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SOIL QUALITY 

INTRODUCTION 

What is soil? 

Soil is a living, dynamic resource that supports plant life.  It is made up of different size mineral 
particles (sand, silt, and clay), organic matter, and numerous species of living organisms.  Soil 
has biological, chemical, and physical properties that are always changing. 

What does soil do for us? 

Soil provides a physical matrix, chemical environment, and biological setting for water, nutrient, 
air, and heat exchange for living organisms. 

Soil controls the distribution of rainfall or irrigation water to runoff, infiltration, storage, or 
deep drainage.  Its regulation of water flow affects the movement of soluble materials, such as 
nitrate nitrogen or pesticides. 

Soil regulates biological activity and molecular exchanges among solid, liquid, and gaseous 
phases.  This affects nutrient cycling, plant growth, and decomposition of organic materials. 

Soil acts as a filter to protect the quality of water, air, and other resources. 

Soil provides mechanical support for living organisms and their structures.  People and wildlife 
depend on the this function. 

What is Soil Quality? 

Soil quality is the fitness of a specific kind of soil to function within its surroundings, support 
plant and animal productivity, maintain or enhance water and air quality, and support human 
health and habitation. 

How is soil quality important to landowners? 

Soil quality enhancement is important to support crop, range, and woodland production and 
sustain water supplies.  Enhanced soil quality can help to reduce the onsite and offsite costs of 
soil erosion, improve nutrient use efficiencies, and ensure that the resource is sustained for 
future use.  It is also essential to maintain other resources that depend on the soil, such as 
water quality, air quality, and wildlife habitat. 

How can soil quality be evaluated? 



Soil quality and soil health can be evaluated by monitoring several indicators.  The type of 
indicator chosen depends on the soil function and scale (i.e. field, farm, watershed, or region) in 
which the evaluation is made.  For example, an indicator of soil loss by erosion may be the 
thinning of the surface layer or visual and physical evidence of gullies, small rills, adjacent 
sediment, etc.  Indicators for physical, chemical, and biological conditions can be simple field 
tests or sophisticated laboratory analyses. 

Soil quality indicators may be considered diagnostic tools to assess the health of the soil or else 
as a cause for concern to the farmer, producer, rancher, woodland manager, or gardener, to 
stimulate a change in management.  Trends in soil health can help in planning and evaluating 
current land use practices.  The information gathered from monitoring soil health can be used 
to improve conservation recommendations. 

How can my awareness of soil quality be applied? 

Soil quality can be applied through several natural resource approaches: 

 Data from soil surveys, fertility labs, and field tests can help identify areas where natural 
soil properties (texture, drainage, etc.) or management related problems currently exist.  
Once these conditions are identified, corrections can be planned. 

 Areas with potential resource problems can be identified and shown on soil interpretive 
maps.  These fragile areas that can be easily be damaged my need more intensive 
management to prevent damage or be converted to a less demanding land use. 

 After installing conservation practices, trends in soil quality can be tracked to show the 
success of the practice or the need for other management changes. 

What concerns are addressed by soil quality? 

 Loss of soil material by erosion 
 Deposition of sediment by wind or floodwaters 
 Compaction of layers near the surface 
 Soil aggregation at the surface 
 Infiltration reduction 
 Crusting of the soil surface 
 Nutrient loss or imbalance 
 Pesticide carryover 
 Buildup of salts 
 Change in pH to an unfavorable range 
 Loss of organic matter 
 Reduced biological activity and poor residue breakdown 
 Infestation by weeds or pathogens 



 Excessive wetness 

SOIL COMPACTION 

What is compaction? 

Soil compaction occurs when soil particles are pressed together, reducing the pore space 
between them.  This increases the weight of solids per unit volume of soil (bulk density).  Soil 
compaction occurs in response to pressure (weight per unit area) exerted by field machinery or 
animals.  The risk for compaction is greatest when soils are wet. 

Why is compaction a problem? 

Compaction restricts rooting depth, which reduces the uptake of water and nutrients by plants.  
It decreases pore size, increases the proportion of water-filled pore space at field moisture, and 
decreases soil temperature.  This affects the activity of soil organisms by decreasing the rate of 
decomposition of soil organic matter and subsequent release of nutrients. 

Compaction decreases infiltration and thus increases runoff and the hazard of water erosion. 

How can compacted soils be identified? 

 Platy or weak structure, or a massive condition, 
 Greater penetration resistance, 
 Higher bulk density, 
 Restricted plant rooting, 
 Flattened, turned, or stubby plant roots. 

The significance of bulk density depends on the soil texture.  Rough guidelines for the minimum 
bulk density at which a root restricting condition will occur for various soil textures are (g/cc 
stands for grams per cubic centimeter): 

Texture Bulk Density (g/cc) 
Coarse, medium, and fine sand and loamy sands 
other than loamy very fine sand 

1.80 

Very fine sand, loamy very fine sand 1.77 
Sandy loams 1.75 
Loam, sandy clay loam 1.70 
Clay loam 1.65 
Sandy clay 1.60 
Silt, silt loam 1.55 
Silty clay loam 1.50 
Silty clay 1.45 
Clay 1.40 



 

What causes soil compaction? 

Soil compaction is caused by tilling, harvesting, or grazing when the soils are wet. 

Soil water content influences compaction.  A dry soil is much more resistant to compaction than 
a moist or wet soil. 

Other factors affecting compaction include the texture, pressure exerted, composition (texture, 
organic matter, plus clay content and type), and the number of passes by vehicle traffic and 
machinery.  Sandy loam, loam, and sandy clay loam soils compact more easily than silt, silt 
loam, silty clay loam, silty clay, or clay soils. 

Compaction may extend to 20 inches.  Deep compaction affects smaller areas than shallow 
compaction, but it persists because shrinking and swelling and freezing and thawing affect it 
less.  Machinery that has axle loads of more than 10 tons may cause compaction below 12 
inches.  Grazing by large animals can cause compaction because their hooves have a relatively 
small area and therefore exert a high pressure. 

How long will compaction last? 

The persistence of soil compaction is determined by the depth at which it occurs, the shrink-
swell potential of the soil, and the climate.  As the depth increases, the more persistent the 
condition.  The type and percentage of clay determine the shrink-swell potential.  The greater 
the shrink-swell potential and number of wet/dry cycles, the lower is the duration of 
compaction at a particular depth.  Freeze/thaw cycles also help decrease near-surface 
compaction. 

How do organic matter and compaction interact? 

Soil organic matter promotes aggregation of soil particles.  This increases porosity and reduces 
bulk density (i.e., compaction).  It also increases permeability and may increase plant available 
water. 

Addition of manure, compost, or other organic materials including newspaper, woodchips, and 
municipal sludge can improve soil structure, helping to resist compaction. 

Thick layers of forest litter reduce the impact of machinery, thus reducing compaction. 

How can compaction be reduced? 

 Reduce the number of trips across the area. 



 Till or harvest when the soils are not wet. 
 Reduce the pressure of equipment. 
 Maintain or increase organic matter in the soil. 
 Harvest timber on frozen soil or snow. 

SOIL ORGANIC MATTER 

What is soil organic matter? 

Soil organic matter is that fraction of the soil composed of anything that once lived.  It includes 
plant and animal remains in various stages of decomposition, cells and tissues of soil organisms, 
and substances from plant root and soil microbes.  Well-decomposed organic matter forms 
humus, a dark brown, porous, spongy material that has a pleasant, earthy smell.  In most soils, 
the organic matter accounts for less than about 5% of the volume. 

What does organic matter do? 

Organic matter is an essential component of soils because it: 

 Provides a carbon and energy source for soil microbes; 
 Stabilizes and holds soil particles together, thus reducing the hazard of erosion; 
 Aids the growth of crops by improving the soil’s ability to store and transmit air and 

water; 
 Stores and supplies such nutrients as nitrogen, phosphorus, and sulfur, which are 

needed for the growth of plants and soil organisms; 
 Retains nutrients by providing cation-exchange and anion-exchange capacities; 
 Maintains soil in an uncompacted condtion with lower bulk density; 
 Makes soil more friable, less sticky, and easier to work; 
 Retains carbon from the atmosphere and other sources; 
 Reduces the negative environmental effects of pesticides, heavy metals, and many other 

pollutants. 

Soil organic matter also improves tilth in the surface horizons, reduces crusting, increases the 
rate of water infiltration, reduces runoff, and facilitates penetration of plant roots. 

Where does it come from? 

Plants produce organic compounds by using the energy of sunlight to combine carbon dioxide 
from the atmosphere with water from the soil.  Soil organic matter is created by the cycling of 
these organic compounds in plants, animals, and microorganisms into the soil. 

What happens to soil organic matter? 



Soil organic matter can be lost through erosion.  This process selectively detaches and 
transports particles on the soil surface that have the highest content of organic matter. 

Soil organic matter is also utilized by soil microorganisms as energy and nutrients to support 
their own life processes.  Some of the material is incorporated into the microbes, but most is 
released as carbon dioxide and water.  Some nitrogen is released in gaseous form, but some is 
retained, along with most of the phosphorus and sulfur. 

When soils are tilled, organic matter is decomposed faster because of changes in water, 
aeration, and temperature conditions.  The amount of organic matter lost after clearing a 
wooded area or tilling native grassland varies according to the kind of soil, but most organic 
matter is lost within the first 10 years. 

Rates of decomposition are very low at temperatures below 38o F (4o C) but rise steadily with 
increasing temperature to at least 102o F (40o C) and with water content until air becomes 
limiting.  Losses are higher with aerobic decomposition (with oxygen) than with anaerobic 
decomposition (in excessively wet soils).  Available nitrogen also promotes organic matter 
decomposition. 

What controls the amount? 

The amount of soil organic matter is controlled by a balance between additions of plant and 
animal materials and losses by decomposition.  Both additions and losses are very strongly 
controlled by management activities. 

The amount of water available for plant growth is the primary factor controlling the production 
of plant materials.  Other major controls are air temperature and soil fertility.  Salinity and 
chemical toxicities can also limit the production of plant biomass.  Other controls are the 
intensity of sunlight, the content of carbon dioxide in the atmosphere, and relative humidity. 

The proportion of the total plant biomass that reaches the soil as a source of organic matter 
depends largely on the amounts consumed by mammals and insects, destroyed by fire, or 
produced and harvested for human use. 

Practices decreasing soil organic matter include those that: 

1. Decrease the production of plant material by 
a.  Replacing perennial vegetation with short-season vegetation, 
b. Replacing mixed vegetation with monoculture crops, 
c. Introducing more aggressive but less productive species, 
d. Using cultivars with high harvest indices, 
e. Increasing the use of bare fallow. 



2. Decrease the supply of organic materials by 
a. Burning forest, range, or crop residue, 
b. Grazing, 
c. Removing plant products. 

3. Increase decomposition by 
a. Tillage, 
b. Drainage, 
c. Fertilization (especially with nitrogen). 

Practices increasing soil organic matter include those that: 

1.  Increase the production of plant materials by 
a. Irrigation, 
b. Fertilization to increase plant biomass production,  
c. Use of cover crops 
d. Improved vegetative stands, 
e. Introduction of plants that produce more biomass, 
f. Reforestation 
g. Restoration of grasslands. 

2. Increase supply of organic materials by 
a. Protecting from fire, 
b. Using forage by grazing rather than by harvesting, 
c. Controlling insects and rodents, 
d. Applying animal manure or other carbon-rich wastes, 
e. Applying plant materials from other areas. 

3. Decrease decomposition by 
a. Reducing or eliminating tillage, 
b. Keeping the soil saturated with water (although this may cause other problems), 
c. Keeping the soil cool with vegetative cover. 

AGGREGATE STABILITY 

What are soil aggregates? 

Soil aggregates are groups of soil particles that bind to each other more strongly than to 
adjacent particles.    The space between the aggregates provide pore space for retention and 
exchange of air and water. 

What is aggregate stability? 



Aggregate stability refers to the ability of soil aggregates to resist disruption when outside 
forces (usually associated with water) are applied.  Aggregate stability is not the same as dry 
aggregate stability, which is used for wind erosion prediction.  The latter term is a size 
evaluation. 

Why is aggregate stability important? 

Aggregation affects erosion, movement of water, and plant root growth.  Desirable aggregates 
are stable against rainfall and water movement.  Aggregates that break down in water or fall 
apart when struck by raindrops release individual soil particles that can seal the soil surface and 
clog pores.  This breakdown creates crusts that close pores and other pathways for water and 
air entry into a soil and also restrict emergence of seedlings from a soil. 

Optimum conditions have a large range in pore size distribution.  This includes large pores 
between the aggregates and smaller pores within the aggregates.  The pore space between 
aggregates is essential for water and air entry and exchange.  This pore space provides zones of 
weakness through which plant roots can grow.  If the soil mass has a low bulk density or large 
pore spaces, aggregation is less important.  For example, sandy soils have low aggregation, but 
roots and water can move readily. 

How is aggregate stability measured? 

Numerous methods measure aggregate stability.  The standard method of the NRCS Soil Survey 
Laboratory can be used in a field office or in a simple laboratory.  This procedure involves 
repeated agitation of the aggregates in distilled water. 

An alternative procedure described here does not require weighing.  The measurements are 
made on air-dry soil that has passed through a sieve with 2-millimeter mesh and retained by a 
sieve with a 1-millimeter mesh.  A quantity of these 2-1 millimeter aggregates is placed in a 
small open container with a fine screen at the bottom.  This container is placed in distilled 
water.  After a period of time, the container is removed from the water and its contents are 
allowed to dry.  The content is then removed and visually examined for the breakdown from 
the original aggregate size.  Those materials that have the least change from the original 
aggregates have the greatest aggregate stability. 

Soils that have a high percentage of silt often show lower aggregate stability if measured air-dry 
than the field behavior would suggest, because water entry destroys the aggregate structure. 

What influences aggregate stability? 



The stability of aggregates is affected by soil texture, the predominant type of clay, extractable 
iron, and extractable cations, the amount and type of organic matter present, and the type and 
size of the microbial population. 

Some clays expand like an accordion as they absorb water.  Expansion and contraction of clay 
particles can shift and crack the soil mass and create or break apart aggregates. 

Calcium ions associated with clay generally promote aggregation, whereas sodium ions 
promote dispersion. 

Soils with over about five percent iron oxides, expressed as elemental iron, tend to have greater 
aggregate stability. 

Soils that have a high content of organic matter have greater aggregate stability.  Additions of 
organic matter increase aggregate stability, primarily after decomposition begins and 
microorganisms have produced chemical breakdown products or mycelia have formed. 

Soil microorganisms produce many different kinds of organic compounds, some of which help 
to hold the aggregates together.  The type and species of microorganisms are important.  
Fungal mycelial growth binds soil particles together more effectively than smaller organisms, 
such as bacteria. 

Aggregate stability declines rapidly in soil planted to a clean-tilled crop.  It increases while the 
soil is in sod and crops, such as alfalfa. 

SOIL EVALUATION 

Gathering information on a site’s soil is the first step in determining vineyard potential.  The 
physical and chemical components of a soil will directly affect how easy it is to first establish a 
vineyard on the site and then to maintain vine growth that can support yield and fruit quality 
goals.  Throughout the world grapes are commercially grown in soil types ranging from gravelly 
sand to dense clays.  Although vineyard design and farming practices can mitigate the effect of 
poor soil structure on vine growth, it is usually far less costly in terms of inputs to grow vines in 
soil types that fall between these two extremes. 

Likewise there are acceptable ranges of specific chemical components of a soil that affect vine 
growth and production.  Soil amendments and fertilizer applications may not completely 
overcome chemical limitations of a soil.  Commonly, the degree of success is proportional to 
vine performance.  As a result, it is imperative to characterize a vineyard site’s soil in terms of 
its physical and chemical components in order to estimate return on investment. 

What are indicators? 



Soil quality indicators are physical, chemical, and biological properties, processes, and 
characteristics that can be measured to monitor changes in the soil.   

The types of indicators that are the most useful depend on the function of soil for which soil 
quality is being evaluated.  These functions include: 

- Providing a physical, chemical, and biological setting for living organisms; 
- Regulating and partitioning water flow, storing and cycling nutrients and other 

elements; 
- Supporting biological activity and diversity for plant and animal productivity; 
- Filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic 

materials;  
- Providing mechanical support for living organisms and their structures. 

What are some indicators? 

Indicators of soil quality can be categorized into four general groups: visual, physical, chemical, 
and biological. 

Visual indicators may be obtained from observation or photographic interpretation.  Exposure 
of subsoil, change in soil color, ephemeral gullies, ponding, runoff, plant response, weed 
species, blowing soil, and deposition are only a few examples of potential locally determined 
indicators.  Visual evidence can be a clear indication that soil quality is threatened or changing. 

Backhoe observation pits dug on the site will allow you to gather extremely useful information 
that will affect vineyard layout, rootstock choice, irrigation requirements and drainage needs.  
Ideally, a knowledgeable soils engineer, viticulturist, consultant, etc. will provide a description 
of each pit utilizing text or graphics that include some of the following components by depth.  
The source of this information may be from visual observation and laboratory analyses of soil 
samples taken from the holes. 

Physical indicators are related to the arrangement of solid particles and pores.  Examples 
include topsoil depth, bulk density, porosity, aggregate stability, texture, crusting, and 
compaction.  Physical indicators primarily reflect limitations to root growth, seedling 
emergence, infiltration, or movement of water within the soil profile. 

Soil Texture 

This component of a soil will affect rootstock selection, irrigation requirement and fertilization 
needs.  Soil texture impacts water holding capacity and nutrient availability and thus is an 
important site characteristic to be considered when estimating potential vine growth.  
Additionally, soil textures impact types and population levels of soil-borne pests and pathogens. 



A soil’s texture is determined by the size of particles which make it up.  From largest to 
smallest, the three categories of particle size are sand, silt, and clay.  “Loam” is an equal mix of 
sand and silt.  A “clay loam” is a mix of sand, silt and clay that has more clay than sand or silt. 

In general, gravel and sand are more permeable, that is they allow for greater downward 
movement of water, than are loams, silts or clays.  Soil structure will affect relative permeability 
of the latter three textures.  Also, the consolidation present at the site will determine the 
overall permeability of these tighter soils textures. 

Soil Structure 

Soil particles are usually arranged in aggregates, or groups and the type of group defines the 
soil structure.  This also impact a soil’s water holding capacity as well as aeration and the 
potential for compaction.  A soil with a “strong” structure has cracks and large pores through 
which water and air move freely.  The other extreme is a very “weak” structure, often called 
“massive”, which means there are no cracks or pores and therefore has low permeability. 

Soil Consolidation 

Soils that are “dense” have less pore space between soil aggregates and are less permeable 
than “loose” soils. 

Mottling 

Color is an indication of a soil’s parent material.  It can provide some clues regarding the soil’s 
chemical components.  Mottling specifically is an indication of past or current saturated 
conditions.  If this condition occurs at a shallow or intermediate depth, subsurface drainage will 
be required. 

Root Density 

The presence, absence or density of roots in the soil profile is an indicator of restrictive layers. 

Chemical indicators include measurements of pH, salinity, organic matter, phosphorus 
concentrations, cation-exchange capacity, nutrient cycling, and concentrations of elements that 
may be potential contaminants (heavy metals, radioactive compounds, etc.) or those that are 
needed for plant growth and development.  The soil’s chemical condition affects soil-plant 
relations, water quality, buffering capacities, availability of nutrients and water to plants and 
other organisms, mobility of contaminants, and some physical conditions, such as the tendency 
for crust to form. 

Knowledge of the chemical composition of your soil within the potential rooting zone will 
provide insight into the limiting factors that may affect initial vine growth as well as indicate the 



types of fertilizers required for sustained vine health.  Some of the soil limitations can be 
addressed by incorporating pre-plant amendments and others must be dealt with scheduled 
post-plant fertilizer additions. 

pH Determination 

The pH of a soil is a measure of hydrogen ion concentration in the saturation extract.  It is 
usually determined by measuring the acidity of a saturated paste or a dilute aqueous 
suspension of a 1 to 2.  1 to 5 or 1 to 10 soil-to-water ratio.  The lower the pH value, the more 
acidic the soil and the higher the pH value, the more alkaline the soil sample.  pH affects 
nutrient solubility and therefore availability to the plant as well as diversity and population of 
soil microbes. 

Grapevines are commonly grown in soil pH ranging from 5.5 – 8.5.  Optimal values lie within 
this range.  Nutrient availability and microbial activity is enhanced at about pH 6.0 – 6.5. 

Lime Requirement [LiR] (tons/Acre) 

On a soil sample with a pH of less than 6.5, a lab will determine the amount of lime needed to 
raise the pH of a 6” to 7” layer of soil to a specific lesser degree of acidity, usually to 6.0 or 6.5.  
The factors that affect the LiR include pH, exchangeable acidity, buffering capacity and soil 
texture.  Generally, LiR increases as soil texture becomes tighter. 

Cation Exchange Capactiy [CEC] (milliequivalents/100 gms soil) 

This is a measure of the soil’s ability to adsorb cations (positively charged atoms).  It is largely 
determined by the soil’s clay content, organic matter and salt level.  A high CEC means that the 
soil’s nutrient capacity is high. 

Calcium/Magnesium [Ca/Mg] (ppm) 

Each of these elements are essential to plant growth and they are reported separately as well 
as in a unites ratio (Ca:Mg).  They are indicators of clay type and soil structure. 

Phosphorus [P] (ppm) 

Low levels of soil P, or low P availability occur in the North Coast and is not common in other 
California viticulture areas.  The presence of organic matter and particularly humus, will 
increase available P. 

Salinity [Ece] (mmhos/cm or dS/meter) 



Sodium, calcium and magnesium are the principle salts that may collectively cause a saline soil 
condition.  Excessive soluble salts can result in poor plant growth because vines have difficulty 
in extracting water and nutrients from the soil.  In an area that has not been farmed, this can be 
caused by evaporation from soil overlaying a perched water table, or from poorly drained 
areas.  Salinity can also occur when slats are added in the form of fertilizers or poor quality 
irrigation water to shallow or poorly drained areas. 

Permeability determined by estimating the Exchangeable Sodium Level [ESP] (%) 

Water movement through a soil profile can be affected by soil chemistry as well as gross 
physical constraints such as a tight clay or sharp textural change.  An excessive sodium level, 
relative to calcium and magnesium may result in a dispersion of soil colloids reducing the 
number of larger pores thus permeability.  A dispersive soil can have water penetration 
problems within the profile as well as a run off problems due to surface crusting.  (Surface 
crusting is more likely caused by irrigating with very pure, low salt water.) 

Boron [B] (PPM) 

Essential plant micronutrient, but a little bit goes a long way.  High soil levels are usually 
associated with high-boron water.  Deficiency is as common as toxicity in some areas. 

Organic Matter [OM] (%) 

Organic matter may be of interest to determine the overall fertility of the site.  It consists of 
plant and animal residues in various stages of decomposition, plus living soil organisms and 
substances produced by these organisms.  The residue is decomposed by soil microorganisms 
(fungi, nematodes, bacteria, protozoa), therefore the diversity and population of soil microbes 
is a function of the OM level.  The decomposition process of OM results in the formation of soil 
aggregates, thus improving soil structure, aeration, permeability and water holding capacity.  
Decomposition also results in the mineralization of OM, thus nutrients such as N, P, and K 
become more available for plant uptake. 

Other analyses 

Soil analysis reports may include a host of other parameters than the ones described in here.  
These include nitrate-nitrogen (NO3-N), potassium (K), zinc (Zn), manganese (Mn), copper (Cu), 
iron (Fe) and molybdenum (Mo).  Given what is currently understood about grapevine nutrition 
however, it is more informative to make these determinations on plant tissue samples. 

Biological indicators include measurements of micro and macro-organisms, their activity, or 
byproducts.  Earthworm, nematode, or termite populations have been suggested for use in the 
some parts of the country.  Respiration rate can be used to detect microbial activity, specifically 



microbial decomposition of organic matter in the soil.  Ergosterol, a fungal byproduct, has been 
used to measure the activity of organisms that play an important role in the formation and 
stability of soil aggregates.  Measurement of decomposition rates of plant residue in bags or 
measurements of weed seed numbers, or pathogen populations can also serve as biological 
indicators of soil quality. 

How are indicators selected? 

Soil quality is estimated by observing or measuring several different properties or processes.  
No single property can be used as an index of soil quality. 

The selection of indicators should be based on: 

- The land use; 
- The relationship between an indicator and the soil function being assessed; 
- The ease and reliability of the measurement; 
- Variation between sampling times and variation across the sampling area; 
- The sensitivity of the measurement to changes in soil management; 
- Compatibility with routine sampling and monitoring; 
- The skills required for use and interpretation. 

 

When and where to measure? 

The optimum time and location for observing or sampling soil quality indicators depends on the 
function for which the assessment is being made.  The frequency of measurement also varies 
according to climate and land use. 

Soil variation across a field, pasture, forest, or rangeland can greatly affect the choice of 
indicators.  Depending on the function, such factors as the landscape unit, soil map unit, or crop 
growth stage may be critical.  Wheel tracks can dramatically affect many properties measured 
for plant productivity.  Management history and current inputs should also be recorded to 
ensure a valid interpretation of the information. 

Monitoring soil quality should be directed primarily toward the detection of trend changes that 
are measureable over a 1- to 10-year period.  The detected changes must be real, but at the 
same time they must change rapidly enough so that land managers can correct problems 
before undesired and perhaps irreversible loss of soil quality occurs. 

Soil Sampling Guidelines 



Inadequate field sampling may result in a misinterpretation of a site’s soil analysis, yet there is 
no single correct method to collect soil samples from an unplanted site.  The number of 
samples collected, the consolidation of samples from different areas of the site and the depth 
of the profile from which samples are taken may vary between two sites of similar size.  The 
size and variability of the site being evaluated will affect the number of backhoe holes dug and 
samples collected.  In 360 acres, one backhoe pit every 5 to 10 acres will result in 72 to 36 holes 
and at least twice that many soil samples.  While could add up to substantial sampling costs, 
the investment is justified in extremely variable areas.  Likewise, a 5 acre site being assessed for 
vineyard potential ought to have more than one backhoe hole dug in order to accurately 
characterize the area. 

When siting pits, the objective is to capture an area’s variability.  Look for differences in terrain, 
surface drainage patterns and resident vegetation.  These are indicators of changes in soil 
texture, depth, and fertility.  On hillsides that are under consideration for development, look for 
any evidence of old slips that indicate the presence of a slip plane and dig enough pits, 
preferably in a grid, to characterize the eroded area and the area immediately adjacent to it. 

Number of backhoe observation pits 

When soil changes are common or expected over small areas or by depth, no less than one pit 
every 5 acres should be considered.  In areas that are more homogeneous, 1 in every 20 acres is 
common.  Identify each pit location in notes that describe why you chose to site it as you did.  
Site pits so that they are in areas representative of the land’s previous use activities.  For 
example, when following livestock or dairy operations, pits should be located in the areas of 
different animal use intensities.  If vines are to replace a tree crop, make sure pits are sited in 
selected rows and row centers.  Also, consider the irrigation system that was in use for the 
previous crop.  Sample at the head and tail ends of furrow and flood surface systems.  If 
possible, look for different patterns in an existing crop’s vigor and site pits so that they may 
explain restrictions on plant size.  A greater density of holes may be required on smaller parcels 
than larger ones. 

Number of soil samples per pit 

Optimally, one every 12 inches of depth.  Practically, enough samples to characterize the soil 
conditions found in the hole.  Keep samples taken at different depths separate if distinct 
changes in soil texture or structure are obvious.  It is important to sample the entire effective 
rooting depth.  If excessive salts or minerals such as boron are suspected, ideally, samples 
should be taken at 6 to 12 inch intervals in the profile. 

Things to Avoid When Taking Soil Samples 



- Do not combine soils that were farmed utilizing different fertilizer or irrigation practices. 
- Do not combine soils of different cropping or animal use histories 
- Do not use contaminated collection containers. 

What does the value mean? 

Interpreting indicator measurements to separate soil quality trends from periodic or random 
changes is currently providing a major challenge for researchers and soil managers.  Soils and 
their indicator values vary because of differences in parent material, climatic condition, 
topographic or landscape position, soil organisms, and types of vegetation.  For example, cation 
exchange capacity may relate to organic matter, but it may also relate to the kind and amount 
of clay. 

Establishing acceptable ranges, examining trends and rates of change over time, and including 
estimates of the variance associated with the measurements are important in interpreting 
indicators.  Changes need to be evaluated as a group, with a change in any one indicator being 
evaluated only in relation to changes in others.  Evaluations before and after, or with an 
without intervention, are also needed to develop appropriate and meaningful relationships for 
various kinds of soils and the functions that are expected of them. 

The overall goal should be to maintain or improve soil quality without adversely affecting other 
resources. 

 

 



 

 

BMP:  Bare soil is covered with vegetation.  Ditches and 
banks are protected from concentrated flow, gullies and 
ditches are stabilized, and erosion is reduced on cropped 
and non-cropped areas.  Crop and air quality are protected 
from dust.  

NRCS Practice Standard:  Conservation Cover (327) 

Planting, establishing and maintaining vegetation on land needing 
permanent vegetative cover and protection.  
 

 
 
 

 CONSIDER THIS: 

This practice involves establishing and 
maintaining a protective cover of 
perennial vegetation. 
 
In perennial crop systems such as 
vineyards, vegetation established 
needs to provide full year- round 
coverage in vineyard middles. 
 
Permanent plant mixes may consist of 
grasses, legumes and/or other forbs 
adapted to soils and micro-climates of 
Napa County. 
 
Select species for planting that are 
suited to current site conditions and 
intended uses.  

 
Avoid invasive plant species. 

Prepare a seedbed sufficient to 
suppress weeds and provide for 
germination and growth of selected 
species. 

Establish vegetation by October 15.  

When applying straw mulch, apply 
certified weed free mulch at 1500 
lbs/acre at planting, distribute 
uniformly over seeded area within 48 
hours after seeding. Anchor straw 
using hand tools, rollers, crimpers, 
disks or similar equipment. 

Use hydro-mulch planting on steep, 
inaccessible sites not suitable for 
straw mulch planting and on other 
sites when rain is expected 60 days 
following planting. 

Do not use fertilizer when using this 
practice for water quality purposes. 

 
 
 
 
 

 

Conservation Cover (NRCS Conservation Practice Code 
327) 

Definition:  Establishing and maintaining permanent 
vegetative cover. 

Purposes:   

• Reduce soil erosion and sedimentation 
• Improve water quality 
• Enhance wildlife habitat 
• Improve soil quality 
• Manage plant pests 
• Provide beneficial insect habitat 

 
For more information contact your local NRCS office or visit our website 
at http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 
 
 

Best Management Farming Practices for Water Quality Protection 

Conservation Cover (327) Fact Sheet 

USDA is an equal opportunity provider and employer. 
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BMP:  Soil is covered with vegetation   

NRCS Practice Standard:  Cover Crop (340) 

Planting cover crops is the most cost effective method to reduce 
erosion and sediment deposition from your property.  Cover crops 
prevent sheet and rill erosion and provide many other benefits on your 
farm.  Benefits include improved water infiltration, nitrogen fixation in 
the soil, and habitat for beneficial insects.   Crop and air quality are 
protected from dust. 
 

  

 
 
 

     CONSIDER THIS: 

Establish cover crops by 
October 15 and maintain 
throughout rainy season. 

Drill or broadcast seed and 
incorporate into soil. 

Choose species compatible 
with crop. 

Avoid using species that 
are on local weed lists or 
are hosts to Pierce’s 
Disease. 

Use certified weed free 
straw mulch at 1500 
lbs/acre where cover crops 
are planted late or if rain is 
likely before cover crop is 
established. 

Avoid tilling early in the 
spring or late in the fall. 

Minimize tillage practices if 
slopes are greater than 5%. 

Use filter strips to filter 
sediment before it reaches 
a water body. 

Keep on-site erosion 
control materials such as 
straw bales or wattles, 
gravel or geotextile fabrics.  
Protect stockpiles from 
rain.  train crews in proper 
installation techniques. 

Check site after each 
rainfall. 

For more information contact your 
local NRCS office or visit our website at 
http://efotg.sc.egov.usda.gov/treemen
uFS.aspx 

 

 

Cover Crops (NRCS Conservation Practice Code 340) 

Definition:  Grasses, legumes, forbs or other herbaceous plants 
established in vineyards and orchards to provide seasonal or year 
round ground cover for conservation purposes. 

Purposes:   

• Reduce soil erosion from storm runoff 
• Increase soil organic matter 
• Cycle excess nutrients before reaching waterways 
• Increase bio-diversity 
• Suppress unwanted weeds 
• Manage soil moisture 
• Reduce dust 
• Manage crop vigor 
• Provide habitat for beneficial insects 
• Improve water infiltration 

 
 

Best Management Farming Practices for Water Quality Protection 

Cover Crop (327) Fact Sheet 

USDA is an equal opportunity provider and employer. 
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VINEYARD COVER CROPS 
Cover crops have been used in California for over seventy-five years.  They are non-economic 
crops that are grown to improve or maintain soil fertility, improve soil structure and texture, 
and reduce or eliminate soil erosion. 

Cover crops can be divided into 3 categories: (1) Temporary annual grasses, (2) permanent 
reseeding annual (die when mature) grasses and legumes, and (3) perennial (long-lived) grasses 
and legumes. 

Temporary cover crops are short lived annual grasses intended to provide quick protection 
cover for one year or less, after the land is cleared and shaped.  Barley and Annual ryegrass are 
examples of a temporary cover crop. 

Permanent reseeding annual grassed and legumes are seeded between the vine rows after the 
vines are planted.  These annuals do not need to be planted each year.  If allowed to mature in 
the spring, seed will be available in the fall to produce a new stand.  Blando brome, Zorro 
annual fescue, and Rose clover are examples. 

Perennial grasses can be planted for specific problem areas of excessive moisture or high 
fertility.  These year-round grasses have deep roots and produce a wear resistant sod.  Berber 
orchardgrass, Fawn tall fescue, Luna pubescent wheatgrass, and Covar sheep fescue are 
examples of perennial grass cover crops. 

Seeding date:  The optimal time to plant is before the winter rains, usually before mid-October.  
After mid-October, the temperature drops and rainfall increases.  Temperature and rainfall 
have a great effect on cover crop growth.  The growth of cover crops planted late, can lag well 
behind those planted earlier. 

Irrigated plantings:  When plantings are to be irrigated, maintain adequate moisture in the 
upper 6 inches of soil during the first 4 weeks, and the upper 12 inches thereafter until the 
rainy season (during the establishment period). 

Seedbed preparation:  The are to be planted should be weed free and have a firm seedbed 
which has previously been roughened by scarifying, disking, harrowing, chiseling, or otherwise 
worked to a depth of 2 to 4 inches.  No implement should be used that will create an excessive 
amount of downward movement of soil on sloping areas. 

Seeding:  Seed can be drilled or broadcast by hand, mechanical hand seeder, or power operated 
seeder.  Seed should be incorporated into the soil, but not more than 1 inch deep. 



Seeding recommendations depend on site conditions and personal preference.  Mature growth 
heights are approximate and seeding rates are given in pounds per acre using a broadcast 
method. 

TEMPORARY COVER CROPS LBS/AC 
Annual ryegrass (24 to 36”) 27 

 
Barley (16 to 30”) 135 
 

PERMANENT RESEEDING ANNUALS & LEGUMES                             LBS/AC 
 Blando brome (12 to 24”) 18 
 Zorro annual fescue (8 to 18”) 12 
Mixture #1 Blando brome 12 
 Rose clover (6 to 10”) 9 
Mixture #2 Blando brome 12 
 Zorro annual fescue 4 
Mixture #3 Zorro annual fescue 8 
 Rose clover 9 
Mixture #4 Zorro annual fescue 12 
 Blando brome 6 
 Rose clover 6 
 

PERENNIAL GRASSES LBS/AC 
Berber orchardgrass (12 to 24”) 24 
Covar sheep fescue (6 to 12”) 20 
Fawn tall fescue (18 to 24”) 36 
Luna pubescent wheatgrass (8 to 18”) 36 
 

Fertilizing is recommended to help the cover crop grow more quickly during the fall and winter 
months on nutrient deficient soils.  Incorporate fertilizer into the soil at the time of seeding.  
Ammonium phosphate sulfate (16-20-0) should be applied at a rate of 300 lbs/ac.  If soil acidity 
is a problem, Calcium Nitrate (16-0-0), may be used at a rate of 300 lbs/ac. 

Management of the permanent cover crop is essential to maintain the life of the stand.  
Properly timed mowing and weed control are important factors to perpetuate the cover crop, 
reduce competition from undesirable weeds, reduce frost hazard, and permit essential cultural 
operations.  Mow timing and frequency depend on species of cover crop, mowing height, weed 
growth, and the accessibility to the vineyard.  Broadleaf weeds can be controlled by timed 
mowings, spot spraying, or spraying. 

Fertilizer Recommendations:  16-20-0 (ammonium phosphate sulfate) @ 300 lbs/ac 



Straw Mulch Recommendations: 1.5 to 2 tons/ac (crimped or tucked in). 

 

Example of cover crop in a vineyard. 

 

 

 



Selected Cover Crop Seed Mixes 
 For Napa County Vineyards* 

 
Phillip Blake, Napa County NRCS District Conservationist 

 

 
 
 
 

Hillside- Shallow Soils 
“Erosion Control” 

 
"Zorro" annual fescue     40% 
"Blando" brome               27%   
"Hykon" rose clover       23%    
 

(seeding rate: 25lbs. per acre) 
 
 
 

Hillside Quick Erosion Control 
“Soil Builder” 

 
Red Oats       65% 
Crimson clover      13% 
Austrian winter pea            22% 
 

(seeding rate: 90 lbs. per acre) 
 
 

Vineyard Terrace 
“Slope Stabilizer” 

 
'Blando" brome               45% 
"Molate" red fescue   55% 
 

(seeding rate: 25 lbs. per acre) 
 
 
 
 
                                        

 
Napa Field Office 

 
Hillside Soils 

-Frequent Mowing- 
 

"Zorro" annual fescue          40% 
 Subterranean clover        35% 
"Hykon" rose clover             25% 
 

(seeding rate: 30 lbs. per acre) 
 
 
                 Quick Erosion Conrol 

-Cold Soils- 
 

Cereal rye                83% 
Crimson clover       17% 
 

(seeding rate: 90 lbs. per acre) 
 
 
 

Native, No-till Blend 
(Mature vineyards) 

 
California meadow barley   36% 
"Molate" red fescue       38% 
California brome                  26% 
 

(seeding rate: 39 lbs. per acre)



 
 
             Native, No till Blend 

“Low growing” 
 

Idaho fescue                  50% 
"Molate" red fescue       50% 
 
(seeding rate: 30 lbs. per acre) 
 
 

High Altitude 
“Mountain Turf” 

 
Perennial ryegrass         35% 
Creeping red fescue       35% 
"Covar" sheep fescue     30% 
 
(seeding rate: 32 lbs. per acre) 
 
 
 

Grassed Waterways** 
 
Meadow  Barley             41% 
California brome            33% 
"Blando" brome              26% 
 
(seeding rate: 39 lbs. per acre) 
 
** straw mulch the seedbed and irrigate to germinate 
plants before fall rains. 
 

                   Emergency Winter Mix 
“Quick Cover” 

 
Common barley               85% 
Annual ryegrass               15% 
 
(seeding rate: 100 lbs. per acre) 
 
 

Heavy Use Areas 
-Vineyard Headlands- 

 
 Bluebunch wildrye           40% 
 Cal.meadow barley           27% 
 California brome               33% 
 
(seeding rate: 45 lbs. per acre) 
 
 

“Showboat” 
 

Crimson clover                 44% 
"Hykon rose clover           44% 
Wildflower blend-             12% 
  Yarrow 
  Calif. Poppy 
  Paper poppy 
  Tidy tips 
 
(seeding rate: 27 lbs. per acre) 

 
• Seed selection and use of fertilizers will vary depending on site conditions, including soil type. 
• Seeding rates are based on the broadcast seeding method. If seed is drilled, rates may be lower. 
• Check pure-live seed, (PLS) % on seed bag tags- rates listed above are based on 100% PLS. 
• Seed variety selection may vary with site conditions. Check with NRCS or your agronomy consultant for site specific 

recommendations. 
• Seed mixes listed, except "quick erosion" and "Emergency Winter Ground Cover" are for no-till management programs. 
 
 
 
The Natural Resources Conservation Service provides leadership in a partnership effort to help people conserve, maintain, and improve our natural resources and environment. 
 

An equal opportunity provider and employer. 

 

 
Napa Field Office 



 
 

 

BMP:  Bare soil is covered with vegetation, reduction of 
erosion from non-cropped areas, protect newly planted 
areas.   

NRCS Practice Standard:  Mulching (484) 
Applying plant residues or other suitable materials produced off 
site to the land surface.  Mulching is used on bare, exposed soil 
surfaces that are deemed to be potential critical erosion areas.  In 
most cases, mulch will consist of grain straw residue, but may 
include wood chips, leaves, composted yard waste, etc. 

 

  

 CONSIDER THIS: 

Straw mulches will generally be applied 
at a rate of at least 2,000 lbs per acre 
(approximately one straw bale per 20 ft 
x 40 ft plot) 

Anchor straw using hand tools, rollers, 
crimpers, disks or similar equipment (see 
page 2 of this document). 

Use certified weed-free straw. 

Key areas for mulch application will be 
field perimeters, vineyard avenues, and 
steep slopes  requiring quick erosion 
control cover.  

Mulches, including wood fiber materials 
and manufactured erosion control 
blankets may also be used.  

Where feasible, use late summer 
irrigation to help bind mulch and 
establish vegetative cover before fall 
rains commence.  

Straw bales, straw wattles, and other 
similar materials may also be installed in 
critical locations to provide sediment 
retention and storm runoff control. 

Maintain mulched surfaces throughout 
the rainy season. 

Stockpile and tarp erosion control 
materials such as straw bales or wattles, 
gravel or geotextile fabrics in locations 
with wet-weather access. Train crews in 
proper installation techniques. 

Check site after each rainfall. 

 

Best Management Farming Practices for Water Quality Protection 
Mulching (484) Fact Sheet 

USDA is an equal opportunity provider and employer.   

Mulching (NRCS Conservation Practice Code 484) 

Definition:  Applying plant residues or other suitable materials 
produced off site to the land surface.  
Purposes:   

• Conserve soil moisture 
• Moderate soil temperature 
• Provide erosion control 
• Suppress weed growth 
• Facilitate the establishment of vegetative cover 
• Improve soil condition 
• Reduce airborne particulates 

For more information contact your local NRCS office or visit our website 
at http://efotg.sc.egov.usda.gov/treemenuFS.aspx 

 
 

 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx


 
 

 

 
 
Methods for Anchoring Straw Mulch – From NRCS Fact Sheet 55 
 
Hand Punching: A spade or shovel is used to punch straw into the slope until all areas have straw 
standing perpendicularly to the slope and embedded at least 4 inches into the slope. It should be 
punched about 12 inches apart. 
 
Roller Punching: A roller equipped with straight studs not less than 6 inches long, from 4 - 6 inches wide 
and approximately one inch thick is rolled over the slope. 
 
Crimper Punching: Like roller punching, the crimper has serrated disk blades about 4 - 8 inches apart 
which force straw mulch into the soil. 
 
Crimping should be done in two directions with the final pass across the slope. 
 
Matting: Matting is used on large, steep areas which cannot be punched with a roller or by hand. Jute, 
wood excelsior or plastic netting is applied over unpunched straw 
 

Matting Instructions 
A.  Lay jute netting or similar material in 
strips down the slope over straw. Bury 
upper end in 6-8 inch deep and wide trench. 
Most netting comes in 14 to 17 ft wide rolls.  
 
B. Secure upper end with stakes every 2 ft.  
 
C. Overlap seams on each side by 4-5 inches.  
 
D. Secure seams with stakes every 5 ft. 
 
E. Stake down the center every 5 ft. 
 
F. Stake middles to create diamond pattern 
that provides stakes spaced 4-5 ft apart. 
 
G. Use pointed 1x2 inch stakes 8-9 inches 
long. Leave 1-2 inch top above netting, or 
use U-shaped metal pins at least 9 inches 
long. NOTE: when joining two strips, overlap 
upper strip 3 ft. over lower strip. 
 

Matting Diagram 

 

Best Management Farming Practices for Water Quality Protection 
Mulching (484) Fact Sheet 
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BMP:  Bare soil is covered with vegetation, reduction of 
erosion from non-cropped areas, protect newly planted 
areas. 

Straw Mulching – NRCS Fact Sheet (55) 

Straw mulching can be used on bare or seeded slopes to reduce 
potential for erosion. To prevent being blown or washed away, straw 
requires anchoring by matting, crimping or other methods. The mulch 
should cover the entire seeded or bare area. The mulch should extend 
into existing vegetation or be stabilized on all sides to prevent wind or 
water damage which may start at the edges.  

 
 

Consider this: 

Use no-till/strip-till with cover 
crops to sequester nutrients, 
increase soil organic matter, 
increase aggregate stability, 
reduce compaction, improve 
infiltration, and enhance soil 
biological activity to improve 
nutrient use efficiency.  

Develop site-specific yield maps 
to diagnose low- and high- yield 
areas, or zones, and make the 
necessary management 
changes. 

Use soil tests, plant tissue 
analyses, and field observations 
to check for secondary plant 
nutrient deficiencies or toxicity 
that may impact plant growth 
or nutrient availability. 

Use conservation practices that 
slow runoff, reduce erosion, 
and increase infiltration, e.g., 
filter strip, contour farming, or 
contour buffer strips.  
  
Use application methods and 
timing strategies that reduce 
the risk of nutrient transport by 
ground and surface waters. 
 
Use high-efficiency irrigation 
technologies (e.g., reduced-
pressure drop nozzles for center 
pivots) to reduce the potential 
for nutrient losses. 

 

 

 

Straw Mulching (Fact Sheet-55) 

Definition:   The application of straw as a protective cover over 
seeded areas to reduce erosion and aid in revegetation or over bare 
soils that will be landscaped later to reduce erosion. 
 

Purposes:   

• To budget, supply, and conserve nutrients for plant production.  

• To minimize agricultural nonpoint source pollution of surface and 
groundwater resources.  

• To properly utilize manure or organic by-products as a plant nutrient 
source.  

• To protect air quality by reducing odors, nitrogen emissions (ammonia, 
oxides of nitrogen), and the formation of atmospheric particulates.  

• To maintain or improve the physical, chemical, and biological condition 
of soil.  

 

 

Best Management Farming Practices for Water Quality Protection 
Straw Mulching (Fact Sheet-55) 

USDA is an equal opportunity provider and 
employer. 

For more information contact your local NRCS 
office or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.asp
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BMP:  Bare soil is covered with vegetation, ditches and 
banks are protected from concentrated flow, gullies and 
ditches are stabilized, and erosion is reduced on non-
cropped areas.  Crop and air quality protected from dust.  
 

NRCS Practice Standard:  Critical Area Planting (342) 

Use on areas with existing or expected high rates of erosion or 
degraded sites that usually cannot be stabilized by ordinary 
conservation treatment and/or management.  If left untreated, 
these areas could be severely damaged by erosion or 
sedimentation, or could cause significant off-site damage. 
 

 
 
 
 
 
  

 CONSIDER THIS: 
 
This practice may be used on cuts, fills 
and disturbed areas, and waterline 
stabilization for small streams and 
ponds. 
 
Select species for planting that are 
suited to current site conditions and 
intended uses.  
 
Select species that will have the 
capacity to achieve adequate density 
and vigor within an appropriate time 
frame to stabilize the site sufficiently.  
 
When applying straw mulch apply at 
1500 lbs/acre at planting, distribute 
uniformly over seeded area within 48 
hours after seeding. Anchor straw 
using hand tools, rollers, crimpers, 
disks or similar equipment. 
 
 Use certified weed-free straw. 
 
Straw may be anchored by jute, 
erosion control blankets, plastic or 
excelsior matting. 
 
Use hydro-mulch planting on steep, 
inaccessible sites not suitable for 
straw mulch planting and on other 
sites when rain is expected 60 days 
following planting. 
 
Do not use fertilizer when using this 
practice for water quality purposes. 

 
 

 

Critical Area Planting (NRCS Conservation Practice 
Code 342) 

Definition:  Planting vegetation on critically eroding 
areas that require extraordinary treatment. 

Purposes:   
• Stabilize areas with existing or expected high rates 

of soil erosion by water or wind 
• Restore degraded sites that cannot be stabilized 

through normal methods 
 

Best Management Farming Practices for Water Quality Protection 
Critical Area Planting (342) Fact Sheet 

USDA is an equal opportunity provider and employer. 

For more information contact your local NRCS office 
or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
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Four Common Approaches to Critical Area Planting 
 

 
Container Planting 
Instructions 
• Choose plants and planting plan with a 

professional and according to needs of site.  
 

• When ready to plant, cultivate planting area and 
remove weeds and stones.  
 

• Dig holes – create holes with vertical, lightly 
scarified sides. Loosen soill at bottom to depth 
of 6” 
 

• Partially backfill planting hole with planting 
mixture consisting of at least 50 percent native 
soil. Up to 25% sand and manure can be used to 
amend soil.  
 

• Remove plants from the containers taking care 
to not disturb the root ball.Set plants in center 
of pits and adjust so that after settling, the 
crown of the plant will stand 1-2” above grade. 
 

• Backfill hole with planting mixture. Firmly press down soil to  eliminating air pockets, but do not 
pack.  Build a 4” high berm around edge of root ball to form a basin.  The bottom of the basin shall 
be at surrounding finish grade. 
 

• Fill basin with water immediately after planting, take care not to disturb soil or expose plant roots.   
 

• Apply a 2” layer of mulch around each plant. And support 5-gallon and 15-gallon trees by 3 stakes.  
 

• Planting shall not create downward movement of soil on sloping areas.   
 

• For the first 2 growing seasons, plants should be properly irrigated and protected from weeds, pests, 
and pest free and shall be protected against animal grazing and other hazards. 
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Four Common Approaches to Critical Area Planting 
 
 
 
 
 
 

Seeding and Straw Mulch 
Instructions: 
• Roughen seedbed by scarifying, disking, harrowing, or chiseling to a depth of 2- 4 inches. On steep 

slopes, horizontal indentations left by tracked equipment are acceptable seed beds.  
• Drill or broadcast seed (consult with professional for appropriate seed mix) and incorporate into soil 

up to 1 inch deep. 
• Uniformly cover seeded area with new, pesticide-free straw (2 tons per acre) within 48 hours after 

seeding.  If straw is applied by blower, it shall not be chopped in lengths less than 6 inches. 
• Anchor the mulch in place by one of the following methods: 

o Use hand tools, mulching rollers, straight serrated disks to tuck straw in at a minimum of 3 “ 
spacing, not to exceed 1’ in both directions. 

o Use jute matting (minimum 1 lb/ 10 in2 and a maximum opening o f 1” x 1”) -- apply matting 
over mulched area and beyond by at least 1’.  If vegetation or structures mark the boundaries, 
continue the matting into the stable vegetation or structure.  Cut matting around objects so it 
lays flat on the surface. Bury upper end of matting in a trench at least 6 in deep.  Overlap sides 
of rolls by at least 4 in, place uphill roll length over downhill roll length, with overlap of at least 3 
ft.  Install U-shaped staples perpendicular to the slope and space them ~ 5 ft apart down the 
sides in the overlap area and center of the roll.  Install staples at most 1 ft apart across upper 
end of each roll and across the overlap area where an uphill and downhill roll meet. 
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Four Common Approaches to Critical Area Planting 

 
Hydro-seeding and Tackified Straw 
Instructions: 

• Roughen seedbed by scarifying, disking, harrowing, or chiseling to a depth of 2- 4 inches. On steep 
slopes, horizontal indentations left by tracked equipment are acceptable seed beds.  

• Create wood mulch-water slurry in which to place seeds (consult with professional to determine 
appropriate mix). Use wood cellulose fiber that does not contain growth inhibiting factors.  Material 
should have the property to be evenly dispersed and suspended when agitated in water.  Material 
should be dyed with a nontoxic water-soluble green dye. The wood fiber mulch may be derived from 
recycled wood chips or a combination of recycled newsprint, cardboard, and wood fiber (with at 
most 50 percent newsprint). 

• Continuously mix the slurry and mix for at least five minutes prior to first application. Seed should 
not remain in slurry longer than 30 minutes; wood fiber should not remain in slurry longer than 2 
hours.  Apply slurry with hydroseeder such that wood fiber is applied at the rate of 500 pounds per 
acre. Apply slurry at a continuous and uniform rate that is non-erosive.  

• Uniformly cover hydro-seeded area with new, pest-free straw (2 tons per acre) within 48 hours after 
seeding.  If straw is applied by blower, it shall not be chopped in lengths less than 6 inches. 

• Anchor the mulch in place by one of the following methods: 
o Hand tools, mulching rollers, straight serrated disks -- the straw shall be tucked in a 

minimum of 3 in on a spacing not to exceed one foot in both directions. 
o Uniformly cover straw with hydro-mulch within 48 hours following straw applicaiton.  Unless 

otherwise specified on the Practice Requirements sheet, the hydo-mulch shall be wood fiber 
mulch, a tackifier, and water in the following portions per acre: 

Tackifier  Rate Wood Fiber Mulch Water 

M-Binder  100 lbs 150 lbs  700 gal 
Ecotak-SAT 100 lbs 150 lbs  700 gal 
Sentinel  100 lbs 500 lbs  2,000 gal 
Fish-STIK  60 lb 500 lbs  3,000 gal 
Soil Master WR 100 lbs 250 lbs  1,000 gal 
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Four Common Approaches to Critical Area Planting 

 
Hydro-seeding and Erosion Control Blankets 
Instructions 

• Roughen seedbed by scarifying, disking, harrowing, or chiseling to a depth of 2- 4 inches. On steep 
slopes, horizontal indentations left by tracked equipment are acceptable seed beds.  

• Create wood mulch-water slurry in which to place seeds (consult with professional to determine 
appropriate mix). Use wood cellulose fiber that does not contain growth inhibiting factors.  Material 
should have the property to be evenly dispersed and suspended when agitated in water.  Material 
should be dyed with a nontoxic water-soluble green dye. The wood fiber mulch may be derived from 
recycled wood chips or a combination of recycled newsprint, cardboard, and wood fiber (with at 
most 50 percent newsprint). 

• Continuously mix the slurry and mix for at least five minutes prior to first application. Seed should 
not remain in slurry longer than 30 minutes; wood fiber should not remain in slurry longer than 2 
hours.  Apply slurry with hydroseeder such that wood fiber is applied at the rate of 500 pounds per 
acre. Apply slurry at a continuous and uniform rate that is non-erosive.  

• Distribute erosion control blankets uniformly over the surface of the seeded area within 48 hours of 
seeding.  Start blankets on the backside 3’ below the crest of the treated slope and install vertically 
down the treated slope.  Apply so that the netting is on top and the fibers are in contact with the 
soil.  Overlap adjoining blanket edges by at least 4”. 

• Drive staples vertically into ground with reference to the slope.  Apply 4 staples across the start and 
end of each roll 4” from the starting edge at the slope crest and 2” from the end edge. 

• Space staples at 6’ intervals down both sides of each roll, 2” from blanket edge.  Add staples down 
the center of each roll at 6’ intervals, alternate spacing with side staples. 
 

 
 



 

 

BMP:  Vegetation is established to filter sediment  

NRCS Practice Standard:  Filter Strip (393) 

Use filter strips to filter suspended sediment before it reaches a water 
body. Planting a filter strip is an effective method to prevent sediment 
from leaving your property and preventing sediment delivery into 
sensitive areas such as streams and other water bodies.   A filter strip 
will also prevent transport and delivery of nutrients, pesticides and 
adsorbed contaminants into water bodies.  A filter strip should be 
installed only below areas where sheet and rill erosion have been 
reduced to an acceptable level and where other practices are in place 
that slow runoff and contaminant delivery.

 

 
 
 
 
 

CONSIDER THIS: 

Filter strips are typically 
positioned down-slope of a 
field or disturbed area and, to 
the extent possible, placed on 
the approximate contour. 

Plant grass and legume seed 
uniformly over area. 

Mulch newly seeded filter strips 
at 1500 lbs of straw/acre.  

Use certified weed-free straw. 

Consider sowing small grains or 
other annual grasses as a 
companion (nurse) crop until 
establishment. 

After establishment, maintain 
dense vegetation, reseeding 
when necessary. 

Mow filter strips as necessary 
to encourage dense vegetative 
growth. 

Control undesirable weed 
species, mow after rainy 
season. 

Inspect and repair after storm 
events, reseed disturbed areas. 
 
Restore or replant the filter 
strip if it accumulates so 
much sediment that it no 
longer functions effectively. 
 

 
 

 

Filter Strip (NRCS Conservation Practice Code 393) 

Definition:  An area of vegetation established for the purpose of 
removing sediment, organic materials, and other pollutants from 
runoff. 
 
Purposes:  
  
• To reduce sediment, particulate organics, and sediment adsorbed 

contaminant loadings in runoff 

• To reduce dissolved contaminant loadings in runoff  

• To serve as Zone 3 of a Riparian Forest Buffer, Practice Standard 391  

• To restore, create or enhance herbaceous habitat for wildlife and 
beneficial insects 

• To maintain or enhance watershed function and value 

 

 

Best Management Farming Practices for Water Quality Protection 

Filter Strip (393) Fact Sheet 

USDA is an equal opportunity provider and employer. 

For more information contact your local NRCS 
office or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx
















 

BMP:  Structures to divert sediment to settling areas are 
installed and maintained. 

NRCS Practice Standard:  Diversion (362) 

Constructed erosion control diversions will collect runoff from vineyard 
facilities and discharge runoff to a safe and stable outlet.  

 

 

 
 
 
 
 
 

CONSIDER THIS: 

Diversions that protect 
agricultural land shall have a 
minimum capacity for the 
peak discharge from a 10-
year frequency, 24-hour 
duration storm. 

The outlet conditions, 
topography, land use, 
cultural operations and soil 
type shall determine the 
location of the diversion. 

A combination of practices 
may be needed to prevent 
damaging accumulations of 
sediment in the diversion 
channel. 

Each diversion must have a 
safe and stable outlet with 
adequate capacity.  The 
outlet could be a grassed 
waterway, a lined 
waterway, a vegetated or 
paved area, a grade 
stabilization structure, an 
underground outlet, a stable 
watercourse, a sediment 
basin, rock energy 
dissipator, level spreader or 
a combination of these 
practices. 

The outlet must convey 
runoff to a point where 
outflow will not cause 
damage. 

Seek assistance from a 
licensed engineer or other 
qualified professional. 

 

 

 

Diversions (NRCS Conservation Practice Code 362) 

Definition:  A channel generally constructed across the slope with a 
supporting ridge on the lower side 

Purposes:   

• Break up concentrations of water on long slopes 
• Collect or direct water 
• Intercept surface flow 
• Control erosion and protect water quality 
• Minimize potential entry of sediment to surface waters 
• Spread storm water runoff to multiple low-discharge locations 
• Provide temporary or long-term erosion protection on newly-

developed or redeveloped farmland 

For more information contact your local NRCS office or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 

 

 

 

 

Best Management Farming Practices for Water Quality Protection 

Diversion (362) Fact Sheet 

USDA is an equal opportunity provider and employer. 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx


 

BMP:  Divert water to a stable outlet. 

NRCS Practice Standard:  Underground Outlet 620 

Runoff waters will be collected from avenues, swales and constructed 
erosion control diversions to be piped to appropriate protected discharge 
locations or water spreading devices.  

 

 

 
 
 
 
 
 

CONSIDER THIS: 

Minimize installation of 
conduits that may deliver high 
volumes of runoff to single-
discharge locations. 

Design underground outlets 
with adequate capacity to 
handle design storm peak 
flows. 

Design runoff control structures 
to spread discharge to multiple 
locations in smaller increments 
to the extent feasible.  Convey 
discharges to protected outlets. 

Provide inlets with appropriate 
trash guards to ensure that 
trash or other debris entering 
the inlet passes through the 
conduit without plugging. 

Design and locate basins 
following the guidelines of 
Napa County Conservation 
Regulations, as specified by 
NRCS and Napa County RCD. 

Seek assistance from a licensed 
engineer or other qualified 
professional. 

 

 

 
 
 

 

Underground Outlet (NRCS Conservation Practice Code 620) 

Definition:  A conduit or system of conduits installed beneath the surface 
of the ground to convey surface water to a suitable outlet. 

Purposes:   

• To prevent damage from erosion or flooding by conveying to 
protected discharge points concentrated runoff from diversions, 
terraces, detention or sediment basins, waterways, surface drains 
or other similar structures 

• To collect excess surface runoff before it can concentrate and 
produce gullies 

• To minimize potential entry of sediment and attached nutrients to 
surface waters 

• To protect vineyard avenues, swales and other terrain where 
runoff may begin to concentrate 

• To spread discharged waters to the maximum extent possible 

For more information contact your local NRCS office or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 

 

 

 

Best Management Farming Practices for Water Quality Protection 

Underground Outlet (620) Fact Sheet 

USDA is an equal opportunity provider 
and employer. 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx


 

 

BMP:  Structures to collect sediment appropriately sized, installed and 
maintained.  

NRCS Practice Standard:  Sediment Basin (350) 

 

 

 

 

 

 

  

 
 

Sediment Storage

Detention

Auxiliary Spillway

Principal Spillway

1.0' min.

Storage

900 cu. ft./acre

3600 cu. ft./acre

Flood Storage
Based on aux. spwy.

flow  reqmt.

Required Sediment Basin Storage Capacities

Consider this: 
 
Sediment basin design 
and construction must 
comply with all 
applicable federal, 
state and local laws 
and regulations. 
 
For maximum sediment 
retention, design basin 
so that detention 
storage remains full of 
water between storm 
events.  To maximize 
peak flow attenuation, 
basin should de-water 
between storms. 
 
Choose location so that 
it intercepts as much 
runoff as possible from 
disturbed area of 
watershed. 
 
Choose location that 
minimizes the number 
of entry points for 
runoff into basin and 
interference with 
farming activities. 
Do not locate sediment 
basins in perennial 
streams. 
 
Establish vegetation on 
embankment and side 
slopes of basin 
following construction. 
 
Contact a licensed 
engineer or other 
qualified professional 
for design and 
construction assistance. 
 

 

 

Best Management Farming Practices for Water Quality Protection 

Sediment Basin (350) Fact Sheet 

Perf. Riser 

Dam 

Basin 

Spillway 

Sediment Basin (NRCS Conservation Practice Code 350) 

A basin constructed with an engineered outlet, formed by an 
embankment or excavation or a combination of the two. 
 
Purposes: 

• Capture and detain sediment laden runoff, or other 
debris for a sufficient length of time to allow it to 
settle out in the basin 

• Protect water quality 
 

For more information contact your local NRCS office or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 

USDA is an equal opportunity 
provider and employer. 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx






 

BMP:  Stabilize grade and control erosion in natural and 
artificial channels.  Prevent the formation or advancement of 
gullies.  Maintain and improve habitat for fish and wildlife. 
 

NRCS Practice Standard:  Grade Stabilization (410) 

This standard applies to all types of grade stabilization 
structures, including a combination of earth embankments and 
mechanical spillways and full-flow or detention-type structures. This 
standard also applies to channel side-inlet structures installed to 
lower the water from a field elevation, a surface drain, or a 
waterway to a deeper outlet channel. It does not apply to structures 
designed to control the rate of flow or to regulate the water level in 
channels.   

 
 
 
 
 

 CONSIDER THIS: 
 
 
Grade stabilization structures may 
affect volumes and rates of runoff, 
evaporation, deep percolation and 
ground water recharge. 
 
Grade stabilization structures may 
affect soil water, plant growth and 
transpiration. 
 
 Structures may trap sediment and 
sediment attached substances carried 
by runoff. 
 
Structures may influence the 
susceptibility of downstream stream 
banks and stream beds to erosion. 
 
 Structures may affect movement of 
dissolved substances to ground water. 
 
 Structure may affect the visual quality 
of water resources. 
 
Structure may impact federal or state 
listed Rare, Threatened or Endangered 
species or their habitat. 

 
Structures must be designed for 
stability after installation. The crest of 
the inlet must be set at an elevation 
that stabilized upstream head cutting. 

 
 

 

Grade Stabilization (NRCS Conservation Practice Code 
410) 

Definition:  A structure used to control the grade and head 
cutting in natural or artificial channels. 
 
Purposes:   
• Stabilize grade in channels where the concentration 

and flow velocity of water are resulting in head-
cutting and bank erosion 

• Prevent or control gully erosion 
 

Best Management Farming Practices for Water Quality Protection 
Grade Stabilization (410) Fact Sheet 

USDA is an equal opportunity provider and employer. 

For more information contact your local NRCS office 
or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 
 
 
 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx


 

BMP:  Stabilize grade and control erosion in natural and 
artificial channels.  Prevent the formation or advancement of 
gullies.  Maintain and improve habitat for fish and wildlife. 
 

NRCS Practice Standard:  Grade Stabilization – Rock 
Drops (410a) 

Rock drops are a type of grade stabilization structure.  They  should 
only be used in channels with grades less than five percent and 
width less than 50 feet, or with grades less than eight percent and 
width less than 25 feet. Flows shall not exceed 3 ft. over the drop for 
a 
50-year frequency storm. These structures are limited to a maximum 
drop (FT) of 4 feet measured from weir to downstream toe; except 
structures in series, the structures are limited to a drop (FT) of 4 feet 
measured from weir to weir.   
 

 
 
 
 
 

 CONSIDER THIS: 
 
All Considerations for Grades 
Stabilization Structures apply for Rock 
Drops. 

 
Periodically, it will be necessary to 
replace and relocate rocks either by 
machine or by hand.  It is necessary to 
maintain the rocks to the lines and 
grades of the original design. 

Control livestock access to the structure 
because they may be injured, damage 
protective vegetation and earthfills or 
accelerate soil erosion. 

Remove debris that may accumulate at 
the structure, and immediately 
upstream or downstream from the 
structure.  Debris accumulation may 
reduce the hydraulic capacity and 
cause rocks to move or failure during a 
design storm. 

Eradicate or otherwise remove all 
rodents or burrowing animals because 
their burrows may weaken earthen 
sections and develop flow paths for 
water and accelerate soil erosion or 
failure.  Immediately repair any 
damage caused by their activity. 

 
 
 

 

Grade Stabilization – Rock Drops (NRCS Conservation 
Practice Code 410a) 

Definition:  A structure composed of rocks in series used to 
control the grade and head cutting in natural or artificial 
channels. 
 
Purposes:   
• Stabilize grade in channels where the concentration 

and flow velocity of water are resulting in head-
cutting and bank erosion 
 

 

Best Management Farming Practices for Water Quality Protection 
Grade Stabilization – Rock Drops (410a) Fact Sheet 

USDA is an equal opportunity provider and employer. 

For more information contact your local NRCS office 
or visit our website at 
http://efotg.sc.egov.usda.gov/treemenuFS.aspx 
 
 
 
 

http://efotg.sc.egov.usda.gov/treemenuFS.aspx
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