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Manitoba Envirothon – Soils

INTRODUCTION
There are many definitions for the term ‘soil’, but perhaps the most realistic is:
“Soils are to the Earth as membranes are to the plant or animal cell – they act as the interface between
the inorganic and organic, the dead and the living!!”

Realistic? Well, yes!

Soils really are dynamic systems teaming with life and permitting the passage of inorganic substances
into the organic world of plants and animals. In addition, they recycle plant and animal residues back into
forms that organisms, especially plants, can once again use. Just think of the fact, the milk in our coffee,
the very coffee itself, the eggs, bacon, bread, cereal and orange juice we had for breakfast, came directly
or indirectly from soils found as close to us as the nearest farm, or as far away as tropical South America!

Why then is it that we hear so little about soils in every day life? Is it because they are out of sight,
therefore out of mind? If we look out at the landscape as we drive through southern Manitoba we are
lucky to see actual soil, and often that is only “skin deep”. Often the soil is covered by residues, leaf litter,
growing crops, prairie grasses or trees. Rarely can we glimpse that three dimensional view of a true soil
profile to a depth of, say a metre. Even more difficult to visualize is the fourth dimension, the role of time.
Time allows disorganized mineral material
dumped by the retreating ice sheet, or
deposited by a draining glacial Lake
Agassiz, or flooding Assiniboine River, to
eventually become organized into layers
or horizons often with as much as 10%
organic material mixed in with the surface
mineral particles. Time also allows us to
abuse soils and reverse the development of
suitable soil properties when wind and
water erosion take their toll.
When reading over those articles assigned
to you in the following sections, try to
‘think like a soil!’. By this is meant, try to visualize how a soil gets there in the first place, changes over
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time, and develops characteristics which may well make it more ideal for prairie agriculture or natural
vegetation cover. Ask yourself what are the factors which combine to make soils different from each
other? How do mineral particles of sand, silt and clay influence soil properties, how do soil organisms
such as earthworms manipulate them, is soil drainage influencing the soils’ properties, what may be the
role of climate in soil formation, and does time play a role in soil changes?

Ask yourself how some soils that have developed over thousands of years began to deteriorate under
agriculture, while others have been maintained because efforts have been made to reduce erosion, recycle
organic residues and nutrients, sustain a soil organism population, and generally ensure that a soil today
remains productive and viable into the future.

We are very fortunate that in the last two decades many techniques have been introduced in Manitoba to
protect and improve agricultural soils so that they do remain sustainable. The very best way to become
familiar with soil properties, learn how soils develop, differ from each other, and how we can promote
sustainable agriculture, is to get hands-on experience working with soils. Don’t get scared of getting your
hands dirty! Remember, we are what we eat, and we eat what soils directly or indirectly provide us!

Soils and Agriculture in Manitoba

Of the 160 million acres (65 million hectares) in Manitoba, only 19 million acres (7.7 million hectares)
have potential for agriculture. Much of this land has been settled over time, and is either being lost to
urbanization or being mismanaged so that erosion, salinity, compaction and organic matter losses have
made the soil less productive. Over a 10 year period from 1991 to 2001, approximately 36,600 acres
(14,640 hectares) of land in Manitoba has been subdivided into building lots for non-agricultural
land uses (Land Use Planning Group, 2003).

Table 1.1 Relative area of various segments of Manitoba
Million Acres (approx.) Million Hectares (approx.)
Total Area - Manitoba

160

65

Total Land Surface - Manitoba

136

55

Total Land Area - Agro-Manitoba

26

10.5

Land in Farms - Agro-Manitoba

19

7.7

Improved Land (Crops, Fallow, Pasture) 13

5.3

3

Unimproved Pasture

4

1.6

Other (e.g. yard sites, etc.)

2

0.8

(Source: Manitoba Agriculture Yearbook 2003)

Table 1.2 Land use data within agro-Manitoba as based on satellite imagery from 1999-2002
(Manitoba Conservation - Manitoba Remote Sensing Centre, 2002).
Land use

Total (ac) Total (ha)

Agricultural Cropland

12,161,607 4,921,648

Trees

6,279,339 2,541,167

Water Bodies

620,708

Grassland/Rangeland

6,001,550 2,428,751

Wetlands

2,222,681 899,491

Forages

1,038,032 420,078

Urban & Transportation 828,344
Total

251,193

335,220

29,152,261 11,797,548
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What is Soil?
Soils comprise the uppermost layer of the Earth's surface. They were developed by the action of
climate on rock and sediments under the influence of organic life. Humankind's first interest in the
soil was related to its ability to produce plants for food and fiber. In this context, soil has been
defined as "The collection of natural bodies on the earth's surface supporting or capable of
supporting plants".

Soil Variation - Soils vary significantly in their properties; they may be deep in some places, shallow
in others, black or gray in colour, sandy or clay like in texture. Although the soil mantle covering
Manitoba is far from uniform, all soils have some things in common. For example, all soil is a
mixture of organic and mineral material plus water and air. While the major components remain the
same, the proportion of each component in this mixture varies from soil to soil.

To date, over 1,000 different kinds of soil have been recognized in Manitoba. They are not scattered
aimlessly about, but occur in definite geographic areas and in certain patterns. Marked differences set
apart the soil of a poorly drained pothole from the adjacent well drained ridge or hummock while
relatively small differences occur between adjacent soils on level fields of uniform texture.

The Soil Profile – –A soil profile is a vertical section of the soil in which layers called horizons can
be distinguished. The nature of these horizons depends upon the material which forms them, the
native vegetation, the amount of rainfall and other climatic factors. Soils therefore vary in depth,
color, texture, and other physical and chemical properties.

Most soils of Manitoba have three main horizons. The upper two are referred to a s the ‘A’ and ‘B’
horizons. These are created by the action of climate, vegetation, topography, organisms and drainage
on the soil's parent material over time. The original soil parent material or ‘C’ horizon is the third
horizon common to all soils. By studying the nature and properties of these horizons we can piece
together the story of how the soil developed.
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Manitoba Envirothon – Soils

The ‘A’ horizon undergoes the strongest effects of climate, vegetation, and biological activity. It
forms at or near the surface where the removal of solid or dissolved material is at a maximum as in
forest soils, or where the maximum amount of organic matter is accumulated as in grassland soils.
The ‘B’ horizon is usually characterized by an accumulation of products such as clay and organic
matter that leached (moved down) from the ‘A’ horizon. It may differ from the A horizon only in
color or structure. There is a close relationship between the ‘A’ and ‘B’ horizons because many
biological and chemical reactions take place between them. Not all Manitoba soils have a ‘B’
horizon. The ‘A’ and ‘B’ horizons comprise the rooting zone for most annual crops and are known as
the solum.
The ‘C’ horizon, or subsoil, is the deepest and as such is comparatively unaffected by climate and
biological activity. It is often referred to as the parent material of the soil.

Each horizon is further described using the lower-case suffixes below:
Organic Horizons - contain more than 30% organic matter by weight
O

an organic horizon developed mainly from mosses, rushes and woody materials

Of

fibric horizon (least decomposed)

Om

mesic horizon (intermediate decomposition)

Oh

humic horizon (most highly decomposed)

LFH

organic horizons developed from leaves, twigs and woody materials

Mineral Horizons - contain less than 30% organic matter by weight
A - surface horizon

Leaching (removal) of materials in solution and suspension Maximum

(topsoil)

accumulation of organic matter

B - middle horizon

Enrichment in clay, iron, aluminum, organic matter, sodium Change in colour or

(subsoil)

structure from horizons above or below

C - parent material
AB, BC, and AC

Unaffected by soil forming processes except for gleying and the accumulation of
carbonates and soluble salts
transitional horizons

Lower case suffixes used to further describe mineral horizons
h horizon enriched with organic matter (eg. Ah, Ahe, Bh, Bhf)
e eluviated (leached) horizon of clay, iron, aluminum, organic matter (eg. Ae, Ahe)
p plow layer; disturbance by man's activities, such as cultivation (Ap)
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b buried horizon (Ab)
m modified by hydrolysis, oxidation or solution to give a change in colour or structure (Bm, Bmk)
t horizon enriched with clay at least 5 cm (2 in.) thick (Bt, Btg, Bnt)
n

g

high Na (sodium) horizon - ration of exchangeable Ca to Na is 10 or less Prismatic or columnar
structure that is hard to very hard when dry (Bn, Bnt)
grey colours or mottles, indicative of permanent or periodic intense reduction (wet conditions) (Bg,
Bgj, Ckg, Ckgj)

f enrichment with non-crystalline Fe and Al combined with organic matter (Bf, Bfh)
j weak (juvenile) expression of soil processes (Btj, Ckgj)
k presence of carbonates, visible by effervescence when dilute HCl is added (Bmk, Ck)
ca layer of carbonate accumulation that exceeds the amount present in the parent material (Cca)
s soluble salts present (Cks)
z frozen horizon (permafrost)
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Soil Formation
Soils are a product of their environment. Four active processes continually affect the formation of
soils: additions, losses, translocations and transformations. Temperature, precipitation, plants and
animals are the main forces which drive these actual processes. The soil parent material, topography
and time also influence the process although they tend to have a more passive effect on soil
formation.
Additions – Most additions to soil occur at the surface. The most obvious ones include solar energy,
precipitation and organic matter from dead vegetation.
Losses – Losses occur both at the surface and in the deeper subsoil. Water is lost by evapora tion from
the surface and by evapo-transpiration from plants. Carbon dioxide is lost by diffusion from the soil
surface. Erosion can also physically remove large masses of soil. Subsoil losses occur mainly as
materials are either suspended or dissolved in water and leached out of the soil profile.
Translocations – This refers to the physical movement of solids, liquids or gases in any direction within
the soil. Clay, organic matter and iron commonly move down or leach from the surface to a subsurface
horizon. Leaching usually occurs in humid climates where there is excess moisture to move through the
soil, but can also occur in Manitoba soils. Conversely, salts and carbohydrates dissolved in soil water may
move up through the pores by capillary action. Solid stones and gravel are commonly pushed upward by
frost action in very cold climates.

Transformations – These changes take place without any physical movement. Chemical changes,
weathering by wind and water and organic matter decomposition are examples.

To understand why soils vary from region to region or from place to place in a field we must also be
aware of the five factors which influence the way in which soils form. These are: parent material,
topography/relief, climate, organisms and time. Each kind of soil represents a different combination of
these factors. To understand how soils were developed we must look at the factors that went into their
formation.
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Parent Material- the original material from which soils develop. It
is based on type of bedrock and method of deposition. In Manitoba,
soils contain some combination of granite, limestone or shale. These
rocks break down over time through weathering to form sand (from
granite) or clay (from shale). Limestone can break down into sand,
silt and clay-sized particles.
Topography/Relief - The present-day topography of Manitoba soils
were largely shaped during the Ice Age. Topography refers to
differences in height between one place and another; the direction,
steepness, and frequency of slopes; and the comparative roughness
of the surface. Topography also affects surface and internal
drainage. About two-thirds of Manitoba is relatively flat and poorly
drained lowland while the remainder is rolling well drained upland.
Topography is a fundamental factor in the determination of local conditions affecting soil formation. The
full impact of climate and vegetation on soil formation occurs on gently sloping surfaces of porous parent
materials. The succession from the top of the knoll down to the lowest depression in undulating
topography represents the range from the driest to the wettest sites in the landscape.
Only a portion of the rainfall
enters the soil on the upper
slopes of a knoll, resulting in
thin stands of vegetation and
shallow soil development.
Deeper soils develop on the
intermediate and lower
slopes which receive and
retain most of the rain.
Erosion also thins out the
profile on knoll tops and
steep slopes.
Soils on lower slopes and in
depressions, in contrast, may be deeper because the eroded material is deposited there. In the lowest areas
of the landscape, excess water creates wet, poorly drained soils.
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Drainage is also affected by soil texture. Coarse textured porous materials allow excess water to pass
through the soil whereas finer -textured more compact clayey materials restrict water movement and
drainage.
Topography also influences soil temperature. Steeply sloping east and north-facing hillsides are cooler
than south and west-facing areas with more gentle slopes. These temperature differences affect the
evaporation of moisture from the soil as well as the activities of soil organisms and the intensity of the
chemical processes which alter minerals in the soil. Such differences in soil microclimate affect the
natural selection of the native vegetation and the vigor of those plants. It may favor moisture-loving trees
as opposed to drought resistant grasses and in this way affect soil formation.
Climate- Precipitation, relative humidity, temperature and the sun's radiation all influence soil formation.
Freezing and thawing, heating and cooling, wetting and drying have a direct impact on the weathering of
parent materials and the chemical reactions of soil minerals. In general, parent material weathers faster
under warm, moist conditions, whereas the parent materials of Manitoba soils developed under cool,
relatively dry conditions. This is one reason why our soils have developed to relatively shallow depths.
Manitoba’s climate becomes cooler and wetter moving from the southwest to northeast. The main result is
soils in the southwest, formed under more arid conditions, tend to be less developed and have shallower
topsoil layers than similar soils to the north and east.
Organisms - Soon after the parent material is exposed to the effects of climate, living plants become
established and take part in the development of the soil. Bacteria, algae and lichens are the first organisms
to establish on bedrock. Over time, more complex plants become established and contribute to the
accumulating organic matter. Gradually, the decomposing bedrock is changed into layers of topsoil and
subsoil, increasing in thickness as the process continues.
In southwest and southern Manitoba where temperatures are moderate and fairly large amounts of water
are evaporated from the surface, the native vegetation is mainly grass. Most of the biomass from
grassland vegetation is found below the surface, resulting in the addition of large amounts of organic
matter into the soil, producing black topsoil.
In the cooler, more humid conditions of eastern and central Manitoba, where evaporation is less, the
native vegetation is trees. Most of the biomass from forest vegetation is found on the surface, from leaf
fall, stem decay and decomposition of mosses. Little organic matter is incorporated into the soil, resulting
in grey topsoil.
Human activities such as agriculture have influenced soil formation by modifying large areas of natural
vegetation through cultivation. Removing vegetative cover increases water runoff and alters the moisture
and temperature status of the soil. Removing excess water through drainage also changes the moisture
conditions in the soil. The removal of natural vegetation and mixing of soil layers can adversely alter the
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properties of the soil. However, through proper management of soil conservation practices, soil erosion,
degrading soil quality and loss of natural fertility can be minimized.
Time - Time is another factor that influences soil formation. When the last remnants of the Ice Age
melted away 8,000 to 11,000 years ago and Lake Agassiz drained northward into Hudson Bay, the present
land surface of the Province was finally exposed to the action of the other soil forming factors. This
relatively short time for soil formation accounts in no small way for many of Manitoba's soils being
generally thinner, and not as strongly developed as soils in other parts of the world. Soils in non-glaciated
areas often have been developed over millions of years in contrast to a few thousand years in Manitoba.

Soil Components
Soil consists of two main parts:
The solid part and the pore space
occupied by air and water. The
pore spaces between soil particles
are just as important as the solid
part. Particles of minerals and
organic matter make up the solid
portion of the soil while air and
water occupy the pore space. The
proportion of these four
components affects soil properties
and the uses to which the soil can
be put.

The Solid Part – This is the main component of a soil and consists of an organic portion and a mineral
or inorganic portion. Approximately 50% to 75% of a soil is composed of this solid phase, the
proportion varying with soil structure, texture, and degree of compaction.
Mineral Matter – This portion of the soil originates from weathering of the rocks and minerals at the
Earth's surface. Mineral matter makes up the largest part of the soil and provides the skeleton or
matrix material of all mineral soils. In the Interlake region of Manitoba the parent materials are
derived dominantly from limestone and dolostane bedrock; similar bedrock borders Hudson Bay
south from Churchill. Northern and eastern portions of the Province are dominated by hard

11

Precambrian granitic and volcanic rock. The southwestern portion of Manitoba is underlain by softer
shale bedrock. It is these rock materials which, after being ground up and moved around by glaciers
or moved and sorted by water and wind, have weathered to produce the present soils in Manitoba.

Mineral constituents in soils also vary widely in size, ranging from large stones and cobbles to sandsize particles and very small microscopic-size clay particles. The relative amounts of these
constituents also vary in soil. The
proportion of these silt, sand and clay
sized particles determines the soil
texture.
Organic Matter – The organic portion of
soils is formed by the accumulation of
the residues of plants, animals, insects
and micro-organisms. Over time it is
decomposed by soil bacteria, small
insects and earthworms. When it
decomposes beyond the point of
recognition of its origin, it is referred to
as humus. Humus is responsible for the
dark color of soil and is the source of
many nutrients necessary for plant
growth. It enhances the soil's waterholding capacity and favors good soil
structure, especially in the topsoil.
The organic content of mineral soils
generally ranges from 1% to 12% in
the surface layers. In contrast, peat
soils may contain as much as 98%
organic matter. Climate and native
vegetation determine the amount of
organic matter in the soil. For example,
under dry climatic conditions, as we
have in much of western Canada,
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grasses are the major vegetation. Since up to 50% of the grass plant lies underground, soils
developed under grassland vegetation have high organic matter contents with dark colored black or
very dark gray surface horizons.
Under more moist conditions where shrubs and trees predominate, organic matter is added to the soil
surface largely as the result of leaf fall, stem decay and decomposition of mosses creating soils with
light gray surface colors under the leaf layer. The total number of living organisms within the soil at
any one time measures in the billions per cubic centimetre. In some soils the organisms weigh as
much as 12 tonnes per hectare (5 tons/acre). The living matter in soil is variable and subject to
constant change by such factors as soil temperature, moisture and air content. The Pore Space – The
pore space makes up to about 50% of the total soil volume and contains air and water which are
essential for plant growth and the activity of soil microorganisms. The pore space also allows for an
exchange of gases between the soil and the atmosphere. The amount of pore space or porosity is
determined largely by the arrangement of solid particles in the soil.

Sandy soils have a low total porosity comprised dominantly of fewer, large pores. In contrast, clay
soils have a higher total porosity resulting from a dominance of very small pores. So as we move in
texture from sand to loam to clay both the soil particles and the pore spaces between the particles
become smaller. Air and water characteristically move easier through soils with large pores but these
soils also have a low water holding capacity.

Water in such large pore spaces is not held tightly and consequently is pulled down through the soil
by gravity. Clay soils on the other hand, have small pores which slow down the air and water
movement, but contribute to a higher water holding capacity. For this reason clay soils are more
prone to becoming waterlogged than sandy or loamy soils because they have very small pores which
permit a much slower rate of water movement. Clay soils therefore, particularly in the subsoil, can
have poor aeration which is inadequate for satisfactory root development and desirable microbial
activity. For more information on pore space and porosity, see the Available Water Holding Capacity
document on the Envirothon website.
Soil Air – Soil air differs from the air we breathe in several respects. The soil air is not continuous
but rather exists in the maze of tiny soil pores separated by solid soil. For this reason, soil air varies
in composition from place to place in the soil. Chemical and microbiological reactions in localized
pockets can greatly change the composition of the soil air. Secondly, soil air generally contains more
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moisture than the air we breathe. When soil moisture is optimum for plant growth, the soil air is
usually saturated (100% relative humidity).

Thirdly, the carbon dioxide content of soil air is higher and the oxygen content lower than what is
found in the atmosphere. The amount of soil air depends upon the amount of water in the pore
spaces. As water percolates through the soil, it occupies the pore spaces and forces
the air out. Immediately following a rain, the soil may be saturated. As the soil drains, the soil water
drains out of the large pores first, followed by intermediate sized pores. Water is removed from th e
smaller pores by evaporation and by the plants. This is why clay soils with their predominance of
tiny pore spaces have poorer internal drainage than sandy soils which have large pores. As soil water
is removed the volume of air in the soil increases.
Soil Water – Soil water may exist as free water which completely or partly fills the pore spaces or as
a thin film tightly held on the surface of mineral and organic particles. Free water will drain down
through the soil pores and become part of the ground water system. The more tightly held water is
only removed by evaporation and plants. Water is held within the soil pores with varying degrees of
tenacity or tension depending on the pore size and the amount of water present. When soil moisture
content is optimum for plant growth, plants can readily absorb the water, much of which is held in
pores of intermediate size. But as soils become dryer, the remaining moisture tends to be held in the
small pores as a thin tightly bound film on the surface of soil particles. The soil retains such water
with a sufficiently strong force that it is virtually unavailable to plants. Soil water contains varying
amounts of dissolved chemical substances such as oxygen and plant nutrients. Thus it plays a major
role in supplying nutrients to growing plants.
Soil moisture definitions for plant growth


Saturation is the moisture content at which all soil pores are completely water -filled.



Field capacity (FC) is the maximum amount of water held in a soil, measured a few days
after it has been thoroughly soaked and allowed to drain freely. (Note: FC is difficult to
determine for heavy clay soils because water drains so slowly through these soils.)



Permanent wilting point (PWP) is the soil water content at which water is no longer available
to plants, which causes them to wilt because they cannot extract enough water to meet their
requirements.



Available water (AW) is the amount of water held in a soil that plants can use. The maximum
amount of available water held in a soil is the difference between the PWP and FC, expressed
in inches or millimetres of water per unit depth of soil.
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Air Dry is the amount of water remaining in soil after drying at room temperature for several
hours. Only water that is tightly held to the soil particles (hygroscopic water) remains.

Soil Physical Properties
1. Texture Soil texture is the relative proportion of sand, silt and clay particles. The texture of a soil
cannot be altered. In agriculture, soil texture is determined by measuring the size and distribution of
particles less than 2.0 mm in diameter. Particles larger than 2.0 mm in diameter, such as gravel and
stones, are included in the textural description only if present in significant amounts (e.g. gravelly sand
(GrS)).


Sand (S) = 2.0 - 0.05 mm in diameter (coarse material) – referred to as “light” soils, since they
are easily tilled (not because of the soil’s weight)



Silt (Si) = 0.05 - 0.002 mm (medium material)



Clay (C) = <0.002 mm (fine material) – referred to as “heavy” soils, because of their difficult
workability



Loams (L) are medium textured soils made up of a mixture of sand, silt and clay



Gravel and stones are particles > 2.0 mm in diameter

Soil texture can be determined by laboratory analysis (textural triangle) or hand texturing (flow chart).
Clay-rich soils are excellent at holding and storing nutrients but management practices must improve
drainage. Silts hold fewer nutrients, and sands hold both fewer nutrients and moisture. A loam is a
combination of particle sizes and loams generally make for better quality agricultural soils when the mix
includes clay with its high nutrient retaining properties, and silt and sand with their improved drainage
properties. For field crops such as wheat, sandy soils have limitations on both nutrients and water supply,
but when fertilized and irrigated, they can be greatly improved in terms of vegetable (e.g. carrot) and
potato production.
2. Structure Soil structure refers to the way in which soil particles cling together to form aggregates
Sandy soils low in organic matter are usually structureless (e.g. the particles do not aggregate or form
clumps or structural aggregates). Sandy topsoils with reasonable organic matter contents can form crumblike structures which retain both water and nutrients. Crumb aggregates are also typical of loam and clayrich topsoils, but aggregate size decreases as the organic content decreases. As the larger aggregates are
less readily wind eroded, maintaining high organic matter levels can be an important management tool.
Even in clay soils, whereby themselves clay particles impede drainage, good crumb aggregation allows
for the storage of water and nutrients within the aggregates, while drainage of water between aggregates
after rain allows for the restoration of a soil atmosphere. For more information on aggregates, see the
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Aggregate Stability document on the Envirothon website. Types of soil structure include: prismatic,
columnar, angular blocky, subangular blocky, platy and granular. Most agricultural soils have either
blocky or granular structure. Forest soils usually have a platy structure at or just below the soil surface.
Prismatic and columnar structures develop in soils with significant amounts of sodium present in the
subsoil.
3. Colour Soil conditions such as drainage and salinity, and constituents such as organic matter, iron and
carbonates, impart characteristic colours to the soil profile. These colours are measurable and are used as
part of the soil classification criteria. Light coloured topsoil indicates either low organic matter content or
a concentration of carbonates or soluble salts. Dark coloured topsoil, by contrast, indicates high organic
matter content. Subsoil colour is an indicator of drainage that is often more reliable than the actual
moisture conditions at the time a soil is examined. Bright colours, such as light brown, yellow or reddish
subsoil, is characteristic of a well-drained profile. Dull grey, bluish-green or rust colours indicate a poorly
drained profile. A Munsell colour chart is used to determine soil colour.
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4. Bulk Density Bulk density is the apparent density of a soil, measured by determining the oven-dry
mass of soil per unit volume. The volume of soil is determined using sampling cores and is measured
before soil is oven-dried to avoid any changes in volume due to drying. Bulk density is usually expressed
in g/cm3 or Mg/m3. Bulk density tends to be higher in sandy soils than in clays. A typical clay soil has a
bulk density around 1.1 g/cm3; a sandy soil’s bulk density is approximately 1.3 g/cm3; compacted soils
may have a bulk density as high as 1.8 g/cm3.
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5. Drainage Soil drainage is the speed and extent of water removal from the soil by runoff (surface
drainage) and downward flow through the soil profile (internal drainage). It also refers to the frequency
and duration when the soil is not saturated.
Drainage classes:
1. rapid/excessive - water is removed rapidly in relation to supply – very coarse textured soils in
higher landscape positions have rapid internal drainage
2. well (and moderately well) - water is removed readily to in relation to supply - development of a
B horizon is evidence of well to moderately well internal drainage
3. imperfect - water is removed somewhat slowly in relation to supply to keep the soil wet for a
significant part of the growing season – a B horizon may not be present; an AC horizon and the
possible presence of some mottles (gleying) at depth are indicators of imperfect drainage
4. poor (and very poor) - water is removed so slowly that the soil remains wet or the water table is
near the soil surface for a large part of the time - extensive mottling, peat buildup and blue-grey
colours indicative of saturated conditions are prevalent


Mottles - rust-coloured spots in the subsoil formed from alternating wetting and drying
conditions.



Gleying – a soil-forming process which occurs under poor drainage conditions, resulting in
the production of grey colours and mottles.

In general, drainage is primarily influenced by soil texture and relief. Coarse-textured, porous soils allow
excess water to pass through the soil whereas finer-textured, compact clay materials tend to restrict water
movement. Nevertheless, texture and drainage are independent factors, with relief having a greater
influence on the drainage class of a soil than its texture. For example, sands in low-lying areas with high
water tables are poorly drained, and clays in relatively higher portions of the landscape can be welldrained.
6. Calcium Carbonate Content
Calcium carbonates (and, to a lesser extent, magnesium carbonates) are common to most agricultural soils
in Manitoba. They are derived mostly from fragments of limestone rocks. Over time, carbonates dissolve
and move in the soil water. The calcareous nature of Manitoba soils is basically what maintains their
neutral to high pH. Adequate levels of calcium and magnesium, both essential nutrients for plant growth,
are usually present in calcareous soils. Since most of the agricultural soils in Manitoba are calcareous, the
addition of lime to raise the pH is not a required practice. Soil surveyors use dilute hydrochloric acid
(HCl) to check for the presence of carbonates. Calcium and magnesium carbonates react with HCl to
produce carbon dioxide (CO2) which can be identified by bubbling and fizzing in the area where the HCl
was applied. The greater the carbonate content of the soil, the more aggressive the reaction is with HCl.
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The depth at which dilute HCl reacts with calcium carbonate (CaCO3) gives an indication of internal soil
drainage and soil development. Over time, soils with good internal drainage have had significant amounts
water infiltrate and percolate through the soil. Provided they have not been affected by wind, water, or
tillage erosion, they will be free of CaCO3 in the surface layer and the subsoil layer below the surface
horizon. In these soils, dilute HCl will not fizz until it comes into contact with the CaCO3 below the
subsoil layer. With the exception of leached micro depressions, less infiltration and percolation of water
in imperfectly drained soils is reflected in the presence of CaCO3 at the surface or in the subsoil layer
below the surface layer. Very low infiltration and percolation of water in poorly drained soils (with the
exception of leached depressions) usually results in calcareous (CaCO3) surface layers. Therefore, dilute
HCl will fizz nearer to or at the surface in imperfectly and poorly drained soils.
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Soil Chemical Properties
To understand soil management, you need to know a little about the chemical aspects of the soil, such as
soil pH, cation exchange capacity, and chemical properties of soil organic matter.
Soil pH – Soil pH refers to the level of acidity in a soil. The pH is a measure of the number of hydrogen
(H+) ions that are in the soil. The pH is recorded on a logarithmic scale that goes from 0 to 14. A pH of
7.0 is considered to be neutral. The higher the number, the less acidic or more alkaline the soil; the lower
the number, the more acidic the soil.
With a logarithmic scale, a pH of 6.0 is 10 times more acidic than a pH of 7.0, while a pH of 5.0 is 100
times more acidic than a pH of 7.0.
Soil pH influences how efficiently a crop grows in a soil by affecting:
 Nutrient availability (and potential toxicity)
 Micro-organism activity
 Disease organism activity
 Potential crop damage by some herbicides
Agricultural practices tend to lower the pH of soils over time, making them more acidic. This is the result
of a number of activities:
 Crops and plants removing nutrients
 Leaching or water flow through the soil, removing nutrients
 Decomposition of organic materials
 Fertilizer application, particularly banded ammonium fertilizers
 Acid rain
Eventually, the drop in pH will become great enough to affect crop growth and yield, and you’ll have to
take steps to raise the pH. Soil pH can be raised using agricultural lime.

Not all soils become acidic. In areas with alkaline (calcareous) sub-soils, tillage practices tend to raise the
pH. This tends to be the case is the most agricultural areas of Manitoba. This is due to dilution with subsoil as a result of tilling too deep, tillage erosion,and wind and water erosion. Soil pH should be tested

21

regularly, as part of a normal soil testing program, especially fields to which large amounts of nitrogen
are being applied.

Some plants need highly acidic conditions to grow (such as blueberries). In some instances it may be
necessary to lower the soil pH. For example, to grow blueberries effectively, a pH of 5.0 or less is
required. You can lower soil pH through the application of elemental sulphur. However, if the soil pH is
high (above 6.5), this can be extremely expensive. For more information on pH, see the Soil Quality
Indicators- pH document on the Envirothon website.
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Soil Organic Matter
Soil organic matter acts like a bank for many essential plant nutrients, by:
 Providing exchange sites for cations such as potassium and magnesium
 Releasing nitrogen during breakdown
 Providing virtually all of the manganese and boron that crops require throughout the growing
season.
If you have ever taken out an old fencerow to make a larger field, you’ll know that the fencerow produces
tremendous crops during the first few years in production. This is attributable to organic matter, both in
nutrient release and soil structure.
The benefits of organic matter to soil structure, coupled with increased nutrient release, explain the
dramatic yields. Tillage promotes greater aeration of the soil, which increases the breakdown of organic
matter and releases a large quantity of nutrients to support the following crop. In fact, this bank of
nutrients is what many farmers relied upon to sustain crop production before the advent of commercial
fertilizers. Unfortunately, tillage also reduces the level of organic matter over time to the point that it may
become difficult to maintain good soil structure, and increased additions of fertilizer are required.
Soil Biological Properties – Soil structure is greatly affected by the animals and microbes in the soil. For
example, the chemical and physical nature of the soil is changed as it passes through the intestines of
worms. Soil animals and microbes can directly impact the availability of certain nutrients. There are more
organisms in 5 ml of topsoil than there are people on Earth. Soil organisms are an intimate part of the
organic fraction of soil, and contribute significantly to soil fertility and soil structure.
Plant residues have little value in the form we return them to the soil. The soil organisms, whether large
(macro) or small (micro), feed on this residue and break it down in a continuous process. Virtually all
topsoil has passed through the gut of soil animals. Although we might think of burrowing animals such as
groundhogs, moles and shrews as having a large impact on soil because they are relatively visible, they
are far less important to soil processes than the much more numerous tiny animals and microbes.
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The living organisms of soils can be divided into two broad categories:
 Micro-organisms
o

Includes fungi, bacteria, actinomycetes and algae

 Macro-organisms
o

Includes protozoa, nematodes, earthworms, arthropods (insects, spiders, etc.) and rodents.

For more information on soil organisms, see the Soil Biodiversity document on the Envirothon website.

24

Parent Material
Parent material is the name given to the loose mineral and organic materials from which the soil
develops. Parent materials cover most of the Earth's surface except where there is solid rock o r water.
It largely determines soil texture and the supply of natural plant nutrients in the soil. It also
contributes soluble salts which adversely affect plant growth if present in excessive amounts.
Similarly, soil conditions such as acidity or alkalinity are due to properties of the parent material.

Most parent materials in Manitoba had their origin in the last Ice Age. The glaciers receded from
southern Manitoba about 11,000 years ago and from northern areas some 8,000 years ago. These
glacial deposits, together with more recent deposits formed by the action of water, waves, wind, and
accumulated organic deposits, are the parent materials from which the present soil of Manitoba has
developed. Parent materials can be classified into six major kinds according to their mode of origin
and deposition: morainal, lacustrine, alluvial, aeolian, fluvial and organic.
Morainal – Morainal materials or glacial till originate from the action of glacier ice which ground up
the underlying bedrock and carried it along with the ice. The size of the mineral particles in glacial
till varies from microscopic clay, to silt, sand, gravel, stone and boulders. Glacial till soils are
excessively stony, while their topography ranges from gently sloping to hilly. More pronounced till
landforms called end moraines occur in several places in Manitoba where the front of the glacier
remained stationary for many years. One end moraine is located south and east of Brandon forming
a series of ridges named the Brandon Hills, Tiger Hills and Pembina Hills.
Lacustrine Deposits – These are coarse to very fine textured materials deposited in large glacial
lakes. They often consist of stratified layers of fine sand, silt and clay deposits. The moderately
well sorted sand and coarser gravel which at one time formed shoreline beaches were deposited by
wave action in the glacial lakes. One of the most important effects of the Ice Age in Manitoba was
the formation of Lake Agassiz and other glacial lakes. At various times Lake Agassiz covered more
than half of Manitoba and was more than 210 metres (700 ft.) deep at what is now Winnipeg. The
clay and silt deposited at the bottom of Lake Agassiz varies from less than 6 metres (20 ft.) thick in
the eastern part near Pine Falls to 30 metres (100 ft.) deep at Portage la Prairie.
Alluvial Deposits – These generally consist of sand, silt and clay deposited in drainage channels and
flood plains by flowing streams and rivers. The land surface is usually level or gently sloping. Soils
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formed on alluvial deposits have variable textures due to stratification of the sediments and often
contain buried dark colored layers rich in organic matter. Many of the soils along the Assiniboine
River have developed on alluvial deposits.
Aeolian Deposits – Aeolian deposits have been carried and deposited by wind and consist
predominantly of sand and silt. The topography ranges from level to knolls. Soils formed on aeolian
deposits normally have very weak or no profile development such as the Carberry Sandhills.
Fluvial Deposits – Fluvial materials are deposited by flowing water which was in contact with
glaciers. They are generally gravel and sand with minor amounts of silt and clay such as the soil
around Birds Hill. Soils developed on fluvial materials are usually coarse textured and droughty and
therefore best suited for pasture.
Organic Deposits – Organic or peat deposits result from accumulated dead vegetation common to
marshes, swamps, fens and bogs. They form in poorly drained sites in cool humid portions of the
province. In the relatively warm agricultural regions of the province, organic soils are a very minor
and local occurrence. However, as the climate becomes more humid to the east and cooler to the
north, organic soils become progressively more common and extensive.
Bedrock – This is the residual rock that may or may not be exposed at the surface. Southwestern
Manitoba, above the Escarpment, lies on shale bedrock; the Westlake and Interlake areas are
underlain by limestone and eastern Manitoba and extensive northern areas of the province rest on
Precambrian granitic and volcanic rock. The most extensive areas of exposed bedrock occur in
northern portions of the province such as around Flin Flon and in the Whiteshell area in eastern
Manitoba.
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.Soil Nutrients – Manitoba soils vary greatly in their natural ability to provide, retain and deliver soil
nutrients to crops, so capability classes can vary depending upon the degree to which this natural supply
occurs. Micronutrients are nutrients needed by plants in small amounts, and many mineral soils are
capable of supplying these through natural weathering. Macronutrients are those nutrients needed by
plants in large amounts, and examples such as potassium and phosphorus are also released to the soil
solution by the weathering of mineral particles. Excessive removal of potassium and phosphorus by
crops, however, often means additions as fertilizer may be required. Loams and clays are by far the better
natural nutrient delivery soil types in Manitoba. The macronutrient nitrogen is not released by the
weathering of minerals but is generally made available in the soil solution as organic matter with nitrogen
in it mineralized/decomposed by soil micro-organisms.

In situations where cereal crops are grown every year, the demand for nitrogen is higher than the natural
supply, so nitrogen fertilizer applications are needed. If the farm operation can accommodate crop
rotations with say alfalfa (a species with nitrogen-fixing bacteria living in root nodules) this can greatly
help replenish nitrogen supplies. In the case of organic farming (no use of artificially produced
chemicals), careful management/recycling of crop residues and crop rotations maintain the natural
nutrient balance.
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Elements of Soil Quality
The three main functions of soil are to provide a medium for plant growth, to regulate and partition water
flow through the environment, and to serve as an environmental buffer. A soil’s chemical, physical and
biological properties work together to make a soil able to perform these functions.
Plant Growth – A good-quality soil is both tillable and fertile. It yields good-quality crops because it:
 Provides a suitable medium for seed germination and root growth (including the absence of
unsuitable chemical conditions, such as acidity or salinity, that are harmful to plant growth)
 Supplies a balance of nutrients to plants
 Receives, stores and releases moisture for plant use
 Supports a community of micro-organisms that recycle nutrients through decomposition and help
plants to resist disease.
Water Regulation and Partitioning – Water entering the soil as either rain or melting snow (infiltration)
has several fates. It can soak into the soil, to be stored or taken up by plants. It can percolate down
through the soil and enter the groundwater. If it fails to penetrate the soil, it can move along the soil
surface as runoff.

Depending on the amount of precipitation received, a good-quality soil stores enough water to promote
optimal crop growth. It allows only a limited amount of water either to run off the soil surface, carrying
away soil sediments, or to seep below the root zone into the groundwater.
For more information on infiltration, see the Infiltration document on the Envirothon website.

Environmental Buffer – A good-quality soil can accept and hold nutrients and release them as required
by plants. To some extent, it can also break down harmful compounds into substances that are non-toxic
to plants and animals and do not pollute surface water and groundwater. However, soil has a limited
ability to perform this function and should not be expected to repair the damage of chemical
contamination caused by human activity.

Changing Soil Quality
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The inherent or natural quality of a soil is determined by the geological materials and soil formation
processes (such as chemical and physical weathering) that combine to produce it. The characteristics of a
natural soil can be changed by human activities, including land use and farming practices. Decline in
inherent soil quality can occur because of erosion, loss of organic matter, compaction, desertification and
other degradative processes. On the other hand, soil quality can be maintained or even improved by
regularly adding organic material, using conservation tillage, rotating crops, and growing legumes,
amongst other practices.

Effects of Land Use and Management Practices
Agricultural land use refers to the type of farming activity that takes place on an area of land. Examples of
agricultural land use include pasture and cultivation of forage crops, cereals, oilseeds, berry fruits, or
vegetables. Defining land use also considers whether crops are grown under natural rainfall or irrigation.
In general, the more that a specific land use disturbs the land’s natural ecology, the greater its effects on
soil quality.
Management practices are methods that a farmer uses to tend the land, cultivate a crop, or care for
livestock. On pasture lands, these practices include animal stocking, rotational grazing, weed control and
protecting vegetation along water courses. On cultivated lands, management practices include crop
selection and rotation, tillage methods, residue management, traffic management, use of fertilizers and
other nutritional amendments, pest control and water management.
Crops that provide high-density and continuous ground cover offer greater protection against erosion than
row-cropping systems, or systems that include extensive use of cultivated fallow. Minimal tillage for
weed control or seedbed preparation has less of an effect on soil structure and better maintains crop
residues than more-intensive tillage. Systems that return plant nutrients at the rate crop removal help
maintain soil tilth and cover, which protect against erosion. Reduced use of pesticides on erodible soils or
use of pesticides along with effective measures for erosion control reduces the risk of contaminating
surface water. Systems that reduce the use of pesticides on highly permeable soils reduce the risk of
contaminating groundwater.
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Processes That Reduce Soil Quality
Wind, water and tillage erosion, loss of organic matter, breakdown of soil structure, salinization, and
chemical contamination – all processes that affect soil quality, are accelerated by inappropriate land use
and management practices. These processes reduce the soil’s ability to grow crops and to maintain a
healthy environment.
Erosion – Erosion is a process that removes and redistributes soil. Although some erosion takes place
gradually, most results from extreme weather events, such as a windstorm or a heavy rainfall. Both wind
and water erosion remove topsoil, which is the soil layer best fitted to support life. Loss of all or part of
this surface layer impairs the soil’s ability to produce a crop by reducing its fertility and its ability to
accept and store water and air. The materials removed may be redeposited in some nearby leeward or low
lying area with little or no apparent consequence to the environment at that locale. In some areas
however, the materials are transported to streams, rivers and lakes which may considerably affect the
water quality in these areas. Each further loss of topsoil compounds the effects of erosion, so the soil
increasingly loses its ability to produce crops and to regulate and partition the flow of water in the
environment. As soil fertility declines, lost nutrients are often replaced by applying fertilizer, and the
chance of nutrient loading in the runoff during subsequent erosion events increases.

Protecting the soil against erosion usually involves keeping it covered with crops or crop residues. Using
methods such as conservation tillage and residue management, green manuring, continuous cropping, and
winter cover-cropping helps to maintain soil cover.

Soil eroded from the land has be deposited somewhere else. For more information on this redeposition,
see the Sediment Deposition on Cropland document on the Envirothon website.

Loss of Organic Matter – Loss of soil organic matter is usually related to the loss of topsoil through
erosion. Organic matter is also lost by microbial oxidation, in which soil micro-organisms use organic
matter in the soil as a food source during their normal metabolism. Management practices that add little
organic matter in the soil or increase the rates of organic matter decomposition (such as summer fallowing
and excess tillage) lead to reduced levels of organic matter in the soil.
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Because organic matter is rich in nitrogen, phosphorus and other nutrients, loss of soil organic matter
reduces a soil’s fertility and its capacity to produce crops. Organic matter holds more water per unit
weight than mineral matter and is needed for a well-aggregated soil structure. Its loss also reduces the
soil’s capacity to accept, store, and release water for plant growth.
Changes in Soil Structure – Changes in soil structure affect soil quality in many ways. Pore space in the
soil is important as a pathway for water entering the soil, a storehouse and provider of soil water and air
to the plant, and a conduit for water leaving the soil. High-quality soils have many pores of various sizes
and shapes, with varying continuity. Farming practices that increase the rate of erosion, break down soil
aggregates, or reduce soil pore space (compact the soil) are the most common means of modifying soil
structure. A breakdown of soil structure reduces the soil’s capacity to produce crops, which in turn affects
its capacity to regulate and partition water flow through the environment.
Salinization – Soil salinity (an excess of salts in the soil) reduces the soil’s capacity to produce crops by
restricting the amount of water the plant can withdraw from the soil. Crops respond to increasing salinity
in much the same way as they do to increasing drought stress – even though water is present in the soil,
the plant responds as though the soil was dry or nearly dry. Soil salinity is mainly controlled by
geological and climatic factors. However, any change in the hydrologic (water) cycle such as results from
draining or flooding low-lying areas, changing the shape of the land’s surface, or increasing or reducing
vegetative growth, can affect soil salinity.
For more information on soil salinity, see the Salinization document on the Envirothon website.

Agrochemical Contamination – Agricultural land can become contaminated in many ways, including
atmospheric deposition of industrial wastes and incorrect application of agricultural chemicals, municipal
waste or irrigation water containing salts or chemicals. Agrochemicals (agricultural chemicals) are used in
crop production to improve nutrient levels in the soil (fertilizers) and to reduce damage of the crop by
pests (pesticides). Unused chemicals may remain in the soil as soil contaminants or become water
contaminants by entering surface waters through runoff or groundwater through leaching. Management
practices that involve either adding fertilizer (particularly nitrogen) beyond the requirements of the crop
or heavily applying certain pesticides on highly permeable soils have the greatest potential to exceed the
soil’s capacity to act as an environmental buffer.
For more information on soil quality, see the Indicators for Soil Quality Evaluation and Soil Quality
Concepts documents on the Envirothon website.
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For more information on pesticides and soil, see the Pesticides document on the Envirothon website.
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Soil Erosion and Sustainability
Water Erosion – Water erosion results from water flow across a surface. The steeper the slope (gradient)
the greater is the potential for water erosion to occur. Likewise, the less surface area living plant material
and/or plant residues inhabit, the greater is the potential for water erosion. Any management practice
which encourages water to infiltrate the soil more readily, or be slowed down in its movement, can help
reduce this problem. As slowing running water on a steep slope is difficult, such areas should be left
under natural or permanent cover. Where slopes are gentler, techniques such as zero or reduced tillage,
and careful residue management must be practiced on a case-to-case basis. Here too, any technique which
slows water movement and encourages infiltration helps.
Wind Erosion – Dry, exposed soil surfaces are often very vulnerable to erosion during periods of strong
winds, especially in late April to early May, when warm, drying winds from the south impact exposed
field surfaces not yet covered by new growth. If the maintenance of a permanent vegetation cover is not
practical, then the maintenance of stubble and/or plant residues (straw from the previous crop) can greatly
reduce surface wind speeds and limit this problem. In addition, the planting of shrub or tree shelter belts
also slows surface wind speeds, and helps trap snow and reduce soil moisture evaporation.

Most vulnerable to wind erosion are particles and aggregates of the size of small sand grains. When these
are removed, so is their organic matter and their available plant nutrients. Surprisingly, clay-rich soils,
soils where particle sizes are much smaller than fine sand, are often less vulnerable to wind erosion
because clay-rich soils tend to have higher organic matter contents that help produce crumb structural
aggregates with diameters much larger than fine sand. Clearly, any management practice which
encourages large aggregate sizes, or reduces wind speed near the ground will help limit wind erosion.
Tillage Erosion – Tillage erosion is the progressive downslope movement of soil by tillage causing soil
loss on hilltops (knolls) and soil accumulation at the base of slopes (depressions). Tillage erosion is
described in terms of erosivity and landscape erodibility. Large, aggressive tillage implements, operated
at excessive depths and speeds are more erosive, with more passes resulting in more erosion. Landscapes
that are very topographically complex (with many short, steep, diverging slopes) are more susceptible to
tillage erosion. Visual evidence of tillage erosion includes: loss of organic rich topsoil and exposure of
subsoil at the summit of ridges and knolls; and undercutting of field boundaries, such as fence lines, on
the downslope side and burial on the upslope side. Tillage erosion has only recently been recognized as a
form of soil erosion. Studies across North America and Europe have concluded that tillage erosion is the
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major cause of the severe soil loss and crop yield loss observed on hilltops. The soil loss on hilltops
resulting from tillage erosion reduces crop productivity and increases field variability. Rates of soil loss
on these slope positions are often more than ten times what is considered to be tolerable for sustainable
production. Consequently, yield losses associated with these areas are as high as 30 to 50%. This type of
erosion occurs subtly as compared to wind and water erosion and usually results in a redistribution of
topsoil within the field (i.e. the net soil loss is roughly zero, but the net loss in soil productivity on the
knolls can be dramatic).For more information on erosion, see the Erosion document on the Envirothon
website.
Soil Compaction – When heavy machinery drives over a field, some compaction results. Compaction
brings aggregates closer together thereby reducing the size of soil pores. As macropores are reduced in
size to micropores, the speed that water percolates into the soil during and after rainfall is greatly reduced.
In turn this limits the entry of air, and promotes conditions more conducive to water erosion. For more
information on soil compaction, see the Compaction document on the Envirothon website.
Soil Acidification – As nitrogen fertilizers (e.g. anhydrous ammonia – NH3) are altered in the soil by
micro-organisms to forms more readily useable by crops such as nitrate-nitrogen (N-NO3), hydrogen is
released into the soil solution. This can modestly depress soil pH (increase soil acidity), and in turn
slowly limits the availability of other nutrients even though they may be present in sufficient amounts.
Loss of Organic Matter – The loss of topsoil organic matter is one of the most critical problems in prairie
agriculture. Excessive tillage can expose soil organic matter to more rapid decomposition and loss by
wind erosion. Any process which halts, or even reverses, this decline is generally considered positive.

One practice which is very destructive to soil organic matter content is summer fallow. Summer fallow is
a practice where the soil surface is kept bare for at least one full year before replanting. This allows an
increase in soil moisture for a subsequent crop, but during the fallow year weeds must be kept down by
frequent tillage or by herbiciding because they would use up this water.

This soil-moisture storage practice is more critical in the drier prairies but not in Manitoba. Summer
fallow also allows for the build-up of available nitrate-nitrogen in the soil solution which greatly assists
crop growth the following year. Unfortunately, this happens at the expense of organic matter because soil
organisms continue to break it down. This breakdown releases the nitrogen in this organic matter, but as
there is no crop that year, no new organic matter is added – the net result may be extra nitrogen, but
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slowly the soil organic matter reserves dwindle. In the past many Manitoba farmers practiced this
nitrogen-supplying practice, but today extra nitrogen can be added as fertilizer so this practice is
declining.
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Promoting Soil Sustainability
Agricultural soils can be protected in a sustainable way if there is the desire on the part of the practitioner
to do that. Obvious methods to help do this are, where possible, to maintain a permanent vegetation cover,
reduce or eliminate soil tillage, plant shelterbelts to reduce wind erosion, encourage the recycling of plant
residues to the surface and not remove or burn them, and not practice field cropping on steep slopes.
Permanent Cover – Having permanent plant cover is not practical in most agricultural settings because
field crops such as wheat cannot permit this. On steep slopes it is essential that this be done. One way to
approach this concept is to practice a crop rotation pattern which includes perennial herbaceous species
such as alfalfa, a species which not only protects the soil from erosion, but also adds extra organic
material and considerable amounts of nitrogen in a form which soil organisms can make available for
subsequent crops. This assumes that the practitioner has a use for such cover crops, but not all farmers
have the need for, or can sell such crops, or the desire to alter their existing practice of cropping cereals
every year.

With organic farming, the practice where no artificial fertilizers or artificial pesticides are used, the
practitioner has already made the decision to practice rotations which include cover crops, till the soil
little or not at all, recycle crop residues efficiently, and promote soil organic matter and soil nutrient
conservation. Another strategy which helps reduce wind erosion while improving soil moisture conditions
is the planting of shelter belts. Long, narrow rows of tree species such as ash, or shrubs, act to greatly
slow ground-level wind speeds, and trap blowing snow.
Residue Management – As organic matter inputs are not only critical to the maintenance of many soil
properties it is critical that straw, farmyard manure and other residues are returned to the soil as much as
possible. This means that cereal residue burning, and the removal for animal bedding and for strawboard,
only be done with surplus residue production. Those organic-rich black topsoils so typical of prairie soils
only became such due to the in-house recycling of the prairie plant cover, so practices which to a large
extent replicate this residue recycling, can only help soil. A mulcher on the combine can break up straw
sufficiently well that the great majority of it will be incorporated by soil organisms within one year.
Conservation Tillage (Reduced or Zero Tillage) – Conventional tillage requires the disturbance/turning
of the topsoil perhaps two or more times a year. In the past this was deemed necessary to kill weeks,
incorporate residues, and prepare the seed bed. With the development of new machinery, and the wider
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use of pesticides, the need to till so frequently is greatly reduced, or can be eliminated almost altogether
(zero tillage). While zero or reduced tillage may not necessarily increase local crop productivity, there are
benefits for the sustainability/conservation of the soil as organic matter levels stabilize or even increase.
This practice also ensures stubble and straw residues remain on the surface to feed soil organisms such as
earthworms, recycle nutrients, and protect the soil from erosion. In addition, there may be possible
financial benefits as well if the lower tillage-operating expenses are not cancelled by any higher herbicide
costs.
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Soils Common to All Regions
The following three kinds of soils can exist in any climatic and vegetative environment:

Gleysolic soils are found in poorly drained depressions or flat areas where excess water and lack of
air result in dull colored and mottled sub-soils. They vary in appearance according to the climate and
vegetation. The long term agricultural use of Gleysolic soils depends on improved drainage.
Extensive areas of clay soils in the Red River Valley were poorly drained at the time of agricultural
settlement. Today a well developed network of artificial drains permits successful production of most
agricultural crops common to Western Canada in this area. Other Gleysolic soils occur in hard to
drain potholes in western Manitoba or elongated swales in the Interlake. These remain largely in their
native state, providing limited native grazing.

Regosolic soils are usually formed in fresh material which has undergone soil forming activity far a
short time. There are two kinds. One develops where erosion has recently removed the surface soil to
expose unaltered parent material, such as the tops of cultivated eroded knolls, characterized by thin
and weakly developed soils. The second is found in areas where the wind shifts surface material
around such as the Carberry Sand Hills or river flood plains which flood periodically.

Organic soils are found in saturated depressions and are formed by accumulating dead vegetation
common to marshes, swamps, fens, and bogs. Organic soils are not widely utilized for agriculture at
the present time although local pockets in southeastern Manitoba and in the Arborg-Riverton area
have been drained and brought into crop production with special management techniques.
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Soil Classification and Mapping
In order to study, recognize and map soils, it is necessary to classify them. This involves recognizing
a combination of characteristics specific to each soil type.

Canadian System of Soil Classification For more information, refer to the The Canadian System of
Soil Classification document on the Envirothon website.
The Canadian System of Soil Classification was started in the 1920s and has developed and been
improved since then. It is a practical method of organizing all the valuable knowledge on Canadian
soils in a reasonable and useful way.

The Canadian Soil Classification System consists of five categories starting with the most
generalized category, the Soil Order, and then becoming more detailed as we move through the other
categories of Great Group, Subgroup, Family, Series and Phase. In the last and most detailed
category, the soils have similar major characteristics and are developed from similar parent material.
Example classification criteria of soils vs. automobiles
Classification Catergory Soils

Automobiles

I. Order

Chernozemic

General Motors

II. Great Group

Black

Car

III. Subgroup

Orthic Black

Chevrolet

IV. Association

Fine loamy, mixed, cool, subhumid 4-door Sedan

V. Series

Newdale

Impala

VI. Phase

NDL/xcxs

loaded, good condition

The soil series is the most important category for use by farmers because it is the most precisely
defined in terms of texture, color, structure and so on, although soils in a series can be further
differentiated by phases such as slope, stoniness, erosion or salinity. The agricultural soils of
Manitoba can be classified into six main orders: Chernozemic, Luvisolic, Brunisolic, Gleysolic,
Regosolic and Organic. Because the Russians pioneered the classification of soils some of the order
names are evolved from Russian words.
Important Regional Soils of Manitoba – The Chernozemic soils together with the Gleysolic soils
with improved drainage provide a major portion of the resource base for Manitoba agricul tural
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production. Luvisolic, Brunisolic and Organic soils in areas not limited by climate provide a reserve
of additional agricultural land in the province.

Black Chernozemic soils developed in the southern and southwestern part of Manitoba under a
combination of relatively low rainfall and high summer temperatures and predominantly grassland
and aspen parkland vegetation. The Black soils have dark colored surface horizons reflecting a
significant accumulation and decomposition of grasses and other vegetation. The Black soils are the
most fertile and productive in Manitoba, capable of growing wheat, coarse grains and a wide range of
regionally adapted crops.

Dark Gray Chernozemic soils developed to the east and north of the Black soils, where cooler
temperatures and more humid conditions fostered a mix of grassland and forest vegetation. Dark
Gray soils in Manitoba are very productive and are used to grow all of the regionally adapted crops
of western Canada. Climatic limitations associated with these soils prohibit production of special
crops requiring a high accumulation of heat units.

Luvisolic or Gray Wooded soils developed under even cooler climates and forest vegetation largely
in northern Manitoba and at higher elevations in the western part of the Province. The A horizons of
Luvisolic soils contain modest amounts of organic matter and, as a result, are light gray in color and
are used mainly for mixed farming, particularly in rolling or hilly areas where steeply sloping land is
best suited to pasture and forage production. In addition, the shorter, cooler growing season,
prohibits the production of the long season crops.

Brunisolic soils also develop under cool humid conditions and forest vegetation, mainly on high lime
till soils in the northern Interlake. The soils in this area are often limited for agricultural use by
extreme stoniness. Other Brunisolic soils developed on coarse textured till and outwash deposits and
are limited for agriculture use by their low moisture and nutrient holding capacity.
For information on Manitoba’s Provincial Soil, see the Newdale Soil Series document on the Envirothon
website.

Comparison of four mineral soils in Manitoba
Factor

Chernozem

Luvisol

Gleysol

Regosol

Native

Grassland

Forest

Moisture-loving

Limited vegetative
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vegetation

grasses

growth

Normal

Wet

Variable to dry

Vegetation puts

Vegetation puts

Moist or saturated

Formative

bulk of biomass

bulk of biomass

conditions affect

processes

production below

production above decomposition

ground

ground

Moisture regime Normal

process

Distinguishing

Thick topsoil

Strongly leached

features

horizon (Ah)

horizon (Ae)

Dull, blue-grey
colours and mottles
(Bg or Cg)

Relatively young soils
not fully stabilized by
vegetation
Little soil profile
development due to
droughtness, erosion,
or deposition

Typical
landscape

Midslope

Upper slopes

Depressions

Upper slopes

position

Great Group – broad separations of soil zones based on climate and native vegetation patterns. The
five soil zones recognized across the prairies are: Brown, Dark Brown, Black, Dark Grey
Chernozems; and Grey Luvisol. Climate and vegetation have determined the organic matter levels in
the topsoil over time, resulting in darker colours with increasing organic matter content in cooler,
wetter regions.

Soil zones of the Canadian prairies (courtesy PFRA). Scale is 1 inch = 230 miles
(1:14,572,800)
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Soil Survey Reports
At one time or another most of the agricultural land in Manitoba has been surveyed. The survey maps
out the soils in an area, classifies, describes them and notes the capabilities of the land. There are two
kinds of surveys: the detailed survey (scale of 1:20,000, 3.2 inches to 1 mile or 1:50,000, 1.5 inches to
one mile) which is based on a large number of observations of soil in an area and the reconnaissance
survey (scale of 1:125,000, 1/2 inch to 1 mile) which is based on fewer observations. Representative
soils are sampled throughout the area. The samples are analyzed for chemical and physical properties
and these are described and interpreted as to their use for agriculture or some other p urpose.

How Soil Surveys Are Done – Soil maps are based on direct field observations, backed up by aerial
photographs. Detailed surveys are commonly based on one inspection far every 5 to 10 hectares (12 25 acres). In contrast, the number of observations in a reconnaissance survey ranges from one
inspection per 40 hectares (100 acres) to 250 hectares (525 acres) depending on the accessibility of
the terrain. Soils found within a map area are arranged into a limited number of types on the basis of
such properties as depth, mineralogy of parent material, organic matter, clay content, and natural
fertility, water holding capacity, slope and drainage.

Uses of Soil Surveys – Soil survey reports and maps contain a great deal of technical information about
the chemical and physical properties of soil. As well, they generally include a non-technical section
dealing with management practices that may be useful to the farmer. This section helps in planning
management and conservation measures, solving farm problems and appraising the productive capacity
and the value of the land for crop or forage production. More recently the interpretation of the soil
survey data has been broadened to include soil requirements for crops, forages, shrubs and trees, plus
its suitability for irrigation, wildlife, town and rural planning and infrastructure development such as
highways, pipelines and buildings, and recreation uses. In addition, soil survey data is used to
appraise land quality, crop insurance values and tax assessments, as a basis for farm loans, and as a
guide for the purchase of land.
Intended uses for maps according to scale
Generalized
1:100,000
Provincial

Reconnaissance 1:125,000

Detailed 1:50,000 Detailed 1:20,000

General soils awareness

On-farm decisions On-farm decisions
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overview

Municipal

Municipal decisions

decisions
N/A

~ 6 inspections per section

~ 16 inspections

~ 30 inspections per

per section

section
Field scale comparisons

General soil
comparisons
(soil orders)
National scope

General soil comparisons

Field scale

(phase level) Precision

(subgroup/family/

comparisons (series agriculture Irrigation

association level) National

level) Watershed

assessment Potato

scope Starting point for more management Land suitability Nutrient
detailed soils data collection use assessment

management Land use
assessment

Map Information Soil Polygon an area (which can be of any
shape) which contains a specific
soil condition that is identified by
a symbol(s). In addition to the
limitations of map scale, the
boundaries of the soil map
polygons imply there are abrupt
changes in soil types within the
landscape. In reality, however,
soil varies continuously across
the landscape. It must be
recognized that, although the map
lines imply abrupt changes, the
soil grades from one type to the
next and the lines on the map are
only approximations of where
these transitions occur. Map
Units - symbols on soil survey
maps that represent the type of

44

Envirothon – Soils Binder
_____________________________________________________________________________________

soil(s) found within a particular
polygon. A simple map unit
designates a single soil series on
a detailed soils map. A complex
map unit includes as many as
three soil series on a detailed
map, or as many as two soil
associations on a reconnaissance
soil map. Other information on
the soil phase, such as extent of
erosion, slope gradient, stoniness
and salinity, may be included
within the map unit.
Agricultural capability for Manitoba
Agriculture capability is a 7 class rating of mineral soils based on the severity of limitations for
dryland farming. This system does not rate the productivity of the soil, but rather its capability to
sustain agricultural crops based on limitations due to soil properties and landscape features and
climate. This system is usually applied on a soil polygon basis and the individual soil series are
assessed and maps portray the condition represented by the dominant soil in the polygon. Class 1
soils have no limitations, whereas Class 7 soils have such severe limitations that they are not suitable
for agricultural purposes. In general, it takes about 2 acres (0.8 hectares) of Class 4 land to equal
production from 1 acre (0.4 hectares) of prime (Class 1) land. (From Land: The Threatened
Resource).
Class 1: Soils in this class have no important limitations for crop use. The soils have level to nearly
level topography; they are deep, well to imperfectly drained and have moderate water holding
capacity. The soils are naturally well supplied with plant nutrients, easily maintained in good tilth
and fertility; soils are moderately high to high in productivity for a wide range of cereal and special
crops (field crops).
Class 2: Soils in this class have moderate limitations that reduce the choice of crops or require
moderate conservation practices. The soils have good water holding capacity and are either naturally
well supplied with plant nutrients or are highly responsive to inputs of fertilizer. They are moderate
to high in productivity for a fairly wide range of field crops. The limitations are not severe and good
soil management and cropping practices can be applied without serious difficulty.
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Class 3: Soils in this class have moderate limitations that restrict the range of crops or require
moderate conservation practices. The limitations in Class 3 are more severe than those in Class 2 and
conservation practices are more difficult to apply and maintain. The limitations affect the timing and
ease of tillage, planting and harvesting, the choice of crops and maintenance of conservation
practices. Under good management, these soils are fair to moderate in productivity for a fairly wide
range of field crops.
Class 4: Soils in this class have significant limitations that restrict the choice of crops or require
special conservation practices or both. These soils have such limitations that they are only suited for
a few field crops, the yield for a range of crops may be low or the risk of crop failure is high. These
soils are low to moderate in productivity for a narrow range of field crops but may have higher
productivity for a specially adapted crop or perennial forage.
Class 5: Soils in this class have severe limitations that restrict their capability to producing perennial
forage crops and improvement practices are feasible. These soils have such serious soil, climatic or
other limitations that they are not capable of use for sustained production of annual field crops.
However, they may be improved by the use of farm machinery for the production of native or t ame
species of perennial forage plants.
Class 6: Soils in this class are capable only of producing perennial forage crops and improvement
practices are not feasible. Class 6 soils have some natural sustained grazing capacity for farm
animals, but have such serious soil, climatic or other limitations as to make impractical the
application of improvement practices that can be carried out on Class 5 soils. Soils may be placed in
this class because their physical nature prevents the use of farm machinery or because the soils are
not responsive to improvement practices.
Class 7: Soils in this class have no capability for arable culture or permanent pasture because of
extremely severe limitations. Bodies of water too small to delineate on the map are included in this
class. These soils may or may not have a high capability for forestry, wildlife and recreation.
Agriculture capability subclasses identify the soil properties or landscape conditions that may limit
use. A capital letter immediately following the class number identifies the limitation (eg. 2W, 3N,
etc.).
Subclasses:
C - adverse climate (outside the boundaries of agro-Manitoba)
D - dense soils (undesirable soil structure/low permeability)
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E - erosion damage
I - inundation (flooding) by streams and lakes
M - moisture (droughtiness) or low water holding capacity
N - salinity
P - stoniness
R - consolidated bedrock
T - topography (slopes)
W - excess water other than flooding (inadequate soil drainage or high water table)
X - two or more minor limitations

Soil survey maps are available for nearly all agricultural areas in southern Manitoba. More detailed
maps, on a larger scale, are also available for many local areas. In most cases, reports outlining soil
characteristics and interpretive information accompany the maps.
To determine which areas in southern Manitoba have been resurveyed on a detailed scale, visit
http://www.gov.mb.ca/agriculture/land/soil-survey/importance-of-soil-survey-mb.html. Soil survey
reports published by Manitoba Agriculture can be purchased from the Queen's Printer.
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CLIMATE CHANGE AND AGRICULTURE
Living Off the Land
A short drive outside any town or city in south-central Manitoba reveals where much of the province’s
wealth lies: in fertile farmland. Over 33,000 people are directly employed in Manitoba’s agricultural
industryi. Another 18,300 Manitobans are employed indirectly by agricultureii. Farming, since the birth of
our province, has continued to sustain and drive our economy.
Agriculture accounted for 33% of Manitoba’s climate-changing emissions in 1999iii. No one agricultural
sector is solely responsible for these emissions. Livestock and crop production in Manitoba both
contribute to climate change.

Agricultural GHGs
The most basic agricultural activities create climate-changing emissions. Clearing trees, draining
wetlands, burning stubble, raising livestock and fertilizing with nitrogen all release GHG’s into the
atmosphereiv. Agriculture and Agri-Food Canada has identified the three most important greenhouse
gases produced by agriculturev:


Carbon dioxide (CO2): Massive global increases have been produced from the widespread
combustion of fossil fuels and other materials. It is also released by natural processes such as
plant and animal respiration, and the decay of organic matter. CO2 is currently responsible for
over 60% of the enhanced greenhouse effect.



Methane (CH4): Methane is produced from the decay of organic matter without oxygen. Major
sources include ruminant digestive processes, and manure storage and handling. Although there is
less methane is the atmosphere, it is a more effective heat-trapping gas than CO2.



Nitrous oxide (N2O): Soil cultivation, fertilizer and manure application, and the combustion of
fossil fuels and organic matter produce N20 emissions. Soils and oceans naturally release N20. It
is over 300 times more effective than CO2 in greenhouse warming.

IMPACTS ON AGRICULTURE
A Delicate Balance
Agriculture on the Canadian Prairies is sensitive to the vagaries of climate. Throughout the history of
Manitoba, droughts, floods, early frosts and hail have all taken their toll on crops and livestock. It is not
difficult to imagine that climate change will have a major impact the agriculture industry. Climate change
models predict an uncertain future for agriculture in Manitoba, with potential benefits offset by powerful
drawbacks.
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Six Major Impacts of Climate Changevi
1. MORE CARBON DIOXIDE
Crop Productivity Boosted
Crop species vary in their response to carbon dioxide. C3 plants such as wheat, rice and soybeans,
respond readily to increases in CO2. They step up photosynthesis rates, converting more CO2 to
sugars, starches and cellulose. Increased CO2 also tends to suppress photo-respiration in these plants,
making them more water-efficientvii.
Corn, sorghum and millet, plus many pasture and forage grasses are C4 plantsviii. They are less
responsive to higher levels of CO2.

2. HIGHER TEMPERATURES
Growing Larger
At middle and higher latitudes, climate change will extend the growing seasonix. Earlier planting and
harvesting may allow for more than one cropping cycle per season. For every 1oC increase in average
temperature, the growing season may lengthen by 10 days on the Canadian Prairiesx.
Crop-producing areas may expand northward, though yields will be lower due to less fertile soils.
Many crops are adapted to specific growing-season daylengths of middle and lower latitudes. These
plants may respond poorly to the longer days of high-latitude summers.

Too Hot To Grow
At lower latitudes, increased temperatures may exceed optimal conditions for growth. In the same
way that overheated people become sluggish and unproductive, plants respond with a steep drop in
net growth and yield. High temperatures also accelerate development, resulting in early maturation
and reduced yield.

Overheated Livestock
Livestock would also be more susceptible to the effects of high temperatures. Heat stressed dairy
cattle produce less milk and are less fertilexi. Hogs and fowl are especially susceptible to heat-related
injury and death because they have no sweat glands. The demand -- and cost -- for water and cooling
systems will grow.
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3. LESS WATER
Feast or Famine
Climate change models predict 10 to 20 percent declines in summer precipitation in Manitobaxii.
What rain does fall will more likely be released during intense weather events. The duration of dry
periods between deluges is predicted to increasexiii. Coupled with warmer temperatures, Prairie
farmers can expect more droughtsxiv.

Thirsty Crops
In addition to rainfall, evaporation, runoff and soil moisture will also be influenced by climate
change. Warmer temperatures will increase the rate of evapo-transpiration, draining both the soil and
crops of water. Wheat, corn and soybeans are very sensitive to moisture stress – particularly during
flowering, pollination and grain-fillingxv. A greater demand for irrigation would place a strain on
limited water supplies and increase N2O emissions.

4. EXTREME WEATHER EVENTS
Hold on to Your Hat
Climate change will affect the frequency, severity and duration of extreme weather eventsxvi. Spells of
high temperature, heavy rainfall, high winds and droughts disrupt crop production. The International
Institute for Sustainable Development has projected possible increases in the following weather
events:







prolonged heat spells
thunderstorms and straight-line winds
hailstorms
tornadoes
heavy rainfall
intense winter storms.

Hail is the most destructive type of weather event in Canada,
causing an average of $450 million dollars a year in damagexvii.

Winds of Change
Long term changes in the pattern of water and air movement may change as the greenhouse gases
alter the dynamics of the atmosphere. Major changes in atmospheric circulation could occur, altering
storm tracks, rainfall distribution and wind patterns. In turn, climate change would affect the way that
rivers and streams run. Lake levels would either rise or fall dramatically with alterations in input.
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As greenhouse gas concentrations continue to rise – doubling, tripling and quadrupling current values
– climate patterns would not have a chance to stabilize. Climate-changing emissions would constantly
alter the flow of air and water through the atmosphere. Things would never be the same.

5. SOIL FERTILITY AND EROSION
Less Soil Organic Matter
Climate change will also impact soil quality. Warmer temperatures increase soil respirationxviii,
speeding the natural breakdown of organic matter and other processes that affect fertility. Adequate
soil organic matter is critical to fertility, water retention, crop production and carbon sequestrationxix.
More chemical fertilization may offset soil quality losses, but at a cost to air and water quality.
Nitrogen-based fertilizers are also a chief source of N20 emissions, another important greenhouse gas.

The Root of the Problem
Plants take up nitrogen, a key nutrient, through their roots. Greater root development indicates healthy
rates of nitrogen uptake. If soil moisture is not limiting, warmer air temperatures will increase nutrient
uptake.
Unfortunately, climate change models predict hotter, dryer summers. Increases in evapo-transpiration
and evaporation will remove water from soil. Nitrogen uptake will be suppressed, slowing root
growth and decomposition. Without the anchor of well-developed root systems, fertile Prairie soils
will be more vulnerable to wind erosion. Dry spells broken up by heavy rainfall increase the
likelihood of water erosion as well.

Yields from severely eroded soils may be 50-100% lower
than those from stable soil in the same fieldxx.

6. PESTS AND DISEASES
What is Good for the Goose…
Agricultural pests, pathogens and weeds are all affected by climatexxi. Warming can affect the range
of pest species, while extreme weather events provide opportunity for infestationxxii. They will
respond in a variety of undesirable ways to climate change events:
1. Longer growing seasons – insects such as grasshoppers and flies will be able to complete a
greater number of reproductive cycles during the spring, summer and autumn. Warm-season
weed species may also benefit from balmier weatherxxiii.
2. Warmer winter temperatures – the range of many pest species is limited by cold
temperatures. With milder winters, larvae could survive overwintering, causing greater
infestation the following spring.
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3. Altered wind patterns – different wind patterns could change the spread of wind-borne pest
insects, bacteria and fungi that cause crop and livestock disease.
4. Elevated CO2 levels – crops aren’t the only plants that will increase productivity. Many
weed species would benefit from carbon dioxide fertilization.

Some 500 insect pests, 270 weed species and 150 plant diseases
are now resistant to one or more pesticidesxxiv.

REDUCING AGRICULTURAL EMISSIONS
Soils As Sinks for Carbon
Carbon – in the form of organic matter – is a key element to healthy soil. Some of the carbon previously
stored in fertile Manitoban soils has been lost. The conversion of natural habitats to cropland and pasture,
and unsustainable land practices such as excessive tillage, frees carbon from organic matter, releasing it to
the atmosphere as CO2 xxv. Depleted of organic carbon, soils develop a “carbon deficit”.
Soils can regain lost carbon by reabsorbing it from the atmosphere. This process is called “carbon
sequestration”. Through photosynthesis, plants convert CO2 to sugars, starch and cellulose, also known as
carbohydrates. These are organic forms of carbon. In natural habitats, carbon from plants is deposited in
the soil through roots and plant residues, such as fallen leaves.

Carbon-Friendly Farming
When crops are harvested, much of the carbon containing plant mass is removed. How can farmers refill
the soil carbon sink and still produce crops for food and industry?
The following farming practices can slow carbon loss and increase long-term soil organic carbon (SOC):
1. Conservation tillage or no-till farming - reduces soil disturbance and fossil fuel emissions
from farm machineryxxvi.
2. Re-growth of native or perennial vegetation – increases SOC in previously cultivated
soilsxxvii. Converted marginal croplands can also act as shelterbelts and oases of natural
habitat.
3. Summer fallowing – continuous cropping leaves soils with a lower SOC (and more prone to
erosion) than those that are fallowed regularly.
4. Including perennial forages – they have longer growing seasons than annual crops.
Regularly including perennial forages in crop rotations increases SOCxxviii.
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Benefits Beyond Climate Change
Many of these practices produce benefits beyond reducing GHG emissions and increasing SOC. They
also contribute to environmental sustainability and economic savings. Agriculture and Agri-Food
Canada have identified the extra perks of climate-friendly farming practices:







Increased water conservation.
Reduced wind and water erosion.
Enhanced wildlife habitat and protection.
Increased biodiversity.
Reduced machinery use and fuel consumption.
Improved yields.

Less Nitrogen is Better
Nitrogen (N) is the fourth most common element in living tissues and necessity for life. Earth’s
atmosphere is 78% nitrogen (N2). However, most plants and animals cannot use N gas directly from the
air like oxygen or carbon dioxide. They must wait for nitrogen to be fixed – pulled from the air and
bonded into molecules with hydrogen or oxygen – before they can use itxxix.
Before human activities began to alter the release of nitrogen into the atmosphere, nitrogen was a rare and
precious commodity. It served as an important limiting resource that controlled the biodiversity and
function of many ecosystems.

Double Trouble
Nitrous oxide (N2O) is a powerful greenhouse gas, with a global warming potential 310 times that of
carbon dioxidexxx. It also long-lived in the atmosphere, trapping Earth’s heat for about 120 years
once released. It eventually converts to nitric oxide (NO), a gas that breaks down ozone (O3) in the upper
stratosphere. Ozone filters out harmful UV radiation from the sun.
Almost 70% of N2O released is from agricultural activitiesxxxi. The inefficient use of nitrogen-based
fertilizers is greatest source of GHG emissions. Plant uptake is often only 50% of the nitrogen (N) applied
– a huge economic loss for producersxxxii. Such poor uptake is caused by leaching, runoff, erosion and
gaseous emissions.
Timing and technique of fertilizer application can help dramatically reduce rates of N2O release to the
atmospherexxxiii.
1. Match fertilizer additions to plant needs – apply just enough N so crops reach maximum
yield without leftovers.
2. Cut the poop – heavily manured lands emit a lot of N2O. Like nitrogen-based fertilizers,
manure should be applied only as needed.
3. Perfect timing– fertilizers and manure should be applied as quickly as possible just prior to
the maximum uptake by the cropxxxiv.
4. Improve soil aeration – the chemical reactions that produce N2O occur in low-oxygen
conditions. Managing soils prone to water logging, avoiding excess irrigation and using
tillage practices that improve soil structure will reduce emissions.
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5. All fertilizers are not created equal – some forms of fertilizers emit more GHG’s than
others. Anhydrous ammonia produces the highest emissionsxxxv, whereas forms containing
NO3 produce the lowest.
6. Lime acid soils - emissions can be suppressed by applying neutralizing lime to acid soils,
which favour the production of N2O.

Livestock and GHG Emissions
Methane is responsible for about 18% of the enhanced greenhouse effect xxxvi. Its concentration in the
atmosphere is increasingxxxvii. Although there is considerably less methane than CO2 in the atmosphere, it
is still a serious problem. Methane is 21 times more effective than CO2 at trapping heat.

According to the Intergovernmental Panel on Climate Change,
methane concentrations now are at their highest levels in 420 000 years

The majority of methane emissions are from the digestive processes of ruminant livestock, such as cattle,
sheep, buffalo and goats. These animals have a rumen (large fore-stomach). Microorganisms live in the
rumen and break down food into nutrients the animal can absorb. This is called enteric fermentation.
During microbial fermentation, methane is produced, which is exhaled or burped up by the animal.
A variety of climate-friendly livestock feed management practices decrease enteric methane
productionxxxviii:
1. High quality forages – steers grazing on high-quality pasture emit 50% less methane than those
feeding on matured pasturesxxxix.
2. Legumes in grazing rotations – fewer methane emissions were observed from animals grazing
alfalfa-grass pastures than grass-only pasturesxl.
3. Feed additives – use of ionophores can reduce methane emissions by 28%xli, but only in the
short-term, as digestive microbes adapt to the additives.
4. Adding fat to grain diets – methane emissions can drop by one-third when canola oil is added to
feedxlii. However, fat should not comprise more than 5% of the diet. Too much fat depresses fibre
digestion.
5. Feed and animal management – methane released from an animal represents lost energy.
Improved efficiency reduces methane emissions and improves a farm’s bottom line:
 Rotational grazing instead of continuous grazing
 Penning and grouping strategies to meet nutrient needs (age, sex, etc.)
 Grinding and pelleting food
 Use of high grain to forage ratios
 Formulate diets to avoid overfeeding and underfeeding of nutrients
 Adjust diet to life cycle stage to reduce excess nutrients and manure volume.
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Nothing to Sniff At
Manure in storage and on land is also a significant source of methane emissions. If manure decomposes in
the absence of oxygen – such as in stockpiling or liquid storage – much of the carbon in the manure is
converted to methane gasxliii. When oxygen is present, decomposing manure releases nitrous oxide (N20),
another potent greenhouse gas.
Manitoba’s livestock industry is growing. The sale of Manitoban hogs alone increased from 4.3 million to
5.3 million head from 1999 to 2000. To do their bit, producers can use the following management options
to reduce methane and nitrous oxide emissions from manurexliv:
1. Reduced dietary protein – about 50% of the total nitrogen excreted by pigs can be reduced
by adjusting amino acid composition of the dietxlv.
2. Improved feed efficiency – better quality nutrition means less manure and less nitrogen
excreted in the manure. Easy as pie…
3. Manure handling systems – liquid or slurry systems support anaerobic (oxygen-free)
decomposition, producing more methane than other systems.
4. Manure storage systems – composting is the most climate-friendly method of storing
manure. It emits up to 17 times less GHG’s than slurry storage, and 2-3 times less than
stockpiling.
5. Type of land application –Injecting manure directly into the soil or cultivating directly after
surface spreading reduces nitrogen release compared to other application techniques.xlvi.

Brown Gold?
Methane recovery systems have been identified as one of the most promising areas of development for the
significant reduction greenhouses gas emissions from agriculture. Methane -- or biogas -- recovery
systems are also known as anaerobic digesters.
During anaerobic digestion, microorganisms break down manure in an oxygen-free environment. One of
the natural products of this process is biogas. Biogas typically consists of 60 to 70 percent methane, 30 to
40 percent carbon dioxide and trace amounts of other gasesxlvii. Depending on digester design, methane
content can reach as a high as 95%.

Benefits of Biogas Recovery
Captured biogas can be used to generate heat, hot water or electricity. As such, recovery systems
significantly reduce energy costs for both private and commercial operations. As such, the use of biogas
recovery systems fits with AAFC’s Sustainable Development Strategy: “by 2006, there will be an
increase in the ratio of agricultural output energy over input energy”xlviii.
Biogas can also be flared to control odour if energy recovery is not feasible. Both flaring and energy
production reduce greenhouse gas emissions.
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Other benefits include:
1. Odour control – the effluent odour from anaerobic digesters is significantly less than odours
from conventional manure management systems. Odour reductions of 98 percent have been
achieved by pilot digester projectsxlix.
2. Water quality protection – when digesters are properly managed, phosphorous and metals settle
out. When processed manure is applied to the land, these elements are left behind, keeping them
out of surface waters. Digesters are also made of concrete or steel, protecting water from
pollution with pre-treated manure.
3. Public health protection – heated digesters isolate and destroy disease-causing organisms that
might otherwise contaminate surface waters and pose a public health risk.
4. High quality end-products – anaerobic digesters reduce ammonia losses. Digested manure can
contain more valuable nitrogen for crop production.

System Designs
Biogas recovery systems have four basic components: a digester, a gas-handling system, a gas-use device
and a manure storage tank or pond to hold the treated effluent prior to land application. Digesters can
effectively process manure in 2-3 days or 25-30 daysl, depending on the technology used. There are three
types of digesters:
A complete mix digester is a heated tank of either reinforced steel or concrete, with a gas-tight cover.
The contents are mixed periodically by a motor-driven impeller or a pump. This type works best with
slurry manure (typical of hog operations) with total solids content between 3 and 10 percent.
A covered lagoon digester is an earthen lagoon fitted with a cover that collects biogas as it is produced.
They are best suited for manure collection systems with very low solids content. Because they are not
heated, they do not produce adequate biogas flow for energy production during colder months.
A plug-flow digester is a long, narrow heated tank – often built below ground level – with a gas-tight
cover. They are used only for dairy manure, and require thick manure ranging from 11 to 13 percent
solids. As this design is not relevant to hog operations, it will not be discussed in subsequent sections.

Biogas Recovery System Costs
Cost depends on the size of the operation. The larger the operation, the lower the per unit cost of the
biogas recovery system. The Environmental Protection Agency suggests a break-even herd size of 2500
hogs for a complete mix digester, and 1350 hogs for a covered lagoon digesterli.

A full-grown pig produces 4.5 kg or 10 lbs of manure a daylii!

On a per unit basis, heated digesters cost approximately $200-420 CDN per hog and covered lagoon
digesters cost $200 – 400 CDN per hogliii. Biogas recovery systems have a payback period of 3 to 7 years
when biogas products are used for energy production.
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DOING OUR BIT
Over one third of Manitoba’s greenhouse gas emissions are produced by agricultural activities. These
emissions will ultimately force farmers to change the way they produce food and agricultural products. As
the climate changes, Manitoban farmers will have to adapt to new conditions – for better or for worse.
To avoid such a scenario, Manitobans must do their bit to reduce climate-changing emissions from the
agriculture sector today. It is far easier to make sustainable farm management choices now instead of
waiting for the inevitable losses that will accompany a changing, unpredictable climate.
Rachel Van Caeseele.

June 2003.
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