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Background

2

Over 20,000 
pits, mostly in 
Napa and 
Sonoma Co.

SONOMA NAPA

We specialize in land 
evaluations for winegrape 

production, soil analysis, and 
vineyard design and health.



3



Overview

• Soil Sampling for Certification
• Lab tests and On-Site/Physical tests

• Soil Sampling Protocols
• Materials
• Field Sampling Design
• Sampling, storage, and shipping
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Soil Lab and Field Tests
• Required:

• Soil Organic Matter
• Macronutrients (N, P, K, Ca, Mg, S)
• Cation Exchange Capacity
• pH

• Recommended:
• Micronutrients (Zn, Fe, Mn, Cu)

• Mo, B, Ni, Cl
• Texture
• Bulk Density
• Respiration

• Recommended:
• Bulk Density
• Aggregate Stability
• Infiltration
• Compaction

• Required:
• None

Lab Field
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• pH and Nutrients- $30
• pH

• P, K, Mg, Fe, Mn, Zn (Mod. Mehlich or 
Morgan Ex)

• Organic Matter (LOI, 500°C)

• Total Org. Carbon and Nitrogen - $30
• Combustion,1100°C

• CEC - $25
• Texture - $25

• Wet sieving (sand/silt)

• Soil Respiration - $25
• 4-day incubation

• Bulk Density/Stone Content - $25

Total per Sample: $160

• Routine - $21.50
• pH (1:1)
• Soluble Salts (EC; 1:1)
• K, Ca, Mg, Na (Ammonium Acetate Ex)
• S (Mehlich 3 Ex)
• Zn, Fe, Mn Cu (DTPA Ex)
• P (multiple Ex, available)
• Sum of Cations (SEC)
• Organic Matter (LOI, 500°C)

• Total Org. Carbon - $15
• Combustion, 1100°C

• CEC – $6.25 (?)
• Texture - $15

• Hydrometer
• Soil Respiration - $27

• 24-hour CO2 Burst
• Bulk Density - $50

Total per Sample: ≈ $135

• Basic - $18
• pH (1:1)
• Soluble Salts (EC; 1:1)
• K, Ca, Mg, Na (Ammonium Acetate Ex)
• S (Mehlich 3 Ex)
• Zn, Fe, Mn Cu (DTPA Ex)
• P (multiple Ex, available)
• Sum of Cations (SEC)
• Organic Matter (LOI, 500°C)

• Total Org. Carbon - $13.50
• Combustion, 1100°C

• CEC - NA
• Texture - $17.50

• Hydrometer
• Soil Respiration - $25

• 24-hour CO2 Burst
• Bulk Density - $10

Total per Sample: ≈ $90

Ithaca, NY

Kearney, NE Pleasanton, NE
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Loss on Ignition (LOI)

Dry Combustion (DC)

500°C 𝑔 𝑆𝑂𝑀 × 0.58
𝑔 𝑠𝑜𝑖𝑙

SOC
Calculation

Thermal digestion  
SOC oxidation

1100°C

Thermal  
detection

Ceramic  
crucible

Mass soil  
with SOM

Muffle  
furnace

SOC
oxidation

Mass soil  
without SOM

Gas  
chromatography

𝑔 𝐶
𝑔 𝑠𝑜𝑖𝑙

SOC
Calculation

~ 10 g
soil

~ 0.03 g
soil

Lab Methods to Measure SOC
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Organic C = Total Soil C – Inorganic C

Inorganic C = CaCO3 (calcite) + MgCO3 (dolomite)

Organic and Inorganic Carbon
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Pressure calcimeter methodology 
on samples with a pH > 6.5



Soil Health Assessment
PHYSICAL:
• Water Stable Aggregates (modified)

BIOLOGICAL: 
• Soil Respiration 24-hour CO2

• H2O Extract:
• NH4-N, NO3-N, Total N, Total Organic C, Total Organic N

CHEMICAL: 
• Ammonium acetate extract: K, Ca, Mg, Na 
• DTPA extract: Zn, Fe, Mn Cu 
• Mehlich 3 extract: S 
• Olsen extract: P
• Soil pH (1:1)
• EC (1:1)
• SOM (LOI)
• Sum of Cations (SEC) 9



Soil Health Assessment

• Overall Chemical
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Soil Health Assessment

• Overall Biological

Soil Health Score = (CO2/10) + (CO/50) + (NO/10)
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• CO2: Most ag soils normally below 200 ppm

• Co: Most ag soils are 40 - 300 ppm; < 120 is low

• POX-C: medium is 500 ppm (+/- 185)



Soil Health Assessment

• Overall Physical

• Stable aggregates are built by biological activity, stuck together by 
fungal hyphae/roots and plant/microbial exudates

• Soils higher in clay and silt will form more stable aggregates
• Clay type also influences aggregate stability (2:1 > 1:1)
• Iron oxides/calcium carbonate also act as binding agents 
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https://www.youtube.com/watch?v=RKT1r1mUinU&t=5s
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https://www.youtube.com/watch?v=RKT1r1mUinU&t=5s
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https://www.youtube.com/watch?v=RKT1r1mUinU&t=5s
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https://www.youtube.com/watch?v=RKT1r1mUinU&t=5s
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Soil Health Assessment

• Overall Chemical
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Soil Health Assessment

• Overall Biological

Soil Health Score = (CO2/10) + (CO/50) + (NO/10)
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• CO2: Most ag soils normally below 200 ppm

• Co: Most ag soils are 40 - 300 ppm; < 120 is low



Soil Health Assessment

• Overall Physical

20



Field Tests

• Bulk Density  = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 (𝑔)

𝐵𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑖𝑙 𝑎𝑡 𝑎 𝑓𝑖𝑒𝑙𝑑 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒(𝑐𝑚3)

21



Clod method Core method

Compliant cavity
https://www.youtube.com/watch?v=E7BSZrJ-TDw&t=2s 22



BA
SOM = 

SOC = 

Bulk Density = 

% Rock = 

2.6%

1.3%

1.4 g/cm3

10%

3.4%

1.7%

1.2 g/cm3

20%

Carbon Stock =  45,708 lb C/acre-ft 45,424 lb C/acre-ft
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Field Tests

• Aggregate Stability
• Slake Test

• Measures soil stability 
to rapid wetting

• Air-dried soil

• Qualitative test

Ray Archuleta
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Liquid Carbon Pathway:
The most powerful pathway that feeds the soil.



Field Tests
• Slake Test

• Make 
observations 
after 5 minute

• Then raise and 
lower basket 5 
times

• Make 
observations 
again

After 5 min
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Field Tests
• Infiltration

• Dependent on
• Soil type
• Pore size, amount, 

continuity
• Water content 

• Best determined 
when the soil is near 
field capacity

31



32



Field Tests
• Compaction

• Surface (0 - 6”)

• Subsurface (6 - 18”)

• Taken near field capacity
• 2 to 3 days after free drainage

• Penetrometer
• Cone-tip (½” tip for most soil; 

¾” tip for very soft soil)

• Metal shaft

• Pressure gauge

• Root growth ceases for most 
crops: 300 psi
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Compaction and Available Water
• Plants in compacted soils experience water stress in both wet and dry periods

Compacted soils harden more quickly upon 
drying than well-aggregated soils.

The optimum water range for crop growth for 
two different soils.

wilting point
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Soil Sampling Protocols

• Materials 
Needed

Vinerow Ally

Recommended

1 gal bags
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Soil Sampling Protocols
• Field Sampling Design

• Sampling goals
• # of Samples

• Three blocks

• Samples per block
• 1 Vinerow
• 1 Ally

• Each sample is made up 
of 10 subsamples

• Penetrometer 
(Compaction)
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=  Sub-sample

=  Penetrometer

=  Eco Reference

2 subsamples at 
least 15 ft apart 



Soil Sampling Protocols

• Considerations
• Collect samples from same 

locations, same time of year 
and soil condition

• Take subsample locations 
within homogenous soil 
type/management

• GPS locations

=  Sub-sample

=  Penetrometer

=  Eco Reference

2 subsamples at 
least 15 ft apart 
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Soil Sampling Protocols

1

654

32
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Thank You!
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Nicholaus Madden, PhD, CCA
Soil Scientist

Vineyard Soil Technologies
Napa, California



• 22-year experiment
• Haire loam; clay = 22%
• Carneros, CA (off Duhig Rd)
• Pinot Noir  - 1103P
• 8 X 5 (≈ 1100 vines/acre)
• pH = 6
• Top 2 in (5 cm) sampled

• CC + NT: mid-row cover crop and no-tillage

• CC + T: mid-row cover crop and tillage

• UV: under-vine with no vegetation or tillage
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Google Earth

Belmont et. al., 2018

Napa RCD Sustainable Ag Demo Vineyard (est. 1991)



• Root biomass highest in S + NT; 3- and 30-fold
• Absence of tillage  = supports long-term root establishment
• 404.5 g/m2 ≈ 3600 lb/acre

46

Google Earth

Belmont et. al., 2018

CC + NT CC + T



Root Exudates

• Rhizosheath
• Layer of soil particles that 

adheres firmly to the root 
surface 

• Roots exude 11 - 40% of 
photosynthetically fixed 
carbon
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• In 22 years, TOC increased from 
≈1.9% to 2.7%

• 0.04% per year (?)
• Every 1% increase = 25,000 gal H2O/acre

• Greater importance of intact root 
biomass to C pools than incorporation 
of shoot biomass

48

Belmont et. al., 2018

CC + NT CC + T
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Belmont et. al., 2018

• Active Carbon (Unprotected):
• DOC

• Whatever passes through filter
• < 12 month turnover

• POM
• 2000 - 53 um
• human hair = 100 um
• < 10 yrs turnover

• Passive Carbon (Protected):
• < 53 um
• Humus
• Exists for decades
• Largest proportion SOM, 45-75%

0.042 0.028 0.035

% increase after 22 yrs:
Active  C = 99%
Passive C = 21%

CC + NT CC + T



• Small changes in Active 
Carbon produces big 
changes:

• Aggregate stability
• N mineralization
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Improved 
mgnmt or back 
to native veg

Active OM 
(Unprotected)

Plant residues

Tillage start

Total SOM

Passive OM 
(Protected)

Active OM ↓ 90%
Passive OM ↓ 30%

Upper 12” 
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Belmont et. al., 2018

•Tillage  = poor aggregate 
stability

CC + NT CC + T



Tips for No-Till Transition

• Leave enough residue

• To maintain 2.5% SOM ≈ 4 tons 
ac-1 yr-1

• To maintain 3.3% SOM ≈ 5 tons 
ac-1 yr-1

• Depending on texture and 
environment

• In CA, 5.5 tons ac-1 yr-1 is 
possible w/o irrigation

Lodi Growers52
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• For 5 tons/acre of 
compost

• 270 lb K/acre
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