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Reasons for Soil Testing:Reasons for Soil Testing:

•• Maximize yieldsMaximize yields
by proper soilby proper soil
fertility conditionsfertility conditions

•• Minimize inputMinimize input
costscosts

•• Limit adverseLimit adverse
environmentenvironment
impactsimpacts



Manage Nutrients with Soil TestingManage Nutrients with Soil Testing

•• Soil analysis is scienceSoil analysis is science
based and removes based and removes ““guessguess

workwork””..

•• Fertilizer is expensive. SoilFertilizer is expensive. Soil
tests provide informationtests provide information

on appropriate levels ofon appropriate levels of

nutrients needed.nutrients needed.

•• Soil testing results haveSoil testing results have

been calibrated bybeen calibrated by

experiments to gauge cropexperiments to gauge crop

response for many years.response for many years.



pH and LimingpH and Liming



pH: power of HydrogenpH: power of Hydrogen

•• pH = negative log of HpH = negative log of H++ concentration concentration

–– Lower pH indicates greater H+ levelsLower pH indicates greater H+ levels

•• pH 7.0+ Micro nutrient availabilitypH 7.0+ Micro nutrient availability

•• pH 6.0-5.0 N, P, & K availabilitypH 6.0-5.0 N, P, & K availability

•• pH 5.0- pH 5.0- MnMn & Al toxicity & Al toxicity



““WaterWater””  vsvs  ““SaltSalt”” pH pH

•• Water pHWater pH

–– Measure in 1:1 slurryMeasure in 1:1 slurry

with distilled waterwith distilled water

–– World standardWorld standard

•• Salt pHSalt pH

–– Measure in i:1 slurry withMeasure in i:1 slurry with

0.01M CaCl0.01M CaCl22 solution solution

–– Missouri, S. Africa, & N.Missouri, S. Africa, & N.

IrelandIreland

–– More stable during yearMore stable during year

Less sensitive to soilLess sensitive to soil

fertility conditionsfertility conditions

–– 0.5 units less that water0.5 units less that water

pHpH

ACID                NEUTRALACID                NEUTRAL            BASE           BASE



pH, Buffer pH, &pH, Buffer pH, &

Lime requirementLime requirement
•• pHpH

–– Measure of active acidity: Is there a problem?Measure of active acidity: Is there a problem?

•• Buffer pHBuffer pH

–– Measure of reserve acidity:Measure of reserve acidity:

•• Lime requirementLime requirement

–– Combination of both pH and Buffer pHCombination of both pH and Buffer pH

–– Based on crops to be grownBased on crops to be grown

–– Sands<Silt loams<GumboSands<Silt loams<Gumbo



Salt pH Requirements ofSalt pH Requirements of

Major CropsMajor Crops
CottonCotton 6.1-6.56.1-6.5

CornCorn 6.1-6.56.1-6.5

SoybeanSoybean 6.1-6.56.1-6.5

RiceRice 5.6-6.05.6-6.0

AlfalfaAlfalfa 6.6-7.06.6-7.0

FescueFescue 5.6-6.05.6-6.0

BurmudagrassBurmudagrass 5.6-6.05.6-6.0



ENM-Effective NeutralizingENM-Effective Neutralizing

MaterialMaterial

•• Amount of acidity that will be neutralized in 3 yearsAmount of acidity that will be neutralized in 3 years

•• Calculated based on:Calculated based on:

–– Chemical compositionChemical composition

•• Limestone = 100% CCELimestone = 100% CCE

•• Dolomite = 109% CCEDolomite = 109% CCE

–– Fineness of grindFineness of grind

•• > 8 mesh=0%; 8-40 mesh=25%;  40-60=60%;  <60=100%> 8 mesh=0%; 8-40 mesh=25%;  40-60=60%;  <60=100%

••  ENM/ton=  ENM/ton= %CCE%CCE  XX  fineness factorfineness factor  XX  800800

                  100                   100                   100100



White Lime,White Lime,

Red LimeRed Lime

& Ca/Mg Soil Ratios& Ca/Mg Soil Ratios



Role of Ca & Mg in plantsRole of Ca & Mg in plants

•• CaCa

–– VegetativeVegetative

growthgrowth

•• Cell wallsCell walls

•• Stiffening ofStiffening of

stemsstems

•• MgMg

–– ChlorophyllChlorophyll

–– Energy transferEnergy transfer

•• Storage in seedsStorage in seeds



Ca/Mg removal by cropsCa/Mg removal by crops

CropCrop Ca grainCa grain Mg grainMg grain

CornCorn    0.02   0.02    0.06   0.06

SoybeanSoybean    0.20   0.20    0.23   0.23

RiceRice    0.04   0.04    0.05   0.05

SorghumSorghum    0.07   0.07    0.08   0.08

CottonCotton    3.00   3.00    4.00   4.00



Ca/Mg removal by cropsCa/Mg removal by crops

CropCrop Ca grainCa grain Mg grainMg grain Ca Ca stoverstover Mg Mg stoverstover

CornCorn    0.02   0.02    0.06   0.06    0.19   0.19    0.14   0.14

SoybeanSoybean    0.20   0.20    0.23   0.23    1.5   1.5    0.22   0.22

RiceRice    0.04   0.04    0.05   0.05    0.12   0.12    0.06   0.06

SorghumSorghum    0.07   0.07    0.08   0.08    0.31   0.31    0.15   0.15

CottonCotton    3.00   3.00    4.00   4.00    25.0   25.0    8.00   8.00



Ca/Mg removal by cropsCa/Mg removal by crops

CropCrop Ca grainCa grain Mg grainMg grain Ca Ca stoverstover Mg Mg stoverstover

CornCorn    0.02   0.02    0.06   0.06    0.19   0.19    0.14   0.14

SoybeanSoybean    0.20   0.20    0.23   0.23    1.5   1.5    0.22   0.22

RiceRice    0.04   0.04    0.05   0.05    0.12   0.12    0.06   0.06

SorghumSorghum    0.07   0.07    0.08   0.08    0.31   0.31    0.15   0.15

CottonCotton    3.0   3.0    4.0   4.0    25.0   25.0    8.0   8.0

AlfalfaAlfalfa    28   28    5.0   5.0

FescueFescue    10   10    4.5   4.5

BurmudaBurmuda    10   10    5.0   5.0



Ca/Mg supply by limeCa/Mg supply by lime

•• White limeWhite lime

–– CaCOCaCO33

–– 40% Ca40% Ca

•• 800 lb Ca/t800 lb Ca/t

•• Red limeRed lime

–– CaMgCOCaMgCO33

–– 22% Ca22% Ca

•• 440 lb Ca/t440 lb Ca/t

–– 13% Mg13% Mg

•• 260 lb Mg/t260 lb Mg/t



            

2 year average lint yields and Ca/Mg (weight/weight) soil ratio

 for a 45 acre production field in Hornersville, MO. 
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2 year average lint yields and Ca/Mg (mole/mole) soil ratios

 for a 45 acre production field in Hornersville, MO.
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2 year average lint yields and Mg % of CEC for

a 45 acre production field in Hornersville, MO. 
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2 year average lint yields and Mg as a % of Mg + Ca 

calculated on a molar basis for a 45 acre production 

field in Hornersville, MO.
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2 year average lint yields and Mg as a % of Mg + Ca 

calculated on a weight basis for a 45 acre production 

field in Hornersville, MO.
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Experimental DesignExperimental Design

•• Gypsum (CaSOGypsum (CaSO44) & Epsom Salt (MgSO) & Epsom Salt (MgSO44))  usedused

to produce a range of soil Ca/Mg ratios.to produce a range of soil Ca/Mg ratios.

•• Randomized and replicated complete block.Randomized and replicated complete block.

•• Plant tissue samples collected at first square,Plant tissue samples collected at first square,

first bloom, and first open boll growth stages.first bloom, and first open boll growth stages.

•• Harvested for lint yield, lint graded for fiberHarvested for lint yield, lint graded for fiber

properties.properties.

•• Soil samples collected after harvest.Soil samples collected after harvest.



Treatments and Ca/Mg Soil RatiosTreatments and Ca/Mg Soil Ratios

MaterialMaterial Ton/aTon/a Ca/MgCa/Mg

CaSOCaSO44 5.65.6 11.711.7

CaSOCaSO44 3.73.7 11.611.6

CaSOCaSO44 1.71.7 10.510.5

ControlControl  0.00.0 10.210.2

MgSOMgSO44 1.71.7 7.57.5

MgSOMgSO44 3.73.7 7.07.0

MgSOMgSO44 5.65.6 4.04.0

MgSOMgSO44 7.47.4 3.83.8



Ca-Mg Ratios and K Uptake at

First Square
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Ca/Mg Soil Ratios & 3-yearCa/Mg Soil Ratios & 3-year

Average Cotton Lint YieldsAverage Cotton Lint Yields

Ca/Mg soil ratioCa/Mg soil ratio Cotton lint yield (lb/a)Cotton lint yield (lb/a)

11.711.7 897     897     

11.611.6          821         821

10.510.5 902902

10.210.2 868       868       

7.57.5 789       789       

7.07.0 840       840       

4.04.0 889      889      

3.83.8 878       878       

LDSLDS(0.05)(0.05) NSNS



The Real QuestionThe Real Question

 Red (Dolomotic) or Red (Dolomotic) or

 White (Calcitic) Lime? White (Calcitic) Lime?

 2000 Study:2000 Study:

Compares Red and White Lime atCompares Red and White Lime at

Same Effective RatesSame Effective Rates



TreatmentsTreatments

1) Check1) Check

2) White lime @ 2.2 ton/acre2) White lime @ 2.2 ton/acre

1,100 ENM/a  /  510 ENM/ton = 2.2 ton/a1,100 ENM/a  /  510 ENM/ton = 2.2 ton/a

3) Red lime @ 1.8 ton/acre, 11.6% Mg3) Red lime @ 1.8 ton/acre, 11.6% Mg

1,100 ENM/a  /  620 ENM/ton = 1.8 ton/a1,100 ENM/a  /  620 ENM/ton = 1.8 ton/a

11.6% Mg x 2,000 x 1.8 = 418 lbs Mg/a11.6% Mg x 2,000 x 1.8 = 418 lbs Mg/a

4) White lime @ 2.2 ton+418 lbs Mg/acre4) White lime @ 2.2 ton+418 lbs Mg/acre 
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Cotton Lint YieldsCotton Lint Yields

    20002000 20012001 20022002 AverageAverage

CheckCheck   663 a  663 a 829 b829 b 682 a682 a   725 b  725 b

White limeWhite lime   809 a  809 a 937 937 abab 713 a713 a   820 a  820 a

Red limeRed lime   847 a  847 a 934 934 abab 729 a729 a   838 a  838 a

White+MgWhite+Mg   722 a  722 a 983 a983 a 683 a683 a   796 a  796 a



Conclusions:Conclusions:

•• Ca/Mg soil ratios, however calculated, wereCa/Mg soil ratios, however calculated, were

poorly correlated to cotton lint yieldspoorly correlated to cotton lint yields

•• Altering Ca/ Mg  soil ratios did notAltering Ca/ Mg  soil ratios did not

significantly effect cotton lint yields.significantly effect cotton lint yields.

•• White lime increased soil pH faster than redWhite lime increased soil pH faster than red

lime.  This may be due to greater solubility forlime.  This may be due to greater solubility for

white lime.white lime.

•• Lime, white or red, significantly increasedLime, white or red, significantly increased

cotton lint yields.cotton lint yields.



What about Gypsum (CaSOWhat about Gypsum (CaSO44)?)?

• For Sharkey Clay soil: 1&2 ton rates

• Increased saturated hydrologic

conductivity

• Decreased bulk density

• Numerically increased yields

• Cost: $40/ton



How aboutHow about

PelletizedPelletized

Lime?Lime?



PelletizedPelletized lime: lime:

As AdvertisedAs Advertised
•• Made from finelyMade from finely

ground limeground lime

•• Easy to handleEasy to handle

•• Relatively expensiveRelatively expensive

•• Reacts quickly with soilReacts quickly with soil

•• Use at lower rates thanUse at lower rates than

agag-lime-lime

•• May be blended withMay be blended with

fertilizersfertilizers
Ag-lime                    Pell-limeAg-lime                    Pell-lime



PelletizedPelletized lime: lime:

as Deliveredas Delivered
•• Made from finelyMade from finely

ground lime, formedground lime, formed

into a pelletinto a pellet

•• Follow theFollow the

instructions on theinstructions on the

bag?bag?



Ag-lime and Pell-lime compared atAg-lime and Pell-lime compared at

equivalent effective ratesequivalent effective rates

•• Soybean field acidified by adding 1 tonSoybean field acidified by adding 1 ton

elemental sulfur, pH = 3.5elemental sulfur, pH = 3.5

•• Each product compared at same effectiveEach product compared at same effective

rate, MU recommendation was 1209 ENM/arate, MU recommendation was 1209 ENM/a

–– Ag-lime = 2.4 ton/aAg-lime = 2.4 ton/a

–– Pell-lime =1.7 ton/aPell-lime =1.7 ton/a



Ag-lime and Pell-lime compared atAg-lime and Pell-lime compared at

equivalent effective ratesequivalent effective rates

•• Soybean field acidified by adding 1 tonSoybean field acidified by adding 1 ton

elemental sulfur, pH = 3.5elemental sulfur, pH = 3.5

•• Each product compared at same effectiveEach product compared at same effective

rate, MU recommendation was 1209 ENM/arate, MU recommendation was 1209 ENM/a

–– Ag-lime = 2.4 ton/a Ag-lime = 2.4 ton/a $43$43

–– Pell-lime =1.7 ton/a Pell-lime =1.7 ton/a $187$187
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Soybean Yields for Lime RatesSoybean Yields for Lime Rates
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Pell-lime banded at low ratesPell-lime banded at low rates

Pell limePell lime         Yields (        Yields (bubu/a)/a)

      raterate In furrowIn furrow dribbledribble

    0 lb    0 lb       --------27--------      --------27--------

   4 lb   4 lb      27     27     26    26

   8 lb   8 lb      19     19     26    26

  12 lb  12 lb      28     28     31    31

  16 lb  16 lb      31     31         3131



Pell-lime as a rescue treatmentPell-lime as a rescue treatment

•• Low pH 4.9, discovered after corn wasLow pH 4.9, discovered after corn was

planted.planted.

•• Compare Compare ““price equivalentprice equivalent”” rates of  rates of agag--

lime & lime & pellpell-lime. 1 ton -lime. 1 ton agag-lime = 200 lb-lime = 200 lb

pellpell-lime-lime

•• Surface applied & incorporated withSurface applied & incorporated with

normal weed control tillagenormal weed control tillage



Ag and Pell Lime RescueAg and Pell Lime Rescue

Rates for CornRates for Corn
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Pell-limePell-lime

  1 ton/a  1 ton/a

Pell-limePell-lime

200 lb/a200 lb/a

Ag-limeAg-lime

 1 ton/a 1 ton/a

$110/a

$11/a

$18/a



PelletizedPelletized Lime Conclusions: Lime Conclusions:

• As effective as Ag lime at same ENM

application rates

• Not a “quick fix”

• Follow the instructions on the bag

• Cost an issue



All Soil Test RecommendationsAll Soil Test Recommendations

for P & K Include:for P & K Include:
•• Critical LevelCritical Level

–– Yield loss below this levelYield loss below this level

•• Crop removalCrop removal

–– How much goes out with the cropHow much goes out with the crop

•• Build-upBuild-up

–– Extra added to keep soil testing above targetExtra added to keep soil testing above target
level.level.

•• Rotation?Rotation?



%%

RelativeRelative

YieldYield

Lbs. K/acreLbs. K/acre
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The cost of being belowThe cost of being below

the critical level for K:the critical level for K:

$0

$50

$100

$150

$200

100 85 50 0

Based on $5.00/bu riceBased on $5.00/bu rice

lbs K/acre below 200lbs K/acre below 200



MU critical levels for cropsMU critical levels for crops

•• PP

–– Row crops except for rice: 45 lbs/a by Bray 1Row crops except for rice: 45 lbs/a by Bray 1

–– Rice: 35 lbs/a by Bray 1Rice: 35 lbs/a by Bray 1

•• KK

–– Row crops except for rice: 220 + (5XCEC)Row crops except for rice: 220 + (5XCEC)

lbs/a by Ammonium acetatelbs/a by Ammonium acetate

–– Rice: 125  + (5XCEC) lbs/a byRice: 125  + (5XCEC) lbs/a by

Ammonium acetateAmmonium acetate



Crop removal for row cropsCrop removal for row crops

in lbs for 1 bu/ain lbs for 1 bu/a

CropCrop PP22OO55 KK22OO SS

CornCorn 0.350.35 0.250.25 0.070.07

Cotton Cotton 

(1 bale)(1 bale) 20.020.0 16.016.0 4.54.5

RiceRice 0.280.28 0.170.17 0.040.04

SorghumSorghum 0.400.40 0.250.25 0.090.09

SoybeansSoybeans 0.900.90 1.501.50 0.200.20

WheatWheat 0.600.60 0.400.40 0.100.10



Grain Removal:Grain Removal:

Rice & SoybeansRice & Soybeans
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Build Up:Build Up:

•• Fertilizer added above target level + cropFertilizer added above target level + crop
removal to keep soils testing in optimumremoval to keep soils testing in optimum

rangerange

•• Select from 1-8 yearsSelect from 1-8 years

–– 1 year, add more in a good year?1 year, add more in a good year?

–– 8 year, limit inputs in bad years?8 year, limit inputs in bad years?

•• MU default is 8 years, A&L is 4MU default is 8 years, A&L is 4



Weighing optionsWeighing options

• 1 or 3-year buildup

Puts strain on cash flow

• 8-year buildup

Short-term yield lose?



Emerging ModelEmerging Model

Crop
Price

Most Profitable
Buildup Program

     P     K

Fertilizer Price

     P     K

Initial Soil Level

Years
1

2

3

4

5

6

7

8
low

high

low

Example: Fescue



High value cropHigh value crop

Crop
Price

Most Profitable
Buildup Program

     P     K

Fertilizer Price

     P     K

Initial Soil Level

Years
1

2

3

4

5

6

7

8low low

high

Example: Rice



Rice yields 3-year averageRice yields 3-year average

1631638-year8-year

1631634-year4-year

1621621-year1-year

149149N onlyN only

2004-62004-6

bubu/acre/acre

PK BuildupPK Buildup

Rice targetRice target



Soybean yields: 3-year averageSoybean yields: 3-year average

50508-year8-year

51514-year4-year

56561-year1-year

4444No fertilizerNo fertilizer

2004-62004-6

bubu/acre/acre

PK Buildup SoyPK Buildup Soy

targettarget



Fescue yields: 3-year cumulativeFescue yields: 3-year cumulative

6.16.18-year ($197)8-year ($197)

6.46.44-year ($256)4-year ($256)

6.66.61-year ($289)1-year ($289)

3.13.1

4.34.3

No fertilizerNo fertilizer

N only ($89)N only ($89)

2004-62004-6

ton/acreton/acre

PK BuildupPK Buildup



Soil Test ValuesSoil Test Values

  Hay  Hay PasturePasture

P     KP     K   P     K  P     K

CheckCheck 99 198198   10   207  10   207

1 year1 year 4848 252252   51   311  51   311

4 year4 year 2727 210210   29   241  29   241

8 year8 year 15   22815   228   15   235  15   235



Picking a soil lab: All labsPicking a soil lab: All labs

produce good test resultsproduce good test results

•• Turn around timeTurn around time

•• RecommendationsRecommendations

–– Can you ask for different crops and yields?Can you ask for different crops and yields?

–– Are they field verified?Are they field verified?

•• CostsCosts

•• Pick a lab and stick with it!Pick a lab and stick with it!



When to SampleWhen to Sample

•• Try to sample the same time of the yearTry to sample the same time of the year

•• pHpH

–– pH lower in summerpH lower in summer

•• KK

–– Wet soil tend to have higher K valueWet soil tend to have higher K value

–– Plant uptake may lower P & K values duringPlant uptake may lower P & K values during

peak growing season.peak growing season.



Get a Representative SampleGet a Representative Sample

•• A soil test recommendation cannot beA soil test recommendation cannot be

any better than the sample given!any better than the sample given!

•• If cost is an issue, better to caricaturizeIf cost is an issue, better to caricaturize

one area and extrapolate than to collectone area and extrapolate than to collect

an average sample of both.an average sample of both.



Core number effect variabilityCore number effect variability
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Implication of required coreImplication of required core

numbernumber



Get a good average for your fieldsGet a good average for your fields

•• Fourteen sub-samples make a statisticallyFourteen sub-samples make a statistically

reproducible reproducible ““compositecomposite””

•• Sample across the whole areaSample across the whole area

•• Sample to tillage and rooting depthSample to tillage and rooting depth

•• Avoid noticeably different spotsAvoid noticeably different spots



Depth and location of coreDepth and location of core

effect variabilityeffect variability
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Remember:Remember:

In our history, some ofIn our history, some of

our most highly trainedour most highly trained

people have been thepeople have been the

ones taking soil samplesones taking soil samples


