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Growing grapes in a northern climate can be a rewarding experience. However, it requires a large investment and a
long term commitment to establish and operate a commercial vineyard. Therefore, to be successful, it requires
careful planning and preparing your site well in advance to planting your first grapevines. When determining if
growing grapes is a viable opportunity, you need to consider:
1. How will the grapes be marketed?
2. Can grapes be grown successfully under your climatic conditions and can anything be done to improve the
conditions?
3. Can grapes be grown successfully under your soil conditions and what can be done to improve the site?
4. How much will it cost to establish and maintain a vineyard?
5. How much labor will be required to perform the various cultural practices in the vineyard?
This section will address these issues and aid you in determining if growing grapes is an alternative for you.

Marketing
Marketing has been a topic often overlooked or relegated to the back of many grape production guides. However, if
you do not have a firm marketing plan in place before planting your first grapevines, your odds of success could be
greatly reduced. In developing your marketing plan, you should first identify your target market. Are you going to
sell table quality grapes at a farmers market, roadside stand or grocery store; sell pick-your-own or pre-picked
grapes for home juice, preserves or winemaking; sell to a local winery; or start your own winery or process grapes
into juice or preserves? Each of these marketing outlets has its unique requirements.
Table grapes: The highest prices are received for table grapes, but the market is limited. Customer preference is for
seedless cultivars (cultivated variety) for which there is a limited selection for northern climates. The shelf life of
table grapes is limited, so selecting cultivars that mature sequentially will be important.
Juice and preserves: American type cultivars are most suitable for processing into juice and preserves. The market
can be somewhat limited, but preservation extends the marketing season. State and local food processing licensing
and annual inspection of the facility are require. For Minnesota, check with the Minnesota Department of
Agriculture, Dairy & Food Inspections Division (Ph: 651-201-6027) or local authorities.
Selling to a winery: Visit with local wineries to determine if they will have a need for grapes when your vineyard
comes into production, and if so, what cultivars and quantities would they are interested in obtaining. Would they be
willing to develop a mutual relationship and work with you in producing quality grapes that meet the requirements
for their wines? Explore the potential of developing a long term contract.
Start your own winery: Starting a winery is a major investment, but many home winemakers have taken the step
and have been successful. In 2014, there were 71 farm wineries in Minnesota. The number of cultivars grown and
the number of vines of each will be influenced by the number and size of your fermentation tanks. Keep in mind that
a ton of grapes will produce about 150 gallons of finished wine but can range from 120 to 180 gallons. A Winery
Ten Year Financial Planning Workbook at the Agricultural Marketing Resource Center (AgMRC) website
http://www.agmrc.org/commodities__products/fruits/wine/winery_and_vineyard_feasibility_workbooks.cfm.
To become a commercial winery, you need to be licensed by the United States (US) Department of Treasury
Alcohol and Tobacco Tax and Trade Bureau (TTB) (www.ttb.gov/index.shtml) and your State’s alcohol beverage
control board. In Minnesota, it is the Minnesota Department of Public Safety Alcohol and Gambling Enforcement
(https://dps.mn.gov/divisions/age/alcohol/Pages/default.aspx). The TTB website has a link to other State and
Canadian alcohol beverage control boards (www.ttb.gov/wine/state-ABC.shtml).
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Site Requirements for Grapes
The first step in establishing a vineyard is the selection of the site. This should be done carefully, as grapevines have
special needs and future problems can be avoided by choosing a favorable site. When determining if your site is
suitable for growing grapes, you need to consider your climatic conditions, the topography of the site relative to the
surrounding area, and its soil characteristics. These factors interrelate in determining if grapes can be successfully
grown on the site, and if so, what cultivars will do best. When assessing climatic conditions, much information is
available on the “macroclimate” of a region that is gathered from various National Oceanic and Atmospheric
Administration (NOAA) recording sites spread over the state. Within a region, the topography of the site affects the
local climate or “mesoclimate”, and site specific soil conditions can influence how grapevines respond to the various
climatic conditions.

Minnesota’s Macroclimate
Climatic factors that influence grape production include winter and growing season temperatures, frequency of
spring frosts, length of the growing season, and precipitation. Of these factors, winter temperatures have the greatest
influence on whether grapes can be grown and which cultivars to plant. The State of Minnesota stretches from
latitude of 43o in the south to 49o in the north, almost the same latitudes as France. The major advantage that France
and the rest of Western Europe enjoy over Minnesota as a site for growing grapevines is the presence of the Atlantic
Ocean and Mediterranean Sea which moderate the climate substantially. In contrast, Minnesota and the rest of the
upper Midwest has a continental climate where winters are colder with rapid temperature changes, and summers are
warmer. As northern grape growers, our challenge is to grow early-maturing grape cultivars, for which there is a
long enough growing season with sufficient heat and sunlight to allow complete ripening and to lessen the dangers of
extreme winter cold by either choosing vines that are cold-hardy, selecting sites that are less prone to extreme cold,
and using cultural techniques to protect tender vines.
Winter temperatures: There are three basic types of grapes grown in North America – American (Vitis labrusca, V.
aestivalis), European (V. vinifera) and Interspecific French-American hybrids (often referred to as “French
hybrids”). A more recent group of cold hardy hybrids based upon V. riparia are referred to as “Northern hybrids”.
Grape cultivars have been classified based on the maximum cold hardiness in mid-winter (Table 1):
Table 1. Grapevine cold hardiness classification based upon the temperature range that
bud injury begins to occur. Adapted form: Midwest Grape Production Guide. OSU Ext. Bul. 919.
Cold hardiness class
Tender
Slightly hardy
Moderately hardy

Temperature range
0o to -10o F
-5o to -15o F
-10o to -20o F

Hardy

-15o to -25o F

Very hardy

-20o to -30o F

Extremely hardy

-25 to -35o F

Suitable grape types
Warm climate European cultivars
Most northern European cultivars
Hardy European, & moderately hardy French
hybrid cultivars
Most American, hardy French hybrid, & some
Northern hybrid cultivars
Some hardy American, & most Northern
hybrid cultivars
Very hardy Northern hybrids

Within these classes, injury can occur at much warmer temperatures in the fall and early winter during the period of
acclimation, and in late winter and early spring during the period of de-acclimation.
The 2012 US Department of Agriculture (USDA) Plant Zone Hardiness Map divides Minnesota into five climatic
zones based on the average annual extreme minimum temperature recorded from 1976 through 2005 (Figure 1).
Based on this map, some very hardy cultivars could be grown in zone 4a, while most very hardy and some hardy
cultivars could be grown in Zones 4b and 5a. An interactive version and maps for other states are available at
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http://planthardiness.ars.usda.gov/PHZMWeb/. For Canada, a zone hardiness map is available at
http://www.planthardiness.gc.ca/.

Figure 1. 2012 USDA Plant Zone Hardiness Map for Minnesota.
Length of the Growing Season determines what cultivars can be grown. The growing season needs to be long enough
to properly mature the grapes and provide sufficient time after harvest for the grapevines to harden off and store
carbohydrates for the next season in the roots, shoots and trunks before the first killing fall frost. The general rule for
cultivars selection based on the number of frost-free days (Table 2).
Table 2. Recommended seasonal ripening grape cultivars to plant based on the number of
frost-free days.
Number of Frost-free Days Recommendation
Less than 150
Do not consider planting grapes. However some very-early maturing
cultivars are being developed.
150 to 160
Only plant early season maturing cultivars.
160 to 170
Plant early and mid-season maturing cultivars.
Plant early, mid-season and some early late-season maturing
170 to 180
cultivars.
Figure 2 shows the median number (50% probability) of frost-free days at 32o F (blue) and 28o F (red) derived from
Minnesota NOAA weather reporting stations from1981 to 2010. Frost-free days is normally reported as the number
of days between the last date 32o F was recorded in the spring to the first date it was recorded in the fall. However,
temperatures need to drop below 28o to kill emerging shoots in the spring and leaves of some cultivars in the fall.
Specific site topography characteristics relative to the surrounding area (mesoclimate) can greatly affect the number of
frost-free days. Additional information on estimated date of events and probabilities is available on the Minnesota
DNR interactive “Final Spring/First Fall Freeze & Frost Date Probabilities” web site
http://www.dnr.state.mn.us/climate/summaries_and_publications/freeze_date.html.
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Figure 2. Median (50% probability) number of frost-free days at 32o F
(blue) and 28o F (red) at various NOAA recording sites in Minnesota.
Growing season temperatures affect the rate of plant photosynthesis and subsequent vine development. Heat
summation expressed as growing degree days (GDD) has been used to quantify the influence of growing season
temperatures on plant development. Typically plant growth does not occur at temperatures below 50o F which serves
as the base temperature (base 50F) when computing GDD. The daily GDD is calculated by averaging the daily high
and low temperature and subtracting 50o. For example, if the daily high was 80o and the low was 60o F: 80o + 60o =
140; 140 / 2 = 70 average; 70 – base 50= 20 GDD. When night temperatures are below 50o F, 50o is substituted for the
daily low temperature. Amerine and Winkler at UC Davis used a similar system based on average monthly high and
low temperatures to characterize California into five wine growing regions. It has since been found that plant
photosynthesis slows then temperatures rise above 86o F, thus the 86o F cutoff (if the daily high is above 86o F, 86o is
substituted for the daily high), and night temperatures above 64o F tend to increase the rate of respiration to negate
more of the plant carbohydrate accumulated during the day. The Amerine and Winkler regions are not directly
applicable to the Midwest and Eastern winegrape growing regions because, with our high humidity, we experience
high night temperatures, but GDD still serves quantify growing season conditions and whether early season, midseason or late season cultivars can be grown.
Based on GDD map in Figure 3, about the southern two-thirds of Minnesota has a growing season that is warm
enough for the successful ripen grapes in the majority of years. Regions accumulating from 2100 to 2500 GDD are
probably warm enough to adequately mature very-early, early season and maybe some early mid-season cultivars; and
areas accumulating more than 2500 GDD are probably suitable for early and mid-season maturing cultivars. Areas
accumulating 2000 GDD or less have growing seasons that are probably too short and too cool to insure proper
ripening of most commercially grown cultivars although new cultivars are being developed that will likely extend this
range significantly northward. Moreover good site selection and adapted cultivars will increase success in any area
selected.
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Figure 3. Growing Degree days, Base 50 Degrees F
Precipitation: Minnesota’s average annual precipitation ranges from about 36 inches in the far southeast corner to 21
inches in the far northwest (Figure 4). As a general rule, most crops require about an inch of rainfall per week during
the growing season for normal development. However, for grapes it will be less during the early stages of canopy
development, and may be up to 1.2 inches per week at full canopy development when there are more leaves and
temperatures are also higher. For the period from May 1 to October 1, 22 inches of rainfall would provide one-inch
per week. Frequency of droughts and the available moisture holding capacity of the soil will determine if
supplemental irrigation will be required.

Figure 4. Average annual precipitation 1981-2010.
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Vineyard Best Management Practices – Site Selection and the Macroclimate
Rate your site based on macroclimatic factors:
Management Area:
Climate of Proposed
Vineyard Site
Average minimum
winter temperature

Frost Free Days in a
normal year

Growing Degree
Days (GDD, base
50oF) accumulated in
a normal year)
Average annual
precipitation

Best Practice
-15 to -20o F (Zone
5a) Can grow hardy
& very hardy
cultivars with little
difficulty. May be
able to grow some
moderately hardy
cultivars.
160 to 179 days Can
plant early, midseason & maybe early
late season cultivars
in best locations.
> 2,500 GDD
Suitable for growing
early & mid-season
cultivars.
>34 inches adequate
unless on a sandy
textured soil

Minor Adjustments
Needed
-20 to -25o F (Zone
4b) Restricted to
growing very hardy
cultivars. Will need
winter protection for
less hardy cultivars.

Concern Exist:
Examine Practice
-25 to -30o F (Zone
4a) Restricted to
growing extremely
hardy & the hardiest
of the very hardy
cultivars or provide
winter protection.

150 to 159 days
Restricted to planting
early & maybe early
mid-season cultivars
in the best locations.
2,300-2,400 GDD
Suitable for growing
early & some early
mid-season cultivars.

140 to 149 days
Restricted to planting
very-early & maybe
early season cultivars
in the best locations.
2,000-2,200 GDD
Suitable for growing
very-early & some
early-season
cultivars.
26 to 30 inches
supplemental
irrigation may be
required.

30 to 34 inches
adequate in most
years; supplemental
irrigation may be
required on sandy
textured soils

Needs
Improvements:
Prioritize Changes
Here
-30 to -40o F (Zone
3b & 3a) Very limited
in cultivar selection.
Winter protection will
be needed.

< 140 days May be
able to plant very
early season cultivars
in the best locations.
< 2,000 GDD Try
some very-early
season cultivars on a
trial basis.
< 25 inches
supplemental
irrigation should be
considered.

Site Selection and the Mesoclimate
Macroclimate maps provide information on regional characteristics, but are too general for pinpointing the best sites for a
vineyard. The mesoclimate is the site specific characteristic and is influenced by the topography and elevation of the site
relative to the surrounding area, slope of the land, direction of the slope (aspect) and flora around the area. These
characteristics affect exposure to low and high temperatures, frequency of spring frosts, length of the growing season,
GDD, and exposure to sunlight.
Topography: A proper vineyard site is one that is elevated above low-lying areas such as river or creek bottoms. Selecting
such sites is often the best protection against spring frosts and exposure to the lowest winter temperatures. The coldest
temperatures occur under radiation freeze conditions. This occurs when a dry cold air mass settles in over an area, and
at night there is an absence of cloud cover and winds are calm. Under such conditions, the earth releases heat as
radiant energy to the atmosphere, the air near the ground cools, and the air stratifies forming an inversion layer of
warmer air about 30 to 50 feet above the ground. Cooler dense air is trapped beneath the warm air continues to cool
and because it is heavier that warm air, it drains into low-lying areas forming frost pockets (Figure 5).
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Figure 5. Effect of topography and an obstruction during a
radiation freeze event. (P. Domoto, ISU)
Obstructions below a vineyard that imped the cold air drainage to lower areas such as woodland with thick understory vegetation along the perimeter can form frost dams.
Ideally, it is best to plant the vineyard on hillsides and the tops of bluffs or knolls least 30 to 50 feet above a valley
floor. If woodland exists below the proposed vineyard site, take measures to improve the air drainage such as
clearing out the understory vegetation on the perimeter and/or cut paths through the woods to allow the cold air to
drain out of the vineyard. Taking these measures will reduce the risk of a late spring and early fall frost to
significantly extend the length of the growing season. In addition, this will also moderate the vineyard’s exposure to
extreme low winter temperatures.
A good practice is to monitor the temperature with maximum-minimum thermometers placed at different elevations
and locations in the field being considered for a vineyard. The thermometers should be placed 4 to 5 feet above the
ground and sheltered from direct sunlight. They need to be re-set before each freezing event. An alternative method
would be to walk the field during a radiation freeze event with a sensitive handheld thermometer and a GPS device
that measures elevation.
Slope: The slope if a field is measured as the vertical fall or rise per 100 feet horizontal distance and is reported as a
percentage. Vineyards do best on land that is moderately sloping in the 3 to 14 % range. On land that is flat, cold air does
not drain away well from the site during a radiation freeze. In addition, any excess precipitation does not runoff well and
the soil is more prone to waterlogging. On slopes steeper than 15%, operating equipment becomes hazardous and such
soils are much more prone to erosion. County Soil Surveys and the online Web Soil Survey (See section on soils) provide
information on the percent slope of the land.
Aspect (direction of the slope): Aspect is the approximate compass direction a slope faces. It affects the angle at which
sunlight hits the vineyard and influences the growing conditions. A south-facing slope has the highest angle of sunlight
intercept, therefore it warms up sooner and accumulates the greatest GDD which is beneficial in a northern climate such as
Minnesota. However, grapevines on a south-facing slope will be more prone to spring frosts because it warms up sooner,
and will have the highest water requirement. A north-facing slope will have the lowest angle of sunlight intercept, and
warm up the slowest and accumulate the lowest GDD which is less favorable in a northern climate. However, grapevines
on a north-facing slope will be less prone to a spring freeze and will have the lowest water requirement. East and westfacing slopes tend to be intermediate between the south and north facing slopes, with the west-facing slope being warmer
and accumulating more GDD and have a higher water requirement that the east-facing slope. However, grapevines on an
east-facing slope will dry off sooner in the morning to aid in reducing the incidence of disease, and will be more
photosynthesis efficient because it is cooler in the morning, particularly under moisture stress conditions when leaf stomata
will close in the afternoon to conserve moisture. These differences become more prevalent as the percentage of slope
increases.
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The direction of the slope and elevation can have an influence on grapevine cultivars selection. Because south-facing
slopes warm up sooner than other slopes, planting early bud-breaking cultivar on such sites would be more risky that
planting a later bud-breaking cultivar. Planting the earliest maturing cultivars on the warmest sites is probably not the best
practice because it has been found that during the final month of ripening, optimal fruit chemistry and color development
are promoted by daytime temperatures in the 64o to 77oF range with night temperatures of 59o to 68oF. Therefore the best
management practices would be to plant the earliest bud-breaking cultivars on the least frost-prone sites, and reserved the
warmest slopes for the cultivars the may be marginal for the area because of length of the growing season.
Sunlight: Vine performance is dependent upon a need for full sunlight. Care should be taken so that the vines will
receive full sun during the day or nearly all day. Neighboring trees that could cast shade on the vineyard should be
avoided or removed.

Vineyard Best Management Practices – Site Selection and the Mesoclimate
Rate your site based on mesoclimatic factors.
Management area:
Site topography,
elevation, slope
Topography

Best Practices
Site sits at least 30 ft
above the bottom of a
hill or on top of hill
with no obstacles
below to impede air
drainage

Minor Adjustments
Needed
Site sits at least 30 ft
above the bottom of a
hill or on top of hill
with obstacles below
that can impede air
drainage

Concern Exist:
Examine Practice
Site sits less than 30 ft
above the bottom of a
hill.

Slope

Site sits on 3%-9%
slope that allows for
good air and excess
surface water drainage.

Site sits on 9%-14%
slope. Erosion may
become a problem.

Slope greater than 14%
will require extensive
erosion protection and
specialty equipment.

Aspect (direction of
the slope)

Site sits on a South,
South East or South
West facing slope
The perimeter of the
site receives good
sunlight exposure
throughout the day.

Site sits on East or
West facing slope

Site sits on a mostly
flat surface.

Exposure to sunlight

Woodland on the
perimeter of the site
shade it for a portion of
the day.

Needs Improvements:
Prioritize Changes
Here
Site sits at the bottom
of hill or on low land.

Site sits on flat land
with 0-2% slope. Lack
sufficient air and
excess surface water
drainage.
Site sits on a North
facing slope.
Tall structures shade
the site for a portion of
the day.

Soil Requirements for Grapes
Soil properties are the third important consideration when determining if a site is suitable for a vineyard. Minnesota
has a wide variety of soil types and grapes are being grown on many of them. In assessing if a soil is suitable, you need
to examine its physical and chemical characteristics. Physical characteristics include texture, depth and profile which affect
internal drainage and plant available moisture holding capacity; while chemical properties include soil pH, fertility and
organic matter content.

Soil Physical Properties
The USDA Soil Conservation Service (now the Natural Resources Conservation Service, NRCS) has surveyed soils
across the US and the information is published by county. These surveys are available from your county Extension
Office, county USDA-NRCS office, or online at the USDA-NRCS Web Soil Survey
(http://websoilsurvey.nrcs.usda.gov/app/ )
Texture: Soil texture classification is based on the percentages of sand, silt and clay present in the soil as
illustrated by the soil triangle (Figure 6) where particle diameter is defined as: sand >.05 to 2.0mm; silt .002 to .05
mm; and clay <.002 mm.
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Figure 6. Classification of soil texture based on the
percentages of sand, silt and clay. (UMN Extension)
Particle size directly or indirectly affects several physical as well as some chemical characteristics of the soil. The
direct effects include moisture retention, permeability, and mineral nutrient retention. As particle size decreases,
pore size between the particles become smaller and the accumulated surface area of the particles as well as the total
pore space between particles of a given volume of soil increases.


Moisture retention: Fine-textured clay soils (clay, silty clay, sandy clay) with greater pore space have the
capacity to retain greater moisture than sandy-textured soils. However, soils with too high a percentage of
clay are undesirable because their extremely small pore space between particles retains a high percentage
moisture that is unavailable to plants and such soils lack adequate aeration for good root development.
Grapevines grown on these soils tend to be less vigorous because of the reduced aeration. Conversely,
soils with high percentages of sand (coarse-textured) are undesirable because they lack water holding
capacity.



Permeability: As the pore space between particles decreased with increasing clay content, the water infiltration
rate slows and the soil becomes more prone to water logging or having a perched water table.



Nutrient retention: As the total surface area of a soil increases with increasing clay content, its ability to
retain mineral nutrients increases. This is expressed as high cation exchange capacity (CEC) of the soil.
Soil organic matter (humus) also contributes to the CEC.

Based on these characteristics, provided that the subsoil characteristics of a soil are not limiting, mediumtextured soils (loam, sandy clay loam, clay loam, silty clay loam, silt loam, silt and sandy loam) are best
suited for growing grapes. These soils have an adequate capacity to retain moisture yet allow for adequate
aeration for good root development, and an adequate CEC to retain mineral nutrients. Although sandytextured soils (sand, loamy sand) lack sufficient moisture holding capacity and have a low CEC, grapevines
will do well on them, if irrigation is provided and nutrients are applied in split applications or in the irrigation
water. Under such conditions, you can control the water and nutrient supply. Clay textured soils (Clay, silty
clay, sandy clay) are not suited for growing grapes
Internal drainage: Internal drainage is important because plant roots need oxygen for good development and nutrient
uptake. The USDA-NRCS Soil Survey categorizes soils by their natural drainage classification: “excessively drained”,
“somewhat excessively drained”, “well drained”, “moderately well drained”, “somewhat poorly drained”, “poorly
drained”, and “very poorly drained”. Soils classified as “well drained” are best soils for a vineyard. Soils classified as
“moderately well drained” are suitable for a vineyard, but may require some corrective measures to improve the
internal drainage. Corrective measures will be needed on soils that are “somewhat poorly drained” while soils
classified as being “poorly drained” and “very poorly drained” should be avoided. Soils classified as “somewhat
excessively drained” or “excessively drained” are suitable for a vineyard when they are irrigated.
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Factors that affect the internal drainage include:
 The lack of sufficient slope or a depression that limits surface runoff of excess precipitation. On finer textured
soils (high clay content), such areas should be avoided because grapevine will not perform well, and such sites
are more frost prone because of the lack of cold air drainage. Installing drainage tile may correct the internal
drainage problem at an additional vineyard establishment cost.
 Lateral seepage on a hillside due to a textural change coming to the surface. Typically, this occurs in swales on
the hillside. Such areas should be avoided and made into waterways or avenues that divide vineyard blocks.
 Impervious layer in the soil profile that slows the infiltration rate. This could be a change in soil texture or a
compacted layer such as a plow pan, or glacial fragipan. If the impervious layer is near the surface and there is
good soil below, subsoiling can correct the problem. This should be performed when the soil is dry and done in
two directions diagonal to each other.
 A high water table. High water tables are a concern because roots will not function in a saturated environment
without oxygen. They tend to be seasonal and vary with the frequency and amount of precipitation. If the
minimum depth to the water table is greater than 4 feet, it should not be a problem. For shallower water tables,
tiling would be needed if grapes are to be grown.
Plant available moisture holding capacity: Available moisture is the amount of moisture can hold between field
capacity and the permanent wilting percentage. Field capacity is the amount of moisture held by the soil against the
forces of gravity or 72 hours after a saturating rain, and permanent wilting percentage is the amount of moisture
remaining in the soil when wilted plants will not recover are placed in a humid environment overnight. Soils textures
vary in the amount of plant available moisture (Table 3).
Table 3. Approximate available moisture different soil textures can hold per foot of soil.
Soil Texture (classification)
Coarse (sand)
Course (loamy fine sand, fine sand)
Moderately coarse (sandy loam, fine sandy loam)
Medium (silt, silt loam, loam, very fine sandy loam)
Moderately fine (clay loam, sandy clay loam, silty clay loam)
Fine (sandy clay, silty clay, clay)

Approximate available
moisture in inches / foot of soil
0.5
1.25
1.5
2.0
2.2
2.0

The combination of soil texture and soil depth to a restrictive feature determines a soil’s plant available moisture
holding capacity. Soil Surveys may report this either as inches of available moisture per inch of soil, inches per foot,
inches per five feet of soil, or inches in the soil profile to a restrictive layer. On medium-textured soils, grapevines do
best on soils with a rooting depth of at least three feet. Additional soil depth and/or irrigation may be needed on
coarser-textured soils.
The combination of soil texture, depth, annual precipitation, frequency of droughts in the area, and availability of a
supplemental source of water will determine if irrigation is a wise investment. In the Midwest, trickle irrigation is often
the best method for supplying supplemental water on upland sites where sufficient water for an overhead irrigation
system is often limited. The Wine Grape Production Guide for Eastern North America (NRAES-145) contains an
excellent chapter in irrigation for a vineyard. If you elect to install a trickle irrigation system, consult with a firm that
specialized in trickle irrigation. They have engineers that will design a system that to fit your needs.
Soil Surveys: Information on these soil physical properties is available in you County Soil Survey or online at the
USDA NRCS Web Soil Survey (http://websoilsurvey.nrcs.usda.gov/app/ ). Both surveys contain maps to locate your
site of interest and the various soils present and their descriptions. For the Web Soil Survey, all you need to do is click
on the green “WSS Start” button; go to the “Quick Navigation” side bar and enter the address or other means of
identifying your area of interest; click on the “AOI” (area of interest) button, then click and drag on the map to outline
the specific area of interest; and when the AOI is highlighted, click on the “Soil Map” tab. For each soil in the AOI,
names, texture classification and % slope will pop up. Clicking on each soil name will enable you to read the
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important site and soil characteristics. These characteristics include: Map unit setting (elevation, annual precipitation,
frost-free days), typical soil profile, natural drainage classification, runoff classification, capacity of most limiting
layer to transmit water (Ksat), depth to water table, presence of calcium carbonate, available water storage in profile,
and other important information for the particular soil. In the County Soil Surveys, a more complete description is
available in the soil series and soil profile classification sections, but you will need to go to the Table of Engineering
Index Properties and Table of Physical and Chemical Properties to get additional information.
The soil surveys give information on the typical characteristics of the various soils. For more precise information, you
should dig several test pits at various locations within each of the soil types present on the site. This will enable you
to evaluate for any variations in the profile. Such pits should be at least three feet deep

Vineyard Best Management Practices – Soil Physical Properties
Rate your soil physical properties.
Management Area:
Soil physical
properties
Best Practices
Soil Survey

Soil Texture

Obtain a soil survey for
your site to determine
the soil physical
properties when
selecting a site to plant
a vineyard.
Moderately coarse to
medium-textured
(sandy loam, loam, silt
loam, silt)

Minor Adjustments
Needed

Concern Exists:
Examine Practice

Moderately fine
textured (clay loam,
sandy clay loam, silty
clay loam) May require
drainage tile.

Obtain a soil survey for
your site to determine
the soil physical
properties after the site
has been selected to
plant a vineyard.
Coarse textured (sand,
loamy sand, fine sand)
Lack moisture holding
capacity, irrigation
should be considered.

Internal drainage
classification

“Well drained”

“Moderately well
drained” May need
drainage tile

Depth to restrictive
feature (clay layer,
fragipan, plow pan)
Depth to the high
water table.

>80 inches

8 to 30 inches: Preplant subsoiling

>6 feet

4 to 6 feet

“Somewhat
excessively drained”,
“excessively drained”
Irrigation should be
considered.
30 to 60 inches:
Drainage tile may be
needed.
3 to 4 feet: May need
drainage tile,

Needs
Improvements:
Prioritize Changes
Here
Planted a vineyard
with no knowledge of
the soils physical
properties.

Fine-textured (clay,
sandy clay, silty clay)
Poor aeration &
internal drainage. Best
to consider an
alternative site.
“Somewhat poorly
drained”, “poorly
drained” Drainage tile
is required, or consider
an alternative site.
No measures taken to
correct a restrictive
feature
Less than 3 feet:
Drainage tile is
required or consider an
alternative site

Soil Chemical Properties
Soil chemical properties include the organic matter content, soil pH, and mineral nutrient availability. Information on
these characteristics is best obtained through pre-plant soil testing conducted least a year before planting the vineyard.
If amendments are needed, they can be applied and tilled in as deeply and uniformly as possible where they will be
available to grapevines. This is very important for mineral nutrients that are practically immobile to very slowly
mobile in the soil such as calcium (Ca) in lime, phosphorous (P) and potassium (K). Also, if the soil pH needs to be
adjusted, it takes about a year for the benefit to occur.
Separate soil samples should be submitted for each soil type present on the site. Within each soil type separate
samples should be collected if areas have different cropping histories (corn/soybean rotation being the exception) or
different fertilization histories. Separate samples should be collected from the 0 to 8-inch and 8 to 16-inch depths
from each sampling area. The 0 to 8-inch depth samples will provide information on the past fertilization history,
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while the lower depth samples will provide information on parent material. Each sample should be a composite of at
least 15 to 20 cores collected over the sampling area. The cores should be thoroughly mixed, air dried and subsampled before submitting. Soil sample bags are available from the University of Minnesota Soil Testing Laboratory
(Ph: 612 625-3101, e-mail: soiltest@umn.edu) or any commercial soil testing laboratory. Soil samples can be
submitted to the University of Minnesota Soil Testing Laboratory (http://soiltest.cfans.umn.edu/) or a commercial
laboratory.
Soil samples should be tested for soil pH, organic matter (OM), P, K, magnesium (Mg) and zinc (Zn). Optional
mineral nutrients that can be tested include calcium (Ca), boron (B), manganese (Mn), copper (Cu), iron (Fe) and
sulfur (S). On soils that are known to have a high pH (above 7.4), a test to determine the cation exchange capacity
(CEC) is advised because elemental sulfur applications to lower the pH are based on the soil’s CEC. Check with your
Extension viticulturist or soils specialist to determine the need for these additional tests in your area. Table 4 lists the
pre-plant sufficiency ranges published in the Midwest Grape Production Guide (Ohio St. Univ. Ext. Bull. 919), Wine
Grape Production Guide for Eastern North America (NARES-145), and values used by the University of Minnesota
Soil Testing Laboratory and Iowa State University Horticulture Department.
Table 4. Pre-plant soil test sufficiency ranges for establishing a vineyard.
Test
Organic matter
Soil pH
Phosphorous (P)

OSU Bull. 919z
2-3%
5.5 - 6.5

NRAES-145y

U of MNx

ISU-Hortw

2-5%

--

2 - 3 (4?)%

5.5 V. labrusca

6.0 - 7.0

6.0 - 6.5

20 – 50 ppm

> 25 ppm

>30 ppm

6.0
hybrids
6.5 V. vinifera

20 – 50 ppm

Potassium (K)

125 – 150 ppm

75 – 100 ppm

>160 ppm

>150 ppm

Magnesium (Mg)

100 – 125 ppm

100 – 125 ppm

~100 ppm

100 – 125 ppm

4 – 5 ppm

2 ppm

>1 ppm

3 - 4 ppm

--

500 – 2000 ppm

>600 ppm

--

Zinc (Zn)
Calcium (Ca)

.75 – 1.0 ppm

0.2 – 2.0 ppm

>1 ppm

--

Manganese (Mn)

--

20 ppm

>6 ppm

--

Copper (Cu)

--

0.5 ppm

>0.2 ppm

--

Iron (Fe)

--

20 ppm

--

--

Sulfur (S)

--

--

>7 ppm

>7 ppm

Boron (B)

z Midwest

Grape Production Guide (OSU Ext. Bull. 919).
Wine Grape Production Guide for Eastern North America (NRAES-145).
x Univ. of Minnesota Soil Testing Laboratory.
w Iowa State Univ. Horticulture based on tests performed by the ISU Soil & Plant Analysis Laboratory.
y

(Adapted from the Northern Grapes Project Vine Nutrition Webinar, March 12, 2013.
http://www.youtube.com/watch?v=easAzwROKrc&list=PLGIR49aM1wm4SWL7XS-_oO9z8vaFttILl )

Organic Matter:
An adequate supply of organic matter (OM) or, its final product, humus, is important to the vineyard soil. Humus
improves the soil’s moisture holding capacity, structure, and CEC and subsequent nutrient retention. With improved soil
structure properties, aeration is improved fostering the microorganisms that aid in processes of decomposition,
nitrogen fixation, and nutrient uptake by plant roots. Secretions and excretions of these microorganisms serve to
aggregate soil particles together into erosion resistant agglomerations. Mineral nutrients, which might otherwise
leach out of the soil, become incorporated into the cells of many trillions of these microbes, to become available to
plants later when the microbes die and decompose. “Good tilth” was the term used by old timers to describe a soil
with these desirable traits. For grapes the optimum organic matter content should be between 2 and 3% (Dami, et al.,
2005).
The OM content of a soil also serves as an indicator of soil fertility and how much nitrogen fertilizer should be
applied each year. Grapevines are not high users of nitrogen (N) and require from 60 to 80 pounds of actual N per
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acre per year to perform well. Under upper Midwest conditions, for each one-percent increment in the organic matter
content, the soil has the capacity to release up to 20 pounds of available N per acre per year. So, a soil containing 3%
OM has the capacity to release 60 lbs of N per acre per year. Because grapevines have an indeterminate growth habit
they will respond favorably to conditions that promote growth, such as additional N and will continue to grow until
the first killing frost. Ideally, the grapevines should stop growth at veraison (when grape berries begin to turn color
and soften). Rich loamy soils often contain more than adequate amounts of N and often result in overly vigorous vine
growth. Such vines require additional cultural practices such as lateral shoot thinning and leaf pulling to promote
good light exposure of the clusters, and the shoots are slow to lignify (turn brown) and mature. This delays the
hardening off process making the vines more prone to winter injury. Ideally in the upper Midwest, the soil organic
matter content should be in the 2 to 3% range, maybe up to 4% if training systems are selected and/or cultural
practices adopted to accommodate vine vigor. When soil OM content approached 5% and above, alternatives to
growing grapes should be considered.
If a pre-plant soil tests shows OM to be 2% or less, growing a cover crop the season before planting grapevines cane
be beneficial. Such a cover crop should produce a lot of biomass, and act to smother any annual weeds that
germinate.
Soil pH:
The soil’s pH is the measure of the acidity or alkalinity of the soil solution. It is measured on a logarithmic scale of 0 to
14 where 0 is very acidic, 14 is very alkaline, and 7.0 is neutral. The pH of the soil is important because it affects the
availability of the essential mineral nutrients required by plants (Figure 7). Most plants, including grapevines, prefer a
soil that is slightly acidic to neutral with a pH in the 5.5 to 6.5 range because the essential nutrients are most available
or available in adequate amounts. However, this varies somewhat with predominate species of the cultivar. Americantype cultivars with a strong V. labrusca parentage prefer soils in the 5.5 to 6.0 range. Traditional interspecific hybrids
do well on soils in the 6.0 to 6.5 range although some Northern hybrids with will tolerate a soil pH up to 7.2, and
European (V. vinifera) cultivars do well on soils in the 6.5 to 7.0 range.

Figure 7. The effect of soil pH on the availability of the essential
mineral nutrients required for plant growth. A wider line indicates greater
availability of the nutrient.

Low pH soils:
Lime should be applied to raise the pH on low pH soils. The amount of lime required will depend upon the buffer pH
value that testing laboratories will provide whenever the soil pH is low. For American-type cultivars, lime should be
applied to raise the pH to 6.0 if the soil pH is below 5.5, and for hybrids the soil pH should be raised to 6.5 if the soil
pH is below 6.0. (Figure 8).
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Figure 8. Lime requirement in tons of pure calcium carbonate per
acre to raise the soil pH in the top 8-inches to 6.0 and 6.5.
Some laboratories base the lime requirement on the CEC of the soil. A table for the lime requirement based on the CEC
is printed in the Nutrient Management chapter in the Wine Grape Production Guide for Eastern North America
(NARES-145).
There are two forms of limestone that can be used to raise the soil pH: calcitic limestone that contains about 40% Ca
and 0.2% Mg; and dolomitic limestone that contains approximately 11% Mg and 21% Ca. If soil test results show that
exchangeable Mg is low, use dolomitic limestone to raise the pH. However, if soil test results show exchangeable Mg
to be in the desired range or above, use calcitic limestone. Many Midwestern soils are already very high to excessively
high in Mg, and additional Mg can inhibit the uptake of K.
The lime should be applied about a year before planting and tilled in as deeply and as uniformly as possible. This will
allow for any “hot spots” to mellow out. In 4 to 5 years, the soil pH should be re-tested to determine if additional lime
is required. If additional lime is required, it would be as a surface application, and any response to such application will
take several years on loamy or clay soils because of the immobility of the lime. No more than two tons per acre should
be applied per year.
High pH (alkaline) soils:
If soil test results for pH are above 6.5, measures can be taken to lower the pH to a desired level depending upon the
soil pH and what type of grapevines you plan to grow. Alternative practices include:


Doing nothing.



Lowering the soil pH over several years with annual applications of acidifying forms of fertilizer. Examples of
these fertilizers include ammonium sulfate (21-0-0), urea (46-0-0) and a one-time application of monoammonium phosphate (11-52-0). One pound of these materials has the capacity to neutralize 5.4, 1.8 and 5.0
pounds of lime respectively. Applications of manure or compost will also lower the soil pH, but the response is
variable. For soils with higher percentages of OM, annual applications of these N sources will be less so it will
take longer to lower the pH to the desired level.

 Lowering the soil pH with an application of elemental sulfur (Figure 9) or a similar material. Aluminum
sulfate and ferrous sulfate are alternatives to elemental sulfur, but it takes six-times and eight-times as much
material respectively to do the same job. Sulfur applications are based on the soil’s CEC where a CEC of 5 is
typically equivalent to a sandy soil with low OM, 15 a loamy soil, 25 a clay soil, and greater than 30 a clay soil
with high OM.
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Figure 9. Elemental sulfur requirement in pounds per acre to lower the soil pH in the top 8-inches to
6.0 and 6.5 for a carbonate-free soil. Adapted from: Soil pH Management, Spectrum Analytic
(www.spectrumanalytic.com/support/library/ff/Soil_ph_Management.htm)

Soil pH from 6.5 to 7.0: For American-type cultivars, the best approach is to apply elemental sulfur or an equivalent
material a year before planting grapevines to lower the pH to 6.0, and use annual applications of ammonium sulfate as
your N source. For French and Northern hybrid cultivars, you have the choice of doing nothing since they will tolerate a
pH up to 7.0 or a little above; using annual applications of ammonium sulfate as your N source to bring down the pH
over time, or applying elemental sulfur or an equivalent material year before planting grapes to lower the pH to 6.5.
Soil pH from 7.0 to 7.5: For American-type cultivars, apply elemental sulfur a year before planting grapevines to
lower the pH to 6.0, and use annual applications of ammonium sulfate as your N source. For French and Northern
hybrid cultivars, apply elemental sulfur a year before planting grapevines to lower the pH to 6.5, and use annual
applications of ammonium sulfate as your N source.
Soil pH above 7.5: Attempting to lower the soil pH to plant grapevines becomes questionable because of the amount
and cost of the material required, and the potential presence of free carbonates in the soil that require additional sulfur to
neutralize before the pH begins to drop. When the results of a soil test show a pH of 7.4 or higher, a fizz test should be
performed. This is done by placing a few drops of household vinegar on a soil sample, and listen and watch for bubbling
(Table 5).
Table 5. Fizz test for calcareous soils.

Fizz Test Result
None
Heard (barely audible)
Slight (few bubbles)
Moderate (several bubbles)
Vigorous (many bubbles)

Estimated
carbonates
present
%
0
0-1
1-2
2-3
>3

Annual
addition of
elemental sulfur
(tons/acre)
none
0.5 - 1
1
1
1

Duration
(years)
none
1
1–2
2–3
3+

From: Acidifying Soil for Crop Production: Inland Pacific Northwest. Oregon St. Univ. Ext. Publ. EM8917-E

When lowering the soil pH with elemental sulfur, it should be applied at least a year in advance to planting grapevines
because it must convert to sulfuric acid before it begins to lower the pH. The response to aluminum sulfate and ferrous
sulfate is faster. Rates of elemental sulfur given in Figure 9 are for a broadcast application. It can be applied as a 3 to
4 foot band under the vines with an adjustment for the proportion of vineyard row width covered. The elemental sulfur
or alternative material should be tilled into the soil as deeply and as uniformly as possible. In about 3 to 4 years, re-test
the soil pH to determine if additional sulfur is required.
Phosphorous:
Except on sandy soils, phosphorous (P) is very immobile in the soil so a pre-plant application when it can be tilled
into the soil is about the only time to effectively optimize the status of P in the soil without destroying grapevine
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roots. Phosphorous is present in the soil as an unavailable, exchangeable and available forms. Even when soil test
results indicate the status of P is below optimal, plants are often able to obtain sufficient P because of the presence of
soil-borne mycorrhizal fungi that make P available to plants. Still, it is best to optimize P before planting because it
can be tilled into the soil where it will be accessible to the grapevine roots. After planning, surface applications of P
are of little value for grapevines and only contributes phosphate pollution of our streams and lakes. Phosphate (P2O5)
fertilizers that do not contain N such as superphosphate (0-20-0) and concentrated superphosphate (0-46-0) can be
applied in the planting hole.
Potassium:
Potassium (K) moves very slowly in the soil, and surface applications often require several years to move into the
root zone. For this reason optimize K before planting and incorporate it as deep as possible when a pre-plant soil test
shows a need. On soils that are excessively high in magnesium (Mg), the Mg can inhibit the uptake of K event when soil test
show sufficient K. Therefore, it is important also test for Mg to determine if additional K is needed. After the vineyard is
established, the grapevines and any ground cover will take up K and recycle on the soil surface. Over time, high concentrations of
K will accumulate near the soil surface and become depleted in the root zone. Therefore, after the grapevines come into
production it is important to conduct a petiole analysis to assess the status of K.

Vineyard Best Management Practices – Soil Chemical Properties
Rate your soil’s chemical properties:
Management Area:
Soil physical
properties
Soil testing

Organic Matter (OM)

Best Practices
Conducted soil tests of
the vineyard site for
each soil type present
before planting.
2 to 3% OM

Soil pH

pH 6 to 6.5:

Phosphorous &
Potassium

Optimized their status
based on soil test
results before planting,
and till into soil.

Minor Adjustments
Needed
Conducted a soil test of
the vineyard site before
planting.

Concern Exists:
Examine Practice
Conducted a soil test(s)
of the vineyard site
after planting.

Less than 2% OM:
undertake practice to
improve OM. & apply
N in split applications.
3 to 4% OM: reduce N
applications, consider
wider spacing for
vigorous & very
vigorous cultivars.
pH 6.6 to 7.2: Low the
pH over time using
ammonium form of N
fertilizer, or acidify the
soil before planting
with sulfur
Optimized their status
based on soil test
results after planting.

4-5% OM: Select
cultivars that are very
hardy. Training
systems to
accommodate high
vigor. Restrict N
applications; petiole
analysis when
production begins.
pH below 5.9: Lime
the soil before planting
to raise pH.
Soil pH 7.2 to 7.4:
acidify the soil before
planting with sulfur.
Forgo pre-plant soil
testing & use complete
fertilizers (N-P-K) on
an annual basis.

Needs Improvements:
Prioritize Changes
Here
Did not conducted a
soil test(s) before or
after planting the
vineyard.
More than 5% OM:
High OM will promote
overly vigorous vines.
Consider an alternative
site for a vineyard.

pH above 7.4:
Conduct a fizz test to
determine if soil
acidification is
feasible.
Forgo pre-plant soil
testing with no nutrient
management plans.

Other Site Considerations
Previous cropping history:


Alfalfa and other legumes: Sites that have recently been in alfalfa or another legume are not recommended
for grapes. Alfalfa has the potential to fix up to 300 pounds of N per acre pre year. Another crop should be
planted on these site to bring down the fertility before considering grapes
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Corn/soybean rotation: On sites where pre-emergence herbicides have been used, care must be taken to
make sure that herbicides with long carry-over affects that could be harmful to young grapevines have not
been used. The herbicide labels include this information in the ROTATIONAL CROP RESTRICTIONS
section. If Grapes are not specifically listed, the restriction period for “Other Crops” would apply. Sample
labels of various pesticides are posted on the CDMS Label Database (http://www.cdms.net/Label-Database).
CRP or Pasture land: These sites have planted with aggressive grasses that would be very competitive for
water and nutrients if not removed before planting grapevines. Such grass species should be controlled
before planting and replaced with less competitive species. Such sites may also have problem perennial
weeds present. These should also be controlled before planting because there are many more choices of
herbicides that can be used before grapevines are planted.

Growth Regulator Herbicide Drift: Grapevines are very sensitive to growth regulator herbicides such as 2,4-D and
other related herbicides. These herbicides are volatile and can drift several miles into the vineyard can be injurious to
vines. Ester formulations of these herbicides are more volatile than the amine formulations. Areas often sprayed
with these 2,4-D type chemicals include road and rail right-of-ways, agronomic crops, pastures and lawns. Inform
neighboring land owners, local co-ops, road maintenance employees, and aerial applicators that your grapes are
highly sensitive to 2,4-D. If they have to use these herbicides, encourage them use them when the grapevines are
dormant, or use an amine formulation. Once a vineyard is planted, you should register your site on a sensitive crops
registry. The state of Minnesota participates in DriftWatch™ Specialty Crops Site Registry (http://driftwatch.org).
Other post-emergence herbicides such as glyphosate (Roundup WeatherMax® and other trade names) will also
damage vines, but this is the result of particle drift, and often the growers fault.

