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GY Territory

North Coast

ÅIPM 1973-1999

ÅSoil, Tissue Testing 1973 -
Present

ÅConsulting 1973-Present

ÅCompost Production 1979-1993

Contra Costa Co.

ÅAll of the above: 1995 ςPresent
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GY Territory

ÅSoil, Tissue Testing 2015 - Present

ÅConsulting 2015 ςPresent
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First load of compost leaving Petaluma, 1979
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Compost Production

ÅPetaluma 1979-83

ÅUkiah 1984-1993

ÅLake Co. 1991-93
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Farming in the 
North Coast can 
be so much fun
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άCƻƻŘ ƛǎ ŦŀōǊƛŎŀǘŜŘ ŦŜǊǘƛƭƛǘȅέ 
W.A. Albrecht(1975)
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Modern Agriculture Squeezes the Most out 
of the Agroecosystem

Pears, Apples: 20 tons/ac     Tomatoes: 40+ tons/ac
Grapes: 5-12 tons/ac Hay crops: 20 tons/ac
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Modern Agriculture Squeezes the 
Most Out of the Agroecosystem

ÅPastures: 3-6 
animal units/ 
month

Å100 acres: up to 
600 animals for 9 
months for 150 
years?
ÅFrom: ISU (2019)
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Basic soil science ςClimate Effects

What is this white deposit, found in creek 
and riverbeds?
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Why is the river brown?
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Why does the river turn cloudy?
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Why is the river green?
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Why does it turn clear later?
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ÅSodium >> Calcium>> Magnesium>> Potassium

ÅLeaves Hydrogen & Aluminum = Soil Acidity

ÅAcidity is the SYMPTOM not the CAUSE of Fertility Problems 
(Albrecht)

Excess Leaching Results in Acid Soils
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Climate and Soil Formation ςFrom: Albrecht, W. A. (1975). Modified by G Young, 1998
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Basic Soil Science

ÅIon - an atom or molecule with a net electric charge, 
usually dissolved in water 

ÅAnion = ion with negative charge
ÅExamples: Cl-, SO4-2, NO3-1, CO3-2

ÅCation = ion with positive charge
ÅExamples: Ca+2, Mg+2, K+, NH4+

ÅWhen combined they make mineral salts: sodium 
chloride (NaCl), calcium nitrate (CaNO3),  limestone 
(CaNO3), potassium sulfate (K2SO4), etc.
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Zooming in on Soil Reactions

ÅMinerals and organic compounds are between the soil 
particles and attached to the clay/organic matter

ÅSoil particles have a negative charge; cations are 
attached to clay and OM particles, ready to exchange 
with plant roots

Cl- SO4
-2 NO3

-1 CO3
-2

Cl- SO4
-2 NO3

-1 CO3
-2

K+ Ca+2 Na+ Mg+   H+
K+ Ca+2 Na+ Mg+   H+
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Cation Exchange Capacity

ÅPlant roots excrete HCO3
(carbonic acid = CO2 dissolved 
in water)

ÅHydrogen is exchanged for 
Ca++, Mg++, K+, Na+, etc.

ÅPlants take up cations 
independent of 
water/transpiration

ÅCations extracted in lab, 
amounts and ratios measured

19Gregg Young, CPAg 2014   www.qfirst.netG. Young 2019



Base Cation Saturation Ratio

ÅThe amounts and ratios of the major cations on the 
clay/organic matter EXCHANGE SITES
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Optimum vs. Poor Cation Ratios
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Optimum ratios 

(especially Ca:Mg) 

with good aeration 

which promotes good 

bioactivity & nutrient 

availability

Tight, poorly drained 

soil with little air 

(anaerobic conditions) 

which leads to poor 

bioactivity and nutrient 

uptake 



Plant root hairs need a constant supply of calcium

ÅRoots growing through Carich soil, to take up 10 Ca
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When they encounter other ions (i.e. high Mg) they 
need to grow farther, plants exert more energy. If soil 
is tight with less pore space, they need more root 
pressure to get what they need
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The Major Cations Interact with Each Other

ÅExcess Sodium (Na) kills plants, results in poor soil 
structure

ÅExcess Magnesium (Mg) results in very poor drainage 
& aeration, ties up K

ÅExcess Potassium (K) can tie up Ca or Mg

ÅExcess Calcium (Ca) can tie up K, Mg and 
micronutrients
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Why not use the soil cation ratios that many soil 
labs show on the soil analysis report form?

Å65-75% Calcium

Å10-15% Magnesium

Å2-5% Potassium

Å0-5% Sodium

Fine-tune and modify according to your specific crop and 
local conditions (i.e. use 5% K for trees & vines; 3% for grazing)



Optimum Base Cation Saturation Ratios

Å65 - 75% Calcium

Å10 - 15% Magnesium

Å2 - 5% Potassium

Å0 - 5% Sodium

Å0 - 10% Hydrogen
For optimum nutrient availability, soil aeration and 
tilth, biological activity, drainage/water retention, etc.

G. Young 2019 26



The case for optimum 
saturation ratios

High Mg clay >>

ÅFor an extensive review of this subject, see Chapter 5: The 
Case for Optimum Ratios (Young, 1999), online at: 
https://www.qfirst.net/sustainableOrganicAgriculture/trainingManualSoilAnalysis
InterpretationNorthernCalifornia/index.html
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Nitrogen Cycle

LǘΩǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ 
nutrients that come  
out of thin air 
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Getting the most out of nitrogen
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Fertilizer sales ςCalifornia
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In Northern California
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Soil Aeration
ÅPlants need O2 & CO2 in the root 

zone

ÅOrganic matter needs air to 
break down

ÅNutrients are available in the 
oxidized form: Examples: P2O5, 
NO2, SO4

ÅRoot zone goes anaerobic during 
rain or irrigation

ÅPlants differ in their ability to 
grow under low air conditions -
few crops enjoy it
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Organic Matter Has Been Depleted

Practices that Increase Organic Matter Mineralization:

ωCultivation

ωIrrigation

ωLiming

ωGreen Manuring

ωNitrogen Fertilization

ωMicrobial Inoculation (from Stevenson (1986) and Young (1999)
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Cultivation: Improves aeration and 
moisture, thereby increasing 
microbial activity and the release of 
organic compounds to soluble forms
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Irrigation: Improves the moisture 
status of the soil, with 
enhancement in the activities of 
microorganisms
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Liming: Increases the activity of 
earthworms and other faunal organisms; 
encourages actinomycetes, which may be 
more effective decomposers than bacteria 
and fungi, facilitates the precipitation of 
metallic cations that are effective in 
stabilizing humicsubstances
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Green manuring: Greatly increases 
the numbers of microorganisms and 
thereby the rate of oxidation of 
organic matter

G. Young 2019 37



Nitrogen Fertilization: Narrows the 
C/N ratio of soil, increasing microbial 
activity and OM breakdownG. Young 2019 38



Microbial inoculation: Supplies decomposing 
and nitrogen fixing microbes, maintains 
adequate populations.
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Compost & Organic Matter
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Compost = 
Aerobically Decomposed/Digested 
Organic Matter
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Soil Aeration

Y̧ield increases of 10-30%

Ḩealthier growing environment

I̧ncreased root mass

Ļower plant stress level

I̧ncreased soil microbial activity

California Farmer V284(7) April 2001
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THE PROGRAM:

sBalance soil exchangeable cations to 65-75% Ca; 10-15% Mg; 2-
5% K; 0-5% Na (as % of total cation exchange capacity; 
maintaining cation balance with appropriate mineral 
amendments.

sMaintain P, K, S and micronutrients at generous levels

sBuild and maintain OM through cover cropping, addition of 
composted organic matter and/or microbial soil inoculants, and 
promotion of healthy biological activity in soil

sSupply N in adequate amounts (for crop needs only) avoiding 
excess soluble N, applying N sparingly in split applications or via 
composted OM for activation of N cycle and slow release

sFoliar feeding of nutrients known to be deficient; applying during 
stressful times (bloom, maturity, adverse weather, pest/disease 
pressure, etc. (Young, 1988)
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Dairy Soil Tests

ÅRequired interpretation & pooling of 
data
ÅA standard soil test often is 1 foot in 

depth
ÅThese were averaged over 0-40 cm = 

0-мсέ
ÅTo determine BCSR mineral balance, 

we are especially interested in the 
ppm of Ca, Mg, K, Na, and H
ÅWe are also interested in the total 

cation exchange capacity ςCEC

Based on CEC these are all medium 
textured silt loams
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The lab extracts the 
cations from the soil 
colloid (clay & organic 
matter); reports in ppm
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The lab calculates the 
ratios ofthe major 
cations; reports in %

Å65 - 75% Calcium

Å10 - 15% Magnesium

Å2 - 5% Potassium

Å0 - 5% Sodium

Å0 - 10% Hydrogen

(OPTIMUM LEVELS)
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SOIL ANALYSIS CALCULATIONS

ÅWe can see that all the soil samples show low 
calcium, very high magnesium, adequate to high 
potassium, and low to moderate sodium

ÅTo calculate amendments needed to achieve cation 
balance, we go to a table, compare the levels in ppm 
for a given CEC

ÅSubtract ppm OPTIMUM level from SOIL TEST level 
to get the ppm NEEDED

ÅMultiply ppm X 4 to convert to pounds/acre-foot of 
amendments
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Creating a 
Soil Fertility 
Report

(1 foot = 30 cm)
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Calculate
Optimum 
BCSR for 
your soil

Chart in 
Chapter 21 
(Young, 1999)
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Example: Compost Field 02
CEC = 14.1
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Check optimum calcium level:
A soil with CEC of 14 needs 2100 ppm to be at 75% 
- Compost 02 Field has 1795 ppm
The deficit is 2100-1795 = 305 ppm
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Calculate pounds per acre-foot ςmultiply by 4

Å305 ppm X 4 = 1220 pounds calcium deficient

ÅDivide by percentage (decimal of calcium in the 
amendment)

Å1220 ÷ 0.4 = 3050 pounds = 1.5 tons/ac ft pure 
limestone

Å1200 ÷ 0.2 = 6000 pounds = 3 tons/ac ft gypsum
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You can do the same calculations for
potassium& magnesium

ÅThese soilsare all at or above optimum in Mg & K

ÅThese poor soil balances cause several problems 
already discussed
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Creating 
understandable 
soil reports:

Convert nutrients 
to pounds/acre 
so it is easy to 
see what is there 
& what needs to 
be added
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Major Cations
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% of CEC ςBCSR
Total CEC
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pH
N-P-K 
Micronutrients
OM
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OBD Soil Report ςSoil Cations, % of CEC, # Required
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OBDN-P-K, Micronutrients
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Nutrient Budgets

ÅIf you are farming and selling products you are 
removing nutrients

ÅIf you do not replace the nutrients removed (at a 
minimum), it is not sustainable (Quote me on this)

ÅYour farm in California has likely been removing 
nutrients for 150+ years

ÅSoil nutrient deficiencies will result in problems 
such as: erratic production, decreased soil 
productivity, increased pest & disease problems, 
and subtle decreases in crop quality

ÅFor all the reasons above, knowing what your crop 
removal and soil limitations is importantG. Young 2019 60



Dairy Faming & Grazing

ÅDairy cows remove N > Ca> K> P

ÅThis is 28.7 # N, 7.5 # Ca, 7.2 # K, 4.2 # P, 
per animal every 6 months
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Crop Removal Silage 
Production:

N > K> Ca> P
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