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Soil pH affects many chemical 
and physical reactions in soil

• Availability of most essential elements
• Activity of microorganisms
• Ability of soil to hold cations
• Solubility of non-essential elements such as 

heavy metals
• Herbicide performance







Why do I need lime?





Wisconsin soil test trends, 
1964-1999
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What factors determine 
the lime needs of a soil

• Soil pH – determined by soil test
• Buffer pH – determined by soil test



Buffer pH
Organic matter

Soil pH



Figure 3.  Aglime rates required to 
reach target pH - Marshfield, WI.
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What factors determine 
the lime needs of a soil

• Soil pH – determined by soil test
• Buffer pH – determined by soil test
• Organic matter level – determined by soil 

test
• Target pH – determined by crop rotation

– Lime requirement for a target pH of 6.8 = 
2.0(1.64(6.8-pH)(OM-0.07)-0.046(SMP))



Target pH

• Alfalfa – 6.8
• Corn – 6.0
• Oats – 5.8
• Red Clover – 6.3
• Soybean – 6.3
• Pasture – 6.0



Target pH

• Rotation of Corn, Oats, and Alfalfa 
– Corn – 6.0
– Oats – 5.8
– Alfalfa – 6.8

• Alfalfa is the most sensitive so the target pH 
for the rotation is 6.8



Is all lime the same?



What determines the quality 
of a liming material

• Purity
– measure of CaCO3 equivalency 
– determined in the laboratory

• Fineness – a dry sieving process is used
– exact sieves used vary by state



The purity factor (CaCO3 ) Equivalent







Rate and Grade are both 
important in determining the 

effectiveness of a liming material



Lime Quality in Wisconsin

• In Wisconsin lime quality is listed by 
neutralizing index (NI)

– Fineness factor x Purity factor = NI

LR given for NI of 60-69 and 80-89



Variability exists between states

• All Midwestern states use a combination of 
chemical purity and particle size to rate lime



Sieves used by state

• Iowa – 4, 8, 60 mesh
• Illinois – 8, 30, 60 mesh
• Minnesota  and Wisconsin – 8, 20, 60 mesh
• Michigan – 8, 60 mesh





Calculating the Neutralizing 
Index of a liming material



Reporting terminology

• MN – LR in lbs/a of Effective Neutralizing 
Power (ENP)

• Example  a ton of lime with an ENP of 1000 
lbs/a is equivalent to a NI of 50



Reporting terminology

• IL – LR in tons/a based on Effective 
Calcium Carbonate (ECC) based on “typical 
lime”.

• MI- LR in tons/a based on their Calcium 
Carbonate Equivalency (CCE) or 
Neutralizing Value of 90.

• If the ECC and ECCE is approximately 85, 
this is nearly equivalent to a NI of 80-89



Summary

• The criteria used by states in the upper 
Midwest are quite similar

• ECC or ECCE of 85 = NI of 80-89
• ENP value (per ton)/ 20 = WI NI value



Any questions?



Mixing is Critical in Determining 
the Effectiveness of a Lime 

Application







Incorporation is critical





Figure 1.  Long-term trends in soil pH,
Hancock ARS

5.00
5.40
5.80
6.20
6.60
7.00
7.40

1976 1978 1980 1982 1984 1986 1988

Year

pH

target pH 7.0
       
       =  lime applied



Figure 2. Long-term trends in soil pH,
Marshfield ARS
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Utilization of different lime 
grades in Wisconsin by year
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Summary

• Local lime quarries producing 60-69 and 
50-59 NI aglime are the most common 
grades

• A significant amount of 80-89 is produced 
for transporting long distances 

• A significant amount of 80-89 is produced 
for transporting long distances



Lime Choice Worksheet



Depth of tillage affects the 
lime requirement of soils



When should I apply lime?



Any time you can







Long-term production trends
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Cropping, lime and N trends

• Alfalfa acreage is nearly the same as 30 
years ago

• Corn and soybean acreage has increased
• Annual sales of N have nearly doubled in 

the 30 year period 
• Lime sales are at about the same level as 

1975 

• Corn and soybean acreage has increased
• Annual sales of N have nearly doubled in 

the 30 year period
• Lime sales are at about the same level as 

1975



pH on Corn





Date of silking as affected by pH
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Marshfield Grain
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Marshfield Silage
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Spooner Grain
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Spooner Silage
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Arlington Grain
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Hancock Grain
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Hancock Sweet Corn
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Earleaf Mn content at silking
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Summary of corn response to liming

• Central and northern silt loam and sandy 
loam soils show little yield benefit to liming 
above pH 6.5 

• Influence on maturity may be a factor on 
somewhat poorly drained soils

• Little response seen on the sandy soils or 
the southern silt loams– Mn toxicity is less 
of a concern on these soils



Soil pH Effect on Soybeans



Effect of soil pH on soybean 
yield, Marshfield airport site
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Effect of soil pH on soybean 
yield, Marshfield station site
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Effect of soil pH on soybean 
yield, 2004
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One year old stand



One year old stand





Influence of pH 
on Alfalfa, 
Marshfield 



Alfalfa Yield by pH (1998-2000)
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pH Influence on Alfalfa Stand



Mn toxicity at low pH levels



Soil pH influence on 
root rot of Snapbeans



Effect of soil pH on crop yield 
response
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Can I lower the soil pH?



How does the soil become acid?



Causes of soil acidification

• Acidic parent material





Causes of soil acidification

• Acidic parent material
• Leaching of basic cations
• Crop removal of cations





Aglime required to replace basic 
cations in several crops

Crop Yield
Aglime 

Required

Corn grain 150 bu/a 25 lb/a
Corn silage 8 ton/a 250 lb/a
Soybean 45 bu/a 125 lb/a
Alfalfa 4 ton/a 685 lb/a
E.E. Schulte and L.M. Walsh. Management of Wisconsin Soils.



Causes of soil acidification

• Acidic parent material
• Leaching of basic cations
• Crop removal of cations
• Use of Nitrogen fertilizers



Acid forming fertilizers

• 2NH4 + 4O2 2NO3 + 2H2O + 4H+



Aglime required to neutralize 
acid forming N fertilizers

Nitrogen source

Pounds of aglime 
needed per pound of 

Nitrogen1

Ammonium sulfate 7.5
Diammonium phosphate 7.5
Anhydrous ammonia 5
Urea 5
Solutions (28% - 41% N) 4
Ammonium nitrate 4

1Approximation



Table 3.  Effect of nitrogen
on soil pH.
Nitrogen Application

(lbs/acre/year)* Soil pH
0 6.1
40 6.1
80 6.0
120 6.0
160 5.8
200 5.7

* Nitrogen application occurred each year for 5
years.



Table 4.  Aglime required to neutralize the
acidity produced from N additions in Wisconsin

Year
N Fertilizer N from

Manure* Total N

Aglime required to
Neutralize N**

-------------------------------Thousand tons---------------------------------
1982 247 48 295 1,180
1985 282 49 331 1,325
1990 235 46 281 1,124
1995 225 39 264 1,056

* 21 tons manure/cow/year
2.5 lbs NH4-N/ton

** 4 pounds aglime/lb N.



Table 4.  Aglime balance in Wisconsin

Year

Aglime required to
Neutralize N*

Aglime required to
replace basic

cations removed
annually**

Aglime
Sold

-------------------------------Thousand tons---------------------------------
1982 1,180 1,194 1,109
1985 1,325 1,055 1,182
1990 1,124 895 1,504
1995 1,056 663 1,161

* 4 pounds aglime/lb N.
** Corn grain silage and alfalfa areas only



Lime and Nitrogen sales by year
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Aglime required for cation 
replacement and soil neutralizing*
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Summary

• Annual lime sales are about equivalent in 
neutralizing power to acidity inputs from 
manure and fertilizer N

• Annual lime additions are keeping up with 
crop removal of basic cations 

• Annual lime additions are keeping up with 
crop removal of basic cations



Causes of Soil Acidification

Acidic parent material
Leaching of basic cations
Crop removal of cations
Use of nitrogen fertilizers
Other- Acid rain, industrial emissions 

internal combustion engines, etc.



Summary of factors in determining lime 
needs for a soil

Soil texture

Parent material
Agricultural factors - soil pH decline

N fertilizer and manure
Crop removal and leaching of bases
Cropping and management practices



Choosing Between 
Liming Materials

• Consider the cost per acre to achieve the 
desired pH
– The cheapest product may not be the best 

choice
– Need to know the NI and cost per ton (spread) 

of the material



Choosing Between 
Liming Materials

• Example
– 4 tons of 60-69 NI material at $13/ton results in 

a cost per acre of $52
– 3 tons of 80-89 NI material at $16/ton results in 

a cost per acre of $48
– The cheaper product may not always be the best 

buy



What is Ca:Mg ratio?

Ca  level
Mg level



Origin of “low” Ca:Mg 
ratios

1.  low Ca   
normal Mg

2.  normal Ca
high Mg

3.  very low Ca
low Mg



Moser (1933) examined 8 NY 
soils

• No relationship between Ca:Mg and 
yield (barley, red clover, corn, timothy)

• Significant factor was exchangeable Ca 
levels



Hunter (1949) varied soil Ca:Mg 
from 1:4  to  32:1
• No effect on alfalfa yield
• No effect on lignin content
• High Mg increased P uptake
• High Ca increased Ca uptake and 

decreased Mg and K uptake
• Sum of cations remained constant



Bear et al., 1945 examined 20 NJ ag. 
soils
Concluded “ideal” soil exchange sites
• 65% Ca
• 10% Mg
• 5% K
• 20% H



W.A. Albrecht and students -- Several papers from 
1937-1947

• No alfalfa nodules at pH 5.5 unless added Ca
• Adding Ca increased number more than raising 

pH
• N fixation affected by nutrients, not pH
• High yields increased when Ca variable

Artificial media
Few or no statistics



Claims for Creating High Soil Ca:Mg Ratios

• Improves soil structure
• Reduces weed populations
• Stimulates populations of earthworms and 

beneficial microorganisms
• Improves forage quality
• Excess soil Mg “ties up” and promotes leaching 

of other plant nutrients
• Better “balance” of soil nutrients
• Improved plant and animal health
• “Cows milk easier”



Ratio of exchangeable calcium to 
exchangeable magnesium in some Wisconsin 
soils 

 
Soil 

 
Ca:Mg ratio

  
Soil 

 
Ca: Mg ratio

     
Antigo 4.0:1  Norden 8.1:1 
Boone 1.0:1  Ontonagon 4.0:1 
Dubuque 4.0:1  Pella 3.9:1 
Fayette 6.3:1  Plainfield 6.1:1 
Kewanee 3.1:1  Plano 3.3:1 
Marathon 7.7:1  Withee 3.5:1 

 

 
Ratio is expressed on pounds per acre exchangeable basis



Simson et al (1979) studies

• pH 6.8
• Theresa sil and Plainfield ls
• Added 0 - 7,700 lb/a gypsum or 0 - 

15,400 lb/a Epsom salts
• Ca  425 - 1025 ppm
• Mg 120 - 195 ppm
• Ca:Mg 2.4 - 8.2



Effect of varying Ca:Mg ratios on alfalfa yield and 
plant nutrient levels

 
Soil 

  
Theresa sil 

 
Plainfield ls 

 
Ca:Mg 

 
Plant 

Ca:Mg 

 
Yield 

 
Plant 

Ca:Mg 

 
Yield 

   
T/a 

  
T/a 

 
2.4 2.15 3.31 2.48 4.14 
3.4 2.36 3.31 3.32 4.35 
4.8 2.87 3.40 3.35 4.12 
8.2 3.29 3.22 3.64 4.35 

 

selected data from Simson et al (1979)



Why no response to Ca:Mg inbalance

• Ca and Mg levels are relatively high 
in soil solution compared to plant 
uptake

• Plant K uptake is 2-4 times that of Ca 
and Mg

• Ca and Mg are supplied to roots by 
mass flow



Reid (1996) used 4 liming materials 
to create Ca:Mg ratios from 267:1 to 
1:1
• 5 lime rates (0 to 15 T/a)
• all interactions
• planted to alfalfa and birdsfoot trefoil



Effect of lime rate and Ca:Mg ratios on total alfalfa or trefoil yields 
(1975-1979)

tio Lime Rate 
__________________________

Lime Rate 
_______________________

 
0 

 
6 T/a 

 
15 T/a 

 
0 

 
6 T/a 

 
15 T/a

 
----Alfalfa Yield (T/a)---- 

 

 
----Trefoil Yield (T/a)----

 
      

1.2 11.2 11.9 4.2 8.4 9.3 
1.2 10.9 12.2 4.4 7.9 9.4 
0.9 11.1 11.0 3.9 8.0 8.9 
1.0 11.7 12.0 4.3 7.8 8.9 
1.2 11.5 11.6 3.3 7.5 8.9 
2 9 11 1 11 2 3 8 8 2 8 6

W.S. Reid (1996), Cornell



Recent Wisconsin Experiments

• 3 locations (River Falls, Pine Bluff, 
Marshfield)

• Added gypsum, Epsom salts, dolomitic 
lime, calcitic lime or pelletized calcitic lime 
to achieve various soil pH and Ca:Mg ratios

• At Marshfield and River Falls superimposed 
annual gypsum and Epsom salts treatments

• Grew corn followed by alfalfa



Measured:

• Yields
• Forage quality
• Earth worms
• Alfalfa stand (weediness)
• Compaction



Relationship between selected soil test parameters and 
various experimental measures at Marshfield, 1993 

 
Soil test 

parameter 

 
Alfalfa 
yield 

 
Alfalfa 
stand 

 
Weeds

 
Alfalfa quality 

 
Earthworms

     
CP ADF NDF

 

pH ** NS NS  * NS NS NS 
OM **(-) **(-) * *(-) NS NS * 
Exch Ca NS NS NS NS NS NS NS 
Exch Mg NS NS NS NS NS NS NS 
Exch K ** **(-) NS NS NS NS NS 
Exch 
Ca+Mg+K 

NS NS NS NS NS NS NS 

Ca:Mg NS NS NS NS NS NS NS 
 

Schulte et al, 1995



Relationship between selected soil test parameters and various 
experimental measures at River Falls, 1993

Soil test
parameter

Alfalfa
yield

Alfalfa
stand

Weeds Alfalfa quality Earthworms

CP ADF NDF

pH NS ** *(-) NS NS NS NS
OM NS **(-) NS NS NS *(-) NS
Exch Ca NS **(-) NS NS NS NS NS
Exch Mg NS NS NS NS NS NS NS
Exch K NS **(-) NS ** NS NS NS
Exch
Ca+Mg+K

NS **(-) NS NS NS NS NS

Ca:Mg NS **(-) NS NS NS NS NS
Schulte et al, 1995



Calcite vs. Dolomite



Conclusions

• Alfalfa yield related to exchangeable K and soil 
pH, not Ca:Mg

• Neither Ca or Mg additions affected weeds
• Earthworms related to organic matter, not Ca:Mg
• Alfalfa quality related to pH and stand, not Ca:Mg
• No justification to use calcitic over dolomitic lime 

or adding extra Ca



NCR 103 Committee 
NC Regional Publication 533 
Soil Cation Ratios for Crop Production
Concerns

– Levels could be balanced but too low
– No field research to support concept

Concludes
“A sufficient supply of available cations is the 

most important consideration in making 
economic fertilizer recommendations”
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