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Interpretation of Soil Data 

ÁDependent on viticultural objectives, 

especially on yield expectations. 

ÁWater holding capacity and total 

available water is key. 

ÁThe assessment is an evaluation of the 

combination of soil physics, soil 

chemistry, and biological properties 
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1. Evaluate soil physical, chemical, and biological 

properties in relation to the optimum conditions 

required to produce premium wine.   

2. Determine physical, chemical, or biological hazards 

that will affect vine survival and growth. 

3. Determine measures necessary to restrict vine vigor 

to levels consistent with the specifications of the 

future vineyard. 

4. Develop procedures and recommendations 

concerning development or management of the 

vineyard to address any physical, chemical, or 

biological limitations to vine growth.  Strategic Plan. 

Objectives of the Soil Assessment 
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Elements of the Soil Quality 

¸ Soil Chemistry:   

 pH             Plant nutrients  

 Electrical Conductivity   Nitrogen 

 Organic Matter     Phosphorus 

 Sodium, Chloride   Potassium 

 Boron, Aluminum, Nickel  Calcium ï Magnesium 

       Micro-nutrients 

¸ Soil Physics:  

 Texture, Structure, Hardness, Rock Content, Porosity, 

Available Water, Plastic clays 

¸ Soil Biology: Earthworms, Nematodes, Fungi, Bacteria, 

Gophers, Voles. 
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Evaluating 

Viticultural 

Potential 

Effective 

root depth 

Layer depths 

+ 

Texture  

+ 

Rock %  

+ 

Structure  

+  

Porosity  

=  
Total Available 

Water for each 

layer 

 

Salinity 

Sodicity 

Chloride 

Alkalinity/Acidity 

Aluminium 

Boron 

Ca:Mg 

Heavy Metals 

Nematodes 
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 Soil Physical Properties 
ÅTexture: loam, clay loam, etc. 

ÅStructure: the degree of aggregation of the particles 

with each other 

ÅPorosity: the relative amount and size of voids (air 

space) 

ÅHardness:  influenced by structure and water content. 

ÅMottling: the oxidation and reduction of iron under       

anaerobic conditions and is an indicator of poor 

drainage 

ÅEffective Rooting Depth (ERD) 

ÅEstimate Total Available Water (TAW) 
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Low TAW 

Compact 

Low aeration 

Hard, 

compact 

High TAW 

Low aeration 

Plastic 

Balanced particle size distribution 
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Soil structure  
 

. . . the relative proportions of different  

pore sizes created by the aggregation of soil 

particles. . . 

 ¸arrangement of 

particles to make pores 

(holes) 

¸visible structure: peds 

or clods 

¸invisible structure: clay 

domains, micro 

aggregates, aggregates,  
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Soil Structure is influenced by: 

¸ Texture (finer particles tendency to create finer 

pores ï need a wide range) 

¸ Organic matter content (more glues - good) 

¸ Biological activity (more larger pores - good) 

¸ Chemistry (calcium > 60% of CEC increases 

aggregation; magnesium  & sodium degrade) 

¸ Previous management: mechanical compaction, 

tillage when too moist; vegetative cover-crop 
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Sandy (no Peds)  

Soil  

Profile 
Scale inches Massive (no Peds)  
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Platy Structure 

Horizontal layers of 

soil, usually near 

the surface, 

caused by 

flushing of 

cations that hold 

aggregates 

together (Ca) 
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Prismatic 

¸Frequent in 

high 

magnesium 

and/or sodium 

soil 
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Á Fine angular blocky clay loam 

surface horizon 

 

 

 

 

Á Very fine angular blocky clay 

loam with rust mottles 

 

 

 

Á Puddled massive clay 
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Total 

Available 

Water 

influenced 

by Texture 
12% 

18% 

22% 

16% 

20% 
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5 % rock 5 % rock 

Total available water and ripping depth 

TAW 1.2 inches 

Very low vigor 

Shallow 

Natural root depth 16ó 

5 % rock 

Rip to 24 inches 

TAW 2.2 inches 
Low to Moderate 
vigor 

Rip to 48 inches 

TAW 6 inches 

High vigor 
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75 % rock 
40 % rock 

5 % rock 

Rock content limits TAW increase 

TAW 6 inches 

High vigor TAW 1.8 inches 
Low vigor 

Rip to 48 inches 

TAW 4 inches 

High vigor 
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Soil Rating Scheme based on

Total Available Water (TAW) 

in the Effective Rooting Depth (ERD)

Not Suitable for Premium wine productionExcessiveVII> 8.0

Irrigation unnecessary, Quality poorVery highVI6.0 to 8.0

Irrigation optional;  Fruit quality ?HighV4.5 to 6.0

Irrigation desirable; Fruit quality optimalModerately highIV3.5 to 4.5

Irrigation desirable; Fruit quality optimalModerately lowIII2.5 to 3.5

Irrigation necessary; Fruit Quality goodLowII1.5 to 2.5

Irrigation  critical; Fruit quality often goodVery lowI< 1.5

Management and Vine Performance 

Implications
Rating

Soil

Type

TAW in   

the ERD 

(inches)

Developed by Alfred Cass and Daniel Roberts 
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Variation in 

Rootzone 

Due to 

compacted 

soil layers 

(shallow) 

Due to very 

loose soil 

layers (deep) 
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Very low drainage Low drainage Too Low Questionable Undesirable

Hardness Type Row Track Mid

in. Profile No:16 Duplex Dark Grayish Brown Plastic Loam ERD (in.):20

20

Dark 

Grayish 

Brown 

Loam Friable Granular Moderate  Many No No Many Few Few

31

Grayish 

Brown 

Light 

clay
Hard Massive Very High Few No No Few Few Few

41

Grayish 

Brown 

Medium 

clay
Hard Massive Very High No No No Few Few Zero

53

Dark 

Yellowish 

Brown 

Sandy 

clay
Hard Massive High  No 

20 % 

Orange 
No Zero Zero Zero

D
e

p
th Scale in inches and feet.  Colors 

depend on light conditions
Color Texture Rock

Soil Structure

Plasticity
Visible 

pores
Mottles

Free 

lime

Root density

 
10 % < 1 inch 

Rounded alluvial 

 
5 % < 1 inch 

Rounded alluvial 

 
10 % < 1 inch 

Rounded alluvial 

 
10 % < 1 inch 

Rounded alluvial 
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Very low drainage Low drainage Too Low Questionable Undesirable

Hardness Type

in. Profile No:4 Dark Yellowish Brown Sandy Loam ERD (in.):16

16

Dark 

Yellowish 

Brown 

Sandy 

loam
Friable Blocky Moderate  Many No No Few

22

Grayish 

Brown 

Loamy 

sand
Loose

Single 

grain
Low  Few No No Few

50

Grayish 

Brown 

Loamy 

sand
Loose

Single 

grain
Low  Few No No Zero 

80 % 2 to 4 inch 

Rounded alluvial 

 
5 % < 1 inch 

Rounded alluvial 

 
30 % 1 to 2 inch 

Rounded alluvial 

Mottles
Free 

lime

Root 

density
Rock

Soil Structure

Plasticity
Visible 

poresD
e

p
th Scale in inches and feet.  Colors depend on 

light conditions
Color Texture
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Total Available 

Water (TAW)  

in Current 

Vineyard 

TAW calculated 

for the various 

rooting depths 
 

Current and 

future rootzone  

are not the same 
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Deep Tillage 

Most Important 

ÅLoosen subsoil to allow root exploitation ï 
separate but do not destroy structural peds 

ÅLeave soil in future rootzone in ñuniform 
loosenessò 

ÅCreate rootzone of uniform water holding capacity 

 

Less Important: 

ÅIncorporate amendments 
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Increase uniformity of rooting depth 
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Implement Type 

Conventional Straight Shank 

ÅVector force is lateral ï requires 

compaction to shatter brittle soil 

ÅRelatively ineffective ï must be repeated 

in different directions 

ÅLeaves zones of excessive structural 

destruction and zones untouched. 

ÅRepeated ripping pulverizes surface layer. 
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Implement Type 

Winged Tine: 

Å Vector force is up ï lifts to 
separate peds rather than 
compacts. 

Å Requires only one or possibly 
two passes. 

Å Creates extremely uniform 
rootzone 

Å Much superior to straight 
shank in plastic clay loams 
and clays 
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Plastic clay 

ÅPlasticity is the property that allows soil to 

deform rather than shatter upon the 

application of a shear-force. 

ÅPlasticity is highly influenced by water 

and clay content. 

ÅHighly plastic clays, must be sufficiently 

dry (below ñplastic limitò) to rip effectively 

or the ripping is detrimental (compacts). 
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Mold board  

plow ï Slip plow 

Inverts and mixes soil 
from top to bottom 

Causes too much 
structural 
degradation 

Long term subsoil 
compaction due to 
degraded structure 
unable to support 
overburden. 

May drag undesirable 
subsoil to surface 
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The right tool for 

the right job 

Straight shank best for 

busting into rock. 

Winged tine will skip 

across the rock 

 

 

 
Kidd loam:  8ò of loam over volcanic ash. 
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The right tool for 

the right job 

Winged tine best for: 

Åloam, clay loam, clay 

Åsoils without rigid 

bedrock in future 

rootzone. 

Åfractured and 

rounded rock okay 

Very low drainage Low drainage Too Low Questionable Undesirable

Hardness Type Row Track Mid

in. Profile No:16 Duplex Dark Grayish Brown Plastic Loam ERD (in.):20

20

Dark 

Grayish 

Brown 

Loam Friable Granular Moderate  Many No No Many Few Few

31

Grayish 

Brown 

Light 

clay
Hard Massive Very High Few No No Few Few Few

41

Grayish 

Brown 

Medium 

clay
Hard Massive Very High No No No Few Few Zero

53

Dark 

Yellowish 

Brown 

Sandy 

clay
Hard Massive High  No 

20 % 

Orange 
No Zero Zero Zero

D
e

p
th Scale in inches and feet.  Colors 

depend on light conditions
Color Texture Rock

Soil Structure

Plasticity
Visible 

pores
Mottles

Free 

lime

Root density

 
10 % < 1 inch 

Rounded alluvial 

 
5 % < 1 inch 

Rounded alluvial 

 
10 % < 1 inch 

Rounded alluvial 

 
10 % < 1 inch 

Rounded alluvial 
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In-row deep tillage to 

increase rootzone 

uniformity in 

established vineyard 
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Objectives of Chemical Analysis 
¸ Identify chemical hazards that will impact or 

preclude the production of grapes.   

¸ Assess overall soil fertility status. 

¸ Identify soil properties that will require pre-plant 
remediation. 

¸ Identify soil properties that will require on-going 
management to avoid problems.  

¸ Facilitate selection of ripping depth, rootstocks, 
vine spacing and trellis design.  

¸ Compile strategy of treatments that are 
complementary and not negatively interactive. 
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Soil Chemistry 

¸ Extremely important, but over emphasized compared to 

others ï easiest to assess even by marginally 

competent. 

¸ Easy to miss-interpret if chemical interactions or 

multiple imbalances are involved. 

¸ Use a qualified soil scientist; not a viticulturist or 

entomologist, or bean-counter with only rudimentary 

knowledge of soils. 
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Chemical hazards that will impact or 

preclude the production of grapes 

¸ Very high or very low pH 

¸ Aluminum toxicity 

¸ Boron toxicity 

¸ Excessive magnesium 

¸ Nickel toxicity 

¸ Elevated Electrical Conductivity (EC) 

¸ Sodium toxicity and high SAR 

¸ Chloride toxicity 
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Whose critical 

values? 

 

What are 

viticultural 

goals of these 

critical values? 

 

What data is 

missing? 

 

Low pH should 

trigger analysis 

for Aluminum 
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Hazards 
 

 
Table 1. Guidelines for Interpreting Laboratory Data 

on Soil Suitability for Grapes a/ 

 

 

Possible problem and 
units of measurement 

No problem 
(less than 10% 

yield loss 
expected) 

Increasing problems 
(10 to 25% 
yield loss 
expected) 

Severe 
problems 
(25-50% 
yield loss 
expected) 

 

 Salinity 
    ECe, mmhos/cm 
 

 
1.5 to 2.5 

 
2.5 to 4.0 

 
4 to 7 

 

 Permeability 
    ESP or SAR 
 

 
Below 10 

 
10 to 15 

 
Above 15 

 

 Toxicity 
    Chloride meq/l 
       (mg/l or ppm) 
 

 
Below 10 
(350 ppm) 

 
10 to 30 

(350-1060 ppm) 

 
Above 30 

(1060 ppm) 

 

 Boron mg/l or ppm 
 

Below 1 1 to  3 Above 3 
 

 Sodium (meq/l) 
 
 

10 ï 15 
(250 ï 350 ppm) 

Above 15 
(350 ppm) 

Above 30 
(690 ppm) 

 

 Miscellaneous 
    pH 

 
5.5 to 8.5 

5.0 to 5.5 or 
7.5 to 8.0 

< 5.0 
> 8.0 

 

 
 

a/  
Interpretations are based on chemical analysis of the soil saturation extracts from soil samples 

representing a major portion of the rootzone ï usually the top 2 to 3 feet of soil. 
 
Note:  guidelines are flexible and should be modified when warranted by local practices, experience, 
special conditions, or methods of irrigation. 
 
From ñSalinity Appraisal of Soil and Water for Successful Production of Grapesò  1978, 
Division of Agricultural Sciences, University of California. Leaflet 21056 
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High

S-1.00 S-1.10 S-2.30 S-3.10 S-4.10 S-4.20 S-5.10 S-6.10 S-15.10 S-6.10 S-10.10 S-5.10 S-5.10

dS/m mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg meq/100g Ratio

Profile Layer Sat% pH ECe NO3-N POlsen P Bray K Zn Al Ni CEC Ca Mg Ca:Mg

1 1 0 9 48 4.7 0.2 2.8 56 100 295 2.5 89 0.2 22.8 47 21 2.2

1 2 9 27 57 4.0 0.4 6.9 3 7 101 0.3 990 0.1 19.3 18 20 0.9

2 1 0 13 51 6.2 0.3 1.2 4 4 385 2.5 0.1 20.8 66 21 3.1

2 2 13 28 50 4.6 0.2 0.7 2 6 314 0.4 308 0.2 20.4 35 28 1.2

2 3 28 60 77 4.2 0.2 8.4 1 1 281 0.1 1560 0.1 16.9 8 18 0.5

3 1 0 13 49 4.9 0.5 0.8 6 18 174 2.8 34 0.2 18.6 53 24 2.2

3 2 13 24 39 4.4 0.4 2.1 4 12 100 0.2 425 0.1 15.1 36 22 1.6

4 1 0 14 53 4.9 0.5 1.6 3 5 157 0.7 62 0.4 19.8 51 24 2.1

4 2 14 25 75 4.2 0.3 1.4 1 1 149 0.3 1512 0.1 20.6 16 23 0.7

4 3 25 40 70 4.2 0.2 5.2 1 1 72 0.2 2710 0.1 20.1 4 19 0.2

 Percent of CEC

Extractable CationsSaturation Extract

Method >

Depth (in)

Marginally Low
Excessively 

High
Very low

Extractable Nutrients

Sample

As pH drops below 5.5 hydrogen becomes 

more prominent on the CEC and skews data  

 

ÅMay require calcium carbonate as well as dolomitic lime 

(calcium magnesium carbonate) for pH and gypsum 

(calcium sulfate) for neutralization of the aluminum. 


