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Importance of Soil 

www.terraworx-usa.com 



Medium for 
Plant growth 

Recycling 
system 

Habitat for 
Soil organisms 

Water supply 
and purification 

Engineering Medium  

6 
Functions  

of Soil 

Modifier of the 
atmosphere 



Soil Particles 

Soil Air 

OM Soil H2O 

Soil: The Central Resource 



Havlin et al., 2005. Soil Fertility and Fertilizers 

Soil Plant Relationships 



 



Soil Orders of Maui 



Soil Diversity 
Kula: fertile ash soil Omaopio: fertile heavy clay soil 

Napili: infertile, acid soils 



Soil Formation 
Factors 
• Parent material 

• Age 

• Climate  

• Biota  

• Topography 

Processes 
• Additions 

• Transformations 

• Translocations 

• Losses 



olivine 

pyroxene 

Weathering of Parent Rock 

  Chemical Weathering 

Hematite 

Fe2O3 



Factors 
 Time 
 Parent Material 
 Climate  
 Biota 
 Topography 

Processes 

 Physical weathering 

 Chemical weathering 

Origin of Soil Diversity 
Time 

Parent Material 

Climate 



Andisols 

Oxisols 

Volcanic Ash 

Basalt 

J.D. Griggs 

http://volcanoes.usgs.gov/Imgs/Jpg/Photoglossary/30424305-008_large.JPG


Origin of Soil Diversity 
Climate - Precipitation Wet = high weathering, acid & infertile 

Haiku series 

Dry = less weathering, fertile 

Keahua series 



Soil Orders of Maui 



Andisols of Maui 

General Characteristics 

• light and fluffy (low bulk 

  density 

• high in organic matter 

• tendency to “fix” P 

 

Kula Series (dry areas) 

• Very fertile 

• well-suited to vegetable, 

  fruit, flower production 

 

Hana Series (wet areas) 

• Infertile (low in Ca & K) 

• P deficient 

A. McClellan 



Mollisols of Maui 

General Characteristics 

• fertile, productive soils 

• rich in Ca, K, Mg 

• shrink/swell clay 

 

Common Examples: 

 

 

Ewa 

Iao 

Kaupo 

Paia 

Pulehu, 

Wailuku 

A. McClellan 



Oxisols of Maui 

General Characteristics 

• moderately fertile soils 

• can be low in Ca, K, Mg 

• good physical properties 

 

Common Examples: 

 

 

Lahaina 

Molokai 

A. McClellan 



Ultisols of Maui 

General Characteristics 

• strongly acidic soils 

• depleted in Ca, K, Mg 

• good physical properties 

 

Common Examples: 

 

 

Alaeloa 

Haiku 

Honolua 

Makawao 

Olelo 
A. McClellan 



What is Soil? 

A horizon 

B horizon 

C horizon 



Soil Physical Properties 

1. Soil texture/structure 

2. Soil Water 

3. Soil Organic Matter 



Soil Texture 

Textural 

Class 

Percentage of 

Maui soils that 

fall within the 

major textural 

classes 

Silty clay 44% 

Silty clay 

loam 

23% 

Silty 

loam 

11% 

Loam 10% 

Clay  5% 

http://soils.usda.gov/technical/manual/print_version/complete.html 

http://soils.usda.gov/technical/manual/print_version/complete.html


Soil Texture 

Important Clay Minerals 

1. Kaolinite 
- non-expanding 

- Low CEC 

2. Al/Fe oxides 
-    non-expanding 

-    no CEC 

3. Smectite 

  -   expanding 

  -   high CEC 

4. Allophane 
-    high surface area 

http://www.cst.cmich.edu/users/Franc1M/esc334/lectures/physical.htm 



High Activity Clay 

Montmorillonite 

Properties: 
• Shrink/swell 

• High surface area 

• High nutrient retention (cation exchange capacity, 

CEC) 

• Sticky 

 

Some Important Clay Minerals 

• Non-expanding 

• Variable charge 

• Low surface area  

• Low CEC 

• Non-sticky Kaolinite 

Hematite 

• Non-expanding 

• Variable charge 

• Low surface area  

• Very low CEC 

• Non-sticky 



Soil Structure 



Andisols 

Oxisols 

Ultisols 

Entisols 

Well-drained soils that resist compaction  



Poorly-drained soils that compact easily 

Mollisols 



Adverse Effects of Soil Compaction 

 Reduced pore sapce 

 Increased bulk density 

 Root growth inhibition 

 Lower water holding 

capacity 

 Reduced water 

infiltration and 

percolation 

 Reduced aeration and 

anaerobic conditions 

 Increased erosion 
 

 

 



Soil Water 



Soil Texture and Water Retention 

Field capacity 

Permanent 

wilting point 

• Plant available 

water is water 

loosely held on 

particles surfaces 

accessible to plants 

• Unavailable water is 

water held close to 

particle surfaces or 

in micropores 



Soil Water Availability 

Soil water holding capacity depends on texture 
 

   

 

   



Soil Air 

O2 < 0.001% O2 ≈ 20% 



Soil Air 

   

 

 

 

CH2O    +    O2       =      CO2      +    H2O 

Respiration 

soil microorganisms  >  plant roots  >  soil animals 
 

http://faculty.plattsburgh.edu/robert.fuller/370%20Files/Weeks13

Soil%20Air%20&%20Temp/Respiration.htm 



Importance of Soil Air 

Loss of plant available N in saturated soils 

 In compacted and/or waterlogged soil, O2 is present 

in very low concentrations creating reducing 

conditions 

- Gaseous loss of plant available N 

- Increase in toxic levels of Manganese in some soils 

- Fermentation and production of toxic by-products of 

anaerobic respiration 
 

 



Soil Air 

Arenchyma transport O2  

from atmosphere down to  

root zone 





Soil Chemical Properties 

   

 

 

 

Cation Exchange Capacity 
CEC is defined as the degree to which a soil can adsorb and exchange cations  

(NH4
+, K+, Ca++, Mg++, Fe++…. )   

http://www.vabf.org/InfoImages/soil1.jpg http://www.extension.umn.edu/distribution/cropsyste

ms/images/6437f01.gif 

Negative surface charge 



Cation Exchange Capacity 

   

 

 

 

Cation Exchange Capacity 

1.  Clay surfaces 
• Smectite: 80 – 100 cmolckg-1 

• Kaolinite: 3 – 15 cmolckg-1 

• Al/Fe oxides: 0 cmolckg-1 

2. Organic matter 
• Humus: 200 cmolckg-1 

Keahua = moderate CEC 

Kula = high CEC 

Haiku = low CEC 



Soil Acidity 

   

 

 

 

Source of soil acidity 

- carbonic acid 

- organic acids 

- oxidation reactions 

- leaching 

- synthetic fertilizers 

- acid rain 

 

Negative Impacts 

- Ca and K deficiency 

- P deficiency 

- Al toxicity (pH < 5.5) 

- Mn toxicity (pH < 5.5) 

A. McClellan 



Soil pH is an Expression of Acidity/Alkalinity 

Typical pH range in soils 



Soil Acidity 

   

 

 

 

Cation Exchange Capacity  

http://ecology.botany.ufl.edu/ecologyf03/graphics/soilpH.jpg 



     

Negative Effects of Soil Acidity 
• Low nutrient retention 

(CEC) 

• Nutrient deficiencies 

– P deficiency 

 

 

 

 

 

 

– Ca deficiency 

 

 

 

P Fixation 





Low soil Al 

pH > 6.0  

High soil Al 

pH < 5.5  

Healthy root hair in soil with low Al 

Deformed root hair in soil with high  Al 

High Soil Aluminum Causes Root Damage 



 Ultisols/Inceptisols exisiting at low to 

moderate elevation (200-750 ft) with 

high rainfall (60-100 in/yr) 

Lahaina 

Haliimaile 

Alaeloa 

Haiku 

Olelo 

Pauwela 

Soils with Potential Al Toxicity 



 Oxisols/Inceptisols 

exisiting at low to 

moderate elevation 

(200-750 ft) with 

moderate rainfall 

(20-60 in/yr) 
Molokai 

Kahana 

Lahaina 

Soils with Potential Mn Toxicity 







calcium carbonate (CaCO3) 





Soil Biological Properties 

   

 

 

 

Soil Organic Matter  

http://www.soilandhealth.org/01aglibrary/ingam/Soil%20Food%20Web%

20%20NRCS%20SQ_files/soil_f1.gif 

Soils ≈ 5% OC 

Andisols 8 – 15% OC 



SOIL ORGANISMS 
-bacteria, 1 billion/g 

-actinomycetes, 200 million/g 

-fungi, 10-20 million/g 

-protozoa, 1 million/g 

-nematodes, 50/g 

 



Soil Organic Matter 

   

 

 

 

http://www.cartage.org.lb/en/themes/sciences/botanicalsciences/PlantHo

rmones/PlantHormones/soil.gif 

 Physical 
- Improves aggregation 

- Improves water holding  

    capacity (surface area) 

 Chemical 
- Increases nutrient availability  

    (N & P cycling, solubility) 

- Increases CEC  

- Buffers against pH changes 

 Biological 
- Increases microbial diversity 

- N fixation (rhizobia), P availability (myccorhiza) 

- Increases pathogen suppression 



Mycorrhizae 

Soil OM & Root Symbioses 

Rhizobium 



• Soils are a critical natural resource to be 
protected 

• Soils vary on the landscape 

• Different soils have different physical, 
chemcial and biological properties 

• Organic matter is foundational to soil health 
and productivity 

• Keep soil pH between 6 and 7 

• Use soil test to guide soil amendments 

• Apply appropriate amendments at the right 
time 

Summary 
 
 



Mahalo! 


