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ABSTRACT
Finch, S.J., 1988. Field windbreaks: design criteria. Agric. Ecosystems Environ., 22/23: 215-228,

Windbreaks are used to reduce wind erosion, reduce physical damage to crops by wind and wind-
blown soil and increase yields. These benefits depend on properly designed windbreak systems.
Windbreak design should be developed based on the particular production requirements.

Many crops have been placed into four categories based on their relative tolerance to damage
by wind and/or wind-blown soil. These categories form the basis for general design criteria. The
kind of crop and the level of risk that the producer is willing to accept determine the appropriate
windbreak design. These basic design principles apply not only to trees and shrubs but also to
other plant materials and artificial barriers.

INTRODUCTION

The benefits of windbreaks to crops have been discussed in the chapters by
Baldwin (1988), Kort (1988) and Norton (1988). These are (1) crop protec-
tion benefits, (2) crop production benefits, (3) wind erosion control benefits
and (4) snow management benefits. This chapter will address design criteria
for crop production benefits. Design criteria for wind erosion control are pre-
sented by Tibke (1988) and Ticknor (1988). Shaw (1988) and Scholten (1988)
presented design criteria for snow management.

Crop response to shelter may be due either to an enhanced microclimate in
the sheltered zone or to the protection from wind and/or wind-blown soil. Be-
cause protection from wind and wind-blown soil are more restrictive to design,
they have been used as the basis for defining the protected zone. A number of
widely grown crops have been placed into four categories based on the relative
tolerance of the crops to damage by wind and/or wind-blown soil. Design cri-
teria are presented for the following four categories of crops: (1) tolerant crops
(grain and forage crops); (2) moderate tolerance crops (corn and sorghum
crops); (3) low tolerance crops (orchard and vineyard crops); (4) very low
tolerance crops (vegetable and specialty crops). These categories do not take

*Present address: U.S.D.A. Soil Conservation Service, Midwest National Technical Center, Lin-
coln, NE 68508-3866.
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into consideration the ability of a particular crop to respond to the microcli-
mate resulting from shelter. In fact, most crops will show a positive yield re-
sponse to shelter.

In the design of windbreaks for crop protection and crop production benefits,
the types of windbreak systems can vary from those requiring minimal inputs
of land, labor and capital to those requiring significantly greater inputs. The
kind of crop and the level of risk that the producer is willing to accept deter-
mine the appropriate design.

BASIC DESIGN CRITERIA FOR FIELD WINDBREAKS

The degree of protection offered by a windbreak depends on the orientation,
height, density, species composition and spacing of the windbreak.

Orientation

Windbreaks should be oriented at right angles to the prevailing or problem
winds because the protected zone has maximum extension in the downwind
direction (See Ticknor, 1988, Fig. 4). This orientation minimizes the number
of windbreaks needed to protect a given field. Windbreak planning should be-
gin with a definition of the problem winds. Where windbreaks provide benefits
during different seasons of the year, adjustments in windbreak orientation may
be required. Figure 1 illustrates the proper orientation of windbreaks and the
degree of protection required to effectively protect a given field from damaging
winds from varying directions. If problem winds are extremely variable, the
field may have to be divided into compartments.

Winds blowing over hilly or rolling topography with slopes greater than 8%
behave differently than do winds blowing over relatively level surfaces. De-
pending on the prevailing wind direction, windbreaks should be planted par-
allel to the contours or at right angles to them (van Eimern et al., 1964).
Although planting on ridges is commonly done, it is poor shelter practice. Apart
from the increased difficulty of establishing trees on ridges, these windbreaks
give very little protection, and may increase wind damage on the lee slope. The
windbreak has the effect of making the ridge sharper than it actually is and as
a result the enhanced separation of the flow will increase eddying to leeward.
Similarly, trees at the base of windward slopes, where exposure is minimal, will
be less protective than further up the windward slope. In the latter position,
following the contour, the trees will protect the upper slope and the ridge itself
(King and Sturrock, 1984) (Fig. 2).

Height

The protected zone associated with a windbreak is directly proportional to
the height of the windbreak (Caborn, 1957; van Eimern et al., 1964 ). Hence
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Fig. 1. Degree of protection and proper orientation of field windbreaks. Prevailing or problem
winds from (A) one direction, (B) two opposite directions, (C) two directions at 90° and (D)
three directions. Distances between windbreaks will depend on the cropping system. Arrows in-

dicate direction of problem winds.
Wind /Plont here ’_\9 . /
Area of turbulence

Plant on contour or
perpendicular to siope

Plant here

Fig. 2. Windbreak placement on hilly or rolling topography.

the number of windbreaks that are required to provide protection for a given
field is directly related to the average height of the tallest trees or shrubs in the
windbreak. Generally, the tallest and best-adapted species for a given site should
be selected to minimize the number of windbreaks required. The windbreak
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height should be measured from the top of the crop canopy and should be at
least two to three times the height of the crop.

For planning purposes, the U.S.D.A. Soil Conservation Service uses the
height of trees or shrubs at 20 years of age. This is used in lieu of mature height,
which may not be reached until the trees obtain an age of 50 years or more.
Information on tree and shrub species and height is available for each soil and
planting zone in Soil Conservation Service technical guides and soil survey
reports (Townsend, 1986).

Density

Moderately dense windbreaks significantly reduce wind velocities ( Heisler
and DeWalle, 1988; McNaughton, 1988). Windbreaks with lower densities are
generally ineffective for most crop protection purposes. Because moderately
dense windbreaks do not cause as much downwind turbulence as dense wind-
breaks, they are more effective over greater distances. Foliage and branch char-
acteristics of individual tree and shrub species are important in determining
the degree of windbreak density. By varying species and within-the-row spac-
ings, windbreak density can be influenced. Although information on foliage
and branch characteristics is known for many species (Dawson and Read, 1964)
their effects on windbreak density are not well researched.

In many regions, multi-row plantings are recommended to obtain desired
densities, however, tree competition may weaken stand stability in such situ-
ations (Sturrock, personal communication, 1987). Schroeder (1988), Sheikh
(1988) and Heisler and DeWalle (1988) clearly stated that width was impor-
tant only to the degree that it can have an influence on density. In many situ-
ations single-row field windbreaks will provide adequate shelter for soil and
crop protection (Hintz, 1985; Schroeder, 1988). The major disadvantage of
single-row windbreaks is the potential loss of continuity from the loss of trees.

Species composition

Many factors influence the selection of tree and shrub species for windbreak
plantings. Species adaptability is the most critical of all selection factors. Soils,
climate, hardiness, wind firmness, density, height, crown spread, competitive-
ness, compatibility with adjacent crops and pest problems should be consid-
ered. The most desirable plants for a variety of field windbreak uses are those
that have a density of approximately 50-80% in single-row plantings. They
should be relatively free of insect, disease and pest problems, have a crown
spread not exceeding 3 m and have a potential height of 5-30 m. Tall, narrow-
crowned species or varieties usually provide the greatest benefit for the amount
of land taken out of production (Cunningham, 1988).
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Spacing within and between rows

Spacing within and between the rows varies with geographic region, species,
desired density and number of rows (U.S.D.A., 1984, 1986; Sheikh, 1988). In
general, within-the-row spacings are as follows: shrubs, 1.0-2.5 m; small trees,
1.5-2.5 m; medium to tall trees, 2.0-6.0 m. The narrower, within-the-row spac-
ings are commonly used in single-row plantings. Between-the-row spacings are
more flexible, and consideration should be given to the amount of annual pre-
cipitation and the width of cultivation equipment. As a general rule it is rec-
ommended that minimum spacing between the rows be equal to the width of
the cultivation equipment plus 1.3 m. Between-the-row spacings are normally
from 2 to 6 m, however, special designs such as the twin-row high-density sys-
tem (Wight, 1988) require different spacings.

Spacing intervals for knolls

Knolls are short abrupt changes in slope that do not exceed 150 m in length.
In such situations the winds do not parallel the slope. Guidelines for adjusting
spacing intervals between windbreaks in up-slope situations are not available.
An attempt to provide more guidance is presented in Fig. 3. In this figure it is
assumed that all the protective influence from a windbreak will reduce to zero
at 10 h.

SPECIFIC DESIGN CRITERIA FOR FIELD WINDBREAKS
Crop tolerance

Table I classifies crops with respect to their tolerance to physical and me-
chanical damage from wind and wind-blown soil. Tolerant crops are those crops
which show little or no damage from the direct effects of wind and tolerate
significant soil abrasion (the level of soil abrasion associated with soil losses
from wind erosion between 5.4 and 13.0 Mt ha —! year—!). Moderately tolerant
crops are those crops which have some tolerance to the whipping action of the
wind and tolerate some soil abrasion (soil losses between 2.7 and 5.4 Mt ha™!
year™'). Low tolerance crops are those crops which are subject to extensive
damage due to the direct effects of the wind or wind related desiccation. Very
low tolerance crops are those crops which are subject to extensive damage due
to wind or soil abrasion (soil losses <2.7 Mt ha—! year—!).

Risk factor

Figures 4-7 illustrate the degree of risk to the crop associated with wind
erosion and wind damage. In the wind erosion guides, risk is defined as the
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TABLE I
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Tolerance of crops to wind and/or wind blown soil. This table was adapted from an U.S.D.A.-SCS
Technical Guide (1981) and personal experience

Tolerant crops
Barley
Buckwheat
Flax
Millet
Oats
Rye
Wheat

Moderate tolerance crops

Corn

Grain sorghum
Sunflower
Sweet corn

Low tolerance crops
Apples
Avocados
Cherries
Grapefruit
Grapes
Lemons
Limes
Oranges
Peaches
Plums
Pears
Tangerines

Very low tolerance crops
Alfalfa (new seedlings)
Asparagus
Beans
Cane berries
Green beans
Lima beans
Snap beans
Table beet
Sugar beet
Broccoli
Cabbage
Carrots
Celery
Cotton
Cucumbers
Egg plant

Hordeum vulgare L.
Fagopyrum sp.

Linum usitatissimum L.
Panicum miliaceum L.
Avena sativa L.

Secale cereale L.
Triticum aestivum L.

Zea mays L.

Sorghum bicolor (L.) Moench.
Helianthus annuus L.

Zea mays L.

Malus spp.

Persea americana Mill.
Prunus spp.

Citrus paradisi Macfad.

Vitus spp.

Citrus limon (L.) N.L. Burm.
Citrus aurantifolia (L.) Swingle
Citrus sinensis (L.) Osbeck
Prunus persica L.

Prunus spp.

Pyrus spp.

Citrus reticulata Blanco

Medicago sativa L.

Asparagus officinalis L.

Phaseolus spp.

Rubus spp.

Phaseolus sp.

Phaseolus sp.

Phaseolus sp.

Beta vulgaris L.

Beta vulgaris L.

Brassica oleracea (L.) var. botrytris
Brassica oleracea (L). var. capitata
Daucus carota L.

Apium graveolens (L.) var. duke
Gossypium hirsutum (L.)

Cucumis sativus L.

Solanum melongena (L.) var. esculentum
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TABLE 1 ( continued )
Very low tolerance crops (continued)
Flowers All species, seed production and cut flowers
Garlic Allium sativum L.
Green peas Pisum sativum L.
Kiwifruit Actinidia chinensis L.
Lettuce Lactuca sativa L.
Muskmelons Cucumis melo L.
Onions Allium cepa L.
Peanuts Arachis hypogaea L.
Peppers Capsicum annuum L.
Potatoes Solanum tuberosum L.
Soybeans Glycine max (L.) Merrill
Spinach Spinacia oleracea L.
Strawberries Fragaria X ananassa
Tobacco Nicotiana tabacum L.
Tomatoes Lycopersicon esculentum Mill.
Watermelons Citrullus lanatus (Thunb.) Matsum. ex Nakai
Young orchards Citrus spp., Malus spp., Persica spp., Prunus spp., Pyrus
spp.

probability of crop damage resulting from wind-blown soil in excess of the
limits established for each tolerance category. For example, Figure 4A indi-
cates that for tolerant crops within 0-15 h there is low risk of crop damage
resulting from soil erosion rates in excess of 13 Mt ha—' year~*. In the zone
15-30h the probability of soil erosion exceeding 13 Mt ha~"' year~! increases
and the risk of crop damage associated with windblown soil increases.

In the wind damage guides, risk is defined as the probability of crop damage
resulting from the direct effects of the wind (e.g. lodging). For example, Figure
4B indicates that for tolerant crops within 0-15 h there is low risk of crop
damage resulting from lodging or breakage of plant parts. In the 15-30 h zone,
risk of damage increases.

Design criteria for tolerant crops

Of the types of crops needing protection from wind and wind-blown soil,
many of the grain and forage crops need the least protection. Although these
crops show some degree of injury from wind and wind-blown soil, no significant
yield reductions are observed. However, many of these same crops, e.g. wheat
(Brandle et al., 1984 ) showed significant yield increases as a result of the en-
hanced microclimate in shelter. The zone of protection (0-15 h) corresponds
to the zone of greatest yield increase for these crops (Baldwin, 1988; Kort,
1988). Beyond 15 A, yield enhancement is significantly reduced.

By combining the information from various studies, general risk and yield
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Fig. 4. Risk and yield guide for tolerant crops.

guides (Fig. 4) were developed. A spacing interval of approximately 15k pro-
vides a high degree of protection and yield benefits for these crops. Wider spac-
ing intervals between windbreaks can be made where there is a willingness to
accept a higher risk of crop damage, lower overall increases in crop production
and higher wind erosion rates. Windbreak spacing should not allow soil losses
to exceed tolerable levels. Spacing intervals can be reduced to further reduce
the risk of wind-associated crop damage and enhance production. However, at
narrower spacings ( <10 h) the amount of land taken out of crop production
may offset any crop production benefits.
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Fig. 5. Risk and yield guide for moderate tolerance crops.

Design criteria for moderate tolerance crops

Crops in this category are more susceptible to serious damage beyond the 15
h zone than those in the previous category, especially on soils with sand, loamy
sand, sandy loam or organic textures. Because these crops are somewhat more
susceptible to wind-associated damage, some adjustments have been made in
the risk and yield guides (Fig. 5). In general, additional wind protection will

be required to protect a given field.
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Fig. 6. Risk and yield guide for low tolerance crops.
Design criteria for low tolerance crops

The crops in this category are primarily orchard or vineyard crops which
have unique design requirements. Young orchards are not included because
they are even more susceptible to damage and therefore are included in the
very low tolerance category.

Established orchards need shielding to enhance pollination, protect buds
and twigs from desiccation and breakage, protect fruit from injury and pre-
mature drop, enhance spraying and other cultural activities and to provide
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Fig. 7. Risk and yield guide for very low tolerance crops.

protection from cool coastal winds and wind blown soil. The level of protection
required depends on the crop, the stage of crop development and the degree of
risk to be assumed. Figure 6 gives risk and yield guides for low tolerance crops.
For many high-value orchard or vineyard crops a windbreak interval of 6-8 h
appears desirable. Wider intervals can be used wherever there is a willingness

to accept a higher degree of risk for plant and crop damage.

It is important to note that all windbreaks designed for orchards and vine-
yards should be at least two to three times as tall as the mature canopy height

of the orchard or vineyard.
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Design criteria for very low tolerance crops

The majority of these crops (Table I) have high or extremely high economic
value and are highly susceptible to damage from wind or small amounts of
wind-blown soil during some portion of the growing season. They require a
very high level of wind protection. Figure 7 gives risk and yield guides for veg-
etable and speciality crops. A spacing interval of <10 h provides a high degree
of protection from wind and maximizes the quality and quantity of the crops.
In specialized crops such as kiwifruit, closer spacing intervals are needed
(McAneney et al., 1984). In all cases, wider spacing intervals may be used
where a higher degree of risk of plant damage and lower crop quality and/or
yields are acceptable.

SUMMARY

Crops vary in their tolerance to wind and abrasion by wind-blown soil. Al-
though tolerant crops may require only a minimum of wind protection to pre-
vent physical damage, the benefits of shelter to these crops in terms of yield
and/or quality can be significant. As the tolerance level decreases, the relative
importance of shelter becomes increasingly important and very low tolerance
crops may require extensive wind protection systems.
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