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What is Special about Selenium (Se)? 



Toxicity vs Deficiency



High Level Summary



Selenium Distribution in Canadian and USA Soils

Red 80% of all forage contain <0.10 mg/kg Se

Yellow 50% of all forage and grain contain >0.1 
mg/kg Se

White 80% of all forages and grain contain >0.1 Se

(Map adapted from Ontario Ministry of Agriculture website & Horse Journals)

Open dot plant specimen containing 50-500 mg/kg 
Se

Solid dot plant specimen containing >500 mg/kg Se

(Map adapted from Rosenfield & Beath 1964)

Alkaline Seleniferous Soils Selenium in Forage and Grain



Overview



Alkaline Seleniferous Soils



Oxidation States

Hydrogen 
Selenide

[-2]
Reduced conditions, relatively insoluble, can 
be volatile, found in poorly aerated acidic 
soils

Elemental [0]
Not common in natural environments,  
except in poorly aerated acidic soils, 
relatively insoluble

Selenite [+4]

Well-drained soils, present in mildly 
oxidizing & reducing conditions, less 
soluble in water (83 g/200 g water), 
bioavailable

Selenate [+6]

More soluble in water (170 g/200 g water), 
more mobile in groundwater under neutral 
and alkaline pH, present in oxidizing 
conditions and alkaline soils, weakly 
adsorbed to soil at alkaline pH, 
BIOAVAILABLE



Selenium Oxidation States, Potentials, & pH

Alkali Slough (pH > 8.5)



Plant Uptake
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Plant Uptake & Metabolism
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Sulphate Reduction of Plant Uptake



Weight-of-Evidence Approach 



Toxicity Testing: Plants



Toxicity Testing: Plants
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Toxicity Testing: Invertebrates



Selenium with Increase Sulphate Doses

:



Dose-Response Analysis



Response Pattern & Statistical Analysis

Sulphate – induced 
Se deficiency?

Higher Se 
overcomes 
Sulphate 
induced 
deficiency?

Classic dose-
response curve

μ 𝑋 = 𝛾 + 𝜈 × 𝑋ⁿ𝑘ⁿ + 𝑋ⁿ Where γ = intercept (control)

k = dose with half-maximal change (must be positive number)

n = power (must be a positive number ≤ 18; if n is restricted, the number must be > 1)

ν = maximum change



Species Sensitivity Distribution
for Selenium Toxicity



Alfalfa, coarse soils, root weight 

SO4 = 40 mg/kg SO4 = 880 mg/kg

SO4 = 1079 mg/kg

SO4 = 1320 mg/kg



SSD Curve Examples, with Increasing SO4

25 % = 0.8 

mg/kg
25 % = 2.7 mg/kg

25 % =2.9 mg/kg



Recent Toxicity Testing: Plants



Alfalfa, Fine Soils



Dose-Response Analysis



Dose-Response Analysis



How new data will affect an SSD curve? 



Bioconcentration



2020-2021 Tissue Chemistry



Saturated Paste vs Acid Extractable Se



Preliminary Selenium Guidelines


