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Soil Plant Relationships 



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 Formation 
Factors 
• Parent material 

• Age 

• Climate  

• Biota  

• Topography 

Processes 
• Additions 

• Transformations 

• Translocations 

• Losses 



Soil Diversity 
Hamakua: infertile ash soil Kohala:  fertile clay soils 

 infertile ash soils 

Waimea: fertile, ash soils 

Puna/ka`u: a’a/pahoehoe soils 



Andisols 

Histosols 

Volcanic Ash 

Basalt 

J.D. Griggs CTAHR 

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


What is Soil? 

A horizon 

B horizon 

C horizon 



Soil Texture 

Clay Properties: 
• Microscopic size 

(<0.002 mm) 

• Extremely high 

surface area 

 - water retention 

 - chemical 

reactions 

 - biological 

activity 

• Clay surfaces carry 

charge (-/+) 



Weathering of Parent Rock 

  Chemical Weathering 

Allophane 

CaAl2Si2O8 



• Tubular structure with 

both exterior and interior 

surfaces 

• Extremely high surface 

area >1,000 m2 per 

gram 

• Very high water holding 

capacity 

• Excellent structure 

• High surface charge 

• High chemical reactivity 

   

Properties of Allophane 

Allophane is the clay mineral 

in ash soils. It has extermely 

high surface area  



Soil Water 



Soil water holding capacity depends on texture 
 

   

 

   

Soil Water Availability 



Too Little Water 
 Drought 
 Low nutrient 
     availability 
 Poor plant growth 

Too Much Water 
 Nutrient leaching 
 Nitrogen loss as 

gas 
     NO3

-             N2O 



Soil Structure and Water Flow 

• Soils with strong  

     stable aggregates 

     have good drainage 

 

• Aggregate stability 

depends on clay 

mineralogy 

 

• Oxide-rich red soils 

have strong 

aggregates with 

good physical 

properties 



Soil air 
 Oxygen is essential for most 

life forms. In soil it supports a 

diverse microbial population 

and is required for root 

metabolism 

 

 
 

 

Loss of plant available N in saturated soils 

 In 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 

 

 

 



High Activity Clay 
Clay Minerals & Soil Chemical Properties 



 Clay minerals 

 - CEC/AEC 

 - P fixation 



Cation Exchange Capacity 

http://www.vabf.org/InfoImages/soil1.jpg 



Phosphorus Fixation 

Under acidic conditions P forms strong bonds with Fe 

and Al clay surfaces 

P is not available for plant use 



 Soil acidity/alkalinity 



Soil pH is an Expression of Acidity/Alkalinity 

Typical pH range in soils 



Soil pH Affects Nutrient Availability 

False staghorn fern (Dicranopteris linearis)  

an indicator of very acidic soils 



Soil Acidity and Alkalinity 
Acid Soils 

- high rainfall/leaching 

- carbonic acid 

- organic acids 

- oxidation reactions 

- synthetic fertilizers 

- acid rain 

Alkaline Soils 

- arid climates 

- carbonate accumulation 

- sodium accumulation 

-  

 

 

Negative Impacts 

- low fertility (i.e., Ca and P 

deficiency 

-  Al toxicity (pH < 5.5) 

-  Mn toxicity (pH < 5.5) 

Negative Impacts 

- micronutrient deficiencies 

- P deficiency 

- high salinity 

- poor drainage 



 

 To raise pH 

- Reduce existing/potential toxicities (Al & Mn) 

- Increases P availability (reduces P fixation) 

- Supply of Ca & Mg 

- Target pH 6.0 – 6.5 

- Liming can be expensive because soils are 
buffered (clay content and OM) 

 Liming Materials 
- Calcium carbonate (CaCO3) 

- Dolomite 

- Organic matter detoxifies Al 

Liming Corrects Soil Acidity 



 





Soil Organic Matter 

Nutrients 
present 

Nutrients 
absent 



Organic Matter Quantity and Quality 
Central to Fertility 

Organic matter 

Soil nutrient 
status 

Soil physical 
conditions 

Soil biological 
activity 



Soil Nutrient Pools 

Soil Solution 

Clay  
Minerals 

Soil Organic 
Matter 

NO3 

K+ Ca2+ 

Mg2+ 
HPO3

-  

Soil organisms Soil organisms 



Soil 
Organic 
Matter 

Improves Soil Physical  

Properties 

• Enhances soil structure 

• Increases water infiltration 

• Increases water retention 

• Decreases bulk density 

Improves Soil Chemical  

Properties 

• Essential nutrients 

• Increases CEC 

• Detoxifies Al 

• Buffers pH  

Improves Soil Biological Properties 

• Increases microbial abundance and diversity 

• Creates disease suppressive soils 

• Increases nutrient cycling and availability  



Decomposers 
bacteria 

fungi 

Organic Inputs 

Nutrient 
Release 

mineralization 

immobilization 

Organic Matter and Nutrient Dynamics 

N-rich materials 
Manures, legume 

residues 

C-rich materials 
Wood chips, saw 

dust, straw 



    Mineralization:  microbial conversion of organic N 

into plant available inorganic forms (NH4
+, NO3

-)  

N Mineralization 

Weeks
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Sunn Hemp

Organic forms of N  

in soil organic matter 
NH4

+ NO3
- 

High N 

Materials 

Fish meal 

Animal manures 

Green leaves 



    Immobilization:  assimilation of inorganic N forms 

(NH4
+, NO3

-) into the microbial biomass 

N Immobilization 

NH4
+ NO3

- 
Microbial Biomass 

High C:N Biochar 

High C Materials 

• Wood chips 

• Saw dust 

• Coconut husk 

• Dried leaves 



 Amount of clay  

 Type of clay 

  

Soil Fertility Depends on: 

 Soil Organic Matter 

 Soil Acidity 



Part II 



     

Essential Plant Nutrients 

Macronutrients 

Micronutrients: B, Cu, Fe, Mn, Zn, Mo, Ni, Co, Cl 



    Mobile                 Immobile 

Nutrient Mobility in Plants 



    Mobile                 Immobile 

Nutrient Mobility in Plants 

 Symptoms appear in 

older leaves first 

• nitrogen 

• phosphorous 

• potassium 

• magnesium 

 Symptoms appear in 
younger leaves first 
– sulfur 

– calcium 

– boron, iron, manganese, 
zinc, copper, 
molybdenum, chloride 

 



Nitrogen – chlorosis older leaves 

Phosphorus – purpling on older leaves 

Potassium – chlorosis on edges of older leaves 

Calcium – necrosis of growing points 

Magnesium – interveinal chlorosis on older leaves 

Sulfur – chlorosis on new leaves 

Iron – interveinal chlorosis on new leaves 

Manganese – mottled interveinal chlorosis on new leaves 

Zinc – interveinal chlorosis in bands on new leaves 

Nutrient Deficiency Symptoms 



 
1. Visual symptoms 

2. Soil test 

3. Tissue test 

Diagnosis 
 



Deficiency Symptoms 
 

Old Leaves 



Soil Tests 

 Soil tests determine 
how much nutrients 
are in the soil 

 Soil tests are used to 
make fertilizer 
recommendations 

 Soil tests improve 
fertilizer application 
efficiency  



Critical concentration (expected result) 

Deficiency 
Sufficiency 

Soil Test Calibration 



Soil Test Printout 



Soil Test Printout 



Management for Soil Quality 

“Feed the Soil” 

 

Organic Matter 

Compost 

 

Supplemental 

Nutrients 

Courtesy E. Brennan 



• Decomposed organic materials 

• Dark material with particle size < 2.5 cm 

• No foul odor 

• pH = 6.0 – 7.0 

• Balanced nutrient concentrations 

Compost Properties 



Benefits of Compost 
Soil Physical Properties 

• Improve soil structure 

• Increase water retention 

• Decrease bulk density 
  

Soil Chemical Properties 

• Source of essential nutrients 

• Increase nutrient retention (CEC) 

• Detoxify Al 

• Buffer pH  

Soil Biological Properties 

• Increase microbial abundance and diversity 

• Create disease suppressive soils  



N Fertilizers 

Organic 
 Fish meal (≈10% N) 

 Feather meal (12 - 13% N) 

 Chicken manure (≈3% N) 

Conventional 
 Urea (46-0-0) 

 Ammonium sulfate (21-0-0) 

 16-16-16 

 Calcium nitrate 

 Potassium nitrate 



P Fertilizers 

Organic 
 Bone meal (≈12-15% P) 

 Rock phosphate (2-5% P) 

 Chicken manure (2-3% P) 

Conventional 
 TSP (0-45-0) 

 DAP (18-46-0) 

 10-30-10 



Potassium Fertilizers 

Organic 
 Wood ash 

 Seaweed 

 Green sand 

 Sulfate of potash (0-0-50) 

Conventional 
 Muriate of potash: 0-0-60 

(49.8% K) 

 Sulfate of potash: 0-0-50 

(41.5%) 



Blended Fertilizers 

%N 

%P2O5 

 

%K2O 
 

Common Blends 

  10-10-10 

  16-16-16 

  10-30-10 





• Good tilth  

- Low bulk density 

- Well-aerated 

- Good structure 

- Good drainage 

• High water retention 

• High capacity to retain and 
supply nutrients 

• Near neutral pH (6.0 – 7.0) 

• Biologically diverse and 
active 

High Quality Soil 



 Soils provide critical ecosystem 

services 

 Clay mineralogy affects soil behavior 

 Soil pH affects nutrient availability 

 Organic matter makes a difference 

 Soils vary on the landscape 

 If we know our soils we can manage 

them well 

Summary 


