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Natural Resources Conservation Service

Conservation Practice Standard

Windbreak/Shelterbelt Establishment
 (Feet)

Code 380
DEFINITION 

Linear plantings of single or multiple rows of trees or shrubs or sets of linear plantings.

PURPOSES

· To reduce soil erosion from wind. 

· To protect plants from wind related damage.

· To alter microenvironment for enhancing plant growth.

· To manage snow deposition.

· To provide shelter for structures, livestock, and recreational areas.

· To enhance wildlife habitat by providing travel corridors.

· To provide living noise screens.

· To provide living visual screens.

· To provide living barriers against airborne chemical drift. 

· To delineate property and field boundaries.

· To improve irrigation efficiency.

· To enhance aesthetics.

· To increase carbon storage.

CONDITIONS WHERE PRACTICE APPLIES 
On any areas where linear plantings of woody plants are desired and suited.

CRITERIA

General Criteria Applicable to All Purposes
· Plans and application of windbreak/shelterbelt establishment shall comply with all applicable federal, state, and local laws and regulations.

· Woody plants shall be established without compromising the integrity of:

1. Property Lines

2. Fences

3. Utilities 

4. Roads

5. Legal Drains

6. Other Easement Areas or Right of Ways

Where a right-of-way easement exists, written permission will be needed.

· Trees or shrubs shall be planted a minimum of 8 feet from the property line or the distance of the mature tree drip line, whichever is greater. Trees shall not be planted closer than stated unless all involved landowners agree, in writing.

· The species, type of plant material, location, layout and density of the windbreak will accomplish the purpose and intended function within a 20-year period.

· The maximum design height (H), (see Section II, Field Office Technical Guide, FOTG) for the windbreak or shelterbelt shall be the expected height of the tallest row of trees or shrubs at 20 years of age for the given site.

· Species shall be adapted to the soils, climate and site conditions.

· Native plant species shall be used whenever possible.  Known non-native invasive species shall not be used.

· Multiple species shall not be used in a windbreak row unless heights and growth forms are similar.
· Windbreaks containing two or more rows of plants will be stagger planted so the plants in one row will be planted opposite of the opening in the other row.

· Where subsurface drains (tile lines) cross through a tree/shrub planting, and where these drains will remain functional.  Sealed conduit shall be installed through the planting and extend a minimum of 50 feet on either side of the planting or trees/shrubs shall not be planted within 50 feet on either side of the tile line.

· To prevent snowdrift problems, the leading edge of a windbreak on the north or west side of a road shall be no closer than 75 feet from the edge of the road.

· Existing fence rows and woodlands with trees or shrubs of suitable size, shape, and density shall be considered as a row of a planned windbreak if it is in a desirable location and fits within design requirements.

Plant Spacing 

Within rows

· Small shrubs 3’- 6’ apart.

· Large shrubs 5’ – 8’ apart.

· Narrow-crowned trees (Northern White Cedar, Eastern Red Cedar and other columnar varieties) 6’- 10’apart.

· Normal-crowned trees 8’ – 16’ apart.
Between rows

· Between shrub rows 6’ – 10’

· Between tree rows 12’ – 20’

· Between tree/shrub rows 8’ – 20’

· Twin-Row High Density 4’ – 12’

Site Preparation/Weed Control for Establishment

1. Eliminate competing vegetation prior to planting (see Table 1). Before installation of weed barrier, heavy grass and/or weed cover shall be eliminated to prevent damage to plants from mice and voles.

2. If fabric weed barrier is used the following shall apply:

· The minimum width of weed barrier material shall be 3 feet wide.  

· The weed barrier shall contain UV inhibitor, be permeable to water movement, and have manufacturer’s guarantee not to deteriorate for a minimum of 3 years when exposed to sunlight.

· Weed barrier shall be capable of preventing underlying plant growth.

· Weed barrier shall be installed according to the manufacture specifications. 

3. Hay or straw mulch shall not be used for weed and grass control around trees and shrubs.

Planting Dates

· Barerooted stock shall be planted in early spring as soon as the ground thaws until June 1.
· Balled and burlapped or container grown stock shall be planted September 15 to June 1 as local soil and weather conditions permit.

· Extension of planting dates is appropriate if approved by the NRCS State Forester. 
SITE PREPARATION TREATMENT ALTERNATIVES, Table 1.

	TILLABILITY /SOIL TEXTURE
	SOD OR ALFALFA SITES
	SMALL GRAIN OR ROW CROP SITES
	HEAVY BRUSH & TREE GROWTH 
	HEAVY WEED GROWTH 
	BADLY   COMPACTED 

	TILLABLE             SITES WITH LOAMY/         CLAYEY SOILS
	#1a or #3a 
	#1b, #2, or #7 depending on need for erosion protection
	#5a, 5b, or #5c depending on equipment available
	#1a, #3a, or #4 on slopes 0-2%  

#2, #3b, or #4 on steeper slopes 
	#6

	TILLABLE   SITES WITH SANDY SOILS
	#1a or #3a
	#1b, #2,  or #7 depending on need for erosion protection
	#5a, #5b, or #5c 

depending on equipment available
	#1a, #3a, or #4 on slopes 0-2%  

#2, #3b, or #4 on steeper slopes
	Normally not applicable

	NON-TILLABLE SITES DUE TO STEEPNESS (>18%)
	#3b, run strips on contour if practical
	Normally not applicable
	#5a, #5b, or #5c 

depending on equipment available
	#3b, run strips on contour if practical


	Normally not applicable

	NON-TILLABLE  SITES                         DUE TO ROCKINESS
	#3a or #3b depending on slope
	Normally not applicable
	#5a, #5b, or #5c depending on equipment available
	#3a, #3b, or #4 on slopes 0-2%

#3b or #4 on steeper slopes
	Normally not applicable


All options for site preparation should also include an approved herbicide application when the trees are planted unless fabric weed barrier is installed for weed control.

# 1a - Plow entire area and disc down firm in late summer or early fall.  If erosion control is a concern establish a temporary cover crop1 prior to a spring planting. 

# 1b – If needed for erosion control establish a temporary cover crop1.

# 2 - Scalp or till in strips 3 to 4 feet wide in spring just before planting. On sloping ground consider running strips on the contour.

# 3a - Fall burn-down with approved herbicide over entire site. Best window of opportunity is September 1 to October 15th, as long as it is applied at least one week before the first killing frost. Also use a pre-emergent herbicide before or during planting to control emerging seedlings.

# 3b - Fall burn-down in strips 3 to 4 feet wide with approved herbicide. Also use a pre-emergent herbicide before or during planting to control emerging seedlings.

# 4 - Mow in fall. 

# 5a - Deaden the undesirable trees and shrubs and let them stand. 

# 5b - Hand clear by cutting and removing undesirable trees and shrubs. Treat stumps with an approved herbicide.

# 5c - Use heavy equipment to clear and remove undesirable trees and shrubs. Where needed, follow-up with establishment of a temporary cover crop1 prior to planting.

# 6 - Subsoil or rip compacted areas. If soil surface is rough use appropriate tillage tool to smooth.  Where needed, follow-up with establishment of a temporary cover crop1 prior to planting.  On slopes over 6% subsoil or rip on contour.

# 7 - No site preparation needed. 

1Temporary cover can be seeded August 15–September 30 or using a dormant seeding December 10-February 28, using 1/2 bushel/acre of wheat, rye, or spring oats. 
Planting Stock Size

· Bare rooted stock
Conifers:

	Tree

Height
	Caliper1
	Minimum

Root Length

	9”
	1/8”
	8”

	12”
	3/16”
	10”

	15”
	3/16”
	10”


Hardwoods:

	Tree

Height
	Caliper1
	Minimum

Root Length

	8”
	3/16”
	8”

	10’
	¼”
	10”

	12”
	¼”
	10”


· Balled and Burlapped Stock

Conifers:

	Tree

Height
	Minimum

Diameter Ball

	18-24”
	10”

	2-3’
	12”

	3-5’
	14”

	5-6’
	20”


Hardwoods:

	Tree

Height
	Minimum

Diameter Ball
	Caliper1

	5-6’
	12”
	1/2”

	 6-8’
	14”
	3/4”

	8-10’
	16”
	1”


· Container stock (all species)

	Container Size
	Tree Height


	Caliper1

	1 gallon
	2 – 4’
	 3/8 – 5/8”

	3 gallon
	2 – 6’
	3/8 – 5/8”


1 Caliper (diameter at ground level) shall be measured at the root collar.

Planting and Storage Guidelines

· Care and Handling Requirements for Woody Planting Stock

1. Plant material will be protected from desiccation during temporary storage and delivery to the planting site.  Stock will be kept in a cool environment out of direct sunlight and wind.

2. If seedling planting is delayed more than 5 days, keep seedlings in shipping container and place in cold storage at 35º to 45º degrees F.  If cold storage in not feasible, seedlings will be heeled-in.  To heel-in, dig a trench in a shady area, deeper than the root system and spread the roots against the back of the trench.  Cover roots completely with soil, tamped to eliminate air pockets.  Water as needed to keep the roots moist.

3. Roots of bareroot stock shall be kept moist during planting operations by placing in a water-soil (mud) slurry, peat moss, sphagnum moss, super-absorbent (e.g., polyacrylamide) slurry or other equivalent material.  (Note:  Do not soak trees in water for more than 2 hours.)

4. Rooting medium of container and balled and burlapped stock shall be kept moist at all times by periodic watering. 

· Planting Requirements for Woody Planting Stock

1. Stock shall not be planted when the soil is frozen or dry. All stock will be planted in a vertical position.  Bare root and container stock shall be planted with the root collars approximately at or slightly below the existing ground line.  Balled and burlapped stock will be planted with the root collars at or slightly above the existing ground line.

2. Seedlings: The planting trench or hole shall be deep and wide enough to permit roots to spread out and down without J-rooting or L-rooting. If the roots are too long for the planting equipment modestly prune them to the correct length before planting.  Never prune back beyond the main root system or more than 25% of the root length.  After planting pack soil around each plant firmly to eliminate air pockets.

3. Container trees: Dig a hole slightly larger than the container diameter.  Remove plants from containers before placing in the ground and firmly pack soil around roots to eliminate air pockets.  Before planting loosen any spiraling roots and prune if needed.

4. Balled and burlapped trees: When handling stock never pick up a tree at the stems or trunk, handle stock at the root ball.  Dig a hole 11/2 times as wide as the root ball and about the same depth as the root ball.  Remove any rope, wire, or plastic twine from the tree.  Pull back burlap around trunk and fold once in the hole.  Carefully place the tree in the hole and firmly pack soil around roots to eliminate air pockets.  After planting water as needed.

Additional Criteria to reduce soil erosion from wind and to protect plants from wind related damage, e.g. field windbreak

· Establish a windbreak with a plant density (air density) >40%, using one of the 3 following options:

1. A one row windbreak using a dense conifer of Spruce, Cedar, or Arborvitae.
2. A three row windbreak consisting of a conifer, a deciduous tree species, and a shrub species.

3. A Twin-Row High Density Windbreak consisting of two closely spaced rows of trees or shrubs having the same growth rates, row characteristics, and life span.

· Establish windbreaks as nearly perpendicular to the prevailing wind and/or the most damaging winds as possible.

· If more than one windbreak is planned in a field the distance between windbreaks will be based upon crop tolerance to wind and/or wind blown soil.  Use one of the following spacing alternatives:

1. For moderate to tolerant crops e.g. barley, oats, wheat, rye, corn, and soybeans.  Windbreaks shall be spaced at a distance of 10-15H1.

2. For low tolerance crops e.g. fruit trees, and vegetable crops.  Windbreaks shall be spaced at a distance of 6-8H1.

1H is the height of the tallest species in the windbreaks at 20 years of age.

Additional Criteria to manage snow deposition e.g. living snow fence
When designing a windbreak to be a “living snow fence”, plan the density to determine the snow deposition.  Very dense (60 percent plus) barriers will cause most snow to drift within 50 feet of the leading edge of the barrier.  The less density (50 percent to 40 percent), the windbreaks have, the farther the snow will spread.

· Locate living snow fences so that they intercept blowing snow. The windward row shall not be closer than 75 feet nor more than 150 feet from the windward edge of the road or other features where drifting snow is undesirable.

· Living snow fences shall contain a minimum of 3 rows of plants with at least 2 of the rows in conifers or designed using a twin-row high-density configuration.

Additional Criteria to provide shelter for structures, livestock, and recreational areas

Location
· Establish windbreaks as nearly perpendicular to the prevailing wind and/or the most damaging wind as possible.
· The windward row of the windbreak will not be closer than 75 feet to the windward side of any building, road, feedlot, or area where snowdrifts cannot be tolerated.  

· Where the landowner has made a decision that drifting snow can be tolerated on improvements, plans will contain written documentation of potential snow drifting and icing hazards.

Design
· Minimum for windbreak: one leg, as perpendicular to prevailing wind and/or the most damaging wind as possible.

· Minimum length of windbreak is 100 feet long.

Row Arrangement

· Minimum requirements shall be 3 rows of plants of which at least one tree row must be an evergreen conifer and at least two rows must be trees.  An exception would be in cases of severe space limitation a twin-row high-density design would meet minimum requirements.

Additional Criteria to enhance wildlife by providing a travel corridor.

Minimum width for a wildlife travel corridor is 50 feet.  The corridor will include at least three rows of shrubs, one row of a soft mast tree species, and one row of a hard mast tree species. Select tree and shrub species beneficial to wildlife from FOTG Standard 645, Upland Wildlife Habitat Management.

Additional Criteria for living screens.

Evergreen trees and shrubs are most effective for year-round protection.

· Screens to reduce noise shall be at least 65 percent density, as tall as and as close to the noise source as practical and legal.

· Plantings shall be twice as long as the distance from the noise source to the receiver, extending equal distances on each side of the receiver

· High speed traffic: The tallest tree row shall be capable of attaining a mature height of at least 45 feet.  The screen shall not be less than 65 feet wide.

· Moderate speed traffic: The tallest tree row should be capable of attaining a mature height of at least 30 feet.  The screen shall not be less than 20 feet wide.

· Visual screens shall be located as close to the observer as possible. Use plants that will add color, texture, and diversity to the site.

Additional Criteria to delineate property and field boundaries.

Plant a minimum of one row of a tree or shrub species to delineate field or property boundaries.  

Additional Criteria to enhance aesthetics.

Use evergreen and deciduous species, species with showy flowers, brilliant fall foliage, persistent colorful fruits, and noteworthy growth forms and shapes.  Use a mixture of small and large trees, and shrubs.

Use curvilinear designs and small group plantings adjacent to interior rows to increase visual sight diversity.

Additional Criteria to increase carbon storage.

Select plants that are adapted to the site to assure strong health and vigor and plant the full stocking rate for the site. 

Use fast growing species in a mix with long-lived species.

Maintain optimal water and nutrient needs for the planting.

CONSIDERATIONS

Consider selecting species from Conservation Tree/Shrub Suitability Groups (CTSG) for windbreaks, Section II (FOTG).  Windbreak species from CTSG’s can be viewed at the NRCS Indiana web site.
Consider planting a mixture of species adapted to the site to improve plant diversity.

Consider planting windbreaks 8 feet or more from fences, utility lines, property lines, and roads.  An exception would be where adjoining landowners agree to establish windbreaks on property lines.
Consider leaving a maintenance strip (greater than 8 feet) on the leeward side of the windbreak, e.g. the row adjacent to the cropped area.  This will allow room for the plants to grow out between the windbreak and the crop field.  Consider planting the maintenance strip to non competitive cool season grasses.
On droughty soils it is desirable to have the ground on both sides of the tree row sloped slightly toward the trees to allow water to gravitate toward the plants.

Planting stock should be locally adapted and come from no more than 200 miles north or south of the planting site.

Consider using a 4-row windbreak to provide shelter for structures and livestock.  Consisting of 1 row of shrubs on both sides of the windbreak with one row of deciduous trees and one row of evergreen trees in the middle.  The evergreen trees should be on the windward side.

Consider a two leg windbreak, L-shaped or curved as viewed from above with one leg as perpendicular to the prevailing wind as possible. Consider one or more additional legs, oriented as needed to provide protection from winds and blowing snow from directions other than prevailing winds.

For living snow fences and twin row high density windbreaks consider planting trees and shrubs at or near the minimum spacing requirements listed under General Criteria, Plant Spacing. Close spacing is needed to compensate for trees that die, to create a barrier in a short period of time, and to reduce the time for weed control.

Living snow fences should normally be located north of east-west roads and west of north-south roads.  Living snow fences should, where possible, extend at least 50 feet beyond the snow drift problem area. 

Consider ordering 20 percent more trees than needed for the windbreak for replacement stock since some mortality is normal with bare rooted stock.

If a drip irrigation system is installed, place on top of the weed barrier for ease of maintenance.

If bedding (raised beds) is necessary to provide surface drainage to the windbreak it should be completed in the fall prior to spring planting.

Consider the effects snowdrift and distribution adjacent to windbreaks, which will cause a local increase in surface or groundwater.

Consider using plant species tolerant of salt spray near roads and highways that are deiced in the winter with salt.  See NRCS Plant Data Center web site for appropriate species.

Consider using a support stake when planting container trees and balled and burlapped stock.

To provide habitat for nesting songbirds consider establishment of a shelterbelt >1.5 acres in size >115 feet wide.

Living screens for noise abatement should be planted with the edge of the planting from the center of the nearest traffic lane as follows:

· High speed traffic, 100-150 feet

· Moderate speed traffic, 50-80 feet

PLANS AND SPECIFICATIONS

Plans and specifications for planting field windbreaks will be prepared for each site in accordance with the criteria for this practice.  The plan shall include at a minimum; the number of plants needed for the windbreak by species, location, row spacing, and in row plant spacing.

OPERATION AND MAINTENANCE

Water seedlings, as needed, during first growing season.
Replace trees and shrubs as needed.

Fence if necessary to protect the windbreak from excessive livestock browsing and trampling damage (Refer to FOTG Standards, Use Exclusion 472 and Fence 382).

Protect woody plants from disease, rodents, deer, and insects using approved pesticides, repellents, tree shelters, hunting, fencing, or other appropriate methods.

Control weed competition during establishment (3 years). Competing weeds, brush, and vines can adversely affect survival, form and rate of tree growth.  Additional years of weed control may be needed in some instances e.g. to control johnsongrass, quackgrass, or other hard to control weed species.

Use the following or combination of methods as needed to control weed competition (see Table 1 for specific treatments):

· shallow cultivation

· mowing

· spraying approved herbicides 

· cutting woody plants and applying approved pesticides

Protect windbreaks from fire.

Windbreak trees and shrubs must be protected from barnyard and feedlot runoff water.
Protect trees and shrubs from pesticide drift.
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