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ABSTRACT     Agricultural salinity stems from the concentration of salts dissolved in soil solutions.  
The salts accumulate because of subsurface hydrologic processes and have the potential to negatively-
affect some 20 million or more hectares across the Canadian Prairies.  Dissolved salt concentrations in 
Canadian soils beyond the needs of crop plants can range from slightly to severely excessive within a 
metre.  Such variability makes it impossible to evaluate the salinity tolerances of crops in the field.  
Canadian engineers have overcome this difficulty by fabricating and operating an environmentally-
controlled salinity testing facility (SaltLab) near Swift Current, Saskatchewan.  Nonlinear, salinity-
tolerance, response functions have been determined for Canadian cultivars of wheat, barley, alfalfa, 
canola, and other crops, relating them to the soil salinities of target fields.  The tolerances of potentially 
new crops,(camelina, carinata, kochia) and new cultivars, (‘Halo’ alfalfa, ‘AC Saltlander’ green 
wheatgrass, and ‘InVigor’ canola) have also been comparatively evaluated.  Canada’s SaltLab engineers 
also pioneered the use of sulphate-based salts in testing crops to be grown in sulphate-rich saline soils, 
rather than follow the conventional use of chlorides; the U.S. Salinity Lab also now follows this practice.  
Recently, the SaltLab has served germplasm development based on genetic markers for growth traits 
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associated with salinity tolerances.  Working with alfalfa, canola, and camelina, the SaltLab engineers 
separated plants grown while subjected to moderate root-zone salinity for maximum (+) and minimum (−) 
responses in shoot growth.  Both the + and − populations are being screened for gene segments to use 
as genetic markers in crop breeding.   

 Keywords:  salinity, sustainable yield, crop tolerance, salinization, salts, testing facility 

 

INTRODUCTION     Salinity is that property of water which indicates the combined 
concentration of its dissolved constituents.  All natural waters, including those occurring in the 
pores of soil and subsoil, contain water-soluble solids and gases, and therefore possess a 
degree of salinity.  In fact, the growth of most plant crops depends on soil solutions containing 
dissolved nutrients.  However, as salinity increases, it can generate problems as described by 
Ayers and Westcot (1985): "A salinity problem exists if the salts in a soil accumulate to 
concentrations that cause reductions in plant growth and crop yield for plants rooted in the soil."  
Thus, plants define soil salinity; furthermore, the severity of the plant damage, or crop loss, 
defines the magnitude of the salinity problem.  The degree to which soil salinity affects crop 
yield defines the salinity tolerance of crop plants.  

 
     Whenever surface or ground waters reside or associate closely with subsurface strata, 
soils, subsoils, or parent materials for lengthy periods of time, possibilities exist for increases 
in salt concentrations within soil solutions.  In arid lands, salinization stems mostly from the 
distribution and collection of irrigated waters in amounts incompatible with the water-holding 
and drainage capacities of the soils and subsoils.  In semiarid regions, the salinity of soil 
solutions can also increase from the accumulations and slow movements of subsurface waters 
originating from natural precipitation encountering drainage impediments in association with 
saline geologic deposits.  These waters enrich soil and subsoil solutions with calcium, 
magnesium, sodium, potassium, boron, carbonates, chlorides, sulphates, nitrates, and other 
chemical constituents.   
 
     Across the Canadian Prairies, some 20 million out of the 67 million ha (30%) of agricultural 
land either openly showed salinization or stood at risk of becoming salinized in 1996 (Wiebe et 
al. 2007).  Also, soil samples sent to the Saskatchewan Soil Testing Laboratory by farmers 
during 1992, 1993, and 1994 indicated that slight-to-moderate salinity extrapolated across the 
Prairies exists on about seven million ha of cropland and three million ha of permanent pasture 
(unpublished data).   
 
     Root-zone salinization at a site can be so advanced that salts accumulate as white crusts 
on soil surfaces, indicating moderate-to-severe salinity (Figure 1).  These white salt crusts 
signal that, due to salinity, crops grown therein will definitely produce significantly less than 
their potential.  Almost all crops will produce significantly less when grown in saline soils even 
where the telltale white crusts normally, if ever, show.  White salt crusts rarely occur in 
Canadian Prairie soils whose average ECe salinity remains less than 4 or 5 dS/m.  Staff 
scientists at the U.S. Salinity Lab. (1954) suggest that the electrical conductivity of water-
saturated soil paste extracts (ECe) provide the most consistent measure of soil salinity.  These 
extractions are normally taken from soils sampled in the field and brought to the laboratory.  
The U.S. Lab scientists arbitrarily classified soils with ECe-conductivity between 0-2 deci-
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Siemens per metre (dS/m) as "non-saline", between 2-4 dS/m as "slightly saline", 4-8 dS/m as 
"moderately saline", and above 8 dS/m as "severely saline."   
 

     There are two salinity tolerance testing facilities in North America, the U.S. Salinity Lab. 
located in Riverside, California, U.S.A., and the SaltLab at the Semiarid Prairie Agricultural 
Research Centre located near Swift Current, Saskatchewan.  The Canadian facility provides 
capability for scientists to evaluate crops for salinity tolerance in semiarid climates specific to the 
northern prairie regions. Salinity tolerance testing conducted within field environments typically 
encounters inherent spatial and temporal variability caused by variable soil water content, 
nutrient insufficiencies, particle texture differences, and varying salt constituents and 
concentrations.  Commonly, soil salinity in western Canadian soils varies from slight to severe 
within a few metres (Eilers 1998), making field trials difficult.  The root-zone salinity can also 
change considerably with time and weather.  Root-zone salt concentrations increase or 
decrease in response to infiltration of water from rainfall or snowmelt and to soil water 
evapotranspiration.  Such variability makes it impossible to evaluate the salinity tolerance of 
crops in the field.  In the salinity facility at Swift Current, test plants are grown in sand tanks or 
cones, irrigated with water containing ample nutrients and salts in a range of concentrations 
maintained uniformly and constantly within hydroponics throughout the testing period.   

 

 
 
Figure 1.   The accumulation of white salt crusts on soil surfaces usually indicates severe root-

zone salinity.  Fields slight to moderate in salinity infrequently exhibit such white 
crusting. 
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     Since establishment in 1988, the SaltLab, has served agriculture by facilitating the testing of 
numerous crops and varieties for salinity tolerances in order to provide recommendations for 
farmers and ranchers coping with salt-affected lands (Steppuhn and Wall 1999).  Many of the 
primary agricultural crops grown on the Canadian Prairies have been tested and their salinity 
tolerance characterized.   As new varieties continue to be developed and new crops are integrated 
into cropping systems, a need exists to continue testing of new genetic lines and cultivars.  Crops 
that have been tested in the SaltLab include several different classes of wheat (durum, hard red 
spring, prairie spring, soft white), barley, canola, field pea, flax, as well as many new crops, such as 
camelina, Ethiopian mustard, and various Brassica species.  The forage crops tested include many 
grasses and alfalfa populations.   
 
MEASURING SALINITY     If a soil consists of 55% solid matrix and 45% pores by volume and is 
completely filled with water (little or no air), the soil is said to be “saturated.”  If the saturated soil 
water is allowed to drain under subsurface forces, say over 24 hours, the soil reaches a point 
referred to as being at “field capacity” wherein the volume of the soil solution has reduced to, say 
30%, and the air volume increased to 15%.  If the drained water were collected and measured for 
electrical conductivity (designated ECextract or ECe), the strength of the electrical current passed 
through the collected extract reflects the concentration of its dissolved salts.  This is the measure of 
salinity received from analytical laboratories which analyze soil samples from farmer’s and 
rancher’s fields.  However, crops tend to use less of this gravitational water and more of the 
remaining pore water until plants can no longer extract soil solutions.  On average, these remaining 
pore solutions, when measured for electrical conductivity (ECsolution), convey approximately twice the 
electrical current and contain about twice the dissolved solutes as indicated by the ECe-
measurements (Ayers and Westcot 1985; Janzen and Chang 1988):   
 
           ECsolution  ≈  2 (ECe)                                                                                            [1]. 
 
SALINITY EFFECTS ON CROP PRODUCTION     Prior to 1990, when a producer asks which 
crop or variety to seed on saline soil, we repeatedly sought published tables listing salinity 
tolerance data from tests conducted in other countries with foreign varieties (Ayers and Westcot 
1985; Maas 1990).  Advice had also been gleaned from field tests at specific locations on the 
Prairies (Holm 1983; McKenzie 1988); unfortunately, because of the large temporal and spatial 
variability associated with salinity in the field, this information is often not precise enough to 
determine salinity tolerance.  For example, suggestions that Canadian wheat yields do not decline 
for crops grown in soils up to 6 dS/m ECe have been proven incorrect (Taylor et al. 1991; van 
Genuchten and Gupta 1993; Steppuhn and Wall 1997).  Tests in Canada's SaltLab showed that 
yield losses for bread wheats (Katepwa and Biggar) begin near 1 dS/m and for pastry and pasta 
wheats (Fielder and Kyle) near 2 dS/m (Figure 2).  At 4 dS/m, grain production dropped to 90% of 
that from the control plants for Fielder and Kyle and 45% for Katepwa and Biggar.   
 
     Salinity slows crop growth (Shannon et al. 1994).  This reduces crop yield, especially for crops 
growing within the short growing seasons common to the Canadian Prairies (McKenzie 1988).  To 
standardize the product yields obtained from crops grown in saline root zones, crop yields are 
expressed on a relative basis.  The usual procedure for converting absolute yield (Y) to relative 
yield (Yr) employs a scaling divisor (Ym) equal to the production where salinity has very little or no 
influence on the yield (Maas 1990):   
              Y 
  Yr  =   ––-–                                    [2].     
   Ym   
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The Ym divisor normalizes the data-set and for non-halophyte crops, usually equals the maximum 
yield measured in the test.  

 
 

 
 
Figure 2.   Responses in relative grain yield to root-zone salinity for wheat cultivars, Katepwa and 

Biggar (bread), Fielder (pastry), and Kyle (pasta) (taken from Steppuhn and Wall 1997).   
 
     The published work with Canadian wheats conducted in the SaltLab (Steppuhn and Wall 1997) 
demonstrated the value of Canada’s salinity testing facility.  The precision by which wheat crop 
yields could be associated with root zone salinity confirmed the nonlinearity of crop yield responses 
to dissolved salt concentrations in soil solutions.  Canada’s SaltLab facilitated the formulation of 
one of the most precise relationships to date for determining relative product yield (Yr) in response 
to increasing root zone salinity, the modified discount equation (Steppuhn et al. 2005): 
              1 
  Yr  =   –––––––––––––––                                 [3], 
              1+(C/C50)

exp(s C50)       
 
where C equals the salt concentration measured by the electrical conductivity of the test solution 
(ECsolution) in dS/m, C50 defines C at Yr = 0.5, and s represents the response curve steepness.  The 
steepness indicates the absolute value (slope) of the average yield per unit salinity near C50.   The 
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indicator “s” describes the unit decrease in relative product yield with unit increase in root-zone 
salinity at and near C50.  From Equ. [1], ECe can substitute for 0.5 ECsolution in Equ. [3]. 
 

 
 
Figure 3.   Canada’s “SaltLab” houses a field-simulating, environmentally-controlled testing facility 

to measure the response of Canadian crops to root-zone salinity.   
 
     Indices of crop tolerance to root-zone salinity facilitate comparisons among agricultural crops 
(Steppuhn et al. 2005).  If C50 were enhanced by a term which indicates the shape of the yield-
response curve for crops grown in saline soils at and approaching C50, such as the argument of 
the exponent (s C50) in Equ. 3, a comprehensive Salinity Tolerance Index (ST-Index) results:  
  ST-Index  =  C50 (1+ s)                                                                                        [4], 
 
where, C50 and s can be computed as regression constants or approximated by visual inspection of 
the response data.  Since 1988, Canada’s Salinity Testing Laboratory has served in determining 
the ST-Indices of Canadian crops and varieties (Figure 3).    
  
SALTLAB DESCRIPTION      

     The SaltLab facilitates the testing of crops at three different growth stages:  (1) germinating seed 
in a growth chamber, (2) seedlings in a small cone screening facility, capable of screening many 
genetic lines simultaneously in the “East Wing”, and (3) large grow tanks capable of maintaining 
crops to maturity (Figures 4 & 5).  The 55 large grow-tanks, 1.0 m tall and 0.95 m in diameter in the 
“West Wing”, are surface irrigated, bottom drained, and supplied with aqueous solutions delivered 
individually from 55 separate storage tanks, and effectively mimic field crop growing conditions.  
Tests can follow any desired statistical design.  Silica sand, rated as 98% pure, serves as the 
substrate medium filling the containers used in each of the growth stage testing.  The relatively 
large size of the containers in each stage ensures that each surviving test plant germinates, grows, 
and matures surrounded by neighboring plants simulating a “field environment.”  Seed (grown 



 

 

7 

 

hydroponically) are placed in the silica sand where the root growth anchors the plants.  Nutrients 
and salts in solution periodically bathe the roots following pre-set irrigation and drainage schedules 
controlled by a logical programmable controller.  The entire facility is housed in a thermally-
controlled greenhouse.   
  
 

 
 
Figure 4.  Canada’s Salinity Tolerance Testing Facility (SaltLab) located near Swift Current, 

Saskatchewan.   
 

 
Figure 5.  Plan view, Canada’s Agricultural Salinity Testing Facility (SaltLab) located near Swift 

Current, Saskatchewan   
 
     Recently the “seedling wing or East Wing” was redesigned and remodelled into a dual-choice 
cone or small pot screening facility.  The sixty 8-litre seedling pots were replaced with thirty-six 113-
litre square tanks (Figure 6).  This redesign increases the lab’s flexibility in using several cone or 
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small pot sizes with the capability of screening up to 3600 individual plants, depending on cone or 
pot size and terminal plant size. 

 
   
Figure 6.  Grow tanks in the SaltLab, newly renovated screening facility (East Wing).   
 
 
SELECTED SALTLAB MILESTONES 
 Together with Dr. Denis Curtin of the New Zealand Institute of Plant and Food Research, 

developed the use of sulphate based salts in testing crops which are to be grown in sulphate-
rich soils, rather than follow the conventional use of chloride salts in tolerance testing (Curtin 
et al. 1993).   

 Discovered that canola has similar salinity tolerance to that of barley (Steppuhn and Raney 
2005). 

 Hybrid canolas have more salinity tolerance than conventional canola (Steppuhn et al. 2002). 
 Camelina, although drought tolerant, is significantly less salinity tolerant than canola 

(Steppuhn et al. 2010). 
 Characterized the salinity tolerance of many of the mainstream grasses and alfalfa seeded 

across the prairies (Steppuhn 1997; 1999). 
 Through results obtained from the SaltLab regarding recommending and seeding forage 

crops in saline soils, provided the Saskatchewan Ministry of Agriculture information for their 
“Forage Crop Production Guide.”  

 Salinity tolerance screening of many Brassica cultivars including Brassica napus (RR, LL, CL 
hybrids as well as open pollinated conventional cultivars and open pollinated CL varieties), 
Brassica juncea (brown, oriental and canola quality mustards), Brassica rapa (polish canola), 
and Sinapis alba (yellow mustard) (unpublished final report). 

 Conducted salinity tolerance testing of field pea, flax, barley, and bean cultivars, quinoa, 
kochia, several different classes of wheat (Steppuhn 1990; Steppuhn et al. 2001).  

 Assisted Dr. Surya Achara, a plant breeder at the Lethbridge Research Centre, in the 
development of alfalfa populations with superior salinity tolerance.  They were developed 
from several mass selections and outcrosses with salinity tolerant selections taken in the 
SaltLab and crossed with field selections; as a result of this collaboration, the alfalfa variety 
Bridgeview was released (Acharya and Steppuhn 2012).  As well, several American alfalfa 
varieties were evaluated for salinity tolerance using the SaltLab prior to release in Canada.  
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Improving salinity tolerance in alfalfa is significant, because the crop is a major source of 
forage across the prairies, has high water use capabilities, and already possesses a degree 
of tolerance (Steppuhn et al. 2012). 

 Conducted a screening program of 190 camelina lines under slight and moderate salinity 
concentrations.  

 Currently testing 30 lines of Brassica carinata for salinity tolerance under slight and moderate 
salinity concentrations. 

 Currently involved in a project entitled “DNA Marker Technologies to Maximize Contributions 
of Forage Legumes to Sustainable Agriculture.”  In this project, alfalfa plants are selected 
showing good salinity tolerance and poor salinity tolerance among three cultivars growing 
under moderate salinity: Apica frost tolerant line, Bridgeview, and Halo alfalfa.  Four 
selections of salinity tolerant and non-tolerant plants, eventually producing Poly+4 and Poly-4 
lines of alfalfa from each cultivar are planned.  Seed are also identified for DNA 
polymorphisms and their validation in marker-assisted selections.   

 Conducted a salinity screening project under the proposal, “Genetic Improvement of Willows 
for Biomass and Environmental Applications.”  Screened 36 clones of willows at slight and 
moderate salinity.   

 Compared the salinity tolerances of four hybrid poplar clones; the descending order of the 
clones in tolerances were Assiniboine > Walker = CanAm = Manitou (Steppuhn et al. 2008).  

 Determined that the salinity response function which consisted of a threshold-linear slope 
function commonly used to evaluate crop tolerance to salinity did not accurately reflect crop 
response to salinity (Steppuhn et al. 1993; 1996).  Ultimately, it was discovered that a 
modified compound discount function more accurately describes crop response to salinity 
(Steppuhn et al. 2005).   

 Using the new function, SaltLab and U.S. Salinity Lab scientists developed salinity tolerance 
indices for agricultural crops previously tested (Steppuhn et al. 2005).    

 Following screening for salinity tolerance in the field and the SaltLab, scientists at the Semiarid 
Prairie Agricultural Research Centre continued the development of green wheatgrass (Elymus 
hoffmannii Jensen & Asay), from the RS-H hybrid wheatgrass, released as germplasm by 
Jensen, Asay, and Waldren (2003) at the U. S. Agricultural Service’s Forage and Range 
Research Lab. at Logan, Utah.  ‘AC Saltlander’ green wheatgrass was released in Canada 
(Steppuhn et al. 2006) from this development and compared with the salinity of tall wheatgrass 
(Steppuhn and Asay 2005).   
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