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As defined by Hans Jenny, the Father of 

Soil Science:

1. Mineral:  Sand, silt, clay

All minerals properly balanced

2. Organic matter

3. Organisms

4. Abiotic factors

What is soil? 



A Healthy Food Web Will: 

ÅSuppress Disease (competition, inhibition, 
consumption; no more pesticides!)

ÅRetain Nutrients (stop run-off, leaching)

ÅNutrients Available at rates plants require 
(eliminate fertilizer) leading to flavor and 
nutrition for animals and humans

ÅDecompose Toxins

ÅBuild Soil Structure ï(reduce water use, 
increase water holding capacity, increase 
rooting depth) 





Appearance 

Function

To make sure everyone has an idea of 

what each organism group looks like:

Morphology

Function:

What each group does



400X Total Mag

Bacteria, Aggregates, Roots, Ciliate 

(Protozoan)



Numbers: Species or Individuals 

We need to understand both species and 

individuals, butéé   

A high number of species means all the 

functions of that group could be done; a low 

number means missing functions. 

ALSO need lots of individuals of each species 

active, doing their jobs to get the work 

performed.

BOTH have to happen.



Bacteria, fungi, humus, aggregates: 

400X total magnification 



Numbers versus Biomass

One elephant versus one mouse? 

One fungus versus one bacterium?  

Which is more important? 

The largest organism on this planet is a fungus.  

Bacteria are much smaller   

How do you compare function of a single 

fungus with a single bacterium?

Biomass, not numbers





Josh Webber: PortmoreGolf 
Course North Devon, UK



Endo -

Mycorrhizal 

Fungus

(VAM)

Infecting roots
Arbuscles

Extramatrical 

hyphae



David Reid

Ecto-

Mycorrhizal 

fungi on pine 

seedling

How much 

more of the soil 

can the plant 

get nutrients 

from?



Bacteria make glue that hold small particles 

together, build ñbricksò

Fungi mortar the bacterial bricks together to 

build walls, floors, ceilings and doors.  

Fungi condense the simple compounds in soil 

into ever more complex forms, and thus are 

most responsible for making humus 

Structure in soil; 

Holding nutrients 



Predator Morphology

Protozoa, Nematodes 



Flagellates, soil bacteria ï400 X mag



I live in the town of 

Vegetable Roots and eat 

aerobic bacteria the plant 

grows around its roots.  

Beneficial Nematodes
Hi!  Iôm Alaimus!

My mouth and lip hairs let you know who I am.

If bad-tasting anaerobic bacteria start 

growing or things get too disturbed, I leave.  

My job is turning excess nutrients in bacteria into 

plant-available forms of those nutrients.   



Bacteria and fungi form a massive wall around 

roots, because plants feed them

Protozoa and nematodes are attracted to the 

large number of their prey

Because nutrients are so much higher in bacteria 

and fungi than in their predators, excess 

nutrients are released, but in plant available 

forms

Nutrient Retention 



Fungal-feeding 

nematode



Predatory Nematode



Root-feeding 

nematode



Videos of Life in the Soil 

Critter Movies!



Healthy plants 

ÅDonôt need toxic chemicals to grow

Å Have the proper balance of nutrients 

Å So they taste good and satisfy hunger 

Flavor depends on the balance of ALL nutrients  

Where do plants get their nutrients?

All but two nutrients come from the soil.  

So, human nutrition comes from soil. 

Why be concerned with soil life? 



Element Soils (mg/kg) 

Median                Range

In the Earthôs 

crust (mean) 

In Sediments 

(mean)

O 490,000 - 474,000 486,000 

Si 330,000 250,000-410,000 277,000 245,000 

Al 71,000 10,000-300,000 82,000 72,000 

Fe 40,000 2,000-550,000 41,000 41,000 

C (total) 20,000 7,000-500,000 480 29,400 

Ca 15,000 700-500,000 41,000 66,000 

Mg 5,000 400-9,000 23,000 14,000 

K 14,000 80-37,000 21,000 20,000 

Na 5,000 150-25,000 23,000 5,700 

Mn 1,000 20-10,000 950 770 

Zn 90 1-900 75 95 

Mo 1.2 0.1-40 1.5 2 

Ni 50 2-750 80 52 

Cu 30 2-250 50 33 

N 2,000 200-5,000 25 470 

P 800 35-5,300 1,000 670 

S (total) 700 30-1,600 260 2,200

Minerals in soil (Sparks 2003) 
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All the mineral nutrients plants need are 
already in your soil

ÅYou do not need to add more!

ÅBUT ---- Mineral nutrients need to be 
converted to SOLUBLE forms for plants to 
be able to take them up

ÅWhat converts minerals to soluble forms? 

ÅSOIL LIFE 



ÅOrganic:  many say ñcontains carbonò, but this is not 
correct.  Organic materials are compounds that contain 
CHAINS of carbon produced through photosynthesis.

ÅSoluble: can dissolve in water, typically either organic 
compound or a salt because there has to be a positive and 
negative charge on the compound so water will bind and 
allow it to dissolve.

ÅMineral : Not organic, typically forms a salt.

ÅMineralized: converted from organic to mineral.

ÅImmobilized: Does not move with water; bound to 
something organic (organism, organic matter).

Definitions for the coming discussion:



Total ï

everything 

Exchangeable -

easily pulled off 

surfaces; easy to 

make soluble

Soluble ï

dissolved in soil 

solution; 

potentially 

available to plants

Nutrient Pools in Soil

Without organisms to 

retain the soluble 

nutrients that a plant 

does not take up, or to 

change plant-not-

available forms in plant-

available forms, no new 

soluble nutrients will 

occur.   Plants will 

suffer.

What biomass of each 

organism is needed so 

the plant gets the 

nutrients it needs? 

Bacteria, Fungi, 

Protozoa, 

Nematodes

Microarthropods



Pine seedlings and mycorrhizalfungi (David Reid)

Balance is 

everything, but 

who controls the 

balancing act?

Plants: Exudates

Bacteria/Fungi

Protozoa, 

nematodes,  

microarthropods

earthworms
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What happens if all or part of those beneficial 
organisms are killed by:

- Tilling or disturbing the soil too often or too 
much?

- Pesticides, 

- Inorganic fertilizers, i.e. salts? 

How do you get soil life back? 

Not just bacteria, not just fungi, the 

WHOLE FOODWEB is required



ÅThey perform all the processes of: 

Åmaking nutrients plant available; 

Åbuilding soil structure; 

Åsuppressing diseases and pests 

ÅPlants feed bacteria and fungi through root exudates, and 

dead plant material.  

ÅHighest numbers of bacteria and fungi are around the roots.

ÅBacteria and fungi solubilize mineral nutrients from rocks, 

sand, silt and clay.  

ÅBacteria and fungi are eaten by protozoa, nematodes, 

microarthropods, and earthworms (predators).

ÅPlant-available, soluble nutrients are released  

Organisms do all the work in soil.



Consequences of organisms doing their jobs

Soil structure improved; roots go deeper

ÅWater holding increased; donôt need to irrigate

ÅNo need to rotate crops; 

ÅBalanced nutrients in plant material, healthy 

plants, not susceptible to diseases 

ÅHealthy people



A Healthy Food Web Will: 

ÅSuppress Disease (competition, inhibition, 
consumption; no more pesticides!)

ÅRetain Nutrients (stop run-off, leaching)

ÅNutrients Available at rates plants require 
(eliminate fertilizer) leading to flavor and 
nutrition for animals and humans

ÅDecompose Toxins

ÅBuild Soil Structure ï(reduce water use, 
increase water holding capacity, increase 
rooting depth) 



How do you keep soil life at 
maximum activity when it is most 

important to the plant?  

ÅMaximum diversity of everything

ÅThe right balance of organisms the plant needs

ÅBut they need to be constantly fed small 
amounts 
Åtoo much, soil goes anaerobic 

Åtoo little, not enough nutrient cycling, soil 
structure isnôt maintained, 

Århizosphere disease-patrol isnôt maintained

ÅHow do you keep soil life constantly fed? 



Examples of results of getting 
the biology ñrightò:

Boston Tree Preservation;  SafeLawns



Date F:B P:N Notes

Soil before 

starting: 

October  

5: 300

Want: 300:300

0 : 4 Rf

Want: 

10,000 Prot

No difference 

b/t grass; 

flowers; veg: 

trees areas

Compost 

Autumn   

250:300 plus 

humic acids 

(fungi)

Protozoa 

20,000; No 

nematodes

Mulch under 

trees, shrubs. 

VAM spores

Soil

March 15 

150:400 F: 10,000

A:  5,000

C:  none

Bf nemasonly

Monitoring



Date F:B P:N Notes

Compost for 

Tea, March 

(needed help)

225: 1050 F: 8,000

A: 1,000

C:  none

Bf and Ff: 

15/g

Compost tea, 

April

150: 900 No 

protozoa. 

No nemas

Fungal foods 

add protozoan 

infusion 

Soil, April

(2 wks later)

300:750 F: 10,000

A: 15,000

C:  25

Bf nemasonly



Date F:B P:N Notes

Compost for 

Tea, May

200: 2050 F: 10,000

A: 1,000

C:  none

Bf and Ff: 

15/g

Compost pre-

treated with 

fungal foods

750:450 F: 15,000

A: 25,000

C:  25

No nemas 

detected 

(disturbance)

Compost tea, 

May

350: 550

Humic acids 

added

Protozoan 

infusion 

added. 

No nemas.  

Soil, May 550: 900 F: 30,000

A: 5,000

C:  25

Bf nemas



Date F:B P:N Notes

Compost pre-

treated with 

fungal foods

1050:500 F: 10,000

A: 5,000

C:  25

Bf nemas

Compost tea, 

June 

500: 300

Humic acids 

trees, shrubs

F: 20,000

A: 15,000

C:  25

Bf nemas.  

Soil 

June 15  

450:450 grass

450:225 shrubs

700: 300 trees

F: 30,000

A: 25,000

C:  100

Bf, Ff and 

Pred



1. A BEFORE picture 

a. Organisms in the soil BEFORE starting; 

b. Organisms in the compost, extract or tea

c. Compaction, diseases, fertilityé.etc

2. On-going

a. Organisms in the soil after applying compost 

/extract / tea or any amendment 

b. Pictures through the course of the project and 

especially when the biology is fixed

c. Yields

Monitoring needed for a project



Assessing Soil

What organisms are in my soil?

What problems are present

Soil Detective School



Starting outééé

Examine the property:   

a. Map of property, what plants where ?

b. What problems in the past? Diseases, 

insects, poor fertility, compaction? 

Pesticides, herbicides, inorganic 

fertilizers used in the past?

c. Best and worst growth areas? 

d. Compaction problems? What caused 

compaction ïpenetrometer readings

e. Erosion issues? Nutrients leached?



Choose what you want to know about  



Number the points, 

randomly draw numbers 

out of a hat, sample from 

those points

Wet 

area Weed 

patch

Ridge line

Split field  into habitat areas. 

Grid each area, number each 

grid section, pick numbers, 

sample from each point

Consider topography



Sample from half way 

between the drip line and 

the stem or crown of the 

plants you care about

The bigger the area or the 

larger the plant, the more 

points should be sampled. 

Choose within an area 

randomly. 

1

4

3

2

A

A

A

Dripline

Stem or 

Crown

Half way 

between

3-inch 

deep, 

1 inch 

wide 

core



How to Sample Soil

Pick representative fields or areas to sample; AT 

LEAST 3 of each

Randomly choose from all the possible places

Half-way between stem and dripline using a 

coring tool such as an apple corer

Sealable SANDWICH or SNACK size plastic 

bags; label and send to lab or examine 

yourself



Dealing with Biology

ÅDetermine what is missing: Microscope Tests

ÅWhat biology and balance is needed for different 
plants?
ÅCheck for factors that affect soil biology
ÅCompaction, disturbances, water

ÅAdd organisms using compost, extracts, tea

ÅConsider if inoculants, bio-control agents might be 
needed short term.

ÅAdd foods to help beneficial organisms 

ÅMonitor to make sure improvements have occurred, 
that organisms are performing their functions



A Biological Plan 

ÅAutumn ï
ÅApply organisms to soil, especially to residues, to prevent 

disease growth, improve soil structure all through the 
winter

ÅMonitor to determine what survived, what might need to 
still be added

ÅPre-Plant ï
ÅApply organisms to soil and foods based on monitoring 

from fall

ÅSeed ï
ÅApply organisms, foods, mycorrhizal fungi to the seed, or 

to soil below the seed

ÅFoliar applications through spring
Åprotect leaves from diseases, foliar feed nutrients



Figure out what is missingé. 

ÅWhat life selects for the plant you want need? 
ÅSuccession and Soil Life  

ÅWhy arenôt the organisms there?  
ÅIs there a compaction problem? Toxic chemicals? 

Disturbance?

ÅChemistry is a consequence of what organisms 
do
ÅRemoving ñexcessò minerals isnôt the right 

approach.  Leaching does not remove just one 
chemical, everything is likely leached
ÅToxic chemicals will need to be remediated by 

getting organisms to decompose



Sample the compost, tea, extracté

Is it really compost? 

Sample when mature (cooled to ambient 

temperature)

Three to five sub-samples; more if large 

piles

Choose a consistent depth to sample from

Sample just before use to make sure life is 

maintained in pile 



How much compost, tea or extract? 

That all depends on the organisms in the 
compost!

Å1 to 10 tons per acre per application of solid 
compost depending on the organisms in the soil and 
in the compost

ÅIf foliar disease observed, then ACT:  10 to 15 lb of 
compost in 500 gal applied at 1 to 5 to 20 gal per 
acre.  

ÅSeed dressing: coat the seed 

ÅExtract: 1 to 5 to 20 gal per acre per application 
depending on organisms (spring, fall). 



Test to Determine Success 

ÅMonitor to make sure beneficial soil organisms 
increase to correct levels, correct balance, and 
maintain those levels and balances. 

ÅMonitor measures of health 
ÅCompaction, puddling

ÅWatering requirements

ÅYields, tillers, plant color, brix 

ÅDisease, pests

ÅFertility



Background

Lessons I learned along the way



Soil Microbiologist

St. Olaf College, Double Major in Biology and 
Chemistry

Masterôs, Texas A&M, Marine Microbiology

Ph.D., Colorado State University, Soil Microbiology
Research Fellow, University of Georgia 

Assistant, Associate Professor, Oregon State 
University (1986 ï2001)

Rodale Institute, Chief Scientist 2011 - 2013

President, Soil FoodwebInc., 1996 ïpresent
Labs in many places around the world

Elaine Ingham, B.A., M.S., Ph.D.



Masterôs Degree, Texas A&M, Marine Microbiology

Oysters in Galveston Bay were not growing

Every chemical known to man had been added to the 
beds, nothing worked

Maybe biology problem?
Used classical methods to assess what was in oyster 

digestive system, butéé

My Dad had taught me to use microscopes, so I looked 
at the material using a microscope, and because I was 
taking an electron microscopy course, looked using 

electron microscopy

Oyster Research



Began to understand that plate count severely under-estimate  
total bacteria or fungi numbers or species

Direct Microscopy Plate Count using TSA

in a part of a drop (microliter)             in a teaspoon or ml

100 Bacteria CFU; 2 species

Lactobacillus

Flagellates

Bacillus

Cocci

1000 bacteria, 12 species; 

protozoa



ÅSpecific mix of foods in layer on bottom of dish 

ÅPotato dextrose agar (PDA) for ñtotal fungiò

ÅTryptonesoy agar (TSA) for ñtotal bacteriaò

ÅSpread sample on surface of medium

ÅCover dish with lid  

ÅIncubate at constant temperature, 

humidity, moisture. 

If organisms can grow, they will reproduce 

rapidly from 1 to a million individuals 

overnight (a colony), using up most the oxygen in the limited 
atmosphere, which selects  for pathogen growth.

Plate Counts: Classic Method in 

Pathogenic Bacteriology



ÅIf we know the exact conditions to grow specific species of 
bacteria, then we can assess the numbers of those individuals 
of that species that can or will grow

ÅPerfect to assess how many human pathogens are present and 
can grow

ÅConsider why and who developed plate counts as a method.

ÅDoctors looking to understand human and animal pathogensé..

Why use Plate Counts? 



ÅEnzyme assays:  
ÅSubstrate use, e.g., cellulose, sugar (glucose, amylose), electron 

acceptor like TTC into formazan, quite often detected by pH 
change 

ÅCO2 evolution:  
ÅCO2 is released when food is used 

ÅProblem: bacterial efficiency, fungal efficiency

ÅChloroform Fumigation: 
ÅKill ñallò organisms, measure CO2 evolved from the dead 
biomassé.. But if all the organisms were killed?  Doesnôt the 
biomass of the not-killed organisms count?    

More Methods to Assess Microbes



Plate Counts vs Microscopy: Texas A&M

Active versus Total Biomass 

Organism Balances through Succession

Nutrient Cycling:  

Colorado State University

Properly Testing GMOôs

Starting Soil Foodweb: 

Oregon State University

Lessons Learned



Ecological Monograph

ÅIngham et al. 1986

ÅEstablished nutrient cycling is performed by 
the beneficial organisms in the soil

ÅRequires bacteria, fungi, protozoa and 
nematodes; and microarthropods when in 
perennial systems

ÅDavid Coleman and the Soil Ecology Society 
continue this type of nutrient cycling work



Colorado State University

Soil Microbiology

An across ecosystem comparison of: 

Irrigated wheat 

Dryland wheat, 

Shortgrass priarie, 

Tallgrass prairie, 

Meadows, and

Lodgepole pine forest

From very bacterial to very fungal

The organisms in soil set the stage for different plants to grow

Exclude weeds when biology shifts

Most rapid rates of decomposition under a blanket of snow



Assistant, Associate Professor, 

Oregon State University

IPGA at the USEPA in Corvallis

Worked on genetically engineered E. coli species

-------------------------------------------------------------------

E. coli does not survive in healthy soil

Addition of antibiotic markers means this organisms has to use 
energy the parent does not, so there is no environmental 

gain and the GMO dies faster than the parent

Testing of GMOôs was the same as for FIFRA and TOSCA: 

What effect would GEMs have on ducks, fish, or shrimp-like 
water creatures when put in their food?



USDA ïAPHIS established regulatory language, based on 
these few bacterial species tests:

ñGEO are of no greater risk than the parentò

Therefore, testing is not neededéé buté...

Klebsiellaplanticola

1. Decomposes green plant material and exudates and exists 
in the root systems of ALL PLANTS

2. Engineer alcohol production into the bacteria, then you can 
make alcohol from all plant residues.  

3. Instead of field burning, remove residues to container on-
farm, add this GEM, produce alcohol, sell it

4. Remaining material in the container could be spread on 
field as fertilizer



What possible harm? 

Ph.D. Graduate student:  Michael Holmes

Genetic material coding for alcohol production taken from 
Xymomonas, a bacterium, and inserted into genome of K. p.

Test to see if this GEM could cause any environmental effects.  

What is the effect of the anaerobic waste compounds, alcohols, 
on roots?



Experiment done by Mike Holmes:

Sieved, mixed soil added to soil microcosms

Just water Parent Kp GEM Kp
in the same amount of water as control

Wheat seedling planted in each microcosm

Placed in incubator, moved daily to make certain no incubator bias



Published: M. Holmes et al. (Applied Soil Ecol., 1999):

A week later:

Just water Parent Kp GEM Kp

Alcohol is one of the most plant toxic materials known



Presented Dr. Holmesô data to the United Nations 
Biosafety Protocol meetings in Madrid in 1995 and 

prevented the US delegation from deleting the Biosafety 
protocol.

On returning to Oregon State University, the ñqualityò, 
ñvalidityò and ñrepeatabilityò of my science was 

questioned.  

Until that point, none of my publications, none of my 
scientific methods were never questioned or held 

ñsuspectò.

When I had the audacity to suggest GMOôs could be 
dangerous, and showed that was exactly the case, then my 

science became suspect.  

When my research might require bio-tech companies to 
actually test their products, then I was suspect. 



I started Soil FoodwebInc. in 1996 

Work with growers all over the world

Experience with all types of ecosystems

Tropical to Polar

Experience with all agricultural and landscape situations

We will go over examples of some of these systems, from 

small to large scale, natural landscape to agriculture and 

everything in-between 

Because of the attack on my reputation and the 
harrassment from Oregon State University 



-Organisms 

build 

structure

-Nutrients 

held

-Water is

retained 

and moves 

slowly thru

the soil

-no organisms,  

no structure

-Nutrients move

with the water

-Water not held 

in soil pores, 

moves rapidly 

thru soil

-Leaching, 

erosion and run-

off are problems

Rainfall

Clean Water Water moves clay, 

silt and inorganic chemicals 

so no ñcleaningò process 

Soil vs Dirt: Clean water?  

Soil Dirt





ÅBacteria 5:1

ÅFungi 20:1

ÅPeople 30:1

ÅGreen Leaves 30:1

ÅProtozoa 30:1

ÅNematodes 100:1

ÅBrown plant material 150 ï200:1

ÅDeciduous wood 300:1

ÅConifer wood 500:1

Organism Group      C:N



ÅSugar Unbranched carbon chains

ÅAmino Acids Unbranched  sugars with N (NH2)

ÅProtein 1 ï10,000 amino acids, branched, 
plus other nutrients  

ÅLipo-polysaccharides Branched, PO4

ÅHormones Long protein chains, cyclical

ÅOlmic acids Highly branched, rings, 

ÅFulvic acids More highly branched

ÅHumic acids Extremely branched, complex

Simple to Complex Organic Matter 



A small part of a humic acid molecule





ÅTo feed bacteria, fungi, which feed predators 
and thus cycle nutrients

ÅTogether these organisms build soil 
structure (keep soil aerobic)

ÅHold nutrients so they donôt wash away

ÅTurn nutrients into plant -available forms

ÅCompete with, inhibit and consume diseases 
and pests

ÅHold water

Why does soil need organic matter?



How do 

minerals, 

organic matter 

and 

organisms 

interact?

Interactions



Classified by Size:

Sand = 0.05 to 2.0 mm (visible to the eye) 

Silt = 0.002 to 0.05 mm (the size of a blood cell)

Clay = < 0.002 mm or 2 µm

------------------------------------------------------------

cm = centimeter    10-2 meter

mm = millimeter   10-3 meter

µm = micrometer  10-6 meter

Soil Mineral Particles 



Mineral particles come fromé 

Parent material / Bedrock





Group Layer 

Type

Layer 

Charge

Type of Chemical Formula

Kaolinite 1:1 <0.01 [Si4]Al4O10(OH)8.nH2O (n= 0 or 4)

Illite 2:1 1.4-2.0 Mx[Si6.8Al1.2]Al3Fe.025Mg0.75O20

(OH)4

Vermiculite 2:1 1.2-1.8 Mx[Si7Al]AlFe.05Mg0.5O20(OH)4

Smectite

Montmorillinite

2:1 0.5-1.2 Mx[Si8]Al3.2Fe0.2Mg0.6O20(OH)4

Chlorite 2:1:1 Variable (Al(OH)2.55)4[Si6.8Al01.2}Al3.4Mg0.6

)20(OH)4

Silicate Clay Mineral Groups:

Adapted from Sposito1989. The Chemistry of Soils. Oxford University Press.



From SoilWeb.com

Soil Mineral Particles 

Elaine s thought:  Not til its ground up does it get reactive



Element Soils (mg/kg) 

Median                Range

In the Earthôs 

crust (mean) 

In Sediments 

(mean)

O 490,000 - 474,000 486,000 

Si 330,000 250,000-410,000 277,000 245,000 

Al 71,000 10,000-300,000 82,000 72,000 

Fe 40,000 2,000-550,000 41,000 41,000 

C (total) 20,000 7,000-500,000 480 29,400 

Ca 15,000 700-500,000 41,000 66,000 

Mg 5,000 400-9,000 23,000 14,000 

K 14,000 80-37,000 21,000 20,000 

Na 5,000 150-25,000 23,000 5,700 

Mn 1,000 20-10,000 950 770 

Zn 90 1-900 75 95 

Mo 1.2 0.1-40 1.5 2 

Ni 50 2-750 80 52 

Cu 30 2-250 50 33 

N 2,000 200-5,000 25 470 

P 800 35-5,300 1,000 670 

S (total) 700 30-1,600 260 2,200

Minerals in soil (Sparks 2003) 



Undisturbed soil

- Horizons



Soil profiles, or horizons (O, A, B, C) are 

slightly different in different climates, but all 

require soil life to develop.  

Note incorrect root depths in all pictures.



Soil Chemistry:  Nutrient Pools

ÅTotal Nutrients ïnot normally reported
ÅGrind, complete digestion and combustion 

ÅExchangeable Nutrients(Melick 3, Ammonium 
Acetate 1N)
ÅStrong extracting agents, but not ALL nutrients

ÅSoluble Nutrients

ÅExtracts soil solution or water soluble nutrients

ÅAvailable nutrients ïmade available how? 

ÅPlant Tissue Tests

ÅTotal chemical componentsé.. Balanced? 



Total ï

everything 

Exchangeable -

easily pulled off 

surfaces; easy to 

make soluble

Soluble ï

dissolved in soil 

solution; 

potentially 

available to plants

Nutrient Pools in Soil

Without organisms to 

retain the soluble 

nutrients that a plant 

does not take up, or to 

change plant-not-

available forms in plant-

available forms, no new 

soluble nutrients will 

occur.   Plants will 

suffer.

What biomass of each 

organism is needed so 

the plant gets the 

nutrients it needs? 

Bacteria, Fungi, 

Protozoa, 

Nematodes

Microarthropods



Soil Nutrient Pools Tests used for the 

different pools

Total

Exchangable

Soluble

Biology

Biology

Roots
Bacteria 

and Fungi

Grind; Conc. Nitric 

acid, combustion

10% HCl, H2NO3

Melich III

Bray 2

Amm. Cl / BaCl

Colwell

Olsen, Bray 1

Melich I

Morgan (Reams)

1 M KCl, Universal
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NITROGEN

PHOSPHORUS

POTASSIUM

SULFUR

CALCIUM

MAGNESIUM

IRON

MANGANESE

BORON

COPPER and ZINK

MOLYBDENIUM

Strongly
Acid

Strongly
Alkaline
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Without biology, 

you are stuck with 

pH as the sole 

arbiter of what is 

available to plant 

roots, as indicated 

to the left.  But add 

organisms, and 

plant nutrition is no 

longer ruled by 

chemistry alone.

Availability of Minerals Relative to pH



Soil Chemistry

Albrecht and Ca:Mg



What are the nutrients in this soil?

What is the ñrightò form of N? P? K? S? Mg? 



Total 

Extractable ï

not available 

to the plant

Exchangeable -

easily pulled off 

surfaces; easy to 

make soluble

Soluble ï

dissolved in soil 

solution; 

potentially 

available to plants

Nutrient Pools in Soil

Without organisms to 

retain the soluble 

nutrients that a plant 

does not take up, or to 

change plant-not-

available forms in plant-

available forms, no new 

soluble nutrients will 

occur.   Plants will 

suffer.

What biomass of each 

organism is needed so 

the plant gets the 

nutrients it needs? 

Bacteria, Fungi, 

Protozoa, 

Nematodes

Microarthropods



Why do we care about Exchangeable  
Nutrients?

1. Much of the chemical basis of soil structure 

lies in how the clays bind to each other in the 

soil

2. To get air and water to move into the soil, and 

then be held in the soil structure, clays must 

be floculated.

3. To floculate the clays, the exchangebable 

Ca:Mg ratio must be correct, given the type 

of clay.



Collapsed vs well-structured clays 

Adapted from.J. Walworth. Soil Structure:  The Roles of Sodium and Salts.  University of AZ

Collapsed Flocculated

Increase 

Ca+

More than 

Mg+

Victorian Resources Online: Soil Structure

Ca:Mg Range 

5:1 to 7:1



What holds Ca in soil?

ÅDiscussed N, what about other nutrients?

ÅCalcium as an example



Sandy loam soil, no OM, sterile, re-
packed to same bulk density

ÅBag with oyster shell on surface of each replicate of the 
following treatments; 1 L water passed through, 300 
micrograms of Ca leached into soil

PM +5% 

OM
+ Bacteria + Fungi

Small bag of crushed oyster shell: Calcium

Applied 1 liter of water through oyster shell, measured Ca in leachate



Sandy loam soil, no OM, sterile, re-
packed to same bulk density

ÅParent material held no Ca.  Sterile OM held only 2% of the 
leachable Ca, bacteria and OM held 5% of Ca, when fungi 
present, ALL CALCIUM held.  

PM +5% 

OM
+ Bacteria + Fungi

100%                    98%                          95%                      0%

Amount of the 300 ug Ca leached from the oyster shell



Biology and chemistry working 
together properly build soil physical 
structure

What comes first?

1. Clays must be flocculated.  What makes Ca 
soluble in soil?

2. Microaggregates must be built

3. Macroaggregates must be built

4. Air passageways and hallways must be 
present



Example Systems

Examples of Success: 

Weeds in large ag types of systems

Plant Succession



Swiss Chard in 
Petaluma, California

ÅFront area sprayed with 
one tea application

ÅBack area, normal 
organic practices

ÅFrom Daniel and Caitlin 
McLeod

Adding Biology 



ÅWeedsé

ÅIn the 1990ôs, herbicide companies talked to 
growers to find out what people considered 
weeds.

ÅBasically, they came up with  ñany plant out of 
placeò is a weed.

ÅAt sometime or another, therefore, all plants 
will be weeds.

ÅThis is not a useful definition. 

ÅWhat is the real definition of a weed? 

One of the biggest problemsé.



ÅOnly occur early in succession 

ÅDisturbed soil, i.e., food web lacks one or 
more groups

ÅPulses of nitrates: high concentrations for 
short times, no nitrate for short times

ÅLack of soluble nutrients at certain times 

ÅHigh acid or base; extremes of pH    

ÅHabitat that helps ñrò selected plants; plant 
is geared to seed production, not roots

Ecologically, what is a weed?



ÅThree compost teas have been applied to date. 
2 x prior to seeding and 1 x post seeding.

ÅReduced herbicide rate used prior to 
germination greatly reduced weed pressure on 
paddock 12, when compared with conventional 
paddock 7

ÅI am very excited about the progress to date 
and very impressed with the dedication that 
the SFI crewshow towards their client.

Ian Smith, Mooreville, Tasmania



ÅPaddock 7Onions withConventional fertiliser and 
herbicide applications, planted same date

Å as paddock 12

Paddock 7 Onions with Conventional fertiliser and 

herbicide applications, planted same date as paddock



Close-up showing clean seedbed. Paddock 12



Overall view of paddock 12 low weed pressure



Overall view of paddock 12 low weed pressure



ÅPaddock 7Onion root system on coventional 
program. Poorer than Paddock 12.

Paddock 7 Onion root system on coventional 

program. Poorer than Paddock 12.


