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Soil pH

Measure of amount of H+ and Al+++ in soil

Each unit change .. 10 factor
SF:  5-39



Causes of Soil Acidity 

• Leaching of basic cations:  Ca+2 Mg+2 K+

• Leaves behind Al+3

– Toxic to many plants roots 

• Role of N fertilizer 

• Acid rain – used to be more important

• Plant electrical balance 



nutrient balance

K+ in … H+ out

Crop plants and weeds

Factors that lead to acidification of soils 



???



Acidity caused by N Fertilizer

• Reaction:

– 2NH4 + 4O2  2NO3 +  4H + H2O

SF:  5-40



NH3 + H+
 NH4

+



Acidity caused by N Fertilizer

• Reaction:

– 2NH4 + 4O2  2NO3 +  4H + H2O

• Sources affect amount of acidity

– NH4
+ based fertilizers … most acidifying

• ammonium sulfate, MAP

• DAP - 1 OH produced per 2 N’s 

• urea … 2NH4 + 2OH …

• CaNO3 – not acidifying … already oxidized

• Lbs lime / lb N … 1.8 (u) to 5.4 (s) SF:  5-40



N Source Official (AOAC) 

lb CaCO3/lb N*

Anhydrous Ammonia 1.8

Urea 1.8

Ammonium Nitrate 1.8

Ammonium Sulfate 5.4

Monoammonium Phosphate 5.4

Diammonium Phosphate 3.6

• Acidity from Oxidation of NH4
+ to NO3

- by microbes

– Base required to neutralize the acidity  

*Accounts for anion uptake effects on pH
SF:  5-40



NO3
-
 OH- ↑pH NH4

+ 
 H+ ↓pH

pH 7

pH 4

Heckman, Rutgers



http://www.spectrumanalytic.com/support/library/ff/Soil_Sampling_Inst

ructions.htm

Acid Roof Issue

PO 5-41



Tillage and pH
• No Tillage/perennial forages = Stratification & no mixing

• Lime regularly – no special management required

– Acid Roof

– No mixing of limestone
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Tillage and pH

• No Tillage = Stratification & no mixing

• Not limed regularly – very difficult to correct quickly

– Acid soil

– No mixing of limestone
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Benefits of Liming 

• Reduces effect of toxic aluminum

• Increases availability of essential nutrients

• Important for microorganism activity

• Important for herbicide function

• Improves soil structure 

• Supplies Ca and often Mg to soil 

SF:  5-39





Favorable pH range for common crops

Soil pH
5.0      5.5     6.0     6.5     7.0

Corn                             ************

Alfalfa                                        **********

Soybeans                                              **********

Wheat                             **********

Oat                          ************

Barley                                              **********

Red Clover                             ************

Grasses                             ************



So you want to add lime



Active and Reserve
Acidity

SF:  5-39



Soils are generally

negatively charged



pH and Lime Requirement

• pH is a measure of active acidity

• Property of the soil 

• Tells you if you need to add lime

• Lime requirement - reserve acidity

• Buffer pH …

• Meaningless by itself 

• But … key to how much lime to add
SF:  5-39







Frequently adding 
tons of lime ?

Why so much?

Agronomic soil

Potato soil



As we add lime …
initially reduce H+

in the soil water 



More or less
lime to 
neutralize H in 
the potato soils ?



Soil pH

Alkalinity:  amount of base in 

Higher pH soils … not relevant here …

SF:  5-39



Sources of Negative Charge

Clay
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Sources of Negative Charge
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The CEC of 

humus is 

300 

meq/100g

SF:  5-42



pH Dependent Charge
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SF:  5-42



General Relationships:

High Nutrient Availability and Soil pH

• Phosphorus:  midrange pH 

• Micronutrients:  low pH

• exception:  Mo

• Ca, Mg, S, K … near neutral 

SF:  5-43



Agricultural Lime Materials

• Any product whose Ca and Mg compounds 

can neutralize acidity 

• CaO – calcium oxide

• Ca(OH)2 – slaked lime – hydrated lime

• CaCO3 – calcium carbonate 

• CaCO3 and MgCO3 – dolomitic lime

SF:  5-43



Liming Reaction

SF:  5-42

Soil Acidity and Liming
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Gypsum

CaSO4

Good source of Ca – not lime

http://www.oum.ox.ac.uk/oxmin.htm
http://www.oum.ox.ac.uk/oxmin.htm


Gypsum Reaction

SF:  5-44

Soil Acidity and Liming
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Gypsum Promoted as Soil Conditioner 

• Ca helps affect soil aggregations

• CaCO3 = CaSO4

• Source is not important

• Gypsum is not a liming agent!

• Usually if you need Ca – you need aglime

SF:  5-43



SF: 5-44



Calcium Carbonate
Equivalence - CCE

SF: 5-45



Calcite - CaCO3 Standard

based on MW
100





CCE:
The neutralizing ability 
of a liming material 
compared to pure 
calcium carbonate



Dolomite - MgCO3

Lighter 

2000 lbs of pure calcite – 1700 lbs of dolomite 



CaCO3 - MgCO3

Not particularly pure
Clays … other junk

2000 lbs of pure calcite – 2400 lbs of lime 



Neutralizing Value of Liming Materials

CCE
CaCO3 100
MgCO3 119
CaO 179
Ca(OH)2 136
(Ca,Mg)CO3 109
CaSiO3 86

Liming materials are not usually pure, but may be mixtures and 
usually contain some impurities

Measure Calcium Carbonate Equivalent (CCE)
SF:  5-45





• Fineness affect reaction time 

– Want a mix of size particles

– Fine particles react quickly  

Aglime Quality – Fineness / Particle Size

Standard Mesh Sizes

20 mesh sieve - Coarse

60 mesh sieve - Medium

100 mesh sieve - Fine

Mesh Size = 

Wires/in 

on a sieve

SF:  5-45
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SF:  5-45



Desirable Degree of Fineness?

• Effective lime fineness

• 95% pass 20 mesh

• 60% should pass 60 mesh

• 50% should clear a 100 mesh screen

• Fast reaction + continued activity over time 

SF:  5-45



NY ENV Calculation 

SF:  5-45



Determining Liming Amounts

• Take CCE of the Lime and ENV …

• Lime recommendation is 2.5 tons/ac lime

– assume 80% CCE lime …

• 3.125 tons lime 

• Assume ENV for lime is 70.3%

• 3.125/.703 =  4.45 tons lime/ac

SF:  5-42
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Pelleted lime

• Finely ground lime stone 

• Glued together into water soluble pellets

• Advantages –

• Ease of spreading 

• Uniformity 

• Disadvantage - cost



Alternative Liming Materials

Wood ash

Lime mud

Inexpensive

Nutrient source

Recycling



Calcium Carbonate
Equivalence - CCE

Wood ash

25 – 56%



Calcium Carbonate
Equivalence - CCE

Lime mud 

90 - 100%



Other Liming Agents

SF:  5-43





Other Liming Agents

• Lime stabilized sludge … helps boost pH

• Metals a concern

– less available / mobile at higher (neutral) pH

• Different biosolids / different metal 

amounts

• Best use … low quality hay fields

SF:  5-46



Disadvantages of Other Materials

• Lime supplies adequate Ca and Mg 

• Wood ash – good source of K – needed?

• Questionable liming products on market …

SF:  5-46

Promesol 30, Liquid Lime
Trihydroxy glutaric acid 25% Ca
1 gallon = 500-750 lb CCE?

Liqui-Til
Trihydroxy glutaric acid
Neutralizes pH in alkaline soil?

KK Organic Soil Builder
Neutralizes both acidic and alkaline soils?



Lime Management Tips 

• Soil test … always start there

• Apply lime 6 mo ahead of sensitive crop

• Till in if possible

• If moving to no-till, apply in last tilled yr

• Split applications if need to apply > 4 t/a

• Apply in fall 

• Pay attention to Aglime quality 
SF:  5





Question

• As pH decreases, _____ increases?

– A)  hydrogen ion concentration

– B)  hydroxyl ion concentration

– C)  alkalinity

– D)  cation exchange capacity

Answer:  a:   why ?



Question

• What is pH dependent charge ?

– A)  as pH is decreases – CEC rises?

– B)  as pH increases  - CEC decreases

– C)  total alkalinity

– D)  net negativity is dependent on amount of 

free H in the soil

Answer:  d:   why ?



Question

• Which of the following soils would have 

the highest lime requirement to meet the 

same target pH?

– A)  pH 5, 35% clay, 2% organic matter

– B)  pH 5, 10% clay, 1% organic matter

– C)  pH 6.5, 40% clay, 3.5% organic matter

– D)  pH 6.5, 60% clay, 2.2% organic matter

Answer:  a:   why ?



Question

• ENV is the product of the CCE and 

______?

– A)  ag lime content

– B)  neutralizing power

– C)  basicity

– D)  calcium carbonate equivalence

– E)  fineness of grind

Answer:  e:   why ?



Question

• Which of the following is least likely to 

change soil pH

– A)  elemental S

– B)  alum

– C)  ammonium sulfate

– D)  gypsum

Answer:  d:   why ?


