkages between agricultural

culture in Canada grows the need to measure Systems and the broader environment

how well agriculture is performing environmen- o
tally. In this chapter we describe the underlying
concepts and methods used in this study to

identifies two key criteria for assessing the
environmental sustainability of agriculture

introduces and describes the indicators

assess the environmental sustainability of
Canada’s agricultural industry.

Measuring sustainable
agriculture y

Sustainable development is development that meets the needs
present without compromising the ability of future generations
meet their needs. For future generations to be at least as well @
we are today, they must have the capacity to generate those ¢
and services that contribute to their well-being. The capacity to ¢
erate well-being depends on the availability of capital, of whi
there are three types:

* human capital: levels of education, skill, knowledge, economi
wealth, and physical infrastructure

» social capital: the set of rules, relationships, and institutions t
allow societies to function effectively

» natural capital: the biophysical environment, its resources an
processes.

Depletion of the combined value of capital stocks is clearly not ¢
sistent with sustainable development. However, a key questio
whether these forms of capital are substitutable, and if so, to w

reported in this study and why they
were selected

* reviews the methods used to develop
the indicators

presents the limitations of this approach.

of the

to Agricultural and natural

ff a@Cosystems
oods

en-
ch

groecosystems begin as natural ecosystems

and develop under human manipulation.
Even under this manipulation they have much
t in common with natural systems, sharing soils,
water resources, natural nutrient supplies, and
solar radiation and other aspects of climate. In
fact, without the presence of certain natural com-
ponents, agriculture could not take place at all.

hat

il

Humans manipulate natural ecosystems in the
practice of agriculture to meet their needs for
bN- food, fibre, and other products. This manipula-
D istion begins when land is first cleared of natural
hatvegetation and planted with domestic crops,

degree? For example, are reductions in natural capital sustainable ifind continues when the crop is harvested and

these reductions are accompanied by compensating gains in

btheaken out of the system. To optimize produc-

forms of capital? In many cases the answer would be no. Reductionsion, agroecosystems are also manipulated by

in the earth’s protective ozone layer, for example, could not be
set by gains elsewhere and would leave future generations at si
icant risk. This implies that all capital stocks must be maintainec
some level for sustainable development.

Extrapolating this model to agriculture, the maintenance of a s
tainable agricultural production system requires continuing inve

ments in human, social, and natural capital. This report is concefnec

with natural capital in agriculture. The agri-environmental indicatg

Dﬁj * leveling and draining land

ONIfS illing the soil
at .

* re-routing natural watercourses

* supplementing natural precipitation
with irrigation

 applying additional nutrients

controlling weeds and animal pests.

us-
St-

=

S

are being maintained, and whether agricultural outputs are com

atiwith various components, such as energy, water,

provide information on whether natural capital stocks in agricultire Like natural systems, agroecosystems are dynamic,

ble with natural systems in and outside agroecosystems. A com
set of indicators of sustainable agriculture would also consider
social and human aspects of sustainability. Although indicators
each of these areas have been developed, there has been no s
atic attempt made to bring them together and understand the n
relationships and interactions among them. Such work could be ¢
in the future.

let@nd chemical elements, constantly entering and
theleaving the system in a cycle (Fig. 2-1). Cycles of
for climate and biological communities also affect,
sterpd are affected by, agriculture. It is through
hanthese cycles that agriculture is connected to the
Ongroader environment. Left undisturbed, these
cycles tend to establish a balance in nature, but
when humans intervene, these balances can be

T. McRae, Agriculture and Agri-Food Canader

disrupted. For example, the water cycle brings the
rain needed by crops, but in an agroecosystem,




Understanding and Assessing the Environmental Sustainability of Agriculture

this rainfall may contribute to surfaocenoffand
thus to soil erosion and pollution of waterways.

At every point of manipulation agriculture has
the potential to change the environment. This i
particularly so where agriculture is practised
intensively, such as areasiofensive livestock
productionor intensive row croppingf cash
crops. It is well documented that some agricul
tural practices degrade the quality of soil,
water, and air. Less well known are the ways if
which agriculture may enhance the environ-
ment by, for example, providingildlife habi-

tat or reducinggreenhouse gasmissions by
storing carbon in soils.

With this basic understanding of the workings

of agroecosystems, two main criteria become

apparent for judging the environmental sustain

ability of agricultural systems:

* how well they manage and conserve natural
resources

* how compatible they are with natural sys-
tems and processes.

Identifying the indicators

The environment and the economy .m

in agriculture
Farms
(Production)
The
Agricultural Outputs

Economy

Production
Inputs

- Energy

- Land

- Water

- Genetics

- Air

- Nutrients

- Technology
- Capital

- Pesticides

Agricultural
Outputs

- Crops

- Livestock

- Landscape

- Habitat

- Waste
(pollutants)

- Fibre

Inputs

Consumption

manipulated to achieve social, economic, and
environmental goals in agriculture. Thesevidg)
forces operate at two levels. At the societal
level, market signals (e.g., commodity prices,
consumer choices), government policieg(,
income stabilization, supply management, land-
use regulations) and production technologies
interact to influence the nature, structure, and
production mix within agriculture. At the farm
level, the production strategies, technologies,
inputs, and practices used have a direct influence
on environmental resources both on and off the

farm. Chapter 3 discusses the nature and evolu-

tion of these driving forces in detail.
The conceptual framework

To identify appropriate indicators of the envi-gutcomes

ronmental sustainability of agriculture, we - Qutcomes related to agriculture can be either
used a conceptual framework characterizing  peneficial or adverse. Beneficial outcomes
relationships and linkages between agriculturalnciude social benefits (e.g., employment, rural
production and environmental, economic, and development, and food security), economic
SOC|aI faCtOI’S. ThIS framework, Ca”ed the benefits (e_g_' agri_business and farm income)’

Driving Force—Outcome—-Response Frameworkand ecological benefits (e.g., the provision of
(Fig. 2-2), recognizes three broad areas that yj|dlife habitat).

sustainability assessments must consider:
* driving forces that influence agricultural Driving Force-Outcome-Response |_Figure 2-2 |
Framework for agriculture

activities
» outcomes of these activities

 responses by society to shape and ensure
desirable outcomes.

Analysis of the linkages between these compo
nents is key to a good understanding of the
causes and effects of agriculture’s impacts on
the environment.

Driving forces

The underlying idea of this study is that envi-
ronmental risks from agriculture can be con-
trolled, and desirable environmental outcomes
achieved, through careful management of the
driving forcesaffecting agriculture. Through
policy and other means, driving forces can be

Driving Forces

- Economic/Social (e.g., markets,
policies, consumer preferences)

- Environmental (e.g., soil, weather)

- Technological (e.g., fertilizers, pesticides,
biotechnology)

Outcomes
- Environmental (e.g., soil
quality, water quality,
biodiversity)
- Economic (e.g., agriculture GDP,
farm income)
- Social (e.g., employment, rural
development)

Responses
- Government policies
(e.g., regulations, research,
economic instruments)

_- Farmer behaviour (e.g., changes in
input use, farm management practices
- Consumer preferences
(e.g., food consumption)

patterns




A. Introduction and Background

Ecological interactions and environmental

sustainability in agroecosystems

The ecological processes that occur in agroecosystems, and how these are managed, affect the environmental
ty of these systems. The key ecological interactions or cycles operating within agroecosystems are the energy ¢
cycle, and cycling of chemical elements. Living organisms regulate or influence these processes.

Energy Plants, including agricultural crops, capture energy from the sun during photosynthesis and fix it in orgal
ecules. Energy is exported from agroecosystems mainly as crops and livestock. Traditional forms of agriculture h
on human, animal, and solar energy, but as agricultural production has intensified, energy is now supplied to ag
tems in forms such as mineral fertilizers, pesticides, fossil fuels, seeds, feeds, electricity, and machinery. Energy i
ing agricultural production through respiration, heat, and various other transfer processes, including nutrient leach
losses are unavoidable; keeping them to a minimum by improving the efficiency with which energy inputs are ¢
into marketable commaodities enhances both environmental and economic sustainability.

Water. Water is needed by humans, animals, and plants to live. Water also influences weathering, erosion, and
thus regulating the flow of chemical nutrients through agroecosystems. Agroecosystems receive most water as
tion, but irrigation can be used to augment water inputs in Canada’s drier regions. Water is lost from agroecosysts
ly through evaporation, transpiration, leaching to tile drains or groundwater, and overland flow to surface water bo
water cycle is highly dynamic, with inputs and outputs varying considerably over the course of a year. Such flu
have considerable influence on crop growth. Efficient use of water, including irrigation water, conserves water re
helps to optimize crop growth, and reduces the risk of soil erosion and movement of contaminants into ground
surface water.

Chemical element®uring photosynthesis, plants take in carbon dioxide from the air and fix the carbon in organiq
cules. These molecules are the building blocks of all living things. Carbon is exported from agroecosystems in th
crops and livestock, through respiration, or by the physical removal of soil organic matter by erosion. The residueg
plants and animals return to the soil and decompose, supporting soil organisms, adding carbon to storage pools
and releasing carbon to the atmosphere. Soils with adequate levels of carbon are better able to supply plant ny
water to growing plants, less susceptible to processes of degradation (water and wind erosion, compaction), an
more productive. Retaining carbon in soils also supports greater biodiversity and helps to reduce levels of carbg
in the atmosphere, contributing to reductions in the greenhouse gas balance.

Two important plant nutrients that cycle through agroecosystems are nitrogen and phosphorus. Most nitrogen ca
the atmosphere and enters agroecosystems in rainfall, through direct plant uptake and subsequent decomposit
residues in soil, and by nitrogen fixation by soil micro-organisms. Nitrogen can also be added to the system as m
tilizers, animal feeds, and manure. Nitrogen is lost from agroecosystems in crops and livestock, through volatiliza
the atmosphere, by leaching into tile drains and groundwater, or in runoff into surface water. Applications of nitrg
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exceed crop requirements or the carrying capacity of the soil increase the risk of water contamination by nitrate and the

level of emissions of gaseous forms of nitrogen into the atmosphere. Inefficient use of nitrogen also represents an
loss to farmers.

Phosphorus comes from terrestrial sources and binds readily to soil particles. Plants take it up from the soil, and it
ed from agroecosystems in crops and livestock. Phosphate is also added to agroecosystems in mineral fertilizer. |
has a tendency to build up in soils, increasing the likelihood that it will move off farmland into surface water, attz
eroded soil particles or dissolved in surface runoff, particularly in areas with significant slopes. Excess phosphor
eutrophication of surface waters, leading to declining water quality.

Reducing the environmental risks associated with nitrate and phosphorus involves good nutrient management,
practices related to manure management, cropping, and erosion control.

Source: Griggs, D.J. and FEM. Courtney, 1985.
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Understanding and Assessing the Environmental Sustainability of Agriculture

Measuring beneficial environmental outcomes oResponses link closely to driving forces, as they
services from agriculture is a topic of growing frequently involve attempts to manipulate or
interest in the agricultural community. Some manage key driving forces to achieve desired
benefits may be direct, but others are less certaioutcomes. In this report, indicators in this cate-
For example, it can be argued that reductions ingory relate only to farm practice. No other indi-
environmental harm constitute a benefit (meas- cators of other responses, such as government
ured as the degree of damage avoided), even policy or private expenditure directed at environ-
though environmental harm may still occur. mental improvements, are presented, although
related research in Agriculture and Agri-Food
Examples of adverse outcomes include decliningCanada is beginning to use agri-environmental
farm employment and income, rural de-popula- indicators to assess the environmental impacts of
tion, and declining environmental quality. departmental policies and programs.
Examples of adverse environmental impacts ) o
included degraded soils, reduced water quality, Indicator descriptions
species and habitat loss, depletion of aquatic ~ Six broad groups or clusters of agri-environ-
resources, and atmospheric change. Adverse engental indicators have been developed. These
ronmental impacts are inherent to agriculture, jusgroups relate to issues of
as they are to other fields of human activity, and « environmental farm management

are accentuated where and when the farming

methods and technologies utilized are insensitive

to the inherent limitations of the landscape.

The adverse effects of agriculture must be
assessed in a broader context that considers

* soil quality

* water quality

e greenhouse gas emissions
e agroecosystem biodiversity
* production intensity.

« the benefits derived from agriculture, such as

food production or economic gain
* the significance of the impact, which is a

function of its irreversibility, scale (e.g., area
or population affected), and relationship with

some defined threshold (such as a water
quality standard, a tolerable erosion rate, or
an accepted policy objective).

In this report, indicators in this category relate
to soil and water quality, agricultural habitats,
and agricultural greenhouse gases.

Response
Responses refer to the reaction by groups in so

ety to actual and perceived changes in outcome

and driving forces. These responses include

Cl-
S

Some of these groups have many sub-compo-
nents, to yield a full set of 14 indicators. A
general description of each indicator, its relation-
ship to the Driving Force—Outcome—Response
framework, and the general calculation method
used are presented in Table 2-1.

Many of the indicators presented in this report
focus on risk rather than stafisk indicators

are derived using models or mathematical for-
mulas that estimate environmental impact or
the potential for environmental impact by con-
sidering the contributing factorState indica-

tors measure the actual presence and degree of
an impact, such the concentration of nutrients
In groundwateror the amount of soil eroded

into streams. We selected several risk indica-

* producer behaviour, such as changes in the s pecause

use of farm management practices, use of
inputs, changes in outputs, and other
approaches to managing environmental
resources on the farm

e consumer reactions, through changes in food

consumption patterns

* they are more readily calculated at broader
spatial scales and can isolate the potential
impact of agriculture on the environment

+ detailed field data are generally not available
on a national scale for most state indicators.

* responses by the sector, such as changes inHowever, when this detailed information is

technology to produce less-toyesticides,
more-efficient crops and better production
processes

available, usually from regional studies, we
present it in boxed text to provide context for
the broader indicator.

» government actions through changes in policy

measures including regulatory approaches,
training and information initiatives, and
research and development.

Generally, improvements (a positive trend or
change) in the indicators presented in this
report indicate reduced environmental stress



National agri-environmental indicators Table 2-1

Indicator Agri-environmental Description Framework Coverage Method
Group indicator Element Typet

Environmental  Soil Cover by Crops Number of days per year when soil is left Driving Forces  National 2

Farm and Residue exposed under specific crop and land Response

Management management regimes.
Management of Farm  Adoption of best management practices for Driving Forces  National 3
Nutrient and Pesticide handling fertilizer, manure, and pesticides. Response
Inputs

J | Soil Quality Risk of Water Erosion  Potential for soil loss in surface runoff under ~ Outcome National 1

prevailing landscape and climatic conditions
and management practices.

Risk of Wind Erosion  Potential for soil loss under prevailing Outcome Prairie 1
landscape and wind conditions and Provinces
management practices.

. J Soil Organic Carbon Estimate of change in organic carbon levels in  Outcome National 1

:’: i soils under prevailing management practices.

4 .f?',: Y

w Risk of Tillage Erosion Potential for soil redistribution under Outcome National 2

F prevailing landscape conditions and tillage and

A ek cropping practices.
Risk of Soil Potential for change in degree of compaction ~ Outcome Ontario, 2
Compaction of clay-rich soils estimated from inherent soil Maritime
G i compactness and cropping system. Provinces

Risk of Soil Potential for change in the degree of soil Outcome Prairie 2
Salinization salinity estimated from land use, hydrologic, Provinces

climatic, and soil properties.

Water Quality ~ Risk of Water Potential for nitrogen levels in water leaving Outcome Humid 2
Contamination by farmland to exceed Canadian drinking water ecozones
Nitrogen standard.
Risk of Water Potential for phosphorus to move off farmland  Outcome Quebec 1
Contamination by into surface waters.
Phosphorus
Agroecosystem  Agricultural Estimated emissions of nitrous oxide, Outcome National 2
Greenhouse Greenhouse Gas methane, and carbon dioxide from agriculture
Gas Emissions  Budget production systems; summary balances

expressed in carbon dioxide equivalents.

Agroecosystem  Availability of Wildlife ~ Number of habitat-use units for which habitat  Outcome National 2
Biodiversity Habitat on Farmland has increased, remained constant, or
decreased.
Production Energy Use Energy content of agricultural inputs Driving Forces  National 3
Intensity and outputs.
Residual Nitrogen Difference between the amount of N added Driving Forces  National 2

to farm soils and the amount removed
in harvested crop.

*Number refers to definitions presented in the section on Calculation methods.
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from agriculture, the provision of environmen- conditions through the year for all agricultural
tal benefits from agriculture, or both. Declines production systems in the country.

(negative trends or change) in the indicators
indicate the reverse. In order to assess the sig-

nificance of the conditions and changes identi-
fied by the indicators, we incorporate reference
thresholds (such as policy objectives or envi-
ronmental quality standards) into the calcula-
tion and interpretation of indicators where pos-
sible. Where there is little change or no consis
tent direction in the indicator over time, we
have taken this as no change. A summary of
indicator trends for specific regions of the
country is presented in Chapter 18.

Calculating the indicators

Ecological classification system

hen possible, indicators were calculated

and portrayed on an ecological basis
using the national ecological classification
system for Canada (Fig. 2-3). This system
comprises three levels of detakodistricts,
ecoregionsandecozonesktcodistricts were
subdivided further by superimposing mapping

Terrestrial ecozones of Canada Figure 2-3

s ] Arctic Cordillera ] Boreal Shield
[ Northern Arctic [ Atlantic Maritime
[ Southern Arctic 1 Mixedwood Plains
{7 [ Taiga Plains 1 Boreal Plains

[ Taiga Shield [ 1 Prairies

[ Taiga Cordillera
[ Boreal Cordillera
I Pacific Maritime
[ Montane Cordillera |
[ Hudson Plains T

units, calledpolygons from Soil Landscapes of

Canada(SLC) maps (Fig. 2-4). Care was take
to match the scale of an indicator application
to the appropriate level of the classification
system. The size and number of units in each
level of the system are given in Table 2-2, and
a brief description of each level follows.

SLC polygons: Mapping units from Agriculture
and Agri-Food Canada’s generalized soil maps
of Canada (scale = 1:1 000 000). Polygon size
varies throughout the country. Many indicators
in this report are calculated using these map-
ping units, whose level of detail allows data
about soils and landforms to be integrated with
farm management data derived fr@ansus of
Agriculture enumeration area summaries.

Ecodistricts: Groupings of soil landscape poly-
gons with similar climate and topography.
Ecodistricts are a suitable level for storing gen
eralized data about climate and cropping sys-
tems and sometimes for presenting the results
of indicator calculations made at the more
detailed SLC polygon level.

Ecoregions: Groupings of ecodistricts with a

similar range of regional climate and topogra-
phy. Ecoregions have been used at the spatial
level to summarize regional crop management

Nesting of levels in the ecological Figure 2-4

classification system

Atlantic Maritime
ecozone divided
into ecoregions

& A -

Annapolis-Minas
Lowlands

ecoregion divided
into ecodistricts //

/
/ Windsor Lowlands
ecodistrict divided

/

practices in order to estimate soil cover




Background

Ecozones: Broadest ecological class in the ¢ the methodology of the Intergovernmental
classification system, based on continental- Panel on Climate Change, used to estimate
scale physical geography and climate. Most soil emissions ofitrous oxide

agriculture in Canada is practised in two of . the Revised Universal Soil Loss Equation for

Canada’s 15 ecozones, the Prairies and Application in Canada, used to estimate the
Mixedwood Plains. risk of soil erosion by water.
Calculation methods Method 2:Integrating information on soil, cli-

physicaland farm management information  canadawith data from the€Census of Agriculture
generalized to portray an environmental condi-ang custom data sets (from provincial agencies,
tion on the landscape at a given time. These njvate sector, or other sources), using mathe-

) . . .
4 calculations can be repeated over time to esti- matical formulas developed specially for these
ol mate changes and trends in the indicators.  gppjications.
R Indicators usingCensus of Agriculturdata
~were calculated for the census years 1981,  Thjs method, most commonly used in the study,
i 1991, and 1996. was necessary in cases for which process models
or formulas did not already exist. Examples of
Mapping units used for the Table 2-2 this method |n.clude the calculapon of
| national agri-environmental indicators * soil-water nitrate concentrations
.:ir gt }' « the risk of soil compaction
o E . . .
B Level No. of map Average size  Typical Range of sizes « the extent ofillage erosionassociated with
polygons (000's ha) (000's ha) various farm production systems.
SLC 3123* 37 10-1000 . AP .
Ecodistrict 386 590 100-5000 I(\:/Iethod S%S:m_mallilzmg mfolrmatlon from the
Ecoregion 70 4620 1000-15 000 ENSUS of Agriculturespecial surveys, or com-
Ecozone 7 60 250 17 000-190 000 binations of these twq sources, and er'lctlng
the results of calculations at the provincial or
* based on polygons with more than 5% farmland by area, 1991 Census of Agriculture ecozone scale. Examples of this method
include

« the portrayal of changes in land use over time

« the adoption of environmentally sound farm
input management practices

Most of the indicators were calculated by area
usingSoil Landscapes of Canag@alygons or
another level of the spatial framework, which
enabled subsequent roll-ups of information in * €nergy use.

either maps or tables. Geographic Information .

Systems were used to refine the data in these APPlying the methods

cases. Where location-specific calculations o

were possible, the results could be presented 45S19NINg census data o

any level in the ecological framework, but The Census of Agriculture provides informa-

where this locational information was lacking 10N ©n crops, land use, land management, and
(e.g., energy use data), indicator results were livestock that was used to calculate the indica-

simply summarized by province. tors. Census data at the level of enumeration
area (an area for which Statistics Canada sum-

Three principal methods were used in this marizes data, varying in size according to the

study. Table 2-1 identifies the methods used tonumber and concentration of respondents in an
calculate each indicator. area) were used. Assigning census data to the

SLC polygons took special care. Although SLC
Method 1:Integrating information on soil, cli- Polygons always remain the same, census enu-
mate, and landscape froBoil Landscapes of ~ Mmeration areas may change from census year to

Canadawith data from theCensus of census year. Thus the assignments of census

Agriculture using existing or modified mathe- data to the SLC polygons had to be recalculat-

matical models or formulas, including ed for each census year. As well, the simple

« the Century model, used to calculate changed/erlay of census information on the polygons
in the amount of soil carbon over time using Geographic Information System software
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Terrestrial ecozones of Canada

Ecozones are broad areas of Canada having similar subcontinental-scale geography, climate, and ecology. Cana
subdivided into 15 ecozones to meet the reporting requirements of the first State of the Environment Report for
1986. The boundaries of these 15 ecozones were refined by a team of land resource specialists from governme
across Canada in 1995 and linked to $lod Landscapes of Canag@lygons and databases in the process. Comme
agriculture is practised widely in the seven ecozones described below, and to a very limited extent in two other
Cordillera and Taiga Plains).

Pacific Maritime Covering the mainland Pacific coast and offshore islands of British Columbia, this ecozone has
the mildest and wettest climatic conditions in Canada. Native vegetation is dominated by conifer forests composed
western red cedar, western hemlock, and Douglas fir. Most of the province’s population and agricultural produ
located in a few major valleys and lowland plains within this mountainous ecozone, producing strong competing
for land resources. The ecozone totals 207 930rkarea, with farmland comprising less than 1% of the area, all of w
is confined to the Fraser Valley and eastern coastal area of southern Vancouver Island.

Montane Cordillera This ecozone comprises most of interior southern British Columbia and a portion of southy
Alberta. The most diverse of all of the ecozones, its vegetation ranges from alpine tundra to dense conifer
sagebrush-dominated grasslands. Tree fruit production and viticulture dominate under the mild climate of the sem

leys and higher-elevation plateau regions. The ecozone totals 487 900awen, of which only 2% is farmland.

Boreal Plains This ecozone extends as a wide band from the Peace River country of British Columbia to the sou
corner of Manitoba. It supports productive agriculture north of the Prairies ecozone in what is often referred to ag
wooded soil zone. The native vegetation is mixed forest composed of white and black spruce atesignilseeds
andforagesare the principal crops grown. The ecozone totals 737 29@nkanea, with about 20% as farmland.

Prairies: Incorporating all of the grasslands and aspen parkland from the foothills of the Rocky Mountains to the C
Shield country east of Lake Winnipeg, this ecozone is characterized by relatively level topography and a semi-ar
with cold winters and warm summers. Agriculture dominates most landscapes. The ecozone totals 465 Gg@&knof
which 90% is farmland; about two-thirds of all farmland in Canada is located in the Prairies.

Boreal ShieldThe largest of all ecozones, the Boreal Shield extends from northern Saskatchewan east to Newfc
passing north of Lake Winnipeg, Lake Superior, and the St. Lawrence Lowlands. Agriculture is practised i
locations in the southern portions of the ecozone and in scattered locations throughout Newfoundland and
Farmlands have been cleared from mixed conifer and poplar forests, and agriculture is mixed. The ecozc
1 937 520 krhin area, with less than 1% as farmland.

Mixedwood PlainsThe ecozone extends from southwestern Ontario through to the Ottawa Valley and the St. L
Lowlands of southern Quebec. It encompasses most of the primary agricultural lands of the provinces of Qu

Canada’s largest in economic terms. The relatively warm, humid climate is conducive to the production of a wide
products, including most of Canada’s dairy products, vegetables, and specialty crops. Agriculture competes with
land uses, transportation routes, and urban and suburban residential development for land. The ecozone totals*1
in area, of which about 40% is used as farmland.

Atlantic Maritime The ecozone incorporates the Eastern Townships and Gaspé regions of Quebec along with

Maritime Provinces. Agriculture is the dominant land use on Prince Edward Island and elsewhere is concentrat
ticular valleys (e.g., the St. John River Valley in New Brunswick, the Annapolis Valley in Nova Scotia, a
Sherbrooke—Lennoxville region in Quebec) or exists as a secondary land use on otherwise forested landscapes.

is farmland.

C.A.S. Smith, Agriculture and Agri-Food Cana
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A.

Introduction and Background

resulted in some errors of assignment (e.g., Readers should note that in map presentations
assigning corn production to a soil landscape of indicator results, an entire SLC polygon is
polygon dominated by rock outcrops or forest assigned a value on the map. However, these
plantations would be incorrect). To improve  results apply only to the agricultural portion of
precision and ensure a better match between each polygon. In fringe areas of agriculture,
census and SLC information, other data such map presentations could be misleading if
sources, such as satellite imagery, were used tiis treatment is not kept in mind.

verify site-specific land use when possible.

Accurate and appropriate spatial integration of A common set of SLC polygons was used to
agricultural production data with the biophysi- calculate all indicators involving an integration
cal landscape base was a key challenge in  of SLC and census data. To be included in the

many of the indicator calculations. set, polygons had to have
. o ) « at least 5% of their area as farmland according
Defining the limits of agriculture to the 1991 census

In regions of the country where agriculture is
the dominant land use, conducting landscape-
level assessments of environmental risk is fair-
ly straightforward. Agricultural activities are
assumed to occur over the entire landscape,
and indicator calculations are based on the
dominant soil type(s) listed for the SLC poly-
gon. However, much of Canada’s agricultural

production takes place on landscapes where _ . ) 72
fringe areas where agricultural activities are

agrlculturg Is not the dpmlnant land use. Fpr highly dispersed were excluded from the calcu-
these regions, calculations had to be monltoregations Agriculture in the Yukon Territory,
to verify that the correct soil type (not neces- NorthWest Territories, and Nunavut was ’not
sarily the dominant type), drainage condition, '

- included in this study, nor was the agriculture
and landforms within the landscape were con- ! ; !
: . . along the northern fringes or in outlying areas
sidered and thafensus of Agriculturenputs . I
: ; of the provinces. Some, but not all indicators,
and values were rationally assigned to the cor- .
report results for areas in Newfoundland and
rect SLC polygon.

Labrador for the same reasons.

« records for all three census years: 1981, 1991,
and 1996.

In 1991, 3123 SLC polygons met the first qual-
ification (Table 2-2), defining a study area shown
in Figure 2-5.

As a result of the cut-off, many polygons in the

Extent of soil landscape units with .M Indicator limitations
at least 5% of area as farmland

he indicators presented in this report are

subject to several limitations, a description
of which follows. Because of these limitations,
the indicators are best suited to portray esti-
mates of environmental change and to make
regional comparisons, but they do not necessar-
ily give an accurate picture of the farming or
environmental conditions at specific locations.

Knowledge and data gaps

Some indicators were calculated using mathe-
matical models that were developed and tested
at the field level. These models give the indica-
tors a good theoretical foundation and help to
define how management practices interact with
landscape conditions and ecological processes
to produce an environmental effect. However,
they must usually be validated and calibrated at
the field level, presenting problems with reliabil-
ity when the models are used at broader scales.
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The data needed to estimate processes associd
ed with the indicators were often missing from
the soil orCensus of Agriculturdatabases. In
this case, the missing information had to be
either estimated or left out of the indicator cal-
culation. In other instances, there were entire
areas of agricultural farm inputs for which data
were not available. For example, information
on the use of pesticides at specific locations is
generally not available in Canada, so it is
impossible to make spatial assessments of the
risk associated with pesticide use at any level
of the ecological framework.

Census of Agriculturdata are subject to the
quality controls applied by Statistics Canada,
but misinterpretation of particular questions on
the census and survey forms by farmers can
lead to erroneous responses about farm man-
agement practices. Such has been the case w
guestions on the extent of summerfallow and
conservation tillageWe have examined
regional management practices to see if there
are discrepancies with census findings (especia
ly related to conservation tillage in potato pro-
duction in eastern Canada, and summerfallow
reported outside of the Prairie Provinces) and
modified these data as needed, but errors may
still remain.

For reasons of confidentiality, Statistics Canada
suppresses data when only a few instances of a
particular farm activity occur in an enumeration
area. When tallied over an entire province or
ecozone, considerable data may be lost and
results skewed. Most commonly, livestock num-
bers and associated land areas are suppressed
the SLC polygon level, specific operations may
be excluded from the census data set, and site-
specific environmental risks may be missed
entirely. This limitation applies particularly to
indicators that use multiple census attributes in
their calculations, such as the risk of water con-
tamination by nitrogen and phosphorus.
Suppression of data reduces the area available
make indicator analyses. As a result, the total
farmland area considered varies from indicator
to indicator. Techniques to overcome these limi-
tations imposed by data suppression need to be
developed.

Data quality and quality control

Data on specific chemical and physical proper-
ties of soil were needed to calculate many of the
indicators. These data generally come from the

Using the Census of Agriculture

to develop agri-environmental indicators

To develop reliable agri-environmental indicators, credible and
vant data are needed. New opportunities and funding to collect
nationally are few. Data to address environmental problems must
be location-specific (i.e., geographically positioned on the earth's
face), but such data can be costly to collect. Consequently, using
ing datasets is important in developing indicators, as is filling data
as opportunities and funds permit.

One such existing national database is@easus of Agriculturelhe
census has great potential to support analytical studies on indicata
is limited by its lack of locational precision and by the availability

ele-
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often

sur-

exist-
gaps

rs but

of

data only for politically defined spatial units (e.g., enumeration areas,

census subdivisions, or crop-reporting district$)e Soil Landscape
of Canadadatabase stores data on the inherent nature of Canada’s
cultural soils (e.g., texture, slope, depth), which cannot be used
to calculate indicators. However, when these two information sot
are brought together, indicators can be developed.

TheCensus of Agriculturegporting every 5 years on a wide variety
variables for all farms, provides a comprehensive picture of the
characteristics of Canada'’s agricultural industry at one point in tirrwl:
also supplies detailed information on small geographic areas not
able from other sources. Data collected by the census is generall
divided into four sections:

farm structure, relating to farm size and ownership characterist

crops and land use, detailing the distribution and area of crops
ture, and other land

livestock, relating to the type of animals and the size of herd

of inputs and sales.

In 1991, in response to the need to track the adoption of various
agement practices by farmers, a section was added to the ceng
land management dealing with tillage practices (conventional, co
vation, andho-till), summerfallow management, and the use of ero
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controls such as windbreaks, winter cover crops, and grassed \Wwater-

ways. An additional question dealing with manure application meth
was added in 1996.

The type of information collected on the census is reviewed bety
census periods. Modifications to provide more information about €
ronmental farm practices are being evaluated now for inclusion if
2001 census. Theéensus of Agriculturprovides an excellent list from

ods

veen
nvi-

the

which to draw a representative sample to conduct follow-up surnveys

and collect data using other techniques, such as personal intervie
computer-assisted telephone interviews. Techniques to collect onf-
environmental data are constantly being explored and tested
Census of Agriculturand Statistics Canada will continue to be a m
source of data for future indicator work.

C.A.S. Smith, Agriculture and Agri-Food Cana
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SLC database. Many indicator calculations are  the country. So, although contamination of
based on only the dominant soils in a landscape, local water systems is a recognized problem in
yet many more soil types often exist in an SLC ~ some localities in the Prairie Provinces or the
polygon. In such cases, indicator results reflect  southern interior of British Columbia, no indi-
estimated conditions on the dominant portion of cator results are reported for these parts of the
the polygon, but the entire polygon is assigned  country.

this value, resulting in some misrepresentation of

results. Furthermore, the recorded value fora Coverage over time

soil property may be based on an estimate or a Census of Agriculturdata are collected at
single measurement, or may be the average of 5.year intervals, and this report presents indi-
several measurements. Because the reliability otator results for three census years (1981,
the input data was highly variable or unknown, 1991, and 1996). It is difficult to identify

we were unable to use statistical methods to  trends with only three data points, though
determine the prObabiIitieS, Significance, or rena-apparent trends may be confirmed by future
bility of most indicator calculations. updates. This is particularly true for indicators

. with a great degree of seasonal variation, such
To date we have not been able to apply rigorousgs the risk of soil salinization.

quality control to the assignment@énsus of

Agriculturedata to the SLC polygon base ata  statistics Canada takes a full year to process
national scale. This careful evaluation involves census data before it is re'eased, and then more

the use of satellite data, manual data CheCkS, arﬁ*ne is needed to use this information to gener-
validations against field observations. Time and ate agri-environmented indicator values. As a

resources have been sufficient to undertake thisresylt, the indicators reflect risks or conditions

evaluation for Only a handful of |andscapeS of2to 5 years in the past_ To deve]op po”cy,

across the country. High-resolution land use  more timely and forward-looking information
information is key to the correct assignment of s often needed.

agricultural production data to the land base, but
this information is not yet available nationally.
Use and interpretation
Geographic coverage To make national assessments it is necessary to

Most indicators were calculated on a national ~ Work at broad temporal (time) and spatial (area)
basis. Some indicators were calculated regionallpcales. However, broad scale analysis is not pre-
because they related to processes specific to thodge, tending to average out extreme conditions.
regions (e.g., wind erosion and ssalinizationin ~ For example, the erosion impacts of short but

the Prairies). For a few indicators in the early intensive spring rains are underestimated,

stages of development, data were available fordecause such events are averaged out over longer

only some regions of the country. For examplelime periods. Similarly, individual provinces, or

. . . even the ecological units of i -
 Soil-test phosphorus data were readily avail- 9 ecoregions anc_l eco
zones, are not homogeneous in terms of either

able only for Quebec, confining application of farm management practices or biophysical con-

the risk of water contamination by IOhOSIOhorusditions butgbroad S(F:)ale analyses tepng to make

to that province. ' y .

. _ _ them seem so. Thus, non-point source environ-

* Assessment of the risk of soil compaction waspental problems are better addressed by the agri-
limited to humid regions of eastern Canada  gironmental indicators than point source prob-
with non- swelling clay minerals because of  |ems. Furthermore, the lack of a dramatic indica-
the lack of analytical methods to deal with 4 result does not necessarily indicate the
other types of clay. As a resullt, the clay soils  gpsence of a problem. For example, the potential
of southern Quebec and the Ottawa Valley, thenyironmental effects of intensive livestock oper-

Red River Valley of southern Manitoba, and - 4tions are not picked up at this level of analysis,
the Lower Mainland of British Columbia, all - ¢oncentrated as they are in a specific locale.

of which have problems with soil compaction,

were not covered by this indicator. Agriculture’s interaction with the environment
 The indicator of the risk of water contamina- is complex, so care is needed in making overall
tion involved calculating seasonal surplus interpretations from trends in individual indica-
water in the soil rooting zone, a condition tors. Positive trends in one indicator may lead
common only in the more humid regions of to negative trends in another. For example,
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reduced tillage operations that reduce soil ero-development must take place before a more
sion may result in a greater need to use herbi-comprehensive and reliable set of indicators
cides for weed control. Also, greater utility andcan be constructed. In particular, more researc
efficiency of nitrogen fertilizers and manures is needed into ways to scale up site research,
may result in higher emissions of nitrous oxideuse site models reliably at broader scales, and
from cultivated soils. to better integrate production data with attrib-

utes of the landscape upon which agriculture is
The indicators presented in this report largely practised. More work is also needed to refine
reflect a biophysical perspective. No attempt the procedures and model applications and
has been made to quantify the costs and beneimprove the reliability of input data so that we |
fits of the conditions and changes estimated bynay place greater confidence in these calcula-
the indicators in economic terms. Some tions. F
aspects of environmentally sustainable agricul-
ture are not covered by the indicators, includ- Despite these limitations, we are encouraged
ing trends in environmental risks associated by the results of this project. The indicators
with pesticide use, changes in the nature and appear sensitive to changing farm practices and
quality of soil organic mattertrends in plant show patterns of environmental risk that reflect
and animal biodiversity both on and surround- the intensity of agricultural production in some
ing agricultural land, and the risk of water con-areas. They establish a baseline against which
tamination by bacteria and sediments. Some ofuture assessments can be compared. And they -t
these gaps and limitations could be addressedwill be useful in developing and evaluating .
in future work. agricultural policy, directing future research, q

and providing producers with a report card

on broad trends in their environmental per-

Conclusion formance.

Agriculture, perhaps more than most other
economic activities, is intimately linked to
the natural environment. The fundamental
aspects of the ecology of agriculture and its
interaction with the surrounding environment are
understood. But the details of the processes that
drive both natural ecosystems and those modi-
fied by humans to produce food and fibre are not
well understood. Furthermore, agriculture in
Canada is carried out under diverse landscape
and climatic conditions and is controlled by a
variety of environmental, technological, social,
and economic forces. As a result we do not
always know precisely what the long term out-
comes of our manipulations of natural systems
will be, nor what shape our manipulations will
take in the future. In the context of these uncer-
tainties, we have used the information and meth-
ods available to us to develop and present, for
the first time, a national set of agri-environmen-
tal indicators for Canada.

Most indicators were calculated by merging
information on the biophysical landscape with
agricultural production data. This report
demonstrates the application of this method to
large databases. In the process of this work, it
became evident that important information was
often lacking and that much research and




A. Introduction and Background

Driving Forces Affecting the
Environmental Sustainability of
Agriculture

R.J. MacGregor and T. McRae

HIGHLIGHTS

» Driving forces influence the nature of environmental and other
outcomes in agriculture. Key driving forces are the economic
and social signals received from the marketplace, government
policy, and technology. Over time these have evolved consider-
ably, and in recent years, have become more complex.

» Global demand for agricultural products has grown and will cgn-
tinue to do so. The nature of that demand has also changed.
Growth and evolution in demand has been accompanied| by
globalization of markets, increased trade liberalization, and com-
petition among countries.

» Canada’s agriculture has responded by increasing output and
adopting new production methods and technologies to improve
its productivity and competitiveness. Structural changes the
also occurred, such as greater farm size and specialization, |and
more intensive use of land and other resource inputs. Many of
these changes have increased the potential environmental fisks
from agriculture. At the same time, society’s environmental
expectations and preferences have evolved. New environmental
regulations and agreements have been enacted, placing addition-
al demands on agriculture to meet environmental as well as gco-
nomic goals.

* Government agricultural policy has traditionally focussed o¢n
economic and production objectives. More recently, poli¢cy
reform has been guided by environmental considerations, alpng
with more traditional social and economic criteria. The sechor
has also responded to driving forces with a wide array of voldn-
tary initiatives and changes in management practices.

» Driving forces will continue to evolve and influence envirorn
mental trends in agriculture. Potential risks to the environment
will continue to increase as output expands. Ongoing resporjses
will be required by industry, governments, and Canadians so {hat
social, economic, and environmental objectives for agricultyre
are achieved.
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Introduction

effects on agriculture worldwide. As a large

exporter of agricultural products, Canada is
griculture is situated within the broader ~ Working hard to increase its share of global
economic, social, and environmental sys- agricultural trade, especially processed prod-
tems of the world. These systems are inextricalcts §€eBox).

bly linked to one another, interacting and giv-

ing rise to various driving forces that influence New target for Canada’s share

the nature and direction of agricultural produc-
tion. This process in turn influences agricul-
ture’s relationship with the environment.

Driving forces are one component of the
Driving Force—Outcome—Response framework
used to identify appropriate indicators of envi-
ronmentally sustainable agriculture for this
report 6eeChapter 2). Besides the natural
environment in which a farmer operates, the
principal types of driving forces are

 the economic, social, and policy signals to
which farmers respond

« the technologies available to farmers.

Throughout the past century these forces have
evolved, in recent years becoming more comple
and changing more quickly. To a large extent,
farmers take as given the overall operating envi-
ronment shaped by these forces and select pro-
duction strategies that allow them to achieve
desired outcomes most efficiently. In this chapte
we review changes in these driving forces and
discuss their environmental implications.

of world export markets

Agri-food production policy influences the
nature and amount of agricultural production.
The Canadian Agricultural Marketing
Council recently established a target for
Canada of 4% of world trade for primary agfi-
cultural and agri-food products by the yqar
2005. This target was accepted by the fedgeral
and provincial ministers of agriculture in July
1998 and is now a key policy goal for growjth
and development. Canadian agri-food exports
must increase from $21 billion in 1998 fo
$30-40 billion to achieve this goal.

The new export target has environmental
implications, as additional resources and
inputs will be required to boost productioh.
Future updates of economic and envirgn-
mental indicators will show whether the sec-
tor achieves the export target, and whether
environmental costs are incurred as a respilt.

T. McRae and R.J. MacGregd,
Agriculture and Agri-Food Canader

Societal forces

Market demand
S ignals arising from the marketplace are .
among the most influential of driving forces

affecting agriculture. World population, currently
around 6 billion, has grown rapidly in the past
century and will reach 7.3 to 10.7 billion by 2050,
(assuming certain fertility trends). Agriculture
worldwide is thus continually challenged by the
need to meet the ever-increasing global food
demand. The nature of this demand has also
changed as family incomes have risen, particular-
ly in western countries. Today, diets are more
varied and include more expensive (and energy
intensive) livestock products along with the more
traditional cereals, fruits, and vegetables.
Industrial demand for agricultural products such *
as alcohols and non-edible oils has also grown.

The growth and change in food demand has -
been accompanied by globalization of markets
and increasettade liberalization with profound

These market changes may result in

greater competition among countries, leading
to the development and use of new produc-
tion methods and processes aimed at enhanc-
ing competitiveness and productivity

overall increases in agricultural production
and changes in the mix of commaodities pro-
duced, with a marked rise in the production
of livestock products

 declines in real prices for some commaodities

(Fig. 3-1) and cyclical changes in prices,
increasing the pressures on farmers to
improve productivity, efficiency, and man-
agement of economic risks

greater farm size, farm specialization, and
production intensity to capture economies of
scale (Fig. 3-2)

new global trade rules that place additional
constraints on government support policies
for the sector.
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The need to increase competitiveness and pro Agricultural land use and supply

ductivity in a world economy has spawned ini-

tiatives in research, changes in government
policies (such as income support programs),
and marketing efforts. Overall, Canada’s agri-
cultural sector has responded successfully to

the demands of the marketplace. However,

market signals will continue to fluctuate and , .
competitive pressures will likely increase, forc- Over the past 30 years, Canada’s total supply of farmland has remained

ing an ongoing process of adaptation. The fairly constant at around 68 million . hectare;. How_ever, important
structural changes that have occurred, and wil changes have occurred over the years in how this land is used. For|exam-
continue to occur, in Canadian agriculture havd P, between 1901 and 1996, Canada’s cultivated land area (land junder
environmental implications related to the use | Crops and summerfallow) expanded five-fold. In contrast, the supply of
of land &eeBox), water, inputs, and other dependable agricultural land (Classes 1, 2, and 3 of the Canadaj Land
resources. Inventory Capability Classification for Agriculture) dropped by an gsti-
mated 16% over this period because of conversion to urban and|other
non-agricultural uses. In the 1980s, the area of land under cultivation in
Social preferences Canada surpassed the supply of dependable land. This situation inglicates
Society’s overall preferences and expectations| that agricultural production is becoming more reliant on marginal land,
are an important group of influences on agri- | with possible effects on productivity, soil quality, wildlife habitat, and
culture. Canadians’ chief expectation of agri- | other environmental aspects.
culture is an abundant and safe supply of food

Market prices for crops and livestock directly affect land use decigions
on the farm. Many of these land use decisions have implications fgr soil
and water quality, wildlife habitat, and other environmental aspec|s of
agriculture.

Other important expectations are rural develop 50
ment, employment, and contributions to nation 45
al income and trade. However, the public’s g 40
environmental expectations have also evolved, & gg
and these increasingly affect agriculture. % 25 y
1)
Canada is today a largely urban society, with é ig /
a greater appreciation of the economic and ec{ = 10 ,/
logical value of its environmental assets, such g
as soils, wildlife, forests, fisheries, and water. ‘ — ‘ ‘
Canadians are concerned about threats to the S I S S S S S
environment and support an array of initiatives Years
to preserve and protect it. Consumers in other — Land under cultivation — Supply of dependable land |

countries have similar concerns and have in
some cases boycotted products whose produc
tion was felt to have caused environmental
damage (e.g., European boycotts of Canadian
forest products).

D. Trant, Statistics CanadT

Trends in grain prices Figure 3-1

Recent public opinion polling reveals that the
public is concerned with agriculture’s effects 600
on environmental quality, especially from the | £ _ 500 ~
use of farm chemicalséeBox, page 24). S S 400 \\/\\
Governments have responded to such concerr] "\2 W 300 1O \\//‘\ TN
by supporting research, implementing policies § 3 200 \‘\"'\k n
and programs to promote environmentally sus{ & % 109 \/‘“\\L\'—/,:;\-_:L/-—J/\/\'\-—-
tainable agriculture, and passing regulations tg ob OO

i | O & b o o A RO D >H PN
oo ) ooty s s st || FEPLIISIIFIPPF SIS
with a series of voluntary initiatives (often with | —— Canola —s— Wheat —— Barley
government support), such as environmental

farm plans and changing farm practices as new
information became available. For the most  are imposed through regulations governing the
part, producers are not paid directly for efforts use of resources and management practices
to control environmental risks, even when costemployed.
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Number of farms and proportion
of small versus large farms
based on gross farm receipts
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Figure 3-2
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A more recent and still-evolving social influ-
ence on agriculture is the public’'s growing
recognition that agriculture can provide envi-
ronmental benefits. Leading examples of these
benefits are wildlife habitat, reductions in
greenhouse gas emissions, a pleasing land-
scape, and ecological services such as recy-
cling of nutrients Agrotourismis one way in
which farm families can capitalize on these
benefits. In some cases, public interest groups!
and programs (e.g., North American Waterfowl
Management Plan) have demonstrated a will-
ingness to pay producers for such benefits.

Public perceptions of agricul-

ture and the environment

Overall, Canadians have a relatively favourable
environmental image of the agriculture and

food industry. When asked to rate the degreg of
environmental damage caused by 12 industties,
agriculture was rated 1,Ifollowed only by the
computer software industry. Compared wjth

other resource industries (energy, fisheries, and
forestry), Canadians see agriculture as being
the closest to sustainability.

When it comes to the impacts of agricultufal
activities on the environment, Canadians
(60%) are most concerned about the use of
chemical fertilizers and pesticides. A mugh
smaller share of people are most concerped
about water pollution from livestock wastés
(19%), the impact on wildlife habitat and
wetlands (13%), and odours from livestogk
operations (4%). There is some regional
variation in these responses. For example, a
higher proportion (8%) of people in Quebec,
Saskatchewan, and Alberta expressed qon-
cern about livestock odours.

Public perceptions about agriculture and the
environment have evolved. Ten years apo,
loss of farmland to urban development was
cited as the most important agri-environmen-
tal issue. Concern about this issue has
decreased steadily as attention has shiftef to
the use of farm chemicals.

Source: The Environmental Monitor, 1998

Government policy
Government policy operates at local, regional, *
provincial, national, and international levels,
affecting how resources are used through the
manipulation of market price signals, regula-

funding agricultural research

providing long term capital to finance
growth, adjustment, and the acquisition of
new technology.

tion, or initiatives to provide information and ~ Concerns about the natural resource base began
raise awareness. Economic policies can have to emerge in the 1930s. It was recognized that

important environmental implications, and

existing practices threatened the long term

environmental policies can in turn affect eco- health of the western economy, and the Prairie

nomic performance.

Farm Rehabilitation Administration was creat-

ed to deal with poor land conditions on the

Early in this century, the overall aim of govern-

ment was to create as much wealth and incomg

as possible from the agricultural sector.
Government support of agriculture involved

Prairies during that decade.

ubsequently, government intervention in the

agricultural economy greveéeBox). Through
the 1960s, 1970s, and 1980s, the level of inter-

+ financing infrastructure, such as transportationyention in agriculture expanded till federal and
networks and irrigation and drainage systems provincial governments were providing direct

« enacting legislation to help reduce the eco- support of about $4 billion annually. Along
nomic risks of agricultural production, espe- with a host of other policies related to supply

cially related to product marketing

management and trade restrictions, total support
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rose to about 30% of the value of production.
At this time, OECD countries were supporting
their agricultural sectors with a total of about
$US 300 billion annually. As production and
income support mounted, so too did concerns
that excess production caused environmental
damage, such as inappropriate use of margina
land, excessive use of inputs, and drainage of
wetlands.

Evolution of government

support for agriculture

Government support for agriculture can have
important effects on production levels, and thus
on the environment. Of most concern are sup-
port payments directly linked to productiop,
such as payments based on crop area, whic
can provide incentives to use marginal lands$ or
drain wetlands.

Government support is often measured by |the
Producer Support Estimate, an indicator that
includes production subsidies, as well as other
forms of support. Support is measured relative
to the value of production. Support in 1998|in

the member countries of the Organization for
Economic Cooperation and Development was
14% above the 1986—1988 reference period. In

to as cross compliance.

R. J. MacGregor and T. McRae
Agriculture and Agri-Food Canadg

Examples of environmental policy

Table 3-1

initiatives and regulations affecting agriculture

Initiative Scale

Implications for Agriculture

U.N. Framework Convention Global
on Climate Change (and its
Protocols)

U.N. Convention on Global

Biological Diversity

Montreal Protocol on Global
Substances that Deplete the

Ozone Layer

U.N. Economic Commission
For Europe (UNECE;
includes Canada and U.S.):
Protocol to Abate
Acidification, Eutrophication
and Ground-level Ozone

Regional

UNECE Protocol on
Persistent Organic
Pollutants (POPs)

Regional

North American Agreement
on Environmental
Cooperation (Canada, U.S.,
Mexico)

Regional

Canadian Environmental National

Protection Act (CEPA)

Federal Fisheries Act National

Federal Pest Control National

Products Act

Canadian Environmental National

Assessment Act

Provincial,
Municipal

Numerous provincial acts
and regulations and munici-
pal bylaws and provisions

National response strategy being devel-
oped; possible limitations on agricultural
emissions of greenhouse gases.

Canadian Biodiversity Strategy developed,
promoting conservation of crop and live-
stock diversity, habitats, and species in
agriculture; federal endangered species
legislation pending.

Limits in place on use of methyl bromide
(an agricultural fumigant), elimination by
2005.

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

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

Broad agreement to cooperate to control
substances with transboundary effects.
Chemicals management program could
affect pesticide use.

Ammonia and particulate matter (includ-
ing airborne soil) being assessed under
CEPA,; limitations on emissions are a pos-
sibility.

Prohibits pollution of waters inhabited by
fish; could affect management of irriga-
tion and drainage canals and ditches.

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

Requires consideration of environmental
impacts of projects prior to their imple-
mentation; could affect agriculture on fed-
eral lands or in cases where federal funds
or regulations support or approve proj-
ects on private lands.

Controls imposed on a wide range of
agricultural activities (e.g., separation dis-
tances to wells, conversion of agricultural
land, spreading of manure, manure stor-
age capacity, maintenance of buffer
strips); regulations vary by province and
municipality.
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Realizing that most of this support simply offset true during the technology explosion of the last

the negative results of what other countries wergart of the twentieth centurgéeBox). All new

doing, most developed countries agreed under technologies have helped to shift agriculture

the auspices of the World Trade Organization away from being a mainly physically based

and the Agreement on Agriculture (ratified in ~ activity to a more knowledge based activity.

1995) to reduce measures that distort trade. =~ Modern agriculture is characterized by a replace-
ment of physical labour, specialization, concen-

In Canada, direct support has been reduced tatration, consolidation, and locational change.

about $1 billion, leaving most commodity sec-

tors subject to changing world market condi- Specialization has occurred not only on indi-
tions. Remaining government support applies vidual farms, but also in whole regions that at
mainly to the supply-managed sectors of dairyone time may have been highly diverse to sup-
and poultry. This support likely results in a ply local markets. For most commodities, dis-
smaller industry and smaller farms whose locatance to market is no longer the most important

tions would change if the policy was removed.

o . Technological change and
Not all government policy is geared to expanding :
: 2 : agriculture
production. In response to rising public concern

about agriculture’s impacts on the environment,
governments are focussing more on producing
agricultural goods and services in ways that are
compatible with the environment. A wide range
of government policies and initiatives has resulte
at all levels (Table 3-1), with considerable effect
on agriculture in Canada and other countries.

In Canada and other western economies, gov-
ernment’s role in affecting how resources are
used will likely continue to diminish as greater
emphasis is placed on market forces. Support
policies are to be designed so as not to distort
market signals. Governments still have as an
objective a healthy and growing agricultural
sector, and policies support these goals throug
research, market promotion and trade policy
reform to gain greater access to overseas mar
kets. With regard to the environment, agricul-
ture remains, for the most part, largely unregu-
lated. However, the overall trend is toward
increased government intervention (particularly
at the provincial and municipal levels) to influ-
ence how agriculture is practised, and to limit
impacts on the environment. The federal gov-
ernment remains involved through research,
funding of agri-environmental programs, the
provision of information, and the domestic
application of international commitments.

Technological change

ocial preferences and government policies

have influenced agricultural activities and
outcomes. But at the farm level, it is changing
technology that has principally altered the way
in which producers have used resources over
the last 200 years. This has been particularly

Before 1900s * beginning
of mechanization

« scientific process for
plant and animal
genetics and breeding

Up to the 1930s « on-farm use of
combustion engines

1930s to 1960s < electrification,
electric motors

1940s to 1950s - rise of chemical and
pharmaceutical indus-
tries, growth of input
supply industries (e.g.,
compound feed manu-
factures)

* refrigeration

« availability of cheap
testing (feed, soils)

 development of hybrids

After 1970s

genetic engineering
« information technology

e computerization

¢ management systems
and technology

« targeted breed develop-
ment for market
(e.g., canola)

* precision farming
systems

R. J. MacGregor, Agriculture and
Agri-Food Canadal




factor in deciding where production should
take place. Selecting the correct physical and
economic environment provides the greatest
opportunities to succeed in today’s world mar-
ketplace.

The environmental effects of technological
change are the subject of considerable debate
Some technologies have had unanticipated,
adverse effects on the environment. For exam
ple, DDT was an effective insecticide, but its
harmful effects on wildlife were soon discov-
ered. Similarly, the fumigant methyl bromide
had initial benefits for agriculture, but its use is
being phased out because of negative effects
stratospheric ozone. Once these adverse effeq
became known, a new driving force for change
was created, both to control the widespread ug
of these chemicals and to search for better
alternatives.

On the other hand, the use of technology has
allowed farmers to produce more food on a
limited land base. There are many examples 0
technologies that reduce environmental risks,
such as biological control methods for pests
and improved manure management systems.
Canada’s hog industry provides an example off
a sector currently undergoing fundamental
structural changes because of technological
advances in management systeseeBox).

Procedures to assess the environmental risk o
new technologies are improving, but risk
assessment continues to be an imprecise sci-
ence. Debate continues over the relative bene-
fits and costs of emerging technologies such a
the use of hormones, genetically modified
organisms, and cloning. Still, Canadian agri-
culture today is a product of technological
change, and further developments will affect
decisions made by producers and have some
environmental effects.

Driving Forces Affecting the Environmental Sustainability of Agriculture

Environmental implications of structural

changes in Canada’s hog industry

Canada’s hog industry illustrates how recent economic, technological,
and policy developments have resulted in structural change in the sector,
with environmental implications. Pork is one of the most important agri-

cultural commodities, and the industry generates $2.2 billion in farm
income and $1.5 billion in hog and pork exports.
Over the past decade, global demand for pork has grown, especially in

East Asia, because of rising personal incomes. Increased demand hoosted
pork prices. At the same time, removal of transportation subsidies for
western Canadian grain led to a drop in grain prices, making the Piairies
more competitive for hog production. Hog production technologies|and
management processes also evolved, allowing operations to shift fram the
traditional farrow-to-finish farms with 100 to 300 sows to larger units ith
1200 or 2400 sows (or more), in which piglets are farrowed at ong site,
raised in a nursery at another, and finished at a third. Overall, the nimber
of pigs per hectare on hog farms rose by about 20% between 1988 and
1997. These and other factors have resulted in a larger and more special-
ized and concentrated hog industry.

The magnitude of the expansion, combined with the new size and nature
of hog operations, has raised a number of social and environmental issues
in rural areas. The environmental issues include odours, impacts gn soll
and water quality (from nitrogen, phosphorus, and other potentially harm-
ful substances) and emissions of greenhouse gases and ammonia|(which
contributes to smog and can pose a risk to human health under ¢ertain
conditions).

Both industry and governments are responding with actions to ma
environmental risks and to ensure that further expansion of hog pri
tion occurs in an environmentally sound fashion. Industry has been

in developing and promoting best management practices, workin
improving public communications, and funding research to develop
nical solutions to current problems. Many provincial governments

been developing extension and education, adjusting the regulatory
ronment to ensure environmentally sound growth, and working

municipalities to resolve land use issues. The federal government’
has been primarily in conducting research and providing technical s
es through the Prairie Farm Rehabilitation Administration and its

shared environmental programming. Recently the federal governme
the Canadian Pork Council launched the Hog Environme
Management Strategy to coordinate efforts across the country in ad
ing hog environmental issues.

\nage
bduc-
Active
g on
ech-
have
envi-
with

5 role
Brvic-
COSt-
nt and
ntal
dress-

E.R. Pidgeon, Agriculture and Agri-Food Canadla

Conclusion

riving forces affecting agriculture have
evolved considerably in this century.

D

and size of farms, commodities produced, pro-

Globalization, market pressures, and techno- duction methods, and technologies, resulting in

logical innovations have spurred Canadian
agriculture to increase output and productivity

an overall intensification of agriculture.

in response to increased domestic and world Over the past 20 years, the social preferences
demand. To achieve this, the sector has underof Canadians have also evolved. Concerns have
gone structural changes, some of which have been raised about the environmental costs of
environmental implications. Examples include food production, and non-food outcomes from
changes in agricultural land use, the number agriculture (e.g., landscapes) are increasingly



Background

valued. Canadians have supported a growing
array of domestic and global agreements and
regulations designed to protect the environ-
mental systems with which agriculture inter-
acts.

The sector has responded to these driving
forces in many ways. More and more, agricul-
ture is looking for ways to integrate environ-
mental factors into decision-making processes
on the farm. The sector is continually adopting
new technologies and is developing and carry-
ing out voluntary initiatives to improve envi-
ronmental outcomes. Examples include the
adoption of reduced tillage techniques and use
of environmental farm plans.

The indicators presented in this report identify
how driving forces have shaped key environ-
mental conditions and trends in agriculture
today. Driving forces will continue to evolve,
and risks to the environment will continue to
increase as output expands. Policy, technology,
and other instruments will be required to shape
and respond to these driving forces so that both
economic and environmental objectives are
achieved.







Environmental Farm
Management

Farms, by their very nature, are managed systems. Management may involve
altering the physical form of the landscape; using irrigation, drainage, or other
means to adjust the water balance; adding energy to the system in the form of
fuel, chemicals, machinery, and human labour; boosting the nutrient and
organic additions to soil by adding animal manureral fertilizers com-

post or green manureand controlling natural populations of weeds, insects,
fungus, and other organisms that pose an economic threat to crops.

How farms are managed influences both the economic and environmental
sustainability of agriculture. Poor management can lead to inefficient
production, adversely affecting farm profitability. It can also result in envi-
ronmental costs, such as degraded soils and excessive losses of materials
and energy to the surrounding environment. Farmers, agricultural firms, and
governments all pursue activities aimed at improving farm management,
because it is so important to agricultural sustainability.

In recent years, much has been learned through research about the relation-
ship between various farm management practices and environmental health.
For example, the practice of summerfallow has declined significantly over
the past 15 years, in part because it is now recognized that leaving the soll
bare contributes to erosion and other forms of soil degradation. Research
has also developed an array of new production technologies and processes,
such as field implements for reduced tillage, that contribute to improved
economic and environmental conditions on farms. Precision farming is an
example of an emerging management technology that holds promise for
improving the efficiency with which fertilizers are applied. Effective solu-
tions often deal with many issues at once and require the simultaneous con-
sideration of inputs, land use, and risk factors. New farm management
processes such as environmental farm plans and nutrient management plans
have recently emerged to help farmers manage the environmental risks and
assets on their farms holistically.

In this section of the report, we present indicators dealing with two compo-
nents of resource management for the environmental sustainability of agri-
culture: soil management and input management. Chapter 4 presents an
indicator of soil cover based on the period of time that soil is left bare, and
thus exposed to the elements. Chapter 5 presents a series of indicators of the
management of farm nutrients and pesticides, including aspects of fertilizer
application, the methods of storing and applying manure, and aspects of
pesticide application and the use of non-chemical pest controls.

Indicators presented in Sections C through G of this report are influenced by
farm management practices. Management practices that lead to negative
indicator trends are often presented in the issue and interpretation sections
of each chapter, and practices that improve the trends are noted in the sec-

tion on response options.
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Soil Cover by Crops and
Residue

E. Huffman

Geographic scopeNational, provincial
Time series:1981, 1991, 1996

HIGHLIGHTS

» Soil left exposed by various cropping practices is vulnerable| to
erosion. The canopy of the crop and crop residues protect the|soil
from wind and water erosion and the resulting conditions of soil
degradation. The less soil that is left exposed, the smaller the frisk
of erosion.

» Anindicator was developed to estimate the amount of Soil Coyer
by Crops and Residue on Canada’s agricultural land. The indica-
tor was based on an index of bare-soil days that accounted fof the
number of days in a year that soil would be bare under spedific
cropping and tillage practices in various regions of Canada. The
performance objective for the indicator is to have a steady trend
toward fewer bare-soil days under all cropping systems, wtjile
aiming for zero bare-soil days.

* Between 1981 and 1996 the average number of bare-soil days in
Canada’s agricultural regions dropped by 20%, from 98 to 78.
All the provinces and all the ecoregions except the St. Lawrence
Lowlands also showed a drop in the number of bare-soil days,
indicating an improvement in soil cover during this period.

* Most areas associated with improvements in soil cover of greater
than 20% have less land under agriculture and less intense tgri-
culture. Areas showing less than 10% improvement in soil coyer
were the St. Lawrence Lowlands in central Canada, New
Brunswick’s Uplands and St. John River Valley, and Pringe
Edward Island. These regions have large areas in row crops, $uch
as silage corn, soybeans, potatoes, and vegetables, which are
associated with low levels of soil cover.

» Although the indicator shows considerable improvement in spil
cover between 1981 and 1996, this trend could reverse as gco-
nomic signals cause a shift to crops that provide less soil coyer.
More work is needed to promote the benefits of soil cover and to
develop new methods and equipment to provide soil cover, egpe-
cially in areas of intensive farming of row crops.
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The Issue

ne way in which agroecosystems differ
from native ecosystenis the same region

Soil Cover by Crops and Residue that assesses
how many days of the year agricultural soils

are left bare. In effect, it combines the soil
cover offered by a crop’s canopy with that

is in the area of bare soil that exists at any onedffered by crop residues on the soil surface

time of the year. Bare soil is more susceptible
to wind and water erosion and thus to all the

(seeBox on residue management). A decline in
the number of bare-soil days over time indi-

processes of soil degradation — loss of organicates an improvement in soil cover and less
matter, breakdown of soil structure, and loss ofikelihood that soils will become degraded

fertility, among others.

When land is first brought into agriculture,
native vegetatioms removed and the soil is
broken. Native plants are replaced with culti-
vated plants. Some of these plants offer good
soil cover particularly forages such as alfalfa
and hay, but others leave a good deal of soil
exposed, especially row crops.

themselves or contribute to degradation of the
broader environment. The performance objec-
tive for this indicator is to have a steady trend
toward fewer bare-soil days under all cropping
systems, while aiming for zero bare-soil days.

Method of calculation

The indicator is based on an index of bare soil
calculated using field data collected to estimate
the risk of soil erosion under different cropping

Another factor that influences the amount of soiand tillage practices. These data were checked

cover is the method of tillag€onventional
tillage turns most of therop residudnto the

soil to leave a clean surface for seeding.
Conservation tillage, including no-till, leaves
more crop residue on the soil surface, where i
offers cover.

Increasing the amount of soil cover in agroe-
cosystems has many benefits, including
offering protection against wind and water
erosion

adding organic matter to the soil, which
helps to maintain soil structure and fertility
promotingcarbon sequestratioim soil,

which helps to reduce levels of atmospheric
carbon dioxide

providing better wildlife habitat, which helps
to support wider biodiversity.

An indicator is needed to estimate the amount
of soil cover on Canada'’s agricultural land
based on cropping systems, crop distributions,
andresidue management

The Indicator

Description o _
Assessmg national and provincial trends in

soil cover requires compiling crop types
and tillage practices over area and time, all
within the framework of expanding farmland
area, increasing share of cultivated land and
intensity of production, and shifting summer-
fallow ratios. We developed an indicator of

for validity by agricultural specialists familiar

with production practices in each region of the

Management
! of crop residues

ant
of
bse

When a crop is harvested, most of the pl
stalks are left in the field. Management
crop residues involves leaving some of thé
stalks on the soil surface rather than tilli
them into the soil. In recent year
researchers and farmers have come to re
nize that careful residue management is
most cost effective way of controlling erosign.
Leaving 20% of crop residues on the soil s
face can reduce erosion by about 50%; leavi
30% raises this value to about 65%.

Besides curbing erosion, management of
crop residues

* protects the soil surface from the impac
of rain

helps rain to soak into the soil
reduces soil crusting and sealing
adds organic matter to the soll

reduces the evaporation of soil water in
the air

improves soil structure

conserves and recycles nutrients from
previous crops.

t

o

Source: Ontario Ministry of
Agriculture and Food, 1997
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country, and then extended to cover all crop- Table 4-1
ping systems and tillage practices. The bare- Number of bare-soil days
soil index shows the number of days in ayear| per year for selected regions and crops under
that there unld likely be bare soil under each| varijous tillage practices
crop and typical management scheme. One da _
of bare soil is equivalent to one day of no Number of bare-soil days per year
cover, two days of 50% cover, ten days of 90% Region and crop Conventional Conservation No-till
cover, and so on. tillage tillage
Tillage practices were defined according to Lower Mainland (B.C.) ,
Census of Agriculturdefinitions for conven- ?/e(:?ue::bfesle(é)cmpy yr - (winter teo crop) NA
tional, conservation, and no-till tillage. For ' (winter cover crop)
example, conventional tillage for corn assumes Potatoes 213 185 N/A
fall moldboard plowing; conventional grain —
tillage assumes one fall pass with a field culti- | Aspen Parkland (Prairies)
vator. Conservation tillage refers either to the ig;'glga"vheat 583 gg g;
use of field quipment designed to leave most Summerfallow 177 128 102
of the crop residue on the surface or to fewer
passes with a conventional cultivator. Lake Erie Lowland (Ontario)
Grain corn 131 95 57

In estimating the number of bare-soil days, we Soybeans L 14l 101
accounted for Prince Edward Island
« the day on which significant changes occur Potatoes 140 117 N/A

in soil cover (e.g., planting, harvesting, and Spring grain 153 % 60

tillage) and the percentage of soil cover upol

completion of the operation

» canopy development between planting and
full canopy

« the degradation of residue over the winter
« the total number of days of snow cover.

used to calculate the area of each crop under
each tillage routine. The area in each

crop-tillage combination was multiplied by the
appropriate number of bare-soil days and then

The amount of time associated with each pro- SUmmed to provide a single value for each
portion of soil cover was then calculated and Mapping area. Conservation tillage has been
summed to give the total number of days of Widely used only in the past 10 to 20 years, so
bare soil for the year. Table 4-1 gives example&ll Summerfallow land was considered to be

of the number of bare-soil days under several Under conventional management (tillage only)

different cropping and tillage practices in dif- and all cropped land under conventional tillage
ferent regions. in 1981. This treatment allows interpretation of

within-province differences in soil cover trends
About 2700 bare-soil day tables were needed @S @ result of different cropping and tillage

to cover all the crops and ecoregions in practices.
Canada. Data for 90% of the crop area were
drawn from field studies and verified by local Limitations

field staff. For very small areas or rare crops, itAlthough the soil cover index provides a good
was sometimes necessary to estimate data froimdication of trends and relative differences
known values for similar areas, crops, and between regions, the data and calculations are
management. not appropriate for field- or farm-level

interpretations. The bare-soil days tables devel-
The index was then applied at the leveSoil oped for crop and tillage combinations and
Landscapes of Canadaapping areas. The crop residue levels are based on information
area under each tillage practice as reported infrom regional agricultural authorities for typi-
the Census of Agriculturéor 1991 and 1996 cal crop management and yield scenarios and
was calculated as a share of the total croplanddo not necessarily relate to all operations nor to
area §eeBox on tillage), and these values wereall years.
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For example, Interpretation
 higher-than-average yields would generally
result in h|gher levels of residue t the more detailed level of data Compila-

 progress in crop development and plant den-C t'gn’ all 34tat%r|cg![tu[al ecoreg:f)nslln q
sity varies from field to field within a region anada except the St. Lawrence Lowiands

] ) ] ~ showed an improvement in soil cover between
« tillage implements and their effect on residue;gg1 and 1996. The number of bare-soil days

varies dropped by up to 52% between 1981 and 1996.
e snow cover may vary from year to year Twenty-two ecoregions showed more than 20%
« the timing of field operations varies from  improvement in soil cover; 17 of these were
field to field and season to season. areas with a small amount of farmland and low
farming intensity. Reduced intensity of farm-
In addition, innovative and less common ing, as evidenced by a decline in the area of
options for improving soil cover, such as inter- annual cereal crops, explains the high level of
Cropping' are not considered. |mpr0Vement in areas such as

e Cascade Ranges (B.C.)
» Thompson—Okanagan Plateau (B.C.)
» Western Alberta Uplands (Alta.)
he average number of bare-soil days » Boreal Transition (Alta., Sask., Man.)
for Canada and the provinces is shpwn in Algonquin-Lake Nipissing (Ont.)
Table 4-2Between 1981 and 1996, this num- . Rainv Ri ont
ber dropped by 20% in Canada and by up to amny 'V_er (Ont) ]
44% in the provinces. Figure 4-1 shows the * Appalachians (Gaspe, Que.)
distribution of bare-soil days in Canada’s » Fundy Coast (N.B. and N.S.)

farmland. + Nova Scotia Highlands (N.S.).

Results

A more detailed look at the changes in land

Table 4-2 management and the effect they have on soil
Average number of cover is taken for four ecoregions that feature

bare-soil days in a year representative forms of agriculture. These
regions are British Columbia’s Lower
Mainland, the Moist Mixed Grassland of

Number of bare-soil days per year

Province Cropland 1081 | 1991 | 1996 | % reduction Alberta and Saskatchewan, central Canada’s
area from 1981 to St. Lawrence Lowlands, and the St. John River
(1000 ha) 1996 Valley of New Brunswick $eeBox).
British Columbia 566 45 37 34 25 . . . . .
This analysis shows that improvements in soil
Alberta 9547 86 73 67 22 cover have been attained through the adoption
of conservation management practices such as
Saskatchewan 14 399 111 93 8 2 chem-fallow reduced summerfallow, and con-
Manitoba 4699 81 65 65 20 ;ervation tilage. However, i.n m_ost cases these
improvements have been significantly reduced
Ontario 3545 113 110 96 16 by shifts to crops that provide less cover, such
as soybeans and canola. It appears that economic
Quebec 1739 63 61 62 0 conditions are driving the shift to more profitable
New Brunswick 138 66 59 57 14 crops, with the result that soil cover is lost.
Nova Scotia 112 50 35 34 31 .
Response Options
Prince Edward Island 170 103 96 94 9
everal options exist to enhance soil cover,
Newfoundland 7 43 25 24 44

but education and extension effort is need-
Canada 34 919 98 83 78 20 ed to promote the benefits of greater soil cover.
Improving the adoption of soil cover involves
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» developing new equipment and techniques Conclusion
and making these available to farmers, such

as is being done fatraw mulchingn Prince Ithough there was a general improvement
Edward Island andesidue anchoringn the in soil cover between 1981 and 1996, with
Prairies good implications for environmental sustain-

« developing and promoting methods of main- ability, it is unclear whether that trend will
taining soil cover under intensive crop pro- continue. There is still considerable potential
duction, especially after snowmelt and prior for the adoption of conservation tillage, espe-
to crop canopy development and in areas of cially no-till in crop production in most regions
low show cover (e_g_, Sowing higﬁomass of Canada, but crop shifts may offset the con-
crops late in the summer or in the fall, main-Servation benefits of those practices.

taining the crop through the spring, and sow- _ _
ing the new summer crop directly into the ~ Continued extension and education efforts may

cover crop). generate greater acceptance of residue manage-
ment and increase its importance in standard
cropping practices, but further adoption of this
practice may require considerable investment

in equipment and techniques. Soil cover is
expected to remain low or to decline in some
regions of the country, such as the St. John
River Valley, where few low-cost methods to

Number of bare-soil days in .m

Canada’s farmland in 1996

 exploring incentives that will encourage
farmers to modify their cropping practices to
increase soil cover.

Bare-soil days/year
1996

[ 0-50
[ 151-75
[ 76-100
I > 100
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Effects of tillage on soil cover

Interpreting trends in land use in terms of soil cover is complicated by the management practices
used by farmers. In particular, the way weeds are controlled on summerfallow and the meathod of
tillage on cropland determines how much crop residue is left on the soil surface. When tillage is
used to control summerfallow weeds, much of the crop residue is turned into the soil, leaying the
soil bare. Chemical weed control or a combination of chemicals and tillage improves soil cover by
keeping more crop residues on the soil surface. Conservation tillage and no-till also provide better
soil cover than conventional tillage.

The share of cropland under these tillage practices and the share of summerfallow under fthe vari-
ous methods of weed control are shown in the table below for 1991 and 1996 (conservatipn prac-
tices were less common before 1991 and were first required to be reported in ti@ed994 of
Agriculture). In Canada, the use of no-till more than doubled between 1991 and 1996, with adop-
tion of this practice especially marked in the Prairie Provinces and Ontario. In that time, thg share
of cropland under conservation tillage grew by about 30% in Canada and in all provinces| except
Manitoba, where climatic and soil conditions are not always suited to this practice. Chemical con-
trol of weeds was used on two and a half times the share of summerfallow in 1996 as in 1991 in
Canada, a trend supported in the Prairie Provinces but not in British Columbia.

Share of cropland and summerfallow under various tillage
practices in 1991 and 1996

PROVINGE | Bc | a8 | sk [ mB | on ] po [ N8 [ ns [ per [ can
YEAR 91| 06| 91| 06| 91| 9601 96| 91| 6] 91| 96|01 06| 91|06 | 91| 96 1] 06
TILLAGE PRACTICE

% of cropland area
Conventional | 83|77 |73)|58|64|46|66| 63| 78| 61| 85| 7985 76| 88|80 | 92| 82| 69| 55

Conservation | 12| 17| 24]|32| 26| 33|29 | 28| 18| 22| 12| 16(13| 20| 8|16 | 8 [ 16| 24| 30
No-Till 516]3]|10|110|121| 5| 9| 4|17 3| 5|2 | 4] 4|40 2] 7]15
SUMMERFALLOW % of area

Till only 66]92|58([58]|57]|55[73] 62| N/A N/A N/A N/A N/A | 5855

Till+Chemical [31] 8 |37[32]39|36]|24( 33| N/A N/A N/A N/A N/A | 38(35
Chemicalonly| 3| O [ 5[10[ 4] 9|3 | 5| NA N/A N/A N/A N/A | 4|10

E. Huffman, Agriculture and Agri-Food Canada

maintain soil cover exist, and the St. Lawrencein a soil’'s susceptibility to erosion, so this indi-
Lowlands, where new cold-tolerant and high- cator is related to the three erosion indicators,
yield soybean varieties are being developed. Risk of Water Erosion, Risk of Wind Erosion,
Further research and market development are and Risk of Tillage Erosion. With greater erosion
needed for fall and winter cover crops that prothere is also greater movement of nutrients from
tect against winter and early spring runoff, parthe soil, and thus there is a relationship between
ticularly in humid areas with mild winters. soil cover and the Risk of Water Contamination
by Phosphorus and Risk of Water Contamination
by Nitrogen. Soil cover helps to reduce the evap-
Related Indicators oration of water from the soil's surface, thus
reducing the Risk of Soil Salinization. By main-
oil cover is related to several other indica- taining organic matter at the soil's surface, the
tors because bare soil is susceptible to, or rate of organic matter decomposition in the soil
contributes to, a number of degradative is reduced, and thus soil cover is related to the
processes. Soil cover is one of the main factorfevel of Soil Organic Carbon.
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Soil cover in selected ecoregions of Canada

British Columbia’s Lower Mainland

River Valley of British Columbia and is characterized as
area of high-intensity crop production dominated by v
etables, berries, specialty and root crops, grain, hay,
pasture. Bare-soil calculations indicate an improvemer
20% in soil cover between 1981 and 1996.

Factors contributing to this improvement include the ad

icant decline in spring cereal production, and an increas
All Other Land (farmsteads and idle land). Spring ce
production with conventional tillage in this area left g
bare for an average of 153 days of the year, but by 1
only 2% of cropland was still in spring cereal producti
All Other Land is considered to be fully covered year rou

The Lower Mainland ecoregion also showed an increas
winter cereals and tree fruits and a decline in silage

production (181 days of bare soil even under conserve
tillage). Factors negatively affecting soil cover include
decline in pasture (which has zero bare soil) and less ¢
land under conservation and no-till in 1996 than in 199

The Prairie’s Moist Mixed Grassland

The Lower Mainland ecoregion consists of the lower Fras&he Moist Mixed Grassland ecoregion (Dark Brown S

apone) in Alberta and Saskatchewan is farmed in a tyg

agdains (barley, oats), and summerfallow; a significant g
t of canola, hay, alfalfa, and pasture; and smaller amoun
winter wheat and specialty crops (flax, lentils, millet, pe
etc.). Soil cover improved by 23% between 1981 and 1
omompared to 24% in the Black Soil Zone and 17% in

tion of conservation and no-till on 2% of cropland, a sigfifBrown Soil Zone.

ein
edlhe improvement in soil cover was mainly the result

9886ed on 33% and 24% of cropland in 1996) and adop
pnconservation tillage practices (reduced tillage and chem
ndbw) on summerfallow (practised on 39% of summerfall
in 1996). Contributions to soil cover also came fr
eiircreases in the amount of hay and alfalfa and a decrea
cotime amount of summerfallow.
ition
dhe potential improvement in overall soil cover that th
raranges could have produced was negated to a consid
| . extent by an increase in cropland area, a decrease in i
wheat area, and a dramatic increase in canola acr
Canola grown in this region using conventional tillg
leaves the soil bare for 105 days per year compare
spring wheat, which has only 68 bare-soil days per Y
The number of bare-soil days per year drops under co
vation tillage to 43 for spring wheat and 95 for canola.

oil
ical

erairie fashion, with a predominance of spring wheat, other

rea
ts of
as,

D6,
the

of

pibdopting conservation tillage and no-till on cropland (priac-
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-fal-
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Central Canada’s St. Lawrence Lowlands

The St. Lawrence Lowlands ecoregion covers eas
Ontario and western Quebec. Its agricultural cropg
activities focus on corn, spring cereals, soybeans, hay, &
fa, and pasture, with smaller areas of vegetables, pota
tobacco, tree fruits, and berries. This ecoregion is the

one in Canada to show a decline in average soil cover
els (0.4% increase in bare soil) between 1981 and 199

Grain corn, soybean, and spring grain production ur
conventional tillage leaves the soil exposed for a tota
125, 189, and 145 days respectively. Conservation til
reduces these numbers to 83, 160, and 110 days. §
improvement in soil cover was provided by the use of ¢
servation tillage on 19% of cropland in 1996 and increa
of 21% in alfalfa and 17% in winter cereals. HoweV
increases of 3% in cropland, 86% in corn, and 15009

spring grain, and 38% in pasture, effectively negated
improvement in soil cover.

New Brunswick’s St. John River Valley

tefime St. John River Valley ecoregion in New Brunswick
inthe potato belt of the province. Potatoes are typically gr
Ifat-rotation with spring cereals and in association with H
topasture, and some vegetables. Maintaining and impro|
Drepil cover in a potato rotation is difficult, and the regi
lshowed a decrease of only 5% in bare soil from 198
5.1996.

défost of that improvement came as the result of adop
| abnservation tillage on spring cereals (conventional till
adeaves soil bare for 144 days, whereas conservation ti
boleeves it bare for 92 days) and using winter cereals
oigover crop (potatoes grown without winter cover have
1sdsys of bare soil, but grown with winter cover, this num
erdrops to 107). Cropland expanded slightly at the expen
o iwoodland and pasture, but it was essentially used for 1

soybeans, along with decreases of 26% in hay, 44% $pring cereals. The area in potatoes, alfalfa, and

amgmained constant, while that in vegetables decreased

is
DWN
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Management of Farm Nutrient
and Pesticide Inputs

R. Koroluk, D. Culver, A. Lefebvre, and T. McRae

Geographic scopeecozones
Time Series:1995

HIGHLIGHTS

Crop nutrients and pesticides are added to agroecosystems to improve crpp pro-
duction. When not used wisely, these amendments can reduce the quality pf soil,
water, and air and affect biodiversity. Indicators are needed to assess ho well
these inputs are being managed in Canadian agriculture.

Several indicators were developed to evaluate the Management of Farm Nprtient
and Pesticide Inputs on Canadian farms. These indicators are as follows. For fer-
tilizer management: Method of Fertilizer Application, Timing of Nitrogen
Application, Reduction of Fertilizers Applied to Offset Nutrient Content| of
Manure, and Use of Soil Testing. For manure management: Storage Methiod for
Solid Manure, Storage Method for Liquid Manure, Liquid Manure Storpge
Capacity, and Manure Application Method. For pesticide management: Timing
of Herbicide Applications, Timing of Insecticide and Fungicide Applicatigns,
Sprayer Calibration, and Use of Non-chemical Pest Control Methods. The per-
formance objective is to have all Canadian farmers using best managemernt prac-
tices for nutrient and pesticide management.

Indicators were calculated using data from a 1995 Statistics Canada suryvey of
6000 producers across Canada, except for the indicator on manure appljcation
methods, for which data from a né&@ensus of Agriculturquestion were used.
Data were analyzed by ecozone and major farm type.

In 1995, mineral fertilizers were used on 72% of Canadian farms. Natio
fertilizer application methods that reduce nutrient losses were quite pre

less than optimal, and improvements are needed in the sector both curre
as the industry expands. Some regions showing less development in thi
agement may be at a lower environmental risk because of their topograp
mate, and soil type.

Herbicides were used on about 67% of Canadian farms in 1995, and insecticides
and fungicides were used on about 31% of farms. Herbicide application was
triggered by the level of economic injury to the crop on about 20% of cropgland
receiving these treatments. Farmers were more likely to apply herbicidefs at a
certain stage of crop growth or to use the first sign of pests (weeds, insects, dis-
ease) to time pesticide applications. About 68% of farmers using their| own
sprayers calibrated them only at the beginning of the crop season. Crop rotation
was used as a non-chemical control of pests on 56% of Canadian cropland, and
tillage on 27%. No alternatives to chemical controls were used on about 38% of

cropland treated for pests.
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The Issue

armers applyutrientsand pesticides to
their crops to increase productivity and

protecting the environment. Assessing to what
extent Canadian farmers are using such prac-
tices to manage these inputs provides an indi-
cator of how farming techniques in Canada are

economic returns. Applied in the right amountsbeing adapted to achieve the goals of sustain-
and using the correct method, these inputs helpble agriculture.

to produce a robust crop that resists disease
and pests and yields a good harvest. But
applied in excess or under the wrong condi-

The Indicators

tions, nutrients and pesticides can contribute to

environmental degradation.

An adequate supply of nutrients, especially
nitrogen phosphorusandpotassiumis essen-
tial to good plant growth. An undersupply can
lead to a depletion of the amount of nutrients
held in the soil, and in turn to a decline in soll
quality and productivity, and economic losses
to farmers. Nutrients may be added to soil in
the form ofmineral fertilizer manure, or com-
post. The cost of adding inputs to soil — the

Description

To select appropriate indicators of farm input

management, we reviewed the literature and

identified

» methods of managing mineral fertilizer, ani-
mal manure, and pests that have broad appli-
cation across Canada

* best practices fanput management.

Consultations were also held with farm groups

costs of purchase’ transportation, and app"ca-and others. The fO||0Wing 13 indicators were

tion — is a significant part of the farm budget.

The environmental costs of applying nutrients
can also be high. Excess nutrients can leave
farmland, creating such environmental prob-
lems as

« surface and groundwater pollution
 deposition of ammonia and acid rain

e emissions of nitrous oxide (a potent green-
house gas).

Chemical pesticides are used to control the

damage to crops and economic losses caused

by crop pests. Pesticide use has helped to
increase crop Yyields and value, but it too con-
tributes to environmental degradation. Poor
choice of pesticides and inappropriate timing
and method of application may result in

* reduced soil and water quality because of the

presence of pesticide residues

« reduced air quality from spray drift and
vapour fromvolatilizedspray materials

 impacts on biodiversity because of the
effects on non-target species and interferen
with normal predator—prey relationships.

Although the use of mineral fertilizers, animal
manure, and pesticides pose some risk to the
environment, farmers can opt to usest man-
agement practicethat maintain or improve
productivity while keeping costs down and

@

then selected for development.

Mineral Fertilizer

1) Method of Fertilizer Application,
expressed as the percentage of crop area
receiving fertilizer by the following place-
ment methods (ranked generally from best
to least environmentally saféjjected
into soil (liquid fertilizers andnhydrous
ammonid or banded(dry fertilizer),
applied with seedyroadcastedother.
Injection reduces odours and volatilization
of nitrogen and increases crop uptake, and
banding increases crop uptake by placing
fertilizer near the root.

2) Timing of Nitrogen Application, expressed
as the percentage of nitrogen applied
before planting (least appropriate), at
planting (second best), and after planting
(best). Application after planting increases
crop uptake of nitrogen and reduces the
risk of losses to the environment.

Reduction of Fertilizers Applied to Offset
Nutrient Content of Manure, expressed as
the percentage of crop area receiving
reduced amounts of fertilizer to account
for manure nutrients. Accounting for
manure inputs reduces the risk of oversup-
plying nutrients and subsequent losses in
the environment.



4)

Use of Soil Testing, expressed as the per-
centage of farms that conduct soil tests at
specified intervals (annually, every 2 to 3
years, every 4 to 5 years, over 5 years).
The greater the frequency of soil testing,
the greater the likelihood that nutrient
application rates are matched to crop

Management of Farm Nutrient and Pesticide Inputs

summer) increases crop uptake of nutrients
and reduces the risk of losses in the envi-
ronment. Applications in spring and fall
entail some risk of nutrient loss. Winter
applications are considered inappropriate
and are prohibited in some jurisdictions.

needs. Soil testing at least once every 3 Pesticides

years is desirable. 10)

Animal Manure

5)

6)

7)

8)

9)

Storage Method for Liquid Manure,
expressed as the percentage of animals
(cattle, hogs, poultry) for which various
storage systems are used: sealed covered
tank (optimal), tank below slatted floor,
open tank, lined lagoon, unlined lagoon
(riskiest).

Storage Method for Solid Manure,
expressed as the percentage of animals
(cattle, hogs, poultry) for which various  11)
storage systems are used: covered storage
pad (optimal), open pad with runoff con-
tainment, open pad without containment,
manure pack, covered open pile, uncov-
ered open pile (riskiest), other methods.

12)
Liquid Manure Storage Capacity,
expressed as the percentage of animals
(cattle, hogs, poultry) for which liquid
manure storage systems of varying capaci-
ty are used: 100 days or less, 101 to 150
days, 151 to 200 days, 201 to 250 days,
more than 250 days. Capacity should be
sufficient to hold manure until the opti-
mum time for spreading, which varies
regionally. However, a minimum of 200
days is considered a good benchmark.

13)
Manure Application Method, expressed as
the percentage of crop area receiving
manure by various application systems.
For solid manure, surface application fol-
lowed by incorporation into the soil is the
best practice. For liquid manure, injection
into the soil is the best practice. Surface
and irrigation application of liquid manure
produces odours and is more susceptible to
runoff and losses of ammonia nitrogen.

Timing of Liquid Manure Application,

Timing of Herbicide Applications,
expressed as the percentage of crop area
treated on which treatment is timed
according to: when weeds exceed econom-
ic injury levels (optimal practice), regional
monitoring of weeds, crop growth stage,
the first sign of weeds, calendar dates
(riskiest practice). Applying herbicides
only when weed pressures approach or
exceed economic injury levels reduces the
use, cost, and environmental risks of using
herbicides.

Timing of Insecticide and Fungicide
Applications, expressed in the same way
as for Indicator 10 and using the same
decision making tools, except for crop
growth stage.

Sprayer Calibration, expressed as the per-
centage of field crop area treated with pes-
ticides using equipment that has been cali-
brated at specified intervals: between
applications of different pesticides (opti-
mal), at the start of the crop season, when
the sprayer breaks down or major parts are
replaced, and other. Calibration before
application of a different pesticide helps
ensure that application is at the correct
rate.

Use of Non-chemical Pest Control
Methods, expressed as the percentage of
crop area on which the following non-
chemical pest control methods are used:
tillage, crop rotation, biological control,
pheromonegnatural chemical attractants),
hand weeding, other methods, none. There
is no single optimal practice among these
methodsintegrated pest managemarges
a suite of pest control methods, both
chemical and non-chemical.

The performance objective is to have all

expressed as the percentage of manure Canadian farmers using best management prac-
applied each season (winter, spring, sum- tices for nutrient and pesticide management.

mer, fall). Application after planting (in
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Method of calculation for the seven main Canadian ecozones in

In December 1995, Statistics Canada, in part- Which agriculture is practised. Some columns
nership with Agriculture and Agri-Food in the bar graphs add up to more than 100%,
Canada, conducted a survey of 6000 producerBecause some cropland received inputs by
across Canada to obtain the information need-more than one method.

ed to develop these indicators. A new question

on manure application practices was also addddmitations
to the 1996Census of Agricultute

The farm inputs management survey on which
the indicators were built was limited in sample

We analyzed data from the survey and the censize as well as in the number of questions
sus question on animal manure regionally andasked of producers. Thus, statistical accuracy
by major farm type (i.e., cattle, hogs, chick-
ens). Data are presented as the share (percen&nd ecozone levels, and not at more detailed
age) of land area or animal population associaspatial levels. Because the survey has been run

ed with specific practices. They are reported

Method of commercial fertilizer

application in 1995
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can be assured only at the national, provincial,

only once, it provides only a snapshot of con-
ditions in 1995 and cannot be used to comment
on trends in input management practices.

Although a standard set of input management
practices was identified nationally, there is con-
siderable variation in how agriculture is prac-
tised regionally, as well as in the nature and
vulnerability of the environment. This regional
variation makes it difficult to interpret the indi-
cators in a consistent way. Practices that entail
higher risks in one region may well be accept-
able in others. Also, the use of a poor manage-
ment practice does not necessarily result in a
negative impact on the environment, nor do
best practices always provide environmental
benefits. Environmental effects at any given
site are also influenced by many other factors.

Also, information for many of these indicators
is available as the number of farms reporting a
practice rather than the area of farmland on which
a practice is used, limiting their interpretation.

Results and Interpretation

ndicator results and the interpretation of

them are presented in separate sections for
the management of fertilizer, animal manure,
and pesticides.

Mineral Fertilizer

Results

In 1995, mineral fertilizers were used on about
72% (148 000) of Canadian farms that grew
crops. Figure 5-1 shows the share of cropland
that received fertilizer by various application
methods. Broadcasting was the most common
method used in all ecozones except the Boreal
Plains and Prairies, where fertilizer was more
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frequently applied with the seed. These two
ecozones comprise 83% of Canada’s farmland
and greatly influence national results for this
indicator. Thus, in Canada as a whole, 55% of
cropland received fertilizer with seed, 43% by
banding, and 34% by broadcasting.

Of the farms that applied mineral fertilizers,
67% reported applying mineral nitrogen in
1995. Figure 5-2 shows the timing of nitrogen
application. Farmers in the Boreal Plains and
the Prairies reported the highest share of crop
land receiving most nitrogen before planting, a
70% and 61% respectively. Pacific Maritime
(41%) and Atlantic Maritime (40%) had the
largest share of cropland receiving nitrogen
after planting.

About 35% of farms that applied mineral fertil-
izer to cropland also applied animal manure.
Figure 5-3 shows that for about 24% of crop-
land in Canada that received both mineral fer-
tilizer and animal manure, the amount of fertil-
izer was reduced to offset the nutrient content
of the manure. This share of cropland was low,
est in the Boreal Plains (19%) and Prairies
(21%) and highest in the Boreal Shield (48%)
and Mixedwood Plains (41%).

About 60% of Canadian farmers conducted so
tests in 1995, but not necessarily on all of their
cultivated land area. Figure 5-4 shows how

Timing of nitrogen application

in 1995
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often producers do soil tests. The highest shar
of farms reporting annual soil testing were in

the Atlantic Maritime (46%) and the Prairies
and Pacific Maritime (39% each). Farms in the
Montane Cordillera reported the lowest share
of farmers testing soil annually (22%) and the
highest share waiting longer than 5 years to dg
tests (21%).

Interpretation

Nationally, fertilizer application methods that
reduce the risk of nutrient loss were quite
prevalent, although room for improved man-
agement exists. Injection and banding (the
optimal practices) were used on 22% and 43%
of cropland receiving fertilizer, respectively,
and application with seed on 55%. However,
fertilizer was still broadcasted on about one-
third of the area fertilized. In general, better
application practices were more widely used irn
the prairie region, whereas riskier practices
were more common in the areas more suscep

Percent of crop area for which

fertilizer applications were

reduced to offset nutrient content

of manure in 1995

48 -
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ble to nutrient leaching.



B. Environmental Farm Management

Frequency of soil testing among
the 60% of farmers that conducted
soil tests in 1995
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Applying fertilizer when the crop needs it is
another way to prevent losses of nutrients to
the environment. About three-quarters of crop-
land in the Boreal Plains and Prairies received
fertilizer before planting (the riskiest practice),
but the topography and climate in these areas
reduce the environmental risk of this practice.
Fertilizer was applied after planting (the opti-
mal practice) more often in the other ecozones,
where leaching is a greater concern. Both the
Pacific Maritime and Atlantic Maritime had
about 40% of their fertilized cropland under
this treatment.

Applying both manure and fertilizer on the
basis of nutrient needs enables producers to
reduce both fertilizer costs and environmental
risk. The amount of fertilizer was cut back to
account for nutrients in the manure on only
about 25% of Canadian cropland receiving
both manure and fertilizer. This result was
mainly influenced by practices in the Boreal
Plains and Prairies. On the other hand, farmers
in the Boreal Shield and Mixedwood Plains,
two areas active in both crop and livestock pro-
duction, used this practice on almost half of
cropland receiving both fertilizer and manure
(48% and 41%, respectively).

Farm conservation clubs in Quebec

Quebec’s farm conservation club initiative is one innovative way in
agriculture in the province is responding to environmental concer
farm conservation club is a voluntary association of producers w
shared interest in improving environmental management on their f
The initiative was begun under the Green Plan and continues to r
support from the federal government’s Canadian Adaptation and
Development Program; the provincial Ministry of Agriculture, Fishe
and Food; and farmers.

Conservation clubs are organized on a regional basis and typically ir

about 20 to 70 farmers, although some are larger. Members determine

overall direction and activities of the clubs, and each club retains the
ices of a dedicated advisor with specialized knowledge of environm
management in agriculture. Some of the larger clubs have severa
advisors on staff.

Farm members of conservation clubs benefit from advice on a wide
ety of agri-environmental issues, such as how to prepare and implem
integrated fertilization plan, improve efficiency in farm operations,

conserve environmental resources both on and off the farm. Membe
benefit from information exchange and are able to keep abreast of the
developments in agri-environmental practices, technologies, and seny

Today about 72 farm conservation clubs are in place across the prg
representing about 3069 farms. A target of 4000 farms participating ir
servation clubs by 2001 has been established.

S. Marmen, Coordination des clubs-conseils en agroenvironne

Soil testing gives accurate readings of nutrient
levels in the soil and is thus a good tool for
nutrient management. Carrying out soil testing
ichevery 1 to 3 years is considered good practice.
S. f the 60% of Canadian farmers that conduct
th @il tests, 75% followed this timing, indicating
"MEhat the farming community is generally aware
'cher'él?the benefits of frequent soil testing and will-
ing to use it. Farmers in the Montane
Cordillera were the most likely (44%) to wait
t least 4 years between soil tests. However,
% of farmers do not use soil tests at all, rep-
serlgsenting a high potential for inefficiency in
entRroduction, either through over- or under-fertil-
sud@ation of crops. Either case is cause for envi-
ronmental concern, because underfertilization
varqan lead to poor soil quality and overfertiliza-
ent B@N to water pollution and higher emissions of
andnitrous oxide. Many soil experts also believe
s algmt the quality of soil testing has dropped in
latestent years and that more attention is needed to
iceé$mprove test procedures as well as to encourage
vingapre farmers to test soils regularly.
con-

®

clu

ment
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Liquid manure storage method in 1995 Table 5-1
Share (%) of animals treated with each method, by ecozone
Atlantic  Boreal Mixedwood Boreal Montane  Pacific
Maritime  Shield Plains Plains Prairies Cordillera Maritime Canada
Cattle (beef & dairy) Unlined lagoon 47.0 46.0 26.0 12.0 34.0 24.0 51.0 33.0
Lined lagoon 5.0 6.0 7.0 27.0 25.0 0.0 19.0 11.0
Open tank 41.0 12.0 39.0 28.0 15.0 76.0 18.0 32.0
Tank below slatted floor 2.0 28.0 14.0 33.0 21.0 0.0 0.0 13.0
Sealed covered tank 6.0 8.0 14.0 0.0 5.0 0.0 12.0 11.0
Other liquid storage 0.0 0.0 0.0 0.0 <1 0.0 0.0 <1
Hogs Unlined lagoon 35.0 57.0 30.0 69.0 21.0 NA 50.0 33.0
Lined lagoon 3.0 3.0 3.0 17.0 16.0 NA 0.0 10.0
Open tank 59.0 39.0 30.0 5.0 4.0 NA 0.0 19.0
Tank below slatted floor 2.0 <1 12.0 5.0 34.0 NA 0.0 19.0
Sealed covered tank 0.0 <1 22.0 0.0 24.0 NA 50.0 18.0
Other liquid storage 0.0 0.0 3.0 4.0 <1 NA 0.0 1.0
Hens and Chickens Unlined lagoon 32.0 58.0 21.0 0.0 13.0 NA 4.0 18.0
Lined lagoon <1 19.0 0.0 1.0 0.0 NA 0.0 <1
Open tank 68.0 0.0 37.0 76.0 2.0 NA 96.0 25.0
Tank below slatted floor 0.0 12.0 13.0 24.0 3.0 NA 0.0 9.0
Sealed covered tank <1 11.0 29.0 0.0 76.0 NA 0.0 45.0
Other liquid storage 0.0 0.0 0.0 0.0 6.0 NA 0.0 3.0

Note: Totals may not equal 100% due to rounding.

Animal Manure Prairies, more than half of all cattle, hog, and
Results chicken farms could store liquid manure for

Survey results showed that animal manure waewer than 100 days.

stored on about 60% of Canadian farms (133

700) in 1995. About 11% of these farms storedlable 5-4 shows the methods used to apply
manure in liquid form. Table 5-1 shows liquid Manure. Application of solid manure was the
manure storage methods used on hog, chickedNost common method, used on 78% of crop-
and cattle farms. Hog farms were most likely land receiving manure. Only in the Pacific
(91%) to store liquid manure, followed by Maritime ecozone was the share of cropland
chicken farms (38%), and cattle operations receiving manure by this method less than 70%
(9%). Of cattle farms storing liquid manure, ~ (48%). Surface application was the main
33% used an unlined lagoon and 32%, an opefethod of applying liquid manure. Injection of
tank. Of hog farms storing liquid manure, 32% liquid manure (the optimal method) was little
used unlined lagoons and 12%, lined lagoons. Used.

Of Canadian farms storing manure, 95% stored e timing of liquid manure application is
solid manure. Table 5-2 details the method of Shown in Figure 5-5. On Canadian farms, more
solid manure storage for various livestock. ~ manure (46%) was applied during the fall than

Open storage methods (the riskiest methods) in €ach of the other seasons. This was true for
were used on a large majority of farms. all ecozones, except for the Pacific Maritime

and Montane Cordillera, in which spring appli-
The capacity of storage systems for liquid  cations were more common. Only 19% of
manure is shown in Table 5-3. This capacity Manure was applied in summer (the optimal
was 200 days or more (the optimal capacity) practice, as it corresponds to the time of maxi-
on 50% of Canadian hog farms, 43% of cattle Mum plant growth) on Canadian farms.
farms, and 31% of chicken farms. In the
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Soil manure storage in 1995

Table 5-2

Share (%) of animals treated with each method, by ecozone
Atlantic  Boreal Mixedwood Boreal Montane  Pacific
Maritime  Shield Plains Plains Prairies Cordillera Maritime Canada
Cattle (beef & dairy) | Open pile, no roof 71.0 69.0 53.0 70.0 45.0 40.0 78.0 54.0
Open pile, with roof 1.0 2.0 3.0 3.0 2.0 1.0 0.0 2.0
Manure pack 7.0 14.0 8.0 34.0 61.0 61.0 2.0 42.0
Open pad, no containment 8.0 6.0 23.0 <1 0.0 0.0 7.0 5.0
Open pad, with containment 12.0 6.0 13.0 <1 <1 0.0 7.0 4.0
Covered storage pad 1.0 <1 2.0 0.0 0.0 0.0 0.0 <1
Other solid storage 2.0 5.0 2.0 <1 1.0 <1 6.0 1.0
Method not specified 2.0 3.0 5.0 8.0 9.0 2.0 0.0 7.0
Hogs Open pile, no roof 17.0 NA 24.0 65.0 68.0 71.0 69.0 44.0
Open pile, with roof 0.0 NA 1.0 2.0 3.0 0.0 0.0 2.0
Manure pack 1.0 NA 1.0 34.0 22.0 30.0 31.0 12.0
Open pad, no containment 0.0 NA 54.0 0.0 0.0 0.0 0.0 20.0
Open pad, with containment 0.0 NA 20.0 0.0 0.0 0.0 0.0 8.0
Covered storage pad 29.0 NA 0.0 0.0 0.0 0.0 0.0 4.0
Other solid storage 54.0 NA 1.0 6.0 9.0 0.0 0.0 12.0
Method not specified 0.0 NA 0.0 7.0 0.0 0.0 0.0 0.0
Hens and Chickens Open pile, no roof 46.0 48.0 65.0 29.0 86.0 4.0 1.0 60.0
Open pile, with roof 0.0 0.0 0.0 1.0 0.0 95.0 <1 3.0
Manure pack <1 52.0 1.0 72.0 2.0 2.0 1.0 5.0
Open pad, no containment 0.0 <1 29.0 0.0 <1 0.0 98.0 22.0
Open pad, with containment 0.0 0.0 3.0 0.0 0.0 0.0 <1 2.0
Covered storage pad 53.0 0.0 3.0 0.0 0.0 0.0 0.0 7.0
Other solid Storage 0.0 0.0 4.0 0.0 12.0 <1 <1 4.0
Method not specified 0.0 0.0 6.0 0.0 0.0 0.0 0.0 4.0
Note: Totals exceed 100% in cases where several storage methods are used on farms.

Interpretation

Most Canadian farmers storing manure did so

Animal manure is the farm nutrient source for in solid form, and most of these used open
which the indicators suggest the greatest needstorage systems that pose some environmental
for improved management. In general, both  risk. The method used seems to be influenced
liquid and solid storage methods were less tharegionally. The open pile system, which poses
optimal and improvements are needed as this the highest risk of runoff and leaching of nutri-
sector of the industry expands. Liquid manure ents and bacteria, was used most in eastern
storage capacity is more adequately developedCanada.

Only a relatively small proportion of Canadian

farmers stored manure in liquid form. Liquid Having a large storage capacity for liquid
manure management practices differed most manure reduces the need to apply manure in
between types of livestock production and lessthe winter or under other unsuitable conditions.
so between geographic regions. Open storageThis indicator is most meaningful for hog
systems are more prone to losses and thus the@perations, which frequently use liquid manure
least environmentally safe, but were the most storage systems. Farms accounting for 88% of
used. The exception to this is chicken farms, hog production in the Boreal Shield had a stor-
45% of which used a sealed, covered tank.  age capacity of more than 250 days. The



Management of Farm Nutrient and Pesticide Inputs

Liquid manure storage capacity in 1995 Table 5-3
Share (%) of animals with access to each level of storage capacity
Atlantic  Boreal Mixedwood Boreal Montane  Pacific
Maritime  Shield Plains Plains Prairies Cordillera Maritime Canada
Cattle (beef & dairy) 100 days or fewer 14.0 0.0 5.0 0.0 54.0 24.0 7.0 14.0
101 to 150 days 5.0 20.0 12.0 38.0 0.0 76.0 9.0 11.0
151 to 200 days 15.0 5.0 30.0 27.0 34.0 0.0 33.0 28.0
201 to 250 days 16.0 25.0 10.0 0.0 0.0 0.0 0.0 8.0
More than 250 days 51.0 42.0 38.0 10.0 12.0 0.0 48.0 35.0
Unspecified 0.0 8.0 5.0 25.0 0.0 0.0 3.0 4.0
Hogs 100 days or fewer 0.0 0.0 4.0 9.0 63.0 NA 0.0 29.0
101 to 150 days 0.0 4.0 15.0 16.0 6.0 NA 0.0 9.0
151 to 200 days 3.0 8.0 16.0 0.0 6.0 NA 0.0 8.0
201 to 250 days 5.0 0.0 18.0 2.0 0.0 NA 50.0 7.0
More than 250 days 87.0 88.0 41.0 73.0 24.0 NA 0.0 43.0
Unspecified 5.0 0.0 6.0 0.0 1.0 NA 50.0 4.0
Hens and Chickens 100 days or fewer 0.0 0.0 0.0 76.0 67.0 NA 4.0 30.0
101 to 150 days 0.0 30.0 3.0 24.0 18.0 NA 0.0 10.0
151 to 200 days <1 10.0 58.0 <1 0.0 NA 0.0 30.0
201 to 250 days 0.0 0.0 19.0 0.0 0.0 NA 0.0 10.0
More than 250 days 100.0 48.0 20.0 0.0 16.0 NA 96.0 21.0
Unspecified 0.0 12.0 0.0 0.0 <1 NA 0.0 <1
Note: Totals may not equal 100% due to rounding.

Prairies had a much smaller liquid manure storapplication of solid manure, particularly

age capacity for both hog and chicken operationsvhether applied solid manure is then incorpo-
rated into soil. The indicator does suggest there

Farmers tend to apply manure when other field is considerable room for improvement in the

work is not pressing, mainly in the fall, and this application of liquid manure to cropland.

trend was supported both nationally and in all

ecozones. ltis mu'ch better to apply manure at Pesticides

the peak of a crop’s need for nutrients, in the Results

summer. More work is needed across the coun- .
try to improve the timing of manure application Methods used by farmers to determine when to
"“apply herbicides are shown in Figure 5-6, and

when to apply insecticides and fungicides in

Further refinement of the Manure Application gigure 5-7. Both graphs include the method

Method indicator is needed to better assess th

Manure application method in 1995 Table 5-4

Share (%) of crop area that received manure treated with each method

Atlantic  Boreal Mixedwood Boreal Montane  Pacific

Maritime  Shield Plains Plains  Prairies Cordillera Maritime Canada
Solid manure application 74.0 79.0 70.0 89.0 89.0 90.0 48.0 78.0
Irrigated manure application 0.0 <1 3.0 0.0 <1 0.0 1.0 1.0
Surface liquid manure application 27.0 21.0 26.0 11.0 11.0 10.0 51.0 21.0
Injected liquid manure application 0.0 0.0 <1 <1 <1 0.0 0.0 <1

Note: Totals may not equal 100% due to rounding.
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Environmental farm plans

In 1991 more than 30 Ontario farm organizations came together to form the Ontario Farm Environmental Coalitipbn with
the main commitment to put into place the Environmental Farm Plan Program. Through this program, it was the hope
that every farmer in the province would choose to address environmental concerns on his or her farm by voluntarily
developing an environmental farm plan.

The program centres on completion and review of a workbook with two parts: a qualitative, self-administered risk
assessment that covers farmstead and fields, and woodlands, wetlands, and streams where applicable; and an action plan
that the farmer develops to deal with specific concerns identified in the assessment. This workbook was created with the
help of scores of technical experts from many federal and provincial government departments and the University of
Guelph.

The Ontario Soil and Crop Improvement Association coordinates the program, offering about 100 workshops tp farm-
ers each fall and winter. By April 1999, the program had attracted 16 000 workshop participants, with about half of these
going on to complete the peer review process. Almost 6000 of these farmers have received an environmental farm plan
incentive — a grant of up to $1500 to offset the capital cost of completing an on-farm project that addresses a|concern
identified in the farm assessment. Incentive payments of about $7 million have been made to date. A recent audit showed
that, on average, recipients of the incentive addressed 11 action items, spent $12 000 of their own funds belyond the
incentive value, and contributed 56 hours of their own labour in attending to environmental concerns on their fgrms.

Ontario’s Environmental Farm Plan Program is recognized internationally as an industry driven, nonregulatory approach
to environmental protection on the farm. Attracted by the success of this program, agricultural representatives in |Atlantic
Canada began in 1994 to discuss the prospect of running a similar program there through the Atlantic Farmers|Council.
It was quickly discovered that the Ontario workbook needed restructuring and adaptation to Atlantic production systems,
and this was done with the help of farmers, government experts, and organizations such as the Eastern Canada Soil and
Water Conservation Centre. Completed in December 1995, the workbook was given to each Atlantic province tp use in
a program of its own making.

By April 1999, about 500 New Brunswick farmers had participated in environmental farm planning workshops, with
attendance doubling after the 1998 introduction of an incentive (up to $3000 or 75% of a project cost). The program is
administered by the New Brunswick Agriculture Environmental Council, with incentive funds coming from the National
Soil and Water Conservation Program and the Canadian Adaptation and Rural Development Fund. A similar prggram is
coordinated in Prince Edward Island by the P.E.I. Federation of Agriculture, and about 300 farmers have attended work-
shops to date. A new assistance package, the Agriculture and Environmental Resource Conservation Progfam, was
recently introduced, with the government contributing two-thirds of project costs, up to $30 000 per |farm.
Newfoundland and Labrador have had an environmental farm plan program since 1996, coordinated |by the
Newfoundland and Labrador Federation of Agriculture. Plans are now in place on 70 farms, and an incentive program
is being developed to attract more participants. Nova Scotia also began its program in 1996, and about 130 farmpers have
attended workshops to date. Invitations were extended to these farmers to participate in a confidential, on-farm review
in the summer of 1999, and incentives are being explored. As in Ontario, environmental farm planning in Atlantic
Canada is being led and carried out by farmers with the continuous cooperation and assistance from various pgrovincial
and federal government departments.

D. Armitage, Ontario Federation of Agriculture

W. Omvlee, New Brunswick Agriculture Environmental Counil

S. Smale, Nova Scotia Federation of Agriculture

L. Halliday, Prince Edward Island Federation of Agriculture

Y. Rideout, Newfoundland and Labrador Federation of Agriculture
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of using calendar dates to determine when to
make these applications. Applying herbicides
according to the stage of crop growth was the
most common method (38%) on Canadian
farms using herbicides. The first sign of weeds
was an important decision-making factor in the
Pacific Maritime and the Boreal Shield. The
level of economic injury to plants (the optimal
practice) prompted herbicide application on 209
of Canadian cropland receiving herbicides.

Of the farms with cropland in 1995, about 31%
(62 300 farms) reported applying insecticides
and about 19% (40 000) reported applying
fungicides. Nationally, the level of economic
injury was the deciding factor on 25% of crop-
land receiving these chemicals, and the most
commonly reported method in the Boreal
Plains and Prairies. Farmers in the Atlantic
Maritime ecozone were more inclined to use
the first sign of disease or pest as the cue to
apply these chemicals.

About 76% of farms reporting the use of pesti-
cides in 1995 operated their own sprayers.
Figure 5-8 shows calibration methods for
these sprayers. About 68% of these, represent
ing 54% of Canadian cropland, calibrated their
sprayers at the beginning of the crop season.
Calibrating the sprayer between applications o
different pesticides (the best practice) was use]
for only 16% of Canadian cropland.

Figure 5-9 shows the share of cropland treateg
for pests using non-chemical methods. Crop

rotation (56%) and tillage (27%) were the mos

Timing of manure application

in 1995
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Integrated pest management

The codling moth was accidentally introduced to British Columbia in the early 1900s. Since then it has caused untold
to apple and pear crops, threatening a tree fruit industry that employs 5000 people and generates $700 million each

The Sterile Insect Release Program brings together the efforts of governments, the tree fruit industry, fruit growers, ar
ty owners in the province to deal with this pest problem. Under the program, 12 to 14 million sterile moths are release
week during the growing season in 1700 commercial orchards in southern British Columbia. Sterile moths mate with
wild moths, but the resulting eggs do not develop and the moth population drops.

Moths are reared at a $7.4-million facility opened in 1993 near Osoyoos, and the $3.4-million operating costs are sha
local growers and owners through taxes. Moth release began in 1994, and in 1998 more than 3000 million moths we
from April to October. In combination with other techniques, such as intensive monitoring, mating disruption, and the dise of
less toxic pesticides, this program aims to reduce codling moth populations to levels for which chemical control is not

C.A.S. Smith, Agriculture and Agri-Food Canai
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Decision tools used to decide
timing of herbicide application in 1995
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commonly used alternative methods. No alter-
native method was used on 34% of cropland.

Interpretation

to the farmer match the cost of spraying. About
20% of Canadian farmers used estimates of the
level of economic injury to decide when to
apply herbicides. Since 60% of farmers applied
herbicides at the first sign of weeds or at a cer-
tain stage of crop growth, there is considerable
room for improvement in this indicator.

Scouting for insect and fungus infestations and
assessing the level of economic injury both
ensure that insecticides and fungicides are used
only when and where most needed. Prairie pro-
ducers used this method for 30% of their crop-
land, but this share was much lower in the

other ecozones. Because 40% of the data fell in
the category of other methods, this indicator
probably needs further refinement.

Proper calibration of sprayers improves

the efficiency of pesticide use and reduces
environmental risk. The best management prac-
tice is to calibrate equipment between applica-
tions of different pesticides. The common prac-
tice across all ecozones was to calibrate only
at the beginning of the crop season, showing
considerable room for improvement in this
indicator.

Farmers can use a variety of nhon-chemical
methods to control pests that help to reduce
pesticide use and reduce environmental

risk. The wide use of crop rotation and tillage
across Canada to control pests is a positive step
toward the goal of using a range of hon-chemi-
cal pest control methods on cropland.

Response Options

urther adoption of best management prac-
tices for nutrient and pesticide management

Between 1981 and 1996, the farmland area g
treated with herbicides grew by 53% and that jn

needed in all parts of the country, especially
areas of intensive crop or livestock produc-

treated with insecticides or fungicides grew by tion and where landscape and climatic condi-
78%. Although new pesticide products generaltions raise the risk of water carrying nutrients

ly pose fewer environmental risks, concerns

and pesticides off farmland into neighbouring

remain about the impact of pesticides on non- waters. Ongoing research is also required to

target species and water quality. New biotech-
nologies, such as pest-resistant crops, and tech-
nigues, such as integrated pest management
(seeBox), offer opportunities to manage the envi-"
ronmental risks associated with pesticide use.

Herbicides are most efficiently used at the .
stage of weed growth at which economic losses

develop new pest control products
and methods

refine non-chemical pest controls

update existing recommended fertilizer rates
and develop them for new crops

improve application practices.
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Decision tools used to decide Figure 5-7
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Alternative use of pest control .M

methods in 1995
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Method
- Tillage
- Crop rotation
D Biological control
- Pheromones
- Hand weeding
- Other nonchemical methods

D No nonchemical pest control method

» applying these amendments when and where
they will do the most good

» handling, storing, and applying nutrients and
pesticides in ways that reduce environmental
risks.

Conclusion

Ithough the indicators presented in this

chapter show that good farm practices are
being applied across Canada, they also suggest
room for improvement when viewed in terms
of environmental protection. The overall trend
in Canadian agriculture is toward increased
specialization and intensification of production,
and the use of more sophisticated processes
and technologies. As agriculture continues to
move to larger and more-intensive operations,
sound input management practices will be crit-
ical for both environmental protection and farm
profitability. In most cases, reducing the envi-
ronmental risk associated with input manage-
ment goes hand in hand with farm profitability.

Related Indicators

H ow much, and how, fertilizer and manure
nitrogen are applied affects the level of
Residual Nitrogen left in soil after crops are
harvested, the nitrous oxide component of the
Agroecosystems Greenhouse Gas Budget, and
the Risk of Water Contamination by Nitrogen.
How much, and how, fertilizer and manure
phosphorus are applied affects the Risk of
Water Contamination by Phosphorus. Good
nutrient management builds healthy soils,
which have good levels of Soil Organic Carbon
and a reduced Risk of Wind Erosion, Risk of
Water Erosion, and Risk of Tillage Erosion,
and support greater Availability of Wildlife
Habitat on Farmland.

Nutrient and pesticide management planning
are important components of teavironmental
farm plansthat many Canadian producers are
voluntarily using. These plans involve

* using only the amount of nutrients and pesti-
cides needed, based on soil testing or pest

monitoring






Soil Quality

Soil qualityis defined as the ability or capacity of a specific soil to func-

tion for a specific purpose. In the context of agriculture, soil quality, or

soil health, is the soil’s fitness to support crop growth without resulting in
soil degradation or otherwise harming the environment. Soil quality has
both an inherent or natural element determined by geological materials
and soil formation processes (such as chemical and physical weathering)
and a dynamic element determined by farm management practices. The
natural quality of soil can be degraded by natural processes, such as ero-
sion and the subsequent loss of organic matter, compaction, and saliniza-
tion. Agriculture can accelerate these processes through various land uses
and management practices, hastening the symptoms and effects of soil
degradation. On the other hand, some agricultural land uses and manage-
ment practices (such as various tillage methods, cropping systems, and
nutrient management plans) help to stabilize or improve soil quality. Some
researchers suggest that soil quality can also be measured in economic
terms. We have chosen to concentrate on the environmental aspects of soil
quality on a broad landscape basis in our assessments.

The following six chapters examine agricultural soil quality using indica-
tors of the risk of soil degradation by various processes. Chapters 6 to 8
assess the risk of soil erosion by water, wind, and tillage. Chapter 9 evalu-
ates the status of soil organic carbon, which is largely a function of the
erosion process. Chapters 10 and 11 present the risks of compaction and
salinization.

Soil erosion is a natural process, the wearing away of the land’s surface by
water, wind, or ice. Agricultural management practices can accelerate nat-
ural rates of erosion. Erosion removes topsoil and deposits it elsewhere.
These changes result in a general decline in soil quality because of
changes in physical, chemical, and biological properties that ultimately
reduce crop quality and yield. Agricultural soils can tolerate a certain
amount of erosion without adverse effects on soil quality or long term pro-
ductivity, because new soil is constantly being formed to replace losses. In
Canada, this tolerable limit is estimated at about 5 tonnes of soil per
hectare per year on well developed agricultural soils and a lesser amount
on shallow or already degraded soils. Thus, the tolerable risk class has
been defined as less than 6 tonnes per hectare for the indicators of the risk
of water and tillage erosion.

The shape of the landscape affects the rate of all three types of erosion.
Soil cover by plants and their residues protects soil from the impact of
raindrops and wind, reducing soil losses. This factor is directly determined
by agricultural management decisions such as those related to crop selec-
tion, rotations, and tillage practices.
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Effects of erosion on and off the farm

On-farm effects Off-farm effects
* lower fertility levels  deposition of eroded soil in depressions and
* poorer crop y|e|ds adjacent fields
« less water infiltration into soil e decline of downstream water quality apd

aguatic ecosystems because of sedimenta-

* more soil Crl_JStmg ) tion and the addition of nutrients, pesticides,
» more runoff in the spring and after storms  5nd pacteria

* higher soil pH + costly physical problems, such as clogded
» development of rills and gullies in the field drainage ditches

A major component of the topsoil removed by can do very little to curb the tendency of some

erosion is soil organic matter. Organic matter  soils to become saline, other than alter land use.

offers many benefits to soil. When soil organic Reducing summerfallow area helps to control

matter is lost, soil structure breaks down and theoil salinization, but severely saline lands proba-

soil becomes less permeable to air, water, and bly need to be retired from regular cultivation

nutrients. It may compact and show surface  and converted to pasture.

crusting. As this happens, the soil becomes more

vulnerable to all types of erosion, further com- Reducing the risk of erosion, loss of soil organic

pounding the problem by removing even more matter, compaction, and salinization is accom-

topsoil. As soil fertility and productivity drop plished by changes at different levels of respon-

off, greater amounts of inputs (e.g., fertilizer)  sibility. Most important are activities that take

are needed to produce a reasonable crop, and place at the farm level, as farmers continue to

eventually the soil reaches an unproductive modify their cropping and tillage practices.

state. Carbon is the leading component of soil However, this change must be supported by

organic matter. An assessment of soil carbon research and development of management prac-

levels in agricultural soils gives an indication of tices, programs to monitor and predict the out-

soil quality. come of management changes, and education.
Programs initiated by producers appear to be a

Soils have a natural state of compactness, the key factor in the adoption and success of conser-

degree of which depends on the nature of their vation practices aimed at the long term sustain-

deposition and the parent materials from which ability of agriculture in all parts of Canada.

they were formed. Fine-textured soils, such as

clays, are naturally more compact than coarse-

textured soils, such as sands. Some soils laid

down directly by glacial ice sheets have highly

compacted subsoils. Certain agricultural prac-

tices compound the problem. Practices that

result in the loss of soil organic matter con-

tribute to soil compaction. Heavy farm machin-

ery presses the soil down, especially when it is

wet (e.g., in early spring or late fall). The more

field traffic there is, the more compaction will

result.

Soil salinity is a natural condition in which solu-
ble salts are found in the root zone of plants,
hindering their growth. This condition is largely
controlled by the movement of water through
the soil and is found in a good deal of the agri-
cultural land in the Prairie Provinces. Producers
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Risk of Water Erosion

[.J. Shelton, G.J. Wall, J.-M. Cossette, R. Eilers, B. Grant, D. King, G.
Padbury, H. Rees, J. Tajek, and L. van Vliet

Geographic scopeNational, provincial
Time series:1981, 1991, 1996

HIGHLIGHTS

» Water erosion is a natural process that is accelerated by varjous
agricultural management practices. Erosion results in the loss or
redistribution of topsoil in a landscape, usually causing spil
degradation and reducing crop quality and yield on-site. If the
eroded sediment is transported off-site into waterways, it gan
cause an increase in turbidity and sedimentation. Attached to|the
eroded soil particles may be nutrients, pesticides, and bacteria,
which also contribute to declining water quality. Thus, contrgl-
ling erosion helps to protect both soil quality and water quality.

e An indicator was developed to assess the degree to which
Canada’s cropland was at Risk of Water Erosion in 1981, 19p1,
and 1996. The risk was expressed in five classes: tolerable (asso-
ciated with erosion that is offset by soil building and is thus suis-
tainable), low, moderate, high, and severe (all of which are con-
sidered unsustainable). The change in risk between 1981 jand
1996 was calculated to evaluate the effects of prevailing land pse
and tillage practices. The performance objective for the indicator
is to have all cropland in the tolerable risk class.

» Between 1981 and 1996, cropping measures and increased use of
conservation tillage were responsible for decreases in water ero-
sion risk in Alberta, Saskatchewan, Manitoba, Ontario, and New
Brunswick. The risk remained the same in British Columbia and
Prince Edward Island, where the benefits of conservation tilldge
and other conservation measures were offset by intensified agri-
cultural production in some areas. The risk rose in Quebgec,
mainly because of the intensification of cropping practices, and
in Nova Scotia, mainly because of expanded potato production.

* By 1996, Alberta, Saskatchewan, Manitoba, Quebec, and Nova
Scotia had more than 70% of cropland in the tolerable risk class,
while the share of cropland in this risk class ranged from abput
50 to 70% in British Columbia, Ontario, Prince Edward Islang,
and New Brunswick.

» The indicator does not reflect other erosion control practices,
such as the use of grassed waterways and terraces, cross-slope
cultivation, strip and contour cropping, and winter cover crop-
ping, because the land base on which these practices are uged is
not reported in th€ensus of Agriculture.
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The Issue The indicator can be viewed as an indirect
measure of soil quality. Because water erosion
ainfall and surface runoff are the driving is a process of soil degradation that results in
forces behind water erosion. The greatest decreased soil quality, a declining erosion risk
potential for water erosion is during spring is considered positive in terms of soil quality.
melt (especially when the soil surface is The performance objective for this indicator is
thawed, saturated, and readily moved and the to have all cropland in the tolerable risk class.
underlying soil is frozen and impermeable) and
heavy summer storms. Still, erosion can take Method of calculation
place at any time, resulting in large losses of The rate of water erosion was estimated using
soil from farm fields over time and contribut- the Revised Universal Soil Loss Equation for
ing to soil degradation. Application in Canada. Information from the
Soil Landscapes of Canadaaps and other

Soil is carried in runoff to agricultural drains . .
. sources on climate, soil, and topography was
and other waterways, where it adds to the sedi- ; .
sed to tabulate rainfall, soil, and landscape

I . Wi li - .
ment load. Water quality decreases as suspen Slope) factors for each mapping area, The

il particles incr idi loudi- .
ed soil particles increase thabidity (C QUd inherent erodibilityrepresented by these factors
ness) of the water and add to the sediment :
; C ! was assumed to remain constant over the study
buildup on the bottom. Thisedimentation . : . . :
. . period. The change in erosion risk over time
reduces the water’s suitability as habitat for o
. ; ; was calculated by considering the effects of
fish and other aquatic organisms, alters the . . .
changes in land use and tillage practices across
flow of the water, and may eventually clog the . :
) Canada, such as fluctuations in cropland areas,
channels, making cleanout necessary. e
shifts in the types of crops grown, and the use
of conservation tillage and no-till. This infor-
mation was obtained from tl@ensus of
Agriculturefor 1981, 1991, and 1996.

Crop nutrients, pesticides, and bacteria, are
often attached to the eroding soil particles and
so are carried into waterways too. Their pres-
ence adds to the problem of declining water
quality. Thus, curtailing water erosion helps to
protect both soil quality and water quality. In
recent years, many management practices h
been employed to control water erosion. An
indicator is needed to identify areas still at risk
of water erosion and to assess how this risk is
changing over time under prevailing manage-
ment practices.

All but the tolerable rating indicate areas where
soil and water conservation practices are needed
a for the sustained production of agricultural crops.

“Fhe share of cropland falling in each of the risk
classes outlined above was calculated for each
province and for each distinctive agricultural or
ecoregion within each province. Changes over
time in the percent value for each class in each
area provided an indicator of whether the overall
risk of erosion was increasing or decreasing.

The Indicator o
Limitations

Description The indicator is subject to the following limita-
e developed an indicator, Risk of Water tions:

Erosion, to estimate the extent of culti- . ¢5jcylations did not account for improve-
vated land at risk of water erosion and to moni- ments resulting from the use of erosion con-

tor changes in this risk over time, particularly ¢ practices such agassed waterways
as a result of changes in management praCticeSterracing contour cultivation strip

This risk is expressed in the following five cropping and winter cover crops.
classes: tolerable (less than 6 tonnes per hectar.e census data are not detailed enough to ade-
S(Zart%]eaa;;)r,)!or\]/ivgg]e (tzozlti tégat//)rllg}yrgt’)gi:jat;\(lgeto quately reflect the geog_raphic distribution of
(greater than 33 t/ha/yr). Areas in the lowest g?rglaagne drr:g?:aprr?wcetlnctiz ”;rllzngsr%aepias\é\gllae-re
class are generally considereddad¢rable riskof tion errors magoccur '

soil erosion and able to sustain long term crop y

production. The other four classes represent the® the indicator is based on long term average
risk of conditions that are unsustainable and for ~annual rainfall data that may not reflect sin-
which soil conservation practices are needed to ~ 9le high intensity rainfall events that can
support crop production ovéne long term. cause significant soil erosion.



Risk of Water Erosion

Results

he risk of water erosion in each province is

shown for 1981, 1991, and 1996 in Table 6-1
Figures 6-1 and 6-2 show the distribution of
the various risk classes in 1996. The change if
cropland area at risk of tolerable levels of ero-
sion between 1981 and 1996 is shown in
Figure 6-3.

In British Columbia there was a shift of about
7% of cropland into the moderate risk class,
mainly from the low risk class. Although the
share of cropland at a tolerable risk of water
erosion remained constant between 1981 and
1996, there were areas in the south and centra
regions of the province where the risk of water
erosion increased slightly, despite improve-
ments in farming practice and the use of con-
servation tillage. There was also a 2% increast
in cropland area between 1991 and 1996.

Saskatchewan showed the most improvement

Risk of water erosion on cropland .m

in the Prairie Provinces under 1996
management practices

~~

of all provinces, with a shift of 26% of its \\Q\L S ‘
cropland into the tolerable risk class from high{ Risk class R ! : o v g
er risk classes between 1981 and 1996. Albert TERLE

. (1 Tolerable el
parallelled this trend, but to a lesser extent, AT ]
with a gain of 8% of cropland in the tolerable | [ Low 1 High )
risk class. Although some areas of the Manitoba 7 yioderate B scvere

Prairie region showed slight increasesigk

Table 6-1

Risk of water erosion on Canadian cropland under prevailing
management practices

Share (%) of cropland in various risk classes
Province Cropland area™
(million ha) Tolerable Low Moderate High Severe
1981 1991 1996) 1981 1991 1996|1981 1991 1996 1981 1991 1996| 1981 1991 1996
British Columbia 0.52 56 59 56 25 22 19 12 13 19 5 4 5 2 2 1
Alberta 10.6 75 80 83 15 11 11 8 7 6 2 1 1 <1 <1 <1
Saskatchewan 18.8 64 72 90 24 19 5 7 5 5 4 4 1 2 1 <1
Manitoba 4.9 88 87 89 5 4 4 3 4 4 1 1 1 3 2 2
Ontario 34 51 56 58 26 23 27 13 11 6 10 10 10 <1 <1 <1
Quebec 1.6 89 89 88 7 8 9 4 3 3 0 0 0 0 0 0
New Brunswick 0.1 43 45 48 23 32 30 22 14 14 6 6 5 6 3 3
Nova Scotia 0.1 74 71 72 14 15 15 10 12 10 <1 <1 <1 2 3 2
Prince Edward Island 0.1 59 60 59 23 22 23 14 15 19 4 4 0 <1 <1 0

*Cropland area is an average of values for 1981, 1991, and 1996
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Risk of water erosion on cropland in Central Canada and the Maritime .m

Provinces under 1996 management practices

Risk class
[ 1 Tolerable
L JLow
[ Moderate
[ High
I Severe

Change in the area of cropland at
risk of tolerable level of water
erosion between 1981 and 1996

Prince Edward
Island
Nova Scotia
New
Brunswick
Quebec
Ontario
Manitoba
Saskatchewan

Alberta

British

Columbia

Figure 6-3
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overall the province showed a 1% increase in
the share of cropland in the tolerable risk class.

Ontario showed an overall reduction in the risk
of water erosion between 1981 and 1996, with
most of this improvement coming from a shift
of about 7% of cropland from the moderate to
lower risk classes. In Quebec, the share of land
in the tolerable risk class fell slightly (1%)
between 1981 and 1996. Of all the provinces,
Quebec, Manitoba, and Saskatchewan had the
largest share of cropland (about 90%) in the
tolerable risk class in 1996, but Quebec also
had no cropland in the highest two risk classes
(seeBox on conservation tillage in Quebec).

New Brunswick had the largest share of crop-
land at severe in 1981 (6%), but halved this
figure by 1996. This improvement, along with

a shift of cropland from the moderate and high
risk classes to lower risk classes gave a reduc-
tion in overall erosion risk between 1981 and
1996. In Prince Edward Island, about 4% of
cropland shifted from the high to moderate risk



Risk of Water Erosion

class, although the share of land at tolerable of less-intensive agriculture, such as the Eastern

risk remained constant from 1981 to 1996.

Continental Ranges (foothills area) and Western

Alberta Uplands (Grey Wooded zone) ecoregions
Although an overall improvement in water ero-of Alberta. Areas remaining in the high risk class

sion risk was noted in most of the provinces,

tend to be those with erosion-prone soils that

some regions of some provinces showed an would benefit from greater adoption of conserva-
increased risk of water erosion. These regionstion practices. In Manitoba, the drop in erosion

included

» the South Coastal and Central Interior
regions of British Columbia

« the Prairie region of Manitoba (which
showed a change in risk of less than 5%)

« the Algonquin—Lake Nipissing region of
Ontario (less than 5% change)

 the St. Lawrence Lowland, Appalachian
(each less than 5%), and Central Laurentian
regions of Quebec.

Interpretation

he general trend of decreasing risk of watel

erosion between 1981 and 1996 in Canada
reflects the degree to which changes have bee
made in cropping systems and tillage practices
A combination of reduced tillage, less-inten-
sive crop production, decreased summerfallow,
and removal of marginal land from production
all contribute to lower erosion rates. In the fol-
lowing provincial descriptions, changes in ero-
sion risk are stated for the period 1981 to 1996

Adoption of no-till in British Columbia offset
the increased risk of erosion caused by greate
intensification of farming in many regions.
However, the South Coastal region, comprising
10% of the province’s cropland, showed an
increase in risk. About 70% of the annual pre-
cipitation there falls in October through March,
when crop cover is often absent and soils are
exposed. Intensive row cropping of vegetables
and berries contributes to the erosion risk in
this region. Although winter cover cropping is
widely practised here, greatly reducing the risk]
of water erosion, information on this practice i
not collected by th€ensus of Agculture, and
thus the indicator values do not account for the
benefits of this practices¢eBox).

In the Prairies, particularly Saskatchewan and
Alberta, the risk of water erosion dropped sub-
stantially because of the growing use of conser-
vation tillage, the reduction in summerfallow
area, and shifts in the type of crops grown. This
improvement was particularly marked in regions

risk is attributed to expanded continuous cropping
and the recent trend of greateop diversifica-

tion. This trend has resulted in more land being
used to produce annual crops, as well as longer
rotations because of the inclusion of new crops.

Conservation tillage to control

soil erosion in Quebec

Although it rarely reaches very severe levels, soil erosion is a wi
spread problem throughout Quebec. Annual crops that leave the
unprotected for extended periods of time create the greatest risk.
area devoted to these crops has significantly increased over thg
decade. For example, the area in grain corn grew from 293 00
more than 331 000 ha between 1991 and 1996. The area in n
grain increased by nearly 25%, and soybean and canola produ
are booming.

Accelerated soil erosion takes place particularly as a result of |
intensity rainfall during the growing season and runoff from parti
ly frozen soils in the early spring.. The result is a loss of soil me

de-
soll
The
last
D to
ixed
ction

igh
-
te-

rial from cultivated fields and the entrance of pollutants (sediments,

nutrients, pesticides) into receiving surface waters.

Research on conservation tillage has shown the potential for t

ese

practices to control losses of soil, water, and nutrients (phosphoyus)

off-site to waterways & Table below). The use of conservatio

tillage practices is growing in Quebec. In 1996, nearly 130 000| ha
were under reduced tillage, 24% more than in 1991, and more than

35 000 ha were under no-till, an increase of 63% since 1991. In 1
conservation tillage was used on 15% of the area under annual c
Annual runoff, erosion, and phosphorus losses under
conventional and conservation tillage practices in Quebec
Crop Tillage practice Runoff Soil loss Total P loss

(cm) (Tonnes/ha) (kg/ha)
Grain corn Conventional 53 6.6 39
Chisel 29 15 11
Ridge till 3.2 18 14
Grain corn Conventional 49 16.9 30
No-till 18 13 0.2
Barley Conventional 2.9 1.3 2.9
No-till 2.6 0.9 11

C. Bernard, Institut de recherche et
de développement en agroenvironneme

996
rops.
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In Ontario, although the overall risk of erosion gion still had a low share of cropland at tolerable
dropped, more than 40% of cropland remainedisk (43%) in 1996. The Lake Erie Lowlands,

in the intolerable risk classes (low risk and

also comprising about 40% of Ontario’s cropland

higher) in 1996. The Manitoulin—Lake Simcoe and used mainly to grow corn, soybeans, tobac-
ecoregion, comprising about 40% of Ontario’s co, vegetables, and soft fruits, had only 57% of

cropland, showed the greatest improvement i
erosion risk, with 13% of its area shifting to

nits cropland in the tolerable risk class in 1996,
but still improved in risk by 3%.

lower risk classes by 1996. However, this ecore-

Winter cover cropping cuts erosion in

south coastal British Columbia

The exposed soil between the rows of crops such as strawberries an
corn is at risk of loss by water erosion. In the South Coastal region

»]

of British Columbia, this risk is greatest during the fall and winter
About 70% of the annual rainfall occurs from October throu
at

March, often in prolonged storms. Other factors that promote water
erosion in the rolling upland area where many row crops are grown
lo

are the silt loam-textured soils, steep slopes, and up- and down-g
cultivation and planting of row crops.

[

The British Columbia Ministry of Agriculture and Food, in coope
ation with Statistics Canada, conducted a farm practices surve)

1999. Twenty-three percent of Fraser Valley vegetable producers
O

reported that areas of their croplands were affected by erosion.
those affected, 50% used cover crops as a control measure.

Agriculture and Agri-Food Canada researchers compared field p
with no erosion control (strawberries and silage corn cultivated

planted up- and down-slope) with field plots under a winter co
crop planted in between the rows, both on moderately sloping I3
The field plots received all the fertilizer applications, tillage, and

weed and disease control practices commonly used in growing

strawberries and silage corn commercially. Substantial reduction
soil loss were found on plots with the winter cover cregelable

j*%

below). Winter cover cropping is the preferred erosion control prac
er
the
an

tice for row crops in this region. Besides controlling erosion, co
crops help improve soil quality when they are incorporated into
soil as green manure in the spring, which adds organic matter
nutrients to the soil.

Soil loss on strawberry and corn fields with and without
winter cover crops in south coastal British Columbia
With up- and Winter cover crop Reduction
down-slope planted in between | in soil loss under
Crop cultivation and the rows the winter
planting and no cover crop
erosion control
Soil loss (kg/ha) | Soil loss (kg/ha) (%)
Strawberries (1991-1992) 6451 1382 78
Silage corn (1996-1998) 7729 184 76

L.J.P. van Vliet, Agriculture and Agri-Food Canada
R. Bertrand, B.C.Ministry of Agriculture and Food
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Despite the overall drop in the risk of water ero-
sion in Quebec, its St. Lawrence Lowland,
Appalachian, Central Laurentian, and Southern
Laurentian ecoregions all showed a shift of crop-
land area from the tolerable to unsustainable
§asses of erosion risk. This increased risk is
likely the result of intensified production of row
crops, such as soybeans, grain corn, silage corn,
and vegetable crops, and a concurrent reduction
in crops that provide better erosion protection,
guch as alfalfa and spring cereals. The increase
In row crops was offset somewhat by an
increase in hay. Still, Quebec has a generally
low overall risk compared to the other

. provinces, mainly because most agriculture is

p

carried out on gentle landscapes and soils that
gre not naturally prone to erosion.

New Brunswick’s rolling, moderately long
slopes present the most erodible topography in
the Maritimes. This province had the lowest
share of cropland at tolerable risk of water ero-
sion, and 8% of cropland was still in the high
to severe risk classes in 1996. High risk lands
are generally those under potato production in
~the northwest of the province. Soil erodibility
associated with spring cereals planted after
_potatoes is greater than that associated with
spring cereals planted after a forage crop. The
drop in erosion risk between 1981 and 1996 is
measure of the success of adopting conserva-
ion tillage and, to a lesser extent, growing
crops that are less erosion-prone, such as hay.

Generally, Nova Scotia has the most precipita-
tion of the Maritime Provinces and thus the
greatest potential for erosion by rainfall,
snowmelt, and winter runoff. It has a smaller
area of potato production than New Brunswick
or Prince Edward Island, but larger areas under
vegetables and berries. The erosive effects of
the greater production of berries, grain corn, and
silage corn in 1996 were offset by increases in
the area in fruit trees, tame hay, spring cereals,
and winter wheat. In Prince Edward Island,

fine sandy loam soils that erode easily are most
common. The area of erosion-prone crops
increased by 1996, raising the risk of water



Risk of Water Erosion

Controlling water erosion on potato land in the Maritimes

Land under potato production in the Maritimes is particularly vulnerable to soil erosion by water, because row c
potatoes leave much of the soil's surface exposed to the elements for long periods. Other factors that promote
sion include

high rainfall

light-textured soils, with low organic matter content and poor drainage
dense, compact subsoils

cultivation on long, steep slopes

inadequate inclusion of soil-improving crops in crop rotations

up- and down-slope cultivation.

A wide range of conservation practices is needed to control the severe water erosion on Maritime potato lands.

rops like
water ero-

The most

common methods are cross-slope cultivation, terracing, grassed waterways, and surface water inlets. Other compplementa-

ry conservation practices include strip cropping, conservation tillage and residue management, cover crop
mulching.

In a comparison of two New Brunswick potato fields, Agriculture and Agri-Food Canada researchers found su
reductions in soil lost from the field with diversions and grassed waterways compared to the field under up- and da
cultivation and no erosion controlsegTable below). Runoff from fields under potatoes was 4% of accumulated rg
with erosion controls and 30% without.

Mulching (a new practice of spreading hay or straw on the field after potatoes are harvested) is being readily 3
Prince Edward Island and experimented with in New Brunswick. One study showed that 4 tonnes of straw n
hectare reduced soil loss to 1.8 tonnes per hectare, compared to 3.1 tonnes of soil lost under 2 tonnes of straw
hectare. Another mulching study showed that as little as 2.3 tonnes of hay mulch per hectare could reduce soil lo

Seasonal runoff and soil loss from potato rotations under
different management in New Brunswick
Crop and year Accumulated Diversions and grassed waterways Up- and down-slope cultivation
rainfall' (mm) ] ]
Runoff (mm) Soil loss (kg/ha) Runoff (mm) Soil loss (kg.ha)

Grain/rye
grass?, 1990 707 32 106 25 285
Potatoes, 1991 582 42 1678 203 15 604
Potatoes, 1992 652 20 1156 159 21 825
Barley, 1993 687 8 63 34 489
Potatoes, 1994 583 14 200 182 24 852

* between 1 May and 30 November
2 diversions/grassed waterway site was in grain, up- and down-slope cultivation site was in rye grass.

T.L. Chow, and H.W. Rees, Agriculture and Agri-Food Can
G. Fairchild, J.-L. Daigle, and J. Damboise, Eastern Canada Soil and Water Conservation
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C. Soil Quality

erosion. Doubling the use of conservation « interseedingow crops with other crops,

tillage and increasing the area in tame hay did such as red clover

not completely offset the negative effects « winter cover cropping where soils are prone

caused by intensification of cropping, notably g erosion by winter runof.

the large expansion of area in potato produc-

tion (an estimated 39% of potato land is underresearch is needed into alternatives to no-till

conservation tillage). for areas where this practice is not viable, such

as areas of intensive horticultural or potato pro-

. duction. Where water erosion is severe, conser-

Re5p0n5e OptIOI‘IS vation tillage and cropping systems might be

inadequate to control erosion and runoff. Soil

oils in the wetter regions of Canada should .
conservation structures, often more costly and

be the focus of remedial measures, becausée . . .
abour intensive than using management prac-

tices, might be needed. These include

* terraces, or steps, to reduce a slope’s steep-
ness and length

these areas

* have the greatest share of cropland in the
classes of unsustainable erosion

» are generally the most prone to erosion » permanent small earth berms or diversions
because of precipitation patterns, intensive perm
. o running along the contour
row crop production, and the unsuitability of

some conservation methods such as no-till it grassed waterways, which trap sediment
some areas. moving off the field.

Erodible landscapes are often localized and ret .

atively small but are a major site of soil loss. onclusion

These areas are sometimes neglected or over- ) )

looked in broad scale conservation programs Wa'ter erosion of soil has long been recog-
and should be targeted with practices, programs,¥ ¥ Nized as a serious threat to agricultural
and policies designed specifically for their needsSustainability in the wetter areas of Canada —

Such a targeted approach is particularly needégfitish Columbia, Ontario, Quebec, and the
for the following key agricultural areas Maritime Provinces — and to a lesser extent

on the Prairies. The reduced risk of water ero-
sion shown by the indicator presented here is a
positive trend resulting from shifts in farming
practice (e.g., tillage and cropping), attitudes
« areas of intensive cropping in Ontario and  tgwards land stewardship, and management
Quebec strategies. However, the trend could quickly
« the potato belt of northwestern New reverse under changing economic conditions
Brunswick and Prince Edward Island and theand policies.
broader areas of Nova Scotia used to grow
potatoes, vegetables, corn (both silage and A large share of Canadian farmland is still sub-
grain), and berries. ject to the unsustainable loss of soil resulting
from water erosion. Generally, these areas are
Targeting the agronomic and engineering pracused for intensive row crop or horticultural
tices to erosion-prone sites in these areas wouldrop production, except for some smaller areas
help to reduce water erosion. Management  with natural limitations of topography or soil.

* the Southern Coastal and Southern Interior
regions of British Columbia, where the risk
of water erosion appears to be increasing

practices that help in controlling erosion It can be concluded that improvement is need-

include ed in farming practice, management strategies,

« using conservation tillage and managing Cro’ﬁ)olicies, delivery of information, monitoring of
residues impacts, or all of these in these areas. One

facet of the erosion problem that cannot be
. addressed with simple cropping and tillage
* planting row crops across the slope or fol-  gtrategies is the link between intensifying farm-

« including forages in rotations

lowing the land’s contours ing and erosion. Work is needed to identify
* strip cropping what factors motivate increased intensification
« growing cover crops and to formulate programs that deal with the



impact of broad scale economic issues on ero-
sion risk.

The next steps in further reducing the risk of
water erosion include

* setting goals for the share of farmland in the
tolerable risk class in various agricultural
areas of Canada.

« targeting programs and policies at areas that
are particularly erosion-prone or have large
areas in the unsustainable risk classes.

Related Indicators

he Risk of Water Erosion is one component

of the overall risk of soil erosion, along
with the Risk of Wind Erosion and the Risk of
Tillage Erosion. Water erosion, like wind and
tillage erosion, contributes to a loss of organic
matter from the soil, thus affecting the amount
of Soil Organic Carbon. Surface runoff can
also carry agricultural nutrients into water-
ways, linking this indicator particularly to the
Risk of Water Contamination by Phosphorus
and also to the Risk of Water Contamination
by Nitrogen. As soil becomes eroded, more fer-
tilizer may be needed to maintain fertility, thus
affecting the Management of Farm Nutrient
and Pesticide Inputs, and more energy may be
needed to support production, altering Energy
Use. A key way to control erosion is by
increasing Soil Cover by Crops and Residue.
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Risk of Wind Erosion

G. Padbury and C. Stushnoff

Geographic scopePrairie Provinces
Time series:1981, 1991, 1996

HIGHLIGHTS

» Wind erosion is a natural process that removes topsoil from qul-
tivated agricultural lands, contributing to an overall decline jn
soil health, including a breakdown of soil structure and reduged
soil fertility.

e An indicator was developed to estimate the Risk of Wi
Erosion on cultivated land. It can also be used as an indifect
measure of a change in soil quality. The indicator is based|on
soil, climate, and management factors. Five classes of risk were
identified: negligible, low, moderate, high, and severe. The indi-
cator was applied to the Prairie Provinces, the Canadian region
most prone to wind erosion. The performance objective is|to
have all agricultural soils in the negligible and low risk classeg.

e Calculation of the risk of wind erosion showed that about t
thirds of cultivated land in the Prairies is at moderate to severe
risk of wind erosion without the use of any soil conservati
practices.

severe risk of wind erosion dropped from 15% (5 millio
hectares) to 6% (2 million hectares) because of changes in mpan-
agement practices. Implementation of reduced tillage technalo-
gies, coupled with a decline in the use of summerfallow in the

Prairies, resulted in an overall decline of 30% in the risk of wind
erosion during this period. The share of cultivated prairie land at
negligible risk of wind erosion grew from 41% to 64% in this
period. Improvements were greatest where sandy, highly erodi-
ble lands were converted from annual crops to perennial forages.
Most of the land still at risk is located in the Brown and Dafk
Brown soil zones of southern Alberta and Saskatchewan.

» Between 1981 and 1996, the share of cultivated land at hig’:[_’to

tinues in the Brown and Dark Brown soil zones, the risk of wind
erosion is expected to decline even further. Further reduction in
this risk is less likely in the Black and Gray soil zones, where
summerfallow area is already relatively small and the inherent
risk of soil erosion is less.

» If the trend toward reduced tillage and less summerfallow cIn-
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Since that time the risk of wind erosion has
been substantially reduced through the use of
ind erosion is a concern in many areas of/arious land management practices. For exam-
Canada, from the sandy soils along the ple, many of the most susceptible lands have
Fraser River in British Columbia to the coastal been seeded to perennial forages, and modern
areas of the Atlantic Provinces. However, it is techniques of less summerfallow and improved
in the arid Prairies, where large tracts of agri- residue management have further reduced the
cultural land lie unprotected from the wind,  risk. An indicator is needed to assess how
that the risk is by far the greatest. In fact, abouthanges in management affect the risk of wind

The Issue

two-thirds of the prairie region would be at

erosion over time, and to identify areas where

moderate to severe risk of wind erosion if soil this risk is of particular concern.
conservation measures were not taken. This
fact was vividly borne out during the dust bowl

years of the 1930s.

Measuring wind erosion

At an experimental site near Lethbridge, Alta., researchers meas
soil losses of up to 30 tonnes per hectare as a result of a single
sion event, and losses of about 122 tonnes per hectare over a 7-
fallow period. Although the site was tilled excessively to promda
erosion, the soil was of a type (clay loam) not particularly susce
ble to erosion, and the field had previously been under no-till fo

The Indicator

Description
W e developed the Risk of Wind Erosion
indicator to monitor the extent of culti-

Lredated land at risk of wind erosion, particularly
ergs a result of changes in management practices.
nonthhe risk of wind erosion was expressed in five
te categories: negligible, low, moderate, high, and
pti- severe. The indicator can also be viewed as an
I 6 indirect measure of a change in soil quality.

years. These results point to the susceptibility of the land in thisBecause wind erosion is a process of soil

region to wind erosion if protective measures are not taken. Base
the fastest rate of natural soil renewal for cultivated land and ass
ing no further erosion, it would take about 15 years to restore the
topsoil. Data from this study, shown below, formed the basis
defining the class limits of the Risk of Wind Erosion indicator.

Soil losses during wind erosion events
near Lethbridge, Alta.
Date Duration of Maximum wind Soil loss
wind (h) speed (km/h) (tonnes/ha)

1991

6 December 8 58 23

9 December 12 55 20

10 December 5 56 14

11 December 8 57 14

16 December 7 53 6
1992

3 April 7 58 30

4 April 3 50 6

5 April 8 47 5

9 April 2 43 1

13 April 1 51 2

18 April 10 55 12

F. Larney, Agriculture and Agri-Food Canada

d olegradation that results in decreased soil quali-
UM1ty, a declining erosion risk is considered posi-
lostive in terms of soil quality. The performance
for objective is to have all agricultural soils in the
negligible and low risk classes.

Method of calculation

Pertinent climate data (e.g., wind speed and
precipitation), along with information on land
use and management, were linkedstul
Landscapes of Canadaaps to provide an
integrated land resource database. The risk of
wind erosion was calculated using estimates of
cropping systems and tillage practices from the
Census of AgriculturdLinking the census data to
the soil landscape maps provided an estimate of
the change in land use and management on spe-
cific soil types. Using an erosion model, these
estimates were in turn used to estimate the effect
of these changes on the risk of wind erosion.
This methodology is still evolving.

Estimating the risk of wind erosion involved
two steps:

 estimating the erosion risk on bare, unpro-
tected soil

» reducing that risk value according to the
amount of crop residues left on the soil sur-
face and their effectiveness in controlling

erosion.




Risk of Wind Erosion

Wind erosion in the Fraser weather conditions and thus do not account for
excessive tillage or for abnormally low residue
levels resulting most commonly from drought.

Valley, British Columbia

Wind erosion is not solely a prairie concein.
In South Coastal British Columbia, Arctic

high pressure systems occurring from timg to Results
time in the winter months cause strong winds

to flow from the province’s interior through E
coastal valleys to the ocean.

stimates of the relative risk of wind erosion
on bare, unprotected soil across the Prairies
show that about two-thirds of the cultivated
land is at moderate to severe risk. Most soils in
IS the highest risk class are sandy. Soils in the

caused serious erosion on farms in the pqqerate risk class are generally sandy loam,
Abbotsford area of the Lower Fraser Valley. although some clayey soils in the more south-

The cost of cleaning ditches to remove erpd- o, regions are also considered at moderate
ed soil was about $1.43 per metre. To deal ik Otherwise, the risk generally decreases

with this issue, the Sumas Prairie SPil tom south to north, reflecting northern condi-
Conservation Group was formed, funded tions of

mainly under the National Soil Conservatipn .
Program and the agricultural component|of * lower wind speeds

the Green Plan, with some funds from logal * cooler temperatures

farmers and the City of Abbotsford. After the « higher precipitation.

conservation group had been in operation|for

7 years, the cost of ditch cleaning was $0|55 Because these estimates pertain to bare, unpro-
per metre. The drop in costs was attributed to tected soil, they represent a theoretical condi-
the extensive use of cover crops promoted bytion. Still, they emphasize the potential risk of
the conservation group. Cover crops protect erosion if protective measures are not adopted
the soil from wind and keep it where it belongs and maintained.

— on the field, not in adjacent ditches.

Before the 1980s, these outflow win

=

» . Under present day land use and management
‘R. Bertrand, British Columbid  ,5ctices, the potential erosion risk is dramati-
Ministry of Agriculture and Food ¢4y less than that on bare, unprotected soils.

The wind erosion rate for bare unprotected soif™ : - - Figure 7-1
was calculated using an erosion model based | Risk of wind erosion on cultivated

on soil texture and aggregation, along with cli-| land in the Prairie Provinces under prevailing
matic factors such as wind speed and precipitf management practices

tion. Crop residues were estimated at harvest,
based on average yields and crop specific ratig
of straw-to-grain yield. These values were ther - 1981 - 1991 |:| 1996
reduced according to cropping system, type 100
and frequency of tillage, and a factor for over-
winter decomposition to arrive at the amount o
residue present during the April-May period
when the risk of wind erosion is highest.

90
80
70

Limitations

Although the above procedure is considered
accurate in assessing the change in erosion ri
over time, the actual erosion risk may be
underestimated in some cases. For example ir]

50

30
20

Share of cultivated land (%)

using the generalizeSoil Landscapes of 10

Canadamaps, small areas of highly erodible 01 . .

sandy soils and, to a lesser extent, clayey soils Negligible Low Moderate High Severe
are often not included. Also, residue calcula- Risk class

tions are based on average management and
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Figure 7-1 shows the share of cultivated prairig] nterpretation
land in the five risk categories in 1981, 1991,

and 1996. The share of cultivated farmland at
high or severe risk of wind erosion declined

from 15 to 6% between 1981 and 1996, a 1996 almost half of cultivated farmland was

rﬁductlon Or]: about_3 mllllorg)hectares..g/llost of managed under some type of reduced tillage,
the areas that continue to be susceptible are i, ahoyt 159 being under no-till direct

found '? theBhrown algd Dark I?jrownksonh seeding(seeBox on tillage). Overall the reduc-
zonesof southern Alberta and Saskatchewan o, i tillage across the Prairies over the past

(Fig. 7-2). 20 years or so has resulted in a 20 to 25%
decline in the risk of wind erosion.

ver the past 20 years, the use of tillage in
the Prairies has declined significantly. In

The risk of wind erosion in the Prairies
dgcllned by abouF 30% from 1981 to 1996_' Changes in cropping practices, including the
with about two-thirds of the decline occurring type of crops grown and the frequency of sum-
between 1981 and 1991 (Tgble 7-1). Abogt merfallow, can also have a significant, and in
three-quarters of the reduction can be attrlbutegome cases a dramatic. effect on wind erosion.
'to a c.hange in tillage practice. T_he rema_inder According to census da,ta, the change in crop-
IS m"’?‘”'y the re;ylt of a change in cropping ping systems in the Prairies from 1981 to 1996
practices, specifically less summerfaliow. comprised about a 10% decrease in the area of
summerfallow and a compensating increase in
the area of oilseedpulse cropsand forages,
with cereals remaining relatively stabkeé
Box on cropping). Overall, the change in crop-
ping systems from 1981 to 1996 resulted in about
a 5 to 10% decrease in the wind erosion risk.

Risk of wind erosion on cultivated land in the Prairie Provinces under Figure 7-2
1996 management practices
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Risk of Wind Erosion

Tillage in the Prairies

For thousands of years, farmers have used mechanical devices to improve land for agricultural purposes. Fro
tive hand cultivators to today’s sophisticated tillage implements drawn by powerful tractors, these devices ha
used to prepare soil for seeding and to keep weeds under control.

Early in this century most Canadian farmers relied extensively on the plow, an implement that incorporated virty
of the crop residue into the soil in one pass, leaving it highly susceptible to erosion, particularly by wind. Follow
dust bowl era of the 1930s, soil conservation practices designed to preserve residues were quickly adopted. Th
tices involved the use of newly developed implements, such as the Noble blade and rod weeder, and greater u
tivators in place of the plows or disk-type implements.

m primi-
e been

ally all
ng the
ese prac-
se of cul-

In the early 1980s, the development of implements such as air seeders that could seed directly into standing stubble

(direct seeding), coupled with the use of an array of affordable chemicals for weed control, significantly redugd
need for tillage itself. Reduced tillage leaves more crop residues on the soil surface, which help to

* protect against wind and water erosion

trap snow

conserve soil moisture

provide a protective canopy for the growing crop

maintain soil organic matter

improve habitat conditions for soil organisms and larger wildlife.

The table below shows the extent to which these practices have been adopted in the Prairie Provinces prior to
between 1991 and 1996 — today nearly half of all prairie farmers use these methods. The decline in convention
and the growing use of direct seeding is significantly greater in Saskatchewan than elsewhere in the Prairies. T
is at least partly the result of the efforts of soil conservation organizations that have aggressively promoted dirg
ing as an effective method of soil conservation, particularly the control of wind erosion.

Change in tillage practices in the Prairie Provinces
between 1991 and 1996

Cropland (% of total area seeded) Summerfallow (% of area)
Cultivated land Conventional | Conservation Direct Conventional | Conservation Zero
(million ha) tillage tillage seeding tillage tillage tillage
1991 1996 | 1991 1996 | 1991 1996 | 1991 1996 | 1991 1996 [ 1991 1996

Alberta 10.6 74 59 23 32 3 10 58 51 37 38 5 11
Saskatchewan 18.6 64 45 26 33 10 22 57 55 39 37 4 9
Manitoba 33 67 63 28 28 5 9 73 61 24 34 3 6
Prairies 325 68 53 25 32 7 16 58 54 38 37 4 9

G. Padbury, Agriculture and Agri-Food Canad3
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Reduction in the risk of wind erosion in the Prairie Provinces between

Table 7-1

1981 and 1996
1981 to 1991 1991 to 1996 1981 to 1996
Cultivated Change in risk (%) due to: Change in risk (%) due to: Change in risk (%) due to:
Region land
(million ha) Cropping Tillage Cropping Tillage Cropping Tillage
system* practice? Total system practice Total system practice Total
Soil Zone
Brown 6.7 -4 -15 -19 -3 i -7 -7 -18 -25
Dark Brown 7.1 -4 -22 -26 -4 -12 -16 -8 -31 -39
Black 12.3 -5 -15 -20 -3 -15 -18 -8 -28 - 36
Dark Gray/Gray 6.4 -5 -9 -14 -9 -10 -19 -14 -18 -32
Province
Alberta 106 -2 -16 -18 -4 -1 -15 -6 -25 -31
Saskatchewan 186 -4 -17 -21 -4 -9 -13 -8 -25 -33
Manitoba 3.3 -10 -16 -26 +3 -5 -2 -7 -20 -27
Prairies 325 -4 -17 -21 -4 -9 -13 -8 -25 -32
! related to the types of crops grown and amount of summerfallow
? related to the adoption of reduced tillage systems
Response Options Conclusion

Ithough the trend toward less tillage and t is generally agreed that the recent trend
less summerfallow has markedly reduced M toward reduced tillage and less summerfal-
the risk of wind erosion over the past 20 yearslow in the Prairies is the result of several fac-
or so, there are still about 2 million hectares oftors besides the obvious benefits of soil conser-
cultivated land in the prairie region that are at aation, including
high to severe risk. About 75% of this land is .« requced labour, energy, and machinery
in the high risk class and consists mainly of requirements
sandy loam to loam-textured soils in the Brown increased moisture use efficiency
and Dark Brown soil zones of southern Alberta i
and Saskatchewan. The most appropriate * higher yields
response options for these lands is the adoption better options for weed control.
of enhanced residue management strategies
through reduced tillage (e.g., direct seeding, These benefits, coupled with the fact that only
chemical summerfallow). The remaining area about half the area is currently under reduced
in the severe risk class comprises extremely tillage, _suggests that the current trend is likely
sandy-textured soils scattered throughout the t0 continue.
prairie region. The only practical response option
on these lands is to plant perennial forages. If the trend of tillage and summerfallow reduc-
tion continues, particularly in the Brown and

Dark Brown soil zones where the wind erosion
risk is highest, the risk of wind erosion will
decline further. However it must be kept in

mind that climatic conditions over the past 15
years have been abnormally moist throughout a
large part of these zones, and a return to more
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Cropping practices in the Prairies

Farmers usually change their cropping practices in response to changing market and crop prices. The followi
shows changes in cropping practice in the Prairie Provinces between 1981 and 1996.

The reduction in summerfallow is significantly greater in Saskatchewan than in Manitoba and Alberta, undou
reflecting the proportionally greater use of summerfallow in Saskatchewan. It is also likely related to the greate
direct seeding, because one of the side benefits of direct seeding is a reduced reliance on summerfallow due to
moisture use efficiency.

The area of forage crops also increased slightly between 1981 and 1996, with the greatest increase occubank) in
Gray and Gray soil zones, where climatic conditions favour forages over annual crops. A notable exception, h
was the shift from annual crops to perennial forage in some of the highly erodible sandy areas of southern Sask
and Alberta prior to 1991. This shift, which reduced the erosion risk in these areas by as much as 20 to 25%, wa
partly the result of government programs, such as the Permanent Cover Program, that paid producers to con
ginal erosion-prone annual crop land into pasture or permanent forage.

Change (%) in cropping practices in the Prairie Provinces
between 1981 and 1996

Cultivated

land
(million ha)

Fallow

Cereal

Oilseed

Pulse

Forage

Alberta

10.6

Saskatchewan

18.6

Manitoba

3.3

Prairies

325

Note: The share of cultivated land under the various crops in 1996 was: Fallow, 18%; Cereal, 55%, Oilseec
Pulse, 3%; Forage, 10%.

G. Padbury, Agriculture and Agri-Food Canads

normal or abnormally dry conditions could seecropland. And although summerfallow declined
a return to shorter rotations and more summermarkedly from 1981 to 1991, there was only a
fallow. Moreover, economic conditions that minimal decline from 1991 to 1996, suggesting
favour the production of low residue oilseeds that further declines are unlikely (summerfal-
and pulse crops in place of cereals, or a signifilow actually increased in the Black soil zone in
cant increase in herbicide-resistant weeds, = Manitoba from 1991 to 1996). Because of the
could also slow or perhaps even reverse the generally low inherent risk of wind erosion,
trend. long rotations, and high crop yields in this
region, residues levels are often enough to con-
In theBlackandGray soil zonesfurther reduc- trol erosion even with conventional tillage.
tions in wind erosion risk are less likely. The Thus, although the trend toward reduced tillage
area of summerfallow there is already minimalgenerally enhances crop residue levels, this
accounting for only about 10% of the total trend may not affect the risk of wind erosion
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very much in the Black and Gray soil zones, Related Indicators
except for a few sandy, erosion-prone soils.

f alobal cli h . he Risk of Wind Erosion is one component
In the event of global climate change, particu- of the overall risk of soil erosion, along

larly global warming W'th, its presumed side with the Risk of Water Erosion and the Risk of
effects (e.g.,.more Chqotlc Weath.er and extrem?illage Erosion. Wind erosion, like water and

events), the mherent risk of erosion would . tillage erosion, contributes to a loss of organic
undoubtedly increase. What this will mean in matter from the soil, thus affecting the amount

terms of the actual risk of soil erosion is unpreqs g i) Organic Carbon. As soil becomes erod-

dictable, however, since the actual risk include%d more fertilizer may be needed to maintain
the component of human management. fertility, thus affecting the Management of

Technological anq othgr advances may prOOIUCIgarm Nutrient and Pesticide Inputs, and more
the means of coping with the potential pres- energy may be needed to support production,

sures imposed on agriculture as climate altering Energy Use. Like the Risk of Soil
changes. Documented and verifiable changes llinization, the Risk of Wind Erosion is a

climatic pargrlne.terfs shouldlbel |n.clude? tr? the concern mainly for the Prairies. A key way to
extent possible in future calculations of the control erosion is by increasing Soil Cover by

indicator. Crops and Residue.
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Risk of Tillage Erosion

D.J. King, J.-M. Cossette, R.G. Eilers, B.A. Grant, D.A. Lobb, G.A.
Padbury, H.W. Rees, 1.J. Shelton, J. Tajek, L.J.P. van Vliet, and G.J. Wall

Geographic scopeProvincial, ecoregion
Time series:1981, 1996

HIGHLIGHTS

» Tillage erosion is caused when tillage implements loosen soil
and move it downslope with the help of gravity. Over time, this
movement results in large losses of soil from the tops of hills and
knolls, and accumulation of soil downslope. Tillage erosion ig a
measure of the amount of soil lost from these upper slope argas.

e An indicator was developed to estimate the Risk of Tilla
Erosion on Canada’s cropland and to assess how this
changed between 1981 and 1996 as a result of changes in pgri-
cultural management practices. The risk of soil loss from hillt
was expressed in five classes: tolerable, low, moderate, high, gnd
severe. The performance objective is to have all cropland in [the
tolerable risk class.

» Therisk of tillage erosion dropped in all provinces between 1981
and 1996 by values ranging from a high of 26% in Ontario to a
low of 9% across the Maritime Provinces. During this period the
amount of cropland at tolerable risk grew in all provinces except
Prince Edward Island, which had little overall change. Queldec
continued to have the largest share of cropland (75%) in the tol-
erable risk class in 1996, while Saskatchewan continued to
the smallest share (35%). Only New Brunswick (9%) and Prirjce
Edward Island (10%) continued in 1996 to have a significant
share of land at high to severe risk of tillage erosion.

e Areas showing limited improvement or an increased risk |of
tillage erosion between 1981 and 1996 include British
Columbia’s South Coastal and Southern Interior regions;
Alberta’s Parkland and Mid Boreal Upland; Manitoba’s Prair|e
soil zone; Ontario’s Algonquin—Lake Nipissing region; Quebed's
St. Lawrence Lowlands, Central Laurentians, Southern
Laurentians, Lac Temiscamingue Lowlands, Abitibi Plains, and
Riviere Rupert Plateau; New Brunswick; Nova Scotia; and
Prince Edward Island. These areas were characterized by higher
inherent erodibility, intensive cropping, or both.

* Lower risk of tillage erosion is associated with conservation
tillage and no-till practices, reduced area in summerfallow,
increased area in forages, and the taking of marginal land out of
production. In some cases, intensive cropping and inhergnt
erodibility of the land offset the benefits of these practices. The
risk of tillage erosion is expected to drop further in areas not lim-
ited by cropping options and complex topography, but may rise
with market opportunities to intensify production of cash crogs,
especially on sloping land.
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The Issue water erosion. Related as it is to wind and
water erosion processes, tillage erosion may

I significantly affect the long term prospects of
agriculture in terms of soil quality and crop

Soil erosion is usually considered a natura
production.

process carried out by water and wind.
However, erosion is also caused by agricultural
practices, particularly tillage, independent of
these natural processes. Tillage implements
move soil mechanically, and on sloping land . . AR o
this movement is aided by gravity. The result- “9”,5 in these areas by mixingsabsoil This
ing progressive downslope movement, called mixing
tillage erosion, redistributes soil unevenly with-* reduces soil organic matter levels, soil
in a landscape. Typically soil is lost from the  fertility, and water-holding capacity
curved upper slope (convex) positions of the « increases droughtiness and alters the pH of
landscape and accumulates in the curved lower the soil.
slope (concave) positions.

The removal of topsoil from convex areas in a
field by tillage erosion changes the soil condi-

As soil quality diminishes on high points of a
The mechanical movement of soil by tillage field, the crop yield from these areas drops off
may contribute to subsequent losses of soil bydramatically. Subsoil exposed on knolls or
natural means. For example, tillage erosion is crests can also erode and be deposited down-
an important means of delivering soil to areas slope, where it covers more-productive soil and
of concentrated water flow, thus contributing tofurther reduces the yield potential in a field. In

The benefits and drawbacks of tillage

Throughout the history of agriculture, tillage has been used to prepare the soil for seeding. Breaking up the clogls of soll
not only makes a better seedbed, but also causes a rapid release of nutrients from the organic material in the goil, result-
ing in a surge of growth by the crop. However, continued tillage results in a loss of valuable organic matter and the even-
tual breakdown of soil structure. As soil is pulverized, it becomes more vulnerable to erosion and other processgs of soil
degradation.

Even with the availability of herbicides today, tillage is commonly used to control weeds on cropland. Shallow tillgge dis-
rupts weed roots, killing the weed or reducing its ability to compete with the crop. Although tillage reduces weed pres-
sure, it also spreads weed seeds and rhizomes around the field and brings old weed seeds to the soil surface jwhere they
can germinate. In contrast, in an untilled field, weeds are more localized and can be managed by spot spraying with a her-
bicide. Under no-till, perennial weeds gain dominance over annual weeds, and different management strategies must be
used.

Tillage is also used to deal with soil compaction. It breaks up the dense structure of a compacted soil, loosens tle soil for
easier root penetration, and aerates and dries the soll in the till layer, improving the seedbed conditions on poorly drained
soils. These benefits are short lived though. Tillage does not make the soil less susceptible to compaction, and|the prob-
lem soon returns, sometimes worse than before. The compressive force of tillage tools and tires may cause compaction
below the till layer in the subsoil. Tillage pans are the result of many years of subsoil compaction. They prever|t proper

drainage of the soil and form a barrier to roots. Deep tillageylasoiling,can relieve subsoil compaction for a time, but
again, it is a short term improvement to a persistent problem and may also bring unproductive subsoil into the till layer,
reducing its productivity.

In the past, crop residues on the soil surface were considered unsightly and a barrier to good seed germinatign. Tillage
was used to bury crop residues, resulting in a clean soil surface that made seeding and fertilizer application epsier. But
soil left bare in this way is more susceptible to the agents of erosion, so modern methods of reduced tillage legve some
crop residues on the soil surface to protect it. Tillage is also used to incorporate manure into the soil.

D.A. Lobb, University of Manitobaj
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parts of southern Ontario, tillage erosion A representative tillage sequence was devel-

accounts for yield losses of 40 to 50% in such oped for each crop reported for e&il

eroded landscape positions and can be more Landscapes of Canadaapping area. These

damaging than water erosion on some hilly ter- sequences accounted for the tillage erosivity

rain. Recent studies to measure the amount of associated with each crop under conventional,

tillage erosion provide information that can be reduced, and no-till tillage systems. Data on

used to assess the risk of tillage erosion on crogfrops and tillage practices were taken from the

land. An indicator is needed to assess the effectSensus of Agriculturéor 1981 and 1996.

of tillage on sloping farmland in Canada. These data reflected fluctuations in cropland
areas, shifts in the types of crops grown, and
the implementation of conservation tillage and

The Indicator no-till practices over time. Because conserva-
o tion tillage and no-till were used very little in
Description 1981 and not reported in the 1981 census, it

e developed an indicator, Risk of Tillage was assumed that changes in the risk of tillage
Erosion, to estimate the extent of culti- erosion between 1981 and 1996 were the result
vated land at risk of tillage erosion and to monef changes in management practices. Data
itor changes in this risk over time, particularly were not available for 1986.
as a result of changes in management practices.
This analysis is the first attempt at assessing For each mapping area, landscape erodibility
the risk of tillage erosion in all regions of values were determined for the dominant and
Canada. This risk is expressed in the followingsubdominant soil landscape and surface form
five classes: tolerable (less than 6 tonnes per associated with each landform. Slope gradient,
hectare per year), low (6 to 11 t/ha/yr), moder-length of convex slope, and the proportion of
ate (11 to 22 t/halyr), high (22 to 33 t/ha/yr), the landscape that is convex were assigned to
and severe (greater than 33 t/ha/yr). Areas in each surface form. Landscape erodibility,
the lowest class are generally considered at totillage erosivity, erosion rate, and percent
erable risk of soil erosion and able to sustain change in erosion rate were estimated for each
long term crop production. The other four qualifying mapping area.
classes represent conditions that are unsustain-
able, for which soil conservation practices are The share of cropland falling in each risk class
needed to support crop production over the  was calculated for each province and agricul-
long term. Erosion rates pertain only to the  tural region or ecoregion. Results are presented
convex portion of the field, which rarely provincially, and regional results are highlighted
exceeds 25% of the field. The change in risk in the interpretation. Changes in the erosion
over time under prevailing management prac- values in each province over time show a trend
tices was expressed as a percentage change iaf improvement or decline.

the share of cropland in each class. o
Limitations

The indicator can be viewed as an indirect  |n calculating soil loss using the indicator, it
measure of soil quality. Because tillage erosioias assumed that tillage was conducted up-
is a process of soil degradation that results in and down-slope for all operations. The model
decreased soil quality, a declining erosion risk ysed for the indicator does not consider the
is considered positive in terms of soil quality. contribution of lateral soil movement, tillage
The performance objective for this indicator is depth and speed, and tractor and implement
to have all cropland in the tolerable risk class. factors, as they have not been fully developed
and described yet. Information about the effect

Method of calculation of soil properties that may affect the resistance
The risk of tillage erosion was estimated as ~ of soil to displacement was insufficient and not
the product ofillage erosivityand thetillage included.

erodibility of the landscape, based on the shape

and gradient of the land. Tillage erosivity is a The soil loss reported occurs only on the
measure of the degree to which a tillage impleconvex portion of the landscape and was

ment moves the soil and is a function of the assumed to be uniform over that area. The

type of implement, its operation, and the num-impact of complex-sloped landscapes and slope
ber of tillage passes made. discontinuities, which may result in greater soil
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losses at specific locations, was not taken intoas well as a drop in the share at high to severe
account. As more research is carried out on theask. The exceptions were New Brunswick and
factors contributing to tillage erosion, the modelPrince Edward Island, which still had almost
will be adjusted to improve the estimates of soil10% of their cropland at high to severe risk of
loss. tillage erosion in 1996.

Despite this overall improvement, several
Results regions showed an increase in the risk of
tillage erosion on at least 5% of their cropland
he risk of tillage erosion in 1981 and 1996 petween 1981 and 1996. These regions are

h 'S shgwph|n '.I'a|1(blef ,[8”1 by proymceg Ihe + British Columbia’s South Coastal (16%) and
change in the risk of tillage erosion between Southern Interior (12%) regions

1981 and 1996 is summarized in Table 8-2. )

The changes reflect the reduction in the type * Alberta’s Mid Boreal Upland (6%)

and number of tillage operations used in recent Quebec’s St. Lawrence Lowlands (14%),

years. Central Laurentians (13%), Southern
Laurentians (6%), Lac Temiscamingue

Between 1981 and 1996 the overall risk of Lowlands (27%), Abitibi Plains (10%), and

tillage erosion dropped by 24% in Canada. Riviere Rupert Plateau (70%)

This drop was greatest in Ontario (26%), mains New Brunswick (17%) and Prince Edward

ly because of large decreases in the Lake Erie |sland (17%).

Lowland and Manitoulin—Lake Simcoe ecore-

gions, which comprise 84% of the province’s Because of the increased risk of tillage erosion

cropland. The Prairie Provinces were similar injn these regions, significant improvements in

their change, with a drop of about 24% in other areas of these regions were less apparent.
tillage erosion risk. Although two of Quebec’s

ecoregions showed an increase in the risk of

tillage erosion during this period, this increase |nterpretation

was offset in the province as a whole by

decreased risk in other ecoregions, to give an =g=he trend in tillage erosion risk between
overall drop of about 10%. Most provinces 1981 and 1996 essentially reflects the

saw a rise in the share of cropland at tolerabledegree to which farmers have changed the type
risk of tillage erosion between 1981 and 1996, of tillage equipment and reduced the number of

Risk of tillage erosion on Canadian cropland
Share (%) of cropland* in various risk classes

Tolerable Low Moderate High Severe
Province 1981 1996 1981 1996 1981 1996 1981 1996 1981 1996
British Columbia 30 50 42 36 28 14 0 0 0 0
Alberta 47 62 24 19 26 19 3 0 0
Saskatchewan 29 35 14 19 52 46 5 0 0 0
Manitoba 22 44 53 38 24 18 1 0 0 0
Ontario 33 41 21 35 43 24 3 0 0 0
Quebec 68 75 21 16 11 9 0 0 0 0
New Brunswick 33 38 26 32 32 21 3 8 6 1
Nova Scotia 40 66 52 28 8 6 0 0 0 0
Prince Edward Island 50 50 29 30 10 10 11 10 0 0
* Although percentages refer to total area of cropland, ratings for the risk of tillage erosion actually pertain only to convex
parts of slopes on this land, where tillage erosion is likely to occur.
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Change in the risk of tillage erosion in Canada between 1981 and 1996

Overall Increase No change Decrease
Province change (%) > 5% +/—- 5% 5-15% 15-25% > 25%
British Columbia -19 5 10 22 33 30
Alberta -25 0 1 16 39 43
Saskatchewan -24 0 0 0 74 26
Manitoba -24 1 3 12 45 39
Ontario - 26 0 2 13 34 51
Quebec -10 12 34 32 15 7
New Brunswick -8 17 19 35 18 11
Nova Scotia -15 3 9 29 41 18
Prince Edward Island -2 17 40 43 0 0

* Ratings apply to convex parts of slopes on this land. Data for 1986 were not available.

Table 8-2

Share (%) of cropland* for which the risk of tillage erosion changed between 1981 and 1996

tillage passes. Adoption of conservation tillage Interior resulted in moderate erosion losses, but
and no-till practices has been made possible bthese were offset to some extent by the produc-
the advent of direct-seeding equipment and a tion of forages. Widespread adoption of con-
wide array of chemicals to control weeds on servation tillage and no-till resulted in doubling
untilled fields. Less-intensive crop production, the share of Peace River cropland at tolerable

reduced area under summerfallow, and the
removal of marginal land also contributed to
lower erosion rates.

The landscape’s erodibility also contributed
significantly to estimates of the risk of tillage
erosion. Regions in each province with the
greatest tillage erosion risk in both 1981 and
1996 were those with the greatest inherent
erodibility, except for Saskatchewan. Still, this
influence may be overshadowed by cropping
practices. For example, Ontario’s level to gen-
tly sloping Lake Erie Lowland had the lowest
regional landscape erodibility value in the
province yet showed the second highest risk o
erosion because of the area’s intensive crop
production. In British Columbia, moderate to
steep slopes on rolling landscapes in the
Central Interior generated a high inherent
erodibility value, but large areas of low-intensi-
ty cropping moderated the region’s tillage ero-
sion potential.

In British Columbia, increased intensification
of crop production in some areas accounts for
the growing risk of tillage erosion in the South
Coastal and Central Interior regions. Cereal
production on steep slopes in the Central

risk of tillage erosion (from 31 to 60%).

Soil translocation on sloping land in Ontario

Tillage erosion is a major cause of the loss of topsoil from knolls i
rolling landscape of Ontario’s farmland. In a study in southwes

tracer and then tilled up- and down-slope. Tillage consisted of co
tional tillage operations, which included plowing with a moldbo
plow, two passes with a tandem discer, and one pass with a C-tin
tivator.

When movement of the labelled soil was measured, it was found
upslope tillage moved 90 kilograms of soil up the hill for every 1 m
of slope width. Downslope tillage moved 142 kilograms of soil dd

that
etre
wn

the hill for every 1 metre of slope width. Combining these results, there

was a net movement of 52 kilograms of soil downhill for every up-
down-slope operation. Assuming that one sequence of tillage o
tions occurs every year and is carried out upslope and down
equally often, soil would move downslope at a rate of 26 kilograms
metre of slope width each year.

The soil displaced from this area was estimated at 54 tonnes per h
per year. Tillage erosion accounted for at least 70% of all erosior
took place in this area.

and
pera-
slope
per

ectare
that

D.A. Lobb, University of ManitobT
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In the Prairie Provinces, the share of cropland regions faced a growing risk of tillage erosion

at tolerable risk of tillage erosion doubled in

because of increased cropping intensity or a

Manitoba and grew by 15% in Alberta and 6% reduction in the area under grains or alfalfa.

in Saskatchewan between 1981 and 1996,
mainly as a result of adopting conservation

In the Maritime Provinces, the risk of tillage

tillage and no-till, reducing the area under sum- erosion dropped largely as a result of adopting

merfallow, and increasing the area in forages.

Some regions, such as the Mixed Grassland

conservation tillage (no-till data for this region
andvere unreliable) and changing crop rotations.

Parkland ecoregions of Saskatchewan, had highin New Brunswick and Prince Edward Island,

inherent erodibility, which continued to place

a continuing high risk of tillage erosion is partic-

good share of their cropland at moderate risk of ularly associated with potato production on

tillage erosion in 1996.

Ontario and Quebec increased their share

steep slopes. The lower erosion risk in Nova
Scotia is partly attributed to the smaller area of
of cropland used to produce potatoes and the larg-

cropland at tolerable risk of tillage erosion by er area used to produce berry crops.

7 to 8% between 1981 and 1996, giving

Quebec the largest share of cropland in this .
class (75%). Some areas, such as Ontarios Response Options
Manitoulin—Lake Simcoe region, had slightly

higher erosion risk than other regions in 19
because of high inherent erodibility. Other

Tillage implements move soil

Tillage implements move a large amount of soil in agricultural lan

scapes. Under intensive tillage systems, they may move as much
million kilograms of soil per hectare annually. Even under conse

It is important to know how far the soil is moved as well as how
is moved. Most tilled soil moves only a short distance, but some
moves more than 150 centimetres during each tillage
Translocation is a measure of how much soil moves, and how far

The table below gives typical translocation measurements for
tillage implements. Translocation is broken down into the amount
occurs on level ground and the additional amount that occurs for
percent of slope gradient from level. Upslope tillage results
decrease in translocation, and downslope tillage results in an ing
in translocation, the effect of gravity.

Additional translocation on
sloping ground (kg/m per
percent of slope gradient)*

Translocation on level
ground
(kg/m of tillage width)

Tillage implement

Moldboard plow 75 13
Chisel plow 50 0.9
Tandem disc 50 2.1
Field cultivator 60 0.6

* These numbers are positive or negative depending on whether tillage is up- or down-slope.

s a process controlled by humans, tillage

erosion can be stopped by not tilling.
However, this option is not suitable in all agri-
cultural settings, although reducing the number
of primary and secondary tillage passes is often
q possible.

96

as AQ \vell, the risk of tillage erosion can be
NVateduced by

r
reducing the speed and depth of tillage
varying the tillage pattern (depth and direction)

reducing the size of implements (tillage
implements tend to level soil and will do so
less if they are smallesgeBox on tillage
four implements)

ntha,t switching to other tillage systems, using
PVETY mulch or no-till if possible

reasecontour cultivation (tilling across the slope
instead of up-and down-slope), which
reduces the variation in tillage depth and

speed
keeping knolls covered with vegetation as
long as possible

replacing soil that is lost from knolls by
moving it back up from lower slope posi-
tions with up-slope tillage.

tion tillage systems, this figure may be as much as 4 million kilograms.

uch
sofl
ass.

>

Altering tillage practices is only part of sail
conservation management. Erosion can also be
reduced by changing cropping systems. For
example, including forage crops in rotations
reduces tillage requirements and also con-
tributes to rebuilding soil structure and organic

D.A. Lobb, University of ManitobT

matter levels. Growing cover crops also helps
to rebuild soil organic matter. In some cases it




Risk of Tillage Erosion

may be necessary to retire the land or plant it which the risk of tillage erosion continues to
to permanent cover if it is too badly damaged decline.

by erosion to be productive any longer.

Research is needed to develop erosion controlThe fact that there are still significant portions
practices that suit agricultural conditions in  of all agricultural areas in Canada that do not

Canada’s various regions. fall in the tolerable risk class for tillage erosion
indicates that further measures to reduce the
Targeting the following susceptible areas risk are needed. Generally, these measures
would help to reduce the risk of tillage erosion should be targeted at higher-risk areas, such as
in Canada: those of high inherent erodibility and intensive

of New Brunswick’s potato land and British Measures include encouraging the adoption of
Columbia’s interior regions currently known conservation practices and

. management strategies, developing new tech-
» complex, hummocky regions under conven- . : . 4
nologies for erosion control, improving the

tional tillage, such as those in Saskatchewan, . . . )
delivery of information to producers, monitor-

and Ontario . . o S .
i o ing changes in erosion risk, and directing poli-
+ small regional cropland areas with high cy to this issue. Soil erosion control programs
inherent erodibility, such as in Quebec. in all provinces have targeted water and wind
erosion but now need to consider tillage ero-
. sion as well.
Conclusion

Tillage erosion has only recently been recogRelated Indicators
nized as an important component of the

erosion that takes place on Canada’s agricultuig=pe Risk of Tillage Erosion is related to the
al lands. This indicator analysis shows the Risk of Water Erosion in that tillage erosion
potential effects of tillage erosion on agricul-  gisplaces soil from upper slope positions and
tural sustainability wherever cropland is culti- qelivers it to lower slope positions where water
vated. Most of Canada’s cropland is suscepti- grgsjon can continue the transport of sediments
ble to tillage erosion under conventional crop fom a field. This in turn affects the Risk of
management practices. However, the drop in - \yater Contamination by Nitrogen and the Risk
the risk of tillage erosion between 1981 and  f \water Contamination by Phosphorus. This
1996 shown by this indicator is a positive trendpgicator is also related to the Risk of Wind
resulting from shifts in land stewardship atti- grgsjon, because both wind and tillage erosion
tudes, crop production practices, and the avail-y¢t mostly on the soil at upper slope positions
ability of conservation management strategies.iq move soil downslope. As tillage erosion
This change is necessary to maintain both longemoves topsoil from upper slope positions and
term productivity and short term economics.  geposits it in lower slope positions, it alters the
distribution of Soil Organic Carbon and may
In some parts of Canada, however, crop pro- 4| for different Management of Farm Nutrient
duction is intensifying, and there has been littleynq pesticide Inputs. It also alters micro-habi-
|f.any improvement in the risk of tillage €ro-  tats for soil organisms, thus affecting the
sion. Producers may want to control erosion  ayajlability of Wildlife Habitat on Farmland.
but are met with limitations in crop rotations or o5 soils become degraded under erosion, more
ti[lgge practices because of local growing CON-energy may be needed to keep them produc-
ditions or market demands. tive, thus altering Energy Use.

Dramatic improvements over the last 20 years
with the introduction and wide acceptance of
conservation practices are most noticeable
where landscape and crop options are not as
limiting. In the short term, regional differences
across the country will likely continue, with
inherent landscape factors and regional crop-
ping limitations influencing the degree to
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Soil Organic Carbon
W.N. Smith, G. Wall, R. Desjardins, and B. Grant

Geographic scopeNational, provincial
Time series:1970-2010

HIGHLIGHTS

» Carbon (C) is the main component of soil organic matter, the preseng¢e of
which is a major factor in soil quality. Loss of soil organic matter, gnd
thus of soil organic carbon, results in the breakdown of soil structpre,
greater vulnerability of the soil to erosion, and reduced fertility, all lead-
ing to reductions in yield and sustainability of the soil resource. Buildjng
up carbon stores in soils may help curb the accumulation of carbon dgiox-
ide, a greenhouse gas, in the atmosphere.

* An indicator was developed to estimate the change in Soil Organic
Carbon levels in Canada’s agricultural soils from 1970 to 2010. Indicator
values were generated using the Century model, a computer simulation
model that uses simplified soil—-plant—climate interactions to describg the
dynamics of soil carbon and nitrogen in various ecozone types. The|per-
formance objective is to stabilize the loss of soil organic carbon inf all
agricultural soils and to begin storing carbon in those soils for which this
is feasible.

» Agricultural soils typically lose 15 to 35% of their original organic car-
bon in 10 to 20 years after they are first broken for agriculture. At this
point, a new soil carbon balance is reached that may be further alfered
under various management practices. However, these changes are|much
smaller than those associated with first bringing a native ecosystem|into
cultivation. Carbon-rich soils, such as those of the parkland region of
western Canada, may take much longer to reach the new agricultural bal-
ance of soil organic carbon.

* Using the Century model, it was estimated that Canadian agriculfural
soils lost organic carbon at a rate of 70 kilograms per hectare in 1970 and
43 kg/ha in 1990. They will stop losing organic carbon in 2000 and ill
accumulate it at a rate of 11 kg/ha in 2020. Accumulation is predicted to
continue beyond 2010, reaching a limit within about 20 years from now.
The share of Canadian farmland accumulating soil organic carbon is|pre-
dicted to be 52% in 2010.

* The model estimates that Saskatchewan has been accumulating soil
organic carbon since about 1994, but most other provinces will contjnue
to lose soil carbon at different rates for many years. The situation in
Saskatchewan heavily influences the national picture. Soil organic cafbon
losses in eastern Canada are lower than those in the west, because gastern
soils have been cultivated longer and tend to be closer to equilibriun.

* The rate at which soil organic carbon is lost has dropped considerafly in
most parts of Canada since 1990 as a result of greater adoption of np-till,
reduced area in summerfallow, and increased crop yields. No-till is most
effective in enhancing levels of soil organic carbon in fine-textured sgils.

» Erosion has a significant effect on the change in organic carbon in the
soils of eastern Canada. Assuming that no soil is lost to waterways
because of erosion, the model predicts that in 2000 eastern Canadian soils
would gain 94 kilograms of soil organic carbon per hectare. In the spme
year, if 15% or 100% of eroded soil is lost to waterways, soils would Ipse
19 or 94 kg C/ha, respectively.
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The Issue The benefits
c arbon (C) is the basic building block of the SlSoloRgAMaIatten

organic matter that makes up all living

things. Carbon is first captured from the air as , .
carbon dioxide by plants durimghotosynthesi and is a key c_omponent ol gee ol 13
and then moves through the food chain as ani; For example, it
mals eat plants and other animals. Eventually | ¢ holds soil particles together and stabilizes
all carbon returns to the soil as plants and ani{ the soil's structure, making the soil legs
mals die and their organic matter decomposes| ~ prone to erosion
or to the atmosphere as animals respire carbo| « improves the ability of the soil to store and
dioxide or decomposing material emits gases transmit air and water
that contain carbon. Organic matter offers
many benefits to soikéeBox).

Organic matter offers many benefits to spil

 stores and supplies many nutrients neefled
for the growth of plants and soil organisms

e maintains soil in an uncompacted, work-
able condition

 binds potentially harmful toxins, such as
heavy metals and pesticides

Composition of organic matter in soil

Soil organic matter makes up about 5 to 10% of most agricultdral )
soils. Like the plants and animals from which it derives, it is copn- | * "€tains carbon from the atmosphere.
posed of carbon chains and rings to which other atoms are attagheq
The termssoil organic matteandsoil organic carborare often used E.G. Gregorich,
interchangeably, because carbon, the key component of organic mat Agriculture and Agri-Food Canada
ter, is readily measured in the laboratory. Soil organic matter typi-
cally contains about 50% carbon, 40% oxygen, 5% hydrogen, 4%
nitrogen, and 1% sulphur.

Agriculture involves removing native vegeta-

: . . i tion and cultivating the soil to prepare it for
Soil organic matter consists of compounds or fractions that dec D,m'seeding. Researchers now know that about 15

pose at different rates. The decomposability of organic matter variesy 3504 of the carbon contained by native soils
along a continuum, but current methods identify at least two fractipns,, - |ost within about 10 years after they were
— stable organic matter and active organic matter. Humus — a dlarks <t cleared and developed for agriculture.
brown, porous, spongey material with a pleasant, earthy smelll —qer the years of agriculture, some farming
makes up most of the organic matter in soil and is considered st iblepractices have contributed to further losses of
because it has been processed by micro-organisms. Active soil or a”iBrganic matter and thus ebil organic carbon
matter receives inputs from fresh plant residues and micro—organI%micarbon drived from organic sources), making
that are susceptible to decomposition. This active fraction releasesyq il structurally unstable, erodible, and less
nutrients for plant growth. It also releases compounds (e.g., nutriéntS¢q tile and productive in many agricultural
pesticides, greenhouse gases) to aquatic systems and the atmosgherg,a,s of Canada.

Conservation farming practices used over the

past 15 to 20 years have now stabilized the

organic matter levels in many agricultural soils

Humus (stable organic matter) ————) in Canada. They have done this by

* increasing the amount of organic matter
added to soil, such as by adding manure and
fertilizing to produce a more robust crop that
returns more unharvested material to the soil

Mineralizable 0rganic Matter m——— « reducing losses of organic matter and car-
bon, such as by managing crop residues and
controlling erosion.

Fractions of soil organic matter

Fresh plant residues, microorganisms =)

Increasing
decomposability

v

Soluble organic matter

Agroecosystems capture carbon dioxide from the
E.G. Gregorich and B.H. Ellert, Agriculture and Agri-FoG@anada atmosphere, bind carbon in organic matter, and

return some of it to the soil where it can be stored.




A benefit of accumulating soil carbon is the
reduction of atmospheric carbon dioxide.
Carbon dioxide is a major greenhouse gas tha
is building up in the atmosphere and is con-
tributing toglobal warming one of today’s

most serious environmental concerns.

An indicator is needed to assess how soil
organic carbon levels are changing over time.
Such an indicator is useful in identifying long
term trends in soil quality and estimating the
ability of agricultural soils to help offset terres-
trial emissions of carbon dioxide.

The Indicator

Description

e developed an indicator that measures

the rate of change in Soil Organic
Carbon from 1970 to the present and projects
to 2010. The indicator provides an estimate of
current levels of soil organic carbon, considers
the effects of current management practices o
these levels, and predicts how these will inter-
act to produce future levels of soil organic car-
bon. The performance objective for this indica-
tor is to stabilize the loss of soil organic carbor
in all agricultural soils and to begin storing car
bon in those soils for which this is feasible.

Method of calculation

We used the Century modasleeBox) to pre-
dict the rate of change in soil organic carbon ir
Canada’s agricultural soils. Simulations were
performed on a representative sample (15%) @
Canadian landscapes (numbering 180). The
study landscapes were selected to be represe
tative of a

» major soil group (Brown, Dark Brown, and
Black Chernozems; Gray, Gray Brown, and
Dark Gray Luvisols; Gleysolic; and others)

 textural class.

Erosion values used in the model were taken
from calculations of the indicator Risk of
Water Erosion, also presented in this report.
Erosion was not included in calculations for
western Canada, because it is generally thoug
that erosion there mainly redistributes soil in
the agricultural landscape rather than removes
it. Calculations for humid regions of British
Columbia and eastern Canada were carried ol
using the landscape erosion values and the fu
ther assumptions that 0%, 15%, and 100% of

Soil Organic Carbon

When crops carry out photosynthesis, they convert carbon dio
from the atmosphere (1) and water from the soil into carbon-r
compounds, called carbohydrates, to help them grow. In agricult
part of the mature plant is harvested, so some carbon is exporte
of the agricultural system (2). The rest of the plant — roots and s
— is left to decompose.

Soil microbes carry out decomposition of the crop residues, chg

The carbon cycle in agriculture

ide
ch
ire,
] out
tem

ng-

ing them into soil organic matter (3). During this process, the

microbes decompose the residues and respire carbon dioxide

waste gas, releasing it back into the atmosphere (4). The rate

decomposition is controlled by the quality of the crop residues,
type and number of soil organisms, and the physical and chenm
environment in the soil. Another way that carbon is removed fr
soil is the erosion of soil organic matter.

The amount of organic carbon held in soil is the difference betw
how much is added to the soil (as crop residues, manure, sey
sludge) and how much is lost (through respiration, mineralization

as a
of
the
ical
DM

ben
vage
or

erosion). Some soil experts believe that by using certain manage-

ment practices, such as no-till, more carbon can be stored in @
cultural soils, thus helping to curb the buildup of carbon dioxide]
greenhouse gas, in the atmosphere.
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1
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1
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1
i
1
: Soil organic
matter
Ecosystem
boundary

E.G. Gregorich and H.H. Janzen
Agriculture and Agri-Food Canada
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The Century model No-'tiII runs were agided for only the Igst t'WO
periods, since no-till was used very little in
. ) » Canada before 1986. No-till data were obtained
The Century model is a site-specific compyt- 5y the 1991 and 199%Bensus of Agricultute
er simulation model that makes use of SiM- pregicted values for the share of farmland
plified relationships of soil-plant-climate | ,nder no-till were taken from a 1997

interactions to describe the dynamics of doil Agriculture and Agri-Food Canada survey of
carbon and nitrogen in grasslands, croplar ds'professionals (Table 9-1).

forests, and savannas. It simulates abdve-

and below-ground production of plant mate- gates of fertilizer application were obtained

rial as a function of soil temperature, avgil- ;o the literature. The change in application
able water, and nutrient availability. rates for 1986—-1992 and 1993-2050 was based
on fertilizer consumption in 1990 and 1995,
respectively.

This model has been extensively evaluated
under different soil, climatic, and agricultuf-

al practices. These practices include plant- thq rate of change in soil organic carbon was
ing, fertilizer application, tillage, grazing, .giculated for the years 1970, 1980, 1985,

and organic matter addition. Century Nas 19901996, 2000, 2005, and 2010. Estimates
been te.sted in eastern and western Canada, are determined every year in the early to

the United States, northern Europe, gnd pi4.1990s because of the rapid changes taking
under tropical conditions. place in management practices at that time. We
used the slope of a 10-year regression centred
on each year to account for multi-year rota-
tions. For rotations of longer than 5 years, the
regression was done for twice the length of the
rotation.

W.N. Smith, Consulta

the eroded soil may be transported by water-
ways from the agricultural landscape.

Four to ten Century runs were carried out for
. . . . each mapping area, depending on the number
* two tillage practices (conventional/minimum ¢ crop rotations and tillage practices used in
till:and no-till each. The results were weighted by tillage type
* two to five crop rotations and crop rotation to calculate the rate of
« six time periods (four periods dating from  change in soil organic carbon for each mapping
agricultural conversion to 1986 for which ~ area. Model predictions are presented national-
management data were obtained from the litly and provincially or regionally (Ontario,
erature; 1986-1992, based on 1€¥nsus Quebec, and the Atlantic Provinces are
of Agriculturedata; 1993-2050, using yearly grouped as eastern provinces).
provincial core data from Statistics Canada
to modify crop rotations).

Simulations were run for

Actual and predicted use of no-till on Canadian cropland
Share (%) of cropland under no-till

Province 1991 1996 2000 2005 2010
British Columbia 5 10 13 16 20
Alberta 3 10 17 23 28
Saskatchewan 10 22 30 35 38
Manitoba 5 9 12 15 20
Ontario 4 18 20 20 20
Quebec 3 4 7 9 11
Atlantic 2 2 2 2 2
Canada 7 16 22 26 30




Soil Organic Carbon

Limitations

Estimating the dynamics of soil carbon is a
very difficult task, involving a great deal of
uncertainty. Very limited long term data sets
exist to characterize soil organic carbon
dynamics in the field. Existing field data have
large statistical errors associated with the pro-
cedures of sampling and laboratory analysis,
and thus are not useful for validating model
predictions in the field. The use of a single
model across the widely varying conditions of
soil, climate, and farming practice throughout
Canada also undoubtedly results in errors.

The indicator does not account for additions of
manure or irrigation. Century simulations were
carried out using 30-year climate normals,

because they were to be run until 2050. Thus, tH
indicator is not responsive to climate change.

Results

F igure 9-1 shows the estimated rate of
change in soil organic carbon levels for

Rate of change in organic carbon .m

levels in Canada’s agricultural soils
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Canada as a whole and the provinces (with the

eastern provinces combined) from 1970 to 201OCentury modelling indicates that adopting no-
Century estimates indicate that most provinces ijj| has a significant effect on changes in the
are continuing to lose soil organic carbon. In 665 of soil organic carbon. When the model
2000, Alberta will be losing about 40 kilograms \yas run with actual and projected values for
of soil carbon per hectare, the eastern provinces,q ||, it was estimated that 2.2 teragrams of
about 23 kg C/ha, British Columbia 15 kg C/ha, sl organic carbon would be lost overall from
and Manitoba 5 kg C/ha. Sitill, all the western  canadian agricultural soils from 1990 to 2010.

provinces show a steady trend of a decreasing
rate of soil organic carbon loss, and

Saskatchewan is predicted to have already begu
reversing the trend and to be well into a period
of accumulating soil organic carbon.

The model estimates that in 1990, Canadian
soils were losing about 43 kg/ha of organic
carbon, giving a net loss of about 1e8a-
gramsof soil organic carbon from all Canadian
farmland. The trend for Saskatchewan has a
major influence on the Canadian trend, and the
loss of soil carbon from Canadian soils is pre-
dicted to reach zero by 2000. In 2010, the mode
predicts that Canadian soils will be accumulating
organic carbon at an annual rate of 11 kg/ha.

The model estimates that in 1970 about 13% ¢
Canadian soils were accumulating carbon and
that since 1990, this proportion has risen to
about 46% (Fig. 9-2). The model predicts that
by 2010, 52% of Canadian agricultural soils

Share of Canada’s farmland .m

accumulating soil organic carbon
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Rate of change in organic carbon
levels in prairie soils in 1990
SASKATCHEWAN

ALBERTA MANITOBA

Saskatoon

Lethbridge Regina

DARK BROWN

Rate of change

(kg C/ha) [ ] >40t040
B ow-s0 [ -80to-120

[ J4otwo I 0to—0
B 2000-160 [ <-160

Figure 9-3

When the model was run assuming that 100%
of Canadian cropland was under no-till for this
period, it was estimated that soils would gain
30.3 teragrams of organic carbon.

About 80% of Canadian farmland is located in
the Prairie Provinces. Figure 9-3 shows the dis-
tribution of the various rates of change in soil
organic carbon in the Prairies in 1990.
Estimates for northern agricultural regions of
Manitoba are not as reliable as for other areas,
because few mapping areas were used to char-
acterize these regions. Areas of greater loss of
soil organic carbon are evident in central
Alberta and central Manitoba.

Carbon losses in eastern Canada were general-
ly less than in the west. Most eastern land has
been under cultivation for much longer, and the
soils tend to be closer to equilibrium. Erosion

Losses of soil organic carbon in real terms

It is important to keep the rates of carbon change reported in
chapter in perspective. Levels of soil organic carbon are curre
approaching equilibrium, and estimated carbon losses from 197
2010 are low in comparison to: 1) rates of loss in previous years,
ticularly shortly after first cultivation and, 2) the total amount

organic carbon in the soil.

In Canada, the rate of carbon loss shortly after soils were conve
to agriculture was greater than 1000 kilograms per hectare per

in many soils. Most mineral soils in Canada contain 20 000| t

150 000 kg/ha of soil organic carbon. Our Century simulations

was found to play a large role in soil organic
carbon dynamics in eastern soils. When the
model was run assuming no loss of eroded soll
to waterways, the annual gain of soil organic
carbon in eastern Canada was estimated at

hi about 2 kg/ha in 2000. With a 15% loss of

is 4 .

1tlyer°ded soil to waterways, soil ca_lrbon would be
Ot lost at a rate of 18 kg/ha, and with a 100%

ar 0SS the rate of loss jumps to 98 kg/ha.
i
Interpretation

rted
yea

fter 1990 the trend for the rate of change
in soil carbon levels shows a marked

O upward turn for the Prairie Provinces and

for canada as a whole, and more of a plateau for

2000 estimated rates of carbon loss of 2, 18, and 98 kg/halyr in gastgyitish Columbia and eastern Canada. The

ern Canada when there was no loss of eroded soil to waterwa
15% delivery rate, and a 100% delivery rate, respectively. The hi
est rate, 98 kg/hal/yr, amounts to about 0.2% of the carbon in the

As well, there is at best a 1% error in determining total organic ¢
bon content in soils in the laboratory. Such errors amount to
soil organic carbon than is reflected in current estimates of ye
rates of carbon change.

About 25% of the carbon in agricultural soils in Canada has b
lost since cultivation. Carbon levels have almost stabilized, @
unless there is a substantial change in farming practices, we ex
there will be very little additional loss, and possibly minimal gal
beyond the year 2000.

W.N. Smith, Consultant

S, Becrease in soil carbon losses from Canadian
gh_'soils reflects a similar decrease in the Prairies,
SOilwhich has resulted from

ar-* growing use of no-till
ore* reduced area under summerfallow
arlye increased use of fertilizer.

Since 1910 Canadian agricultural soils have
eenlost about 1000 of a total 4300 teragrams of
and carbon. Levels of soil organic carbon declined
peatapidly during the first 20 years after cultiva-
n tion, followed by a slower decline from 1930
to 1980. In comparison to early losses, the loss
after 1980 is minimal (total losses of soil
organic carbon since the land was first broken
for agriculture are estimated at 23.8%, 24.2%,

24.4%, and 24.3% in 1980, 1990, 2000, and




2010, respectively). Most experts agree that
further declines in the rate of soil organic car-
bon losses will be the result of management
practices. If there are no major changes in farn
management practices, it is expected that the
limit of accumulating soil organic carbon will
be reached about 10 to 20 years from now.
Agricultural soils in Canada are predicted to
gain soil organic carbon in 2010.

The prediction that Canada’s agricultural soils
will no longer lose soil organic matter after
2000 is based on our projection of manage-
ment practices. The development of new tech-
nologies for farm management, as well as
changes in consumer demand for crops, will
most likely give rise to actual management
practices in the future that differ significantly
from what we have predicted.

Areas of the Prairie provinces that show con-
tinuing high rates soil organic carbon loss are
those that had high levels of soil carbon before
the land was broken for agriculture. Thus,
these areas had more carbon to lose and have
not yet reached the new soil carbon balance
typical of agricultural ecosystems.

Soil texture and changes in soil organic carbon

Research has shown that soil texture has a great deal to do wit
effects of management practices such as no- till. Coarse-text

Soil Organic Carbon

N the
ired

soils are more aerated than fine-textured soils, and thus provide & cli-

mate for greater decomposition of organic matter by soil microb
Changes in soil organic carbon dynamics estimated by Cen
modelling are shown for some soil textures in the table bel
Typically, sandy soils show the greatest rates of carbon loss. G
some finer-textured soils show a trend to begin accumulating

organic carbon in this century.

Estimated rate of change in soil organic
carbon (kg/ha/yr)

Soil texture 1980 | 1985 | 1990 | 1995 | 2000 | 2005 | 2010
Clay -6 -8 1 21 37 40 38
Silty clay loam | -20 | -18 14 33 48 55 56
Silty loam -30 | =32 | -17 | -16 | -13 -9 -9
Fine sandy loam| -90 | -82 | -60 | -36 | -14 -4 0
Loamy sand -89 | -84 | -91 | -76 | -34 | -23 | -25
Fine sand -175 | -147 | -165 | =153 | -138 | -128 | -120

W.N. Smith, consultant

es.
ury
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Although the practice of no-till helps to pre-

vent the loss of soil organic carbon, cropping  gptions that contribute to building the level of
systems and other practices that build levels OBrganic carbon in soil include

soil organic matter are needed to optimize the
ability of Canadian agricultural soils to

 reducing the area in summerfallow

sequester carbon. Researchers have found thdt increasing the use of reduced tillage systems

the ability of no-till to improve levels of soil

and improved residue management

organic carbon depends to a great extent on < controlling erosion

soil type and textureséeBox). Controlling
erosion is an important factor in reducing loss-
es of soil organic carbon in eastern Canada.
Furthermore, no-till has been associated with
greater emissions of nitrous oxide, the green-
house gas of greatest concern today. Thus, th
benefits of this practice must be weighed
against its potential negative effects on the
environment.

predict organic carbon dynamics in soil are
empirical and the use of a single model to

Response options

* rotating with crops that contribute more bio-

mass to soil, including forages and legumes
(green manurgin rotations.

(S .
Conclusion

he accurate estimation of the rate of carbon
change in Canada’s agricultural soils is a
difficult undertaking. The models available to

describe the many different types of soil, cli-
Farmers in many parts of the country have mate, and agricultural practices across the
already begun to use management practicesountry has its limitations. Still, the indicator

that build up organic carbon in soil. More

gives a reasonable assessment of how soil car-

effort is still needed, however, to raise their ~ bon has been changing since the onset of agri-
awareness of the long term benefits of main- culture and how it is predicted to change over
taining good levels of soil carbon. Managementhe next 10 years or more.
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Model predictions showed sensitivity to changesRelated Indicators
in agricultural management practices during the

1990s, particularly the greater use of no-till, oils at a high Risk of Water Erosion and

reduced area in summerfallow, and increased fegd Risk of Wind Erosion are susceptible to the

tilizer application in some parts of the country. loss of Soil Organic Carbon. The loss of soil
organic carbon on upper slope positions in the

Technological development and changing mardield is related to the Risk of Tillage Erosion.

kets may significantly change the way farm-  On the other hand, a greater degree of Soil

land is managed in the future. Calculation of Cover by Crops and Residues will help to pro-

this indicator uses a projection of future land tect and build soil organic matter. Adding

management based on the current situation anstganic matter to soil may involve applications

trends. If this projection proves incorrect, esti- of animal manure and mineral fertilizer, which

mates of the rate at which soil organic carbon may call for changes in the Management of

is accumulating in Canadian soils will also be Farm Nutrient and Pesticide Inputs. Soils with

incorrect. low levels of organic matter have less ability to
retain nutrients, thus increasing the Risk of

Building up carbon levels in soil is a worthy ~ Water Contamination by Nitrogen and the

agricultural goal, both to protect the soil Risk of Water Contamination by Phosphorus.

resource and sustain the industry’s productivi- Accumulating organic carbon in soils can also

ty, and to help curtail potential climate change help improve the Agricultural Greenhouse Gas

by capturing atmospheric carbon in soils. At Budget

the same time, it must be remembered that

efforts to build up soil carbon may have other

results that are less desirable. For example,

amending soil with animal manure or green

manure may help to build up levels of soil car-

bon but may also contribute to the emissions of

nitrous oxide, a greenhouse gas that is much

more potent than carbon dioxide. Thus man-

agement decision making must take a holistic

approach, considering a wide range of soil

characteristics and functions and weighing the

benefits and costs of any management practice

for the agroecosystem as a whole and the envi-

ronment beyond that system.
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Risk of Soil Compaction
R.A. McBride, P.J. Joosse, and G. Wall

Geographic scopeOntario, Maritime Provinces
Time series:1981, 1991, 1996

HIGHLIGHTS

» Soil compaction caused by wheel traffic and tillage is one form of
soil degradation. This process leaves the soil denser, less perme-
able to air and water, slower to warm up in the spring, more djffi-
cult to till, and more resistant to the penetration of plant roots.
Compaction is a particular problem in fine-textured soils gnd
causes millions of dollars in lost crop yield each year.

* An indicator was developed to assess the Risk of Soil Compagtion
for the major agricultural soils in Ontario and the Maritime
Provinces. The degree of compactness of soil (low, modefate,
high) was first estimated, and then it was determined whether
these soils were likely to become less compacted, stay the same,
or become more compacted over time based on trends in the grop-
ping systems used between 1981 and 1996. The performgnce
objective is to have a decrease over time in the area of row grops
planted on soils susceptible to compaction, and an increase in the
area of forage crops planted on highly compacted soils.

* Many of the study soils with fine-textured subsoils were estimat-
ed to be significantly compacted, especially in southern Ontgrio.
The risk of further compaction in these subsoils is not as great as
for many other soils in eastern Canada. Different cropping $ys-
tems or other management practices may help to reduce the degree
of compactness in these soils and improve crop yields.

* Between 1981 and 1996, the area of farmland with both highly
compacted subsoils and cropping systems capable of improving
soil structure and reducing soil compactness (e.g., forage, pasture)
shrank by 15% in Ontario, 21% in New Brunswick, 18% in Nova
Scotia, and 11% in Prince Edward Island. There was little change
in the distribution of these areas during this 15-year period.

* Between 1981 and 1996, the area of farmland with both soils sus-
ceptible to compaction and cropping systems likely to degrade|soil
structure and induce further soil compaction (e.g., corn, soybeans,
vegetable or root crops) grew by 61% in Ontario, 47% in Nova
Scotia, and 81% in Prince Edward Island, and shrank by 16% in
New Brunswick. Areas of particular concern were central and
eastern Ontario, Nova Scotia’s Annapolis Valley, and much| of
Prince Edward Island.
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The Issue

oils with good structure have an arrange-
ment of soil particles and air spaces that

allows adequate movement of air, water, an
nutrients through the soil. Soil compaction i

adversely affected by compaction. About 75%
of this affected land is rated as moderately
compacted and 25% as severely compacted.
Corn producers in southern Ontario often cite
d soil compaction as the leading problem of soil
s aand water conservation on their farms. Soil

process that alters soil structure by packing soffompaction is also perceived as a serious prob-
particles and aggregates more closely togethetem in some other agricultural regions of east-
Compaction reduces the volume of air spaces ern Canada, including the St. Lawrence

in the soil and increases its dmylk density

When soils become compacted, they are

less permeable to water and thus more v
nerable to erosion

poorly aerated

difficult to till
more resistant to the penetration of crop
roots

unable to produce a robust, high-yielding
crop.

slower to warm up in the spring and more

Lowlands of Quebec and intensively cultivated
areas of the Maritime Provinces. Economic
losses resulting from soil compaction by heavy

ul- Machinery run into millions of dollars each
year in both Ontario and Quebec.

An indicator is needed to estimate the extent
and distribution of compacted soils in many of
these regions of eastern Canada and to assess
how certain farmland management practices
are likely to affect this soil condition over time.

The Indicator

An estimated 50 to 70% of fine-textured soils D it
in southwestern Ontario, covering about 2 mil- escription

lion hectares (almost all cultivated), have beenw

Compaction of agricultural soils in Quebec

The loss of soil organic matter, the deterioration of soil structu
and compaction were studied from 1981 to 1990 in Quebec as

e developed the Risk of Soil Compaction
indicator to assess the likelihood that
major agricultural soils in Ontario and the
Maritimes would become more compacted,
stay the same, or become less compacted under
prevailing cropping systems in 1981, 1991, and
'€, 1996. The indicator was calculated using esti-
Parmates of the actual degree of compactness of

of a larger study of the degradation of agricultural soils. The stlidy these soils (low, moderate, or high), followed

focused on mineral soils, representing about 1.7 million hects
under crops. About 200 soil series were studied, broken into tf
major groups based on criteria such as soil texture.

Soil compaction was evaluated using indirect measures of the e
to which certain soil physical properties were modified. Significa
increases in soil bulk density were taken as the sign that compa
had occurred. Compaction was not assessed on sandy soils, a

not considered a limiting factor for crop production on such soilg.

Overall, soil compaction was ranked as the fifth most important c
cern of soil degradation in Quebec. Study results indicated that a
100 000 hectares of soils in the province were affected by signific
compaction. Two-thirds of these soils were located in t
Monteregie (Richelieu, Saint-Hyacinthe, and south-west

Montreal) and central Quebec regions. Degradation of soil struct
the beginning of both compaction and erosion problems, was n
widespread in these regions.

P. Beaudet, Ministére de I'Agriculture, de Pécherie
et de I'Alimentation du Québec

r'€Spy consideration of the likely effects of man-

reé€agement over this 15-year period. The degree
of soil compactness represents the maximum
stress that has acted on a soil in the past,

tengxpressed in units of pressure (kiloPascals,

Nt kpa), and also identifies the maximum wheel

H0oad to avoid further significant compaction.

5 It ffable 10-1 shows these three classes, along with

the three corresponding classes of susceptibility

to further soil compaction. The performance

PN- objective is to have a decrease over time in the

DOUBrea of row crops planted on soils susceptible to

antcompaction, and an increase in the area of for-

h? age crops planted on highly compacted soils.

o

H'€ Method of calculation

O"The indicator is based on a numerical approach

for interpreting soil survey data (calleghado-

transfer functiol that eliminates the need for

an extensive and costly soil compaction testing

program. This approach makes use of data on




Risk of Soil Compaction

basic soil properties — organic carbon con-
tent, dry bulk density, and soil texture. Becausé
this study was concerned only with mineral
soils, only the second (the upper mineral layer
of mineral soils) and third (the subsurface laye
of mineral soils) soil layers noted on t8eil
Landscapes of Canadaaps were included in
the analysis.

Classes of soil compactness and

susceptibility to further compaction

Soil compactness

Susceptibility to soil compaction

Low (0 to 20 kPa) High
Moderate (20 to 100 kPa) Moderate
High (greater than 100 kPa) Low

Table 10-1

Classes of compaction risk were developed by

linking the susceptibility classes (Table 10-1) to trends in cropping system categories between
information on cropping systems derived from 1981 and 1996 and judge whether they were

the Census of AgricultureThe Risk of Soil

likely to lead to improvements in soil structure

Compaction indicator was used to identify areasand the state of soil compaction (e.g., alfalfa,
most likely to undergo a change in the state of hay, improved and unimproved pasture) or

soil compaction over time based on trends in

have detrimental effects on these soil condi-

cropping systems. The indicator was applied to tions (e.g., corn, vegetables, root crops such as
the dominant soil components in Ontario, New potatoes). Soybeans would normally have been

Brunswick, Nova Scotia, and Prince Edward

included in the latter group, but the area of this

Island, and risk maps were generated. crop was first reported separately in the 1996
census, making it difficult to draw comparisons
Although many management practices can be with earlier census data.

used to protect against further soil compaction

or help reduce existing problems with soil Areas with more than one-third of the farmland
compactness, data on cropping systems were under cropping systems that help to decompact
the most pertinent and easily obtain€eénsus  soil were superimposed on areas showing a

of Agriculturedata made it possible to review high degree of soil compactness (thus with a

Compaction of clay soils in Manitoba

Soil compaction is not the problem on the Prairies that it is in moister areas of Canada, mainly because most a
al soils there are naturally less susceptible to this form of degradation and are usually dry when worked. Wha
compaction there is as a result of vehicle traffic on the field has dropped over the past 15 years with reductions
merfallow area, the adoption of conservation tillage, and the use of wide (20-metre) tillage equipment.

However, in Manitoba a large share of arable land has heavy clay soils. These soils have low permeability, lim
ation, and high water-holding capacities. These properties produce an inherently compact and massive soil str
few recent studies suggest that natural soil consolidation processes play an overwhelming role in developing

gricultur-
t risk of
in sum-

ted aer-
cture. A
compact

soil layers in the root zones of Manitoba soils. The same studies demonstrated that conventional and no-till practices

occasionally affect soil physical properties, but much of this effect is confined to the tilled layer. By the end of the
ing season, however, natural soil compaction processes can often obliterate the subtle differences brought about
in this layer.

In Manitoba’s Red River Valley, clay soils may be subjected to heavy traffic when very moist because of wet cor
during seeding or harvest. Because of the low permeability of these soils, moisture levels in the upper soil layer
too high for significant soil compaction to occur in lower soil layers. Rut formation is more likely to cause soil
paction in these layers.

Where sufficient fall moisture occurs, yearly freeze—thaw cycles appear to be very effective in alleviating com
that could be attributed to wheel traffic on clayey soils. In spite of the high mechanical stresses sometimes obs
many soils, crop roots tend to make use of macropores and fissures in the soil to grow to considerable
Consequently, soil compaction by vehicles in the Prairies rarely reduces crop growth or yields.

S. Tessier, Manitoba Agriculture
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Degree of compactness of Ontario’s .m

agricultural soils

Degree of soil compactness

1 Low (O to 20kPa)
1 Moderate (20 to 100kPa)
Il High (greater than 100kPa)

low susceptibility to further compaction). Areas
with more than one-fifth of the farmland under

cropping systems likely to cause compaction (or

one-third if soybeans were included) were

Limitations

The indicator was initially developed using soil
data from southern Ontario. Without further
research and development, the indicator can be
reliably applied only to the following types of
soils:

* mineral soils (with an organic carbon content
of less than 5%)

* plasticsoils (i.e., soils containing at least
10% clay)

« soils for which the clay mineralogy is domi-
nantly clay mica and chlorite (thus eliminat-
ing southern Quebec, some areas in eastern
Ontario, and many regions of western
Canada from the study).

Results

he most interesting and revealing results
from this study were found for

 southern Ontario and Prince Edward
Island (because agriculture was the prin-
cipal land use)

« the untilled subsoil (subsurface) layers.

superimposed on areas showing a low to mod-
erate degree of soil compactness (moderate taviany of the following results and much of
high susceptibility). Together these results werghe discussion relate to these locations and soil

used to identify areas where the state of soil
compaction might be expected to be improv-
ing, unchanged, or deteriorating.

Degree of compactness of Prince
Edward Island’s agricultural soils

Degree of soil compactness

[ 1Low (0 to 20kPa)
[ Moderate (20 to 100kPa)
Il High (greater than 100kPa)

layers.

Figures 10-1 and 10-2 show the distribution of
soil compactness classes in the agricultural
regions of Ontario and Prince Edward Island.
The three classes also represent the maximum
wheel load (in kiloPascals) to avoid further
compaction. In Ontario, the areas with the
highest estimated degree of soil compactness
were those regions where the clay content of
the subsurface layers is high.

In New Brunswick, highly compacted soils were
located in the upper Saint John River Valley and
in some areas of the southeast. In Nova Scotia,
highly compacted soils were concentrated in the
Annapolis Valley, the Truro area, and along parts
of the Gulf of St. Lawrence (Northumberland
Strait) shoreline. In Prince Edward Island, only
two areas were identified with highly compacted
soils (Fig. 10-2).

Table 10-2 shows trends in provincial farmland
areas under cropping systems that are likely

* to contribute to compaction of highly suscep-
tible soils, or



Risk of Soil Compaction

Farmland area for which the risk of soil compaction increased, remained BLELLERIVS
the same, or decreased between 1981 and 1996, by province

Farmland area (1000 ha)
Soils susceptible to compaction under cropping Highly compacted soils under cropping systems
systems that cause compaction that reduce soil compactness
Province 1981 1991 1996 % Change 1981 1991 1996 % Change
1981-1996 1981-1996
Ontario 192.6 176.8 310.3 61 430.1 366.6 364.5 -15
New Brunswick 6.6 5.6 55 -16 24.7 19.1 19.5 =21
Nova Scotia 1.3 1.2 1.8 47 28.8 24.4 23.7 -18
Prince Edward Island 12.7 14.8 23 81 5.8 4.9 5.2 -11

Note: A positive number in the first % Change column is a negative trend for the indicator. A negative number in the second % Change
column is also a negative trend for the indicator.

* to help decompact highly compacted soils crop threshold between 1981 and 1996, but a
(i.e., lower the dry bulk density). much larger area (mostly in eastern Ontario)
showed an increase. Soybean production was
All four provinces showed a relatively uniform first reported separately in the 1996 census,
and substantial drop (11 to 21%) between 198&nd including this crop in the indicator analysis
and 1996 in the area of highly compacted soilggreatly increased the farmland area that was
under cropping systems that improve soil deemed to be at risk of soil compaction.
structure and thus reduce soil compactness. Of
equal or greater concern was the large increafetween 1981 and 1996 in New Brunswick,
(47 to 81%) in three provinces over the same most areas with highly compacted soils main-
period in the area of soils susceptible to com-tained at least one-third of the farmland under
paction that were under cropping systems cropping systems that help reduce soil com-
often associated with the degradation of soil pactness, including areas in the Saint John
structure and thus with increased soil com-  River Valley and the southeastern portion of
paction. Only New Brunswick showed a

decrease (16%). Areas of Ontario’s farmland where RCAIKRIUSE

subsoils are highly compacted but cropping
systems may alleviate soil compaction over time

Between 1981 and 1996, most of the areas of
highly compacted soils in northern and eastern
Ontario maintained cropping systems that help
reduce soil compactness over time (Fig. 10-3).
Areas of highly compacted soils in some coun:
ties also retained more than one-third of farm-
land in such cropping systems. However, none
of the areas with highly compacted soils in the
extreme southwestern part of Ontario had mor
than one-third of farmland area under cropping

systems that help reduce soil compactness ov{ [ Areas of potential soil
this 15-year period. _structural improvement

in 1981 only

. . [T Areas of potential soil structural
Over the 15-year period, many areas in south- improvement in 1981 and 1996

western and central Ontario with subsoils vul-
nerable to compaction (i.e., in the moderate- tq B Additional areas of potential
high-susceptibility class) had more than one- isrfl'g;téucmra' improvement
fifth of farmland under cropping systems likely

to cause compaction (Fig. 10-4). A small area
of farmland showed a decrease below the row
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the province. The distribution of areas at risk least one-third of farmland under cropping sys-
of further soil compaction (i.e., potato produc- tems that help reduce soil compactness

tion areas in the Saint John River Valley) di
not change in this 15-year period. In 1996 i

d between 1981 and 1996 (although the total area
n under such cropping systems decreased during

New Brunswick, potatoes occupied more than this time). The area at risk of further com-
93% of the area under cropping systems that paction in Nova Scotia and Prince Edward

contribute to compaction.

Island expanded by about 50% between 1981
and 1996, although the actual area of land

All areas with highly compacted soils in Nova involved was comparatively small. In Nova
Scotia and Prince Edward Island maintained aScotia, these areas were confined to the

Soil management on a New Brunswick
potato farm

Different soils, rolling terrain, and potato production combine
make soil erosion and compaction the two main concerns of
management on a potato farm in St. Andre, N.B. With 210 hecte
of owned cultivable land and up to 120 rented hectares, the farm
duces potatoes, grain, and peas.

Soils in the area are naturally compacted (because they are fo

Annapolis Valley, whereas the eastern and cen-
tral parts of Prince Edward Island were most
affected. This increased risk of soil compaction
in Prince Edward Island has resulted mainly
from the expansion of the area under potato pro-
to. duction. In 1996 in Prince Edward Island, pota-
Sl toes occupied more than 96% of the area under

‘rrescropping systems that contribute to compaction.

pro

rnecIjnterpretation

from fairly dense glacial till), but farm machinery traffic has co
tributed to the problem. Potato production may involve several p

reas at the greatest risk of increasing soil
compaction are scattered throughout

A

SS

es over the fields for planting, spraying, and harvesting. Harvestingsouthern Ontario (Fig. 10-4) and Prince
must sometimes be carried out on wet soil, and harvesting equipEdward Island but are confined to the
ment can be especially heavy with 200 barrels of potatoes on bgardannapolis Valley in Nova Scotia. This

This traffic has created plow pans (very dense layers of soil)
reduce water infiltration and potato yields on some fields. In 19
chisel plowing was introduced on these fields to reduce soil cc
paction and break up th@ow panthat had formed at a depth o
about 20 centimetres. Potato yields increased by as much as
times in the first years after this method was used, but after 8 y
the problem of soil compaction returned, this time with a plow p
at a depth of about 30 centimetres. The farmer purchased a sul
er tillage implement to break up this deeper pan. Water infiltrat
improved in the fields that were subsoiled.

hatenhanced risk may have resulted in part from
B7, the development of varieties of grain corn that
M-can grow in a cooler, shorter growing season,
allowing the expansion of corn production into
Wenore areas of eastern Canada. There is also a
FalYrend in some areas to expand the acreage of
AN higher-value specialty crops, such as potatoes
soikind vegetables, that do well in cool climates and
ON coarser-textured soils. The expansion of areas
under intensively cultivated cash crops has
occurred largely at the expense of areas under

About 160 hectares of the farm have terraces and grassed waterwaysereals and forage crops over the past 15 years.

that intercept surface runoff and eroding soil. Maintenance of th
features occupies a good deal of the farmer’s time. Periodically
must be removed from lower terraces and waterways, where it
lects. About 55 hectares is tile drained, improving water infiltrati
and reducing surface runoff and erosion.

Continuous potato production would contribute to further co
paction of the soil, so potatoes are grown in a 2-year rotation (p
toes—grain or potatoes—peas with a winter rye cover crop). New

is being cleared to expand production, improve crop rotations,

make more efficient use of large equipment. As it is cleared, it is s
veyed for terraces, grassed waterways, and drainage to confor
the field’s topography and soil types.

G. Fairchild, J.-L. Daigle, and J. Damboise
Eastern Canada Soil and Water Conservation Cen

ese

s0ilin southwestern, central, and eastern Ontario
col-(Fig. 10-1), there are substantial areas where
PN the dominant agricultural subsoils are suscepti-
ble to compaction. If trends observed in some
of these areas over the last 15 years continue,
M- the amount of agricultural land under cropping
Dta-systems that cause soil compaction is likely to
andncrease significantly over the next 5 years.
ANdThese increases may come from expansion of
Ur-the area under grain corn and soybeans (as
M t@dvances are made to develop soybean vari-
eties adapted to cooler regions with a shorter
growing season). Of particular concern is the
sustainability of farming practices on Prince
reé Edward Island with respect to soil structural

conditions, as most of the province appears to
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Draining land to reduce the risk of compaction in

British Columbia’s Lower Fraser Valley

The mild maritime climate of British Columbia’s Lower Fraser Valley allows for a wide range of crops to be g
However, heavy winter precipitation makes the soil very wet in the spring, and working wet soils can lead to sig
soil compaction. About 23% of the valley’s soils are at high risk of compaction, including all poorly drained cla
clay loam soils and some loamy soils on which the impact of tillage is severe.

Drainage systems that control the water table are critical to reducing the risk of soil compaction. A long term d
study found that drained soils had 85 opportunity days (days between January 1 and March 31 when the wat€
sufficiently low to allow soil to be worked without undue risk of soil compaction) and winter wheat yields of 6.8 tg
per hectare. Similar undrained soils had only 20 opportunity days and winter wheat yields of 0.5 tonnes per he

This study found that crops planted in the fall for winter cover on undrained soil have a very low survival rate. Yet
winter cover, the impact of rain drops destroys the structure of surface soil, resulting in surface compaction and
These conditions in turn contribute further to excess soil water in the spring and even fewer opportunity days. Thus,
ence or absence of subsurface drainage is an indicator of the risk of compaction in the soils of southwest British C

R. Bertrand, British Columbia Ministry of Agriculture and Foo
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have subsoils that are susceptible to soil com-Response OptiOI‘IS
paction in varying degrees (Fig. 10-2). The risk

of soil compaction will continue to increase proven method in Canada of reducing soil
over the next 5 years if the cropping systems compaction on agricultural land is to use
that contribute to soil compaction (e.g., pota- longer crop rotations that include deep-rooting
toes) expand to new areas. forage crops for at least 2 consecutive years. In

areas of intensive row cropping, such as south-
The distribution of areas where the degree of western Ontario, this practice is likely to
soil compactness is likely to improve over timeimprove the prospects for achieving sustainable
has not changed significantly throughout east-crop production systems. Practices that add
ern Canada during the past 15 years (Fig. 10- organic matter to the soil (e.g., residue man-
3). Characteristics of highly compacted soils, agement, manure application, cover cropping,
such as poor internal drainage, slow warming, and interseeding) also improve soil structure
restricted root penetration, and poor aeration, and reduce the risk of compaction.
likely restrict the selection of crop types to
those that can tolerate these conditions, such &ther practices that protect soil from com-
forage and pasture crops. Crops capable of paction include
improving soil structure appear to have main-

' ) ¢ ' « avoiding field work when the soil is still wet
tained a prominent role in the crop rotations

used in these areas, but the overall provincial-' installing field drainage systems to reduce

level decrease (11 to 21%) in the area under excess soil moisture

such crops over the 15-year Study period isa ® restricting axle loads and using flotation tires
troubling trend. A continuing and major con-  and tandem running gear.

cern is that the areas of southwestern Ontario

identified previously by farm producers and .

researchers as being highly compacted (corrodcONClUsion

orated by this study) still do not have even one-

third of the farmland under cropping systems I nformation from the Risk of Soil Compaction
that can help alleviate this soil condition. indicator presented in this chapter is based
on the soil characteristics recorded in the cur-

rentSoil Landscapes of Cana@aLC) database.
A comparison of the degree of compactness
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Areas of Ontario’s farmland where LUVt

soils are susceptible to compaction
and cropping systems are likely to
cause further soil compaction over time

[T Areas of potential soil structural
degradation in 1981 only

1 Areas of potential soil
structural degradation
in 1981 and 1996

Il Additional areas of potential
soil structural degradation
in 1996

estimated from the SLC database with values
derived from detailed soil survey databases in
sizable regions of Ontario and

New Brunswick indicates that the generalized

an extensive survey of changes in dry bulk
density measurements on a provincial scale, it
is likely that data from national databases will
continue to be the benchmark against which to
assess future changes in farm practices. New
approaches may also be needed to predict
changes in the dry bulk density and other key
properties of soil types under different crop-
ping or tillage systems in order to evaluate the
state of soil compaction in a more dynamic
way.

Related Indicators

s soil structure breaks down, the Risk of

Soil Compaction becomes greater, as does
the Risk of Water Erosion and the Risk of
Wind Erosion. The Risk of Soil Compaction
also becomes greater as the level of Sall
Organic Carbon declines. As soil becomes
degraded by compaction, crop productivity is
reduced and producers may need to apply more
fertilizer to promote better yields. Crops may
not be as robust, thus making them more sus-
ceptible to disease and pests and increasing the
need for pesticide applications. Thus, soil com-
paction may influence a producer’s
Management of Farm Nutrient and Pesticide
Inputs. Compacted soils are less permeable to
water and thus more susceptible to surface

SLC data are adequate and reliable enough torunoff. As more fertilizer is added to boost

undertake this type of analysis.

Tillage systems were not examined in this
study because existing data did not cover a

crop yields, the Risk of Water Contamination by
Nitrogen and the Risk of Water Contamination

by Phosphorus also grows, as does the poten-
tial for emissions of nitrous oxide, which alters

long enough period to assess possible changethe Agricultural Greenhouse Gas Budget.
in soil structural characteristics. As more data
become available with time, researchers will be
better able to assess the effects of tillage prac-
tices on soil structural conditions. It is known,
for example, that reduced tillage systems tend
to increase the degree of compactness of the
soil while other aspects of structural quality
may be improved. The limited amount of
research that has been done in eastern Canada
on the effectiveness of deep tillage systems in
decompacting subsoils has been inconclusive.
More research is required on crop responses to
subsoiling andleep rippingoperations.

Of interest in the future would be updating the
estimates of the degree of soil compactness to
reflect changes in dry bulk density and organic
carbon content under different cropping or
tillage systems. As it is impractical to conduct
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Alleviating soil compaction in reduced tillage systems in Ontario

Soil compaction in reduced tillage systems must be alleviated without significantly reducing the amount of pratective
crop residue or causing large increases in tillage costs. To accomplish this, producers and researchers in Onjario have
been examining systems that perform tillage in narrow strips. The idea is to prepare strips of soil in the fall that are loos-
ened, cleared of residue, and ideally somewhat elevated, while leaving the rest of the field covered and protgected by
residue. These strips are drier, less dense, and more suited to single-pass corn planting in the spring.

University of Guelph and Agriculture and Agri-
Food Canada researchers are studying varid
equipment designs and operating depths to ass
the impact of in-row soil loosening on corn per
formance. Most of this strip tillage equipmen
has a single lead coulter for cutting residue,
shank for in-row loosening that operates 4
depths of 15 to 45 cm, and additional coulters
discs for containing the disturbed soil in the ro
area. Another option being explored is combini
fertilizer placement with the strip tillage operal
tion. The ongoing challenge in this work is td
develop cropping systems that reduce cos
increase environmental protection, and improy:
yields while providing techniques for dealing
with factors such as heavy crop residues or co
pacted soils.

. o . This Trans-till™ unit is one of a range of tools designed to offer the advan-
G.A Stewart, Ontario Ministry of Ag”CUItL_'re- tages of reduced tillage while providing a means to reduce soil compaction
Food and Rural Affairs and optimize corn growth.
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Risk of Soil Salinization

R.G. Eilers, W.D. Eilers, and T. Brierley

Geographic scopePrairie Provinces
Time series:1981, 1991, 1996

HIGHLIGHTS

« Soil salinity is a state in which soil contains excess soluble salts in) the
root zone, hindering plant growth. Moderate to severe salinity reduices
annual yields of most cereal and oilseed crops by about 50%. An |ndi-
cator is needed to assess how current land use affects the risk of|crop-
land becoming more saline.

cropland at moderate or high risk between census years,| but
Saskatchewan had a shift of 4% of cropland out of the high risk dlass
in 1991, maintained in 1996. In contrast, in Manitoba the improye-
ment in risk between 1981 and 1991 was reversed between 1991 and
1996, and there was a sizeable shift of cropland from the low risk to
moderate risk class.

» Differences between the provinces in the distribution of cropland
in the risk classes mainly reflects the extent to which summerfallow
is practised. Alberta and Saskatchewan continued to show a dpwn-
ward trend for this land use, whereas Manitoba showed a slight
increase in 1996.

* The indicator gives a snapshot picture of the risk of soil salinizaton,
reflecting annual variations in weather, markets, and local man
ment decisions, as well as the timing of the census and reported|land
use. Thus, the indicator may not accurately reflect long term trgnds
but is useful to target areas where increasing salinization may pe a
problem under prevailing management practices. The indicator glso
indirectly reflects the extent to which soil conservation practices|are
being adopted by the agricultural industry.
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The Issue

S

excess soluble salts in the root zone, hi

dering plant growth. Moderate to severe salini-

ty reduces the annual yields of most cereal
oilseed crops by about 50%.

Soil salinization, the accumulation of salts i

oil salinity is a state in which soil contains

 topography
* inherent salt content of the soil parent mate-
rial and underlying geology

* hydrology (soil drainage)
ang land use.

n-

Although soil salinization is mainly controlled

n Dby nature, land use (including practices that

the root zone, is generally caused when water &ff€ct soil-water management) is under human

lost from the soil byevapotranspiration
exceeds that replaced by infiltration of prec
tation. This water deficit occurs naturally in

control. The use of summerfallow contributes
ipi- most to increasing soil salinizatioseeBox on
land use). An indicator is needed to show how

much of the agricultural area of the southern changes in land use, notably the use of sum-
Prairie Provinces. A 1990 assessment of sur- Merfallow, affect the risk of an area becoming

face salinity in the Prairies found that most

more saline.

(62%) of prairie farmland had a low extent of

salinity (less than 1% of the land affected),

36% had a moderate extent (1 to 15% of the
land affected), and 2% had a high extent (mor

than 15% of the land affected).

The process of salinization is controlled by sev-A

eral factors other than water deficits, linding
Effects of land use on salinization

Salinization is the process by which soluble salts accumulate in
rooting zone of soils. As soil materials are weathered and bro
down, soluble salts are slowly released. These salts can then dis
in water in the soil and be transported to areas in the landsc
where the water evaporates and the salts are then concentrat
levels detrimental to plant growth.

In arid agricultural land in the Prairies, some land is pulled out
production and left fallow in order to conserve soil moisture. Unc
summerfallow, the plant cover is absent, allowing water to infiltra
the soil better. If more water enters the soil than can be held th
the excess water can pick up salts and move them through the
scape to areas where conditions are favorable to concentratio
evaporation, increasing salinization in these areas. Thus, summe
low is considered to be a land use that promotes soil salinizatio

Land management for the efficient use of soil water is thought ta
the most important factor in reducing soil salinization. Keeping ag
cultural land under permanent cover or a continuous crop provid
biological control of salinization by allowing plants to capture sor
of the water that could otherwise carry salts to more sensitive p
of the landscape. Permanent cover is associated with the lowes

of salinization because plants are in place all year. Land under um

merfallow is considered to be at the highest risk, and land un
annual cropping is at a risk level somewhere between the two.

W.D. Eilers, Agriculture and Agri-Food Canada

The Indicator

eDescription

n indicator was developed to track the

change in the Risk of Soil Salinization in
the dryland Prairies as a function of changes in
land use. The indicator does not measure the
actual area of saline lands, but rather the level
of risk that results from the agricultural land
use of the day. Thus it relates agricultural prac-

thetice to the potential for increasing soil salinity

enand reflects how the agricultural industry is

olveerforming with respect to the goals of sustain-

apable agriculture, specifically the long term

ed tpality of agricultural soils. The indicator is
expressed in three risk classes: low, moderate,
and high. The performance objective for the

of indicator is to have a declining share of land in

ler the moderate and high risk classes.

ite

ereMethod of calculation

andrhe indicator was based on the calculation of a

N b¥alinity risk index. This index was used to rank

rfalindividual land areas according to the chance

1-  that they will become more saline. Factors

included in the calculation were

rti)_e. status of salinity present in the landscape
Ls 4 topography

ne ¢ soil drainage

arts climatic moisture deficits

risk .
 agricultural land use.

derThe status of salinity was derived from existing
soil salinity maps. Values for topography and
soil drainage were derived from the databases
for existingSoil Landscapes of Canadaaps




for each of the Prairie Provinces. An expert
committee for salinity on the Prairies subse-
qguently developed a relative weighting for each
factor to use in calculating the index, based on
the influence each of these components has o
the process of soil salinization. The index val-
ues were then subdivided into three classes at
used to generate risk maps for the Prairies.
These maps were reviewed by the expert com
mittee for accuracy in portraying the relative
risk of salinization.

For this analysis we considered that the sails,
landscapes, and hydrology factors did not
change over time. Although the climatic mois-
ture deficit varies from year to year, there is a
consistent annual deficit. To isolate the impact
of land management on the risk of soil salin-
ization, the long term average climatic mois-
ture deficit assigned to each mapping area wa
used for each year of analysis. Thus, agricul-
tural land use, determined from each census,
was the only factor to change, and changes in
the risk of soil salinization were attributed to
these changes in land use. The weighting for
the land use factor was based on the ratio
between the share of cropland in summerfalloy
and that in permanent cover in individual map-
ping areas in each of the Prairie Provinces. Th
information on extent of cropland and summer
fallow was obtained from th€ensus of
Agriculturein the three census years. Indicator
results were compared between years using
1981 as the baseline (i.e., 1981-1991 and
1981-1996) and also between 1991 and 1996

Limitations

The effects of non-agricultural land uses on
soil salinization are not reflected in this broad
scale analysis. Such land uses mainly affect th
soil drainage factor in the index.

Climatic variability can have significant
impacts on the risk of salinization. However, to
isolate the impact of human activity, long term
average data were used in this analysis. A sim
lar analysis could be performed to isolate the
change in risk due to climatic variability if suf-
ficient climatic data were available for each
census year.

This analysis produces snapshots of condition
reported in the census. Because of yearly
changes in land use, this series of snapshots m

not be indicative of actual trends in salinity risk.

Risk of Soil Salinization

Location and signs of salinization

Salinization takes place where the following conditions occur togeth
« the presence of soluble salts in the soil
e a high water table

e a high rate of evaporation (water evaporates from the soil sur
faster than it is received through precipitation).

These features often exist in depressions and drainage courses,
base of hillslopes, and in flat, low lying areas surrounding slou
and shallow water bodies. Soil salinity can be widespread in a
receiving regional discharge of groundwater.

It may be possible to identify saline soils before they becqg
seriously affected. The early signs of soil salinity include

e asurge in crop growth, producing high yields
e increased soil wetness, to the point that the area becomes
inaccessible

» the growth of salt-tolerant weeds, such as ko@Kachia
scoparia)in the crop.

As salt levels in the soil increase, the signs become more obvious.

They include

e irregular crop growth patterns and lack of plant vigour

e white surface crusting

e a broken-ring pattern of salts next to a water body

< white spots and streaks in the soil, even where no surface
crusting shows

e the growth of highly salt-tolerant plants, such as red samphirg
(Salicornia rubra).

High levels of salt in the soil have the same effect as drought, ma
water less available for uptake by plant roots. This effect is cause
the difference in salt concentrations between the plant and the
Depending on the degree of salinity, this effect reduces the soil’'s
ity to produce crops and lowers crop yields.

Effect of soil salinity on crop yield

I Alfalfa
4000 I Wheat
I Canola
__ 3000
g
2
E 2000
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Source: Eilers et al., 1995
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For example, rapid swings in commodity prices land remained at low (44%) and moderate risk
or weather conditions such as late spring flood40%) of increasing salinity, while there was a
ing may cause unplanned and unusual changegecline of about 4% in the share of cropland in
in land use for a particular area or region. the high risk class between 1981 and 1996. In
These conditions may occur in any particular Manitoba, there was considerable improvement
year and affect the results of the analysis. in the risk between 1981 and 1991, with a
marked increase in the share of cropland at low
risk and decreases in the shares at moderate and
high risk. However, this situation reversed by
1996, so that there was a marked increase in the
Tab|e 11-1 shows the share of cropland at = share of land at moderate risk between 1981 and
various levels of risk of ianeaSing Sallnlty 1996, Coming mosﬂy from the low risk class

Across the Prairies as a whole, the risk of dry-  (89) and a little from the high risk class (1%).
land soil salinization declined somewhat between

1981 and 1991, with 3% of cropland moving  In each of the Prairie Provinces, the share of
from the high risk class to the low risk class. Thecropland in the low risk class grew between
same share of farmland moved from the low to 1981 and 1991 and declined between 1991 and
moderate risk class by 1996. Thus, there was stfll996, most notably in Manitoba. In Manitoba the
an improvement in 1996 over 1981, but this share of land in the moderate risk class increased
improvement was less than in 1991. The trend at a faster rate than in the other provinces. These
for the Prairies was strongly influenced by the observations are shown in Table 11-2.

change in land use values for Manitoba.

In Alberta, the risk of increasing salinity changedThe distribution of agricultural land in the vari-
very little between 1981 and 1996. Most croplanaus risk classes on the Prairies in 1996 is
(75%) remained at low risk during this period. In shown in Figure 11-1. The pattern generally
Saskatchewan, a relatively large share of crop- reflects the soil zonal boundaries, with the

Results

Risk of soil salinization on cropland in the Prairie Provinces under
prevailing management practices

Table 11-1

Share (%) of cropland in various risk classes

Province Low Risk Moderate Risk High Risk

1981 1991 1996 1981 1991 1996 1981 1991 1996
Alberta 75 78 76 21 18 20 4 4 4
Saskatchewan 43 45 44 39 41 42 18 14 14
Manitoba 50 58 42 28 25 37 22 17 21
Prairies 56 59 56 30 30 33 14 11 11

Change in the risk of soil salinization
between census years

Table 11-2

Change in risk (%)

Province Low Risk Moderate Risk High Risk

1981-91 1981-96 1991-96 1981-91  1981-96 1991-96 1981-91  1981-96 1991-96
Alberta 3 -2 -3 -1 -2 — — —
Saskatchewan 2 -1 2 3 1 -4 -4 —
Manitoba 8 -8 -16 -3 9 12 -5 -1 4
Prairies 3 — -3 — 3 3 -3 -3 —

Note: A positive number means the share of cropland in that category grew by that percentage, a negative
number means the share fell, and a dash means there was no significant change.
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Risk of soil salinization on cropland in the Prairie Provinces Figure 11-1
under 1996 management practices

Risk class

L] Low

[ | Moderate
L High
B water
| Not rated

lower risk class corresponding to the more ment practices in place. Positive values shown
humid Black Soil zone. The exception is in Table 11-2 for changes in the low risk class
Manitoba, where lack of relief and poorer reflect a desirable change, as do negative val-
drainage in the soil landscapes place the centraés for changes in the moderate and high risk
part of the province at inherently higher risk of classes.

soil salinization. _
The greater change in the share of cropland at

moderate and high risk of increasing saliniza-
|nterpretation tion in Manitoba between 1991 and 1996 com-

pared to the other Prairie Provinces reflects the
Values shown in Table 11-1 do not reflect general trends in the declining area under sum-

actual increases or decreases in lands clagnerfallow reported by individual provinces.

sified as saline, but rather the change in risk toSaskatchewan and Alberta continue to show a
which these lands are exposed as a result of declining trend in this land use. Manitoba has
agricultural practices of the day. These values probably reached the limit in the annual down-
are too few to indicate strong trends in actual ward trend, and annual variations may be up or
salinization. More correctly they reflect the down, depending on local weather conditions
levels of risk of salinization under the manage-and management considerations.
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Benchmark monitoring of salinity

In 1990, the prairie region of Agriculture and Agri-Food Canada’s Land Resource Research Units established a

series of

benchmark sites across the Prairies to monitor the dynamics of soil salinity and to observe trends in the extent and sever-
ity of soil salinity. One site was established near Warren, Man., on a salt-affected area of lacustrine clay sediments orig-

inating from glacial Lake Agassiz.

The site consists of two plots, each measuring about 100 metres by 450 metres. One plot has been continuo

usly culti-

vated for annual crops, with no summerfallow. Tillage has been carried out conventionally, with three to four passes each

year using a deep-till cultivator, harrows, and a discer. The other plot is located immediately adjacent, but across
It was seeded to alfalfa and grass and has not been cultivated since 1984.

Both sites were monitored three times a year using an electro-magnetic induction instrument that measures th
status in the field. Levels of soil salinity fluctuate dramatically throughout a single season, mainly as a result of

in the weather. Despite this seasonal variability, the trend of the average salt content for the upper 60 centimet
root zone over the whole plot under permanent cover appears to have stabilized during the last 8 years, a
decisiemens/metre (a unit for measuring the electrical conductivity in soil, which indicates soil salinity). In contra
average salt content for the annually cropped plot has gradually and steadily increased at a rate of about 0.14

year over the last 8 yearseggraphs below). If the management had included summerfallow, the rate of increase

be expected to be even greater. This study indicates that long periods under a particular land use can influend

tus of dryland soil salinity in sensitive locations in susceptible prairie landscapes.

Because of the seasonal fluctuations in salinity levels, differences between two consecutive graph points can b
than the change registered between 1990 and 1998. This feature of salinity makes it difficult to identify trends V
certainty when only a few samples are taken over a short period of time. Thus, long term monitoring is essenti

an accurate picture of trends in salinity.

Soil salinity over time under conventional tillage and permanent
cover in Manitoba

Permanent Cover Site — Salinity Status for 0-60cm Conventional Tillage Site — Salinity Status for 0-60cm
Warren, Manitoba Warren, Manitoba

20 20

| The overall mean (n=11824) is 7.38 dS m’ (0=4.42). | The overall mean (n=10835) is 6.38 dS m™ (0=4.43).
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In Manitoba the risk increased in the southeaswery little during the study period. Ongoing
interlake, and west lake areas. The extent of research related to monitoring salinity change
actual saline land in the southeast and interlakat long term benchmark sites across the

areas is very small. All of these areas have  Prairies shows that the change in salinity levels
level topography and heavy clay-textured soilsover a single season can be greater than that
and are very prone to having excess water in between yearséeBox).

the spring. These features may have con-

tributed to their inclusion as summerfallow ~ This analysis has rated areas according to rela-
land in 1996. However, there are likely several tive risk of increasing salinity. This information

reasons for reporting land as summerfallow in could be used by soil conservation specialists,
a given year in any province, including extension personnel, local conservation organi-

zations, and producer groups for soil conserva-

» changing crop rotations . .
. . tion planning, program development, and tech-
» weed problems in previous years nology transfer.

 low temperatures in late spring
* excess wetness due to flooding

« late fall harvests, which prevent preparing Response OptIOI’IS

the land for spring seeding. hanging land use, and thereby soil-water
o management, is the only real and practical
Many unforeseen events can significantly solution available to producers for reducing the

change the specific mix and extent of croppingrisk of soil salinization. Diagnostic programs
in a given year. For example, cold and wet  and education will improve producers’ aware-
weather may delay spring seeding beyond theness and understanding of what causes salin-

date eligible for crop insurance coverage. ThuSyation and indicate how they can respond.
land may be allowed to lie fallow or may be sub-

sequently seeded to a cereal for harvest as a hayrior to the 1990’s, changes in land use for
crop, resulting in a very short cropping season irsaline soils were strongly influenced by short
terms of consumptive water use. Changing marterm economic and political climates rather
kets and commodity prices can influence crop than long term deliberate efforts to sustain soil
mix and extent from year to year and certainly quality or address environmental concerns. This
between one census and another. attitude may be changing. Values other than
agriculture are being accepted for some of our
Expansion of special crops for local processingnore sensitive landscapes or portions of them.
can significantly alter the annual and seasonalareas that are saline or at high risk of salinity
consumptive use of soil water. For example, a ynder agriculture may have significant value for

significant increase in short-season crops, suchnatyral habitat and environmental diversity.
as beans and lentils, canola, and specifically

potatoes, in the Prairies can alter the risk of ~ Land and water management practices that
salinization in specific landscapes. Low-residuehelp producers to reduce the risk of dryland
deep-tillage potato crops leave the land exposedalinization include

for Significant portionS of the season dUring . increasing minimum t|||a_ge or no-till
which excess rainfall may be added to the local
water tables. This change in water conditions
may result in a change in the risk of soil salin-
ization in surrounding and adjacent areas.

increasing the area of forages, pastures, and
tree crops

 reducing summerfallow area

* including crops that are more salt-tolerant in
This analysis is based on the probable influ- rotations

ence of land use on the risk of changing the
status of salinity on a landscape basis. The
actual occurrence of salinity is typically site ) .
specific within fields. The processes that cause using new 'Fechnologles, such as those of preg
salinity take a long time and involve many fac- cision farming

tors that must come together under suitable * ensuring adequate surface drainage of tem-

* using inputs such as mineral fertilizers and
animal manure more effectively

physical and climatic conditions. Our data porarily ponded waters
show that the risk of salinity has changed, but « installing interceptor forage strips or strate-
the extent of saline land has likely changed gic subsurface tile drainage.
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Efforts are also needed to improve the aware- general extent to which the agricultural indus-
ness of the spread of soil salinity due to the try is working to protect and sustain the pro-
construction of infrastructures such as roads, ductive capacity of prairie soils.

ditches, canals, drains, lagoons, and storage

reservoirs. These structures are designed to

impound, convey, or restrict water, thus affect- Related Indicators

ing local hydrologic and geologic conditions.

However, these structures often leak or result " his indicator reflects soil quality, as do the
in seepage and cause salinization in adjacent B Risk of Water Erosion, Risk of Wind
agricultural soils. These conditions are com- Erosion, Risk of Tillage Erosion, Soil Organic
m0n|y observed On|y years after construction Carbon and Risk of Soil Compaction. The Risk
and after much of the damage to the soil pro- of Salinization is mainly related to the manage-
ductivity has a|ready be done. Management ment of water, as is the Risk of Water Erosion.
options are needed at the time of construction Like the Risk of Wind Erosion, the Risk of

to prevent this type of soil salinization. Soil Salinization applies mainly to the Prairie
Provinces. Severely saline lands that are

unsuitable for agriculture provide unique
Conclusion wildlife habitat, improving the Availability of
Wildlife Habitat on Farmland.
gricultural land use changes the risk of soil
salinization in some regions and land-
scapes of the Prairies. This effect varies from
year to year and thus from one census to anoth-
er. The actual change in the extent of salinity is
relatively slow compared to changes in land
use, thus the impacts of broad scale change in
land use are not readily observed.

This analysis does, however, provide a means
of targeting management. Some landscapes are
much more sensitive than others to land use
changes and soil salinization. For example,
some level landscapes have a greater potential
for increase in the extent of salt-affected areas,
while other landscapes with greater relief are
more prone to increased severity of existing
salinity. Soils, geology, topography, and aridity
are the main controlling factors in these cases.

The long term outlook for changing land use to
minimize the risk of dryland soil salinization is
quite positive. Increased awareness and grow-
ing use of sophisticated technologies for agri-
cultural land management help to lower the
risk of salinization. Currently, precision farm-
ing is focused on variable inputs, but in the
future it may be adapted to consider the man-
agement requirements of other variables,
including those related to the control of dry-
land soil salinity.

Periodic regional analysis, such as described
here, is a useful monitoring tool. Combined
with ongoing monitoring and research at saline
sites, the salinity risk index helps to reflect the






Water Quality

In the water cycle, water passes through various stages or uses on the
earth before it returns to the oceans or evaporates back into the atmos-
phere. When the cycle is in balance, water proceeds from one use in suf-
ficient quantity and quality to be suitable for the next use. For each use
there is an acceptable range of water quality characteristics, and outside
this range there are undesirable effects, including environmental degra-
dation. When water is contaminated, its chemical, physical, or biological
characteristics are altered in some way to make it unsuitable for some
uses.

Water quality is one of Canadians’ chief environmental concerns.
Agricultural production in Canada has intensified over the past three
decades, and some management practices have contributed to a decline
in water quality through the addition of sediments, crop nutrients, pesti-
cides, and pathogens (e.g., bacteria). Nutrient loading is usually consid-
ered the most serious effect of agriculture on water quality. The two
nutrients of greatest concern with respect to water quality are nitrogen
and phosphorus.

Nitrogen is an essential crop nutrient that is added to soil mainly through
the decomposition of natural organic matter (dead plant and animal
material), the fixation of atmospheric nitrogen by nitrogen-fixing organ-
isms (e.g., legumes), and the application of animal manure and mineral
fertilizer. Nitrogen becomes available for crop use when it is in water
soluble forms, such as nitrate. Because it is soluble, nitrate that is not
used by the crop can be leached by water below the root zone into
groundwater. Nitrate is naturally present in all groundwater, but agricul-
ture can contribute to elevated levels of this substance. In many parts of
Canada, groundwater is the chief source of water for drinking and other
human purposes. Nitrate concentrations in groundwater may reach levels
that are harmful to humans and animals. Although nitrate itself is rela-
tively nontoxic, it can be converted in the digestive tracts of human
infants and ruminant animals (e.g., cows and sheep) to nitrite, which is
toxic.

Phosphorus is also an essential crop nutrient, added to soil mainly in
animal manure and mineral fertilizer. Phosphorus can dissolve in water

or remain in particulate form, attached to soil particles. It can move off
farmland dissolved in runoff water or attached to eroding soil. Because
erosion selects the finest particles at the soil's surface, to which phos-
phorus attaches, sediments that reach surface waters are usually richer in
phosphorus than the soils from which they came. Phosphorus moving off
farmland may raise concentrations of this nutrient in surface waters
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enough to cause eutrophication. In this condition, algae and other aquatic plants grow excessively,
depleting the supply of oxygen in the water and altering its pH (acidity). Eutrophication affects
both the ecological and economic value of surface waters. For example,

« the diversity of fish and other aquatic species may decrease
« drinking water sources may decline in quality
* water recreation, such as swimming and boating, may be hampered by algae and weeds.

Nitrate-laden groundwater and surface runoff can also reach surface waters and contribute to
eutrophication, but phosphorus is usually the limiting nutrient. In some inland waters, elevated
levels of phosphorus promote the growth of blue-green algae (cyanobacteria) that are toxic to ani-
mals and humans. Acute poisoning of humans from eating shellfish has been traced to algal
blooms caused by agricultural nitrate in east coastal waters.

In this section, two chapters present the risk of water contamination as a result of agriculture.
Chapter 12 looks at the risk of water contamination by nitrogen and Chapter 13, the risk of water
contamination by phosphorus. Future indicator development could include the risk of sedimenta-
tion and contamination by pesticides and pathogens.
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Risk of Water Contamination by
Nitrogen

K.B. MacDonald

Geographic scopeProvincial
Time series:1981, 1991, 1996

HIGHLIGHTS

Nitrogen is an essential nutrient that becomes available for crop
when it is in soluble form, such as nitrate. Nitrate can be leached
groundwater, an important source of drinking water, where it
reach levels harmful to humans. Nitrate can also enter surface w.
contributing to nutrient loading and possible eutrophication.

use
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ters,

An indicator was developed to assess the risk of water contamination

by nitrogen (N) from farmland based on tbanadian Water Quality
Guidelinessafe limit for nitrate-nitrogen in drinking water (10 mil
ligrams per litre). The indicator was calculated by dividing t
amount of nitrogen that could potentially move off farmland (resid
nitrogen) by the amount of excess water. The performance obje
is to have all Canadian farmland pose little or no risk of water G
tamination by nitrogen.

Excess water exists only in the humid regions of Canada, so the

he
Lal
Ctive
on-

ndi-

cator was calculated only for agricultural areas in British Columlbia,

Ontario, Quebec, and the Atlantic Provinces. Risk was expresse
three classes: low, intermediate, and high. In areas without excess
(comprising 90% of Canada’s agricultural land), water contaminal
by nitrogen under current management practices is associated witl
cific events, such as storms or moisture accumulation under sum
fallow, or with intensive livestock or crop production.

In the humid agricultural region of British Columbia, about 70% of far,
land was in the high risk class. Measures are being taken to remed
situation, possibly explaining the finding that British Columbia had
lowest share of farmland (57%) in the category showing increasing

din
vater
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mer-

"n_
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isk.

In central Canada, Ontario had the largest share (17%) and total ai

ea of

farmland at the highest risk of water contamination by nitrogen. Between
1981 and 1996 the estimated nitrogen content of water increased |by at

least 1 mg/L on 68% of Ontario’s farmland. Areas at high risk were s

th-

western Ontario, the areas around Lake Simcoe, and the South Nation

watershed. In Quebec, 6% of farmland was in the high risk class, |
ed mainly in the St. Lawrence Lowlands region and the area sou
Quebec City. Between 1981 and 1996 the estimated nitrogen conts
water increased by at least 1 mg/L on most (77%) of Quebec’s farm

cat-
h of
nt of
and.

In the Atlantic Provinces, more than 80% of farmland was at low fisk

of water contamination by nitrogen in 1996, but the estimated ni
gen content of water increased by at least 1 mg/L on about 60
farmland between 1981 and 1996.

The indicator is subject to limitations of data but is still useful
making regional comparisons, highlighting areas where field tes
is advisable, and providing an early warning that some areas may
greater risk of water contamination by nitrogen if appropriate m
agement practices to curtail this risk are not put into place.
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The Issue

ontamination of water by nitrogen from
farms is of greatest concern in areas of

intensive agriculture and excess soil moisture.

The Indicator

Description
e developed an indicator to assess the
Risk of Water Contamination by

Under these conditions, high levels of nitrogenNitrogen from farmland. The potential for farm

(which converts to the soluble form nitrate)

arénitrogen in the form of nitrate to contaminate

often added to the soil to maintain Optlmal CropNater is direct'y related to the movement of

production, and water is more likely to mov
off farmland into neighbouring waters.

€ water off farmland, either in overland flow or
by leaching through the soil profile into
groundwater. Thus, the indicator is based on

As the world demand for food and fibre pres- estimates of the potential concentration of

sures farmers to be more productive, the trenchitrate-nitrogen in water leaving farmland. The
toward increased intensification of agriculture |eve| of risk associated with various concentra-
in these humid areas of Canada will continue.tjons is based on tHeanadian Water Quality
Thus the risk of water contamination by nitro- Guidelinessafe limit for drinking water of 10

gen is a growing concern. An indicator is
needed to assess this risk in susceptible p
of the country and to monitor how this risk
changing over time.

Ontario groundwater survey

In 1991 and 1992, a survey of farm drinking water wells w
conducted throughout the province of Ontario. The objective of
survey was to determine the quality and safety of drinking water
farm families and to determine the effect of agricultur
management on groundwater quality at a provincial scale.

Four farm wells were chosen in each township in which mg

than 50% of the land area was used for agricultural productipn
Elsewhere, one well per township was usually sampled. Each

participating household completed a questionnaire about tk
well construction, distance to potential point sources of contami
tion (septic system weeping beds and tanks, feedlots or exer
yards, and manure storages), use of manure and fertilizers, crop,
system, pesticide use, and petroleum storage.

About 40% of the 1292 farm wells tested contained one or m
of the target contaminants. Nitrate-nitrogen concentrations ab
the safe limit for drinking water (10 milligrams per litre) were foun

in 14% of the wells, and bacteria and nitrate-nitrogen were foynd

milligrams of nitrate-nitrogen per litre. The
artsperformance objective for the agricultural
IS industry is to ensure that the quality of water
moving off agricultural land to groundwater
and surface waters is not seriously impaired by
agricultural activity.

Method of calculation

The potential concentration of nitrogen in
water leaving farmland was determined by

RS dividing the amount of nitrogen by the amount
he of water available to dilute this nitrogen (called
for excess watgr The quantity of nitrogen that is

al potentially available to move off farmland,
called residual nitrogen, was calculated as
described elsewhere in this report for the indi-
cator Residual Nitrogen. As outlined in that
chapter, values for residual nitrogen are direct-
ly related to crop production and provide a rea-
. sonable estimate of nitrogen loading under

I average land uses. They include the input of
'@ nitrogen from animal manure, but the results
Cisevere averaged over areas that were usually too
pindarge to show the impacts of localized areas of
intensive livestock production, where manure
nitrogen values may be much higher.

re
0

e

Dre
DveThe amount of water that is potentially avail-

d able to move off farmland was calculated by
devising a moisture budget based on 30-year
averages for precipitation (moisture input) and

together in 7% of wells. The survey results for nitrate contamina- potential evapotranspiration (moisture output).

tion were not significantly different from those reported for a surv,
of Ontario wells during 1950 to 1954, but the incidence of bacte
had almost doubled since the earlier survey.

M. Goss, University of Guelph

=Y The difference between these two values was

ra used as the estimate whter surplusor water
deficit Only mapping areas with a water sur-
plus were used to calculate the indicator. These
areas are located in the agricultural regions of
British Columbia, Ontario, Quebec, and the
Atlantic Provinces
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Nitrate losses under New Brunswick potato production

Nitrate contamination of surface water and groundwater is a major environmental concern for potato farmers infAtlantic
Canada. Potatoes are often grown on sloping lands that are subject to erosion and input requirements are fairly high.
Combined with the moist maritime climate of this area, these production conditions often result in significant erogion and
loss of nutrients from farmland.

A monitoring program being run in the Black Brook watershed, located in an area of intensive potato production|in New
Brunswick, follows the groundwater quality and movement of sediment and nutrients to surface streams in the cgtchment.
Cumulative surface water flows and the accompanying sediment and nitrate-nitrogen content for 1992 to 1994 gre shown
in the graph below. About half of the annual discharge occurred during the freshet in April. Annual nitrate loading repre-
sented about 6% of the amount of nitrogen applied as mineral fertilizer. Nitrate-nitrogen concentrations in runoff| consis-
tently ranged from 2 to 9 milligrams per litre and twice exceeded the safe limit for drinking water (10 mg/L) in that peri-
od. Nitrate-nitrogen concentrations in groundwater are near 10 mg/L throughout the whole watershed. Concentrations do
not decrease appreciably with depth, suggesting a long term condition of equilibrium. The lowest concentrgtions of
nitrate-nitrogen are measured at the watershed’s outlet, where the combined effects of all land uses, both agricyltural and
non-agricultural, would be detected.

Cumulative surface water discharge and sediment and nitrate losses from the Black
Brook watershed, N.B., 1991 to 1994
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T.L. Chow, P.H. Milburn, H.W. Rees, Agriculture and Agri-Food Cangda

The capacity of the soil to hold available watergroundwater or the tile flow is unlikely. The
was also an important factor in the water budgetpposite is also true.

This capacity was estimated at 100 millimetres

for sand or sandy loam, 150 mm for loam, The Risk of Water Contamination by Nitrogen
200 mm for clay loam, and 250 mm for clay. Ifwas expressed in three risk classes: low

the available moisture (precipitation — potential(0—6 milligrams of nitrogen per litre), which
evapotranspiration) is less than the available is below the drinking water guideline; interme-
water-holding capacity, the soil profile is not diate (6.1-14 mg N/L), showing areas where
saturated and movement of nitrogen into nitrogen levels in water may approach
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Table 12-1

Risk of water contamination by
nitrogen on farmland in Canada’s
humid regions under prevailing
management practices in 1996

Share (%) of farmland in various water
Province Farmland contamination risk classes
area* - B
(million ha) Low Intermediate High
(0-6 mg N/L) |(6.1-14 mg N/L)| (> 14 mg N/L)

British Columbia 0.1 6 25 69
Ontario 4.2 39 44 17
Quebec 1.9 58 35

Atlantic Provinces 0.4 82 15

* Farmland area here is the sum of all Census of Agriculture land classes except.
All Other Land. Value for British Columbia is for the south coastal region only.

or exceed the drinking water guideline; high

Limitations

Calculation of this indicator was subject to

the same limitations described for the calcu-
lation of residual nitrogen, described in the
chapter on the indicator Residual Nitrogen.
The procedure used to calculate excess mois-
ture underestimates the true value because
potential evapotranspiration is always greater
than actual evapotranspiration. Thus, values
of the indicator are in turn overestimated.

Results of the excess water calculations show
that about 90% of Canada’s agricultural land
(the semi-arid agricultural areas of the Prairie
Provinces and British Columbia) is generally
not at risk of causing water contamination by
nitrogen. However, in these regions there are
localized areas of intensive agriculture
(chiefly livestock operations, but also irrigat-

(14.1 mg N/L or greater), showing areas where®d farmland) close to susceptible water
exceeding the drinking water guideline is likely. F€Sources, with resulting water contamina-

To show trends in the indicator, changes

tion. The procedure described here is not sen-
sitive enough to identify these areas. Neither

(increases or decreases) by more than 1 mg/Lcan it capture the nitrogen contamination of

were used, representing 10% of the drinking

water associated with major storms and

water standard. The performance objective of Funoff events in semi-arid regions, because
the indicator is to have all Canadian farmland indicator calculations are based on data for

pose little or no risk of water contamination by climatic normals.

nitrogen.

Risk of water contamination by .m

nitrogen on British Columbia’s farmland under
1996 management practices

Risk class

=
]
|

Low
Intermediate

High

Results

able 12-1 presents values for the risk of

water contamination in 1996 for the agri-
cultural areas of British Columbia and east-
ern Canada, where there is generally a mois-
ture surplus. Only a small share (about 5%)
of British Columbia’s farmland has an aver-
age annual moisture surplus, but the risk of
water contamination from agricultural activi-
ties is high in most of this area. In eastern
Canada, the risk of water contamination is
low or intermediate on most farmland.
However, 17% of Ontario farmland, 6%
of Quebec farmland, and 3% of Atlantic
farmland was at high risk.

Areas particularly at risk of water
contaminaion by nitrogen in 1996 are
shown for British Columbia (Fig. 12-1),
and centralCanada and the Atlantic
Provinces (Fig. 12-2).
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These areas include

Share of farmland for which the Table 12-2

« the Lower Mainland and Vancouver Island in estimated nitrogen content of

British Columbia ) water changed between 1981
» southwestern Ontario, the areas around Lak and 1996

Simcoe and in the South Nation watershed
 the St. Lawrence Lowlands of Quebec and

Share (%) of farmland for which the

the region south of Quebec City. Ecozone Farmla*nd nitrogen content of water changed
(m?"riii ha) Content No change Content increased

Between 1981 and 1996, the estimated nitro- decreased by at by at least
gen content of water increased by at least one least1mg NIL_| (110 +1 mg N/L) 1 mg NL)
milligram per litre on 57 to 77% of the farm- | British 0.1 31 12 57
land assessed by this indicator (Table 12-2). | Solumbia

Ontario 4.2 2 30 68

Quebec 1.9 1 22 77
Interpretation Atlantic

Provinces 0.4 2 36 62

outhern Ontario and the St. Lawrence * Farmland area is the sum of all 1996 Census of Agriculture land classes except All
LOWlandS. of ngbec had the most f?-rmf Other Land. Value for British Columbia is for the south coastal region only.
land at the highest risk of water contamination

by nitrogen. The areas of greatest risk corre-

spond to those of intensive farming. Although

the actual area of farmland has decreased sin@®rn and soybeans. Corn requires larger addi-
1981, the area of annual crops has remained tions of nitrogen than other common annual
relatively constant. There have been substantiarops. Soybeans are able to fix large amounts
shifts in crop type, with increases in the area obf nitrogen to support production. In addition,
crops that use high levels of nitrogen, mainly the intensity of livestock production has

Risk of water contamination by nitrogen on farmland in Central and
Atlantic Canada under 1996 management practices

Risk class

L] Low
[ 1 Intermediate

B High
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Nitrate contamination of

a British Columbia aquifer

The Abbotsford—Sumas aquifer straddles the border between B
Columbia and the state of Washington. It is an unconfined sand
gravel aquifer with a water table that varies in depth from 3 to n
than 20 metres. The aquifer is recharged mainly by precipitation

Response Options

B ecause the indicator was developed from
N generalized databases, the results should
itislhe confirmed by field testing, particularly
angh areas shown by the indicator to be at high
Orérisk. Research is also needed to develop

methodologies and databases appropriate for
assessing the risk of water contamination by

The water quality issue of greatest concern for the aquifer is nifratenitrogen in the semi-arid regions of Canada.

contamination. Groundwater nitrate concentrations exceed
Canadian water quality guideline of 10 milligrams of nitrate per li
in a large portion of the aquifer, and concentrations in individ
wells have been as high as 40 mg/L. In the aquifer, the groundv
flows mainly to the south, so nitrate contamination in the Canag
portion of the aquifer affects users on the American side.

the

tre In areas falling in the high risk class, measures

Lial that minimize the amount of nitrogen leaving

atefarmland will help to reduce this risk. These

lianmeasures may include growingtch cropgusu-
ally a lower-value crop planted in the fall after
the main higher-value crop has been harvested)

Agriculture has been identified as one of the main contributors to

theor using rotations that include crops that take up

nitrate contamination of the aquifer, though it is not the sole confrib-excess soil nitrogen. They also include many
utor. Agricultural production over the aquifer includes intensive gni- nutrient management practices, such as

mal production (mainly poultry, but also dairy and beef) and intensive. properly accounting for all major sources of
crop production, especially raspberries. The trend over the pagt 30 nitrogen, including that added in animal

years has been a decrease in dairy and beef operations, which have ananure, crop residues, and legume plowdown

sufficient land base on which to apply animal manure; an increas
poultry operations, which do not have an adequate local land bas
manure application; and an increase in the production of raspbe
a crop with a low nitrogen requirement. The result is that nitro
inputs from manure now exceed the capacity of the agricultural

to use that nitrogen efficiently. Steps are now being taken by pro
ers to manage nutrients more carefully and to transport manu
other locales with lower animal populations.

B. Zebarth, Agriculture and Agri-Food Canad

€10 improving the estimates of crop needs

e for . . .
ies further developing and using nitrogen tests

" for soil and crops, and basing nitrogen inputs
on the results of such tests

jen
and
Huce timing nitrogen application to match times of
e to Mmaximum crop need, and avoiding times of
major leaching
* setting goals for crop yields that are both eco-
nomically and environmentally sustainable.

Conclusion

increased in this area, resulting in greater

amounts of manure nitrogen to be managed.

About 70% of agricultural land in the hum

he indicator applies to about 10% of
Canadian farmland and provides a reason-

id able estimate of the risk of water contamina-

areas of British Columbia also had high risk {5 by nitrogen at regional and provincial lev-

values because of the growing intensification

of crop and livestock productios€eBox).

In other provinces covered by this indicator

farmland tends to be more fragmented an

els. It is useful for making regional compar-
isons, showing trends over time, and targeting
more detailed analysis. Although this indicator
' applies to the humid agricultural areas of

d iScanada, drier areas may also be susceptible to

of mixed quality. So, although there are areas yer contamination by nitrogen, especially in

of intensive agriculture, they are usually b
anced by areas of poorer land under less
demanding uses, such as pasture. Also,

because of climatic limitations, the regions
have not shown the same shifts to crops that

al- areas of intensive livestock operations or inten-

sive crop productionseeBox on Alberta).

The trend analysis, either on its own or along
with field data, may provide an early warning

produce higher levels of biomass and requirey,at areas now not at risk will become so

larger inputs of nitrogen.

unless appropriate management practices are
put into place.



Related Indicators

his indicator may identify areas where

eutrophication of surface waters is a
problem, as does the Risk of Water
Contamination by Phosphorus. The Risk of
Water Contamination by Nitrogen increases
with high levels of Residual Nitrogen.
Nitrogen levels in the soil are influenced by
various components of the Management of
Farm Nutrient and Pesticide Inputs indicator.

Risk of Water Contamination by Nitrogen

In Alberta the agricultural industry has grown markedly in the pas
years. Farmland area on which mineral fertilizers and pesticides
used has almost tripled. The number of cattle has grown by more
50%, with Alberta now producing almost 40% of Canada’s beef

finishing more than 65% of it.

Because agriculture occupies such a large land base in Alberta
farmers are themselves major users of water, water quality is a
mary concern of the agricultural industry. Under the Canada—Alb
Environmentally Sustainable Agriculture Agreement, a 5-year st
(1992-1996) was undertaken to assess the effects of primary ag
ture on water quality in Alberta’s agricultural areas. Water was m
itored for nutrients, pesticides, and bacteria in farmstead wells
dugouts, surface waters (lakes and streams), and irrigation canal

The major findings relating nitrogen levels in study waters to
Canadian Water Quality Guidelinegere:

e 0.6% of 448 deep wells sampled had nitrate-plus-nitrite levels
above the guideline for human drinking

e 13% of 376 shallow wells sampled had nitrate-plus-nitrite level
above the guideline for human drinking, and 0.3% of these we
exceeded the guideline for livestock drinking

« nitrate-plus-nitrite levels did not exceed the guidelines for hum
or livestock drinking (there are no guidelines for this combinati
of substances respecting aquatic life) in dugouts, streams, or i
gation canals.

e 87% of streams in areas of highly intensive farming had total
nitrogen levels that exceeded the guideline for aquatic life; this
figure was 65% in areas of moderately intensive farming and 3
in areas of low-intensity farming.

The source of nitrate-nitrogen in shallow wells was unclear, tho
research shows that excessive manure and fertilizer applications
result in widespread contamination of groundwater with nitre
Unconfined shallow aquifers are particularly at risk.

Source: Alberta Agriculture, Food

and Rural Development, 1998

Monitoring nitrogen in
Alberta’s farmland waters
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D. Water Quality

Risk of Water Contamination by
Phosphorus

M.A. Bolinder, R.R. Simard, S. Beauchemin, and K.B. MacDonald

Geographic scopeQuebec
Time series:1981, 1991, 1996

HIGHLIGHTS

* Phosphorus moving off farmland into surface waters can catise
eutrophication; overgrowth of algae and aquatic plants; redu¢ed
oxygen levels in water; and subsequent changes in the species com-
position of the aquatic ecosystem. An indicator is needed to estinjate
to what extent phosphorus may move off farmland into surfgce
waters under various soil and landscape conditions and agricultpral
management practices.

* A preliminary indicator for the Risk of Water Contamination by
Phosphorus was developed. The indicator was estimated using|val-
ues for the risk of phosphorus transfer, weighting these vallies
according to seven site characteristics, then summing them to olhtain
an overall index. The risk was first expressed in five classes: very
low, low, medium, high, and very high. However, because no land
was rated at very low or very high risk, these classes were dropped
and the medium risk class was subdivided into medium low, medi-
um, and medium high. A performance objective will be defingd
when the indicator has been further developed.

 Indicator ratings were calculated for agricultural areas of Quebe¢ in
1981, 1991, and 1996. Ratings were very similar between 1981 and
1996, with about 19% of farmland area at low risk, 72 to 73% |at
medium risk, and 8 to 10% at high risk of water contamination py
phosphorus. However, this similarity masks the distinct drop in the
area at low risk (13%) and the jump in the areas at medium fisk
(77%), especially medium high risk, in 1991.

* The approach showed some sensitivity to variations over time injthe
census data, particularly related to the contribution of phosphorus
from manure and mineral fertilizers (e.g., the indicator estimated
that the relative risk of non-point source pollution by phosphorus
rose between 1981 and 1991).

» Further work on the indicator is needed to gather better index data
and account for specific management practices at the farm leyel.
This indexing approach must remain flexible to accommodate
regional differences in soil characteristics and climatg.
Modifications must be made to refine the ratings in the methoddlo-
gy (e.g., some areas expected to be in the high risk class from water
quality data did not rate as such with the indicator).
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The Issue The Indicator

S urface water in Quebec is an abundant natDescription

ural resource, covering about 10% of the g t js difficult to measure how much phospho-
province. About 4500 rivers, half a million rus reaches surface waters from farmland.
lakes, and 430 major watersheds make up thisThe processes involved are complex, and little
resource. The overall quality of river water hasjs known about how much phosphorus enters
improved in the past 20 years, mainly becausethese waters naturally. Instead, we have adapt-
of better control of point-source pollution (e.9.,ed an indicator that rates sites based on the rel-
better treatment of mUniCipal waters and less ative risk (Compared to other Sites) of phospho-
industrial pollution). Still, long term environmen- 5 moving through them into neighbouring
tal objectives have not yet been achieved, and waters. This indicator, the Risk of Water
many regions still have undesirable water qualitycontamination by Phosphorus, builds on an
partly as a result of non point-source pollution indexing approach developed by scientists in
by phosphorussgeBox on Boyer River). the United States. A performance objective will

be defined when the indicator has been further
Areas at risk of water contamination by phos- geveloped.

phorus are those in which water moves freely

from agricultural fields to surface waters. Method of calculation

Regions where soil tests show high phosphorushe indicator was calculated by determining
levels and where the ability of soils to retain  the rate at which phosphorus would move
phosphorus is low (i.e., low soil phosphorus  through a landscape depending on various
sorption capacities) are particularly at risk. An features (seBox). The indicator was first
indicator is needed to show where the risk of expressed in five risk classes: very low, low,
such contamination by agricultural activities is medium, high, and very high. However,

of greatest concern, and how this risk is Changbecause no land was rated at very low or very
ing over time. high risk, these classes were dropped and the
medium risk class was subdivided into medium
low, medium, and medium high to better show
differences in the risk. The indicator was calcu-
lated for areas in Quebec for which data on site
Thirty years ago, the Boyer River was a prolific spawning grouhd features were available, covering a land area of
for smelt. Today there is an excess of nutrients and suspended jma@bout 1.9 million hectares.

ter in the river, and the smelt are gone. The Boyer River, located

near Quebec City on the south shore of the St. Lawrence Riler,Limitations

drains a watershed of 21 700 ha. About 60% of this area is farmland /N this application the indicator is subject to the
much in high density livestock production. More than half the arep’s following limitations:

275 farms produce hogs. Excess nutrients in this watershed ((the the indicator was calculated for Quebec only,
amount left in the system after crops are harvested) are estimated at because of the restricted availability of rele-
317 tonnes of phosphorus and 630 tonnes of nitrogen annually. vant data

» some data were not available (e.g., the site
The poor condition of the river is of common concern for the peo-  featuressoil test phosphoruanddegree of

ple who live in the watershed. To do something about it, a commit-  sojl phosphorus saturatiowere kept con-

tee, GIRB (Groupe d’Intervention pour la Restoration de la BoyE r), stant across the census years because data
was formed, and specific programs were designed to clean up|the \yere not available: however, these values
water and introduce resource conservation measures. With fedgral, would probably have been lower in 1981
provincial, and private funds, participating farmers have been bulld-  than in 1991 and 1996)

ing better manure storage structures, completing engineering works,
to stabilize river banks, managing animal watering places, and
restricting animal access to the river. They have also adopted ¢on-
servation farming practices that do a better job of managing cfop
nutrients, preventing erosion, and dealing with surplus manure.

The Boyer watershed

working at the level of th&oil Landscapes

of Canadamapping areas, many important
factors related to the risk of water contami-
nation by farm-derived phosphorus could not
be included in the index (e.g., details of
manure application); applying this approach
at the watershed or farm level will require
more detailed information

Source: Saint-Laurent Vision 2000, 1998




Risk of Water Contamination by Phosphorus

Site features

Risk of water contamination by
phosphorus on Quebec’s farmland

depends on various features of that sjte.
Seven such features were used to calculate
the Risk of Water Contamination
Phosphorus.

Two of these features are directly related) to
phosphorus transport: soil erosion, estimated
using the Revised Universal Soil Loss

Equation For Application in Canada; and

overland flow(surface runoffpotential,esti-
mated by relating the percentage of slope
runoff curve numbers.

to

Two site characteristics are related to the sta-
tus of phosphorus in the soil: degree of Soll
phosphorus saturation, considered to |be
related to the risk of both surface and suib-
surface transport of P, and soil test phospho-
rus. Both of these were estimated from a

provincial soil survey.

Risk class’

E Very low risk
]

|:| Medium-low risk

Medium risk
the
rop.

Three site characteristics are related to
annual phosphorus balance component: @
residue, manure, and mineral fertilize
These features were calculated by adap
the method developed for the indicator
Risk of Water Contamination by Nitrogen.

Low risk Medium-high risk

—

in
of

High risk

Figure 13-2 shows how risk values changed
between census years. Between 1981 and
1991, the area at low risk of phosphorus move-
ment shrank while that at medium, particularly
medium high, risk grew (the area at medium
high risk more than doubled during this peri-

« a phosphorus-indexing approach has not ~ 0d). By 1996, the areas at medium and high

been previously applied on such a large aredisk had returned to roughly 1981 values, and
work is needed to refine the ratingsl the area at low risk had grown by about 30%.

Source: Bolinder et al., 1998

Results

igure 13-1 shows indicator ratings for
mapping areas in Quebec in 1996. Most

Interpretation

igh phosphorus levels are often seen in
areas of high density animal production,

of the mapping areas with risk ratings of medi-where local manure disposal may result in

um or higher were located in the St. Lawrence
Lowlands and the region south of Quebec
City, where agriculture is more intensive.
Areas ranked at low and medium low risk
were located mainly in the Laurentian region

more phosphorus being applied to soil than is

removed by harvested crops. A high degree of

phosphorus saturation is also often found in
soils used to grow cash crops with a high
need for phosphorus, such as grain corn and

and western Quebec, as well as in the region Soybeans (this usually means that large

north of Quebec City, areas where agriculture
is less intensive.

amounts of phosphorus fertilizer have been
applied).
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Changes in the risk of water
contamination by phosphorus on
Quebec’s farmland between 1981 and 1996

40

Shrare (%) of farmland

Medium low

Low

B 1081

Medium  Medium high

B 001

High

[ 1096

Total phosphorus concentrations often exceed
the provincial standard (0.03 milligrams of

total phosphorus per litre of water) in the
Assomption, BoyerdeeBox), Chaudiére,
Etchemin, Nicolet, Richelieu, St-Francois, and
Yamaska rivers, which drain watersheds with
high livestock densities. The indicator did not
clearly identify all these watersheds as areas of
concern, although it did identify some.

For example, mapping areas located around the
Etchemin, Chaudiére, and Assomption rivers
showed indicator values toward the high level.
Although some risk values for these areas
changed over time, most of the polygons
remained at medium high or high risk. The
Quebec Ministry of Environment reports that,
between 1988 and 1991, phosphorus levels
were higher than the provincial norm 82% of
the time in the Chaudiére River, 97% of the
time in the Etchemin River, and 100% of the
time in the Assomption River.

In contrast, regions such as Abitibi and Lac

Managing phosphorus on the farm

Dealing with agricultural non-point source pollution of waterwa
begins on the farm. Thus it is important that farmers understang
processes involved, as well as the actions needed to solve the
lem. The environmental farm plans being used voluntarily by m
Canadian farmers are one way to put these changes into pla
phosphorus-indexing approach with detailed information can ee
be integrated into environmental farm plans.

Agronomist Jocelyn Magnan of the Club de fertilisation de |la Beal
Inc., is introducing this approach to farmers in the province
Quebec when he helps to design farm plans. “The advantage wit
phosphorus-indexing approach is that the farmers can easily u
stand the concepts involved and how it is calculated. Therefore,
can actively participate in the appropriate decisions that are req
to reduce the environmental risk,” says Jocelyn.

Provincial scientists in Ontario are also introducing this approac
farmers. Applying the Risk of Water Contamination by Phospha

indicator at the farm level can identify management practices that{w

help to reduce the risk of phosphorus contamination of water. T
practices include

« applying manure according to crop needs and the ability of the
to retain phosphorus (i.e., phosphorus retention capacity)

e using measures to control erosion
« avoiding fall application of manure in areas of high risk.

Source: Simard et al., 1998

;

Saint Jean had mapping areas mainly in the
low risk class, though some medium low risk
areas exist. Non point-source pollution of sur-
face waters by phosphorus is less often
ys observed there. These regions have a more
thextensive agriculture, dominated by beef and
probairy cattle production, and most of the culti-
anyvated area is grassland.
ce. A
sily
Response Options
uc here are various ways to reduce the risk of
phosphorus transfer, depending on site
def aracteristics, cropping practices, and how
he)r,nuch phosphorus is present at the site. For
iredreas ranked at very low to medium risk, man-
agement options to minimize transfer of phos-
phorus to the surrounding environment include
N toe controlling erosion
r“_Tl- restricting animal access to surface waters
i
Lesé Optimizing uptake of phosphorus by crops
e managing mineral fertilizer and animal
soil Manure more effectively.

o)
h theh

For watersheds in which soils are at high and
very high risk of losing phosphorus, these
management practices should be carried out
along with other measures. Where soil test

phosphorus is high, phosphorus additions




should be limited and the balance between

Risk of Water Contamination by Phosphorus

inputs and outputs kept as close to zero as po Bl sy el Ly
sible. This implies that manure management livestock operations

strategies should be based on phosphorus
rather than on nitrogen. Various codes of prac-
tice and government regulations promote this
goal GeeBox on new Quebec regulation).

Where phosphorus levels in soil are very high
and the ability of the soil to retain this phos-
phorus is low, it is desirable to reduce the
amount of phosphorus in the soil. This means
that the amount of phosphorus exported by
crops must be greater than the amount added
soil by manure and mineral fertilizer. Crops
with a high requirement for phosphorus might
also be selected (e.g., including silage corn or
canola in the rotations).

Areas of intensive animal production and
restricted land base would benefit from tech-
nologies that both reduce the amount or solu-
bility of phosphorus in manure and export the
manure off site (e.g., composting).

Conclusion

he Risk of Water Contamination by
Phosphorus indicator highlights differences
in risk levels between areas of intensive and

Quebec’s new regulation for livestock operations, the Regulation
the Reduction of Pollution of Agricultural Origin, which came in
force in July 1998, aims to protect soil and water quality throt
strict provisions for the timing of manure application, the applicat

for
(0}
gh
on

of nutrients to phosphorus-rich soils, and the separation distances

between watercourses and farm activities and structures. In adc
to a requirement for operating permits that is retained from prev
regulations, livestock producers must prepare a nutrient manage

ition
ous
ment

plan for the storage and application of manure, compost, and mineral

fertilizers, specifying appropriate periods and amounts for appl
tion. The plan must be approved by an agronomist, a soil technol
under the supervision of an agronomist, or a producer trained for
task.

Among other requirements, producers must

* have 200 days of manure storage capacity for facilities built be
3 July 1997 and 250 days of storage capacity for facilities b
after that date

» avoid manure application between 1 October and 31 March ur]
a nutrient management plan is in place or application pract
comply with provincial guidelines

e avoid applying phosphorus fertilizer to phosphorus-rich s
beyond crop requirements and must include measures to re
levels of soil phosphorus in the nutrient management plan.

Source: Hog Environmental Strategy Steering Committee, 1
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less intensive agriculture. It also shows some

sensitivity to changes over time in census data, .
Related Indicators

particularly related to the contribution of
phosphorus from animal manure and mineral
fertilizers.

his indicator is related to the Risk of Water
Erosion, because phosphorus can be carried

More research is needed to make sure that sité¥0 surface waters by runoff from farmland.
ranked in the high and very high risk classes The potential for water to be contaminated by
actually and consistently transfer significantly nitrogen, another crop nutrient that moves off

higher amounts of phosphorus to surface

farmland into water, is assessed by the Risk of

waters than sites with lower risk. We caution Water Contamination by Nitrogen. The amount
that the indicator should only be used to identiof phosphorus in soil is a major factor in the
fy areas at risk of phosphorus transfer. These Risk of Water Contamination by Phosphorus,
areas should then be studied in more detail to and this amount is subject to the Management

verify the actual nature and degree of risk
involved.

The sources and factors related to non point-
source pollution by phosphorus may differ
across the country. The indicator will have to
remain flexible to take into account regional
characteristics of soil and climate.

of Farm Nutrient and Pesticide Inputs.
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Agroecosystem Greenhouse
Gas Emissions

The earth absorbs short wavelength radiation from the sun and then re-
radiates it into the atmosphere at longer wavelengths. Certain gases in
the atmosphere, such as water vapour, nitrous oxide, methane, carbon
dioxide, and ozone, act like greenhouse windows and trap this radiation.
The trapped radiation warms the earth, bringing the average surface tem-
perature to 15°C instead of —18°C, the temperature that would occur
without this trapping effect. This phenomenon, hia¢ural greenhouse

effect has warmed our planet for billions of years.

Atmospheric concentrations gfeenhouse gasesd average global
temperature are thought to have changed little from century to century
over the last 10 000 years. During the last five decades, however, green-
house gas concentrations have risen dramatically. As a result, these gases
trap more of the outgoing terrestrial radiation, warming the atmosphere
and the earth’s surface in anhanced greenhouse effect

Nitrous oxide, methane, and carbon dioxide account for almost 90% of
the enhanced greenhouse effect. Their concentrations have risen during
the last 50 years by

* 15% for nitrous oxide
* 145% for methane
* 30% for carbon dioxide.

The Kyoto Protocol

The Kyoto Protocol to the United Nations Framework Convention[on
Climate Change was adopted by more than 160 nations in December
1997. The protocol is aimed at lowering overall emissions of a group
of six greenhouse gases by the period 2008-2012. The three |most
important gases—nitrous oxide, methane, and carbon dioxide—jwill
be measured against a base year of 1990. The three long-lived ihdus-
trial gases—hydroflurocarbon, perflurocarbon, and sulfur hexafluo-
ride—will be measured against either the 1990 or 1995 base year.

Under this international agreement, individual countries have negoti-
ated for different levels of reduction. Switzerland will lower its emjs-
sions by 8%, as will the European Union and many central and |east
European states. The United States will lower its emissions by (7%,
and Canada, Hungary, Japan, and Poland will lower theirs by |6%.
Russia, New Zealand, and the Ukraine will stabilize their emissions,
while Norway may increase its emissions by 1%; Australia, by| as
much as 8%; and Iceland, by 10%.

R.L. Desjardins, Agriculture and Agri-Food Canada
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If these concentrations continue to rise at the current rate, computer models that simulate the
workings of the atmosphere predict that the average global surface air temperature will rise by
about 2°C by the year 2100. Such a temperature change is expected to cause greater fluctuations
in weather conditions, with severe effects on the agricultural industry and other human activities.
Global warming is still being debated, but a sharp rise in global temperatures in the past decade
has spotlighted humankind’s contribution to climate change. Such an increase in temperature
could also result in greater loss of soil carbon, which could affect the greenhouse gas budget
directly.

Recognizing the threats due to climate change, many countries have recently agreed under the
Kyoto Protocol to reduce their greenhouse gas emissse@eB¢x). Canada aims to reduce its

emissions to 6% below the 1990 levels by the period 2008—2012. Assuming today’s conditions,
meeting this target will necessitate a reduction of about 140 megatonnes carbon dioxide equivalent
per year. This figure corresponds to about 20% of the expected emissions in 2010. To achieve such
a reduction will require a joint effort from all sectors of the Canadian economy.
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Agricultural Greenhouse
Gas Budget

R.L. Desjardins and R. Riznek

Geographic scopeNational, provincial
Time series:1981, 1986, 1991, 1996

HIGHLIGHTS

» Atmospheric concentrations of greenhouse gases — particularly nitrous
oxide, methane, and carbon dioxide — have been increasing dramatically in
the past 20 years, enhancing the greenhouse effect by which the earth’s
atmosphere is warmed. Uncontrolled buildup of these gases in the gtmos-
phere may cause global warming and other climate changes.

An indicator was developed to estimate the combined emissions of njtrous
oxide, methane, and carbon dioxide as a result of agricultural actvity.
Emissions were estimated for nitrous oxide and methane usind the
Intergovernmental Panel on Climate Change methodology, and for carbon
dioxide using the Century model. The performance objective is to have
declining net emissions of greenhouse gases over time.

According to the most recent estimates, total agricultural emissions of nitrous

oxide, methane, and carbon dioxide (the first two expressed in carbon dioxide

equivalents) in 1981, 1986, 1991, and 1996 were 83, 78, 77, and 86 iega-
tonnes, respectively, representing about 13% of total 1996 Canadian [emis-
sions. These amounts include all sources associated with farming except food
processing and transportation, and reflect an increase of about 4% bgtween
1981 and 1996.

Agricultural emissions of nitrous oxide in 1981, 1986, 1991, 1996 werg 99,
96, 99, and 120 kilotonnes respectively, rising by 21% between 1981 and
1996. Agricultural emissions of methane were relatively constant, at 1045,
927, 949, and 1074 kilotonnes during these years. Total agricultural €mis-
sions of carbon dioxide were 30, 28, 26, and 26 megatonnes during |these
years, dropping by 13% between 1981 and 1996. This reduction in carbon
dioxide emissions was mainly the result of adopting conservation farfning
practices. During this period, the increase in nitrous oxide and methane|emis-
sions was mainly the result of more-intensive farming practices and grqwing
use of nitrogen fertilizer.

At the provincial level, greenhouse gas emissions from Alberta increasef sig-
nificantly from 17 megatonnes in 1981 to 21 megatonnes in 1996. Emissions
from Manitoba also increased during this period. Emissions were relafively
steady in British Columbia, Saskatchewan, and the Atlantic Provinces, yhile
those from Ontario and Quebec tended to decrease. Based on 1996 esfimates,
British Columbia contributed 4% to Canada’s total emissions; Alberta, 34%;
Saskatchewan, 19%; Manitoba, 13%; Ontario, 17%; Quebec, 11%; and the
Atlantic Provinces, 2%.

Emissions from animal manure in carbon dioxide equivalents (19 mega-
tonnes in 1981, 20 megatonnes in 1996) and from mineral fertilizers (8 mega-
tonnes in 1981, 12 megatonnes in 1996) generally increased throughopt this
period, whereas emissions from crops (16 megatonnes in 1981, 14 mega-
tonnes in 1996) tended to decrease. Enteric fermentation has remained rela-
tively steady in its contribution.

Nitrous oxide release can be minimized by using methods of nitrogen appli-

cation that improve plant uptake efficiency, reduce nitrous oxide release per
unit of nitrogen applied, and reduce the amount of nitrogen in manuie by

changing the composition of livestock feed. Methane emissions can be

reduced by using better methods of manure storage and feeding. Garbon
dioxide emissions can be reduced by increasing soil carbon content and
reducing the use of fossil fuels.
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The Issue The performance objective for this indicator is
to have declining net emissions of greenhouse
griculture contributes 10 to 13% of gases over time (a specific reduction target has
Canada’s greenhouse gas emissions. not been established for agriculture).

Although this is a relatively small share, reduc-

ing this contribution would help Canada meet Method of calculation

its reduction commitment. Agriculture is also Nitrous oxide

one of the sectors most likely to be affected bywe mainly followed the methodology of the
climate change. If change takes place gradualintergovernmental Panel on Climate Change

ly, agriculture may be able to adapt. But sud- (IPCC), incorporating Canadian data where
den change could have drastic results, such agossible, to estimate three categories of nitrous

» changes in production patterns oxide emissions:
« increases in crop damage » direct emissions from agricultural fields
 water shortages * direct emissions from animal production sys-

* new, unpredictable changes in the interactions tems

among crops, weeds, insects, and disease. ¢ indirect emissions derived from nitrogen that
came from agricultural systems.
The agricultural sector must take steps to reduce
greenhouse gas emissions and to monitor its  Direct emissions from agricultural fields
progress in doing so. To accomplish this, an  include those from
accurate inventory of emissions and an under- « mineral fertilizers applied to agricultural
standing of the controlling factors are needed.  spils

e animal manure used as fertilizer

The Indicator ¢ nitrogen-fixing crops
 crop residues
Description * the cultivation of organic soils.

F igure 14-1 shows the main sources and
sinks of greenhouse gases associated withDirect emissions from animal production sys-
agroecosystems. The Agricultural Greenhouse tems include those from animal wastes (during

Gas Budget indicator estimates the net exchangeollection and storage) and grazing animals
of nitrous oxide, methane, and carbon dioxide, (direct deposit onto pastures).

with the first two gases expressedctarbon

dioxide equivalentgseeBox on pg. 143). Applying nitrogen fertilizers and animal
manure can result in the indirect release of
nitrous oxide by

. . . « volatilization and atmospheric deposition of
Principal sources and sinks of m P P

greenhouse gases associated with

ammonia and various oxides of nitrogen
* nitrogen leaching and runoff.

agroecosystems
| Atmosphere | The data used Fo estimatg nitrogen Iosse; in the
o form of ammonia and various oxides of nitro-
CHi gen were derived from estimates of nitrogen
N,O fertilizer use and nitrogen from animal manure.

As more measurements of nitrogen deposition
become available, the emission factors will be
modified to better reflect Canadian conditions.

Methane

Methane is emitted mainly from farm animals
(burping and flatulence) and th@aerobic
decomposition of their manure. We used

methodology established by the IPCC to calcu-

late these emissions. As more representative
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Carbon dioxide equivalents

A gas’s contribution to the greenhouse effect depends not only on its capacity to absorb and re-emit radiation, but also on its
residency timén the atmosphere — how long it remains there in that molecular form. Gas molecules gradually break down
or react with other atmospheric compounds to form new molecules with different radiative properties.

Methane has an average residency time of about 12 years; nitrous oxide, 130 years; and carbon dioxide, 200 years. Over
a 20-year period, 1 kilogram of methane has 56 times greater ability to trap radiation than 1 kilogram of carbon |dioxide.
But, over time, some methane breaks down into carbon dioxide and water. So, over 100 years, methane has a glgbal warm-
ing potential 21 times that of carbon dioxide. Similarly, nitrous oxide is 310 times more effective than carbon dioxifle over
a 100-year span.

These two figures — 21 for methane and 310 for nitrous oxide — are ghileal warming potentialand are used to
weight the effectiveness of these two gases in the calculation of the greenhouse gas budget. In other words, emission val-
ues for methane and nitrous oxide are expressed as carbon dioxide equivalents.

The total carbon dioxide equivalent (measured in megatonnes) of the emissions of nitrous oxide, methane, and cafbon diox-
ide is calculated as

CO,e= (N,O x 310) + (CHX 21) + (CQ x 1).

The global warming potential, a tool developed mainly for policy makers, provides a simple measure to compare the
potency of various greenhouse gases in carbon dioxide equivalent units. This comparison is useful when a decision must
be made on which gas emissions should be reduced and what mitigation options are best. For example, a smal| reduction
in nitrous oxide emission can be just as effective as a larger reduction in carbon dioxide emission. In this repoit, global
warming potentials are based on a 100-year time horizon.

R.L. Desjardins, Agriculture and Agri-Food Canada

data for animals in Canada become available, and machinery to the transportation and manu-

the emission factors will be adjusted. facturing sectors. We present estimates of agri-
cultural greenhouse gas emissions with and

Soils may act as a methane sink or as a sourcejthout this contribution.

depending on moisture conditions. Methane

emissions from waterlogged areas were esti- |imitations

mated by multiplying the total area of wet  The scientific study of greenhouse gases is still

soils by an average emission factor based onyery new, and there is a high level of uncertain-

measurements in Canada. Methane absorptiofy with most estimates. Those of nitrous oxide

by agricultural soils was estimated using an  emissions are subject to the largest error

absorption value observed for agricultural  because of high spatial variability and the

land. intermittence of emissions.

g::ggrq g:gi:gz emissions from soils were esti-The methodology of the Intergovernmental
. Panel on Climate Change to calculate green-
mated using the Century model for carbon

: . house gas emissions considers all agricultural
Z)égziz'?seéereaB()r)i(cﬂtucrg?rr):lzrrwg),evyr?;r': rac- systems to have the same climate, soils, crops,
: ) "ag . nag L pre and management systems. More-accurate val-
tices, including planting, fertilizer application,

tillage, grazing, and addition of organic matter.ues for methane and nltrous. oxide Emissions
Cana(ia’s natio,nal inventory of greenhouse are needed to reflect Cana@an condl.tlons.'
gases avoids overlapping estimates by attribut-C alculating these valges will be poss@le with
; . more long term experimental observations and
ing carbon dioxide produced from fuel con-

. . better models.
sumption and the manufacture of fertilizers
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Greenhouse gas emissions from LIRSS Results

agroecosystems, with and without carbon missions of the three main greenhouse
dioxide emissions from on-farm fossil fuel gases associated with agriculture are present-

use and indirect sources ed in carbon dioxide equivalents (Fig. 14-2) in
two categories: 1) including all sources associ-
ated with farming except food processing and
transportation; and 2) excluding carbon dioxide
contributions from fossil fuels used on farms
and other indirect sources associated with
farming (specifically the manufacture of fertil-
izer, machinery, and pesticides; farm building
construction; and electricity generation).
Nitrous oxide emissions increased by 21%
between 1981 and 1996 and methane emissions
remained fairly constant. Carbon dioxide emis-
sions from all sources dropped by 13%; if indi-
rect sources are excluded, emissions dropped
by 34%.

[{e}
o

Mt (CO, equivalent)
= N W b g o =~ [ee]
O O O O O O o o o
| | | | | | | | |

1981 1986 1991 1996 1981 1986 1991 1996 .
Data for all three gases are combined and pre-

with carbon dioxide emissions without carbon dioxide emissions sented on a provincial basis in Figure 14-3,
with the Atlantic Provinces combined. Figure
14-3 presents data excluding carbon dioxide
CO. CH N,O . s
[ co. kit O, emissions from indirect sources. Alberta had

the sharpest increase in total emissions during
the study period. Figure 14-4 shows the contri-

Agricultural emissions Table 14-1 bution of major farm sources to the Canadian
of nitrous oxide agricultural total of greenhouse gas emissions.

1981 | 1986 | 1991 | 1996 Of the total nitrous oxide emissions, direct
megatonnes of carbon dioxide equivalent emissions from soils account for about one-
Fertilizers 35 35 3.4 48 half, of which one-third is attributed to crop
Manure 33 30 32 35 re5|dugs_ (Table 14-1). Indirect emissions, the
Ni v > 5 most difficult to measure, account for about
itrogen-fixing crops 3 8 3.0 3.9 one-third of the total nitrous oxide emissions.
Crop residues 4.7 4.7 4.7 55
Organic soils 0.1 0.1 0.1 0.1 Table 14-2 gives a breakdown of agricultural
Total soils 13.9 14.1 14.4 17.8 emissions of methane. The value for soils is
Animal production systems 6.9 6.2 6.7 7.6 based on estimates of
Total indirect emissions 9.9 9.5 9.6 11.8 + an emission of 1Rilotonnesper year
Total agricultural * an absorption of 24 kilotonnes per year.
nitrous oxide emissions 31 30 31 37

Thus, Canada’s agricultural soils are consid-
ered to be a net sink of methane, absorbing

. - Table 14-2 about 12 kilotonnes of methane each year
Agricultural emissions of methane (about 0.3megatonnes carbon dioxide

1981 | 1986 | 1991 | 1996 equivalent).

i Iegaiotes of carbon cloxide squvelent A breakdown of agricultural emissions of car-
LIvestock 178 157 16.2 18.4 bon dioxide is given in Table 14-3. When fossil
Manre 44 | 40 | 40 4.4 fuels used for farm equipment and stationary
Soils -03 |1-03 |-03 [-03 combustion, as well as those used for fertilizer
Total agricultural emissions 22 19 20 23 manufacture and transportation, construction,

pesticide manufacture, and electrical genera-




tion, are included, agriculture’s emissions of
carbon dioxide in 1996 jump from 1.8 mega-
tonnes to 25.7 megatonnes.

Interpretation

otal agricultural emissions of nitrous oxide,

methane, and carbon dioxide remained rela
tively steady from 1986 to 1991 but rose
sharply by 1996, mainly as a result of greater
emissions of nitrous oxide. Excluding indirect
sources of carbon dioxide, agriculture con-
tributes about 10% of Canada’s greenhouse ga
emissions. If all sources of carbon dioxide,
except those from food processing and trans-
portation, are included, agriculture’s contribu-
tion is about 13%. This amount is a relatively
small share, but because agriculture is inten-
sively managed, a reduction by the agricultura
sector is a viable option to help Canada meet
overall reduction goal.

The largest increase in greenhouse gas emis-
sions in the agricultural sector was observed
from 1991 to 1996 for nitrous oxide. This large
increase is the result of a rise of

* 9% in crop production

* 22% in legume production

* 18% in the number of beef cattle

* 15% in the number of hogs

* 33% in the amount of nitrogen fertilizer used.

Methane emission rates used for this study co
respond reasonably well to the rates determin
in several Canadian studies. Methane emissio
are a function of livestock population. Much

Agricultural Greenhouse Gas Budget

Release of nitrous oxide during snow melt

The release of nitrous oxide is sporadic, often occurring in buists.
About 50 to 75% of the annual emission of nitrous oxide in Canada
occurs in early spring during the snow melt. Excess water cajses
anaerobicconditions that, coupled with adequate nitrate, availaple
carbon, and favorable temperatures, allowdenitrificationand the
formation of nitrous oxide. Emissions of nitrous oxide are also gpo-
radic across space because of different moisture conditions and soil
nitrogen content. The release may be minimal over large aread, but
high emissions are common from spots where conditions are ideal for
nitrous oxide production.
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Nitrous oxide emissions measured in 1996 from a soybean field in Ottawa.
Bursts of nitrous oxide emissions occur just after spring thaw and following
fertilizer applications.

E. Pattey, Agriculture and Agri-Food Canada

progress has been made in reducing these er
sions by increasing the efficiency of milk and
animal production. For example, in 1951,

1.7 million cows produced 2.4 billion litres of
milk, whereas in 1991, fewer than 0.9 million
cows were required to produce the same
amount of milk. Methane emissions from ani-
mal manure, estimated at 200 kilotonnes per
year, make up 20% of the total.

o=

model predictions, if farmers continue to con-
vert from conventional tillage to no-till systems
at the present rate, agricultural soils will cease
to be a source of carbon dioxide before 2001
and will store 0.5 to 0.7 megatonnes of carbon
each year by 2010. This trend will continue
only until agricultural soils have reached a new
equilibrium and only if carbon-enhancing prac-

Canada’s agricultural soils accounted for abouttices (such as no-till) are maintained.

7% of agricultural emissions of carbon dioxide
in 1996. Agricultural soils have lost about 25%

of their original carbon content since cultivationsions comes from burning fossil fuels. Fuel use
on Canadian farms releases 8 to 10 megatonnes

began ¢eeChapter 9). The carbon content of
soils can be influenced by management prac-
tices, such as tillage systems. According to

A much greater share of carbon dioxide emis-

of carbon dioxide annually. Indirect sources
(notably the manufacture and transportation of
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Direct and indirect agricultural Table 14-3 * inclusion of legumes or grasses in crop rota-

o L. tions

emissions of carbon dioxide . . o

» improved soil management, resulting in less

1981 | 1986 | 1991 | 1996 soil erosion
megatonnes of carbon dioxide  conversion of cropland to perennial grass
Fossil fuels 9.5 7.7 8.1 9.5 or trees.
Soils 7.7 7.3 5.1 18
Total Direct Emissions 17.2 15.0 13.2 11.3 :
L 1SS Response Options

Fertilizer manufacture,
transport and application 4.4 55 51 6.6 itrous oxide emissions are often increased
Machinery manufacture and repair 4.7 4.3 3.9 3.7 by poor soil conditions. Improved condi-
Building construction 15 14 17 14 tions should lead to more-efficient use of nitro-
Pesticide manufacture 0.2 0.3 0.3 0.3 gen. Practices that promote such improvement
Electricity generation 1.8 1.9 2.1 2.4 include
Total Indirect Emissions 126 13.4 13.1 14.4 * the use of controlled-release fertilizers
Total Agricultural Emissions* 30 28 26 26 ' t[he use of .mt_”flcatlo'_’] inhibitors o

 improved timing of nitrogen application
*excluding food processing and transportation

* better water and manure management

« refined nitrogen content in animal feeds.
mineral fertilizer) contribute a further 14 to 16
megatonnes from fuel combustion. As fertilizeryjgst of the methane from manure is produced
use grows, so do associated carbon dioxide  qyring storage. When the manure is stored as
emissions. Substantial amounts of carbon dioanuid or in poorly aerated piles, the lack of
ide are also emitted during the manufacture Ofoxygen prevents complete decomposition to
farm machinery, construction of buildings, and ¢carhon dioxide, resulting in the production of
generation of electricity. methane. Thus, most of the methods to reduce
methane emissions from manure involve

The reduction in agricultural emissions of car- , slowing decomposition

bon dioxide between 1981 and 1996 is mainly o .
the result of changes in land use and manage-~ Providing better aeration
ment practices. These changes include * reducing storage time.

e reduction in summerfallow

. . . The amount of methane produced by farm ani-
« increased use of no-till farming

mals can be reduced by improving animal feed

. and speeding up the passage of food during
Agricultural emissions of Figure 14-3 digestion by means such as
greenhouse gases, in carbon « using easily digestible feeds like grains,
dioxide equivalents legumes, and silage

* harvesting forages at an earlier, more succu-
lent growth stage

 chopping feed to increase surface area

30

% » minimizing the use of coarse grasses and
% hays

gN « feeding concentrated supplements as

o required.

s

Agricultural emissions of carbon dioxide can
be reduced by cutting down on the use of fos-
B.C. Alta. Sask. Man. ont. Que. Atl. Prov. sils fuels through practices such as

B 1081 M 1056 [ 1001 [ 1006 « reduced tillage

 improved irrigation scheduling
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* solar drying of crops
 improved fertilizer management
« greater efficiency in farm machinery

« greater use of biofuels, such as ethasek(
Box).

Storing more carbon in soil is another way of
reducing carbon dioxide emissions. Carbon
storage can be promoted by

e growing more forages and grass
¢ using no-till systems

* using methods that increase yields and, in
turn, crop residue input (e.g., manure appli-
cation, better fertilization)

 reducing use of summerfallow

* using soil conservation practices (e.g., shel-
terbelts, grassed waterways)

 replanting marginal land to grass or trees.

Greenhouse gas emissions from Figure 14-4

the four main agricultural sources, in
carbon dioxide equivalents
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In assessing the value of various managemen
practices for curbing greenhouse gas emissions,
it is important to look at the whole system and
to account for the different global warming

potential of each gas and the possible interac- Ethanol substitutes for fossil fuels

tions between management practices (e.qg.,
some restore carbon in soil but result in greate
nitrous oxide emissions).

Conclusion

anada has committed to reduce its green-

house gas emissions to 6% below 1990 lev
els by 2008 to 2012. Because current emis-
sions are already well above those in 1990,
Canada may have to reduce its greenhouse ga
emissions by about 20%, or the equivalent of
140 megatonnes of carbon dioxide. To achieve
this reduction, all sectors of the economy will
have to play a role.

Agriculture accounts for 13% of Canada’s
total greenhouse gas emissions from human
activity if the use of fossil fuels (usually attrib-
uted to the transportation and manufacturing
sectors) is considered, or 10% if not included.
Total agricultural emissions have increased
from 83 megatonnes of carbon dioxide equiva-
lent in 1981 to 86 megatonnes in 1996.
Because agroecosystems are intensively man-
aged, they present many opportunities to adop
measures that reduce greenhouse gas emis-

The amount of carbon dioxide generated by burning fossil fuels|can
be reduced by increasing the amount of plant biomass used for gner-
gy production. Biofuels, such as ethanol, can be produced from agri-
cultural products such as corn, wheat, canola, and barley or from pgri-
cultural residues, such as wood and wood wastes. Blending [L0%
ethanol with gasoline can reduce emissions from transportafion.
Much of the carbon dioxide released from the burning of biofuels is
then recaptured by new growth of vegetation. There is no net increase
of carbon dioxide, as this is essentially a closed carbon cycle. In con-
trast, carbon dioxide released from the burning of fossil fuels repre-
sents a net increase in carbon dioxide levels, as this carbon is rempoved
from deep inside the earth and directly added into the carbon cygle.

In Canada, about 30 million litres of ethanol are now produced annu-
ally from wheat and corn, reducing carbon dioxide emissions| by
about 21 kilotonnes of carbon dioxide per year. Recent developmnlents
in the ethanol industry are expected to increase Canadian production
to about 350 million litres by 2000. Ethanol is most easily made from
high-starch materials, but new methods make it possible to make it
from fibrous matter, such as crop residues, forages, and crop wastes.
In Saskatchewan it was recently estimated that about 2 megatonnes of
straw and chaff are produced every year beyond that needed fof ani-
mal bedding and for sustaining soils. This amount would produce
about 500 million litres of ethanol, replacing about 0.4 megatonngs of
carbon dioxide from fossil fuels, equivalent to 2% of the emissipns
from fossil fuels used in agriculture.

R.L. Desjardins, Agriculture and Agri-Food Canad

sions. To quantify the benefits of these
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measures, better methods of measuring green-
house gas emissions are needed. More-accurate
emission measurements will help in identifying
the best management practices to reduce green-
house gas emissions.

Related Indicators

he amount of Residual Nitrogen in soil is

a controlling factor in the nitrous oxide
component of the Agroecosystem Greenhouse
Gas Budget. The extent to which management
practices that limit nitrous oxide emissions
are being adopted is reflected by Management
of Farm Nutrient and Pesticide Inputs.
Because the potential for agricultural soils to
store carbon has implications for atmospheric
concentrations of carbon dioxide, this indica-
tor is also related to Soil Organic Carbon.






Agroecosystem Biodiversity

Biological diversity, obiodiversity,is a term to describe the great variety

of life we see around us. This variety includes the many species of plants, ani-
mals, and other organisms that inhabit the earth; the genetic variety they express
and the ability to adapt to a wide range of environmental conditions that this vari-
ety allows; and the many ecosystems that abound on the earth, each with a com-
plex array of species, individuals, communities, and interactions among them and
with their physical environment.

Recognizing that the earth’s biodiversity is a resource needing protection, Canada
has joined with many other nations in signing the United Nations’ Coowentt
Biological Diversity. The convention’s goals are to conserve biodiversity, use its
components sustainably, and equitably share the benefits gainedtththe use of
genetic resources. Under the convention, Canada’s federal, provincial, and territo-
rial governments have worked together to develop the Canadian Biodiversity
Strategy, which includes many agricultural objectives.

Agriculture benefits from biodiversity in many ways. For example,
 genetic variety is the foundation of plant and animal breeding programs

« wild species are a source of the genetic material needed to create biologically
engineered crops and livestock that will perform better than existing varieties

 countless species of soil organisms are essential to the process of decomposi-
tion, the cycling of nutrients and energy, and the formation of soil

* insects and other organisms are needed as agents of biological control of crop
pests

* insects serve as plant pollinators.

As well, people benefit from the presence of wildlife on agricultural land. They
may enjoy viewing wildlife, or may engage in sport hunting and fishing or eco-
nomic opportunities, such as ecotourism.

However, agriculture has contributed to a loss of biodiversity over the years,
mainly through the alteration of natural habitats but also through effects on soil
and water quality and the loss of old varieties of plants and domestic animals. To
remedy this situation, many projects are under way on agricultural land in
Canada to preserve and restore wetlands and riparian habitat; to protect endan-
gered wild species, such as the swift fox, the American chestnut, and the wood
poppy, and to support species recovery; to conserve endangered domestic live-
stock breeds and plant varieties; and to improve soil and water quality as they are
affected by agriculture. These activities are helping to meet two of the agricultur-
al goals of the Canadian Biodiversity Strategy — to maintain the agricultural
resource base and to promote sustainable farming practices that are compatible
with wildlife.

This section of the report presents one indicator of agroecosystem biodiversity, the
availability of wildlife habitat on agricultural land (Chapter 15). Although agriculture
has a history of depleting habitat, it also has the potential to restore and improve habi-
tat through activities such as planting shelterbelts, managing woodlots, cleaning up
agricultural drains, restoring wetlands and managing livestock access, and altering
field management to integrate agriculture and wildlife needs. In time, this section

may be expanded to include indicators that monitor key species on farmland and
trends in the actual area of farmland that wildlife prefer — grasslands, woodlands

and wetlands.
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Availability of Wildlife Habitat
on Farmland

P.

Neave, E. Neave, T. Weins, and T. Riche

Geographic scopeNational, ecozones
Time series:1981, 1991, 1996

HIGHLIGHTS

Loss and alteration of habitat is the leading cause of depletion of the &

ture has contributed to declining wildlife habitat, but agriculture also offer:
ter habitat than some other land uses by humans, such as urban deve
Wildlife on farmland offer both advantages (e.g., aesthetic appeal, hunting
ing) and disadvantages (e.g., reduced crop yields).

wildlife species, and thus of biodiversity. Conversion of natural land to ag{cul-
[

An indicator of Availability of Wildlife Habitat on Farmland was develop
for the seven main ecozones in which agriculture is practised in Canad
indicator identifies the share (%) of habitat use units associated with ag
tural habitat types that have increased, decreased, or remained cons
area between 1981 and 1996. The assessment is based on habitat
mammals, birds, reptiles, and amphibians known to occur in the agricu
areas of each ecozone. The indicator also notes changes in the distribu
agricultural habitat types during this period. A national performance o
tive has not yet been set, though objectives exist in specific habitat con
tion programs throughout the country.

To construct the indicator, habitat availability matrices were develope
each of the seven ecozones. These matrices specify how various W
species use agricultural land to meet their habitat needs (e.g., breeding
ing, cover, staging, winter use). Each use of a habitat type by a specig
recorded as one habitat use unit. Habitat use units were then sum

habitat type for each ecozone. The five habitat types assessed corres
the five main land use categories defined in the X®&@sus of Agricultur
(Cropland, Summerfallow, Tame or Seeded Pasture, Natural Lan
Pasture, and All Other Land).

All agricultural land has some value as wildlife habitat, but the All O
Land and Natural Land for Pasture census categories support the mos
tat use units, followed by Cropland and Tame or Seeded Pas
Summerfallow is used little as habitat by wildlife.

The indicator shows positive trends in the availability of habitat on farm
in three ecozones. Habitat area increased for 86% of habitat use units
Boreal Plains, 80% in the Prairies, and 73% in the Atlantic Maritime
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zones. In contrast, habitat area decreased for 74% of the habitat use Uinits in

the Mixedwood Plains and 75% in the Pacific Maritime ecozones. Hg
area remained relatively constant for 75% of habitat use units in the B
Shield and 79% of habitat use units in the Montane Cordillera.

Reduced area in Summerfallow and expanded area in All Other Land and
or Seeded Pasture account for most increases in habitat availability be
1981 and 1996. Decreases in habitat availability are mainly the result
expansion of Cropland through the conversion of farmland more suits
wildlife habitat, such as Natural Land for Pasture and All Other Land.

bitat
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Once additional information is gathered on how much more optimal farmland

habitat is needed, if any, regional planners can set habitat goals and obj
to meet the needs of specific species groups and ecosystems.

Bctives
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The Issue

E

ach year, many of the earth’s wild animal
and plant species are depleted or lost to

Their ability to meet all their needs is related to
both habitat qualityandhabitat availability
(seeBox). If the actual area of habitat is limit-
ed, or if the habitat is of poor quality (offering

extinction, some because of natural causes antimited food resources or little protection
many others because of human activity. By faragainst predators), certain species will not be
the main cause of wildlife loss is degradation able to use the area to meet their needs.

or loss of habitat because of human encroach-

ment through urbanization, logging, mining,

agriculture, fishing, and other activities

(including those that result in pollution or the

introduction of exotic species).

Wildlife habitat includes all the things that a

Agroecosystems differ from natural ecosystems
because they are managed to be more produc-
tive for human purposes. Agriculture has
reduced the quantity of natural habitat, mainly
through conversion of the natural landscape
and changes in land use, such as drainage of

species needs to survive — food, water, cover,wetlands and removal and fragmentation of
and home range (space). Habitat must also préerest cover. It can also affect the quality of
vide for special needs such as reproduction andildlife habitat through various land manage-
dispersal. Species may use different portions ohent practices, such as tillage, fertilization,

the landscape to meet their resource needs.

Habitat availability

Wildlife species may use different parts of the landscape to meet
need for resources. Habitat availability — how well a species
meet its needs in a certain landscape — is determined by

« the abundance of the habitat type within the potential range fof a

species
the current occupancy rate of the habitat type

the patchiness of the landscape (size of, and distance betweel
habitat patches)

access to, and connectance of, the habitat patches
how the species’ needs change through the seasons
the occurrence of competitors, predators, and disease.

Natural landscapes are variable by nature, and most species ug

ferent landscape components to meet different resource needq ov
time. Differences in the quality of habitat patches and their posifion

in the landscape determine the survival and distribution of a spe

pesticide use, and intensive grazing.

Some wildlife species are able to thrive where
native habitat has been replaced by agricultural
habitat. Other species become restricted to the
theiFemnants of natural or semi-natural habitats
gnf€maining in the agricultural landscape.
Despite the continual change of habitat in
| _ agroecosystems, agricultural lands offer more
benefits to wildlife than more-developed areas,

such as urban areas. These benefits include

shelter, in the form of trees and shrubs (e.g.,
shelterbelts, woodlots), grass, and water

a ready supply of food
close proximity of natural landscapes
less human pressure than in urban areas.

e d . . .
rmers and to all Canadians, including aes-

etic aspects, recreational opportunities (hunt-
dng, fishing), and, in some cases, economic

gildlife on farmland offers many benefits to
t

cie

How these patches are connected, and how accessible they are @PPOrtunity (€.g., €cotourism). In many cases

wildlife are also important aspects. For example, certain lands

apdarmers are actively managing their land to

features may act as a physical barrier or make a species vulneraple gnefit wildlife. At the same time, wildlife have

predation.

Agroecosystems can be a mosaic of cropland, pasture, woodland
wetland. This patchiness greatly benefits some species, such &
white-tailed deer. Other species, such as the Red-shouldered H
are not as successful in patchy environments. They require |
blocks of mature forest to reproduce successfully. Fragmentatio
habitat blocks and the creation of additional edge can lead to gr

competition, nest parasitism, and nest predation for such species

the potential to reduce a farm’s productivity
(e.g., by trampling or eating crops) and may
, ambse a cost to the farmer.
s the
awkne element of understanding how agriculture
argeffects the environment is by assessing the
n ohwvailability of wildlife habitat on Canada’s
catgarmland.

D.

P. Neave and E. Neave, Neave Resource Managerlnent
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The Indicator All Other Land, rated the most valuable habitat
type, was subdivided into buildings, shelter-
Description belts, woodland types (e.g., plantations, wood-

0 assess how agriculture generally affects |ands with or without interior), andetland
habitat availability, we developed an indica-YPeS (€.g-fiparian areas, shallow wetlands with
tor that can be assessed for each of the sevenOr Without extensive margins, and deep perma-
main terrestrial ecozones in which agriculture N€nt ponds with or without extensive margins).
is practised. This Availability of Wildlife ) ] o .
Habitat on Farmland indicator identifies the ~ The horizontal axis of each matrix lists five
ways in which various wildlife species use ~ Main categories of habitat use:
agricultural habitat types, and then relates thise breeding, nesting, reproduction
use to changes in the area of these habitats. « feeding, foraging
The indicator is then used to identify which cover, resting, roosting, basking, and loafing
habitat types in the agricultural landscape sup- ~ ' ' ' '
port the most wildlife use and whether these * WiNntering
types increased, decreased, or remained con- ¢ staging(for birds only).
stant in area between 1981 and 1996. A trend
of increasing area for superior agricultural Each separate use of a habitat type by a species
habitats is positive for this indicator. Although was recorded as ottmbitat use unii.e., the
national objectives for this indicator have not habitat use unit is not the number of species
yet been establishedgeResponse Options),  using a habitat, but the number of individual
some objectives exist in specific habitat consemays in which the habitat is used. For example

vation programs throughout the country. Mallard feeding, Mallard nesting, and Mallard
loafing in one habitat type would equal three
Method of calculation habitat use units).

To construct the indicatonabitat availability

matriceswere developed by ecozone for indi- When completing the matrices, each habitat
vidual wildlife species associated with farmland Use was ranked according to how dependent a
habitat. A habitat availability matrix is a chart ~ SPecies is on a certain habitat for this use.

that relates habitat type found on agricultural Primary use means that a species is dependent
land to habitat use by a wildlife species. A on, or strongly prefers, a certain type of habitat
matrix was constructed for each bird, mammal, (équivalent to the concept ofitical habitaf.
amphibian, and reptile known to use agriculturaS€condary use means that a species uses a cer-
land and adjacent habitats in Canada to meet fain habitat (e.g., to obtain food) but is not

one or more specific habitat requirements. ~ totally dependent on it. Tertiary use means that
wildlife guidebooks and expert opinion. might occasionally be observed there. A matrix

cell was left blank if the species was not typi-

The vertical axis of the matrix lists agricultural c&lly found in that habitat, or marked with an

correspond to the land use categories covered ) _
by theCensus of Agriculture: To summarize the data, primary and secondary

habitat use entries were separately summed for

* Cropland the five main use categories, and then habitat
* Summerfallow use units were summed by habitat type for each
e Tame or Seeded Pasture ecozone. Changes in habitat area supporting
« Natural Land for Pasture these habitat use units were then analyzed to

calculate the indicator. The data on habitat area

* All Other Land were obtained from th€ensus of Agriculture

These broad categories were then subdividedto =~

more precisely reflect different habitats found onLimitations

agricultural land. Cropland was sub-divided into Because the indicator records only information
crop type (e.g., wheat, canola, corn). Natural about the absence or presence of certain habitat
Land for Pasture was divided into natural grass-uses, it does not tell us much about habitat

land, sagebrush/shrubs, and shrubs/woodland.quality. An effort was made to factor in habitat
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quality by dividing three census land use typesRelated to this, the indicator does not consider

(Cropland, Natural Land for Pasture, and A
Other Land) into finer categories that have
ferent value for different species. However,
great variation in quality across the five ma

Il how successful a habitat use is. Success of use
dif-is sometimes reflected in the ranking system
the(e.g., for Mallard nesting, a primary ranking

in was used for habitats where nesting success is

habitat types shows the difficulty in using cen- high and a secondary ranking for habitats with

sus data for habitat studies. For example, All

lower nesting success). This information was

Other Land includes land unsuitable for most often available for waterfowl, but rarely for
wildlife, such as land occupied by lanes, greenether species. Thus, even if a type of wildlife
houses, and farm buildings. Also, some farm habitat increases in area, that habitat may not
operators may not report wetlands and woodlobe of sufficient quality to support successful
area in the All Other Land category. Separatingeproduction and maintain a population.

wetlands and woodlands out from the All O

Land category would prove useful in further

development of this indicator.

Effects of tillage on wildlife

In the past 15 years, many farmers have begun to replace conve
al tillage practices with conservation tillage, including no-ti
Conservation tillage makes fewer or no passes of equipment o
field and leaves more crop residue on the soil surface. Among ¢
effects on the soil, this type of tillage

 reduces disturbance of the soil

e changes the soil's moisture regime and bulk density

e increases levels of soil organic matter.

* decreases the risk of soil erosion from wind and water.

Several studies have shown that wildlife benefits from conserva
tillage. For example, invertebrate numbers have been shown to ri
a result of the protection afforded by the crop residue cover and
reduction in the mortality caused by plowing. Many species of b
become more common as their prey invertebrates grow in numb

Frequency of birds recorded in no-till
and conventionally tilled corn
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ther

Using the broad land use categories does not
account for biological factors that may limit a
species’ use of a particular habitat type. For
example, a species may not use a habitat
because

* one requirement is met (e.g., food), while other
htion-'equirements are not (e.g., water, nest site)

[. < the habitat is too fragmented

1tf22$ there may be behavioural barriers to use
* the preferred habitat is occupied.

Another limitation is that the indicator does not
examine the effects of various land management
practices. The effects on habitat use of practices
such as tillagesgeeBox) and weed control prac-
tices have, however, been reported elsewhere.
tion
5e as

thResults
rds
brs. " able 15-1 shows the share or proportion of

farmland in five different agricultural habi-

tat types and the share of habitat use units sup-
ported by each of the five habitat types in the
seven ecozones studied. Although all five habi-
tat types are used by wildlife in all seven eco-
zones, Natural Land for Pasture and All Other
Land support the most habitat use units across
all ecozones.

After dividing Natural Land for Pasture and All
Other Land into more specific habitat types, it

was evident that those most important for wildlife
are woodlots with and without interior, riparian
areas, and shallow and deep wetlands with mar-
gins. In ecozones where these habitats are pres-
ent, sagebrush/other shrub, and natural grasslands
are also favoured by wildlife. Cropland and Tame
or Seeded Pasture support less use by wildlife,

P. Neave and E. Neave, Neave Resource Manage

nd Summerfallow supports less than 1% of habi-

'|nentat use units for the wildlife species analyzed.




Availability of Wildlife Habitat on Farmland

Agricultural habitat types and associated habitat use units in 1996 Table 15-1
Share (%) of farmland (1) and share of total habitat use units (2)
associated with various agricultural land uses
Total
farmland Total primary
area Cropland Summerfallow | Tame or Seeded | Natural Land for | All Other Land |plus secondary
Ecozone evaluated Pasture Pasture habitat use
(1000 ha) units
1 2 1 2 1 2 1 2 1 2
Pacific Maritime 139 49 7 <1 <1 11 3 26 17 14 73 3048
Montane Cordillera 1532 16 9 <1 <1 9 3 62 17 13 70 4011
Boreal Plains 13 445 49 13 5 <1 10 3 24 14 12 69 3098
Prairies 41 853 53 17 13 <1 5 4 24 19 5 59 3865
Boreal Shield 1245 37 8 1 <1 9 3 24 14 29 75 3262
Mixedwood Plains 6294 75 11 <1 <1 6 3 10 14 9 71 3784
Atlantic Maritime 1546 40 12 <1 <1 8 3 13 12 39 73 2792

Figure 15-1 shows the share of habitat use
units supported by habitat area that increased
decreased, or remained constant between 198
and 1996. Three ecozones — the Boreal Plain
Prairies, and Atlantic Maritime — show posi-
tive trends. In the Boreal Shield and Montane
Cordillera, 75 and 79% of habitat use units are
associated with habitat area that remained cor
stant. In two ecozones, the Mixedwood Plains
and the Pacific Maritime, 74 and 75% of habi-
tat use units were associated with habitat area
that decreased.

Changes in the area of the five agricultural
habitat types between 1981 and 1996 are givel
in Table 15-2. The distribution of All Other
Land is shown for western (Fig. 15-2) and
eastern Canada (Fig. 15-3).

Interpretation

he availability of wildlife habitat on Canadian

farmland is a function of many factors,
including land use. Agricultural land use has
changed over the past 15 years because of char
ing demands in world markets and domestic poli
cy (Table 15-2). Other factors that contribute to
change in the agricultural landscape include

e Crop prices

« availability of new crop varieties

 growing use of conservation farming technique
* new technology.

Share of habitat use units for Figure 15-1

which habitat area increased, decreased, or
remained constant between 1981 and 1996

Pacific
Maritime

Montane
Cordillera

Boreal
Shield

Atlantic
Maritime

Ecozone

Boreal
Plains

Mixedwood
Plains

Prairies

0 10 20 30 40 50 60 70 80 90 100
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Figure 15-2

Western Canadian distribution of the census land use category
All Other Land in 1996
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Table 15-2

Change in the areas of agricultural habitat types
between 1981 and 1996

Per cent change in area
Tame or Seeded | Natural Land for Total
Ecozone Cropland Summerfallow Pasture Pasture* All Other Land* Farmland

Pacific Maritime 28 - —46 6 =21 2
Montane Cordillera constant - -33 7 constant 11
Boreal Plains 15 47 41 constant 8 13
Prairies 17 -33 13 constant 16 3
Boreal Shield -21 - —55 -7 constant -24
Mixedwood Plains 35 - -50 constant -19 10
Atlantic Maritime constant - -52 -9 13 -20

* the change in the area of Natural Land for Pasture and All Other Land is calculated between 1991 and 1996 because of the change in the census
definition for these land uses between 1981 and 1991.

Note: A positive number denotes a proportionate increase in area, a negative number denotes a proportionate decrease.
— signifies that this habitat type is insignificant in this ecozone.




Availability of Wildlife Habitat on Farmland

On the whole, the availability of wildlife habi- Pacific Maritime

tat on farmland grew between 1981 and 1996 Urbanization, agriculture, and wildlife habitat
mainly because of the expansion of Cropland are often conflicting land uses in the Georgia
as a result of reducing Summerfallow, and the Basin, particularly the Lower Mainland of
expansion of All Other Land. Tame or SeededBritish Columbia. Between 1981 and 1996, the
Pasture and Natural Land for Pasture remainedrea of farmland (the sum of the area of the
relatively constant, which also helped maintainfive census land uses, or habitat types, ana-
habitat availability. Summerfallow is most lyzed for this indicator) grew by 2% in this
commonly utilized in the Boreal Plains and  ecozone. However, Cropland grew by 28%, a
Prairies, where the area under this practice  negative trend for wildlife because much of

declined by 47% and 33%, respectively, this expansion came from conversion of Tame
between 1981 and 1996. Land taken out of  or Seeded Pasture and All Other Land, two
Summerfallow is usually converted to habitat types more favourable for wildlife.
Cropland or Tame or Seeded Pasture, both of

which are more suitable wildlife habitat. Montane Cordillera

Habitat has changed in this ecozone as a result
In both the Pacific Maritime and Mixedwood  of the reduced quality of native grassland
Plains ecozones, agriculture has become morebecause of fire suppression, the introduction of
intensive in recent years. Farmland previously cattle and non-native wildlife, and drainage of
used for other purposes, such as woodlots or wetlands. Forestry, the main industry, also
native pasture, has been brought into crop prostrongly affects wildlife habitat in the Montane
duction, reducing its value as wildlife habitat. Cordillera, where the most diverse mix of
A discussion of changes in habitat by ecozoneecosystems in Canada occurs.
follows.

Eastern Canadian distribution of the census land use category Figure 15-3
All Other Land in 1996

All Other Land habitat type
as a share of total farmland

L] <5% [ 1] 5-20% I 21-50%
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However most agricultural areas in this eco

The area of Cropland grew during this period,

zone have a balanced distribution of the five as did that of Tame or Seeded Pasture and All

main agricultural habitat types. Even where

theOther Land between 1991 and 1996, mainly as

most valuable agricultural habitats are limited Summerfallow was reduced. Natural Land for

in area, there are usually areas of forest ad
cent to farmland, providing ample cover. Th

ja- Pasture stayed the same. Expansion of All
e Other Land and Tame or Seeded Pasture is

area of farmland grew by 11% between 1981 deemed beneficial for wildlife, because these

and 1996, while that of Cropland remained

types support more habitat use units.

steady. The area of Natural Land for Pasture

grew between 1991 and 1996, and that of All
Other Land remained relatively constant (an

increase of 5%).

Boreal Plains

Total farmland in this ecozone expanded by
13% between 1981 and 1996 and is having a

greater effect on wildlife habitat. Logging is
also a major influence on wildlife habitat.

Wildlife on intensively managed farmland in

British Columbia

The Delta Farmland and Wildlife Trust was established by farm
and conservationists in 1993 to support and promote the sustain
ty of farmland and wildlife habitat in the lower Fraser River del
The delta is a major stopover for birds migrating on the Pad
Flyway. It also has the highest density and diversity of waterfg
shorebirds, and birds of prey in Canada during the winter season
Canadian Wildlife Service and other wildlife agencies recognize
delta farmland is absolutely critical (e.g., for food, nesting, roosti
for the continued survival of the 1.5 million birds that annually v
this area.

During the winter months, Wigeon, Snow Geese, and Trump
Swans make extensive use of planted winter cover crops (e.g., b
winter wheat, fall rye), as well as crop residues from corn and po
fields. In 1998, the Delta Farmland and Wildlife Trust sponsored
planting of more than 1539 hectares of cover crops at a cost of $171
The other major field program they support is grassland set-as
Cooperating farmers take intensively farmed fields out of produc
for 3 to 5 years and plant them to grass, providing habitat for s
mammals, which are the main source of food for raptors (e.g., 0
hawks, and eagles). In 1998, about 243 hectares were enrolled i
program at a cost of $180 000.

The Trust has also been encouraging farmers to plant hedge
which provide habitat for a wide variety of songbirds, such
American Robin, Black-capped Chickadee, Savannah Sparrow,
many more. Several kilometres of hedgerows have been planted
last couple of years. All of the programs promoted by the D
Farmland and Wildlife Trust provide benefits to both the exceptig
wildlife resource in the Fraser Valley and the agricultural commun

R.A. Bertrand, British Columbia Ministry of Agriculture and Fog

The irregular distribution of farmland in the
Boreal Plains allows nonagricultural habitats,
for the most part, to be readily available to
wildlife. Farmland is generally mixed with the
dominant forest cover types, such as

« coniferous forest (51% of the ecozone’s
land base)

» mixedwood forest (23%)
* deciduous forest (17%).

This mix of forest and farmland benefits most
wildlife species by providing edge habitat, for-
est interior habitat, and proximity to both food
ersand cover.
abili-
ta. Prairies
ific Today almost 93% of the Prairies ecozone is
wl, agricultural land. All that remains of the origi-
Thgal native vegetation is an estimated

%a)‘t- 1% of tall grass prairie

se * 19% of mixed grass prairie
» 16% of aspen parkland.

PterThus, wildlife must co-exist with agriculture,
arleytten using agricultural and neighbouring lands

(atoys habitat.
the

doeoﬂw the Prairies, the area of Cropland, Tame or

.OnSSeeded Pasture, and All Other Land increased
between 1981 and 1996 mainly because of the
mall . o
wls3% expansion of total farmland (by 1.3 million
X th]gec’[ares) and reductions in Summerfallow.
Natural Land for Pasture remained the same (less
than 5% change). These changes have taken place
owss farmers move to continuous cropping and per-
as Manent cover to improve productivity and net
andncome and prevent soil degradation.
n the
bltaMost habitat use units are found in All Other
nalLand and Natural Land for Pasture, the agricul-
ity. tural habitat types most beneficial for wildlife
which together account for about 29% of farm-
land in this ecozone. As a result, most habitat

use units are associated with a growing land

base. Because agricultural land in the Prairies
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is much more extensive than in any other eco- Waterfowl recovery

zone, this improvement is significant for some
wildlife species. However, reductions in some
native habitats, including prairie wetlands,
continue, and agricultural conservation through
land stewardship is essential to maintain these
valuable resources.

Boreal Shield

The Boreal Shield Ecozone covers 18% of
Canada’s land area, but agriculture occupies al
very small portion of the land base (less than
1%). The area of farmland decreased by 24%
between 1981 and 1996. Although four out of
the five agriculturals habitat types also
decreased in area, All Other Land remained
steady. This situation is beneficial for many
wildlife species, since All Other Land supports
75% of the habitat use units. Farmland is well
dispersed among forested areas of the
Canadian Shield, ensuring the availability of
woodland habitat next to most farmland.

Mixedwood Plains

Cropland and pasture make up a significant
portion (about 55%) of this ecozone, but
mixedwood and other types of forest are also
regionally abundant. However, the forested
area is not equally distributed, and the loss of
forest habitat is particularly marked in south-
western Ontario. For example, Essex County
has only 4% of its original forest remaining. In
contrast, many fields and farms in eastern
Ontario have been abandoned in the past 30
years, resulting in beneficial change in habitat
for some species. This trend now appears to b
reversing itself as select crop prices rise.

Wetlands are still abundant in eastern Ontario,
but an estimated 90% of wetlands have been
drained in southwestern Ontario. Much of the
original Carolinian Forest found there, which
supports many species typical of a more
southerly climate, has been subjected to inten-
sive agriculture. As a result, many wildlife
species have declined in number and are clas-
sified as rare, threatened, or endangered.

More than half of Canada’s human population
lives in the Mixedwood Plains, and urban area
have been encroaching on agricultural land an
other wildlife habitat at a growing rate.

Conservation of agricultural areas can help to
maintain biodiversity in the face of urban pres-

In the 1980s, waterfowl populations in North America began dec
ing at an alarming rate. Concern for this situation led Canada, Ur
States, and later (1994), Mexico to develop an initiative to res
continental waterfowl populations to 1970s levels by conserving
habitat for these and other wetland-dependent wildlife. The N
American Waterfowl Management Plan, signed in 1986, is now
largest conservation program in the world. In Canada the plan fo
es on key habitat areas for waterfowl, particularly in the Prair
which provide breeding habitat for almost 40% of the contine
duck population. Goals of the program include the conservation
restoration of wetland and upland habitats. To achieve these go
landscape approach is taken and agreements made with farme
other landowners to modify their land use and land management
tices for the benefit of both their operations and wildlife. Anott
major component of the program is the reform of land use polic
remove the pressures to convert natural land into agricultural pro
tion.

Initially the objectives of the plan seemed too optimistic to many.
10 years into the program, dabbling duck populations had ne

n_
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arly

reached the 1970’s average, though there was still much to be done for

other species, such as the Pintail. Provincial surveys of the socid
nomic impacts of the plan show that landowners and the general
lic have a positive attitude toward wetland and waterfowl conse

eco-
pub-
va-

tion and that communities benefit economically through jobs and

greater tourism opportunities associated with the plan.

Trends in North American duck populations
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Total farmland expanded by 10% and
Cropland grew by 35% between 1981 and
1996. There were reductions in Tame or

Seeded Pasture and All Other Land habitat

Atlantic Maritime

The Atlantic Maritime ecozone contains a wide
variety of habitats, including extensive mixed-
wood and coniferous forests and wetlands. The

types. The analysis shows that most habitat influence of agriculture on habitat is much less
use units are associated with a declining areahere than in the major agricultural ecozones.

of the more valuable habitat types. Natura

| Still, agriculture’s occupation of the zone’s

Land for Pasture fortunately stayed constant. most productive sites, especially river valleys,

Trends in the abundance of breeding birds in

two ecozones

The Breeding Bird Survey (BBS) is a large scale survey of N
American birds that started in 1966. Trends in the abundance @
common bird species in the surveyed regions were recently calc
ed for 1966 to 1996. Survey results are presented here for the Pr
and Mixedwood Plains ecozones, where agriculture exerts a dom
pressure on wildlife habitat and wildlife species.

Prairies: BBS survey data for Saskatchewan were used as a prox

numbers and 42 have growing numbers. The decline averaged o\
species was small (-0.18%), but the large number of specie
decline is cause for concern. Grassland species (e.g., Sprague’s
and Le Conte sparrow) are generally on the decline, possibly begd

y fo
this ecozone. Of 101 hirds listed in the survey, 59 have decliming‘!

of the decreased area in Natural Land for Pasture. Although Tanpe o

Seeded Pasture is increasing in area, it provides a lesser-quality
tat than Natural Land for Pasture for many of the species in this g
Wetland species increased in number in south-central and ce
Saskatchewan, but decreased elsewhere. The shrub/succes
guild of birds is declining in southeastern Alberta and southeas
Saskatchewan, but growing in southwestern and cen
Saskatchewan and southern Manitoba. Woodland bird number
currently increasing over most of the Prairies.

Mixedwood Plains:BBS survey data for Ontario were used ag a

proxy for this ecozone. Of 141 birds listed in the survey that w

means that wildlife is affected in these areas.

Although the area in total farmland shrank by
20% between 1981 and 1996, the area in
Cropland remained steady and All Other Land
increased by 13%. Reversion of abandoned
rth farms to forest may benefit some species, but
f alihe land base of this ecozone is 88% forest, so
ulaarmland may provide the variety in habitat
nirigeded to support greater biodiversity.
nant

Response Options

he Availability of Wildlife Habitat on
Farmland indicator requires reasonable habi-

er t goals in order for us to establish performance

s in, .Y ; ;
. objectives. We need a clearer idea of how much

ailplpore optimal farmland habitat is needed, if any.
his information is best gathered regionally, and
hadien planners can work with landowners to
Lilde set habitat goals that recognize the needs of
ntral targeted groups of speciagu{lds) found in
sionathat region and establish habitat thresholds

tern below which wildlife cannot be sustained

trale jdentify habitat and ecosystem objectives that
P A€ will help meet these regional wildlife goals.

Because farmland is usually privately owned,
refesponse options usually involve the voluntary

used to construct the habitat matrices, 70 are increasing in nu

ere h T
peparticipation of landowners. Most farmers under-

and 71 are declining. When the Canada Goose and House FincH (twga"d the value of conserving wildlife and
species that greatly benefit from agriculture and have increasdd iNVildlife habitat, but education and incentive pro-
numbers by more than 50%) are removed, the numbers have grow@ams can further this understanding and encour-

on average by 0.03%. Although many species are in decline,

angge the use of land management practices that

factors apart from agriculture are likely involved. Grassland birds|arefavour wildlife use. These practices include
generally on the decline, except for in the Frontenac Axis betwieerr conservation tillage systems
Kingston and Ottawa. Wetland birds are generally growing in nim-. gejayed haying

bers. Shrub/successional and woodland birds are declining over

half the ecozone and increasing in the other half (including eas
Ontario, where abandoned farmland may be a factor, and
Grey—Bruce area in southwestern Ontario).

For more information on the Breeding Bird Survey, visit their webg
at http://www.mbr-pwrc.usgs.gov/bbs/

bout . .
* winter cover croppin
tern ter cover cropping

the rotational grazing systems

* integrated pest management

» woodlot management

« planting shelterbelts and hedgerows
* management of riparian areas

ite

P. Neave and E. Neave, Neave Resource Managerln

ertt conservation of wetlands and wetland buffers
« conservation of remaining natural (native) lands.




Conclusion

gricultural lands offer a variety of habitats

for wildlife, but some types are superior to
others, especially All Other Land and Natural
Land for Pasture. Farmland is not expected to
expand much more in Canada, but even small
expansions at the expense of natural landscap
pose a risk to wildlife locally. Agricultural
habitat for wildlife is superior to the habitat
offered in more developed settings, such as
urban sites and roadways.

Changes in agricultural land use from less-
intensive to more-intensive practices, such as
bringing marginal land into crop production,
create pressures on wildlife by making one or
more of the habitat resources they depend on
more scarce or otherwise unavailable. On the
other hand, reductions in Summerfallow and
conversion of marginal cropland to other uses
such as Tame or Seeded Pasture will benefit
wildlife. In general, from 1981 to 1996 agricul-
tural habitat for wildlife shows positive or neu-
tral trends for some species in all ecozones
except the Pacific Maritime and Mixedwood
Plains. These two regions are noted for the
intensity of their agriculture.

How farmland is used is largely dictated by
economics, particularly commodity prices. In
good years, producers may put more land into
production, including marginal land that may
be best left in permanent cover and is more
suited to wildlife use. The recent trend to
reduce Summerfallow and to convert Cropland
to permanent cover is a positive trend for
wildlife, but one currently driven more by eco-
nomic factors than interest in wildlife.

By and large, farmers have an interest in pro-
tecting the environment and conserving
wildlife. Most recognize that agroecosystems
are part of the broader environment and that
farms can operate, not only to produce food,
but also to serve other purposes, including pro
vision for wildlife. Because few economic
incentives currently exist to encourage farmers
to conserve wildlife and their habitat, farmers
must usually shoulder the cost of these activi-
ties on their own.

Availability of Wildlife Habitat on Farmland

Stewardship programs of the Alberta Fish and

Game Association

The parkland and grassland regions of central and southern Alberta
are among the most intensively developed landscapes in the world.

of native parkland habitats. Of the 31 species at risk in Albeita,
24 (77%) rely on these grassland and parkland habitats.

What remains of the Alberta parkland and grassland regions is ¢on-
trolled mainly by landowners and will likely be subject to furthg
degradation unless these owners are provided with incentive$ to

retain these habitats. These incentives may be as simple as recog-
nizing the role of private land stewardship in the conservation of pur

prairie and parkland wildlife, providing landowners with the
resources to make their own informed land use decisions, and pro-
moting the economic benefits of integrating wildlife habitat within
an overall strategy of sustainable farming.

=

The Alberta Fish and Game Association, with funding support fram
Wildlife Habitat Canada, has developed two programs to address the
wildlife conservation needs in the intensively managed grassland
and parkland regions of Alberta. Since 1989, Operation Grassland
Community has involved landowners in voluntary habitat protectipn
agreements to conserve prairie habitat for the Burrowing Owl,
Loggerhead Shrike, and other prairie wildlife species. Currently,
226 participants are conserving more than 20 007 hectares of prairie
habitat in southern Alberta. Since 1996, the Parkland Stewardship
Program has registered 63 farm families representing more than
3443 hectares of wildlife habitat on 7695 hectares of farmland.
Besides their commitment to ensure the conservation of their rem-
nant parkland habitats, more than half of participating landowngrs
have undertaken steps to enhance their farms for wildlife by plant-
ing shelterbelts, placing nesting structures, fencing riparian areas,
and developing livestock watering systems.

Both stewardship programs involve active participation by indivig-
uals, local communities, and industry. They focus on the conselva-
tion of all native habitat remnants, including wetlands, upland
range, woodlots, and riparian areas, as well as incorporate landgwn-
er education and farm planning to improve wildlife habitat in the
surrounding agricultural landscape.

J. Fortune, Wildlife Habitat Canada
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Related Indicators

ecause soil organisms and species that eat

them are affected by soil quality, the
Availability of Wildlife Habitat on Farmland
indicator is linked to all the soil quality indica-
tors: Risk of Water Erosion, Risk of Wind
Erosion, Risk of Tillage Erosion, Soil Organic
Carbon, Risk of Soil Salinization, and Risk of
Soil Compaction. Many management practices
that are used to control erosion, such as plant-
ing shelterbelts, also improve wildlife habitat.
Keeping residues on the soil surface also
improves habitat, linking this indicator to Soll
Cover by Crops and Residue. Wildlife habitat
can be devalued by the presence of agricultural
chemicals, making a connection to Management
of Farm Nutrient and Pesticide Inputs. Wildlife
species dependent on wetland, riparian, or
aquatic habitats will be affected by increases in
the Risk of Water Contamination by Nitrogen
and the Risk of Water Contamination by
Phosphorus. Climate change has a tremendous
potential to affect elements of agricultural habi-
tat and thus biological diversity, linking this
indicator to the Agricultural Greenhouse Gas
Budget indicator.







Production Intensity

Agriculture has expanded and intensified production in many parts of
Canada. More-intensive forms of agriculture can result in higher yields,
increased productivity, and even environmental benefits (e.g., less land
may be needed for agriculture than might otherwise be the case).
However, intensification also increases the potential for environmental
risks and impacts from agriculture. Whether or not such risks actually
increase is determined in large part by the efficiency of production. The
termeco-efficiencyhas been coined to capture this concept.

Eco-efficiency involves producing more-valuable products or services using
fewer material and energy inputs, in turn minimizing losses to the environ-
ment and reducing pollution. Criteria for eco-efficiency include minimizing
the material and energy needed to produce goods and offer services

e maximizing the use of renewable resources

» enhancing the recyclability of materials

« extending product durability

* minimizing the dispersion of toxic substances.

Agriculture uses many inputs in the production process, including capital,
labour, machinery, land, water, nutrients, pesticides, and energy. Input costs
are a significant proportion of overall farm operating costs. Thus, inefficient
use of inputs create an economic loss for producers, and inefficient use of
environmentally sensitive inputs (particularly energy, nutrients, and pesti-
cides) can impose environmental costs on society, such as reduced water
guality, excess emissions of greenhouse gases, and reduced biodiversity.

Because most inputs are priced in the marketplace, there is some incen-
tive to use them efficiently. Considerable efforts to promote production
efficiency in agriculture have been, and continue to be, made. Through
research, for example, new and more-efficient production processes are
developed. Information and extension programs help farmers to improve
the efficiency of their operations. However, inefficient use can still result
in cases in which, for example,

* the private costs of inputs are less than the full social costs of their use

« information is lacking on how much of an input to use, as well as
where and when in the agricultural production cycle to use it.

The following two chapters address two aspects of production intensity and
efficiency in agriculture. Chapter 16 examines the amount of residual nitro-
gen remaining after harvest. Chapter 17 looks at the amount of energy used
in agricultural production (input) and the amount contained in products
(output). Other chapters of this report also examine environmental issues
related to production intensity. Chapter 5 reviews how certain farm inputs
are managed on farms across Canada, and chapters 12, 13, and 14 review
some environmental risks resulting from inefficient use of inputs.
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Residual Nitrogen

K.

B. MacDonald

Geographic scopeProvincial
Time series:1981, 1991, 1996

HIGHLIGHTS

Applying nitrogen in excess of crop needs reflects inefficient nutrient 1
agement, incurs unnecessary costs, and poses a threat to water

Movement of nitrogen into the atmosphere as ammonia and nitrous
contributes to poor air quality and potentially to global warming.

An indicator was developed to estimate the difference between the amg
nitrogen (N) available to the growing crop and the amount removed i
harvested crop. This difference was called residual nitrogen. The ind
was calculated for all provinces (the Atlantic Provinces were combined
1981, 1991, and 1996. The performance objective is to have all Can
farmland in classes associated with no net accumulation of nitrogen
time.

Canadian farmland was assigned to one of four classes of residual nit
Class 1: less than or equal to 20 kilograms of nitrogen per hectare (min
Class 2: 21-40 kg N/ha (expected in areas of intensive agriculture with
demand crops, such as cereals), Class 3: 41-60 kg N/ha (expected in g
intensive agriculture with high-demand crops), and Class 4: greater
60 kg N/ha. Classes 3 and 4 may represent areas where nitrogen is acc
ing and poses an environmental risk. In 1996, the Atlantic Provinces (529
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British Columbia (70%) had the largest share of farmland in Class 1. Ontario

(37%) and Quebec (28%) had the highest shares of farmland in Class 4

Indicator results show high levels of residual nitrogen (Class 4 in areas
high-demand crops and Class 3 in areas with low-demand crops) in areas

with
where

the trend toward cropping intensification is confirmed by other indicators. These

areas include the lower Fraser Valley of British Columbia, the corridd
agricultural land from Lethbridge through Red Deer to Edmonton in Alb
the Melfort area in northeastern Saskatchewan; the Red River Vall
Manitoba; southwestern Ontario, the area around Lake Simcoe, and the
Ottawa Valley; the St. Lawrence Lowlands in Quebec and the region so
Quebec City; the Annapolis Valley in Nova Scotia; and the St. John River
in New Brunswick.

There was a strong trend between 1981 and 1996 toward increasing le
residual nitrogen in all provinces except British Columbia. The share of f
land showing an increase in residual nitrogen levels of at least 5 kg/ha be
these 2 years ranged from 27% in British Columbia to 80% in Manitoba.
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Limitations of the data used to calculate the indicator allow only ge

eral

interpretations of indicator results. The indicator appears to be useful for

regional comparisons and to highlight areas where field testing should
ried out to confirm actual levels of soil nitrogen. Further development
indicator depends on refining many data components.

car-
the
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The Issue

itrogen is an essential crop nutrient

must be managed properly to curb losses

that

production. Unduly large surpluses may pose
an environmental risk, particularly under
humid conditions.

to the environment and reduce costs for farm- By its presence in manure, nitrogen forms an
ers. Compared to other industrialized countriesmportant link between livestock and crop pro-
Canada has a relatively low budget for agricul-duction systems. Manure produced by livestock
tural nitrogen $eeBox), but some level of

residual nitrogen inevitably results from

crop

Nitrogen balances of OECD Countries

Among the indicators being developed by the Organization
Economic Co-operation and Development (OECD) is an agricult
nutrient balance. This indicator expresses the difference betwee
amount of nutrient entering agricultural systems and the amount t

for
ural
n the
aken

up by crops. A nutrient surplus or deficit does not necessarily point to

significant environmental impact. However, high and continuous
pluses of nitrogen raise the risk of environmental problems, suc

sur-
n as

water pollution and greenhouse gas emissions, and continuous deficits

suggest a risk of declining soil fertility. Preliminary indicator results
presented in the table below for selected OECD countries.

The results provide a national estimate but mask considerable reg
variation within countries, although the OECD intends eventually
develop the indicator to show the regional variation around the na
al average. Canada, for example, has one of the lowest national \

are

ional
to

ion-

alues

chapter, has many agricultural regions where residual nitrogen ex
60 kilograms per hectare per year. Other countries with more inte
agricultural production systems, such as Japan and Denmark,
much higher national levels of surplus nitrogen. OECD’s analysis
revealed an overall downward trend in nitrogen surpluses across
OECD countries over the past decade. Canada is an exception t
trend. Its increase partly reflects Canadian agriculture’s growing us
fertilizer to remedy historic underfertilization of soils, rising producti
of crops that need high inputs of nitrogen (e.g., corn), and grow
numbers of livestock, particularly cattle and pigs.

of surplus nitrogen among OECD countries but, as demonstrated i(1

Nitrogen balance for selected
OECD countries

Country Nitrogen Balance kg N/ha/yr Percent

1985-1987 1995-1997 Change
Canada 6 13 113
Denmark 154 119 -23
France 59 53 -11
Japan 145 135 -7
New Zealand 5 6 32
United States 25 31 24

Source: OECD Secretariat]
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can be an asset in crop production when
applied to fields as part of a full nutrient man-
agement system. On the other hand, it can be a
liability if applied mainly as a means of dispos-
al rather than a way of nutrient recycling.

By using only the amount of nitrogen needed
for economically optimal crop production,
farmers can

* help maintain soil quality, which supports
productivity

* help control emissions of nitrous oxide, a
potent greenhouse gas

» reduce the risk of water contamination

* make the best use of nitrogen from animal
manure and legumes, reducing the costs of
producing, purchasing, transporting, and
applying mineral fertilizer

« eliminate the potential costs (e.g., fines, fees
for remediation) of not complying with envi-
ronmental regulations pertaining to nitrogen
pollution.

An indicator is needed to assess how much
nitrogen is left after harvest if nitrogen recom-
mendations are followed, and to monitor changes
in the level of residual nitrogen over time.

The Indicator
Description

he Residual Nitrogen indicator is an esti-

mate of the quantity of nitrogen remaining
in the field after harvest. It is the difference
between the amount of nitrogen that is avail-
able to the growing crop from all sources and
the maximum amount removed in the harvest-
ed portion of the crop under average condi-
tions. The crop nitrogen requirement is esti-
mated as the amount recommended to achieve
economically optimal production.

Nitrogen levels were determined from recom-
mended rates of fertilizer application rather than
for crop yields, to reflect the actual situation in
which farmers must decide by an early stage of
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crop growth how much nitrogen to apply. Crop Method of calculation
yield is only partly controlled by management The indicator was calculated by

'npUIS; uncontrol_lab'le growing season condi- calculating the amount of nitrogen available
tions exert a major influence. Where the levels from all sources (in some cases there was

of available nitrogen are less than or equal to more nitrogen in the mapping area than

crop irﬁizon:mﬁir:rdaﬂonm,vﬂ:le g‘;’g'i;‘;ggrgﬂzg 1o Would have been required according to rec-
remaining to nitrogen availa P ommendations)

standard published information and reflects the o )
overall ability of the crop to use nitrogen.  estimating the amount of nitrogen removed

Where nitrogen is present in excess, the ratio N the harvested portion of the crop based on
increases. a combination of recommended levels and

standard tables of the portion removed in

The indicator does not itself give any insight harvest

into the environmental effects of various levels® calculating the difference between these two
of residual nitrogen in different agricultural amounts to give a value for residual nitrogen.
settings. Surplus nitrogen may pose a risk to

the environment, but this risk is also sensitive The calculations included the three major agri-
to other factors, such as soil type and climatic cultural sources of nitrogen: mineral fertilizer,
conditions. For example, the movement of animal manure, and legume nitrogen fixation. In
nitrogen from farmland into the broader envi- the semi-arid regions, inputs also included crop
ronment is related to the movement of water. Iimesidues and mineralization of soil nitrogen dur-
the dry regions of interior British Columbia ing periods of summerfallow. Calculations were
and the Prairies, the movement of nitrogen in done for 1981, 1991, and 1996 to show a trend
water is limited, occurring mainly during over time and to establish the recent status of
storms and periods of heavy runoff. The envi- residual nitrogen. When usirf@@ensus of
ronmental risks of having residual nitrogen in Agriculturedata, the category of All Other Land
the soil are greater in humid areas of the coun{which includes farmyards, woodlots, etc.) was
try, such as central and eastern Canada. Thusexcluded from the farmland total, because this
residual nitrogen was also used to assess the type of land is generally not used for crop pro-
Risk of Water Contamination by Nitrogen, duction.

another indicator presented in this report.

Current provincial and regional nitrogen rec-
The indicator was expressed in four classes: ommendations for specific crops and regions
Class 1, less than or equal to 20 kilograms of were obtained from published sources and
nitrogen per hectare (minimal residual nitro-  extension specialists and used to estimate crop
gen); Class 2, 21-40 kg N/ha (expected in  requirements. Published information on nitro-
areas of intensive agriculture with low-demandgen distribution within the plant was used to
crops, such as cereals); Class 3, 41-60 kg N/hgstimate the amount of nitrogen removed in the
(expected in areas of intensive agriculture withharvested portion of the crop (actual estimates
high-demand crops, such as corn, which pro- of nitrogen removed in the crop were used in
duce greater quantities of biomass and conse-calculations for the British Columbia interior,
quently have more nitrogen in the harvested Lower Mainland, and Vancouver Island).

portion as well as the residue and roots. Where the total amount of available nitrogen
However, in areas where agriculture is not  from all sources exceeded the levels recom-
intensive or where the requirement is low mended, it was assumed that none of the surplus

because the total biomass production is somenitrogen was removed in the crop but rather
what lower, this class would indicate nitrogen added to the amount of residual nitrogen pres-
accumulation and possible environmental risk)ent. No attempt was made to include the amount
and Class 4, more than 60 kg N/ha (indicating of nitrogen harvested by grazing animals.
nitrogen accumulation and possible environ-

ment risk). The performance objective for the Nitrogen from mineral fertilizer was estimated
indicator iS to haVe a” Canadian farmland in from national and provincial figures for nitro_
Classes aSSOCiated W|th no net aCCUmUIation Oben ferti”zer Sales_ Nitrogen from animal

nitrogen over time. manure was estimated using livestock numbers
reported in theCensus of Agriculturand well

®
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established values for the nitrogen content of
the various types of manure. Manure from
uncommon livestock (e.g., emu, llama, mink)
was not included in the calculation. For British
Columbia, values for nitrogen from various

types of manure were changed to reflect meas-

urements from provincial research.

We assumed that

* nitrogen in that portion of cattle manure
applied to crops (some is deposited on pas-
tures) was 60% available to crops

« all poultry and swine manure was applied to
crops, and its nitrogen was 75% available

e manure nitrogen could supply up to 75% of
crop requirements in the overall budget

« in British Columbia, typical rates of fertilizer
nitrogen application account for the use of
manure on a regional basis; there was no

additional adjustment based on data from the

Census of Agriculture

Nitrogen from legumes was calculated using
census data for the area of legumes. Annual
legumes were assumed to contribute 45 kg N/h
Legume hay was assumed to contribute 100 kg
N/ha every 4 years at plowdown, for an annual
contribution of 25 kg N/ha. Where summerfal-

low was part of the rotation, it was assumed that

nitrogen mineralized during the fallow period
would supply the requirements of spring wheat
or other grains grown the following year.

Residual nitrogen levels on Canadian ELCLLUCRIZ

farmland under 1996 management practices
Farmland Share (%) of farmland
Province area* in different classes
(million ha) of residual nitrogen
Class 1 Class 2 Class 3 Class 4
< 20 kg/ha | 21-40 kg/ha| 41-60 kg/ha | > 60 kg/ha
British Columbia 15 70 19 3 9
Alberta 17.7 38 50 12 <1
Saskatchewan 23.0 31 61 8 <1
Manitoba 6.7 18 51 27 5
Ontario 4.2 26 22 15 37
Quebec 2.0 41 20 12 28
Atlantic Provinces 0.5 52 33 12 4
* Farmland area here is the sum of all Census of Agriculture land classes
except All Other Land.

Limitations
Calculating this indicator was subject to sever-
al data limitations, including

* reliance on official recommendations for
nitrogen input, which may be out of date or
unavailable for new crop varieties, and do
not include adjustments for factors such as
cropping history and manure management

« the general nature of census data, which, for
example, limits the indicator’s ability to
show localized areas of high nitrogen accu-
mulation (such as those associated with
intensive livestock operations) and to consid-
er the effect of irrigation

« distortion of the quantities of nitrogen esti-
mated from fertilizer spending in areas of
speciality crops, such as fruits and vegeta-
bles (where a disproportionate amount of
fertilizer costs is spent on speciality fertiliz-
ers), and where landowners make census
reports in the mapping areas in which they
live rather than the ones in which they farm

« discrepancies in the summation of total
farmland that resulted in unreasonable esti-
mates of residual nitrogen, making it neces-
sary to exclude mapping areas for which the
areas of cropland, summerfallow, improved
pasture, unimproved pasture, and other land
added up to an area greater than that report-
ed for total farmland.

a.

In time, better data may become available for
some components of the indicator calculation.
However, it is unrealistic to expect that, at a
national level, all the data needed will be
refined to the level of detail that would make
this indicator useful for detailed interpretation.
Nevertheless, the indicator is still useful for
making regional comparisons and highlighting
areas where field testing for nitrogen levels
should be carried out. The methodology itself
is a good starting point for more detailed inter-
pretations and could be used or adapted for use
in specific regions of greater concern.

Results
Estimates of residual nitrogen status are
given in Table 16-1 for all the provinces
(the Atlantic Provinces are combined). Most
farmland (70 to 90%) in the four western
provinces and Atlantic Canada fell into Classes
1 and 2. Ontario and Quebec have large agri-
cultural areas producing high yields of crops
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with a high requirement fo'r nitrogen, Wlth the Changes in residual nitrogen Table 16-2
result that 40 to 52% of this area falls into
Classes 3 and 4. levels between 1981 and 1996
Table 16-2 summarizes the trends in residual nit . Farmland Share (%) of farmland

. Province area* for which there was a change
gen for each province between 1981 and 1996. (million ha) in the level of residual nitrogen
British Columbia is unique in that levels of '12;;‘5""5559%&“ (_5’,\' foi%aﬂggﬁ,a) '?:;55 éi;LZt
residual nitrogen dropped by more than 5 kilo-| = )
grams per hectare on more than 50% of its far, British Columbia 15 °1 22 21
land area between these 2 years. This result | Alberta 17.7 7 51 42
needs independent confirmation, as the calculd saskatchewan 23.0 2 45 53
tions in British Columbia dealt with three con- .
trasting areas — Vancouver Island and the Manitoba 67 ! 19 80
humid lower mainland, the dry interior, and the| Ontario 4.2 0 31 69
Peace River region (which is similar to the Quebec 2.0 1 28 71
Prairie Provinces). Alberta, Saskatchewan, ang . ,
Manitoba showed a rise in residual nitrogen le Atlantic Provinces 05 2 4 53
els of at least 5 kg/ha on 42%, 53%, and 80% | * Farmland area here is the sum of all 1996 Census of Agriculture land classes
their farmland, respectively. Levels of residual | except All Other Land.
nitrogen rose by at least 5 kg/ha on a large sh

Residual nitrogen levels on farmland in western Canada under 1996 .m
management practices

Kg N / hectare ""“-\__\__j A } " WJ
[ <20 [ 21-40 [0 41-60 HE >60 Tt
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of Ontario (69%) and Quebec (71%) farmland Interpretation
between 1981 and 1996.

L ower levels of residual nitrogen were

In general, the level of residual nitrogen from expected for the four western provinces and
agricultural activities reflects the relative inten- Atlantic Canada, where much of the farmland
sity of agriculture across the regions. Figure is in forages (important crops, but typically
16-1 shows the status of residual nitrogen in underfertilized). The Peace River region and
western Canada in 1996. The highest levels arihe three Prairie Provinces are areas where
found in the southwestern and south-central crop production is relatively intensive, but the
portions of British Columbia, the irrigation crops grown do not have high requirements for
areas around Lethbridge and the region of blackitrogen. Furthermore, these areas have histori-
soils in the Red Deer and Edmonton areas in  cally relied on the release of nitrogen from soil
Alberta, the Melfort area in Saskatchewan, and organic matter to provide part of the crop

the Red River Valley area of Manitoba. requirements.

Figure 16-2 shows the status of residual nitro- The rise in the residual nitrogen levels in the
gen in central and eastern Canada for 1996. |Prairie Provinces between 1981 and 1996 like-

these regions higher residual nitrogen levels ly reflects the increased use of mineral fertiliz-
correspond to ers to more nearly match crop requirements

and reduce the risk of soil organic matter loss-
es GeeBox). In contrast, the large share of
farmland that had an increase in residual nitro-
gen of at least 5 kilograms per hectare in
* the St. Lawrence Lowlands of Quebec and  Ontario (69%) and Quebec (71%) likely
the region south of Quebec City reflects the trend of increasing intensification
« the Annapolis Valley in Nova Scotia, and the in the most productive parts of these provinces.
St. John River Valley in New Brunswick. However, both provinces also have significant

« the concentration of agriculture in the south-
western part of Ontario, and around Lake
Simcoe

Residual nitrogen levels on farmland in eastern Canada under 1996 Figure 16-2
management practices

kg N / hectare

[ T<20
[ J21-20
[ 41-60
Bl >60
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A prairie perspective on residual nitrogen

As a national indicator, residual nitrogen uses the same sources of data and methods for
cultural areas of Canada. The indicator was calculated based on the difference between the

all agri-
amount

of nitrogen estimated to be removed in the crop and the amount added in mineral fertiIizIr, ani-

mal manure, and legumes. This type of data is difficult to obtain, making the calculation
rough estimate.

very

In the Prairies, where most of the grain crop is exported, legumes are a relatively minor gompo-
nent of the crop rotation, and sources of manure are quite localized, an alternative appropch has
typically been taken. Nitrogen removal is calculated based on protein content, for which data are

readily available for wheat and often for canola, two of the Prairies’ most prominent @
Reliable estimates of the nitrogen content of various crops are also available, and this can
to estimate crop removal of nitrogen.

The table below shows the nitrogen removal-replacement ratios for the three Prairie Provir
1981, 1991, and 1996, the three census years for which the indicator was calculated. The

rops.
be used

ces for
5e ratios

were calculated using statistics for nitrogen fertilizer consumption and the nitrogen remoyed in

harvested portions of all crops by province. They do not include any nitrogen contributions

Df ani-

mal manure or estimates for nitrogen released by land under summerfallow. However, this gross

estimate shows that all three Prairie Provinces remove more nitrogen in the harvested po
crops than is added in mineral fertilizer, with the exception of Manitoba in 1996, when
removal equaled the addition of fertilizer nitrogen.

Similarly, in the calculation of the Residual Nitrogen indicator, the removal of nitrogen in the
vested crop is substantially greater than the quantity of fertilizer nitrogen applied. However,
overall residual nitrogen calculation, it is recognized that the portion of the crop remaining

rtion of
crop

har-
in the
in the

field (roots, straw, and chaff) contains a small amount of nitrogen. In the semi-arid conditions of
the Prairies, some of this nitrogen will gradually become available to future crops. Areas of agri-
cultural production in the two lower classes of the Residual Nitrogen indicator show whefe the

amount of nitrogen in the harvested crop is likely to exceed the amount added in fertilizer.
areas should be examined in greater detall to identify where production practices are unsus
because nitrogen from the breakdown of soil organic matter is being exported in the harvest

In terms of soil quality, some accumulation of nitrogen is desirable due to past underfertili
of soils. It is encouraging that in recent years the fertilizer nitrogen added has been more
in balance with the amount removed in harvest, as shown by both approaches.

Nitrogen removal/replacement ratios for
the Prairie Provinces

These
tainable
ed crop.

zation
nearly

Alberta Saskatchewan Manitoba Prairies
1981 1.64 3.15 151 2.01
1991 1.71 2.87 1.11 1.87
1996 1.37 151 0.96 1.33

(Removal of nitrogen in crops was estimated from the harvested portion of wheat, oats, barl
flax, canola, mustard, mixed grains, sunflowers, lentils, peas, canary seed, grain corn, buck
tame hay, sugar beets and potatoes.)

K.B. MacDonald, consultant
T.C. Roberts, Potash and Phosphate Institu

By, rye,
\wheat,

—

e
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areas of forage production and less-intensive water is discussed in that chapter. The follow-

agriculture reflected in the area (48—-60%) in

Classes 1 and 2.

ing interpretation applies mainly to the semi-
arid agricultural regions of Canada.

In western Canada, where water limits agricul-For agriculture in the semi-arid region of

ture, the accumulation of residual nitrogen
results in detrimental environmental effects
only under certain conditions (e.g., during
spring thaw). In the more humid areas of
Canada where there is generally sufficient
moisture for agriculture, high levels of resid
nitrogen in the soil have a greater potential
contribute to declining water quality. Values
residual nitrogen in these humid areas are

as the basis for calculating another indicator

presented in this report, Risk of Water

Contamination by Nitrogen. The potential for

nitrogen lost from farmland to contaminate

Nutrient management planning

Healthy crops need more nutrients than agricultural soils can natu
provide. It is when nutrients are applied in excess of crop needs o
manner that promotes losses to the surrounding environment that
pose an environmental risk. A good way for producers to ensure
this doesn't happen is to design and use a nutrient management
Producing a such a plan involves

understanding the principles of nutrient management

knowing soil and landscape features, soil fertility reserves,
appropriate nutrient sources

calibrating application equipment to know how much is applied
implementing best management practices for nutrient applica

soil and water conservation, and emergency procedures (e.g., deal

with spills).

The nutrient management plan establishes a nutrient budget, dete
ing the amount of nutrients that crops need and how these needs Vv
met. Soil testing provides data on existing levels of nutrients in the
Recommended rates of nutrient application, along with knowledg
the nutrient content of the various additional sources (e.g., an
manure, mineral fertilizer, biosolids, plowdown of legume crops) ¢
then be used to determine the additional amount of nutrients need
produce good yields. In this way, over-application of nutrients is av
ed, and the risk of them building up in soil or being lost to the ai
water is reduced. The plan also identifies ways of storing, handling,
applying nutrient sources that minimize environmental risk.

Canada, production is generally limited by the
guantity of moisture available. Except in areas
where supplemental water is available from
irrigation, production is limited to extensive
agriculture, with a mix of rangeland, improved
ual pasture, hay, cereals, oilseeds. Even in the
to areas of intensive agriculture, production is
forgenerally limited to crops with a low demand
uséar nitrogen, because the overall level of pro-
duction is restricted by available moisture.
Thus, levels of residual nitrogen are low or
moderate for most of the agricultural area.

The increase in residual nitrogen between 1981
and 1996 in this region reflects the intensifica-
tion of agriculture (with more area being devoted
to annual crop production) and the objective to
rallyncrease crop yield by adding more nitrogen fer-
"IN Blizer. This trend is most strongly shown in
th@Manitoba (where 27% of cropland had 41-60 kg
that/ha in 1996), followed by Alberta (12%) and
Pla85skatchewan (8%). This result was expected,
because the entire agricultural area of Manitoba
is found in the Black soil zone, an area with bet-
andter moisture conditions. A substantial portion of
Alberta production also takes place in this zone,
and Alberta also has an extensive area of irriga-
i onted land and an important livestock industry. For
“r;:Be parts of the semi-arid region with more
avorable moisture conditions, it is not unreason-
able to expect residual nitrogen levels moving
rmiito the 41-60 kg N/ha range. However, it is
Uill HEportant to confirm that these trends do repre-
soilsent a gradual intensification of agricultural pro-
b ofduction rather than a nitrogen buildup resulting
mafrom localized intensive livestock operations.
an
ed teor other parts of the country where moisture
bid-conditions are more favourable, levels of resid-
orual nitrogen were expected to fall into Classes
an® and 3, reflecting both the level of farming
intensity in these regions and the greater pro-
duction of high-yielding crops that incorporate

Tailor-made to the specific environmental conditions of individiial pigher levels of nitrogen into both the harvest-

farms, the nutrient management plan helps to optimize produd
while saving on input costs and protecting soil and water quality.
the plan is flexible, able to respond to changes in weather, soil ca
tions, cropping, nutrient availability, and farm resources.

Ontario Ministry of Agriculture, Food and Rural Affairs, 199

0Nag and residual biomass. This expectation was
ansupported by results for Ontario, Quebec, and
nOIIfhe humid region in British Columbia’s humid

Lower Mainland, where there were also areas
in the highest residual nitrogen class (greater

than 60 kg N/hay).

OO
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Response Options properly manage the nitrogen in manure. In
this situation, extension work, and possibly on-

reas where levels of residual nitrogen are farm research, is needed to help the farmer
high (Class 3 or 4 in the semi-arid regions develop alternative strategies for managing lev-
and Class 4 in the intensive humid regions)  els of nitrogen that are higher than crop
should be examined in more detail to deter- requirements.
mine the probable cause. Soil testing can be
used to confirm the results. In western Canadalhe indicator trends may identify areas of high
soil testing plays an important role in helping levels of residual nitrogen that can be confirmed
farmers adjust the amount of residual nitrogenby soil testing. In this casthe indicator may be
needed to achieve good yields. If high levels okignaling areas of agricultural intensification
residual nitrogen are borne out by soil testing, where more attention should be given to adopt-
then steps should be taken to correct this situang management practices to better manage

tion. In particular, since about 40% of the nitrogen inputs.
nitrogen under the control of the farmer comes
from animal manure and legume sources, If soil tests do not show the high levels of

extension and research related to residual nitrgesidual nitrogen estimated by the indicator, it
gen should be directed at developing environ- may reflect that the recommended rates for
mentally sound nutrient management plans  applying nitrogen are not valid. Further

(seeBox). research is needed to check that existing nitro-
gen recommendations are still valid and to
Such plans recognize that develop new recommendations for new crop

« regular soil testing is the foundation for cal- Varieties in different agricultural regions.
culating nitrogen needs

 options for managing legume nitrogen (e.g.,
location and rate of incorporation) are very
limited

An inconsistency between indicator and soil
test levels of residual nitrogen might also point
to inadequacies of the data. In this case the
data should be corrected or the problematic
* application of manure nitrogen is more flexi- mapping areas eliminated from the analysis.
ble, but animal manure can be transported
over limited distances and manure nitrogen Since current recommendations for nitrogen
is associated with other plant nUtrientS, SUChinputS in agricu|ture are based On|y on the eco-
as phosphorus, that have environmental  nomics of crop production, it is important to
effects and must also be properly managed study the linkage between the economic and
» fertilizer nitrogen should be used to comple- environmental effects of conforming to these
ment inputs of nitrogen from other sources, recommendations. Only after consensus is
as it is more flexible in terms of rate, timing, reached on this point will it be possible to pro-
and location of application. vide a full environmental interpretation of the
indicator results.
In the more humid regions, efforts are under
way to develop practical soil testing procedures .
to measure available nitrogen in the soil. To bsCOnclusion
effective, soils must be sampled and analyzed
as close to the time of seeding and nitrogen he residual nitrogen indicator provides a
application as possible, because nitrogen leveldl reasonable indication of the status and
can change quickly with the movement of trends in residual nitrogen derived from agri-

water througr_l the so@l. Be_tter methods to cultural activities. It uses a relatively consistent
account for nitrogen in animal manure and  calculation for crop inputs and livestock opera-
legumes are also needed. tions (averaged over mapping areas) across

Canada, and therefore allows for regional com-
High values for residual nitrogen across a mapparisons.

ping area may point to localized areas of even

higher levels. These areas are usually associafireas with high levels of residual nitrogen
ed with intensive livestock operations for identified by the indicator are consistent with
which the land base is not large enough to the pattern shown by other indicators of

®



agricultural intensity, particularly those related
to crop production. There is a definite trend
toward increasing amounts of residual nitrogen
in Canada.

The indicator is still in the preliminary stages

of development, and caution should be taken
when interpreting the results. The current
sources of data are limited in many cases for
this application. Some improvements are possi-
ble, but in other cases it would not be cost
effective to compile a national data set with the
level of detail needed for the analysis.

Related Indicators

anagement of Farm Nutrients and

Pesticides includes indicators related to
the application of mineral fertilizer and animal
manure, which influences levels of residual
nitrogen. High levels of residual nitrogen add
to the Risk of Water Contamination by
Nitrogen and increase the nitrous oxide com-
ponent of the Agroecosystem Greenhouse Gas
Budget. They also reflect greater inputs of
energy related to the production and applica-
tion of mineral fertilizer, thus affecting the fer-
tilizer component of Energy Use. Adequate fer-
tilization of crops can help build and conserve
Soil Organic Carbon.



G. Production Intensity

Energy Use

R.J. MacGregor, R. Lindenbach, S. Weseen, and A. Lefebvre

Geographic scopeNational, regional
Time series:1981 to 1996

HIGHLIGHTS

e Agriculture requires energy as an input and produces products

that

contain energy. To meet growing world demand we must contintially

strive to increase output on a relatively fixed land base. This inc
usually means having to use new technologies that need addi

ease
tional

inputs, including energy. The issue is whether these new systems are

sustainable.

Two indicators were developed to estimate the amount of energy
tained in agricultural inputs and the amount contained in outputs
or consumed by humans. Information on productivity for cer
inputs is also provided. The preliminary performance objectives
reduced energy input and increased energy output.

The amount of energy input into Canada’s primary agricultural pro
tion grew by 8% from 1981-1985 (341 PJ) to 1992-1996 (368
Greater use of mineral fertilizers accounts for this increase. Th

con-

used

ain
are

duc-
PJ).
b use

of diesel fuel also grew (3% annually), but this change was largely

offset by a drop in the use of gasoline (-5% annually) as far
replaced gas powered equipment with diesel powered equipme

Canada’s total energy output in agricultural primary products gre
13% from 1981-1985 to 1992-1996, with large contributions f

mers
nt.

v by
om

major grains, animals, and other commodities. Total energy olitput

can vary by more than 100 PJ from one year to the next, depe
on grain yields.

In the Prairies, energy input grew by 14% and energy output gre
19% (104 PJ) between 1981-1985 and 1992— 1996. In the non-K
region, energy input grew by 3%, while energy output dropped by
(2 PJ) in the same period.

Agricultural energy output appears to be most affected by flug

nding

W by
rairie
3%

tua-

tions in climate, but also by improvements in crop varieties, farming

practices and by commodity prices. The non-Prairie regions that
cialize to a greater degree in livestock production and energy-i
sive cropping (e.g., horticulture) show a greater energy input
output. The Prairies, with their greater emphasis on grain output
bulk grain exports), is characterized by energy output greatly exc
ing energy input.

spe-
nten-
than

(and
eed-




G. Production Intensity

The Issue

Agriculture, like all human activities,
requires energy as an input and produces

mineral fertilizer, pesticides, and other inputs,
less of these inputs would be available to affect
the environment. The environmental benefits of
using inputs as efficiently as possible include

products that contain energy. Energy is used t@ conservation of non-renewable resources,

power vehicles and farm machinery, manufac-
ture equipment and chemicals (e.g., mineral
fertilizers, pesticides), and run farm homes,

among other uses. Energy leaves the agricultur-
al system bound in commodities such as cere-

als, horticultural crops, livestock, and livestock
products that are either consumed directly by
humans or used to produce other goods (e.g.,

leather), or through losses to the environment.

such as fossil fuels

 lower emissions of greenhouse gases that
contribute to global warming (e.g., nitrous
oxide from mineral fertilizers)

e reduction in the risk to the local environment
(e.g., water quality, wildlife habitat).

Sector growth and intensity of resource use are
key aspects to interpreting this indicator. To

Understanding the amount and form of energyMeet growing world demand we must continu-

going in and coming out of the agricultural
system, along with how these are changing
over time, provides some information on how
the system is performing. For example, more
inputs may be needed to maintain yields over

ally strive to increase output on a relatively
fixed land base. This increase usually means
having to use new technologies that need addi-
tional inputs, including energy. The issue is
whether these new systems are sustainable.

time as soils become depleted. Changes in the

mix of outputs produced on farms, especially
greater production of livestock, would alter the
amount of energy contained by outputs.

Producers want to use inputs as efficiently as
possible to increase net income (i.e., through
lower costs of input per unit of output).

The Indicator

Description

we have developed two indicators, one that
estimates the total amount of energy con-

tained in inputs (callednergy inputand anoth-

Improved efficiency also leads to better proteceT that estimates energy contained in outputs

tion of the environment. If producers use less

Improved feed efficiency

Research has led to significant improve-
ments in feed conversion rates. For examgle:

e Improved genetics and management sys-
tems allow hog producers in Manitoba to
feed growers about 30% less barley than
they did in the early 1970s to produce
market hog.

e Today it takes only about 7 weeks to pr
duce a broiler, compared to 12 weeks
the 1950s. Less feed and fewer barns
needed to produce the same number
broilers today.

e The number of dairy cows in Canada cop-
tinues to decline as milk yield per cow
increases by 1 to 2% per yeatr.

R.J. MacGregor, Agriculture and
Agri-Food Canada

(calledenergy outpyt Because direct solar
energy inputs are excluded, energy input is an
indicator of the quantity of non-renewable
energy used by the agricultural sector. The indi-
cators are estimated at the provincial level, with
Prairie, non-Prairie, and national results reported
here. Specific information on some provinces is
also provided. Five-year moving averages from
1981 to 1996 are reported to smooth out signifi-
cant annual fluctuations in output values.

Changes in measures of energy input and output
can be short- or long-term, reflecting changes in

* technology
e government policies that affect input use or
output decisions

» weather patterns that affect yields (which can
lead to large fluctuations in annual energy
output)

« farm management practices.

Over time all these factors affect the quantity
of energy used or produced. An increase in
energy input generally implies greater intensity
of resource use and a higher level of risk to the



environment. Growth in energy output without beans, corn (for grain), potatoes, beef, pork,

a significant change in the mix of agricultural milk, chicken, eggs, turkey, carrots, cauli-
products is a sign of improved productivity andflower, corn (fresh), cucumbers, lettuce,
efficiency. The preliminary performance objec- onions, peas, tomatoes, apples, blueberries,
tives for these indicators are reduced energy grapes, peaches, pears, raspberries, and straw-
input and increased energy output. However, berries. Hay and pasture were not included,
real performance can be evaluated only after because they are included in livestock produc-
the cause of changes in energy are understoodion, not marketed directly.

A comparison of energy inputs and outputs to The energy content of each commodity was
evaluate energy use efficiency requires a full multiplied by the volume of that commodity
understanding of the complete life cycle of produced in each province. Production levels
energy in relation to the technologies availablecame from Statistics Canada reports. The total
to producers. This type of comparison may be energy held in all commodities was then

part of the future development of these indica-summed to obtain a yearly output total. To

tors. avoid double counting, the energy contained in
. grain was reduced to account for the amount
Method of calculation fed to livestock.

The metric unit of measure for energy used for
this indicator is a petajoule (PJ). A PJis 10 to [ jmitations

the power of 15 joules (1 PJ ="1fpules). In cajcylation of the indicators was subject to the
relation to other measures of energy, 1 calorie fo|oying limitations. Some data needed to cal-
is equal to 4.1686 joules; 1 British Thermal  ¢yjate the indicators were lacking or out of
Unit (BTU) equals 1054.6 joules. date, or their accuracy was suspect. Attempts

. . were made to remedy these deficiencies, but
The method described Energy Use Trends in  patter data would improve the accuracy of the

Canadian Agriculturevas used to calculate jngicator. In calculating energy outputs, some
energy input values. This method was modifiedyinor commodities may have been neglected
to deal with a scarcity of information atthe  pecayse data were lacking. Differences in the
provincial level and to extend the information relationship between energy input and energy
back to 1981. output among regions reflect the diversity of

. o . farm types and climate across Canada, not
The energy inputs assessed in this calculation 1, e_efficient practices in one area compared

are natural gas, gasoline (motor), diesel (fuel 4 gnother. Also, differences in data sources
oil), electricity, NGLs (propane, butane, etc.), anqd how feed use data are handled mean that
energy used to produce mineral fertilizers and oyincial estimates do not add up to national
pesticides, and energy embodied in buildings  egtimates. Although national estimates are more

and machinery. Data for energy inputs came rg|iaple, provincial estimates are also provided
directly or indirectly from Statistics Canada  pacause they reflect changes over time.
publications and other energy reports. When

data were lacking for certain years, input val-

ues were estimated using known data. For theReSU|tS
sake of consistency with other studies, we did

not include values for energy resource deple- Energy input

tion, a factor that accounts for the extraction, nergy input grew by 8% in Canada
refinement, and transportation of fossil fuels to ke between 1981-1985 and 1992-1996 (Fig.
the final user. 17-1). This trend results mainly from a 14%

rise in energy input in the Prairies (mainly
To determine energy output, information on thehecause of growing use of mineral fertilizers),
energy content of 34 of the most abundantly compared to a 3% rise in the rest of Canada.
produced farm commodities was obtained fronMineral fertilizer energy input grew by 26%
the U.S. Department of Agriculture Nutrient  (an annual growth rate of 1.4%) between
Database or from Agriculture and Agri-Food  1981-1985 and 1992-1996, accounting for
Canada databases. These commodities are  26% of the national energy input during this
wheat (winter and spring), durum, barley, rye, 15-year period. Pesticide energy also increased
oats, canola, flaxseed, lentils, field peas, soy- (20%), but given its very small absolute contri-

Energy Use



G. Production Intensity

Agricultural energy Figure 17-1

input in Canada
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bution, the impact of this input was negligible.
Total fossil fuel use increased over this period
by 3%, with a significant shift away from
gasoline- to diesel-powered machinery.

Regional and provincial energy use are shown
in Figure 17-2. The use of livestock feed was
counted as an energy input in British
Columbia, Quebec, and the Atlantic Provinces,
because more energy was consumed in feed
than produced in major crops in these
provinces. Energy input used in the Prairies
grew annually at an average rate of 1%, com-
pared to 0.1% in the rest of Canada.

The annual rate of change in energy input by
province over the period 1981-1985 to
1992-1996 was

e 2.8% in British Columbia, driven mainly by
an increase in imports of feed grain

* —0.2% in Alberta, where the drop in fossil
fuel use exceeded the increase in mineral
fertilizer use

¢ 1.6% in Saskatchewan, with a rise in the use
of both fossil fuels and mineral fertilizers

* 2.2% in Manitoba, with a rise in the use of
both fossil fuels and mineral fertilizers

* —0.4% in Ontario, with a drop in mineral fer-
tilizer use and energy input in machinery

* —0.4% in Quebec, with a slight drop in the
energy in both fossil fuels and mineral fertil-
izers

¢ —0.6% in the Atlantic Provinces, with a rise
in mineral fertilizer use and the feed deficit
offset by a drop in the use of fossil fuels.

Energy output

Total energy output for Canada increased

by 13% between 1981-85 and 1992-96 (Fig.
17-3). Even with the smoothing effect of using
5-year moving averages, there was consider-
able variability nationally. As an indicator,
energy output is sensitive to the yields of
major crops. The annual rate of growth in
energy output in major crops was about 1.2%,
but when feed use (which grew at a rate of
1.6%) is netted out, the annual growth rate
falls to 1%. Energy output in animals grew at
a rate of 0.4%, and in other commodities at a
rate of 8% (although from a very small base
compared to major crops). On average, major
crops (net of feed use) contributed 86% of
energy output.



Energy Use

The Canadian situation is greatly influenced by ] Figure 17-3
the Prairie region, which accounts for more Agricultural energy output 9

than 85% of Canada’s total energy output. The in Canada
Prairies showed a 19% increase in energy out
put during the study period, following an 700
upward trend similar to the national one (Fig.

17-4). In this region energy output in major //°\°/o
crops grew annually at a rate of 1.5%, reflect- 600 o/“'\o\o/o/o—o——-lr
ing both increasing yields (partly in response

to greater use of mineral fertilizers) and
expanded seeded area as the use of summerf{ 900 —
low declined. Feed use increased at the faster
rate of 2.7%, underpinning a 1.5% increase in
animal energy output. The energy output of
other commodities (e.qg., lentils, field peas,
potatoes, and horticultural crops) expanded by
almost 15% per year, but from a very small
base. In 1996 other commaodities still account-
ed for only 4% of the total energy output.
Areas outside the Prairies had a slight drop
(=3%) in energy output. In Ontario this drop
resulted from feed use increasing faster than
the energy output of major crops, which left a
smaller amount of energy to export.
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over the period 1981-1985 to 1992-1996 were
- Animal

* 1.2% in British Columbia, with a rise in
both animal output and feed deficit

* 1.6% in the Prairies, with a rise in all three

categories of energy output Note: Years represent 5-year moving averages. For example, 1985 represents
* —0.6% in Ontario, with a rise in feed use but| an average of 1981 to 1985
a fairly constant energy output in animals

* 0.1% in Quebec, with a small increase in ani- . . Figure 17-4
mal and other commodities energy outputs Regional agricultural J

* 1.2% in the Atlantic Provinces, with an energy output
increase in other commodities and a small
increase in animal energy output.

- Others I:l Major Crops (Net)
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The annual rates of changes in the energy out

put of selected commodities between
1981-1985 and 1992-1996 were

e beef and milk, —0.6 %
e pork, 1.3 %

« chicken, 3.6% 200
e wheat (including durum), 0.2%
* barley, —2.4%

« canola, 6.1% 0
o flax, —0.7%

e oats, 13.5%

» soybeans, 7.8%
e corn, —2%.
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G. Production Intensity

Productivity

Productivity is one way of measuring input use efficiency. Althou
simple to understand, it is difficult to measure at an aggregate ¢
Productivity increases if the amount of output grows at a faster
than the amount of inputs (i.e., more for less), implying that the te
nology or management systems are improving over time. Aggre
indices are constructed based on the value of inputs and outpy
measure change in productivity over time.

Productivity was calculated for mineral fertilizers (nitrogen, phos-

phorus, and potassium), pesticides, and energy (fossil fuels to p
machinery and produce electricity). Indices were constructed b
on expenditure and receipt data, deflated to account for price chg
over time. Mineral fertilizers and pesticides were compared to d
output, and energy was compared to both crop and livestock ou
Data came from an Agriculture and Agri-Food Canada producti
data base for the years 1961 to 1992. At the time of reporting, ir
mation was available up to 1992.

The estimates of productivity over the 1983-1992 period confirm
trends found above, where inputs and outputs were expressed in
of the energy they contain. Instead of using energy as the com
unit of account, the productivity indices directly compare the ama
of inputs with the amount of outputs (all expressed in constant
lars). Consistent with the finding that energy output is increag
faster than energy input for mineral fertilizers, pesticides, and fo
fuels, productivity is improving at an annual rate of 1%, 2.5%, &
1.9%, respectively.

Total mineral fertilizer use on the Prairies has grown significantly
has mineral fertilizer energy input, which almost doubled. Mine

fertilizer use efficiency increased by 2.3% annually, demonstratin
the overall improvement in productivity. Up to 1980, total minefa

fertilizer use in the Prairies and non-Prairie regions was roughly
same. After 1980 mineral fertilizer use in the non-Prairie region tg
ed to level off (or drop by about 1% per year according to the en
use estimate), and there may have been some loss in produc
This trend brought down the national use efficiency rate to 1%.

Total fossil fuel use measured in terms of constant dollars has
falling since the mid-1970s. With significant growth in outputs, ovi
all efficiency use has improved in both Prairie and non-Pra

In the Prairies there was an overall increase in

the net energy output of major crops, mainly

because of reduced use of summerfallow. As
9N can be seen from the annual rates of change,
aVe'energy output in wheat increased very slowly
rcag%vhile that in barley fell, replaced by canola

and oats. In eastern Canada the shift from corn
pat . : T
ts soypeans |s'eV|dent. The decline in energy

output in beef in eastern Canada more than off-
set the growth in western Canada, especially in
Alberta where energy output grew by 12%
bwdpetween 1981-1985 and 1992-1996. Energy
hse@utput in milk rose in British Columbia, but
ngedbe overall reduction resulted from the declines
ropseen in Ontario and Quebec over this period.
tputPork and chicken production and energy output
ity expanded steadily.
for-

Interpretation
the
ter ver the 1981-1985 to 1992-1996 period
moM the energy output in major crops and other
untcommodities in the Prairies grew faster than
dol-energy input (made up mainly of mineral fertil-
ingizer input). Higher energy output has been
ssilachieved mainly through improved yields (the
Ind result of technological change) and reduced use

of summerfallow. Another way of looking at

how efficiently the sector is using various
8Sinputs is to examin@put productivity which
'al supports this interpretation, at least for the
major inputs of mineral fertilizers and fossil
fuels GeeBox). Use of fossil fuels is increas-
the . . :
nd N9 s!owly, |mply|ng that the gector is con-
brg ributing to ('afﬂglent'usg of this non-renewable
Lvitresource, with implications for greenhouse gas
emissions from the sector. Greater use of min-
eral fertilizers is needed in the Prairies to
heefestore soil fertility, which declines under the
b~ production of grains, oilseeds, and forage crops.

irie

regions. The energy input of fossil fuels grew slowly over the Interms of other inputs, it appears that the eco-

1981-1985 to 1992-1995 period.

For pesticides, the efficiency index decreased by 1.6% annually
the Prairies, more than offset by a rapid annual increase in use
ciency of 8.8% outside the Prairies. These figures point to
improvement in the national use efficiency rate of almost 2%. B
measures (quantity and energy) show a very rapid increase in ug
the Prairies. However, they are not consistent for the non-Pr

nomic incentive to use inputs in an economi-
cally efficient manner is sufficient motivation
fotto reduce the amount required. Energy inputs
effideclined in all eastern regions, including min-
aneral fertilizer use in Quebec and Ontario, prob-
othably as a result of changes in the cropping pat-
(?.f@érn (e.g., more soybeans) and greater reliance
AIN€n manure. This finding demonstrates the

region, where use in terms of quantity is dropping and energy i"‘pu‘botential that alternative production systems

in pesticides is growing at an annual rate of 0.7%.

S. Narayanan, Agriculture and Agri-Food Canad

have to affect input use. Although the energy
contained in machinery and buildings is quite

2 large, it has remained relatively constant over




Energy Use

this period. The change in the makeup of out- Conclusion
puts (both crops and animals) had little overall

impact on these inputs. Over the period of study, the growth rate of

energy output (1.2%) exceeded that of

Qrain gsed for _feed Is another important CON" energy input (0.7%). The productivity indica-
sideration. Grain and forage are the key inputsy, ¢ o mineral fertilizers, pesticides, and fos-

into animal production. The 1.6% increase in sil fuels confirm continued improvements in

feed grain energy input over ;he 1981”_192805 toperformance by the sector. The energy con-
1992-1996 period exceeds the overall 1.2% tained in various inputs is a significant cost,

increase in (gnergy output from major.crops..Or&nd producers are expected to try to minimize
average, 36% of energy output Of MAJor graiNSy,aqe costs. This indicator provides support for
was used to feed livestock. By 1992-1996, they,q proposition.

energy input of major grains fed to livestock
was equivalent FO, 90% of all th? other ener:gy Although energy use in mineral fertilizers and
input. If feed efficiency can be improved, the pesticides increased over this period in the

potential for significant gains exist. Such a Prairies, energy use in other inputs remained

development has implications for the amount relatively constant. This was sufficient to allow

of inputs required to produce livestock feed, 8S¢trong productivity aains from improved vields
well as for the manure and other by-products gp o~ P y

i and less reliance on summerfallow. Increased
produced by livestock. pesticide use on the Prairies is one area of con-
cern, the implications of which should be eval-
uated through farming systems research.
Another key area for improvement would be in
the area of feed grain efficiency. Feed grain is
the single greatest energy input into the sector,
almost equal in energy terms to all other inputs
combined.

Response Options

he indicators of energy input and energy

output are composed of many different
components and so do not lend themselves to
very specific actions. For example, the trend
toward growing use of mineral fertilizers in the
Prairies should be monitored to ensure that th
increased level of mineral fertilizer use results
in maintaining or improving productivity.
Finding other management alternatives to mak-
ing soils fertile would help to reduce reliance
on mineral fertilizers.

Related Indicators

he Energy Use indicator is related to most
other indicators presented in this report. For
example, more energy will be needed to sup-
port agricultural production as soils become

. . . , degraded, linking this indicator to Risk of
Although its relatlye; size is smgll, the increase . ier Erosion, Risk of Wind Erosion, Risk of

in the use of pes.t|C|des IS Worrisome. The Tillage Erosion, Soil Organic Carbon, Risk of
annugl Increase in energy input by. a.\Im'ost 1%, 5l Compaction, and Risk of Soil Salinization.
combined y\{lth a de;clmmg productivity index The Management of Farm Nutrient and

on the Prames,' |nd|cates that effort should be Pesticide Inputs will dictate to what extent
focussed on this issue. The effect of a change
in the output mix on mput use also'needs affecting the amount of energy input associated
study. Other commqqltles, along ,W'th cgpola with these inputs. Increasing the amount of
and oats, grew significantly, and if pesticides Soil Cover by Crops and Residues may cut

p'ay?.‘ bigger role in produgtion of thege €OM-* gown on machinery and fossil fuel energy used
modities, effort should be directed at finding tilage, but more energy in herbicides may

alternative pest management systems. be used. Use of input energy contributes

greenhouse gas emissions in the Agricultural
Greenhouse Gas Budget.

mineral fertilizers and pesticides are used,
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H. Summary

Regional Analysis of Environmentally
Sustainable Agriculture

T. McRae and C.A.S. Smith

Geographic scopeBritish Columbia, Prairie Provinces, Ontario, Quebec,
Atlantic Provinces
Time series:1981, 1991, 1996

HIGHLIGHTS

 Primary agricultural GDP grew by about 30% between 1981 and 1996 in British Colmbia,
while some environmental risks declined, some remained stable, and others ingreased.
Improvements were achieved for soils, but substantial portions of cropland remain|at risk
of unsustainable levels of water and tillage erosion. Agricultural habitat for most Habitat
use units remained stable in the central portion of the province, increased in the Peate River
region, but declined in the more intensive agricultural regions of the Pacific Maritime eco-
zone. Greenhouse gas emissions were stable. The risk of water contamination by hitrogen
increased. Some soils in the Montane Cordillera ecozone and Peace River region are under-
fertilized, whereas other areas of the province under intensive horticulture and livestock
production show increases in residual nitrogen. The rate of growth in agriculturallener-
gy input use in British Columbia exceeded the rate of growth in energy outputs.

In the Prairie Provinces, strong growth (about 59%) in primary agricultural GDP between

1981 and 1996 was accompanied by notable progress in protecting soil health{and to
some extent in conserving agricultural wildlife habitats for most habitat use {nits.

Environmental costs from agriculture were mainly due to greater greenhouse gas$ emis-
sions. Increases in residual nitrogen had the mixed effect of conserving soil fertility, con-

tributing to greenhouse gas (nitrous oxide) emissions and possibly increasing the|risk of
water contamination by nitrogen. The prairie region also showed relative improvements
in energy use, as growth in agricultural energy outputs exceeded growth in energy|inputs.
Indicators are currently lacking for important prairie issues such as water management
and the effects of irrigation and intensive livestock operations on water quality.

Ontario achieved moderate growth in agricultural GDP (about 8%) and mixed success
in reducing environmental risks between 1981 and 1996. The risk of soil degrafation
declined except for that associated with soil compaction, but substantial portigns of
cropland remain at risk of unsustainable levels of water and tillage erosion. Greefphouse
gas emissions remained stable. Agricultural habitat for most habitat use units held
steady in the northern agricultural area of the province but declined in the south, |south-
central, and southeastern regions. Levels of residual nitrogen and the risk of watgr con-
tamination from nitrogen both increased considerably over much of the province| Both
inputs and outputs of energy declined, the latter at a slightly higher rate.

Quebec showed moderate growth in agricultural GDP (about 13%) and showed envi-
ronmental gains in some areas and stable or worsening risks in others betwegn 1981
and 1996. Progress is evident for soils, for which most degradation risks remained
steady or declined, and most cropland is at risk of tolerable levels of soil ergsion.
Greenhouse gas emissions also declined. Agricultural habitat area for most habjtat use
units remained stable in the northern portions of the province but shrank in arpas of
the Mixedwood Plains ecozone where there is more intensive production. Levels of
residual nitrogen and the risk of water contamination by nitrogen rose considérably
over much of the province. Both the risk of water contamination by phosphorug and
agricultural energy inputs and outputs remained largely unchanged.

Agricultural GDP grew slightly (about 1%) in the Atlantic region, and environm
risks varied considerably between 1981 and 1996. Agricultural habitat area

of unsustainable levels of erosion. Estimated levels of residual nitrogen and the [risk of
water contamination from nitrogen increased considerably over much of the region.
Agricultural energy output increased 17% between 1981 and 1996, whereas gnergy

input declined by 4%.




H. Summary

Introduction and specializes in grain and oilseed production.
It resembles the northern agricultural area of
P revious chapters of this report focus on  the Prairie Provinces and is quite different
individual agri-environmental indicators. In from the rest of British Columbia. Because this
this chapter we consider selected indicators region contains most of the province’s agricul-
and other relevant factors together on a regiontural land, conditions there tend to skew
al basis to provincial areal indicators toward that region.

« identify linkages between the indicators

. assess environmental performance in agrichmiSh Columbia’s mild climate allows some of
) ts | K i
ture over the 1981-1996 period ts land to be among Canada’s most agriculturally

productive, and agriculture is diverse. When meas-

* identify environmental challenges ured by farm cash receipts in 1997 ($1.7 billion),
« consider agri-environmental trends in rela- the key commodity groups are dairy (19.5%);
tion to changes in economic output. poultry and eggs (19%); fruits and vegetables

(18.5%); red meats (16.5%); grains and oilseeds
The regions considered are British Columbia, (1.5%); and others (25%), such as mushrooms,
the Prairie Provinces (Alberta, Saskatchewan, bulbs, ornamental flowers and shrubs, and honey.
and Manitoba), Ontario, Quebec, and the

Atlantic Provinces (New Brunswick, Nova Key results for selected agri-environmental and
Scotia, Prince Edward Island, Newfoundland economic indicators for British Columbia are
and Labrador). Primary agricultural gross presented in Table 18-1.

domestic product (GDP) is the indicator used

for the economic analysis. Ideally, to meet ecointerpretation

nomic and environmental objectives, GDP will Environmental conditions and trends for British
increase over time and environmental risks willcolumbia agriculture between 1981 and 1996
decrease. Such “de-coupling” can be achievedare mixed. Agricultural GDP increased strongly,
through structural changes in farming and use and some environmental indicators show positive
of more environmentally sound production  trends. Others show significant increases in envi-
practices and processes. ronmental risks from agriculture.

Moderate improvements in managing soil

British Columbia resources have been realized. Between 1981 and
N ) 1996, indicators of soil cover (by crops and crop
I n 1996, British Columbia accounted for  regjques), soil organic carbon levels, and risk of

3.5% of Canada’s farmland and about 7% Ofjjjage erosion improved overall, but tillage ero-
primary agricultural GDP. Its most important  gjon increased in the south coastal and southern
agricultural areas are the Peace River Region jnierior regions of the province. Levels of water
(in the B.oreal Pla|n§ ecozone), the south cen- gr4sjon risk remained unchanged overall but
tral interior valleys (in the Montane Cordillera j,creased in the Pacific Maritime and Montane
ecozone), and the Lower Mainland region (in - cordillera ecozones. Improvements in soil man-

the Pacific Maritime ecozone). agement are due in part to reduced tillage on
N » ) cropland (53% of seeded area was under conser-
The Pacific Maritime ecozone has a mild vation or no-till in 1996) and reduced summer-

coastal climate characterized by abundant winz5jiow in the Peace River area. Still. in 1996
ter precipitation. The area’s most productive  gimost half of British Columbia’s agricultural

agricultural soils are found in the lowlands of |3ng pase had areas at risk of unsustainable soil
the Fraser Valley and southeastern Vancouver grgsjon by water and tillage, and soils continued
Island, where horticulture (outdoor and green- i |ose small amounts of organic carbon.

house production) and mixed farming predomi-

nate. The Montane Cordillera ecozone covers Total emissions of greenhouse gases remained
the southern interior areas of British Columbiataple, with no significant changes in emissions
where the climate is mild and relatively dry.  of individual gases. However, greenhouse gas
Agricultural activities there focus on horticul- - emissions are relatively high in British Columbia
ture and livestock production. The Peace Rivelon a per-unit area basis. Most habitat use units
region is located in the Boreal Plains ecozone \yere supported by steady agricultural habitat
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Agri-environmental and economic indicators for agriculture in
British Columbia

Table 18-1

Issue

Indicator

1996 Status

1981-1996 Change

Land and Soil

Soil Cover

Good soil cover (34 bare soil
days/hectare).

Positive change: 25% decrease in bare soil days.

Water Erosion

44% of cropland at risk of unsustain-
able rates of water erosion.

No change: Cropland area at tolerable risk of ero-

sion unchanged (recent improvements due to win-
ter cover cropping in Pacific Maritime ecozone are
not reflected in this result).

Tillage Erosion

50% of cropland at risk of unsustain-
able rates of tillage erosion.

Positive change: 19% reduction in tillage erosion
risk.

Soil Carbon

Very small loss (12 kg/ha) of carbon.

Positive change: 40% reduction in estimated rate
of soil carbon loss.

Climate Change

Greenhouse Gas
Emissions

Emission of 5 million tonnes CO,-
equivalent (6% of national agricultural
emissions).

No change

Biodiversity

Habitat on Farmland

Habitat use units by ecozone:
Pacific Maritime (3048)
Montane Cordillera (4011)
Boreal Plains (3098).

Negative change in Pacific Maritime ecozone: 75%
of habitat uses supported by declining habitat area.
No change in Montane Cordillera ecozone: 80% of
habitat uses supported by unchanged area.

Positive change in Boreal Plains ecozone: 86% of
habitat uses supported by increasing habitat area.

Water Quality

Risk of Water
Contamination by
Nitrogen (N)

94% of assessed farmland at risk of
having N concentration in excess soil
water near or above drinking water stan-
dard (Pacific Maritime ecozone only).

Negative change: 57% of assessed farmland
(Pacific Maritime ecozone only) showed increasing
risk of N contamination of water.

Production
Intensity

Residual Nitrogen
(RN)

70% of assessed farmland with negli-
gible to low estimated RN (<20 kg/ha).

Mixed change: 51% of assessed farmland area
showed decrease in RN of at least 5 kg/ha. RN
increased in Pacific Maritime ecozone, a negative
trend. RN increased and decreased in different
parts of the Boreal Plains and Montane Cordillera
ecozones, positive for soil health where it has
increased but negative related to greenhouse gas
emissions; negative where it has decreased due to
underfertilization of soils.

Energy

Energy input for 1992-1996 was 45.6
PJ, and energy output was 5.0 PJ.

Negative change: Increase in energy inputs (35%)
exceeded increase in energy outputs (15%).

Economic Output

Agricultural GDP

About $850 million (constant 1992 $).

Increase of about 30%.

area in the central region of the province,
increased agricultural habitat area in the Peaceegionally within the province in 1996 (Fig. 16-1).
River region, and significantly reduced habitat Overall, only a small share (9%) of farmland
area in the Pacific Maritime ecozone, where showed high levels (greater than 60 kg N/ha),
more-valuable farm wildlife habitats (such as wetbut these were mainly concentrated in the
lands and woodlands on farmland) were convertedower Mainland and parts of the south-central

to other uses (such as cropland).

portion of the province where concerns about

Estimated levels of residual nitrogen varied




Change in the level of residual nitrogen on farmland in
western Canada between 1981 and 1996

Level of residual nitrogen

1 Decreased by at least 5 kg/ha
[ ] Remained constant
B Increased by at least 5 kg/ha

Figure 18-1

Change in the nitrogen Figure 18-2

concentration in excess water on farmland in
British Columbia between 1981 and 1996

Nitrogen concentrations

/ - Decreased by at least 1 mg/L
E Remained constant
‘P - Increased by at least 1 mg/L

water quality predominate. The remaining
agricultural areas of the province had much
lower levels of residual nitrogen. Changes in
residual nitrogen were also mixed (Fig. 18-1).
Generally, regions with high levels also
showed increases of more than 5 kg/ha
between 1981 and 1996. The Peace River
region also showed increases. In contrast,
residual nitrogen levels decreased on most
farmland in the Montane Cordillera ecozone.

The risk of water contamination by nitrogen was
assessed only for the Pacific Maritime ecozone,
where the nitrogen content of excess water was
estimated to be near or above the drinking water
standard (10 mg/L) on almost all farmland (Fig.
12-1). Between 1981 and 1996, this concentra-
tion increased by at least 1 mg N/L (10% of the
drinking water standard) on almost 60% of
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assessed farmland, a worrisome trend. This cultural activity, with farm receipts totalling
increase occurs mainly in parts of the Fraser ~ $14.5 billion in 1997. Based on the share of
Valley and pockets on the east coast of Vancouveotal farm receipts, the major agricultural com-
Island (Fig. 18-2). modities are grains and oilseeds (52%), red
meats (33.5%), dairy (4%), poultry and eggs
The amount and rate of agricultural energy input (2.5%), fruits and vegetables (0.5%), and other
use in British Columbia significantly exceeded farm commodities (7.5%). In recent years,
the amount and rate of growth in energy outputs.prairie agriculture has become more diverse
through the production of specialty crops (such
Challenges as lentils, caraway, and mustard) and non-tradi-
The key challenges for British Columbia agri- tional livestock (such as elk and bison).
culture are to

« address concerns of surplus nitrogen and
associated water contamination in the Pacific
Maritime ecozone and selected areas of the
Montane Cordillera ecozone. Current levels .
and recorded increases in residual nitrogen Interpretation
and the risk of water contamination are not Most agri-environmental indicators show posi-
sustainable, threatening water quality. Actiondive trends for prairie agriculture between 1981
to improve nutrient management and manure@nd 1996, and agricultural GDP increased by

storage and handling are required about 59%.

Key results for selected agri-environmental and
economic indicators for the Prairie Provinces
are presented in Table 18-2.

e ensure adequate levels of fertilization of soils
in areas of the province where cereal and
oilseed production have led to soil nitrogen
deficits, such as the Peace River region

Important gains have been achieved in soil con-
servation. Between 1981 and 1996, soil cover
increased,; the risk of wind, water (Fig. 18-3),
_ - and tillage erosion dropped; and the rate of sall
* work with farmers to conserve remaining  carpon loss declined to the point where soils in
wildlife habitats in agricultural areas of the  ggskatchewan are now estimated to be accumu-
Lower Mainland region, where changes in  |ating carbon, though at a very modest rate.
land use have diminished the availability of These improvements are due mainly to reduced
useful habitats for many species area under summerfallow, reduced tillage, and
» address remaining soil quality concerns (suckthanges in the use of some marginal lands from
as soil erosion) in agricultural areas where annual crop production to forage crop produc-
soils remain at risk of degradation. tion. Still, some soils remain at significant risk
of degradation by erosion and salinization, indi-
L. . cating a need for additional conservation efforts
Prairie Provinces in affected areas.

n 1996, the Prairie Provinces accounted for Most habitat use units were supported by an
81.5% of Canada’s total agricultural land increase in agricultural habitat area. This
area and about 46% of primary agricultural  improvement resulted from increased area under
GDP. Most agriculture takes place in the semi- pasture and All Other Land, the agricultural

arid Prairie ecozone, but extensive and highly |and uses most used as habitat by wildlife.
productive agriculture occurs in the southern

portion of the cool, sub-humid parts of the Agricultural greenhouse gas emissions have
Boreal Plain ecozone. increased over the Prairie Provinces as a whole,
mainly because of increases in Alberta.
Agricultural land in the Prairie Provinces is Emissions rose for both nitrous oxide and
characterized by large continuous tracts of cultimethane due mainly to greater use of mineral
vated land and sub-humid to semi-arid climate. fetjlizers and higher livestock numbers, partics
The fine-textured soils of the region have rela- ularly of hogs and cattle. The exception to this
tively high fertility and good moisture-holding  trend is Saskatchewan, where emissions
capacity, making them highly productive for  gecreased slightly between 1981 and 1996, in

crops. Much of the southern portion of the part the result of significant reductions in car-
Prairie ecozone suffers from regular droughts. pon dioxide emissions from soils.

The Prairies are at the centre of Canada’s agri-

©



Change in the risk of water erosion on cropland in the Prairie Provinces Figure 18-3
between 1981 and 1996

Decrease by at least 5%

Remained constant
Increased by 5 — 15%

Increased by 15 — 25%

B0 E0¢Z

Increased by more than 25%

Levels of residual nitrogen increased by 5 kg/haAlberta and Manitoba, has increased this risk in
on about half of the farmland area assessed (Figertain locations (e.g., some watersheds).

18-1). Prairie soils have historically been under-

fertilized, so this increase is positive for soil The prairie region also showed relative

health and productivity (because underfertiliza- improvements in energy use, as increases in
tion depletes soil nutrients). The one-third of  agricultural energy outputs exceeded growth in
farmland area with less than 20 kg/ha of soil  energy inputs.

nitrogen remaining after harvest in 1996 (Fig.

16-1) would likely benefit from additional appli- Challenges

cations of nitrogen. However, about 13% of
farmland in the Prairie Provinces was estimated
to have a surplus of more than 40 kgN/ha after
harvest, possibly contributing to emissions of
nitrous oxide, a greenhouse gas.

The key challenges for agriculture in the
Prairie Provinces are to

¢ maintain gains realized in soil conservation,
particularly if cropping patterns continue to
shift to crops that provide less soil residue
cover, and to enhance soil conservation
efforts on soils that remain at risk of degra-
dation (including marginal lands that continue
to be used for annual crop production)

For methodological reasons (see Chapter 12), the
risk of water contamination from agriculture was
not assessed for the Prairies. Still, the expansion
of intensive livestock operations, particularly in
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Agri-environmental and economic indicators for agriculture in the

Prairie Provinces

Table 18-2

Issue

Indicator

1996 Status

1981-1996 Change

Land and Soil

Soil Cover

Moderate soil cover (78 bare soil
days/hectare).

Positive change: 21% decrease in bare soil days.

Water Erosion

13% of cropland at risk of unsustain-
able erosion.

Positive change: Increase in cropland area at tol-
erable risk of erosion (8% in Alta., 26% in Sask.,
1% in Man.).

Wind Erosion

About 6% of cropland at high to
severe risk of wind erosion.

Positive change: One-third decrease in risk of
wind erosion.

Tillage Erosion

Slightly over half of cropland at risk of
unsustainable erosion.

Positive change: Overall reduction of 24% in risk
of tillage erosion.

Soil Carbon Slight, variable rates of loss of soil Positive change: Overall reduction in estimated
carbon in Alta. and Man.; slight rates | rate of soil carbon loss.
of gain in Sask.

Salinity 44% of cropland at moderate (33%) to | No change: 3% reduction in area at high risk of

high (11%) risk of increasing salinity.

increasing salinity.

Climate Change

Greenhouse Gas
Emissions

Emissions of 55 million tonnes CO,-
equivalent (64% of national agricultur-
al emissions on 82% of national farm-
land).

Negative change: 12% increase in emissions.

Biodiversity Habitat on Farmland | Habitat use units by ecozone: Positive change: 86% of habitat use units in
Prairie (3865) Boreal Plains and 80% in Prairie ecozone support-
Boreal Plains (3098). ed by increasing habitat area.

Production Residual Nitrogen | One-third of prairie farmland with low | Mixed change: 53% of farmland showed increase

Intensity to negligible residual nitrogen (<20 in residual nitrogen of at least 5 kg/ha. Some of

kg/ha), remainder above that value,
with 13% > 40 kg/ha.

this may be positive in overcoming soil nutrient
depletion; overfertilization may be occurring in
other areas and contributing to emissions of
nitrous oxide.

Energy Use

Energy input in 1992-1996 was 229.8
PJ, and energy output was 649.3 PJ.

Positive change: Increase in energy outputs
(19%) exceeded increase in energy inputs (14%).

Economic Output

Agricultural GDP

About $5.4 billion (constant 1992 $).

Increase of about 59%.

 ensure optimal use of nutrients and land
management practices so that progress in
building organic carbon levels and soil fertil- . retain critical habitat for wildlife on agricul-
ity is maintained tural lands, such as wetlands and riparian

* manage the environmental risks to water

habitats.

quality and climate (from greenhouse gas
emissions) that result from ongoing growth
in the livestock sector, particularly for hog
and other intensive livestock operations,

through proper siting of facilities and sound
manure and nutrient management




Ontario Ontario agriculture is very diversified, and 1997
farm cash receipts totalled $6.6 billion. The key
n 1996, Ontario accounted for 8.3% of the commaodity groups by share of total farm cash
Canada'’s total farmland and about 25% of receipts are red meat (23.0%), grains and oilseeds
primary agricultural GDP. Most of Ontario’s ~ (19.0%), dairy (18.5%), poultry and eggs
agriculture falls in the Mixedwood Plains eco- (12.0%), fruits and vegetables (10.0%), and other
zone, primarily in the Lake Erie and St. farm commodities (17.5%). Ontario is Canada’s
Lawrence Lowlands. Pockets of agriculture largest producer of corn and soybeans.
extend into the southern fringes of the Boreal
Shield ecozone to the north. Key environmental and economic trends in
Ontario between 1981 and 1996 are presented
Agricultural areas of the Mixedwood Plains  in Table 18-3.
have gentle topography, fertile soils, a warm
growing season, and abundant rainfall. As a  Interpretation
result, Ontario contains much of Canada’s mostnvironmental conditions and trends for
productive agricultural land, yet agricultural  Ontario agriculture between 1981 and 1996 are
land is lost each year to competing non-agri- mixed. Agricultural GDP increased by about
cultural land uses in region. Agricultural areas 89, some environmental indicators reveal
in the Boreal Shield ecozone have a colder clislightly positive trends, and others show signif-

mate and less productive soils. Agricultural icant increases in environmental risks from
activity in this ecozone is generally restricted agriculture.
to livestock and forage production.

Decrease by at least 5%
Remained constant
Increased by 5 — 15%
Increased by 15 — 25%

Increased by more than 25%
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Agri-environmental and economic indicators for Ontario agriculture

Table 18-3

Issue

Indicator

1996 Status

1981-1996 Change

Land and Soil

Soil Cover

Moderate soil cover (96 bare soil
days/hectare).

Positive change: 16% decrease in bare soil days.

Water Erosion

42% of cropland at risk of unsustain-
able water erosion.

Positive change: 7% increase in cropland area at
tolerable risk of erosion.

Tillage Erosion

59% of cropland at risk of unsustain-
able tillage erosion.

Positive change: 26% reduction in risk of tillage
erosion.

Soil Carbon

Very slight rate of accumulation
(3 kg/halyr).

Positive change: near equilibrium conditions.

Soil Compaction

310 300 hectares of susceptible farm-
land under compaction-inducing crops.

Negative change: 61% increase in susceptible
areas under compaction-inducing crops.

Climate Change

Greenhouse Gas
Emissions

Emissions of 16 million tonnes CO,
equivalent (19% of national agricultur-
al emissions from 8.3% of national
farmland)

No change

Biodiversity Habitat on Farmland | Habitat use units by ecozone: Negative change in Mixedwood Plains ecozone:
Mixedwood Plains (3784) 74% of habitat use units supported by declining
Boreal Shield (3262). habitat area.
Neutral change in Boreal Shield ecozone: stable
habitat area for 75% of habitat use units, decreas-
ing area for the rest.
Water Quality Risk of Water 61% of assessed farmland area at risk | Negative change: 68% of assessed farmland area
Contamination by of having N concentration in excess showing increase in estimated nitrogen content of
Nitrogen (N) water near or above drinking water excess soil water; 30% showing no change.
standard; 39% at low risk of water
contamination by nitrogen.
Production Residual Nitrogen | 37% of assessed farmland Negative change: 69% of farmland area showed
Intensity area > 60 kg N/ha. increase in residual nitrogen of at least 5 kg/ha.

Energy Use

Energy input in 1992-1996 was
64.5 PJ and energy output was 48.9 PJ.

Neutral change: Slight decreases in both energy
input (6%) and energy output (10%).

Economic Output

Agricultural GDP

About $ 2.9 billion (constant 1992 $).

Increase of about 8%.

Management of agricultural soils has improvedto soil compaction because of an increase in
overall. Soil residue cover increased, and risksarea under compaction-inducing crops (grain
corn, root crops, and vegetable crops). Levels
dropped. Improvements in soil cover were off- of soil organic carbon in 1996 were essentially
set to some extent by increased area under

of both water (Fig. 18-4) and tillage erosion

crops that provide less cover, such as soybeans.

However, a substantial proportion of Ontario’s Emissions of greenhouse gases from Ontario
agriculture were essentially stable between
water (Fig. 6-2) and tillage erosion. The risk t01981 and 1996. Energy outputs and inputs
soil quality has increased significantly related decreased only slightly in this period.

cropland remains above tolerable levels of

at equilibrium conditions.




Change in the level of residual nitrogen on farmland in eastern Canada Figure 18-5
between 1981 and 1996

Level of residual nitrogen
[ Decreased by at least 5 kg/ha

"] Remained constant
I increased by at least 5 kg/ha

The agricultural habitat area available to sup- Although nitrogen concentrations in agricultur-
port most habitat use units declined significantal water there are generally below the drinking
ly in the Mixedwood Plains ecozone (southern water standard, residual nitrogen levels and the
and southeastern Ontario) due to conversion ofisk of water contamination by nitrogen rose
pasture area and All Other Land to cropland. sharply, mainly due to more intensive livestock
Three-quarters of the habitat use units in the production and expanding area under crops that
Boreal shield ecozone were supported by a  require high levels of nitrogen (such as corn). In
constant agricultural habitat area, and one-  the more northern agricultural areas of the
quarter experienced a decline in habitat, mainlprovince, where agriculture is less intensive, lev-
because of reduced pasture area. els of residual nitrogen and the risk of water con-
tamination are lower and underwent little change.
Estimated levels of residual nitrogen (Fig. 18-
5) and the risk of water contamination by nitro-
gen m_crea_sed markedly overall (Fig. 18-6), Challenges
especially in the southwestern and south-cen- ) )
tral portions of the province, where crop and The key challenges for Ontario agriculture are to
livestock production are more intensive. In e improve nutrient management in areas of
these areas, the estimated residual nitrogen fre- intensive crop or livestock production.
qguently exceeded 60 kg/ha (Fig. 16-2), and Increases in soil nitrogen levels over much of
concentrations of nitrogen in excess water from the region are inconsistent with environmen-
farmland were estimated at near or above the tal goals for agriculture, and there is a risk
drinking water standard (Fig. 12-2). Far-eastern that levels of nitrogen (as well as those of
Ontario is potentially an area of future concern. phosphorus, bacteria, and pesticides, which
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Changes in the nitrogen concentration in excess water on farmland in Figure 18-6

Central and Atlantic Canada between 1981 and 1996

Nitrogen concentrations

1 Decreased by at least 1 mg/L

[ 1 Remained constant

/ B increased by at least 1 mg/L

are not covered by the indicators) in agricul-Quebec

tural water will continue to increase as agri-

culture expands and intensifies

n 1996, Quebec accounted for 5.1% of
Canada’s agricultural land and about 17%

of primary agricultural GDP. Most of Quebec’s

agricultural activity occurs in the St. Lawrence

Lowlands in the Mixedwood Plains ecozone.

Pockets of agriculture extend into the north-

central regions of the province (Boreal Shield

build on the progress achieved in soil consefecozone) and eastern areas such as the Easte

Vation and target additional Conservation Townships and Lower Saint Lawrence_Gaspé

efforts at soils that remain at risk regions in the Atlantic Maritime ecozone.

manage demand for water resources in the

southern regions of the province as agricul- Agriculture in the Quebec portion of the

ture increasingly competes for water with  Mixedwood Plains is dominated by feed grains

other sectors of the economy. and cash crops (corn, cereals, vegetables), forag
crops, and dairy and hog operations. Area unde
corn has expanded considerably in recent years
as new varieties adapted to shorter growing sea
sons have been developed. Livestock and forage
production predominate in the Boreal Shield and
Atlantic Maritime ecozones because of the less-
favourable soil and climatic conditions.

conserve key on-farm habitats for wildlife
(especially remaining farm wetlands and
woodlands), particularly in the southern por-
tions of the province where cropland has
expanded at the expense of more-valuable
habitats on agricultural lands




Agri-environmental and economic indicators for Quebec agriculture

Table 18-4

Issue

Indicator

1996 Status

1981-1996 Change

Land and Soil

Soil Cover

Moderate soil cover (62 bare soil
days/hectare).

No change

Water Erosion

88% of cropland at risk of tolerable
water erosion.

No change: 1% increase in cropland area at risk of
unsustainable water erosion.

Tillage Erosion

75% of cropland at risk of tolerable
tillage erosion.

Positive change: 10% reduction in risk of tillage
erosion.

Soil Carbon

Slight rates of loss of soil carbon
(49 kg/halyr).

Positive change: 50% reduction in rate of soil car-
bon loss.

Climate Change

Greenhouse Gas
Emissions

Emissions of 8 million tonnes CO,-
equivalent (9% of national agricultural
emissions from 5.1% of national
farmland).

Positive change: 27% reduction in emissions.

Biodiversity Habitat on Farmland | Habitat use units by ecozone: Negative change in Mixedwood Plains ecozone:

Mixedwood Plains (3784) 74% of habitat use units supported by declining

Boreal Shield (3262) habitat area.

Atlantic Maritime (2792). No change in Boreal Shield ecozone: Stable habitat
area for 75% of habitat use units; decreasing area
for the rest.

Positive change in Atlantic Maritime ecozone:
74% of habitat use units supported by increasing
habitat area.
Water Quality Risk of Water 58% of assessed farmland area at low | Negative change: 77% of assessed farmland area
Contamination by risk of water contamination by nitrogen; | shows increased risk of water contamination by
Nitrogen (N) 41% of area at risk of N levels in excess | nitrogen; 22% shows no change.
water near or above the standard.
Risk of Water 8% of farmland area (cropland plus pas- | No change: Increase in area at medium to high
Contamination by ture) at high risk of water contamination | risk between 1981 and 1991; return to near 1981
Phosphorus by phosphorus; 73% at medium risk. values by 1996.
Production Residual Nitrogen | 28% of farmland area >60 kg N/ha. Negative change: 71% of farmland area shows
Intensity increase in residual nitrogen of at least 5 kg/ha.

Energy Use

Energy input in 1992-1996 was 110.0
PJ and energy output was 20.5 PJ.

No change: Slight decrease in energy inputs (1%)
and slight increase in energy outputs (2%).

Economic Output

Agricultural GDP

About $ 2.05 billion (constant 1992 $).

Increase of about 13%.

Based on the share of farm cash receipts in

1997, which totalled $4.5 billion, the key com- gnyironmental trends for Quebec agriculture

modity groups in Quebec’s agriculture are redpenyeen 1981 and 1996 generally resemble
meats (31%), dairy (30.5%), poultry and eggs

(12.5%), grains and oilseeds (8.5%), fruits an
vegetables (7%), and other commodities (10.5%).

Key environmental and economic trends in
Quebec agriculture between 1981 and 1996
are presented in Table 18-4.

Interpretation

hose in Ontario, with some important differ-

nces in the status of soil resources. Provincial
agricultural GDP increased by about 13%.
Some environmental indicators showed

improvements and some a negative change.
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Management of agricultural soils improved  Most assessed farmland area was at medium risk
slightly. Both soil cover by crops and residue of water contamination by phosphorus, and 8%
and the risk of water erosion (Fig. 18-4) fell in the high risk class. Areas in these risk
remained unchanged, and the risk of tillage  classes are located mainly in the St. Lawrence
erosion dropped by about 10%, mainly due to Lowlands and the region south of Quebec City,
significant reductions in tillage. Overall in especially in areas of high-density livestock pro-
1996, a large share (88%) of Quebec’s crop- duction (Fig. 13-1). The risk grew particularly in
land was in the tolerable risk class for soil ero-the Quebec, Beauce-Appalaches, and Bois-Francs
sion by water (Fig. 6-2), and 75% was in this agricultural regions of the province (Fig. 13-2).
class for tillage erosion. The soil compaction
indicator was not calculated for Quebec, Energy inputs and outputs remained virtually
although this form of soil degradation is an  unchanged in Quebec agriculture between
important concern in that province. Although 1981 and 1996.
Quebec's agricultural soils are still losing soil
carbon, the rate of loss has been reduced by
half since 1981 and is now small. Challenges

The key challenges for Quebec agriculture are to
Agricultural emissions of greenhouse gases in, improve nutrient management in areas of
Quebec decreased by one-quarter between intensive livestock and crop production.
1981 and 1996 as a result of reduced carbon  |ncreases in residual soil nitrogen levels over

dioxide emissions (from soils) and methane much of the region are inconsistent with envi-
emissions (because of lower numbers of farm  onmental goals for agriculture, and levels of
animals, except for hogs). Emissions of nitrous nitrogen in water from farmland may continue
oxide were unchanged. to increase as agriculture expands and intensi-
fies. Phosphorus levels in soils also require
careful management

conserve key on-farm habitats for wildlife
(especially remaining farm wetlands and
woodlands), particularly in the Mixedwood
Plains ecozone where cropland has expanded

The habitat value of Quebec farmland in the

Mixedwood Plains and Boreal Shield eco-

zones was similar to that described earlier for *

Ontario (because the indicator applies to all

farmland in these ecozones). A small propor-

tion of Quebec’s farmland is situated in the :

Atlantic Maritime ecozone, where about three- at the expense of more valuable agricultural

quarters of habitat use units were supported by habitats

increasing agricultural habitat (Fig. 15-1). » ensure that soil conservation measures accom-
pany any further increases in annual row crop

Estimated levels of residual nitrogen and the  production.

risk of water contamination by nitrogen

increased strongly on 71% and 77% of . .

assessed farmland, respectively, in the areas Atlantic Provinces

of more-intensive agriculture (Figs. 18-5 and

18-6). Estimated nitrogen concentrations in n 1996, the Atlantic Provinces accounted for

excess water from farmland were near or 1.6% of the farmland in Canada (most of

above the drinking water standard in a much which lies in the Atlantic Maritime ecozone,

smaller area located mainly in the agricultural With & small portion in Newfoundland and

areas north and south of Montreal, and south Labrador in the Boreal Shield ecozone) and

of Quebec City (Fig. 12-2). As in Ontario, about 4% of primary agricultural GDP.

increases in estimated residual nitrogen and

the risk of water contamination by nitrogen Close proximity to the Atlantic Ocean creates a

result mainly from the intensification of live- €00, moist, maritime climate. The growing

stock production and the greater area under S€ason is shorter and cooler than in many other

crops that require higher levels of nitrogen agricultural regions in Canada, and most agri-

(mainly corn). Increasing levels of residual cultural activity is dispersed through valleys

nitrogen in some areas where nitrogen concerfind coastal plains. Soils tend to be acidic, of

trations in water are currently below the drink-vVariable texture, and associated with strong

ing water standard may pose a concern in theleaching. Dense subsoils that impede drainage
future. are also common.

©



Agri-environmental and economic indicators for agriculture in

the Atlantic Provinces

Table 18-5

Issue

Indicator

1996 Status

1981-1996 Change

Land and Soil*

Soil Cover

Moderate soil cover (65 bare soil
days/hectare).

Positive change: 14% decrease in bare soil days.

Water Erosion

40% of cropland at risk of unsustain-
able water erosion.

Mixed change: 12% increase in cropland area at
tolerable risk of erosion in N.B.; 3% decrease in
area at tolerable risk of erosion in N.S.; no change
in PE.L

Tillage Erosion

% of cropland with areas at risk of
unsustainable tillage erosion: 62% for
N.B.; 34% for N.S.; 51% for P.E.I.

Positive change: % reduction in tillage erosion
risk: 8% for N.B.; 15% for N.S.; no change for
PE.I

Soil Carbon

Slight rate of loss (39 kg/halyr) of soil
carbon.

No change

Soil Compaction

30 000 hectares of susceptible farm-
land under compaction-inducing crops
(76% of this area in P.E.1.).

Mixed change: % change in susceptible areas
under compaction-inducing crops: —16% in N.B.;
47% in N.S.; 81% in PE.I..

Climate Change

Greenhouse Gas
Emissions

Emissions of 2.5 million tonnes CO,-
equivalent (3% of national agricultural
emissions from 1.6% of national
farmland).

Negative change: 14% increase in emissions.

Biodiversity Habitat on Farmland | Habitat use units by ecozone: Positive change in Atlantic Maritime ecozone:
Atlantic Maritime (2792) 74% of habitat use units supported by increasing
Boreal Shield (3262 ) habitat area.
No change in Boreal Shield ecozone: Stable habitat
area for 75% of habitat use units; decreasing area
for 25% of habitat use units.
Water Quality Risk of Water 82% of assessed farmland at low risk | Negative change: 62% of assessed farmland area
Contamination by of water contamination by nitrogen; shows increase in nitrogen content of excess soil
Nitrogen (N) 18% at risk of having nitrogen content | water; 36% shows no change
of excess water near or above drink-
ing water standard.
Production Residual Nitrogen | 4% of assessed farmland with Negative change: 53% of assessed farmland area
Intensity >60 kg/ha, 52% with negligible showed an increase in residual nitrogen of at least

(<20 kg/ha) residual nitrogen.

5 kg/ha; 44% showed no change. Some of this may
be positive in overcoming soil nutrient depletion,
overfertilization may be occurring in other areas.

Energy Use

Energy input in 1992-1996 was
18.5 PJ, and energy output was 9.0 PJ.

Positive change: Decrease (4%) in energy input;
17% increase in energy output.

Economic Output

Agricultural GDP

About $456 million (constant 1992 $).

Increase of about 1%.

'Results for soil compaction, water erosion,

and tillage erosion indicators exclude Newfoundland and Labrador.




Regional Analysis of Environmentally Sustainable Agriculture

Agriculture is mixed, with potato, cereal, and agricultural habitat area in the Atlantic

hay production dominating land use. LivestockMaritime ecozone and stable habitat conditions

production is also prevalent. Farm cash receipsn most land in the Boreal Shield ecozone.

in 1997 totalled $999 million, distributed as  Improvements result from an increase in the

dairy (22%), red meats (18.5%), poultry and area of All Other Land (Fig. 15-3).

eggs (17.5%), fruits and vegetables (8%),

grains and oilseeds (1%), and other commodi-Estimated levels of residual nitrogen remained

ties (33%). The Atlantic region is Canada’s pri-unchanged on just under one-half of assessed

mary source of potatoes. farmland area, the remaining showing an
increase of at least 5 kg/ha, including most of

Key environmental and economic trends in ~ Prince Edward Island and parts of New

agriculture in the Atlantic Provinces are pre- Brunswick and Nova Scotia (Fig. 18-5).

sented in Table 18-5. Similarly, the estimated concentration of nitro-
gen in excess water from farmland was well

Interpretation below the drinking water standard on about

Environmental trends for agriculture in the 80% of the assessed area; however, 62% of this

Atlantic provinces between 1981 and 1996 are area recorded an increase in the nitrogen con-
mixed. Agricultural GDP increased by 1% over- tent of water by at least 1 mg N/I (Fig. 18-6),
all, with some environmental indicators showing indicating possible concerns in the future. Areas
improvementg and others a dec"ning trend. with nitrogen concentrations in excess water at
Conditions vary Considerab|y by province_ or above the drinking water standard in 1996

are shown in Fig. 12-2. Increases result mainly
Prince Edward Island recorded stable or negafrom general increases in fertilizer use and
tive trends for most indicators of soil health. increased area under crops that require higher
Soil residue cover increased slightly, the risk ofevels of nitrogen (mainly potatoes) .
soil erosion by water (Fig. 18-4) and tillage
held steady, and there was a strong increase iftgricultural energy output increased consider-
susceptible area under compaction-inducing ably between 1981 and 1996 due to greater
crops. Under 1996 conditions, an estimated —output of a wide range of commodities, where-
41% and 51% of cropland area was above the@s energy inputs declined slightly.
tolerable level of soil erosion risk by water
(Fig. 6-2) and tillage, respectively.

Challenges
The indicators suggest a need for additional soil The key challenges for agriculture in the
conservation efforts in the Atlantic provinces.  Atlantic Provinces are to
Area planted to potato crops continues to « ensure that soil conservation measures
increase, and the use of reduced tillage methods accompany any further increases in annual
remains lower than in other regions of Canada. row crop production, especia”y of potatoes_
However, the risk of water erosion is likely over-  Agricultural sustainability on Prince Edward
estimated in some areas because some conserva-|sjand is threatened by soil erosion, and
tion measures, such as terracing and grassed  efforts to address this concern are needed.
WaterWayS, are not included in the calculations. Additional soil conservation measures are
On the other hand, the risk of tlllage erosion is also required in areas of New Brunswick and
likely underestimated because terracing structures Nova Scotia at risk of unsustainable levels of
are not considered. water erosion

improve nutrient management in areas of
intensive livestock and crop production.
Within Nova Scotia’s Annapolis Valley, esti-
mated concentrations of nitrogen in excess
water are greater than the drinking water
standard, and increases in nitrogen concen-
tration in excess water have been estimated
for many agricultural regions of all three
provinces.

©

Regional greenhouse gas emissions increased
by 14% between 1981 and 1996, but account
for only a small share (3%) of total Canadian
agricultural emissions.

Agricultural land use trends have benefited
wildlife overall, with about three-quarters of
habitat use units supported by increasing



Conclusion some soils remain at risk of degradation, and

water quality may be at risk locally because of

I ntegrated regional analysis of environmentalgreater use of fertilizers and more-intensive
and economic indicators reveals consider- animal production. Further intensification of

able differences in agri-environmental condi- crop and livestock production will increase the

tions, trends, and farming systems across environmental risks unless steps are taken to

Canada. Growth in agricultural GDP has been manage such risks.

accompanied by

« general improvement in the management of (_Zlimatic, geographic3 and agricultural condi-
soils tions are markedly different in the other (non-

prairie) agricultural regions of Canada, where

more-favourable climates permit more-inten-

. o sive forms of agriculture. These regions are
USEs In all ecozones save for_ the Pacific characterized by the cultivation of more-valu-
Maritime and Mixedwood Plains able crops (such as corn, potatoes, vegetables,

* increased environmental costs related to  and soybeans), and higher levels of inputs.
increases in residual nitrogen, greenhouse Dairy, hog, poultry, and beef operations are
gas emissions, and risk of water contamina- also prevalent. This more-intensive form of
tion by nitrogen. agriculture in an environment where water sup-

plies are abundant increases the potential for

No major agricultural region of the country is  agriculture to have adverse environmental
without some indicators showing negative trendseffects.

 steady or increasing agricultural habitat
available to support most wildlife habitat

The prairie region is a semi-arid area largely The indicators suggest that in south and central
characterized by extensive crop production  British Columbia, Ontario, Quebec, and the
(cultivation of cereals, oilseeds, and pasture) Maritimes, improvements in conserving soils
and both extensive and intensive livestock pro-have been realized, although work remains to
duction. Together the indicators suggest that pe done. Land use changes in parts of British
considerable progress toward environmental  Columbia and central Canada have adversely
sustainability has been achieved in this region.affected wildlife habitat. Negative trends are
Reductions in tillage, summerfallow, and use evident in estimated residual nitrogen concen-
of marginal land have led to gains in soil con- trations and in the risk of water contamination

servation and soil quality. Changes in land usefrom nitrogen in most humid regions of the
have also benefited wildlife overall. However, country.

emissions of greenhouse gases have risen,



H. Summary

Conclusions

T. McRae and C.A.S. Smith

HIGHLIGHTS

» Canadian agriculture has made considerable progress in conservi
natural resource base that supports production, although some|
remain at risk of unsustainable levels of degradation. Factors that
contributed to improvements include investments in research an

and soil conservation practices.

 With regard to agriculture’s compatibility with natural systems, perfo
ance is mixed. In some areas, several environmental risks have incr

ble has been an intensification of agriculture across much of the cg
resulting from structural changes in farming and increased m
demand for some products.

* The findings of this study suggest a need for ongoing efforts by p
makers, producers, researchers, analysts, educators, and the pu
achieve a more environmentally sustainable agriculture industry. We
which agri-environmental indicators can be used to support action
identified and discussed.

» The agri-environmental indicator study identified key limitations in
national capacity to assess the environmental sustainability of ag
ture. To enhance our analytical capacity, additional research is nee
further understand agriculture—environment interactions and proce
and to address data limitations and gaps.
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have
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development and use of new, economically viable farming technologies
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pased,

and environmental conditions have worsened. The main factor responsi-
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Introduction It is evident that Canadian agriculture has
responded positively to concerns raised in the
anadian agriculture is diverse and highly 1980s about declining soil quality. For example,
managed, and makes a significant contribus governments have invested in soil research
tion to our nation. Historically, agriculture and extension services
helped settle the country and it continues to
provide abundant, affordable food for
Canadians, as well as benefits related to eco-
nomic and rural development. However, the )
sector has not been immune to developments * Preducers have formed voluntary associa-
elsewhere in society and is increasingly driven tiONS to promote soil conservation
by forces over which it has little control. * new, economically viable technologies
(such as no-till seeders and improved land
Prominent among these forces are technologi- management practices) have been devel-
cal changes, changes in markets and commodi- oped and used to better manage soil
ty prices, and the need to enhance productivity resources.
and competitiveness. These changes have led to
structural changes on farms, such as more coridowever, soil conservation must remain an
centrated and intensive production. Questions important part of the sector’s overall efforts to
and concerns about the environmental implica@ddress environmental challenges. Progress has
tions of agriculture have arisen as a result. In been uneven across the country, and soils in
this chapter, we provide an overview of the ~ most areas of intensive agriculture remain at
main findings and conclusions that emerge ~ unsustainable levels of degradation risk.
from this report, along with their implications. Intensification of cropping has offset gains
realized from the adoption of conservation
practices in some areas.

e programs have been established that have
removed some marginal lands from annual
crop production

Environmental Wit recard - -

. T ith regard to agriculture’s compatibility wit
SUSt.aII‘lablllty of natural systems, performance is mixed.
agriculture Environmental risks have increased in some

areas, and environmental conditions have
hapter 2 of this report introduced two crite-Sometimes worsened. The main factor respon-
ria against which to judge the environmen- sible has been an intensification of agricultural
tal sustainability of agriculture: production in many regions where climatic,

« how well agriculture conserves natural agrono_mic, and economic conditions ha_ve per-
resources that support agricultural produc- Mittéd it. These changes have resulted in
tion increased inputs of nitrogen and other nutri-

nts per unit of land area, leading in turn to

reater risk of declining water quality and
growth in emissions of greenhouse gases.

. . . €
» how compatible agricultural systems are Wlﬂ‘b
natural systems and processes.

Table 19-1 provides an overview of key con-
clusions about the environmental sustainabili
of agriculture by section or chapter of this
report.

Changes in land use since 1981 have increased
Ythe area of the most valuable wildlife habitats
on Canada’s agricultural land, except in south-
western British Columbia, southern Ontario,
and southern Quebec. Here, habitat availability
' has declined mainly because of regional reduc-
tions in the area of agricultural land and the
expansion of cropland at the expense of more-
valuable agricultural wildlife habitats.

With regard to natural resource conservation
the indicators point to a continuation of the
trends first reported in Agriculture and Agri-
Food Canada’s 1995 repdrhe Health of Our
Soils—Toward Sustainable Agriculture in
Canada Substantial and continued progress is
evident, as soil management has improved
overall and most soil degradation risks have
been reduced.

On balance, risks to the environment from agri-
culture have been reduced in some areas and
have grown in others. The implications of these
findings for decision makers are discussed later
in this chapter.



Key findings for agriculture’s environmental performance

Table 19-1

Chapter or Section

Findings (1981-1996, except where noted otherwise)

Driving forces

Globalization and changes in technology, population growth, and market demand have often intensi-
fied agricultural production, sometimes with environmental consequences. At the same time, social
preferences have evolved to demand a more environmentally sound agriculture.

Potential environmental risks will continue to increase as intensification continues, requiring manage-
ment responses from industry, governments, and consumers.

Farm management

Management of agricultural soils has improved overall.

Overall, sound fertilizer and pest management practices are in use, although there is room for
improvement. Manure is the nutrient source most needing improved management (above based on
1995 data only).

Soil quality

Soil degradation risks have been reduced overall. Additional effort is required to conserve soils
remaining at risk of unsustainable levels of degradation.

Water quality

The risk of water contamination from nitrogen has increased overall in most humid areas (the risks
were not assessed on the Prairies, but these have likely increased due to intensive livestock operations).

Greenhouse gas emissions

There was a small overall increase in emissions, with most increases occurring from 1991 to 1996.
Carbon dioxide emissions decreased, nitrous oxide emissions increased, and methane emissions
remained stable.

Agricultural wildlife habitat

Agricultural lands are used extensively by wildlife for their habitat needs. Most habitat uses were sup-
ported by an increasing agricultural habitat area, except in southwestern B.C. and southern Quebec
and Ontario, where most habitat uses were supported by a shrinking agricultural habitat area.

Production intensity

Levels of residual nitrogen per hectare increased in all agricultural regions except B.C. (where some
regional increases were evident). Increases on the Prairies are beneficial to soils in production sys-
tems with a net nitrogen deficit.

Relative gains were realized nationally and on the prairies, as growth in agricultural energy output
exceeded growth in agricultural energy input. In the non-prairie region, overall energy inputs
increased, whereas overall energy outputs dropped.

National capacity for
environmental analysis of

agriculture

his study has made extensive use of avail- ture of how agriculture is performing with
able data, expertise, research capacity, andrespect to the environment.
models. In doing so, we have learned much
about our national capacity to do environmen- Most indicator results are subject to some
tal analysis in agriculture. The findings, sum- level of uncertainty, mainly because of an
marized below, have implications for biophysi- imperfect understanding of ecosystem process
cal and economic research, as well as future es and agriculture—environment relationships,
efforts to collect indicator data.

The usefulness and application of the indica- research is relatively new, such as that on
tors is limited to broad-scale assessments, as nitrous oxide emissions from soils.

the national scope of this study has required
the aggregation of data over large areas. This
treatment has resulted in the loss of informa-
tion about point sources of pollution (such as
poorly managed intensive livestock opera-

tions), which are important to the overall pic-

but also because of limitations in data. This
uncertainty is greater for topics for which

o Y




Through this study we have pushed the limits Using ag ri—environmental

f ilable data. Limitati ident . . .
regarding the o AE SN indicators for environ-

* spatial detalil, locational accuracy, and cover-menta"y sustainable
age of census, soil, and other data ag riculture

« difficulty in assigning an economic value to
agri-environmental assets and services

« infrequent assessments because of the 5-ye
cycle of theCensus of Agriculture

* incompleteness or lack of data for the fol-

his report presents information on agricul-

ture’s relationship with the environment.
The results have implications for all people and
- : agencies concerned with the health of both the
lowing key areas: species abundance and  gnyironment and Canada’s agricultural indus-
diversity in agricultural areas; amount and try, including government policy makers and
location of critical agricultural habitats (such analysts, farmers and farm leaders, researchers,
as wetlands and woodlands); farm manage- gqycators, and the broader public. Below, we
ment of water, nutrients, and pesticides; conyeview and comment on how agri-environmen-
centrations of agricultural contaminants in 5 indicators can be used by these groups as a

water; and quantities of pesticide inputs usedyige to promote environmentally sustainable
in agriculture. agriculture.

The factors listed above have also affected thePoIicy makers
scope of issues covered in this study. Areas n
covered or only partially covered include the
assessment of

0,l\gricultural policy makers today face an

important challenge—achieving an optimal

balance among social, economic, and environ-

* water quality, which in this report does not mental goals in order to maximize the net
examine the risks related to intensive live-  gocjal benefits from agriculture. Agricultural
stock operations, agriculture in the semi-aridproduction policies must be assessed not only
agricultural areas, and contamination by sedfor their economic and social impacts, but also
iment, pesticides, pathogens, and phosphorugy their environmental implications. Policy
(for provinces other than Quebec) development and reform are already moving in

« water management, such as irrigation effi- this direction, and this thrust must continue.
ciency

- regional environmental risks from agricultur- Agri-environmental indicators can be used to

al pesticide use, such as risks to ecosystem ¢
health and biodiversity

aspects of biodiversity other than agricultural
wildlife habitats, such as species and genetie

help quantify the linkages between the eco-
nomic and environmental effects of existing
and proposed policies

provide important feedback on whether envi-

diversity in agriculture. ronmental conditions warrant adjustments in
existing policies or new policy initiatives
Neither does this report express indicator .« inform policy makers about environmental
results in economic terms, which would facili-  scenarios or outcomes that may result from
tate comparison of environmental changes with expected or potential developments in mar-

changes in other aspects of agriculture, such as yets, policies, technologies, and other factors
the value of production. (seeBox).

In summary, to improve the accuracy and A key policy challenge concerns the signals
scope of our capacity to assess the environ-  ¢coming from the economic framework within
mental sustainability of agriculture, additional \yhich agriculture operates. To the extent that
work is needed to further understand agricul- environmental inputs (such as water) or envi-
ture—environment interactions and processes, ronmentally sensitive inputs (such as fertiliz-
and to address data limitations and gaps.  grs) used in agriculture are underpriced, ineffi-
cient levels of use and environmental impact
may result. Similarly, the market generally
rewards farmers only for the economic




Conclusions

Environmental forecasting: a new tool for policy design

The driving forces shaping today’s world will also influence societal outcomes in the future. Although the future |cannot

be predicted with certainty, scenarios can be developed using assumptions about how current and alternative fagtors might
affect the future. If policy makers possessed information on possible outcomes, they would be better placed to take actions
today to avoid adverse outcomes and thus ensure a more sustainable future. For example, economists regularlyissue fore-
casts about the future state of the economy. In response, economic policy levers, such as the interest rate, are manipulat-
ed in an attempt to shape future economic conditions.

In general, policy makers have not had the benefit of forward-looking environmental information to guide policy gdesign.
This situation is beginning to change as more sophisticated analytical tools and models, such as environmental indicators,
are brought into use. The need for such information is growing as environmental policy goals are set into the future. One
example of such goals is the greenhouse gas reduction targets agreed to by countries through the Kyoto Protogol.

If an environmental indicator is sensitive to economic and social factors, such information can be used to project possi-
ble directions of the indicator in the future. Many of the agri-environmental indicators included in this report haye been
designed with this in mind and are beginning to be used in this way. The Agricultural Greenhouse Gas Budget |ndicator
reported in Chapter 14 provides one example. This indicator was constructed using information about animal populations,
crop production, management practices, fertilizer and fossil fuel use, and other agricultural factors that influence et emis-
sions. To determine how agricultural emissions might evolve in the future, this indicator was projected to 2010 uging data
from Agriculture and Agri-Food Canada’s Medium Term Baseline (which predicts future levels of agricultural prices and
output). The potential to reduce emissions was estimated based on the adoption of farming practices that affect ¢missions,
such as use of forages, livestock feeding strategies, levels of tillage, grazing strategies, fertilizer use, manure hangdling sys-
tems, use of summerfallow, and agro-forestry.

Selected results of this work are presented below. Under the Kyoto Protocol, Canada has committed to reducing its emis-
sions average over the 2008—2012 period to 6% below the 1990 level. To achieve this goal:

» Agricultural emissions would have to decrease by about 17% below the emission levels projected to 2010 for a busi-
ness-as-usual scenario, based on how greenhouse gases are currently counted (an 8% reduction would be|required if
soil carbon sinks are included).

 Agricultural emissions would have to decrease by about 30% below the emissions levels projected for| a high
export—growth scenario for agriculture (another sectoral objective), without soil sinks.

¢ Increasing area under no-till to 50% of prairie cropland, reducing summerfallow from 5 to 3 million hectares, ifnprov-
ing management of grazing land, and planting additional shelterbelts would come close to meeting the Kyoto|require-
ment, but only if carbon sequestration in soils, currently excluded from the Kyoto Protocol, is counted internatjonally.
If soil carbon sinks remain outside of the Protocol, the measures described above would actually lead to a small increase
in emissions associated with the business-as-usual scenario.

This type of information is being used to help identify which strategies would be most effective in reducing enjissions
from agriculture. This effort is part of a larger national process underway to devise strategies through which Canada can
meet its Kyoto commitment.

R.J. MacGregor and T. McRae, Agriculture and Agri-Food Cangda

commodities they produce. They have less ecgroblems will likely persist.

nomic incentive to provide public (hon-market)

goods and services, including environmental It is encouraging to see that over the past 15
services such as wildlife habitat, potentially  years a variety of policy responses have been
leading to an undersupply. Until prices are put into place to improve agriculture’s environ-
more closely aligned with true costs, and mar- mental performance, from the local to the
kets and incentives are created that encouragenternational levels. The challenge is to select
the optimal provision of environmental goods and apply the most effective combination of
and services by agriculture, environmental instruments to achieve desired outcomes in



agriculture. The indicators suggest that the  try’s environmental achievements, as well as
environmental risks inherent to agricultural ~ about challenges that remain. The indicators
production will increase as output expands. can also facilitate and inform discussions
Agricultural and environmental policy must be among industry, governments, and the public
flexible and forward-looking, so that producersabout agri-environmental issues. More com-
are provided with the tools, information, and plete coverage of issues would improve the
incentives they need to bring environmental indicators’ usefulness for such purposes.
considerations into their farm operations.

The industry is also increasingly active in both
Farmers and farm leaders delivering environmental programs and funding
Farmers have a large stake in the environmen-£nvironmental research in agriculture.
tal health of their industry. Environmentally ~ Indicators can be used to identify priority
sound farm practices can contribute to agricul-iSSues requiring attention and to strategically
ture’s economic health and a healthy rural ~ target programs and other initiatives at areas
environment. The sector has made considerabfd resources at greatest environmental risk.
progress in raising awareness about the envi-
ronmental aspects of agriculture among the Researchers and analysts
farm population and in adopting new processesThe research and analytical community has a
methods, and tools that enhance both productiviey role to play in helping agriculture to become
ty and environmental management on farms. more environmentally sustainable. Agri-environ-

mental indicators could be useful in
Although the indicators presented are not « establishing priorities for research
reported at the farm level, they do have impli-
cations for how farmers manage their opera-
tions. The nature of the specific practices and o ]
risks on farms varies by location and type of * Pointing to areas for which new data are
farm operation, but overall, the indicators sug- required to refine model output, or validation

« identifying knowledge gaps about agro-
ecosystem processes

gest that improvements are required in the of existing process models is needed
areas of ¢ serving as technology transfer tools to advise
+ management of manure and other farm policy makers and farmers.
inputs _ _

- . The challenges facing agricultural research and

« efficiency of nutrient use S .
) i the directions that are needed are summarized

* protection of water quality in four general areas:

e conservation of wildlife habitat on farms ) ) )
control of areenhouse das emissions To make agriculture increasingly produc-
° . .. . .
9 9 tive and efficient in resource use, which

* maintenance of soil quality. includes

e research to increase production effi-
ciencies and enhance nutrient use effi-
ciency for plants; to improve plant
resistance to climatic stress, disease,
and insects; and to boost livestock
productivity

¢ the design of implements to allow the
use of reduced tillage operations for a
wider range of crops and to increase
the efficiency of cultivation, seeding,

At the farm level, indicators can also be used

to consider multiple aspects of environmental
farm management and to help with on-farm
environmental assessments. A promising devel-
opment is the move toward whole-farm man-
agement, supported by environmental farm
plans and farm conservation clubs. Whole-farm
management provides an opportunity for farm-
ers to view and manage their operations not
only as food production systems, but also as : i
systems that require careful management of and harvesting operations and the pre-
environmental inputs and produce environmen- cision of nutrient applications

tal benefits to society, such as a pleasing land- * the placement of these new tools with-

scape and wildlife habitat. in new farm production systems (e.g.,
new crop rotations, crop uses, and

Farmers and farm leaders can use the indica- interfaces with animal production sys-

tors to further increase awareness about indus- tems and the surrounding environment)



» the design of flexibility into farm pro- e within governments, maintaining the

duction systems, along with the ability capacity to develop and improve indi-
to deal with growing variability in cators of environmental sustainability
weather conditions and longer-term for agriculture, as well as to address
climatic changes in order to lessen the the analytical limitations and data
risk of reduced yields and the uncer- gaps identified earlier in this chapter.

tainty of economic return for farmers.
The public
2. To better control biological processes  The public has an interest in environmentally
internally within agricultural ecosystems  sound production methods which contribute to
(e.g., through the use of bio-controls) to  food safety, reduce the environmental impacts |
reduce reliance on external non-biological of agriculture felt beyond the farm gate, and

inputs, through provide environmental benefits to society.
e continued research on better ways to
manage pests that will ultimately Agri-environmental indicators provide a gener-

reduce, and in some cases eliminate, al report card that can help interested individuals
the use of pesticides in many crops  « track the environmental performance of

« additional research into pest thresh- Canadian agriculture
olds, integrated pest management .« pecome better informed about the opportuni-
(IPM) technology, and new chemistry  ties and constraints facing producers

}g'\rﬂeplar(r:]e St(i)t;Te of tgeié)lderr, (Ijesst * support public programs (such as agricultural =
compatible pesticide products. research and conservation programs) that pro-
mote environmentally sustainable agriculture

3. To better close nutrient cycles within agri- ] ] i Fpa e KT [T
cultural ecosystems and thus curb nutrient® SUPPOrt agriculture’s efforts to improve the =~ - e
leakage to the surrounding environment environment by purchasmg environmental
and the resulting pollution, through outputs produced by agriculture where mar-

. . kets exist (e.g., by participating in agrotourism)

e engineering and management research ) - - I
into such things as better systems to * make informed food-purchasing decisions B
handle and store manure, enable ani- * identify areas where they might apply public |
mals to better utilize feed, and reduce pressure to motivate further improvements.
methane production by farm animals

. options to reduce on-farm fossil fuel Educators can use the indicators as tools to b
energy consumption and resultant  ter inform agricultural students and tomorrow’s
atmospheric emissions of carbon dioxfarmers about interactions between agriculture
ide and the environment.

» development and transfer of tools and

mfor_mat_lon for precise z_ind t|me_ly ~ The future
application of plant nutrients (princi-
pally nitrogen and phosphorus) to rade-offs may sometimes exist in the short
farmland to reduce losses to the sur-  § term between environmental, social, and
rounding environment. economic goals in agriculture. However, over
the longer term sound environmental and
4. To provide timely, relevant, and readilyresource management is fully compatible with
accessible information to support and evalether objectives of sustainable agriculture.
uate environmental decisions by stakehold-
ers and policy makers, by Environmental improvement in agriculture
« generating accessible, reliable, timely, IS & continuous process best achieved through
and relevant information about agricul- collaboration and partnerships among all parties

tural interactions with the environment directly or indirectly involved. It is our hope that
the information presented in this report contribute

to the understanding and dialogue that must
underpin such cooperative work in the future.

e improving risk assessment of new
technologies and practices, so that
their environmental benefits and costs
are understood and considered



Glossary

Agri-environmental indicator Measure of a  BiotechnologyWithin agriculture, refers to the
key environmental condition, risk, or change science and methods of genetic engineering to
resulting from agriculture, or of management produce new varieties of crops or livestock
practices used by producers. with superior features.

AgroecosystemEcosystem under agricultural Black soilsGrassland soil type occurring on
management; an open, dynamic system con- the Canadian Prairies, characterized by a very
nected to other ecosystems through the transfdark surface, a brownish B horizon, and usuall

of energy and materials. a calcareous C horizon. 3

B
Agrotourism Tourism related to the enjoyment BroadcastMethod of fertilizer application by =
of agricultural land; a type afcotourism which fertilizer is regularly scattered on the soil ] el
surface. b A0
All Other Land Census of Agricultureatego- s [ y
ry of agricultural land use denoting land occu- Brown soils Grassland soil type occurring on
pied by farm buildings, barnyards, gardens, the semi-arid Canadian prairies, characterized
greenhouses, mushroom houses, idle land, by a brown surface, lighter brown B horizon,
woodlots, sugar bushes, tree windbreaks, boggnd usually a calcareous C horizon.
marshes, sloughs, etc.
Bulk density Mass of dry soil per unit of bulk
Anaerobic Without oxygen or at a low concen-volume before drying to a constant mass.

tration of oxygen.

Carbon dioxide Major greenhouse gas pro-
Anhydrous ammonia Liquid form of mineral  duced through the decomposition of organic : o
nitrogen fertilizer. matter in soils under oxidizing conditions; also | i
produced by the burning of fossil fuels. e e s

Banding Method by which dry mineral fertiliz-

er is applied in a band along a seeded row in Carbon dioxide equivalentExpression of the

cropland, as opposed kwoadcastapplication.  effectiveness of a gas to produce a greenhouse
effect in the atmosphere in terms that compare

Bare-soil dayDay or day equivalent (e.g., two it with that of carbon dioxide.

half-days) when soil is not covered by crop

canopy or residue and is thus exposed to the Carbon sequestrationBiochemical process by

elements. which atmospheric carbon is absorbed by living
organisms, including trees, soil microrganisms,

Biodiversity Seebiological diversity. and crops; storage of carbon in soil, with the
potential to reduce atmospheric carbon dioxide

Biological diversity (alsobiodiversity) Variety levels.

of species and ecosystems on the earth and the

ecological processes of which they are part; Catch crop Usually a lower-value crop that is

includes three components: ecosystem diversiplanted either between rows of a main crop or

ty, species diversity, and genetic diversity. in the fall after the main higher-value crop has
been harvested, to take up excess nutrients,

BiomassTotal mass of a species or group of such as nitrogen, from the soil.

species per unit of space or of all the species in

a community. Census of Agriculture National agriculture
census that records information on farm struc-

Biophysical Pertaining to the biological and  ture and economics, crops and land use, and

physical features of an environment. livestock; taken every 5 years.



Cereal Relating to grain or the plants that pro- Dark Brown soils Grassland soil type occur-
duce grain, such as wheat, barley, rye, and oatsng on the Canadian prairies, characterized by

a dark brown surface, a lighter brownish B
Chem-fallow Control of weeds on summerfal- horizon, and usually a calcareous C horizon.
low land using herbicides instead of tillage.

Dark Gray soils Transitional soil of the park-
Climate changeAll of the changes that global land zone on the Canadian prairies, character-
climate may undergo as a result of the ized by a dark gray surface, a brownish B hori-
enhanced greenhouse effedncludingglobal  zon, and usually a calcareous C horizon.
warming and changes in the amount and pat-

tern of precipitation. Deep ripping (also subsoiling Primary tillage
operation that manipulates soil to a greater
CompostOrganic residues, often with soll depth than normal plowing; accomplished with

added, that have been piled, mixed, moisteneda heavy-duty chisel plow that shatters soil.
and allowed to decompose; used as a soil
amendment. Degree of soil phosphorus saturation
Percentage of the potential phosphorus reten-
Compaction Natural or human process by tion sites on soil particles already occupied by
which soil is compressed, resulting in greater phosphorus
bulk density.
Direct seedingSeeding directly into the undis-
Conservation tillageAny tillage sequence the turbed soil surface, without tilling the soil first.
object of which is to minimize or reduce loss
of soil and water; operationally, a tillage or Driving force Societal influences (e.g., market
tillage-and-planting combination that leaves a signals, government policy, production tech-
30% or greater cover of crop residue on the nologies) or farming factors (e.g., production
surface. strategies, production practices, inputs, prac-
tices) that shape the environmental effects of
Contour cultivation Cultivation with the con-  agriculture.
tour of the land, rather than up- and down-
slope. Driving Force—Outcome—Response
Framework Conceptual framework for assess-
Conventional tillage Primary and secondary  ing environmental sustainability that identifies
tillage operations normally performed in driving forces that influence agricultural activi-
preparing a seedbed, usually resulting in less ties, outcomes of these activities, and responses
than 30% cover of crop residues on the soil by society to shape and ensure desirable out-
surface after completion of the tillage comes.
sequence.
Ecodistrict Detailed mapping unit in Canada’s
Critical habitat Habitat that is essential for the ecological classification system, two or more
maintenance and long term survival of a of which comprise an ecoregion.
wildlife species.
Eco-efficiencyA process where more abun-
Crop diversification Expansion of the variety dant or valuable products or services are pro-
of crops grown to improve farm economics.  duced using relatively fewer material and ener-
gy inputs, in turn minimizing losses to the
Crop residue Plant material remaining after  environment and reducing pollution.
harvesting, including leaves, stalks, roots.
EcoregionMapping unit in Canada’s ecologi-
Cropland Census of Agricultureategory of cal classification system, two or more of which
agricultural land use denoting the total area oncomprise an ecozone.
which field crops, fruits, vegetables, nursery
products, and sod are grown. Ecotourism Type of tourism promoting the
natural environment and its ecological features.



Ecozonelargest mapping unit in Canada’s Global warming potential Measure of the
ecological classification system; agriculture is ability of a greenhouse gas to trap radiation
carried out in seven of Canada’s 15 ecozones.and thus contribute tglobal warming.

Empirical Based on observational (qualitative) Grassed waterwayGrassed strip of land that

or experimental (quantitative) data. serves as a channel for surface runoff; a
method of controlling erosion.

Energy input Non-renewable energy (i.e., not

including sunlight) that is put into agricultural Gray soils Luvisolic soils, characterized by a

systems, for example to power vehicles and light-coloured surface, a brownish B horizon,

farm machinery, manufacture equipment and and usually a calcareous C horizon.

chemicals (e.qg., fertilizer, pesticides), and run

farm homes. Green manureAny plant material plowed into =
the soil while it is still green to serve as a natu-

Energy output Energy embodied in the prod- ral fertilizer.

ucts of agriculture that are used or consumed ' ' SOV

by humans. Groundwater Subsurface water, the upper sur- {u' h
face of which forms the water table in geologi-

Enhanced greenhouse effedffect of the cal materials such as soils, sand and gravel for-

build-up of greenhouse gases in the atmos- mations, and bedrock formations.

phere, resulting in more of the earth’s radia-

tions being trapped and potentially leading to Guild Set of species that share a common

global warming. habitat, use the same resources, or use
resources in the same manner, thus having sim-

Environmental farm plan Plan outlining envi- ilar ecological niches or lifeforms. '

ronmental concerns on an individual farm, as

well as steps to address these concerns; volurHabitat availability How accessible and use- 3 e £
tarily prepared and carried out by the farmer. able a habitat is to a species, depending on fac-
tors such as the abundance of the habitat type .* 5 Cﬁ'i En

Environmentally sustainable agriculture within the species’ range; current level of occu-

Agriculture that can be carried on indefinitely pancy; landscape patchiness; seasonal change

without significantly harming the environment. in species’ needs; and occurrence of competi- |
tors, predators, and disease.

Evapotranspiration Movement of water into

the atmosphere by evaporation from the soil Habitat availability matrix Chart that relates

and transpiration from plants. habitat type found on agricultural land to habi-
tat use by a wildlife species.

Farm conservation clubVoluntary association

of farmers with a shared interest in improving Habitat quality Fitness of a habitat to provide

environmental management on their farms.  for the needs of a species.

Forage Grass or legume crop harvested to feeddabitat use unit Each separate use of a habita
to livestock; may be stored dry as hay or undetype by a species.
moist conditions as silage, or plowed into the

soil asgreen manure Inherent erodibility A soil's natural tendency
to erode because of its physical nature or the
Genetic engineeringManipulation of the landscape condition, such as slope, on which i

genetic material of an organism to produce  occurs.
desired traits.

Injection Method by which liquid or gaseous
Global warming Predicted rise in global tem- fertilizer is injected through tubes below the
peratures under elevated levels of atmosphericsoil surface; typically used to apply liquid
greenhouse gases. manure and anhydrous ammonia.



Input Something put into, or added to, a

Mineralization In biological systems, the

farming system, such as energy, pesticides, orrelease of nutrients through the decomposition

nutrients.

Input productivity Incremental yield or eco-
nomic return in response to system inputs.

Integrated pest managementControl of pests

of organic matter; often used to describe the
microbial conversion of organically bound
nutrients into ionic forms suitable for plant
uptake.

Native ecosysteniEcosystem in its natural

using a combination of techniques such as crogtate, unaltered by human activity.

rotations, cultivation, and biological and chem-
ical pest controls.

Intensive livestock productionConcentrated
production of a large number of animals on a
small land base, usually including specialized
structures for housing, feeding, and rearing
animals.

Interseeding Seeintercropping .

Intensive row cropping Crop production
method with high levels of inputs (e.g., fuel,
fertilizer, labour) and thus usually associated
with high levels of production per unit of area;
applies to crops grown in widely spaced rows
that may be cultivated between the rows for
weed control, are hilled, or both, including
potatoes, tobacco, vegetables, beans (white,
green, pinto, etc.), sugar beets, and corn.

Intercropping (alsointerseeding)Seeding a
secondary crop along with the primary crop to
provide enhanced soil cover, nutrients, pest
control, or other production benefits.

Native vegetationCommunity of plants in
native ecosystems.

Natural Land for Pasture Census of
Agriculture category of agricultural land use
denoting uncleared or uncultivated land used
for pasture.

Nitrate Soluble form of nitrogen that is a com-
mon source of nitrogen for plants; naturally
present in groundwater and surface water but
sometimes elevated to pollution levels by agri-
cultural activity.

Nitrogen Key crop nutrient and water pollutant
in soluble forms such astrate; also forms
nitrous oxide.

Nitrous oxide Potent greenhouse gas.

No-till system (alsozero tillage) Procedure by
which a crop is planted directly into the soil
using a special planter, with no primary or sec-
ondary tillage after harvest of the previous
crop; sometimes practised in combination with

Kilotonne One thousand tonnes, or one millionsubsoilingto facilitate seeding and early root

kilograms (about 2.2 million pounds).

Landscape erodibility Degree to which a

growth, leaving the surface residue virtually
undisturbed except for a small slot in the path
of the shank of the subsoiler.

landscape can be eroded because of its natural

features, such as soil and topographic condi-

tions; term is also applied to erosion by tillage,

through the process tiflage erosion

MegatonneOne million tonnes, or one billion
kilograms (about 2.2 billion pounds).

Mineral fertilizer Commercial formulation of
crop nutrients, such as nitrogen, phosphorus,
and potassium, in an inorganic form, including

Nutrient Substance required by an organism
for proper growth and development; key crop
nutrients are nitrogen, phosphorus, and potassi-
um.

OilseedCrop from whose seeds oil is pro-
duced (e.g., canola, flax, sunflower).

Pedotransfer function Equation used to esti-
mate the value of one soil property based on

ammonium phosphate, potassium chloride, andhe values of other related properties (e.qg., soil

calcium nitrate.

bulk density can be estimated if the soil texture
and organic carbon content are known).

@



PesticideChemical that kills or controls pests; Respiration In plants, the function of giving
includes herbicide, insecticide, fungicide, off oxygen as a by-product of photosynthesis.
nematocide, rodenticide, and miticide.
Riparian Related to the land bordering a
PheromoneBiochemical substance produced stream or other body of water.
by an organism to stimulate a behavioural or
physiological response by an individual of the Risk indicator Indicator that estimates the
same species. potential for some form of resource degradatio
by considering relevant contributing factors
PhotosynthesisProcess by which plants trans-
form carbon dioxide and water into carbohy- Rotational grazing Livestock management
drates and other compounds using energy frormvolving the movement of animals from one
the sun captured by the plants’ chlorophyll.  pasture to another in a systematic way.

PhosphorusKey crop nutrient and potential  Row crop Seeintensive row cropping
water pollutant, especially of surface waters.

Runoff Water running over the soil surface as
Plow pan Compacted zone of soil 20 to 40 cm a result of precipitation or snowmelt.
below the surface that sometimes develops
immediately below the plow layer in cultivated Saline Containing salts.
soil.

Salinization Process by which soil becomes
Polygonlrregularly shaped delineation ona  moresaline
map; used in the context of mapping units in
the Soil Landscapes of Canadaap series, SedimentationDeposition of eroded soil in
superimposed o@ensus of Agriculturenu- surface waters such as streams and lakes.
meration area maps to align physical data on
soils and landscapes with information on agri-Soil coverVegetation, including crops, and
cultural management practices. crop residues on the surface of the soil.

PotassiumKey crop nutrient. Soil degradationProcess(es) by which soil _
declines in quality and is thus made less fit for
Precision farming Farm management at a a specific purpose, such as crop production.
level that allows inputs to be tailored to vari-
able conditions across short distances in a sinSoil Landscapes of Canad#&lational series of
gle field. broad-scale (1:1 million) soil maps containing
information about soil properties and land-
PulseLegumes that provide edible seeds, suchforms.
as beans, peas, and lentils.
Soil organic matter Carbon-containing material

Residency timeTime that a component is in the soil that derives from living organisms.
present in a system (e.g., the time a greenhouse
gas is present in the atmosphere). Soil quality Fitness of a soil to support an

intended use, such as crop growth.
Residue anchoringMechanically fixing straw
or other plant residues in an upright or partiallySoil structure Physical properties of a soil
upright position in the field after harvest to relating to the arrangement and stability of soil
protect the soil. particles and pores.

Residue managemenKeeping a certain por-  Soil testAnalysis of a soil sample to measure
tion of crop residue on the soil surface to help key properties in crop production, such as pH,
prevent soil degradation; associated veitim- nutrient levels, and organic carbon content.
servation tillage.




Soil test phosphorusAmount of phosphorus  Tolerable risk Level of resource degradation
extracted by a common laboratory procedure that does not exceed the rate of natural restora-
for the purpose of making fertilizer recommen-tive processes or is acceptable and sustainable
dations. because of factors that mitigate this risk; a

level of risk that society accepts.
Staging Birds congregating to rest, usually
during migration. Trade liberalization Process whereby trade in

goods and services among nations is enhanced
State indicator Indicator that expresses an through more-open markets and the reduction
actual resource condition, usually based on  or elimination of trade barriers such as tariffs.
direct field measurements.

Turbidity Measure of water clarity; degree to
Straw mulching Covering soil with a layer of  which water is cloudy because of suspended
straw to prevent erosion. sediments.

Subsoiling (alsodeep ripping) Breaking up of Volatilization Change to gaseous form.

compact subsoils without inverting them, using

a special knife-like plough that is pulled Water deficit Insufficient supply of soil water

through the soil usually at depths of 30 to 60 for crop production.

cm and spacings of 60 to 150 cm; used to

improve water movement and root penetrationWater surplus More soil water than is needed
for crop production.

Summerfallow Census of Agricultureategory

of agricultural land use and general term denotVetlands Areas of land inundated by surface

ing cropland that is not cropped for at least 1 water or groundwater; under the Canadian

year but is managed by cultivating or spraying.Wetland Classification System, denoted in five
classes: bogs, fens, marshes, swamps, open

Sustainable agriculture Form of agriculture waters.

that can be practised indefinitely in a manner

that is consistent with social, economic and  Wildlife habitat Parts of an environment on

environmental goals. which an organism depends to carry out its life
processes.

Tame or Seeded Pastur€ensus of

Agriculture category of agricultural land use ~ Wind erosion Removal of surface soil by

denoting pasture that has been improved by wind.

management such as cultivation, drainage, irri-

gation, fertilization, seeding, or spraying. Winter cover crop Crop grown during the
winter months to curb soil erosion by winter

Terracing Steplike surface that breaks the con+ains and snowmelt.

tinuity of a slope.
Zero tillage Seeno-till system.

Teragram One billion kilograms.

Tillage erosionSoil erosion caused by tillage
implements and aided by gravity.

Tillage erosivity Propensity of a tillage

operation, or a sequence of operations, to erode
soil through the process of tillage erosion; a
function of the design and operation of the
tillage implement and the suitability of the
tractor—-implement match.
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