
THE ISSUE
Many prairie soils contain naturally high levels
of water-soluble salts, including the sulphates of
sodium, calcium and magnesium. At very low
levels, some of these salts are used as nutrients
by plants. However, as soluble salts accumulate
in the plant root zone during the natural
process called soil salinization, they can
adversely affect plant growth. The effect of salin-
ization on plants is similar to drought because
as the concentration of dissolved salts increases,
the ability of the plant roots to absorb both
water and nutrients decreases. At high levels of
salts, normal crop growth is restricted and yields
are reduced. For example, moderate to severe
soil salinity can reduce yields of most cereal and
oilseed crops by at least 50%. Depending on the
type of salts present, toxicity may result from
boron, sodium and/or chloride in isolated cases. 

The process of dryland soil salinization begins
when water from excess precipitation in one
part of the landscape moves down below the
root zone, carrying dissolved salts to the water

table. Groundwater flow then carries these 
dissolved salts to low-lying areas, where the
water table is typically closer to the soil surface.
The process ends in these locations when the
water evaporates, leaving the salts behind, and
they accumulate at or near the soil surface as
white crusts or as crystalline precipitates in 
the soil profile.

Although a water deficit is the prime factor 
necessary for salinization to occur, several other
factors help to control the process, most of them
beyond human control: topography, inherent salt
content of the soil parent material, the underly-
ing geology and hydrology. Land use practices
can also have a major impact on local hydrology,
either exacerbating or mitigating soil salinization.
A primary example is the practice of summerfal-
low, in which some land is maintained without
actively growing plant cover during the growing
season. The lack of plant cover allows more pre-
cipitation to be stored in the soil, sometimes
causing the water table to rise. Permanent plant
cover and continuous cropping are practices that

SUMMARY
At very low levels, some salts that are naturally present in soils are taken up by plants as nutrients. However, 

at higher levels, soluble salts can inhibit the ability of the plant roots to absorb both water and nutrients and

thus restrict crop growth, resulting in lower yields. Some land use practices contribute substantially to soil 

salinization by affecting the quantity and the flow of water and salts through the root zone. The practice of

summerfallow typically increases water content in the root zone, which can lead to an elevated water table and

increasing levels of soluble salts at or near the soil surface. By contrast, permanent cover and continuous crop-

ping are two practices that promote water use from the root zone, lower the water table and reduce the potential

for salinization. The Risk of Soil Salinization Indicator (RSS) has been developed to assess changes in the risk of

dryland soil salinization in the Prairies as a function of changing land-use and management practices that

influence the amount and movement of water and salts in the root zone. 

In 2001, almost 12% of the land area in the agricultural regions of the Prairies (8 million ha) was rated as

having a moderate, high or very high risk of salinization. This represents a significant improvement from

the 1981 value of 18%. The decline in the higher risk classes is balanced by an increase in the proportion

of land presenting a very low risk of salinization, which went from 62% to 70% over the 20-year period

studied. This improvement can largely be attributed to the reduction in summerfallow, which went from 

an area of 9.5 million hectares in 1981 to 4.6 million hectares by 2001, as farmers moved to implement

continuous cropping. The area under permanent cover also increased but this change was less dramatic 

and had a smaller impact on the risk of soil salinization. Although the problem is far from eliminated,

there is a trend towards greater soil health and agri-environmental sustainability, which is attributed to

current land use and management practices, programs and policies.
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help to keep excess soil water from becoming
redistributed within the landscape, since the
plant cover or crops absorb more of the water
where it enters the soil, thereby reducing the
risk of salinization occurring in other areas.

THE INDICATOR
The Risk of Soil Salinization Indicator has been
developed to assess and track changes in the 
risk of soil salinization in the Prairies relative to
changes in land use and management practices.
The indicator does not measure the actual area of
saline land or the area affected by an increase in
the degree or extent of salinity. Instead, it evalu-
ates the potential for increasing soil salinity that is
associated with the agricultural land use patterns
of the day. This indicator therefore reflects how
the agricultural industry is performing with respect
to the goals of sustainable agriculture, specifically
the long-term impacts on quality of agricultural
soils and adjacent non-agricultural soils. 

The indicator results are expressed in five 
classes of risk for potential degradation of soil
quality: very low (risk is negligible); low (risk is
acceptable); moderate (awareness of the situa-
tion is important); high (heightened concern 
is warranted); and very high (immediate 
attention is likely required). The class limits
were determined by first calculating assumed
best and worst case scenarios and then subdivid-
ing the continuum to reflect relative levels of
land use and management impacts. The map
classes are based on weighted average risks for
given land areas (polygons), and therefore the
most sensitive portions will be at higher risk and
the remainder at lower risk than indicated by
the risk class. The performance objective for this
indicator is to have an increasing portion of
land in the very low and low risk classes.

CALCULATION METHOD
The Risk of Soil Salinization Indicator (RSS) is
derived by calculating a salinity risk index (SRI)
(Eilers et al. 1997). The SRI is used to rank indi-
vidual land areas according to the relative risk 
of the areas becoming more saline under a given
management program. The following factors 
are used in the calculation: 

• Soil salinity status within the landscape,
which is derived from a new soil salinity
map showing the presence and extent of

salinity in the agricultural regions of the
Canadian Prairies; the map itself represents 
a compilation of information available 
from recent, detailed digital databases for
each province, salinity surveys, published soil
survey reports and provincial expert opinion. 

• Topography and soil drainage classes 
were obtained from the Soil Landscapes 
of Canada (SLC) version 3.0 polygon 
component table for the provinces. 

• Growing season climatic moisture deficits
(May through August) were derived from 
the ecodistrict precipitation and potential
evapotranspiration values calculated using 
the 1961-1990 30-year climate normals
(Agriculture and Agri-Food Canada 1997). 

• Land use data were obtained from the
Census of Agriculture for the 1981, 1986,
1991, 1996 and 2001 Census years.

The first three factors were considered to 
remain constant over the time period covered 
by the analysis in order to isolate the impact 
of land use changes as determined from Census
of Agriculture data. Land under summerfallow
was considered to be at highest risk; land 
under permanent cover was associated with 
the lowest risk; and land under annual cropping
was deemed to be at an intermediate risk level.
Because the Census does not distinguish between
annual and perennial forage crops (other than
alfalfa and silage corn), the area of “other tame
hay and fodder crops” was included as perma-
nent cover for the purposes of this analysis.

An expert committee for soil salinity in the
Prairies developed a weighting for the different
factors to be used in calculating the SRI, based 
on the presumed influence of these factors on
the process of soil salinization. The weighting 
of the land use factor was based on the percent
of permanent cover in each SLC polygon, 
combined with the portion of annual cropland
devoted to summerfallow. The SRI is the unitless
multiplicative total of the individual factor 
values for each component soil. The values for
the components within a polygon were then
area-weighted to arrive at the SRI value for the
polygon. The SRI values were grouped into five
risk classes for the RSS Indicator, which were
subsequently displayed on a map to spatially
illustrate the change in risk from one Census
year to the next. 
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LIMITATIONS
The indicator has been developed for rainfed/
dryland regions and it does not evaluate the risk
of salinization under irrigation. Irrigation affects
local hydrology, changes the moisture deficit
and introduces some salts in the irrigation water
on a field-by-field basis, and therefore cannot 
be properly analyzed at this broad scale. Non-
agricultural land uses (e.g. roads, ditches, traffic
corridors) influence the flow of surface and 
subsurface water and therefore can affect soil
salinization. They, too, are not currently
reflected in this broad-scale analysis.

Another limitation of this analysis is that it only
produces a snapshot of the conditions reported
in each Census year and may not always 
properly reflect yearly trends and fluctuations.
In order to isolate the impact
of agricultural land use, long-
term average climatic data
were used in the analysis.
Although annual variability 
in water deficits can have a
significant effect on the risk of
salinization, this is a topic that
will have to be addressed in a
future study. Regional ground-
water flows can also have a
major impact on soil saliniza-
tion but they are covered only indirectly in 
the indicator, through the factor related to 
the current presence and extent of salinity. 

Work continues with a view to further developing
and refining the Risk of Soil Salinization Indicator.
Data from the monitoring of long-term salinity
benchmark sites will be used in modelling analy-
ses of the components that control salinization

processes and in sensitivity analyses. Emphasis
will be placed on further evaluating the factor
weightings and on validating the risk class 
limits. Although some land use practices may 
be lowering the risk of salinity, the increasing
diversity of crops may signal a trend toward
higher sensitivities or lower salinity threshold 
levels for optimum growth. Therefore, the current
focus on moderately to severely saline soils may
need to be reconsidered to include soils with
lower levels of salinity.

RESULTS
Figure 15-1 shows the risk of soil salinization in
relation to 2001 land use practices. The pattern
generally reflects soil zonal boundaries, with 
the lower risk classes corresponding to the more

humid Black Soil zone. The
exception to this pattern is
Manitoba, where lack of relief
and poorer drainage in the soil
landscapes of the south-central
part of the province place it at
an inherently higher risk of
salinization. 

The actual proportions of land
in each of the five risk classes
from 1981 to 2001 are presented

in Table 15-1. The proportion of land at moder-
ate to very high risk of salinization decreased
across the Prairies between 1981 and 2001. The
largest decrease was observed in the moderate
risk class, which declined from 12% to 7%. As
might be expected, this trend resulted in an
increase in the very low risk class, which went
from 62% to 70%. 
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Share of Land in Different Classes (in %)

Very Low Low Moderate High Very High

81 86 91 96 01 81 86 91 96 01 81 86 91 96 01 81 86 91 96 01 81 86 91 96 01

AB 81 80 82 85 86 12 13 12 10 10 4 5 4 3 3 1 1 1 1 1 1 1 1 1 1

SK 45 49 48 53 58 30 28 29 28 28 17 16 15 12 8 2 3 3 2 3 6 5 5 5 4

MB 59 60 66 63 65 13 11 10 12 12 18 18 17 18 17 7 9 6 6 5 4 2 1 1 1

Prairies 62 63 64 68 70 20 19 19 18 18 12 12 11 9 7 3 3 3 2 2 4 3 3 3 2

Table 15-1: Share of agricultural and adjacent non-agricultural land in various soil 
salinization risk classes, 1981 to 2001

The proportion of land

at moderate to very

high risk of salinization

decreased across the

Prairies between 1981

and 2001.
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Alberta: The RSS indicator showed a similar
pattern to that for the Prairies as a whole, with
an increase of 5% in the very low risk class. 
All other classes showed a decrease in area, 
but the main changes were a 2% decrease in 
the low risk class and a near 2% decrease in 
the moderate risk class. Of the three Prairie
Provinces, Alberta had the largest area of 
land in the very low risk class.

Saskatchewan: The indicator showed the
greatest improvement for this province since 
the portion of land in the very low risk class
rose by 13%, reaching 58%. This improvement
is linked mainly to the moderate class, which
dropped from 17% to 8% between 1981 and
2001. Decreases were also seen in the very 
high risk class and the low risk class.

Manitoba: The indicator showed improvements
in all classes between 1981 and 2001, with the
most noteworthy ones being an increase in 
the amount of land rated in the very low risk
class (from 59% to 65%) and a decrease in the

amount rated in the very high risk class (from
4% to 1%). Unlike the other provinces, which
exhibited fairly gradual changes throughout 
the period, most of the change in Manitoba
occurred before 1991.

INTERPRETATION
The overall analysis using the RSS indicator
identified a trend of declining risk of soil salin-
ization owing to changes in land use practices
over time (accepting the assumption that all
other variables were constant over the time
period studied). 

The Prairie-wide increase in the area of land in
the very low risk class between 1981 and 2001
can largely be attributed to the steady decline 
in summerfallow over the same time period (see
Chapter 6). In addition, the area of permanent
cover, which can significantly lower the risk of
soil salinization, fluctuated somewhat during
those years and showed a small overall net
increase of 1.7 million hectares. 

Figure 15-1: Risk of Soil Salinization in the Prairie Region under 2001 agricultural 
land use practices
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Alberta: The decrease in risk level across much
of the agricultural region paralleled the steady
decrease in summerfallow area between 1981
and 2001, as farmers gradually moved to 
continuous cropping, even in the Brown Soil
Zone. Changes in permanent cover did not have
a detectable impact on the risk of salinization
except for a few areas in the southern and east-
ern regions of the province, where the situation
improved due to both a decrease in summerfal-
low and an increase in permanent cover.

Saskatchewan: The steady decrease in 
salinization risk observed in Saskatchewan was
mirrored by an analogous trend in the use of
summerfallow. Summerfallow decreased in
almost all of the agricultural regions of the
province, with the exception of some areas in
the west and southwest.

Manitoba: A decrease in risk of salinization
also occurred in Manitoba, but a different 
pattern is seen than in the other two Prairie
Provinces. The area in each risk class remained
fairly constant from one Census year to the
next, except for a significant decrease in risk
between 1986 and 1991 coinciding with a 40%
reduction in summerfallow area. Despite several
drier than normal years, reductions in summer-
fallow between 1986 and 1991 apparently
reflected a continuation of an earlier trend that
was likely driven by a greater than three-fold
increase in the price of wheat between 1971 
and 1981 (Manitoba 2004). Although the area 
of permanent cover did increase across the
province, mostly between 1996 and 2001, 
this change was not accompanied by a similar
decrease in salinization risk. The south-central
region of the province showed little change 
in land use and hence little change in 
salinization risk. 

RESPONSE OPTIONS
Beneficial management practices that producers
can use to reduce the risk of dryland salinization
focus on soil-water management. The majority
of these involve land use changes designed to
increase the use of precipitation where it falls

and hence reduce the movement of excess water
(and leaching of salts) through the soil to the
water table. Where high water tables are already
a concern, increased water extraction from the
subsoil by deep-rooted plants tends to reduce
surface evaporation of water and therefore 
salinization. Land and water management 
practices that help to reduce the risk of dryland
salinization include reducing summerfallow;
increasing the area of perennial forages, pasture
and tree crops; increasing minimum tillage or 
no-till; including more salt-tolerant crops in
rotations in regions affected by soil salinity;
planting deep-rooting perennial crops in places
where excess moisture is causing salinization;
using inputs such as mineral fertilizer and ani-
mal manures more effectively; using appropriate 
surface drainage; installing interceptor forage
strips or strategic subsurface tile (plastic)
drainage; managing snow to prevent deep 
snowdrifts which can cause localized excess
moisture; using new technologies such as 
precision farming; and monitoring groundwater
depth in sensitive areas as an aid in selecting
crop rotations. 
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