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Background Info 
• Raised in Louisa County (southeast) IA 
• ISU 1993 (Agronomy) 

 
• Farmed for 11 years 
• Commissioned officer in USAR & IANG for 11 years 
  
• 4+ years as retail agronomist/agronomy manager in NE & IA 
• 5 years as territory manager for Calcium Products 

 
• Started MS program in Fall, 2001  



My fan club… 

Thank you for all of your 
help, support & motivation 
to keep going!  

Jordan, Evan, Sonya 
& Derrick 



Creative Component    
• Developed a module on limestone 

o Lime characteristics and terms 
o Influence of acidity on nutrients 
o Existing lime standards in U.S. 
o European testing standards 
o Need for improved testing methods 
 

• Concerned that existing viewpoints on impact 
of soil acidity and how it is addressed are not 
relevant in today’s production environment 
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Understanding Limestone Effectiveness - 
Are Current Standards Adequate? 

Course Index 
 Introduction 
 Liming Basics 
 Understanding Lime 
 Liming Laws 
 What’s next? 
 Summary 
 Exams 

Aglime being applied to a field. 
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Introduction 
 Crop yields have improved dramatically in the last 
fifty years due to improved genetics, reduced soil 
erosion, better nutrition and utilization, reduced 
competition from weeds and insects, and improved 
cultural management practices.  The need for more 
food production in the future looms larger as the 
world population continues to grow, the available land 
base shrinks, and soil quality declines. 

Worldwide demand for feed, food, and fuel will 
continue climbing as the human population continues 
increasing. The world population is expected to be 10 
billion people by 2050. 

At the same time, available land resources are 
decreasing and soil quality and soil erosion concerns 
are increasing. The challenges of producing enough 
food with sufficient nutritional content will only 
increase in future years.  

Example of agricultural soil erosion. 
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Introduction 
 Most of the state lime laws were written in the 1960s, 
and have not been revisited since.  This is due to a 
lack of research and commonly held view of pH as a 
minor yield factor compared to crop fertility levels for 
nitrogen (N), phosphorus (P), and potassium (K).   
 
Agronomy retailers and fertilizer dealers are 
frequently less interested in applying lime than other 
agronomic inputs.  This is due to:  
 limited seasonal availability for liming material 
substantial costs for handling and application 

equipment  
 low margin opportunities 
 limited labor   

The objectives of this module are:  

 To examine the history of limestone regulation in the United States and Europe  

 To review the standards used today for rating limestone effectiveness 

 To discuss why adopting different standards in the U.S. could improve crop yields 

Application of lime to a field.  Photo by Lynn Betts, US
NRCS. 
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Maintaining soil pH in an appropriate range 
for the crop grown 
 improves the availability for many 

essential nutrients,  
 provides a healthy soil environment,  
 reduces the amount and solubility of 

toxic nutrients, and  
 has a positive effect on overall crop 

growth 
 
According to a 2011 study by the Iowa 
Soybean Association’s On-Farm Network, 
45% of all Iowa soils need lime. 

 
 45% of all Iowa soils need lime 
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Lime Basics 
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Liming materials 

Limestone (calcium carbonate, CaCO3) is used 
extensively throughout the world for improving 
acidic soil conditions.  
 
Various materials have been utilized to modify 
soil acidity in addition to limestone.  They include 
burnt lime, hydrated lime, marl, and other 
materials typically resulting from a 
manufacturing or refining process, such as 
sugar-beet lime.  These products vary in 
availability, cost, and handling characteristics 
compared to limestone. 
 
Any liming material used must be effective, 
provide consistent benefit, and readily available.  
The distance that material must be transported 
can have a significant impact on cost, and is 
frequently a factor in which material is utilized. 
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Lime Basics 

Limestone quarry at Akselberget, Brønnøy, Norway.   
Photo courtesy of  Tomas Bjørkan, 
http://commons.wikimedia.org/wiki/File:Limestone_quarry.jpg 

Limestone rock showing evidence of marine fossil deposited. 
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In 1929, lime applications were done using 
locally available materials and hand labor. 
 
In 2013, locally available materials are still 
widely used but equipment has 
modernized. Lime application is 
mechanized and utilizes variable rate 
technology (VRT). 
   
Rates vary from 1000-4000 #/acre, 
depending on lime quality and soil pH. 
 
Application width is typically 45-60 feet per 
pass, but fine particles can be an issue.  
 
Fine particles are very sensitive to drift, 
and may carry some distance even under 
ideal conditions.  They can also present 
difficulties to handling and application 
equipment from their small size. 
 
 
 

  page 10 

1929 

 2013 

Lime Basics  
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Understanding Lime 
 Soil pH is one of the most critical 

factors affecting crop growth, yet 
recent research into analyzing, 
managing, and improving it is 
sorely lacking.   
 
Shorey (1940) indicated a “lime 
line” near the center of the United 
States, whereby areas west of the 
line were not expected to 
experience soil acidity.   
 
Soils in the Great Plains were 
characterized as “lime 
accumulating”, and were farmed 
for many years without concern for 
the soil pH (Lukin and Epplin, 
2002).   

“Lime line” delineating areas that were not expected to experience soil acidity. 



ModuleMaker Tool Kit 
  page 12 

Understanding Lime 
 Surveys of Oklahoma fields in 1985 and 1996 
indicated that more than one-third (39 percent) 
of samples had soil pH values less than 5.5 
(Zhang et al., 1998).  This is due to: 
 

 weathering  
 crop removal of basic cations, such as Ca 

and Mg 
 application of acid-forming fertilizers, 

particularly containing nitrogen (N) and 
ammoniated phosphate ((NH4)3PO4) 
materials.   

 
The survey results provide an indication that 
significant pH changes have occurred and that 
previous perceptions and understanding of those 
soils may no longer be completely accurate. 
 

Impact of soil acidity on different wheat varieties (left front is 
an Al-susceptible variety) 
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Understanding Lime 
 Surveys of Oklahoma fields in 1985 and 1996 
indicated that more than one-third (39 percent) 
of samples had soil pH values less than 5.5 
(Zhang et al., 1998).  This is due to: 
 

 weathering  
 crop removal of basic cations, such as Ca 

and Mg 
 application of acid-forming fertilizers, 

particularly containing nitrogen (N) and 
ammoniated phosphate ((NH4)3PO4) 
materials.   

 
The survey results provide an indication that 
significant pH changes have occurred and that 
previous perceptions and understanding of those 
soils may no longer be completely accurate. 
 

Impact of soil acidity on different wheat varieties (left front is 
an Al-susceptible variety) 

Soils change over time, and the rate of change is affected by climatic 
factors.  Older soils have been subjected to greater amounts of moisture, 
which can lead to cations (positively charged particles) becoming 
displaced from soil exchange sites and leached. 

Because the soil solution is a chemical system, 
there is a balance of charge in the soil. In the 
nutrients they use, crops take up basic cations 
(positively charged particles). Maintaining the 
charge balance in the soil requires replacement of 
these ions. Adding lime – calcium carbonate 
(CaCO3) – can do that. 

Acid-forming fertilizers (table 
located on slide 15) 



Nitrogen source Composition 
(Analysis) 

Lime required  
(lb CaCO3 / lb N) 

Anhydrous ammonia 82-0-0 1.8 
Urea 46-0-0 1.8 

Ammonium nitrate 34-0-0 1.8 
Ammonium sulfate 21-0-0-24 5.4 

Monoammonium 
phosphate 11-52-0 5.4 

Diammonium 
phosphate 18-46-0 3.6 

Standard values for the quantity of lime needed to 
neutralize the acidity generated by specific N fertilizers  
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Understanding Lime 
 
Black (1993) indicated that crops have varying response to soil pH, and will respond 
only if pH is limiting crop performance.  Corn (Zea mays L.) does not frequently 
respond differently to soil pH ranging from 5 to 6, while alfalfa (Medicago sativa L.) 
was strongly affected by this range, and soybean (Glycine max (L.) Merr.) response 
was intermediate (Barber, 1984).   

The table shows the amount of lime 
needed to rebalance the soil charge after 
production of various crops.  
 
Remember that yield and removal of plant 
material from the field are factors in this – 
since higher yields remove more nutrients 
from the soil, creating a greater imbalance. 
Note the much higher liming requirements 
for forage crops. 

Crop performance 
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Understanding Lime 
 
This seems reasonable if nutrient levels are sufficient; 
however, this is frequently not the case.  Most farmers 
use soil tests to aid in making management decisions, 
but comprehensive soil analysis procedures are not 
frequently requested due to higher cost of the tests.  
This can lead to hidden nutrient deficiencies (hidden 
hunger), causing economic problems associated with 
yield loss and misapplication of other nutrients to 
compensate for these deficiencies. 

Soil sampling 

Fall soil sampling in corn residue. 

Soil pH variation 
in a field. 
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Understanding Lime 
 
Soil pH is often considered a master variable, since it affects a wide range of soil chemical and 
biological properties.  
 

Soil pH 

Simply stated, soil pH is a measure of the hydrogen ion concentration in the soil solution 
(the combination of all the various components that make up the soil), with 7 on the pH scale 
being neither acidic nor alkaline. The higher the hydrogen ion concentration, the lower the soil 
pH and the greater the soil acidity. 
 
Acidity is usually reported as pH, which is the negative log of the hydrogen ion 
concentration and has a scale of 0-14.  
 
Typically, soil pH in Iowa ranges from 4.5 to 8.3. For optimal corn and soybean yields, Iowa 
State University Extension recommends a pH of 6.0 to 6.5. 
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Understanding Lime 
 Soil pH 

It is important to recognize that pH is a logarithmic scale, meaning each one-unit 
increment in pH equals a ten-fold change in acidity or alkalinity. This means that soil with a 
pH of 6.0 has ten times the hydrogen ion concentration as a soil with a pH of 7.0 



 
 

Soil pH affects many chemical 
and physical reactions in soil 

• Genetic potential 
 

• Availability of most essential 
nutrients 
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Understanding Lime 
 
Soil pH affects many different processes, including microbial activity, soil chemical reactions, 
and nutrient availability. 

Nutrient availability as affected by soil pH. 
http://sfbfp.ifas.ufl.edu/articles/article_2013_february.shtml     

Nutrient availability is largely determined by 
soil pH. Both macro- and micronutrients are 
affected, with micronutrients being the most 
sensitive since incremental changes in their 
availability can have a magnified 
significance.  Maintaining soil pH between 
6 and 7 is optimum for many nutrients. 
 
As soil pH values fall below 6.0, 
phosphorus (P), sulfur (S), calcium (Ca), 
and magnesium (Mg) are less available, 
while iron (Fe) and manganese (Mn) are 
more available.  At pH values above 7, 
many micronutrients such as Fe, Mn, and 
boron (B) are less available, while many 
macronutrients are much less affected. 

Soil pH 

http://sfbfp.ifas.ufl.edu/articles/article_2013_february.shtml


 
Soil pH affects many chemical 
and physical reactions in soil 
• Genetic potential 

 

• Availability of most essential nutrients 
 

• Activity of microorganisms 
 

• Herbicide performance 
 

• Solubility of non-essential (often toxic) 
elements; Aluminum (Al), heavy metals 
 



Soil acidity matters! 
• Al is soluble at pH levels below 5.5 

 

• Al completely saturates the exchange 
sites at pH 4 
 

• Al in soil solution is toxic to many plant 
roots 
 

• Al binds with P; greatly reduced P 
availability 
 



Understanding aluminum toxicity 

Toxic forms  
of Al are  

bioavailable 
at low pHs 

Aluminum 
toxicity is 
minimal 
above  
 pH 5.5 

http://www2. http://www2.ctahr.hawaii.edu/tpss/research_extension/rxsoil/alroot.gif 
lrot.gif 

http://www2.ctahr.hawaii.edu/tpss/research_extension/rxsoil/alroot.gif
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Understanding Lime 
 The use of lime to decrease soil acidity is one of the 
oldest practices in soil management (Thompson, 
1950).  One history of liming indicates that the 
practice dates as far back as 200 B.C., and it has 
been widely used in the United States since at least 
the 1920s (Linsley, 1929).   
 
Lime deposits are found in many areas and often 
have varying qualities including calcium (Ca) and 
magnesium (Mg) levels, moisture content, and 
impurities.   
 
Individual state laws have been enacted to account 
for these differences, and provide farmers with 
consistent information for comparing various 
materials.  Most states use a rating system or lime 
score that incorporates:  
 purity,  
 fineness (particle size), and  
 moisture content, which if high enough, reduces 

the lime score.  

. 

Lime blowing from field stockpile.  Courtesy of Craig 
Dick, Calcium Products, Inc. 
  



Limestone varies… 
  In mineral content 

   % Calcium 
   % Magnesium 
 

  In moisture content  
   % H2O 
 

  In chemical purity  
  (contaminants) 
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Understanding Lime 
 
Liming materials are currently evaluated using 
seventeen different methods in the U.S.   
 
One method commonly used is the Calcium 
Carbonate Equivalent (CCE) which compares 
the neutralizing power per weight of material 
relative to pure CaCO3.  Dolomitic limestone 
contains both CaCO3 and MgCO3 
(CaCO3

.MgCO3) and may have a higher rating 
than pure CaCO3, which is usually valued at 
100% CCE.  This is due to the lower molecular 
weight of Mg compared to Ca.   
 
The CCE value of a liming material is obtained by 
the Association of Official Analytical Chemists 
(AOAC) method 955.01 (North Central Research 
Publication, 2011), and results in the sample 
being boiled in hydrochloric acid (HCl) to increase 
the reaction speed and then reacted with  sodium 
hydroxide (NaOH). 

Spreading limestone. 
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Understanding Lime 
 
Dolomitic lime (CaCO3

.MgCO3) usually 
has a higher CCE rating than CaCO3 
although that does not necessarily result in 
better pH adjustment in field conditions.  
 
Pagani and Mallarino (2012) noted that the 
highest soil pH happened with CaCO3 
application and that dolomitic lime was 
less effective at neutralizing acidity.   
 
The difference was attributed to coarser 
particle size and lower Mg solubility 
(Pagani and Mallarino, 2012). 

Rate 
Mg ha-1 CaCO3 Calcitic Dolomitic 

0 5.53 5.73 5.70 
2 6.28 5.71 5.73 
4 5.81 5.81 5.58 
6 5.92 5.73 5.58 

10 6.03 6.01 5.73 
Mean 5.91a 5.80ab 5.67b 
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Understanding Lime 
Fineness of a liming material 
The fineness of a liming material determines the 
speed of reaction with the soil (Meyer and Volk, 1952).  
Finer ground materials will react faster due to 
increased solubility (Haby and Leonard, 2002).   
 
The fineness is typically given as the percentage of 
material that passes through sieves of specified mesh, 
which refers to the number of wires per inch; therefore, 
increasing mesh size will require material to be finer in 
order to pass through.   
 
As fineness increases, both the amount of surface 
area in a given quantity of material and its’ solubility 
are also increased (Haby and Leonard, 2002).  The 
effectiveness of a reaction is affected by dissolution, 
which is influenced by surface area, and finer grades 
(higher mesh) have more surface area per unit volume 
than larger grades (Haby and Leonard, 2002).   

Comparison of varying mesh sizes on effectiveness . 
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Liming Laws 

Each state has individual requirements on fineness, 
and most use a combination of different grade sizes:    

• Iowa uses 8, 30, and 60 mesh  
• Missouri uses 8, 40, and 60 mesh  
• Minnesota uses 8, 20, and 60 mesh   

 
Material that is coarser than 8 mesh is not considered 
effective due to its small surface and low solubility.  
Material that is finer than 60 mesh is considered the 
same effectiveness as 60 mesh under the laws 
currently in effect.   
 
Challenges to the current standards include: 

• a lack of recent published research in this area, 
 

• little interest in reviewing or examining the 
characteristics of liming materials compared with 
many other areas of soil fertility, and 
 

• available funds for research work.   

United States Laws 

Samples of 8, 30, and 60 mesh CaCO3 .  
Courtesy of Calcium Products, Inc.  



Dolomitic lime 
 

• Dolomitic limestone (CaCO3
.MgCO3) 

often has a higher rating than pure 
CaCO3 

 

• Higher lime score does not always 
result in better effectiveness vs. calcitic 
(CaCO3) (Pagani and Mallarino, 2012) 

 



Fineness effects 
• Speed of soil reaction is determined by 

fineness (Meyer and Volk, 1952) 
 

• Finer materials will react faster due to 
increased solubility (Haby and Leonard, 2002) 
 

• Dissolution is influenced by surface 
area 
 

• Finer grades (higher mesh) have more 
surface area per unit volume (Haby and Leonard, 
2002) 
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Liming Laws 
 

Countries in Europe currently utilize much different 
methods of evaluating liming materials.  
 
Germany uses the Sauerbeck/Rietz method, which 
measures the amount of 5 M HCl consumed during 
a ten minute titration, while also separating samples 
based on their particle size and provides results 
given as percent dissolution of neutralizing value 
(Erstad et al., 1996).   
 
Finland uses a method of automatically titrating 0.4 
M nitric acid (HNO3) to maintain a 5.0 pH while the 
sampled liming material is leached in water (H2O) 
for twenty-four hours (Erstad et al., 1996).  The 
consumption of HNO3 provides a measure of the 
neutralizing capability, and the results are given as 
percent dissolved Ca (Erstad et al., 1996). 

European Laws 

Dissolution testing equipment.  Courtesy of 
Dr. Andrew Hoiberg. 
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Other Liming Evaluation Methods 
 
Erstad et al., (1996) evaluated the Runge method 
(thirty-minute shaking of sample in 0.025 M HCl, 
followed by titration with 0.025 M NaOH to a 
colorimetric endpoint), and several others using the 
Ca:Mg ratio to distinguish between materials.   
 
The Runge method is not an official method, but 
may be a candidate for further study.  Their study 
attempted to correlate methods of determining 
reactivity of liming materials and regression 
equations.   
 
They noted that the critical particle size was 
between 0.4 and 0.8 mm, and that particle size 
impacted the results. Their results further noted that 
dolomite (CaCO3

.MgCO3) needs to be considered 
separately due to its’ characteristics, and that this 
already occurs under German fertilizer law (Erstad 
et al., 1996). 

Liming Laws 

Equipment for testing limestone dissolution.  Courtesy of  
Andrew Hoiberg. 



Why change now? 

• Unrecognized or misdiagnosed 
nutritional issues are often pH related 
 

• Current laws are dated (<1960) 
 

• Land resources are decreasing 
 

• Soil quality is declining 
 

• Need for food will increase in future 
 
 



We can do better 

Other crop management has improved 
dramatically since 1960… 

 

Genetics 
 

Fertility 
 

Management (except lime) 
 



We must do better than this! 



What’s Next? 
Dialogue among affected groups 

(industry, research, extension, growers) 
Identification of needed areas of 

improvement; revise current or adopt 
new standards 
Coalition to inform/educate, share 

knowledge and gain acceptance 
Lab & field research  

   



Quiz Question Examples 
What is not considered a liming material? 
 

 a. Burnt lime 
 b. Hydrated lime 
 c. Marl 
* d. Gypsum 
 
Aluminum ions become soluble as pH falls below 
5.5, and completely saturate the exchange complex 
at what soil pH level? 
 

 a. 6.7 
 b. 5.5 
* c. 4.0 
 d. 7.5 

 
 



Quiz Question Examples 
A lime sample contains a large proportion of 100 
mesh particles.  How does this affect the lime score 
under Iowa law? 
 
* a. The lime score is unaffected, since no credit is 

given once a material is processed finer than 60 
mesh 

 b. The lime score is doubled 
 c. The lime score is tripled 
 d. The lime score is cut in half 
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