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Ø Environment and pH 
Ø Soil Testing  
Ø Fertilizer 
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Increase Fertilizer Efficiency 

Ø  The best way to get 
“more bang for your 
buck” 

Ø  You have to use 
fertilizer 

Ø  Focus on proper 
nutrient 

(ETT, 2008) 
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Watershed Implementation Plan 
Virginia Phosphorus Loads 

(Accomack-Northampton Planning District Commission, 2018) 



Phosphorus Mining 
Ø 30 to 50 year supply left in 

Florida. 
Ø The “good stuff” is gone. 
Ø 300 years worldwide? 



Watershed Implementation Plan 
Virginia Nitrogen Loads 

(Accomack-Northampton Planning District Commission, 2018) 



Crop Uptake and Removal 
P2O5 K2O 

Crop Yield Uptake Removal Uptake Removal 

----------------------Pounds per acre----------------------- 

Wheat 80 bu 54 40 184 28 

Corn 180 bu 102 79 240 52 

Soybeans 40 bu 38 32 144 56 
Sweet 
Potatoes 400 bu 68 52 295 224 

Tomatoes 40 tons 87 68 463 288 

(IPNI, 2009) 
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Neutrality 
pH value 
defines 
relative 

acidity or 
basicity 

pH = - log[H+] 



Efficient Fertilizer Use 



How does a soil become acidic? 

Ø Will happen in Virginia naturally. 
Ø Rain = pH of 5.6 
Ø Natural breakdown of minerals releases 

aluminum 
ü Acidic in the soil system 

Ø Soil microbe activity 
Ø Many fertilizers (depending on type) 

ü Nitrogen 
ü Sulfur 
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Soil Test 

Ø Determine soil pH 
Ø Determine nutrient 

levels 
Ø Soil test every 3 years 
Ø Soil test consistently 

(spring or fall) 
ü Watch values over time 

Ø Wide range of soils 



Varying Soils and Systems 



Cation Exchange Capacity 



Soil Testing Lab, Virginia Tech 

The greatest 
potential 

for error in soil 
testing 

is in taking the 
sample 



Accuracy is Key! 

Ø Test is only as good as your sample.  
ü Only about 3 oz. (10 g) of soil represents 20 acres 

or more 
Ø Depth 

ü 6 inches (or plow depth) 
ü 4 inches in no-till/yards/pasture 

Ø 20 cores from field or area 
ü Each core represents 2,000,000 pounds of soil 

Ø Mix well 



20 acres 



15 acres 

5 acres 





Soil Testing Lab, Virginia Tech 



Nutrient Stratification – grass or no-till 





Soil Testing Lab, Virginia Tech 
Garbage In ► Garbage Out 



Painter, VA: Potassium Levels 



Ø http://
pubs.ext.vt.edu/
452/452-124/452-12
4_pdf.pdf 

Ø Contact information 
Ø Crop to be grown 
Ø Last crop 

ü Residual nitrogen 

Ø Lime history 
ü Residual 

Ø Soil series 
ü Productivity 

Ø Test desired 



Ø http://
pubs.ext.vt.edu/
452/452-125/452-12
5_pdf.pdf 

Ø Contact information 
Ø Plant to be grown 
Ø Lime history 

ü Residual 

Ø Test desired 



Soil Testing Lab, Virginia Tech 

Soil Testing – Nutrient Extraction 



Sample Analysis 
Ø Inductively Coupled Plasma Atomic 

Emission Spectrometer (ICP) 

Soil Testing Lab, Virginia Tech 



Soil Test Report 



Crop response 
to fertilizer  



Nutrient Recommendation 



Nutrient Recommendation 



Nutrient Recommendation 



Southern Coastal Plain:  
Soil Test Summary 

Ø No soil test calibrations for sulfur or 
nitrogen. 



Past Lime Credit 



Lime Materials: 

Ø Effectiveness is Determined: 
ü Particle Size 
ü Neutralizing Power 



Neutralizing Power or      
Calcium Carbonate Equivalency 

(CCE) 

Ø CaCO3 set to 100. 
Ø All other materials 
compared to it. 



Properties of various lime 
materials 

Material
Chemical
Formula CCE Comments

Calcitic CaCO3 100 Supplies Ca

Dolomitic CaCO3 +
Ca.MgCO3

109 Supplies Ca & Mg

Burned CaO 150-175 Absorbes H2O

Hydrated Ca(OH)2 120-135 quickly, caustic

Marl CaCO3 70-90 Unconsolidated



200 mesh 

20 mesh 

10 mesh 

100 mesh 

1/8” 

3/16” 

1/4” 

1/2” 

3/4” 



FINENESS 

 
IPNI 





Soil Test Report 



Lime recommendations 
Ø Water pH = pH “now” 

ü What the plant currently “sees” 
ü Not used unless target pH is more than 0.2 

points higher 



Lime recommendations 
Ø Buffer pH = Used for lime recommendations 

ü Active and reserve acidity 
v What the plant “sees” now and what the plant will 

see in the future. 
ü Takes out “salt” effects 

v Can cause a water pH change of 1 unit or more 



March 2011 Updated. 
http://www.soiltest.vt.edu/PDF/recommendation-guidebook.pdf 

Ø Soil test report 
buffer index = 6.23 

Ø How much lime? 



March 2011 Updated. 
http://www.soiltest.vt.edu/PDF/recommendation-guidebook.pdf 

Ø Soil test report 
buffer index = 6.23 

Ø What if I put out 
100 lbs./1000 sq. 
ft.? 



March 2011 Updated. 
http://www.soiltest.vt.edu/PDF/recommendation-guidebook.pdf 

Ø Soil test report 
buffer index = 6.40 

Ø Water soil pH = 5.8 
Ø How much lime? 



March 2011 Updated. 
http://www.soiltest.vt.edu/PDF/recommendation-guidebook.pdf 

Ø Soil test report 
buffer index = 6.40 

Ø Water soil pH = 5.8 
Ø How much lime? 
Ø 20 lbs./1,000 sq. ft. 

ü Based on 0.2 
points below 
desirable pH of 6.5 



pH Importance 

Low pH = Mo Def. High pH = Mn Def. 



Outline 

Ø Environment and pH 
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Soil Test Report 



Reading a Fertilizer Label 

Ø What does this mean? 
Ø 14-0-26-19S 



Reading a Fertilizer Label 
Ø 14-0-26-19S 



Reading a Fertilizer Label 

Ø 4-3-3 



Take Home Message 

Ø Only put out the nutrients you need! 
Ø Monitor soil nutritional “health” via soil 

samples 
Ø Plant tissue samples are useful for finding 

deficiency problems 
Ø Tissue and soil test if unsure of problem: 

ü Good area 
ü Bad area 

Ø Tissue = short term fix; Soil = Long term 



QUESTIONS? 

Ø Follow us on Facebook:  
Ø Virginia Tech Eastern Shore AREC Crop & Soil 

Environmental Sciences 
Ø http://www.facebook.com/EasternShore.Soils 

Ø Mark Reiter 
Ø 757-414-0724 ext. 16 
Ø mreiter@vt.edu 



Outline 

Ø Environment and pH 
Ø Soil Testing  
Ø Plant Tissue Testing 
Ø Troubleshooting 



Taking Plant Tissue Samples 

Ø Avoid samples contaminated with dust 
or soil. 
ü Shake, brush off, wash if needed 

Ø Do not sample plants with other 
problems. 
ü Diseased 
ü Insect injury 
ü Mechanically damaged 



Taking Plant Tissue Samples 

Ø Mail the sample in a paper bag 
ü Do not mail in a plastic bag 
ü Let the sample air dry if wet to prevent 

mold 
Ø Sample at the correct growth stage 
Ø Sample the correct plant part 
Ø Make sure everything is labeled 



Growth Stage 
http://pubs.ext.vt.edu/424/424-100/PDF_part7.pdf 



Growth Stage 
http://pubs.ext.vt.edu/424/424-100/PDF_part7.pdf 



Sufficiency Ranges 
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Troubleshooting 

Ø Take at least four representative 
samples 

Ø Soil 
ü Good area 
ü Bad area 

Ø Plant Tissue 
ü Good area 
ü Bad area 





Nutrient Stratification – grass or no-till 



How Lime Works 

Ca2+  

clay - 
- 
- 

- - 
- 
- - 

- - - 
Al+++  

clay - 
- 
- 

- - 
- 
- - 

- - - 

CaCO3 (Lime) 

Al(OH)2
+ +   H2O    +   CO2  

(Water) (Carbon  
 Dioxide) 

H2O 

Al+++ + 2H2O --> Al(OH)2
+ + 2H+ 

Ca++  +  HCO3
-  +  OH- 



How Lime Reduces  
Soil Acidity 

Ø A Ca2+ ion from the lime replaces two H+ 
ions on the cation exchange complex. 
ü But realize, Ca is not actually reducing the 

number of H+ ions. 
Ø The H+ ions combine with OH- to form 

water. 
Ø Soil pH increases because the acidity 

source (H+) has been reduced. 



Neutralizing Acidity with Lime 

CaCO3 +  H2O            Ca++  +  HCO3
-  +   OH-  

Displaces 
Al & H from 
Clay 

Breaks down to  
carbon dioxide 
+ water 

Combines with H+ 
released from the clay 
or from Al-OH 
to form water 



How Lime Works 

Ca2+  

clay - 
- 
- 

- - 
- 
- - 

- - - 
H+  
H+  

clay - 
- 
- 

- - 
- 
- - 

- - - 

CaCO3 (Lime) 

+   H2O    +   CO2  
(Water) (Carbon  

 Dioxide) 

Ca++  +  HCO3
-  +  OH- 





Soil Testing Lab, 
Virginia Tech 

Lab’s web site 
www.soiltest.vt.edu 

Sampling 
instructions 

Report 
Notes 



http://pubs.ext.vt.edu/424/424-100/424-100.html 



BAD – Yellow Plants 

GOOD – Green Plants 



BAD – Yellow Plants 

GOOD – Green Plants 



Ø Sulfur greened up the wheat 
Ø Higher soil pH would probably 

aggregate low Mn concentrations 
ü Mg and Ca borderline low = low pH 

Ø Drought? Sandy? 

BAD – Yellow Plants 



BAD – Yellow Plants 

GOOD – Green Plants 

? 

? 

Soil Test Needed 


