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Soil Health Guide

for Napa Valley Vineyards

This guide summarizes the results of two studies conducted by the Soil Health and Biodiversity Lab at the University
of California Davis and the North Coast Soil Health Hub assessing soil health in Napa Valley vineyards. This project
incorporates the results of sampling soils in 62 Napa Valley vineyards with various approaches to soil management.
Itis intended as a general reference to direct farmers on how to assess soil health in vineyards and how to interpret
results. Farmers can use the results of this project to learn how soil health in their vineyards compares to that of
others in the region, to guide soil management strategies, and to track changes in soil health over time.




Healthy soils are living, resilient,

and dynamic ecosystems that support
essential vineyard functions.

A healthy soil is a living, dynamic ecosystem, able
to continuously perform physical, chemical, and
biological processes that allow crops to thrive over
time. Some of these processes include efficient water
retention and infiltration, adequate nutrient cycling,
proper aeration, and the ability to support a diverse
biological community. Organic matter is at the center
of all soil functions; it is a primary source of carbon,
which gives energy and nutrients to soil organisms.
interacts with soil particles to form
stable aggregates, which enhances the soil water
cycling. Soil organic matter also has a high cation
exchange capacity which limits nutrient loss, reducing
the need for nutrient additions.

Healthy soils are teeming with billions of organisms
living in constant interaction with each other through

symbiotic and prey/predator relationships. Some ex-
amples of soil organisms are earthworms, nematodes,
arthropods, fungi, and bacteria. These organisms and
their interactions within the soil ecosystem, in turn,
can affect how the soil functions over time. Soils can
be home to pathogenic organisms and soil-borne
diseases like plant-parasitic nematodes and Armillaria
root disease '. However, most soil organisms are
beneficial and are involved in functions like organic
matter turnover, nutrient cycling, aggregate formation,
soil aeration, and disease prevention 2.

The way the soil is managed will directly contribute to
additions or removal of organic matter and in turn will
impact soil health. Organic matter is best built up and
retained in the soil by following USDA’s principles of
soil health:



Why is soil health important for

Napa Valley vineyards?

Napa Valley soils are very diverse with distinctive char-
acteristics encompassing 33 soil series and 6 soil orders.
The Valley is home to deep and rich alluvial soils, rocky
hillsides, and volcanic soils found in a wide range of to-
pographies. This soil diversity provides the perfect setting
to grow a wide variety of wine grapes for multiple wine
styles. The Napa Valley currently supports the growth of
over 40 wine grape varieties, with Cabernet Sauvignon
and Chardonnay being the most widely planted>.

Soils are a non-renewable resource essential for sustain-
able wine grape production. Building healthy soils through
vineyard soil management practices that promote the ac-
cumulation of organic matter, biodiversity, and soil protec-
tion, benefit vine health and productivity in diverse ways.
For instance, a healthy soil with strong aggregation and

awell-developed structure will promote adequate water
flow and retention, supporting vine root health, growth,
and efficient water and nutrient uptake 4.

Building soil health through vineyard soil management
practices that promote the accumulation of organic mat-
ter, biodiversity, and soil protection, can build vineyard
resilience and longevity. Additionally, these practices
could benefit vine health and support wine grape growers’
targeted production goals. Testing soil health indicators
across the diverse landscape of the Napa Valley American
Viticultural Area (AVA) works as a tool to assess the status,
including opportunities to build soil health and resiliency

in vineyards.

The way the soil is managed
will directly contribute to
additions or removal of organic
matter and in turn will

impact soil health.
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Soil sampling in vineyards should be done in areas
with uniform characteristics to ensure consistency.
This should include areas with similar soil texture
and uniform soil management practices. Typically,
each vineyard block serves as a distinct sampling
area; however, it may occasionally be necessary

to subdivide a block if the soil characteristics or

How to Sample Soils for

Soil Health Testing

and other associated soil properties are identified
across the landscape. Other vineyard management
tools that capture variability within the plots by inte-
grating remote sensing, GIS and yield maps, can also
be used to identify soil variability.

Within each uniform area of the vineyard that has

been identified, itis necessary to collect 10-15

management are significantly different. Soil prop- subsamples that will be combined in a bucket to get

erties can change within the same vineyard block a composited sample. These subsamples need to be

due to changes in soil-forming factors (slope, parent collected in a random pattern around the sampling
material, etc.) that drive differences in inherent soil . . . .
area to capture minor differences in soil properties.

properties (texture, gravel content, mineralogy). Itis important to make sure that each subsample

Therefore, it is important to understand soil . .
represents at least one acre with each composite

variability within the vineyard block before . . .
dosient i  health sample representing the entire sampling area.
esigning a sampling strategy to assess soil health. The following sections describe the procedures for

This variability can be identified by using a soil map collecting representative soil samples

tool like the soil web in which different soil series

Tools and depth

Several tools can be used to sample soils includ-
ing shovels, soil augers, and soil core samplers.
Recent guidelines recommend soil sample
collection at 6 inches deep. This is the depth

to where the effects of most soil management

practices can be observed®. It isimportant to

ensure that an equal amount of soil is collected
from each sublocation.

Figure 1. Collection of soil using a soil core sampler with
slide hammer (left) and how the soil sample looks
after being extracted from the core (right).




Where to sample?

Itis important to consider how historical soil
management may have created different soil
health zones within the vineyard. In vineyards,
the tractor rows and the vine rows should

be sampled and analyzed separately since
these generally are subjected to different
management practices that can impact soil
health in different ways.

Figure 2. Soil sampling locations: vine
row and tractor row (or interrow).
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When to sample? Soil sampling guidance

Some soil health indicators can change during the year, depending on seasonal conditions The Napa County Resource Conservation
(temperature and precipitation) and soil management. Thus, if performing repeated sampling District (Napa RCD) and USDA Natural

over several years, it is recommended that you sample consistently at the same time of the Resources Conservation Service (NRCS) field
year, so the results are comparable. Late winter and spring are usually good times to measure office are available to assist you if you have any
biological indicators of sail health since this is when soils still have high levels of moisture questions about soil sampling and soil sample
from the winter rains, the cover crop is growing actively (and feeding the microbes) and the soil management. Contact your preferred labo-
temperature is warming up. As temperatures increase, the soil dries up and microbial activity ratory for details on sampling containers and
decreases. Dry soils are also harder to sample. Sampling may also be performed after harvest shipping protocol.

as part of the fall vineyard management practices and field preparation before dormancy.
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How to Assess Soil
Health in Napa Valley
Vineyards
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Overview of projects

With the collaboration of wine grape growers, the University of California
Davis (UC Davis) Soil Health and Biodiversity Lab and the North Coast Soil
Health Hub (NCSHH) conducted independent studies to assess the variability
of soil health indicators across 62 vineyards of the Napa Valley AVA. These
studies assessed soil health in these vineyards by evaluating physical,
chemical, and biological parameters such as carbon cycling, nitrogen cy-
cling, water cycling, and biodiversity. Soil samples were collected from the
vine rows (under the vine) and tractor rows (alleys). UC Davis sampled 32
vineyards in the spring of 2021to a depth of 8 inches. The NCSHH sampled
30 different vineyard sites during the late winter to the early spring from
2017-2021 to a depth of 6 inches. For the informational purposes of this guide,
both datasets were merged and analyzed together following the assumption
that no significant differences exist between 6 and 8 inches of depth. The soil
samples were collected from vineyards with various soil health management
approaches and incorporate the different techniques currently employed

in the region. The overall goal of these studies was to establish a baseline
assessment of soil health, reflecting the diverse soils and management
practices within the Napa Valley AVA. This assessment represents a valuable
resource for farmers, offering a guide for interpreting soil health test results
and supporting informed decision-making for sustainable vineyard manage-
ment. Farmers can use the guide to learn how soil health in their vineyards
compares to that of others in the region, to guide soil management strategies,
and to track changes in soil health over time.

The following sections provide information about the soil health parameters tested as part of this project
and aninterpretation of the results and trends observed.
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Figure 3. Map of the sampled vineyards by UC Davis (blue) and the NCSHH (red).
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Assessment of soil carbon cycling
D

Soil is the largest terrestrial reservoir of carbon on the planet, containing more carbon
than the atmosphere and plant biomass combined. Carbon sequestration refers
to the process of capturing and storing atmospheric carbon dioxide (CO,)

in soils, helping to support vital soil functions. In soils, carbon is a central
component of soil organic matter (SOM), which is essential for biological,
physical, and chemical processes that contribute to overall soil health.

It fuels microbial activity, promoting nutrient and water cycling, and im-

proves soil structure.

Carbon enters the soil through organic inputs such as plant residues, root
exudates, and composts. Once in the soil, it can be used by microorganisms for
energy, resulting in nutrient cycling and the release of carbon dioxide (CO,) or methane (CH,),
depending on oxygen availability. Also, carbon can be stabilized and sequestered in the soil through
interactions between microbial biomass and soil minerals protecting it in the soil physical matrix’.
While soil organic C is not permanently bound in the soil (as it happens in geological carbon
sequestration), it can remain protected for decades to hundreds of years and therefore this
constitutes a potential pathway to mitigate challenges associated with climate change ®°.

In the laboratory, we can measure soil health by assessing carbon cycling indicators like SOM %,
Total C, Permanganate Oxidizable C (POXC, or active C), and Mineralizable C. These indicators help us
understand the role of carbon in maintaining soil health and supporting sustainable viticulture practices.

TOTAL CARBON

Soil Total Carbon (TC) is estimated through dry combustion and is a measure of all the carbon
found in soil organic matter (SOM).

SOIL ORGANIC MATTER (%)

Soil organic matter (SOM)% represents the percentage of soil mass that is made up of organic
materials from plants, microorganisms, and animal waste products and tissues in various levels of

decomposition. Soil organic matter content can be calculated through mass balance after oxidation
of the soil sample, typically through combustion. In addition, since C is the backbone of all organic
compounds, SOM can be estimated from soil total C content by multiplying it by a factor of 1.72.
This conversion factor assumes organic matter contains 58% organic carbon.




PERMANGANATE OXIDIZABLE CARBON (POXC)

This pool is particularly sensitive to changes in soil management, more so than other soil carbon
indicators, and as a result is useful for tracking changes in soil organic matter due to management
practices like tillage, cover crop, and compost, among others. Compared to other C indicators, POXC
better reflects practices that promote organic matter accumulation ™.

MINERALIZABLE CARBON FROM MICROBIAL RESPIRATION

Microbial respiration, or carbon mineralization, is the process by which microbes generate CO, as they
break down carbon-rich molecules (organic matter) as a source of energy and nutrients. Carbon mineral-
ization is anindicator of soil microbial activity, particularly of decomposition of organic matter fractions

that are accessible (not protected) to microbes. The carbon mineralization test measures CO, produced

as aresult of microbial activity after incubation of rewetted soils at field capacity. Higher microbial respi-
ration levels reflect a more active microbial community and potentially higher organic matter decomposi-
tion and nutrient cycling in soils. Nonetheless, this indicator needs to be evaluated together with changes
in total soil C and SOM. Elevated microbial respiration combined with low carbon inputs to the soil can
lead to the depletion of soil carbon and organic matter, ultimately diminishing soil health. Therefore, high
levels of mineralizable C (microbial respiration) are only desired if they are accompanied by increases in
soil C and organic matter.
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Assessment of nitrogen cycling

Plants consume more nitrogen (N) than any other nutrient. Plant amino acids, which produce proteins and enzymes,

depend on N. Nitrogen is also a major component of chlorophyll, which plays a role in photosynthesis. Similar to plants,
soil organisms rely on N and are key players in its cycling process. For example, microbial processes such as mineraliza-
tion and nitrification, which involve the breakdown of nitrogen compounds, contribute to making nitrogen available for

plants. (Figure 4). Plant-available soil nitrogen can be found in two forms: ammonium (NH,*) and nitrate (NO,).
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Nitrogen in the soil can be found in four different pools, total nitrogen, potentially mineralizable nitrogen, and plant-available
nitrogen (ammonium and nitrate):

TOTAL NITROGEN

The test for the total pool of soil nitrogen measures all forms of nitrogen in the soil (plant-available
and non-plant available) and is determined through combustion methods in the laboratory.

POTENTIALLY MINERALIZABLE NITROGEN (ACTIVE ORGANIC N POOL)

The potentially mineralizable nitrogen (PMN) analysis estimates the active organic nitrogen from
organic matter that could be converted to plant-available nitrogen by soil microbes in the short term
(days to weeks).

AMMONIUM (PLANT-AVAILABLE N POOL)

Ammonium (NH,") is a form of plant-available nitrogen that is the first product to be released

after mineralization of organic N. This form of N is usually converted rapidly to nitrate by soil
bacteria, therefore concentrations of ammonium in vineyard soils can be very low except right
after tilling in a leguminous cover crop or after fertigation. Ammonium has low susceptibility to
leaching compared to nitrate.

NITRATE (PLANT-AVAILABLE N POOL)

Nitrate (NO,) is another plant-available fraction of the total soil nitrogen that is formed through
the oxidation of ammonium (nitrification process) by soil bacteria. Nitrate is the most important
source of nitrogen for plants and it’s highly prone to leaching. Nitrate increases quickly in response
to management events such as fertigation and cover crop or compost incorporation with tillage.

It can decrease fast (within days or weeks) once taken up by the plants and microorganisms.
Similarly, a large rain event after a long dry spell, can increase mineralization, release, and loss
(leaching) of this nutrient.




Assessment of water cycling

Soil texture (% clay, silt, and sand) (Figure 5), soil structure (the

three-dimensional arrangement of these particles), organic NAPA VALLEY SOIL TEXTURE DATA
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matter content, and pore size distribution are the greatest influ-
ences on water movement through soil. Soil organic matter and
small pores (<50 pm), for example, can promote water storage
and make it available to plants over time, while large pores
(>50 pm) and fissures drain excess water quickly, preventing
waterlogging™.

A balance between small pores that retain water and large pores
that facilitate drainage is ideal. If small pores dominate, soils can
become waterlogged, reducing oxygen availability to vine roots.
Conversely, if large pores dominate, soils may drain too quickly,
leaving vines without sufficient moisture. Soil aggregates—c
lusters of soil particles bound together—are essential in maintain-

ing this balance by stabilizing soil structure and creating a net-

work of pores that support both water retention and infiltration. Figure 5. USDA Sail textural triangle.

These are some indicators to assess soil conditions for water “‘ Figure 5. The black dots represent the texture of the soils in the study.
movement through the soil:

WATER INFILTRATION

Infiltration is an indicator of

how water enters the soil and
moves through the soil profile.
Inherent characteristics of soil,
like texture, greatly influence
infiltration. Other dynamic
factors, including soil structure,
organic matter content and the

AT
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existing soil water content at M '
the time of measurement also ey '_ e e oy

play arole. Good soil structure

and/or coarse texture can pro-
mote hlgher water infiltration Figure 6. Example of how water infiltration and storage occurs in good vs poor soil health *.

(Figure 6).




WATER INFILTRATION
MINI-DISK INFILTROMETER : The mini-

PENETRATION RESISTANCE

Penetration resistance serves as an indi-

disk infiltrometer helps in measuring cator of soil compaction that may hinder
unsaturated soil hydraulic conductivity. root growth into deeper soil layers. Com-
This method indicates how easily water pacted soils impede water infiltration,
moves through the soil in unsaturated increasing susceptibility to evaporation
conditions. It is important to follow the and runoff, thereby reducing water use
manufacturer instructions for correct efficiency. Moreover, compaction limits
setup of the equipment and calculations oxygen availability, adversely affecting
to obtain an infiltration rate value. microbial activity. A penetrometer or soil

compaction meter can be used to mea-

SINGLE-RING INFILTRAION RATE TEST: sure penetration resistance in pounds per

The primary purpose of the test is to mea- square inch (psi). Soil moisture signifi-
sure how quickly water infiltrates into cantly influences surface hardness and
the soil. Aring is placed in the soil, and a penetration resistance, with drier soils
known volume of water is added to it. By typically being harder than wetter ones.
recording how fast the water level drops Consequently, moisture levels must be
over time, one can see how efficiently considered during measurements.

(fast or slow) your soil infiltrates water.
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Figure 8. Example of a single disk infiltration setup. Figure 9. Picture of Dr.Charlotte Decock using a soil
ﬂ penetrometer to measure soil surface hardness
taken by Connie Wong.

L3 WET AGGREGATE STABILITY

‘ Aggregates are clumps of soil particles of sand, silt or clay, and soil organic matter that stick together. Soil microbes secrete
compounds while breaking down organic matter, which promotes the formation of these aggregates. These compounds and root

exudates act as a cementing agent to form aggregates. Over time, in undisturbed soil, fungal hyphae and plant roots can also
strengthen aggregates by growing through and around them. Aggregates illustrate the direct relationship between biological
activity and soil physical structure. Wet aggregate stability indicates the resistance of the soil aggregates to be disrupted when
wet and therefore is an indicator of soil erodibility.
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Biodiversity

Soils are teeming with life. A recent
study estimates that more than half of
the planet’s biodiversity resides below
ground ®. One single teaspoon of soil
may contain one billion bacterial cells,
up to one million individual fungi, about
one million cells of protists, and several
hundred nematodes. In addition, soil
harbors different species of meso- and
macro/megafauna represented by ar-
thropods, earthworms, and mammals.
All of these groups of soil organisms
interact constantly and form the soil
food web which regulates essential

obtained from a PLFA analysis is:

croorganisms is through a phospholipid fatty acids analysis
(PLFAs). PLFAs are important components of microbial cell
walls and help in the identification of living soil microbes.
This method, which is recommended by the CDFA”, helps
determine if there are any dominant groups of microor-
ganisms. The method can also show sensitivity to soil
management practices and other environmental stressors
(like drought and heavy rainfall events). Generally, the
higher the abundance and diversity of the organisms, the
more beneficial functions are estimated for soil and plant
health. It is important to contact the laboratory beforehand
to follow instructions on how to collect, manage and store
soil samples for PLFA analysis. Some information that is

soil. The use of fumigants, intensive tillage, or com-

paction can decrease fungal biomass and increase ® BACTERIAL BIOMASS refers to the sum of biomass
bacterial dominance. When bacteria dominate,

organic matter cycling tends to favor the rapid break-

ecological processes such as organic
matter decomposition, nutrient cycling
and disease resilience '**5.

Given the large diversity in sizes and
habitats of soil organisms, assessing
their abundance (number of individu-

als, biomass) and diversity (number of
different species) is quite a challenging
task. Typically, different sampling and
identification techniques are required for
macrofauna like earthworms, microfauna
like nematodes, or microorganisms like
bacteria and fungi (Figure 10).

PHOSPHOLIPID FATTY ACIDS (PLFAS)

One method to study the abundance and identity of soil mi-

down of simple compounds,
while the decomposition

of more complex organic
materials, such as lignin, is
diminished. This can disrupt nu-
trient cycling, potentially reducing

Microorganisms (bacteria and fungi) are
by far the most abundant and diverse of
all organisms and carry out fundamental
steps that complete the processes of or-
ganic matter decomposition and protec-
tion, nutrient cycling, and aggregation.
This, in turn, improves water infiltration
and retention in soils, among other func-
tions. Generally, the higher the diversity
of microbial species, the more functions
a healthy soil could provide. Some of the
molecular methods that are commonly
used to study microbial biomass and
diversity are:

the availability of essential nutrients for

vines. Fungi, in contrast, play a critical role in the de-
composition of complex organic matter and pest sup-
pression, supporting long-term carbon and nutrient
cycling, and plant health®™™. A higher fungi:bacteria
ratio is ideal, as it may reflect a more balanced mi-
crobial ecosystem for enhanced carbon and nutrient
cycling, better soil structure, and plant health.

© TOTAL PLFA BIOMASS refers to the sum of biomass
of all living microorganisms in the soil at the time

® FUNGI:BACTERIA RATIO shows the abundance rela-

tionship between fungi and bacteria in the soil. The
lower the ratio, the more bacteria are dominant in the ® FUNGAL BIOMASS refers to the sum of biomass of all

of sampling.

of sampling.

living fungal cells in the soil at the time of sampling,

of all living bacterial groups in the soil at the time




Figure 10. Overview of sampling and identification methods for soil biota. Large soil organisms like earthworms and arthropods require hand sorting and larger soil samples

and are identified at the species level using morphological features. On the other hand, small microorganisms require soil sample sizes and are identified
through molecular or biochemical methods .

~ Soil Sample

SOIL DNA OF BACTERIA AND FUNGI

Sequencing of DNA is now the gold standard to determine the
species composition of soil microorganisms and is available
to growers through different commercial labs. This method
typically consists of analyzing species-specific marker
genes, like the 16S ribosomal ribonucleic acid (rRNA) gene

for bacteria and archaea and the internal transcribed spacer
(ITS) region for fungi. Extracted microbial DNA from soil
samples is analyzed by comparison to reference databases
that help in assigning a taxonomic classification and pro-
ducing a list of microbial species. Therefore, the information
obtained from this testing provides more specific information
on what organisms are present in the soil compared to the
PLFAs analysis, which only informs about the abundance of
microbial groups. Specific data from this soil microbial DNA
analysis can help in assessing the presence of beneficial
microorganisms and estimating potential nutrient cycling

or defense against pathogens?. However, not all organisms
whose DNA has been extracted are alive and active in the

soil; some might be dormant or dead. These DNA analyses
should thus be accompanied by other soil health tests for a
more complete picture of soil biodiversity. Another weak-
ness of this method is that it’s more expensive and harder to
interpret results. In general, greater abundance and diversity
of organisms are associated with an increased range of bene-
ficial functions for soil and plant health.

Soil microbial community diversity from DNA sequencing
data can be studied using the Shannon diversity index.
This index provides information about microbial species
richness (the number of different species in a soil sample)
and evenness (the distribution of abundance across the dif-
ferent species in a soil sample) within sites. The higher the
values, the higher the diversity present in the communities
studied. Studies have shown that high levels of species
richness and evenness are correlated with higher soil eco-
system functioning 22,

More information about soil biodiversity, its role in soil health, and methods of assessment

can be found in the recent report ‘Soil Biodiversity in California Agriculture: Framework
and Indicators for Soil Health Assessment’ by the CDFA.
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Other field soil health indicators

These are additional tests that can be conducted in the field to assess soil health:

Visual signs of erosion
issues in the vineyard

A simple way to assess erosion issues in
vineyards is to observe surface water flow
fromirrigation and rainfall events. After these
events, if water flows on the surface and soils
are exposed, the risk of soil erosion and loss
increases. These issues are important because
the topsoil is where most soil organic matter
and microorganisms are located. The loss of
soil through erosion is an irreversible process.
Vineyard rows that are established along the
slope (as opposed to across the slope) have a
higher risk of runoff and soil erosion. Protecting
soils from erosion and loss is key for soil health
and vineyard resilience. Figure 11 shows some
examples of severe erosion issues that could be
avoided through practices like cover crops and
reduced tillage.

Aggregate stability

SLAKE TEST:

One method to evaluate soil resistance to erosion

is by doing a Slake test. This test consists of
placing a soil aggregate in water to see how much
it disintegrates or remains aggregated. You can
find more information in the following resource:
https://fyi.extension.wisc.edu/danecountyag/
files/2020/02/Slake-test-handout.pdf

SLAKES PHONE APPLICATION FOR
AGGREGATE STABILITY

The Soil Health Institute developed a smartphone app

to measure aggregate stability in samples after being
exposed to water through photography. More infor-
mation can be found here: https://soilhealthinstitute.
org/news-events/soil-health-institute-launches-
slakes-a-free-smartphone-app-to-measure-soil-
aggregate-stability/



Figure 12. Soil sample with cover crop roots and earthworms (top left),
vineyard with healthy cover crops (top right), vineyard with unhealthy cover crops

(lower left), and soil aggregate with mycorrhizal fungi (lower right).

Assessing soil _
biodiversity in the field o
A great and simple way to generally assess

biological soil health in vineyards is to observe the
dispersion and growth of cover crops or natural cover.
Areas where these plants appear weak or fail to grow may
indicate high soil compaction, salinity, low organic matter, or insufficient

nutrient and moisture levels. The presence of earthworms and mycorrhizal fungi is another
good indicator of soil health in the field.

ADDITIONAL RESOURCES:
https://www.nrcs.usda.gov/sites/default/files/2022-10/Cropland_InField_Soil_Health_Assessment_Guide.pdf
https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=44419.wba



Project Results

The tables below show the minimum, average, and maximum values for all the soil
health indicators measured as part of this project along with an analysis of trends
observed and theirimplications. A total of 537 soil samples were evaluated: 360 by
UC Davis and 177 by the North Coast Soil Health Hub. A statistical analysis of the
results is omitted here but can be requested by contacting the authors.
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Assessment of soil carbon cycling data

TABLE 1. CARBON CYCLING SOIL HEALTH INDICATORS RESULTS.

Carbon Cycling Soil Health Indicators Tractor row Vine row
What to look for?

min average max min average max

Total Carbon (%) 0.5 2.1 5.9 0.004 1.9 5.8

Organic Matter (%) 0.9 3.6 10.1 0.07 31 9.9

More is better

POXC (mg/kg soil) 132 553 1156 "7 512 1065
Mineralizable Carbon (mg CO,-C/kg soil/ day) 1.4 24.8 83.0 03 204 84.6

TRENDS OF RESULTS:

® Carbon cycling values generally increased
withincreasing clay content (%).

® Carbon indicator values were higher in the
covered tractor rows compared to the bare
vine rows. This has been reported
in other studies 4.

©® Mean values for soil carbon cycling tended
to be higher in no-till soils, though the
differences were not statistically significant.

® Carbon cycling indicators mean values
were similar between AVA sub-appellations.




Assessment of nitrogen cycling data

TABLE 2. NITROGEN CYCLING SOIL HEALTH INDICATORS RESULTS.

Nitrogen Cycling Soil Health Indicators Tractor row Vine row
What to look for?

average i average

TN (%) 0.2 b 0.1 ! optimal levels may

Nitrate (NO,) (ppm) 5.3 I 6.8 vary depending on

Ammonium (NH,") (ppm) 5.6 b 4.5
Potentially mineralizable nitrogen (PMN) (ppm) b 26.0 . 20.8

management goals

TRENDS OF RESULTS:
® TN and nitrate slightly increased with increasing clay ® All mean values for NH,* and NO," are within the CDFA
content (%) recommended N application rates 7, 10-25 Ibs/ac,

® No particular trends were seen between the Napa Valley for vines with medium vigorin medium to fine
. texture soils.
AVA sub appellations.

® Soil NH,* and PMN mean values were higher in the tractor ¢ T_N mean values tended to Fe hlgl.ler.m no-tl.ll soils and.
. L . nitrate mean values were higher in tilled soils suggesting
row, and nitrate mean values were higher in the vine row

(p<0.05). that tillage could incentivize nitrogen mineralization.

® Other studies have found that organic, biodynamic,

® Higher NH,* and PMN values in the tractor row are expected ) A .
or regenerative systems that rely on organic inputs (like

due to higher organic matter inputs from cover crops. . .
composts and manure) are typically characterized by low

® The mean values for NH," and NO," in the tractor row levels of plant-available N pools (NH,* and NO,’) but high
were 5.6 ppm (11.2 Ibs/ac) and 5.3 ppm (10.6 Ibs/ac) levels of potentially mineralizable N and total soil N%.
respectively. For the vine row, the mean values for NH,* Organic nitrogen pools have to be mineralized by soil
and NO," were 4.5 ppm (9lbs/ac) and 6.8 ppm (13.6 Ibs/ac) microorganisms to become plant-available nitrogen.
respectively. Therefore, organic amendments might promote a slower

release of plant-available nitrogen.

® Higher NO," values under the vine are expected due to

fertigation. Itis important to test soils frequently ® In contrast, systems that rely on inorganic or mineral N
(every 1-3 years), especially since high levels of NO, supplies typically have higher and readily plant-available
in the soil could lead to higher risk of leaching and N pools (NH,* and NO,) from mineral fertilization?® that can
groundwater contamination?, especially if present in lead to faster plant uptake and growth.

the soil right before the wet season.

® Frequent soil testing and detailed observation of vine
health and vigor are recommended to guide soil
amendments and nutrient additions.




TABLE 3. WATER CYCLING FIELD SOIL HEALTH INDICATORS RESULTS.

napagrowers.org/soilhealth

Water Cycling Soil Health Field Indicators Tractor row Vine row

What to look for?

average average

Wet Aggregate Stability (%) 8.8 48.0 84.0 14.0 48.2 85.5 More is better
Infiltration rate (in/hr) using the 0.01 0.10 0.62 __ __ __
mini disk infiltrometer
Penetration resistance (psi) at an average 145.2 431.6 740.0 131.2 395.4 692.6 Less s better

of 20% gravimetric soil moisture

TRENDS OF RESULTS:
WET AGGREGATE STABILITY:

©® Wet aggregate stability mean values increased with
increasing clay content

® Aggregate stability is also an indirect measurement of the
soil’s potential for accumulating C, as many C compounds
are typically trapped inside aggregates.

©® Mean values did not differ between the tractor and vinerows. ) TR ATION RATE: In this study, the infiltration rate was only

® We did not observe differences in wet aggregate stability
between disked and no-till soils from data analysis.

® Higher values of aggregate stability indicate a better aggre-
gation of soil particles and therefore better soil structure
and porosity, which will facilitate water infiltration into the
soil and retention. Higher aggregate stability also shows a
lower susceptibility of the soil to wind and water erosion.

measured in the tractor row due to limitations in equipment.
Infiltration rates vary greatly between sites due to differences in
soil texture and soil management. Infiltration rates will also depend
on the soil moisture content at the time of measurement.

PENETRATION RESISTANCE: penetration resistance tended to be
higher in the tractor rows compared to the vine rows potentially due
to soil compaction.

Higher aggregate stability

also shows a lower susceptibility
of the soil to wind and

water erosion.
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TABLE 4. BIOLOGICAL (PHOSPHOLIPID FATTY ACIDS) SOIL HEALTH INDICATORS RESULTS.

Soil Biodiversity indicators: PLFAs (ng/g)

Tractor row

Vine row

average

average

What to look for?

Total Biomass

2003

1628

Total Bacteria Biomass

687

445

Total Fungi Biomass

0.0

208

837

0.0

mn

480

AMF Biomass

79

38

Fungi:Bacteria ratio

TRENDS OF RESULTS:

0.3

0.2

More is better

In general, the Total Bacteria Biomass, Total Fungal Biomass, and arbuscular mycorrhizal fungi (AMF) biomass assessed through the

PLFA analysis tended to be higher in the tractor row potentially due to the presence of cover crops or natural cover compared to the

uncovered vine row. Similar trends have been observed in other studies 22°°.

TABLES - BIOLOGICAL SOIL HEALTH INDICATORS RESULTS. MICROBIAL RICHNESS

AND EVENNESS INDEX REPRESENTED BY SHANNON DIVERSITY INDEX FROM SOIL DNA.

Shannon Diversity Index Tractor row Vine row
What to look for?
min average max min average max
Prokaryotes (Bacteria and Archaea) 4.6 6.0 6.5 44 5.9 6.6 More is better
Fungi 2.5 3.9 5.3 2.2 4.0 5.2
TRENDS OF RESULTS:

® No differences were seen for fungal and prokaryotic Shannon diversity indexes between the tractor and vine rows.

® Bacterial diversity was overall higher than fungal diversity potentially due to higher bacterial biomass in the soils sampled.

® The field of soil microbial diversity research and its role on soil health is growing. Benchmarks or ideal thresholds of biodiversity

for ecosystem functioning have not yet been defined for agricultural soils.

® Results should be interpreted within each context (soil type, management, etc.). The goal is to increase soil biodiversity levels

through practices such as diversified cover crops and organic inputs *-%,




This guide provides a range of high and
low values for soil health indicators in
Napa Valley vineyards. It is meant to help
farmers understand how their soil health
compares to that of others in the region

as a starting point to guide soil manage-
ment decisions and to track changes in
soil health over time. The range of values
presented in the guide come from vine-
yards across the valley with various soil
management approaches. The guide is
not meant to provide information on how
different management strategies impact
soil health, but rather to provide a general
idea on how soil health indicators score
across the region. The best way to know
if a particular soil management strategy is
contributing positively or negatively to soil
health is by tracking changes in soil health
indicators over time.

In general, implementing the USDA’s soil
health principles—minimizing disturbance,
maximizing living roots, maintaining soil
cover, and promoting biodiversity—is
generally expected to enhance organic
matter levels, ultimately leading to im-
proved soil health. The reality is that each
soil is unique and will respond differently
over time to changes in management.

Soil health is a journey, not a destination.
There is no established recipe for soil man-
agement practices-no silver bullet exists.
In certain instances, implementing soil
health management strategies could gen-
erate short-term changes in the produc-
tivity of the vineyard. Winegrape growers
must make well-informed decisions to
balance the long-term benefits and poten-
tial short-term challenges of adopting soil
health management practices, carefully

considering local climate, soil conditions,
and their specific production goals. By
embracing a long-term vision of a healthy
vineyard sustained through healthy soil
practices, growers can navigate the
challenges of transitioning to sustainable
management. A commitment to thoughtful
planning and an awareness of the enduring
benefits for the agroecosystem will ulti-
mately ensure the vineyard’s resilience,
productivity, and ecological harmony.
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Vineyard Soil
Health Resources

Soil health testing and technical assistance

@ Napa Resource Conservation District (naparcd.org) Soil health is ajourney,
® USDA’s Natural Resources Conservation Service (nrcs.usda.gov) not a destination.
©® North Coast Soil Health Hub (soilhub.org)
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napagrowers.org/soilhealth
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