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Summary

The accumulation of soluble salts in portions of the landscape creates a significant
localized soil degradation risk on the Canadian Prairies. Salinization occurs most rapidly
in arid regions after wetter-than-normal years because water tables become elevated.
Soluble salts become concentrated near the soil surface as soil water is removed by
transpiration and evaporation. Plants differ in their response to high levels of soluble
salts. High soluble salt concentrations can impair a plant’s ability to absorb water and
nutrients, and some of the elements present in saline soils can be toxic. These factors
can reduce the yield of agricultural crops and, in extreme cases, can result in
unproductive soils.

Production management systems that impact the quantity and flow of water and soluble
salts through the soil can contribute significantly to soil salinization within agricultural
ecosystems. The practice of summerfallow, for example, increases the amount of water
stored in the root zone, which may result in an elevated water table and increased
levels of soluble salts at or near the soil surface in susceptible areas of the landscape.
By contrast, the use of permanent-cover crops and continuous-cropping practices
reduce the amount of soil moisture that moves from the root zone to the water table,
thereby reducing the potential for soil salinization. The Risk of Soil Salinization (RSS)
Indicator has been developed to assess the state and trend of the risk of dryland soll
salinization on the Canadian Prairies as a function of changing landuse and
management practices.

In 2021, 83% of the land area in the agricultural region of the Canadian Prairies was
rated as having a very low risk of salinization. The land area at risk of soil salinization
deceased between 1981 and 2021 in all three Prairie provinces, with the greatest
decrease in risk occurring in Saskatchewan. These improvements were largely
attributed to an 8 million hectare (ha) decrease in summerfallow area (94% reduction
from 1981 to 2021).

The issue and why it matters

Dryland soil salinization is a natural process that occurs in regions where moisture
deficits are common (potential evapotranspiration exceeds precipitation) and where the
soils and groundwater may naturally have higher concentrations of mineral salts such
as sodium, calcium and magnesium sulphate. Saline soils occur sporadically in other
regions of Canada, but it is in localized areas in the Prairie region that salinization can
pose a significant risk. The process of dryland soil salinization begins in portions of the
landscape where snowmelt and precipitation exceed the requirements of the
established plant community.
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Where this occurs, soil water moves down through the root zone, carrying the soluble
salts to the water table. Once in the groundwater, the dissolved salts can be transported
to other parts of the landscape where regional groundwater flow is towards the surface.
These conditions typically occur because of low-lying depressions or the shape of the
underlying bedrock. As this water is transpired or evaporated, the salts are concentrated
at or near the soil surface or in nearby water bodies (Figure 1). Over time, the process
of salinization typically produces observable white salt crusts on the soil surface or
crystalline precipitates within the soil profile. High levels of root-zone salinity generally
result in poor seed germination, reduced plant growth and significantly lower yields of
agricultural crops. Growth and yields of most crops will be affected to some degree
under conditions of weak soil salinity. As salt concentrations in the soil water increase,
plants experience drought-like conditions and lose their ability to absorb sufficient water.
Secondary causes of reduced growth and yield include the inability to absorb sufficient
nutrients, the toxic effects of specific ions and the adverse physical or nutritional
conditions often associated with saline soils. Under conditions of moderate to severe
salinity, yield reductions of at least 50% are common for most cereal and oilseed crops.
Salt concentrations may become so severe that even the growth of salt-tolerant plants
is no longer possible. However, sensitivity to salt concentrations varies with crop type
(Henry et al., 1987) and with different stages of development. For example, barley is
more tolerant than wheat of weakly saline soils; brome grass and sweet clover are
tolerant of moderately saline soils; and sugar beets are sensitive to low levels of salinity
during the germination and emergence stages of growth. The soil salinization process is
influenced by natural environmental factors including water deficits, topography, the
inherent salt content of the soil parent material and underlying geologic formations, and
hydrologic conditions. Although saline soils occur naturally in some landscapes, it is
widely recognized that landuse practices can significantly influence (positively or
negatively) both the degree of salinity and the areal extent of saline soils by altering
natural hydrologic pathways. Agricultural practices such as continuous cropping or
growing perennial forages in upland areas limit the amount of water leaching through
the soil, thereby preventing the occurrence of salinization in lower-slope positions of the
landscape. Conversely, summerfallow and irrigation result in excess soil moisture and
can exacerbate salinity in susceptible areas by elevating the water table and
contributing additional dissolved salts to groundwater. Landuse practices that result in
more efficient use of precipitation where it falls, for example, growing deep-rooted
perennial crops, have been shown to reduce groundwater salinity and decrease the
extent of salt-affected areas (Holzer et al., 1995).
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Salts are dissolved from the matrix above and below the water table as water flows through it

WATER TABLE

= BEDROCK OR OTHER SLOWL ‘P,ERMEABLE LAYER
Reg»ona| groundwater flow is from left to right along the downward- doplng bedrock/slowly permeablé layer.

A. Perennial vegetation: B. Prairie pothole
Most of the precipitation ringed by willows: Rain

that falls in this portion
of the landscape is
taken up and used by
vegetation, resulting in
very little leaching and
minimal groundwater
recharge. Some runoff
occurs during spring
snowmelt.

and snowmelt water
accumulates in the
depression and results
in some groundwater
recharge, producing a
groundwater mound
under the depression.
Salts leached out of the
soil below the depres-
sion enter the groundwa-
ter. Very little water
evaporates from the

soil surface; most is
transpired by the willows
and other vegetation with
the result that the salts
left behind are dispersed
throughout the root zone
and not concentrated at
the soil surface.

C. Prairle pothole
surrounded by annual
crops or summerfaliow
(region of salinization):
Rain and snowmelt water
in excess of crop use
enters the depression as
runoff or moves below
the root zone, dissolving
salts and carrying them
into the groundwater.
Capillary rise from the
resulting groundwater
mound feeds evaporation
from the soil surface. The

salts left behind produce
the characteristic slough
ring salinity common in
the prairie pothole region.

D. Aquifer pinch out
(region of salinization):
Due to the shape of

the underlying bedrock,
the water table is near
enough to the soil
surface that capillary rise
will bring groundwater
to the soil surface.
Evaporation of the water
leaves salts at the soil
surface.

— Flow path of water
without dissolved salts

~———p Flow path of water
with dissolved salts

E. Slough

(region of salinization):

As in scenario C, capil-
lary rise and evaporation
of groundwater concen-

trate salts at the soil sur-

face along the margins
of the large slough. In
some cases, extensive
saline flats can result.

11

F. Large slough: Influx
of saltbearing ground-
water will negatively
impact the quality of
the water in the slough
and hence the plants
and animals that live in
and around it.

Figure 1: Conceptualized water and salt redistribution in a regional landscape,
illustrating potential dryland soil salinization processes (Wiebe et al., 2010).

Wiebe et al. (2006, 2007) estimated that in agricultural regions of the Canadian Prairies
approximately 1 million ha of surface soils are affected by moderate to severe soil
salinity. Deterioration of local and potentially regional surface water and shallow
groundwater resources has been attributed to the influx of soluble salts from dryland

salinization (Miller et al.,

1981). In 1998, annual income losses to Canadian farmers as
a result of soil salinity have been estimated at $257 million (Forge, 1998).

Dryland salinization not only reduces the crop yields but also limits the range of crops
that can be grown, thereby reducing the potential economic returns to farmers. If soil
landscapes susceptible to salinization are not managed properly, land that was once
agriculturally productive may become non-productive. Also, valuable groundwater
resources may come under threat as the levels of dissolved salts increase (Vander
Pluym, 1982). Under anticipated future climate change scenarios, the potential risk of
soil salinization on the Canadian Prairies could increase due to increases in soll
moisture deficits (Florinsky et al., 2009). An awareness of at-risk agricultural land is
needed, as well as an understanding of landuse practices that can mitigate potentially
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negative impacts on valuable land and water resources. This will help ensure that
Canada continues to play an important role in minimizing salinity risks and enable it to
meet global food demand while maintaining a highly productive and sustainable
agricultural landscape.

The indicator

The Risk of Soil Salinization (RSS) Indicator assesses and tracks changes in the
potential for further development of salinity associated with changes in agricultural
landuse and management practices. The RSS is derived by calculating a unitless
Salinity Risk Index (SRI) which combines weightings for factors that control or influence
the salinization process. The following factors are used in the calculation:

e soil salinity status within the landscape, derived from a compilation of presence
and extent of moderate-to-severe soil salinity across the Canadian Prairies
(Wiebe et al., 2006; 2007);

e topography—including slope position and steepness;

e soil drainage;

e growing season climatic moisture deficits; and

¢ landuse, based on the relative amounts of permanent cover, annual crops and
summerfallow, from the Census of Agriculture for census years since 1981.

The first four index factors are assumed to remain constant over each five-year
reporting period, whereas changes in landuse result in changes in the index value.
Salinity experts developed a weighting for each factor based on the factor’s influence on
the process of soil salinization. For example, land under summerfallow was considered
to be at highest risk, while land under permanent cover was associated with the lowest
risk. Annual cropland was deemed to be at an intermediate risk. The weightings of the
landuse factor were determined by the relative proportions of summerfallow, permanent
cover and annual cropland in each Soil Landscape of Canada (SLC) polygon.

The index values are expressed in five classes of risk which were established through
consultation with salinity experts in each of the Prairie provinces. Since individual soil
and landscape combinations have a variable risk of salinization, an area-weighted SRI
value was also calculated for each SLC polygon and used to assign a risk class to the
polygon for mapping purposes.
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Limitations

The soil, landscape and climate factors used in the indicator calculation are held
constant so that the assessment of the risk of soil salinization will reflect the impact of
current and evolving landuse and cropping practices. In the calculation, long-term
average climate data were used to quantify moisture deficits. However, moisture deficits
during the growing season vary from year to year. Therefore, significant yearly variation
in the risk of salinization due to weather variability is not taken into account in the
indicator. The indicator has been developed for dryland agricultural systems and
therefore assumes that inputs of water occur through precipitation. This risk assessment
does not evaluate the risk of salinization for farming systems using irrigation.
Additionally, non-agricultural uses of land, such as roads, ditches and traffic corridors
that influence the flow of surface and subsurface water and can affect soil salinization,
are not currently reflected in this broad-scale analysis.

The various landuse and cropping practices reported in the Census of Agriculture were
combined into three categories: cropland, permanent cover and summerfallow. The
water-use efficiency of different crops varies significantly and, therefore, theoretically
influences the salinization process differently. However, since insufficient data are
available to categorize salinity risk according to crop type, all crops were included in the
generic cropland category. Similarly, the permanent cover category encompasses both
improved and unimproved pasture, all hay and forage crops, and all other landuse
categories from the Census.

The practice of reducing salinization risks requires improvements in the spatial and
temporal assessment of risk, refinement, and further development of beneficial
management practices (BMPs), and improvement in BMP implementation. More
spatially detailed and up-to-date data on soil landscapes and on salinity occurrence and
extent, as well as climate and landuse, should be incorporated into the RSS model to
improve its responsiveness and more effectively target the use of appropriate BMPs.

Salinization occurs most rapidly in arid regions after wetter-than-normal years because
water tables become elevated. Including more real-time weather data for both annual
precipitation and growing-season aridity should improve the assessment of risk
compared to the current methodology, which uses only 30-year normals for growing-
season aridity. Research is required to determine how best to incorporate such real-
time data. The use of more spatially detailed landuse data (for example, Annual Crop
Inventory mapping) in conjunction with Census of Agriculture data should be
investigated as a means of improving the effectiveness of the model.
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Results and interpretation

Two of the primary conditions required for dryland salinization—water deficits and
inherent salt content of soils and/or groundwater—occur to a significant extent only in
the Prairie region of Canada. Therefore, the RSS indicator is calculated only for the
agricultural regions of Manitoba, Saskatchewan and Alberta (Figure 2). The pattern of
distribution of land at risk of soil salinization generally aligns with soil zone boundaries,
especially in Saskatchewan and Alberta, where most of the at-risk land is in the more
arid brown and dark brown soil zones. Although the agricultural region of Manitoba
corresponds primarily to the more humid black soil zone, significant areas have high
natural risk factors for salinization, such as relatively level landscapes and poor
drainage as well as near-surface saline groundwater.

Risk of soil salinization, 2021

Very Low
Low
B8 Moderate
I High
Il Very High

Figure 2: The risk of dryland soil salinization on the Canadian Prairies, based on
landuse practices in 2021.
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Across the Prairies, the land area at risk of soil salinization deceased between 1981 and
2021 (Table 1). Over this period, the land area in the low, moderate, high and very high
risk classes decreased by 15%, 5%, 1% and 3%, respectively, while at the same time
the area in the very low risk class increased by 23%. In 2021, 89% of the land area in
the agricultural region of the Canadian Prairies was rated as having a very low risk of
salinization. Although the provincial trends differed from Census to Census, the risk of
soil salinization decreased from 1981 to 2021 in all three Prairie provinces. The greatest
increase in the land area in the very low risk class over this time period occurred in
Saskatchewan (37%), while a 15% increase was observed in Alberta and a 6% increase
in Manitoba. Across the Prairies, only one SLC polygon, in Manitoba, showed an
increase in risk class (from low to moderate) over the eight Census periods (Figure 3).
In Manitoba and Alberta, the risk class of the majority of the SLC polygons remained
unchanged, while a significant number of polygons (20% and 23%, respectively)
showed an improvement in risk by one or more classes. Saskatchewan showed the
greatest decrease in salinization risk between 1981 and 2021, with a majority of SLC
polygons (59%) showing a risk reduction by one or more classes.
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Table 1: Percentage of agricultural area in each RSS class by province, 1981 to 2021* (with all census years).

Low Moderate High
86 (91 96 | 1 | 6 (11 (16 (21 (81 (86 (91|96 | 1 | 6 |11 |16 |21 |81 |86 |91 |96 |1 11 | 16
Alberta 8080|838 |87 (88|91|94(95(13(13|12|10| 9 | 8 |5 |4 |3 |4 |4 |4 |3 |3]|3]2 1 1 2 1 1 1 11 1 1 1 o0
Saskatchewan 54 |56 |55 |61 |68 |74|83|89(90(28(26(26|24|20|17|10| 5 |4 (1211|129 |6 |5 |3 |2 |3 |2 |2 |2|2]|2 2|2 2 1 1
Manitoba 69 (68 (73 |73|73|75|75|75|74|7 (9|8 |7 |8| 7|7 |6|7|15|16|14|15|15|15|15|15|16| 6 | 6 | 4 | 4 |3 2|3 0(0]O0
Prairies 66 |67 |69 |72|76|79|8|89(89(18(18 (18|16 |14 |12| 8 |5 |4 |9 |9 |9 |8 |7 |6 |5|4 |4 |3 |3 |2]|2]|2 2|2 1 1 1

* due to rounding, the values may not add up to 100%.
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The Prairie-wide declining trend in the risk of soil salinity from 1981 to 2021 is largely
due to changes in landuse practices, particularly the decrease in summerfallow and the
increase in the area of permanent cover. Since 1981, the area of summerfallow has
decreased across the Prairies by over 8 million ha (90% reduction) (Figure 4).
Decreased use of summerfallow as a management option was consistent across the
three Prairie provinces, with the reduction in area ranging from 88% for Alberta and
93% for Manitoba to 91% for Saskatchewan. In Saskatchewan, more than 6 million
fewer ha were under summerfallow in 2021 than in 1981. Permanent cover increased
continually in all provinces between 1991 and 2021, with a slight decline again in 2016
due to market shifts toward annual crops. The net effect is an increase in permanent
cover of 7.9 million ha (19%) in the Prairies since 1981, with Saskatchewan accounting
for the largest proportion of the change (about 10 million ha), particularly since 1996
(Figure 5). The decline in summerfallow throughout the Prairie region is the result of a
number of factors, including the adoption of management practices (increased use of
chemical fertilizers, extended crop rotations, continuous cropping) that maximize plant
production and ensure more efficient use of available moisture; the use of chemical
herbicides as an alternative to cultivation for weed control; the conversion of marginal
land to permanent cover or pasture; and greater awareness among producers of the
potential long-term degradation effects of summerfallow and conventional tillage
practices.

Change in soil salinization risk, 1981-2021

Bl Two or more class decreased risk
One class decreased risk
Little or no change
One class increased risk

Figure 3: Change in salinization risk class due to changes in landuse practices
between 1981 and 2021.
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Figure 4: Area of summerfallow in the Canadian West from 1981 to 2021.
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Figure 5: Area of permanent cover/perennial crops on the Canadian Prairies, 1981
to 2021.
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Response options

While salinization risk has decreased across the Prairies over the last few years, it is
still a localized issue of concern for some producers, particularly when water tables are
elevated after wetter-than-normal years. The process of salinization is inextricably
linked to soil-water conditions, and reducing the risk of salinization and improving
existing saline soils requires appropriate soil-water management. BMPs that reduce the
overland redistribution of excess water within the landscape and increase the amount of
precipitation used by plants where it falls are most effective in controlling the movement
of soluble salts throughout the landscape and thereby preventing soil salinization.
These land and water management practices include:

e reduced use of summerfallow;

e increased use of perennial forages, pastures and tree crops;

e snow management (preventing large drifts), to evenly distribute snow and reduce
ponding in the spring;

e increased use of no-till and minimum-till to encourage more uniform infiltration of
precipitation; and

o effective use of inputs such as fertilizers and manure to support healthy crop
growth and maximize water uptake.

In areas of the landscape where high-water tables are already a concern and pose a
salinization risk, practices that lower the water table should be incorporated into
management activities. These include:

e planting deep-rooted, high-moisture-use perennials to help dry out the subsoil
and draw down the water table;

e incorporating more salt-tolerant crops in rotations where salinity is becoming a
problem, to maximize water use and reduce salt movement to the soil surface;

e establishing interceptor perennial forage or tree crop strips to reduce
groundwater flow to the area at risk;

e using strategic subsurface (plastic) tile drainage to remove water and salts;

e using appropriate surface drainage to reduce recharge; and

e monitoring depth of groundwater in sensitive areas to aid in landuse planning and
to allow for the implementation of appropriate BMPs.

Reduced (conservation) tillage practices can improve the distribution of snowmelt water
and can reduce the need for summerfallow; however, this approach may also increase
groundwater recharge via intact root channels. More information is needed on the effect
of conservation tillage on hydrology to better assess its impact on salinization risk. Soil
salinity is a localized problem and is more readily monitored today with advances in
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electrical conductivity measurement methods; however, there is room to further reduce
the risks. More emphasis on salinity tolerance in crop breeding programs would provide
producers with a wider range of cropping options for at-risk areas. Since groundwater
flow often crosses property lines, the effective monitoring and management of
salinization risk may require coordinated effort between conservation districts and
government agencies. Better information on the extent and degree of soil salinization in
Canada and its cost to Canadian agriculture would increase the motivation for such
activities.
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