
GES175, Science of Soils

Lecture 11

K, Mg, Ca,

Micronutrients, and 

Metal Contaminants



Fine, mixed, active, thermic
Abruptic Durixeralfs 

SoilSoil: : 
Natures Filter and Natures Filter and 
Storage BankStorage Bank



K+, Ca2+, Mg2+

- Derived from weathering of primary minerals

- Ca and Mg usually in ample supply.

-Balance of Ca:Mg is important

- K often needed as supplement (fertilizer)

- Typically held by electrostatic forces (not 
chemically reactive) and are thus exchangeable

-Exceptions are K-vermiculite/illite and Ca,Mg-
carbonates

- K fixation by clays can severely limit availability
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K Fertilizer RatingK Fertilizer Rating

NN--PP--K K 
–– K as KK as K22O!O!
–– %K = %K%K = %K22O * 0.83O * 0.83
FertilizersFertilizers
–– Potassium Chloride (Potassium Chloride (KClKCl): 0): 0--00--6363
–– Potassium Nitrate (KNOPotassium Nitrate (KNO33): 13): 13--00--4444
–– Potassium Sulfate (KPotassium Sulfate (K22SOSO44): 0): 0--00--50  (50  (--22)22)



Fe, Fe, MnMn, Cu, Zn, B, Mo, , Cu, Zn, B, Mo, ClCl, Co , Co 
Se Se (animals),(animals), SiSi (beneficial),(beneficial), Ni Ni (beneficial),(beneficial),

Micronutrients

Metal(loid) Contaminants
Cu, Zn, Mo, Ni, Cr, Hg, Cu, Zn, Mo, Ni, Cr, Hg, PbPb, As, Se, As, Se

C, H, O, Ca, Mg, K, S, P, N
Macronutrients

Radionuclide Contaminants
U, Cs, Co, U, Cs, Co, PuPu, , TcTc, I, I



Plant  Deficiency Plant  Deficiency vsvs ToxicityToxicity

Examples of Values
Plant Tissue Concentration in mg/kg or ppm

Element Deficient Sufficient Toxic
Zn <15 15-150 >250
Mn <25 25-200 >250
Cu <4 5-20 >20
B <20 20-50 >100

Examples of ValuesExamples of Values
Plant Tissue Concentration in mg/kg or Plant Tissue Concentration in mg/kg or ppmppm

ElementElement DeficientDeficient SufficientSufficient ToxicToxic
ZnZn <15<15 1515--150150 >250>250
MnMn <25<25 2525--200200 >250>250
CuCu <4<4 55--2020 >20>20
BB <20<20 2020--5050 >100>100



Soil FormsSoil Forms
Fe = FeFe = Fe2+2+, Fe, Fe3+3+

MnMn = Mn= Mn2+2+

Cu = CuCu = Cu2+2+

Zn = ZnZn = Zn2+2+

Co = CoCo = Co2+2+

Ni = NiNi = Ni2+2+, Ni, Ni3+3+

Pb Pb = Pb= Pb2*2*

Hg = HgHg = Hg2+2+, , HgHgoo, organic, organic--HgHg

Mo = MoOMo = MoO44
22--

B = HB = H33BOBO33

ClCl = = ClCl--

Se = SeOSe = SeO44
22--, SeO, SeO33

22--, , 
SeSeoo, H, H22SeSe

As = AsOAs = AsO44
33--, AsO, AsO33

33--, , 
(As(As22SS33, , FeAsSFeAsS))



Silver Valley & Bunker Hill Smelter: toxic metals 
released to soils



Nutrient and 
Contaminant 

Retention
Importance of Metal 

Oxides



Redox Redox ConditionsConditions

Role of Fe & Role of Fe & MnMn::

(a)(a)
Fe(OH)Fe(OH)33 (Fe(Fe3+3+)    )    ( ( -- OO22 ))→ FeFe2+2+

MnOMnO22 (Mn(Mn4+4+)   )   ←( + O( + O22 )) MnMn2+2+

oxidized formoxidized form reduced formreduced form
insolubleinsoluble more solublemore soluble

- primary adsorbents



Reductive DissolutionReductive Dissolution



Organic Ligand 
Promoted 
Dissolution



Role of Metal Chelating AgentsRole of Metal Chelating Agents
ChelatesChelates = = ligand ligand forming multiple bonds with metalforming multiple bonds with metal

EDTA is aEDTA is a
common syntheticcommon synthetic

chelatechelate

((CuEDTACuEDTA))--22



ChelatesChelates keep keep cationscations in solutionin solution
FeFe3+3+ → Fe(OH)Fe(OH)33

((FeEDTAFeEDTA))--11 ← Fe(OH)Fe(OH)33
solublesoluble insolubleinsoluble
(mobile)(mobile)

Naturally occurring organic Naturally occurring organic chelateschelates
- fulvic acid
- citric acid
- oxalic acid
- acetic acid
- ascorbic acid

Role of Metal Chelating AgentsRole of Metal Chelating Agents



Co-NTA









Acid Promoted Dissolution


