
Soil Composition 
Air 



Soil Included Air 

The air in the soil is similar in composition to that in 
the atmosphere except, the oxygen levels are 
generally less than and the carbon dioxide levels 
are generally greater than atmospheric levels.  

Approximately 40 to 60% of the volume of a soil 
is actually empty space between the solid 
particles (voids). These voids are filled with air 
and/or water.  
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Water in equilibrium with ions 
H2O H+ + OH- 

When [H+] = [OH-] defined as a neutral solution, 

pH = 7 
[H+] = 0.0000001 = 10-7 

[H+] = concentration of  H +

[OH-] = concentration of  H 

O - 

Kw = [H+][OH-] = 0.00000000000001 = 10-14 



The pH scale 
[H+] = .1 = 10-1      pH = 1 
[H+] = .01 = 10-2      pH = 2 
[H+] = .001 = 10-3      pH = 3 
[H+] = .0001 = 10-4      pH = 4 
[H+] = .00001 = 10-5     pH = 5 
[H+] = .000001 = 10-6     pH = 6 
[H+] = .0000001 = 10-7     pH = 7 
[H+] = .00000001 = 10-8     pH = 8 
[H+] = .000000001 = 10-9     pH = 9 
[H+] = .0000000001 = 10-10    pH = 10 
[H+] = .00000000001 = 10-11    pH = 11 
[H+] = .000000000001 = 10-12    pH = 12 
[H+] = .0000000000001 = 10-13    pH = 13 
[H+] = .00000000000001 = 10-14    pH = 14 

Acid 

Neutral 

Alkaline 



Caus%c	

Corrosive	

[H+] = 1x10-1 

[H+] = 1x10-5 

[H+] = 0.1 

[H+] = 0.00001 

0.1 

0.00001 10,000 = 



[H+] = .0045 = 10-2.35    pH = 2.35 
 

[H+] = .000081 = 10-4.09    pH = 4.09 
 

[H+] = .00000036 = 10-6.44    pH = 6.44 
 

[H+] = .00000000067 = 10-9.17   pH = 9.17 

pH = -log[H+] 

How is pH measured? 



pH Meter 

pH = 6.84 
 

[H+] = 10-6.84  = .00000014
  



Effect of pH on Nutrient Uptake 





Adjusting the soil pH 

If the soil is too acid, the addition of lime is usually 
recommended to increase the pH. Liming materials 
are usually calcium and magnesium carbonates, 
oxides, and hydroxides. 

If the soil is too alkaline, the addition of sulfur is 
normally recommended to lower the pH. Elemental 
sulfur or acidifying fertilizers such as ammonium 
sulfate can be added as amendments.  
The addition of organic matter (especially Peat 
Moss) will result in a lowering of the pH. 



Plant Nutrients 



Nutrients mostly from air 
and water: 
   Carbon (CO2) 
   Hydrogen (H2O) 
   Oxygen (O2, H2O) 
 

 

 Primary Macronutrients 
 mostly from soil solids: 
    Nitrogen (NO3

-, NH4
+) 

     Phosphorus (H2PO4
-, HPO4

2-) 
    Potassium (K+, K2O) 

 

  

Plant Nutrients 
(17 – 21) 

depending on the source 

Micronutrients from soil 
solids: 
   Iron (Fe2+) 
   Manganese (Mn2+) 
   Boron (B(OH)4

-) 
   Zinc (Zn2+) 
   Copper (Cu2+) 
   Chlorine (Cl-) 
   Molybdenum (MoO4

2-) 
   Nickel (Ni2+) 
   Cobalt (Co2+) 
   Sodium (Na+) 
   Silicon (Si) 
   Vanadium (Va) 
 

 

Secondary Macronutrients 
mostly from soil solids: 
   Calcium (Ca2+) 
   Magnesium (Mg2+) 
   Sulfur (SO4

2-) 
 



Plant Nutrients 
(17 – 21) 

depending on the source 

Nutrients mostly from air 
and water: 
   Carbon (CO2) 
   Hydrogen (H2O) 
   Oxygen (O2, H2O) 
 

Very large amounts 

 Primary Macronutrients 
 mostly from soil solids: 
    Nitrogen (NO3

-, NH4
+) 

     Phosphorus (H2PO4
-, HPO4

2-) 
    Potassium (K+, K2O) 

 

 Large Quantities 



Fertilizers 
Fertilizer 
 Any organic or inorganic material of natural or synthetic 
origin added to a soil to supply certain elements 
essential to the growth of plants. 

Organic Inorganic 

Natural Synthetic 

NH3 

Ammonia 

Putrescine 

ORGANIC FERTILIZERS
Organic forms of fertilizers contain nutrients 
entirely from the remains or by-products of a 
once-living organism.

INORGANIC FERTILIZERS
Inorganic fertilizers contain nutrients entirely 
from nonliving or mineral sources.

Water Soluble Nitrogen (WSN) 
(Rapid-release Nitrogen) 

Water Insoluble Nitrogen (WIN) 
(Slow-release Nitrogen) 

Urea 





Fertilizer Components 
Nitrogen (N) 
 

Important component of Proteins, Nucleic acids, Lipids and Chlorophyll 
Increases stem and leaf production 
Decreases winter hardiness if applied too late in the season 
Deficiencies of nitrogen appear as reduced growth and yellowing of leaves 
Nitrogen quickly leaches out of soils 
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Fertilizer Components 
Phosphorus (P) 
 

Shoot and Root Growth
Essential for cell division
Important for emerging seedlings
Important for flowering
Important for pollen and seed formation
Needed to produce winter hardiness

Too much phosphorus interferes with nitrogen and micronutrient absorption

Lack of phosphorus causes reduced growth and flowering, and browning 
or purpling of foliage

Phosphorus moves slowly down through soil, and, therefore, should be 
incorporated at planting time*

*IF a soil test shows a P deficiency



Fertilizer Components 
Potassium (K) 
 

Used in rapidly growing tissue
Important in fruit formation
Necessary for photosynthesis and the formation of amino acids and proteins
Aids the plant in disease resistance and winter hardiness

Deficiency causes reduced growth, shortened internodes, leaf-margin burn, and 
a tendency to wilt

Potassium moves relatively slowly through soil



N-P-K Ratio 
Complete fertilizers (contain nitrogen, phosphorus 
and potassium) are labeled with three numbers. 
These correspond to the percentages of N, P (as 
P2O5) and K (as K2O) contained in the formulation. 
 
A common 10-10-10 fertilizer formulation contains 
10% N, 10% P (P2O5), 10% K (K2O) and 70% filler. 
 
Incomplete fertilizers contain only one or two of the 
NPK components. 

 46-0-0 (urea) 
 0-20-0 (superphosphate) 
 0-0-60 (muriate of potash) 



NPK practical problem 
You have purchased a 17.78 lb 
bag of Scotts Starter Fertilizer 
labeled 20-27-5. 
 
How many pounds of each 
ingredient N-P-K and filler have 
you purchased? 

  20% N 
  27% P (as P2O5) 
    5% K (as K2O) 
 

  52% Total 
 

  Therefore 48% filler 



Solution 
N: 20%  (0.20)(17.78 lb) = 3.56 lb N 
 
 
P: 27%  (0.27)(17.78 lb) = 4.80 lb P (P2O5) 
 
 
K: 5%  (0.05)(17.78 lb) = 0.89 lb K (K2O) 
 
 
filler: 100% - (20% + 27% + 5%) = 48% filler 
 
filler: 48%  (0.48)(17.78lb) = 8.53 lb filler 



http://www.math.umn.edu/~white/personal/fertcalc.html 



http://www.agry.purdue.edu/turf/fertcalc/Fertilization%20calc.html 



Plant Nutrients 
(17 – 21) 

depending on the source 

Nutrients mostly from air 
and water: 
   Carbon (CO2) 
   Hydrogen (H2O) 
   Oxygen (O2, H2O) 
 

Very large amounts 

 Primary Macronutrients 
 mostly from soil solids: 
    Nitrogen (NO3

-, NH4
+) 

     Phosphorus (H2PO4
-, HPO4

2-) 
    Potassium (K+, K2O) 

 

 Large Quantities 





Nutrients mostly from air 
and water: 
   Carbon (CO2) 
   Hydrogen (H2O) 
   Oxygen (O2, H2O) 
 

Very large amounts 

 Primary Macronutrients 
 mostly from soil solids: 
    Nitrogen (NO3

-, NH4
+) 

     Phosphorus (H2PO4
-, HPO4

2-) 
    Potassium (K+, K2O) 

 

 Large Quantities 

Plant Nutrients 
(17 – 21) 

depending on the source 

Micronutrients from soil 
solids: 
   Iron (Fe2+) 
   Manganese (Mn2+) 
   Boron (B(OH)4

-) 
   Zinc (Zn2+) 
   Copper (Cu2+) 
   Chlorine (Cl-) 
   Molybdenum (MoO4

2-) 
   Nickel (Ni2+) 
   Cobalt (Co2+) 
   Sodium (Na+) 
   Silicon (Si) 
   Vanadium (Va) 
 

Very Small Quantities 

Secondary Macronutrients 
mostly from soil solids: 
   Calcium (Ca2+) 
   Magnesium (Mg2+) 
   Sulfur (SO4

2-) 
 

Moderate Quantities 
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Soil Nutrients are Cations 

They are ions in water solution, 
but in soil they are mainly solid salts 



Ideal Soil 

√√  Mineral Salts 

Where are the available nutrients? 

Nutrients in solid 
form are NOT 
available to 
plants 

How do we make them available? 

Purple 
nutrient ion 
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Ideal Soil 

√√  Mineral Salts 

√√  
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Where are the available nutrients? 

**  

Where can 
plants get 
nutrients? 



Nutrient Cations in Solution 
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Ideal Soil 

√√  Mineral Salts 

√√  
Mg2+ 

Mg2+ 

K+ 

Fe2+ 

Ca2+ 

K+ 

**  

Where are the available nutrients? 

Where can 
plants get 
nutrients? 

Need a Fast 
Access 
Reservoir of 
Nutrient Ions 



Cation Exchange Capacity 
(CEC) 

Nutrient 
Cations in Solution 

Mg2+ 

Fe2+ Na+ 

K+ 

H+ 

Ca2+ 

Reservoir Surfaces 

Clay Particle 
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K+ 
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Organic Matter 
(Humus) Mineral Salts 

Fe2+ Mg2+ Ca2+ 

Mg2+ Ca2+ 

Fe2+ 

(Decomposed Organic Matter) 



Ideal Soil 
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Mg2+ 

Fe2+ Na+ 

K+ 

H+ 

Ca2+ 

Mg2+ 

Fe2+ 

Na+ 

K+ 

H+ 

Salts 

Clay Particle 

Organic Matter 
(Humus) 

Mg2+ Ca2+ 

Fe2+ 

Fe2+ Mg2+ Ca2+ 

Replenish 
nutrients 
in solution 

(SLOW) 

(FAST) 

Summary: 



Soil Cation Exchange Capacity 
 In most soils, 99% of soil cations can be found attached 
to clay particles & organic matter and 1% can be found in 
solution. 
 
Cations in the soil (mainly Ca++, Mg++, K+ and Na+) 
maintain an equilibrium between adsorption to the 
negative sites and solution in the soil water. 
 
This equilibrium produces exchanges -- when one cation 
detaches from a site (leaving it free), another cation 
attaches to it. 
 
Therefore, the negatively charged sites are called cation 
exchange sites. 
 
The total number of sites is the Cation Exchange 
Capacity or CEC 



Cation Exchange Capacity  

   The number of cation adsorption sites 
per unit weight of soil 

Clay Particle Organic Matter 
(Humus) 

CEC = Number Between 0 and 50 

Heavy Clay Sand 
(meq/100g) 



CEC > 15 meq/100g 

The Cation Exchange Capacity (CEC) is the capacity of the 
soil to hold positively charged cations such as K+, Mg++ and 
Ca++. If the CEC of your soil is less than 15.0 meq/100g (see 
soil test), add one inch of organic matter. If the pH is greater 
than 7.0, use peat moss as the organic matter source. 

The cation exchange capacity (CEC) of a soil is measure of 
the negative charge of the solid phase of a soil balanced by 
exchangeable cations. This negative charge is usually 
expressed in milliequivalents per 100 grams (meq/100 g) of 
soil. The CEC of a silt loam soil, for example, might be 18 
meq/100 g. 

Clay Particle Humus 



Soil 
Amendments 

 
When to 
Apply? 



Soil Test 



Soil 
Testing 

http://ohioline.osu.edu/factsheet/hyg-1132 



Remainder of Today 



Why particular adjustments are necessary. 

How to collect and submit a soil sample for testing. 

http://agsci.psu.edu/aasl 

How to interpret the results of the test in order to 
determine if amendments are necessary. 

https://njaes.rutgers.edu/soiltestinglab/ 



The first step is to determine the area that will be 
represented by the sample. 

Soil physical appearance, texture, color, slope, drainage, 
and past management should be similar throughout the 
area. 
 



http://go.osu.edu/soiltesting 



6-8 inch depth 

4-6 inch depth for Turf 

10-15 samples per area 

















Soil Testing 



Plant Nutrients (4): 
(potassium, phosphorus, calcium and magnesium) 

Soil Test Results 
 

Key plant nutrient levels and soil properties 
that could effect plant nutrient uptake. 



Nutrients mostly from air 
and water: 
   Carbon (CO2) 
   Hydrogen (H2O) 
   Oxygen (O2, H2O) 
 

Very large amounts 

 Primary Macronutrients 
 mostly from soil solids: 
    Nitrogen (NO3

-, NH4
+) 

     Phosphorus (H2PO4
-, HPO4

2-) 
    Potassium (K+, K2O) 

 

 Large Quantities 

Plant Nutrients 
(17 – 21) 

depending on the source 

Micronutrients from soil 
solids: 
   Iron (Fe2+) 
   Manganese (Mn2+) 
   Boron (B(OH)4

-) 
   Zinc (Zn2+) 
   Copper (Cu2+) 
   Chlorine (Cl-) 
   Molybdenum (MoO4

2-) 
   Nickel (Ni2+) 
   Cobalt (Co2+) 
   Sodium (Na+) 
   Silicon (Si) 
   Vanadium (Va) 
 

Very Small Quantities 

Secondary Macronutrients 
mostly from soil solids: 
   Calcium (Ca2+) 
   Magnesium (Mg2+) 
   Sulfur (SO4

2-) 
 

Moderate Quantities 



Plant Nutrients (4): 
(potassium, phosphorus, calcium and magnesium) 

Properties (3): 
 1. Soil pH 
 2. Buffer pH or Exchangeable Acidity 
 3. Cation Exchange Capacity (CEC) 

Soil Test Results 
 

Key plant nutrient levels and soil properties 
that could effect plant nutrient uptake. 







Cation Exchange Capacity 











Can’t Forget Texture 



U Mass 
Soil pH 
Buffer pH 

PSU 
Soil pH 
Acidity (exchangeable cations) 
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Triple Superphosphate 









for 
Questions? 


