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Problems Due to Soil AcidityProblems Due to Soil Acidity--Low pHLow pH
►► Aluminum ToxicityAluminum Toxicity

Reduced root growthReduced root growth

►► Reduced availability of Reduced availability of 

essential nutrientsessential nutrients

►► Reduced effectiveness of Reduced effectiveness of 

some key herbicidessome key herbicides

►► Poor soil conditions for Poor soil conditions for 

microorganismsmicroorganisms

Nitrogen availabilityNitrogen availability

►► Deficiency of calcium or Deficiency of calcium or 

magnesiummagnesium

►► Poor soil structurePoor soil structure

Soil pH    7.2     6.6        6.2      4.7       4.4 

Barley 
Roots
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Soil pH Summary for PASoil pH Summary for PA

pH RangepH Range % Samples% Samples
≤≤ 5.55.5 1212
5.65.6--6.06.0 2121
6.16.1--6.56.5 3030
6.66.6--7.07.0 2626
7.17.1--7.57.5 99
≥≥7.57.5 22

⅓ of 
samples 
have a pH 
less than 
6.0

PSU AASL 2006
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Aglime ManagementAglime Management
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Soil pH and Soil pH and 
Lime RequirementLime Requirement

►► Initial pH Initial pH 
Do you need lime or Do you need lime or 
not?not?

►► Target pHTarget pH
Crop SpecificCrop Specific

►► Buffer Acidity  Buffer Acidity  
Amount of lime Amount of lime 
required to reach required to reach 
target?target?
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Soil type and Lime RequirementSoil type and Lime Requirement

Soil pH Sands Sandy 
loams

Loams & 
Silt 

loams

Silty clay 
loams

5.4-5.5 4.0 7.0 11.0 15.0

5.6-5.7 1.0 2.0 3.0 5.5

5.8-5.9 0.8 1.8 2.5 3.5

6.0-6.1 0.6 1.5 2.0 3.0

6.2-6.3 0.5 1.0 1.5 2.5

6.4-6.5 0.3 0.8 1.3 2.0

6.6-6.7 0.2 0.7 1.0 1.5

Cornell Field Crops & Soils Handbook

Lime Requirement for Target pH of 7.0
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Aglime MaterialsAglime Materials
►► A product that will A product that will neutralize acidityneutralize acidity:  

H+ + OH- H2O
Acid       Base Water

CaO CaO -- Calcium oxide Calcium oxide 
(Lime, Burned lime, Quick lime)(Lime, Burned lime, Quick lime)
►► CaO + 2HCaO + 2H22O O CaCa2+2+ ++ 2OH2OH--

Ca(OH)Ca(OH)22 Calcium hydroxide Calcium hydroxide 
(Hydrated lime, slaked lime )(Hydrated lime, slaked lime )
►► Ca(OH)Ca(OH)22 CaCa2+2+ + + 2OH2OH--

CaCOCaCO33 Calcium carbonateCalcium carbonate
(Calcitic limestone )(Calcitic limestone )

►► CaCOCaCO33 CaCa2+2+ + + COCO33
22-- + H+ H22O O CaCa2+2+ + + 2OH2OH-- + CO2

CaCOCaCO33 , MgCO, MgCO33 -- Dolomitic limestoneDolomitic limestone
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Soil Acidity and LimingSoil Acidity and Liming
►►Soil Liming ReactionSoil Liming Reaction

Al3+

Al3+

Al3+

H+
+  Ca2+ + CO3

2-

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

+  H+ +   Al3+

CO2

H2O
+

2OH-
+

+    H+ +   Al3+ H2O  +  Al(OH)3

CaCO3 → Ca2+ + CO3
2-

Exchange

Neutral 
Soil

Excess

Insoluble 
MineralNeutralization

Acid 
Soil
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Aglime Quality Aglime Quality 

►►Neutralizing ability Neutralizing ability 

The amount of soil acidity the The amount of soil acidity the 

limestone can potentially neutralize.limestone can potentially neutralize.
►Calcium Carbonate Equivalent (CCE)

The neutralizing ability of a liming material The neutralizing ability of a liming material 
compared to pure calcium carbonate.compared to pure calcium carbonate.
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Neutralizing Value of Different Neutralizing Value of Different 
Liming MaterialsLiming Materials

CCECCE
►► CaCOCaCO33 100100
►► MgCOMgCO33 119119
►► CaOCaO 179179
►► Ca(OH)Ca(OH)22 136136
►► (Ca,Mg)CO(Ca,Mg)CO33 ~109~109
►► CaSiOCaSiO33 8686
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Recommendations and Aglime Recommendations and Aglime 
QualityQuality

Soil test recommendations are based on Soil test recommendations are based on 

limestone qualitylimestone quality

►►lb CCE/Alb CCE/A

Therefore,  the recommendation must be Therefore,  the recommendation must be 

adjusted for quality of the limestone to be used. adjusted for quality of the limestone to be used. 

►►Actual Lime needed = 100 x Lime Rec. Actual Lime needed = 100 x Lime Rec. ÷÷ CCECCE
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Recommendations and Aglime QualityRecommendations and Aglime Quality
Liming Material Conversion TableLiming Material Conversion Table

lb/A
calcium Divide total
carbonate into
equivalent following
recommended Percent calcium carbonate equivalent (% CCE) of your liming material number of
on your soil test 70 75 80 85 90 95 100 105 applications
Actual recommendation (lb/A)

1000 1400 1300 1200 1200 1100 1100 1000 1000
2000 2900 2700 2500 2400 2200 2100 2000 1900
3000 4300 4000 3700 3500 3300 3200 3000 2900
4000 5700 5300 5000 4700 4400 4200 4000 3800 1
5000 7100 6700 6200 5900 5600 5300 5000 4800
6000 8600 8000 7500 7100 6700 6300 6000 5700
7000 10,000 9300 8700 8200 7800 7400 7000 6700
8000 11,400 10,700 10,000 9400 8900 8400 8000 7600
9000 12,900 12,000 11,200 10,600 10,000 9500 9000 8600

10,000 14,300 13,300 12,500 11,800 11,100 10,500 10,000 9500
11,000 15,700 14,700 13,700 12,900 12,200 11,600 11,000 10,500
12,000 17,100 16,000 15,000 14,100 13,300 12,600 12,000 11,400
13,000 18,600 17,300 16.200 15,300 14,400 13,200 13,000 12,400 2
14,000 20,000 18,700 17,500 16,500 15,600 14,700 14,000 13,300
15,000 21,400 20,000 18,700 17,600 16,700 15,800 15,000 14,300
16,000 22.900 21,300 20,000 18,800 17,800 16,800 16,000 15,200
17,000 24,300 22,700 21,200 20,000 18,900 17,900 17,000 16,200
18,000 25,700 24,000 22.500 21,200 20,000 18,900 18,000 17,100 3
19,000 27,100 25,300 23,700 22,400 21,100 20,000 19,000 18,100
20,000 28,600 26,700 25,000 23,500 22,200 21,100 20,000 19,000
To convert to 1000 square feet divide the recommended value in the table by 43.5

PSU, Agronomy Guide Table  1.2-1
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Aglime Quality Aglime Quality 

►►Neutralizing ability Neutralizing ability 
Calcium Oxide Equivalent (COE)
The neutralizing ability of a liming material The neutralizing ability of a liming material 
compared to pure calcium oxide.compared to pure calcium oxide.

High quality limestoneHigh quality limestone
►►CCE 100 %CCE 100 %

►►COE 56 %COE 56 %

COE x 1.78 = CCECOE x 1.78 = CCE



CMEGCMEG
PENN STATEPENN STATE

Aglime QualityAglime Quality
►►Fineness Fineness 

Finer limestone is ground the faster it will Finer limestone is ground the faster it will 
reactreact
Finer lime can be more thoroughly mixed with Finer lime can be more thoroughly mixed with 
the soil resulting in more complete reactionthe soil resulting in more complete reaction

http://images.google.com/imgres?imgurl=http://www.bushelman.com/products/05130016_small.jpg&imgrefurl=http://www.bushelman.com/products/gravel.htm&h=150&w=200&sz=10&hl=en&start=5&tbnid=OwHVae0EqTWpWM:&tbnh=78&tbnw=104&prev=/images%3Fq%3Dpulverized%2Blimestone%2B%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DGGLD,GGLD:2003-34,GGLD:en
http://www.pdac.ca/miningmatters/images/pics/rock-limestone.jpg
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Aglime FinenessAglime Fineness

Standard Mesh SizesStandard Mesh Sizes

20 mesh sieve20 mesh sieve
CoarseCoarse

60 mesh sieve60 mesh sieve
-- MediumMedium

100 mesh sieve100 mesh sieve
-- FineFine

Mesh Size = Wires/in on a sieve
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77

66

55

44

pH

0                              12                              20                              12                              24                         364                         36
Reaction Time  (Months) Reaction Time  (Months) 

100 Mesh

60-80 Mesh

40-60 Mesh

20-40 Mesh

8-20 Mesh

No Lime 

Equal neutralizing value applied

Aglime QualityAglime Quality
►►Fineness Fineness 
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* Fineness definition in PA Lime Law* Fineness definition in PA Lime Law

Fine Sized MaterialsFine Sized Materials**

95% 95% -- 20 mesh sieve20 mesh sieve

60% 60% -- 60 mesh sieve60 mesh sieve

50% 50% -- 100 mesh sieve100 mesh sieve

Recommended minimum for normal liming in PARecommended minimum for normal liming in PA

Aglime FinenessAglime Fineness

- Larger than 20 mesh 
little or no reaction in 
practical time period

- Smaller than 100 mesh 
won’t provide a practical 
benefit in faster reaction
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Aglime FinenessAglime Fineness
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►► Grinding limestone very fine (<100 mesh) would result in Grinding limestone very fine (<100 mesh) would result in 
quick reaction but it is expensivequick reaction but it is expensive
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Periodic liming with a fine sized Periodic liming with a fine sized 
liming materialliming material
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Other Limestone Quality IssuesOther Limestone Quality Issues
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Calcium and MagnesiumCalcium and Magnesium
►► Normal liming practices will also supply required Normal liming practices will also supply required 

calcium and magnesiumcalcium and magnesium
At normal liming rates usually adequate Ca will be At normal liming rates usually adequate Ca will be 
supplied for most cropssupplied for most crops
Magnesium will depend on the type of limestone usedMagnesium will depend on the type of limestone used
►► If Mg is required use a dolomitic limestoneIf Mg is required use a dolomitic limestone
►►Go by the Mg analysis, not a nameGo by the Mg analysis, not a name
►►PA: Recommend % Mg in recommended amount of limestonePA: Recommend % Mg in recommended amount of limestone
►►Example:Example:

2000 lb CCE/A Recommended2000 lb CCE/A Recommended
40 lb Mg/A Recommended40 lb Mg/A Recommended
Limestone containing at least 2% Mg will meet the Mg Limestone containing at least 2% Mg will meet the Mg 
recommendationrecommendation
(40 (40 ÷÷2000 = .02 or 2%)2000 = .02 or 2%)
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Calcium and MagnesiumCalcium and Magnesium
►►Management RecommendationsManagement Recommendations

Maintain optimum pH Maintain optimum pH 
Maintain at least minimum sufficiency levels of Maintain at least minimum sufficiency levels of 
Mg and KMg and K
For most crops Ca will be more than adequate For most crops Ca will be more than adequate 
but not excessivebut not excessive
DonDon’’t worry about ratios until they are way out t worry about ratios until they are way out 
of balanceof balance
►►Ca:Mg <1Ca:Mg <1
►►Mg:K<1Mg:K<1
►► etc.etc.
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Calcium and MagnesiumCalcium and Magnesium
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Calcitic vs Dolomitic LimestoneCalcitic vs Dolomitic Limestone
Speed of ReactionSpeed of Reaction
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Aglime Fineness and Neutralizing Aglime Fineness and Neutralizing 
AbilityAbility

►► For a given amount of acidity an For a given amount of acidity an equivalentequivalent
amount of liming material will be required amount of liming material will be required 
regardless of fineness.regardless of fineness.

No matter how fine you grind limestone you No matter how fine you grind limestone you 
cannot increase the chemical neutralizing abilitycannot increase the chemical neutralizing ability

Finer the better, because it will react faster, but Finer the better, because it will react faster, but 
there are practical limitationsthere are practical limitations

Distribution in Distribution in ““Fine SizeFine Size”” Limestone Limestone –– usually usually 
adequate for practical liming for field cropsadequate for practical liming for field crops
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Pellet LimePellet Lime
►►Finely ground limestoneFinely ground limestone
►►Glued together into water soluble pelletsGlued together into water soluble pellets
►►Advantage: Handling, spreading, speed Advantage: Handling, spreading, speed 

of reactionof reaction
►►Disadvantage: CostDisadvantage: Cost

100-200 
mesh
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Fluid LimeFluid Lime
►►Finely ground limestoneFinely ground limestone
►►Suspended in water with claySuspended in water with clay
►►Approx. 1000 lb CCE/ton materialApprox. 1000 lb CCE/ton material
►►Advantage: Spreading, speed of reactionAdvantage: Spreading, speed of reaction
►►Disadvantage: CostDisadvantage: Cost
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Less than recommended Less than recommended very fine
limestone applied compared to limestone applied compared to 

normal liming programliming program
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Liming Rented GroundLiming Rented Ground

►►Liming by nature is a longer term propositionLiming by nature is a longer term proposition
►►Often a limiting factor on rented groundOften a limiting factor on rented ground

Rented Field

pH 3.8 

Disaster
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Liming Rented GroundLiming Rented Ground
►► Low soil pH often limits efficient use of other nutrients and Low soil pH often limits efficient use of other nutrients and 

pesticidespesticides
►► You canYou can’’t ignore it!t ignore it!

4.0      4.5      5.0      5.5      6.0      6.5      7.0      7.5     8.0      8.5      9.0      9.5    10.0
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Potassium
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Magnesium

Sulfur

Iron

Manganese

Boron

Copper and Zinc

Molybdenum

Nitrogen

Limed No-till

Unlimed No-till
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Liming Rented GroundLiming Rented Ground
►► Critical Critical pH 5.5pH 5.5
►► Aluminum toxicity reduces root growthAluminum toxicity reduces root growth
►► Reduces efficiency of nutrient and water uptakeReduces efficiency of nutrient and water uptake
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Liming Rented GroundLiming Rented Ground

►► Ideal for most agronomic crops is 6.5Ideal for most agronomic crops is 6.5
►►Most soil testing labs should be able to give a lower Most soil testing labs should be able to give a lower 

lime recommendationlime recommendation
►►Critical pH for root growth is ~5.5Critical pH for root growth is ~5.5
►►Critical pH for nutrients is ~6.0Critical pH for nutrients is ~6.0
►►Critical pH for Legumes is ~6.5Critical pH for Legumes is ~6.5
►►Critical pH for Herbicides is ~variableCritical pH for Herbicides is ~variable

Atrazine > 6.2Atrazine > 6.2
Read the labelRead the label
►►Choose herbicides based on pH or adjust pH based on Choose herbicides based on pH or adjust pH based on 

herbicidesherbicides
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Tillage and pHTillage and pH

►►Unique Conditions in Conservation Tillage Unique Conditions in Conservation Tillage 
Systems Systems 

No mechanical mixing No mechanical mixing 

Stratification of soil pHStratification of soil pH

Stratification of nutrientsStratification of nutrients

Organic matter accumulation at the surfaceOrganic matter accumulation at the surface

Different root distributionDifferent root distribution

Slightly lower pH Slightly lower pH –– 0.1 to 0.3 pH units0.1 to 0.3 pH units
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Soil pH with No TillageSoil pH with No Tillage
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Acid RoofAcid Roof
►► In reduced tillage systems In reduced tillage systems 

acidifying effects of nitrogen acidifying effects of nitrogen 
are concentrated at the soil are concentrated at the soil 
surface surface 

Root growthRoot growth
Herbicide activityHerbicide activity
Nutrient availabilityNutrient availability

►► Sampling for acid roof:Sampling for acid roof:
If normal "plow depth" soil If normal "plow depth" soil 
sample calls for lime, apply as sample calls for lime, apply as 
recommended. recommended. 
If normal "plow depth" soil If normal "plow depth" soil 
sample does not call for lime, sample does not call for lime, 
check the pH in the surface 1check the pH in the surface 1--
2". If the pH is less than 6.0, 2". If the pH is less than 6.0, 
apply 1 ton of limestone/acre.apply 1 ton of limestone/acre.

Depth pH 
0-1" 5.8
0-6" 6.4D

ep
th No-till 

(No recent liming)

Conv. till

5.5     6.0    6.5      7.0 Soil pH
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Liming NoLiming No--tilltill
►► No Tillage No Tillage -- Low pH, Low pH, 

infrequent liminginfrequent liming
Acid soilAcid soil

No mixing of limestoneNo mixing of limestone

H+
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Liming NoLiming No--tilltill
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Liming NoLiming No--tilltill
►► No Tillage No Tillage -- Regular limingRegular liming

Acid RoofAcid Roof

No mixing of limestoneNo mixing of limestone

H+H+H+H+
H+H+

H+H+

H+ H+ H+

H+H+H+H+
H+H+

H+H+

H+ H+ H+

Acidity
Lim

e
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ByBy--product Liming Materialsproduct Liming Materials

►►QualityQuality
Liming valueLiming value
Undesirable componentsUndesirable components
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Example: Liming ValueExample: Liming Value

CCE = 5.38%CCE = 5.38%

Fineness:Fineness: Through 20 Mesh = 98.8%Through 20 Mesh = 98.8%

Through 60 Mesh = 78.2 %Through 60 Mesh = 78.2 %

Through 100 Mesh = 63.2%Through 100 Mesh = 63.2%

2000 X 100 2000 X 100 ÷÷ 5.38 = 37,174 lbs.  or 18.6 tons5.38 = 37,174 lbs.  or 18.6 tons

For 2000 lbs of neutralizing  value:For 2000 lbs of neutralizing  value:
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MaterialMaterial CuCu ZnZn PbPb CrCr NiNi CdCd
AglimeAglime .02.02 .03.03 .05.05 .02.02 .04.04 .00.00

AglimeAglime .02.02 .02.02 .05.05 .02.02 .04.04 .00.00

AglimeAglime .03.03 .02.02 .04.04 .02.02 .04.04 .00.00

AglimeAglime .01.01 .05.05 .07.07 .02.02 .04.04 .00.00

AglimeAglime .01.01 .05.05 .07.07 .02.02 .04.04 .00.00

ByBy--productproduct .04.04 .05.05 .10.10 .03.03 .07.07 .00.00

ByBy--productproduct .04.04 .08.08 .02.02 .04.04 .05.05 .00.00

ByBy--productproduct .03.03 .00.00 .07.07 .03.03 .05.05 .00.00

ByBy--productproduct .03.03 .27.27 .09.09 .04.04 .08.08 .00.00

ByBy--productproduct .02.02 2.622.62 .08.08 .02.02 .06.06 .01.01

ByBy--productproduct 6868 160160 1919 20372037 435435 55

Example: Undesirable Example: Undesirable 
components components -- Metals in AglimeMetals in Aglime



CMEGCMEG
PENN STATEPENN STATE

Other MaterialsOther Materials

►► Biosolids and Water Treatment SludgesBiosolids and Water Treatment Sludges
Often have significant neutralizing valueOften have significant neutralizing value

Must be cleanMust be clean

Must be registered if sold as liming materialsMust be registered if sold as liming materials
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Soil Acidity and LimingSoil Acidity and Liming
►►GypsumGypsum

►► Adds Ca and S but does not neutralize acidityAdds Ca and S but does not neutralize acidity
►► Gypsum is Gypsum is notnot a liming materiala liming material

Al3+

Al3+

Al3+

H+
+  Ca2+ + SO4

2-

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+

+  H+ +   Al3+ + SO4
2-

CaSO4 → Ca2+ + SO4
2-

Exchange

Acid 
Soil

Excess
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GypsumGypsum
►►Soil QualitySoil Quality

Gypsum promoted as a soil conditionerGypsum promoted as a soil conditioner

Used for renovating saline/sodic & sodic soilsUsed for renovating saline/sodic & sodic soils
►►High Na disperses the soil resulting in poor physical High Na disperses the soil resulting in poor physical 

properties properties –– Chemical compactionChemical compaction

►►Add Ca to replace Na resulting in flocculation, the first step Add Ca to replace Na resulting in flocculation, the first step 
in aggregate formationin aggregate formation

No effect on physically compacted soils if Ca is No effect on physically compacted soils if Ca is 
adequateadequate
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Ca Source and Soil QualityCa Source and Soil Quality

►► In acid soils the best source of Ca is limestone In acid soils the best source of Ca is limestone 
because we need the acid neutralizing value because we need the acid neutralizing value 

No need for additional Ca for the soilNo need for additional Ca for the soil
Calcium carbonate 40% Ca (800 lb Ca/ton of limestone)Calcium carbonate 40% Ca (800 lb Ca/ton of limestone)

►► High pH but low calcium soils use gypsum as a High pH but low calcium soils use gypsum as a 
source of Ca for the soil and the crop (West)source of Ca for the soil and the crop (West)

►► Low pH, acid loving crops or highly weathered Low pH, acid loving crops or highly weathered 
soils, use gypsum as a source of Ca for the soil soils, use gypsum as a source of Ca for the soil 
and the crop (Tropics) no change in pHand the crop (Tropics) no change in pH
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Other MaterialsOther Materials
Organic Calcium CompoundsOrganic Calcium Compounds

►► Promesol 30, Liquid LimePromesol 30, Liquid Lime
Trihydroxy glutaric acid Trihydroxy glutaric acid 
25% Ca25% Ca
1 gallon = 5001 gallon = 500--750 lb CCE?750 lb CCE?

►► LiquiLiqui--TilTil
Trihydroxy glutaric acidTrihydroxy glutaric acid
Neutralizes pH in Neutralizes pH in alkalinealkaline
soil?soil?

►► KK Organic Soil BuilderKK Organic Soil Builder
Neutralizes both acidic and Neutralizes both acidic and 
alkaline soils?alkaline soils?

►► LiquiLiqui--CalCal
8% Ca8% Ca
1 gallon = 500 lb CaCO1 gallon = 500 lb CaCO33??

►► Liquid CalciumLiquid Calcium
1 gallon = Ca in 500 lb 1 gallon = Ca in 500 lb 
CaCOCaCO33??
Suggest it is a lime substituteSuggest it is a lime substitute

►► Golden CalGolden Cal
Glucoheptomic acidGlucoheptomic acid
1 gallon = 500 lb CCE?1 gallon = 500 lb CCE?

►► pH PluspH Plus
1 gallon = 5001 gallon = 500--750 lb CCE?750 lb CCE?
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Other MaterialsOther Materials

►►Remember fundamental chemistry: 1 Eq. of Remember fundamental chemistry: 1 Eq. of 
base is required to neutralize 1 Eq. of acidbase is required to neutralize 1 Eq. of acid

1000 lb CCE/A for every 1 meq H1000 lb CCE/A for every 1 meq H++/100g soil/100g soil

►►Watch out for materials that contain Ca with Watch out for materials that contain Ca with 
unwritten or suggestive claims for liming unwritten or suggestive claims for liming 
valuevalue
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SummarySummary
►► Soil Acidity is still a major limitation to optimum crop Soil Acidity is still a major limitation to optimum crop 

productionproduction

►► Liming materials vary in qualityLiming materials vary in quality
Calcium carbonate equivalent (CCE)Calcium carbonate equivalent (CCE)
FinenessFineness
Mg contentMg content

►► Soil test liming recommendations assume a certain quality Soil test liming recommendations assume a certain quality 
eg. Lb CCE/Aeg. Lb CCE/A

►► Adjust application rates for liming material qualityAdjust application rates for liming material quality
Excess fineness does not increase neutralizing valueExcess fineness does not increase neutralizing value

►► Compare materials based on quality adjusted rateCompare materials based on quality adjusted rate
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SummarySummary
►► Understand critical pH issues when adjusting liming Understand critical pH issues when adjusting liming 

programsprograms
Rented ground never go below pH 5.5 for agronomic cropsRented ground never go below pH 5.5 for agronomic crops

►► Check for liming quality and antiCheck for liming quality and anti--quality agents in byquality agents in by--
products used for limingproducts used for liming

►► Be aware of Ca containing materials sold as liming Be aware of Ca containing materials sold as liming 
materialsmaterials

►► 1 Equivalent of Acid requires 1 Equivalent of Base for 1 Equivalent of Acid requires 1 Equivalent of Base for 
neutralizationneutralization



Questions?Questions?



CMEGCMEG
PENN STATEPENN STATE

College of Agricultural Sciences

Department of Crop and Soil Sciences



CMEGCMEG
PENN STATEPENN STATE

Low pH SyndromeLow pH Syndrome
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Causes of Soil AcidityCauses of Soil Acidity

►► Leaching of basic cationsLeaching of basic cations
CaCa2+2+, Mg, Mg2+2+, K, K+ + leaving behind Alleaving behind Al3+3+

►► Crop uptake of basic cations and release of Crop uptake of basic cations and release of 
acidsacids

►► Decay of plant residuesDecay of plant residues

►► Acid rainAcid rain

►► Reaction of nitrogen fertilizerReaction of nitrogen fertilizer
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Acid forming reaction of N fertilizerAcid forming reaction of N fertilizer
Biggest Source of Acidity in AgBiggest Source of Acidity in Ag

Approx. Lbs CaCO3 to Neutralize 1 Lb N/A

Fertilizer Material                   lbs.
Ammonium Nitrate 3
Urea 3
UAN 3
Anhydrous Ammonia 3
Ammonium Sulfate 6
Manure 3*

* Effects vary with type of manure



CMEGCMEG
PENN STATEPENN STATE

Soil Acidity and LimingSoil Acidity and Liming

►►Aglime Fineness Aglime Fineness 
Pulverized LimestonePulverized Limestone
►►Normal ground LimestoneNormal ground Limestone

Granular LimestoneGranular Limestone
►►Coarser ground limestone Coarser ground limestone 

►►Easy spreading for homeownersEasy spreading for homeowners

►►Slower to reactSlower to react
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Fine
Sized Materials

Medium
Sized Materials

95% - 20 mesh sieve

60% - 60 mesh sieve

50% - 100 mesh sieve

Coarse sized materials - all liming materials failing 
to meet the above fineness criteria

Aglime FinenessAglime Fineness
Fineness definitions for PA

90% - 20 mesh sieve

50% - 60 mesh sieve

30% - 100 mesh sieve
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Lime Management TipsLime Management Tips

►► Soil Test and Maintain pH in the optimum rangeSoil Test and Maintain pH in the optimum range
►► Apply lime a year to 6 months ahead of sensitive Apply lime a year to 6 months ahead of sensitive 

crops in rotationcrops in rotation
►► Mix lime thoroughly with the soil if possibleMix lime thoroughly with the soil if possible
►► For noFor no--till the pH should be optimum before till the pH should be optimum before 

eliminating tillageeliminating tillage
►► Split high rates of lime (> 4 ton/A)Split high rates of lime (> 4 ton/A)
►► Fall is an excellent time to limeFall is an excellent time to lime
►► Spread lime evenlySpread lime evenly
►► Pay attention to Aglime QualityPay attention to Aglime Quality
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Aluminum toxicity reduces root Aluminum toxicity reduces root 
growthgrowth

Soil pH    7.2     6.6        6.2      4.7       4.4 

Barley 
Roots



pH vs Availability of NutrientspH vs Availability of Nutrients
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Acidity and Herbicide ActivityAcidity and Herbicide Activity

Unlimed no-till corn Limed no-till corn
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Aglime FinenessAglime Fineness
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Liming Rented GroundLiming Rented Ground

►►Liming by nature is a longer term Liming by nature is a longer term 
propositionproposition

►►Often a limiting factor on rented groundOften a limiting factor on rented ground

Rented Field

pH 3.8 

Disaster
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Liming Rented GroundLiming Rented Ground
►► Low soil pH often limits efficient use of other nutrients and Low soil pH often limits efficient use of other nutrients and 

pesticidespesticides
►► You canYou can’’t ignore it!t ignore it!

4.0      4.5      5.0      5.5      6.0      6.5      7.0      7.5     8.0      8.5      9.0      9.5    10.0

Strongly Acid Strongly AlkalineMed. 
Acid

Slightly. 
Acid

Very
Slightly 

Acid

Very
Slightly 
Alkaline

Slightly 
Alkaline

Med. 
Alkaline

Phosphorus

Potassium

Calcium

Magnesium

Sulfur

Iron

Manganese

Boron

Copper and Zinc

Molybdenum

Nitrogen

Limed No-
till

Unlimed 
No-till
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Liming Rented GroundLiming Rented Ground

►►Ideal for most agronomic crops is 6.5Ideal for most agronomic crops is 6.5
►►Critical pH for root growth is ~5.5Critical pH for root growth is ~5.5
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Liming Rented GroundLiming Rented Ground
►► Aluminum toxicity reduces root growth below pH 5.5Aluminum toxicity reduces root growth below pH 5.5
►► Reduces efficiency of nutrient and water uptakeReduces efficiency of nutrient and water uptake
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Liming Rented GroundLiming Rented Ground

►►Ideal for most agronomic crops is 6.5Ideal for most agronomic crops is 6.5
►►Critical pH for root growth is ~5.5Critical pH for root growth is ~5.5
►►Critical pH for nutrients is ~6.0Critical pH for nutrients is ~6.0
►►Critical pH for Legumes is ~6.5Critical pH for Legumes is ~6.5
►►Critical pH for Herbicides is ~variableCritical pH for Herbicides is ~variable

Atrazine > 6.2Atrazine > 6.2
Read the labelRead the label
►►Choose herbicides based on pH or adjust pH based Choose herbicides based on pH or adjust pH based 

on herbicideson herbicides
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PSU Lime PSU Lime 
Requirement Requirement 

TableTable

http://www.aasl.psu.edu/Agro%20Crops/Lime%20Recs.PDF



CMEGCMEG
PENN STATEPENN STATE

Split applications of extra fine Split applications of extra fine 
limestonelimestone

►► Lower annual costsLower annual costs
Only paying for 1 year at a timeOnly paying for 1 year at a time

►► Greater cost over timeGreater cost over time
Similar amount of limestone required over timeSimilar amount of limestone required over time
More expensive limestone required More expensive limestone required -- finer grindfiner grind
Greater application costs Greater application costs -- annual applicationannual application

►► Monitor with annual soil testsMonitor with annual soil tests

7

6

5

pH

0                                   1                           2                                      3
Reaction Time  (years) 
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Incorporate LimeIncorporate Lime
►► Mixing limestone with the soil increases the short term effectivMixing limestone with the soil increases the short term effectivenesseness
►► Very difficult to correct a low pH in noVery difficult to correct a low pH in no--till or perennials in the short termtill or perennials in the short term
►► Probably more effective to incorporate low rates of lime with seProbably more effective to incorporate low rates of lime with secondary condary 

tillage or chisel plowtillage or chisel plow
At least the pH in the critical establishment zone will be improAt least the pH in the critical establishment zone will be improvedved
If the soil below this is very acid you may still have serious rIf the soil below this is very acid you may still have serious root growth problemsoot growth problems
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pH and AciditypH and Acidity

(1 unit change in pH = 10 X change in acidity)
pH Scale

Acid              Neutral Alkaline 
0 - - - - - - - - - - 7 - - - - - - - - - -14

NE Soils Slightly Acid

Commonly pH 5 – 7

PA Average 6.3
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Liming Rented GroundLiming Rented Ground

►►Ideal for most agronomic crops is 6.5Ideal for most agronomic crops is 6.5
►►Critical pH for root growth is ~5.5Critical pH for root growth is ~5.5
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