Chapter 4

Agroforestry for the Northeastern United
States: Research, Practice, and Possibilities
Eli Roberts

1

Introduction

Agroforestry is a broad category of land management strategies that combine crops
and/or livestock with trees and/or shrubs in useful ways. The United States
Department of Agriculture (USDA) says that agroforestry must be “intentional,
intensive, integrated, and interactive” (www.usda.gov/agroforestry) and recognizes
five agroforestry practices: silvopasture, windbreaks, alley cropping, riparian buffers, and forest farming. This paper addresses multi-layer homegardens in addition
to each USDA practice. It summarizes the available literature and considers how
each practice might apply to the Northeastern United States.
The patterns and processes of most agroforestry systems are adaptable to many
ecological contexts. This paper focuses on the six states of New England
(Connecticut, Rhode Island, Massachusetts, Vermont, New Hampshire, and Maine),
and New York. Some examples apply only in Connecticut, where the author lives
and works. The primary factors common across this geographic area are the cold,
humid temperate climate, soils of glacial till origin, relatively small parcel sizes,
largely private land ownership, proximity to the markets of large cities along the
eastern coast of the USA, high proportion of part-time farmers, high labor costs, a
longer-term decline in the number of farms with a more recent increase in smaller
farms, an ageing corps of farmers (www.agcensus.usa.gov), consumer interest
in local products, and land-use conflicts between agriculture, conservation, and
housing/business development.
Of course, there is much diversity even within those realms. Some soils formed
through sediment depositions of glacial lakes and rivers, and are therefore better
drained than others. Plant communities also vary: the lower Hudson Valley of
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New York hosts different plant communities than Northern Maine. The point of this
chapter is not to state universal truths, but to consider how agroforestry practices
that are well-researched in the tropics, the Mediterranean, and the Midwestern and
Southeastern US might apply to this cold, humid, diverse section of the world.
Five percent of the land in New England is devoted to agriculture (Donahue et al.
2014). Seven percent of Connecticut’s land is classified as farmland, while 8% is
lawn or turf (CT Department of Energy and Environmental Protection 2014). The
average farm size, at 34 hectares (85 acres), is the third smallest in the US. Half of
the state’s 4000 farms are fewer than 50 acres. Still, direct-to-consumer sales are
increasing and agri-tourism is growing 33% annually (CT Department of Energy
and Environmental Protection 2014).
This chapter is not a training manual per se (Bentrup 2008; Hamilton 2008;
Idassi 2012; Gold et al. 2013a, b; Karki 2013; 2015, Matthews et al. 2013, Stedman
2013 are all excellent manuals). Nor is it a full assessment of the economic or ecological impact of land management in the Northeast (Foster et al. 2010; Donahue
et al. 2014). This chapter should inform farmers, foresters, extension personnel,
grant makers, students, and policymakers to consider the ways they might make
agroforestry more useful to themselves and their constituents.

2

Silvopasture

Silvopasture is the intentional combination of tree, livestock, and forage crops on
the same piece of land. Benefits to livestock producers can include increased forage
quality (Buergler 2004; Garrett et al. 2004; Chedzoy and Smallidge 2011) lower
heat stress, extended fall grazing (Comis 2005), and extra income from forest products (Clason 1995; Gold et al. 2013a, b). Silvopastures sequester more carbon and
provide better wildlife habitat than open pastures (Riedel et al. 2008); forest conversions to silvopasture can increase the amount of land under active management
(Brubaker 2013), and provide cash flows to assist in financing timber stand improvement (Garrett et al. 2004; Sharrow et al. 2009).
Silvopastures can be created by adding trees to pasture or by adding pasture to
woods. Some variations include fodder banks, where forages are cut and carried to
livestock (Roshetko 1994; Toensmeier 2016); living fences (or fence posts), where
trees occupy field border areas (Martin 2010); living barns, which are blocks of
evergreens that provide winter shelter (Orefice 2015); and intensive silvopastures,
where densely planted medium-sized forage plants are added to the tree and grass
layers (Murgueitio et al. 2011).
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Converting a Forest to a Silvopasture

Converting an existing forest stand to silvopasture can improve its timber quality
and provide benefits to a livestock enterprise. Site selection is important: the soils
must be relatively well drained; there must be access to water; and it is best to avoid
sites where the soils or vegetation are sensitive to disturbance. General recommendations are thinning to 3.7–6.5 m2 (40–70 ft2) residual basal area (Garrett et al.
2004; Chedzoy and Smallidge 2011; Orefice 2015), and selecting for tree crown
position, location, species diversity, health, and future timber value (see principles
of thinning in Smith et al. 1997). Residual branches and unmerchantable trunks
should be mulched, chipped, piled or burned to leave growing space to grasses
(Chedzoy and Smallidge 2011; Fike and Downing 2015; Orefice 2015); brush piles
are a particularly easy way to manage the “slash” and provide wildlife habitat
(Robinson 2005). Cool-season grasses benefit most from a partly-shady environment; orchardgrass (Dactylis glomerata) performed best in trials in New York state
(Orefice 2015).
Fencing and water infrastructure should divide the silvopasture into paddocks
that provide adequate forage resources and ready access to fresh drinking water
(Blanchet et al. 2000). Maintaining mast-producing trees in the canopy and shrubs
in the understory can make silvopastures more hospitable to wildlife like wild turkey (Robinson 2005). The author worked on a 2.8 ha (7 acres) forest-to-silvopasture
conversion where he and collaborators retained small hemlocks (Tsuga canadensis)
and sugar maples (Acer saccharum) (Fig. 4.1) underneath the canopy trees to maximize vertical structure for songbirds without occupying much growing space
(Roberts and Marsters 2015). The project also included retaining a 15 m (50 ft) wide
forested buffer around a vernal pool within the silvopasture.
The cost of establishing silvopastures from existing forests depends on the size
of the plot, complexity of treatment, and value of the cut timber. Combining silvopasture thinnings with forest management operations (like thinning or regeneration)
on nearby stands could take advantage of economies of scale for operators moving
expensive equipment. Hiring a forester to manage contracts with operators can be
useful to achieve desirable results, especially for avoiding rutting and damage to
residual trees.

2.2

Converting a Pasture to a Silvopasture

Planting trees into pasture is another option. There are tradeoffs between the degree
of control over species and spacing and the time until benefits begin to accrue. The
primary consideration is protecting the trees against livestock browsing or rubbing:
the area should be harvested for hay until trees are big enough, or temporary electric
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Fig. 4.1 This overstocked
pine stand in Connecticut
has been marked for
conversion to silvopasture.
Basal area will be reduced
from over 46 m2 ha−1
(200 ft2 ac−1) to 16 m2 ha−1
(70 ft2 ac−1) (Photo:
E. Roberts)

fence can protect entire rows. Individual cages are more expensive but also work
(plastic tree guards may not be strong enough, but may be stabilized against livestock using two stakes). Weed control is another important task; any of the standard
methods (mulching, mowing, hand weeding, herbicide application) are appropriate
in different contexts. It may be worthwhile to apply fertilizer to accelerate the trees’
growth above the browsing of livestock (but that might increase the tree leaves’
palatability as well).
Tree species selection and management depend on producers’ goals: timber, livestock, or an optimized combination. The best trees will grow quickly, have relatively straight form, display apical dominance, have few pest problems and high
value (for wood or other products), grow fine leaves that cast filtered light, leaf out
late in the spring, and be aesthetically pleasing (Fig. 4.2). Of course, there is no
perfect tree, so silvopastoralists must decide which characteristics they will prioritize. Pruning is necessary for some species (oaks grown with little competition, for
example) to keep a single, straight stem. This effort may be weighed against a
denser planting where trees provide side shade to each other and encourage stem
straightness. This arrangement requires more frequent thinning, but less management of individual trees. A study in Arkansas looked at the effects of various nitro-
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Fig. 4.2. This silvopasture in Connecticut, USA, has widely spaced oaks and hickories, and a very
low stocking density of cattle. The grass is growing well because it has had adequate time to
recover from its previous grazing (Photo: E. Roberts)

gen fixing trees as support trees for pecan (Van Sambeek et al. 2008). Black locust
provided the most nitrogen to the pecans, but grew so fast it overtopped them and
ultimately slowed their growth. Tree species diversity can create management
complexity.
Good candidates for planted silvopasture trees in the Northeastern US include
larch (Larix spp.), red pine (Pinus resinosa), white pine (P. strobus), black locust
(Robinia pseudoacacia), honey locust (Gleditsia triacanthos), pin oak (Quercus
palustris), red oak (Q. rubra), white oak (Q. alba), black walnut (Juglans nigra),
sycamore (Platanus acerifolium), tulip poplar (Liriodendron tulipifera). Fruit trees
like persimmon (Diospyros virginiana), mulberry (Morus spp.), pawpaw (Asimina
triloba), apple (Malus spp.) and pear (Pyrus spp.) are also good candidates. If shade
is the only goal, fast-growing trees like poplar (Populus spp.), willow (Salix spp.),
and birch (Betula spp.) are appropriate. Mixtures are more complicated but still
possible.
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Producers should plan for their various tree species to grow, mature, and die at
different rates, and respond differently to competition, thinning, and shade. Site
index curves can provide a rough estimate of how quickly different species will
grow. Black walnut can be interplanted with autumn olive (Elaeagnus umbellata),
alder (Alnus spp.), or black locust to benefit from the nitrogen those plants fix (Scott
and Sullivan 2007). It is important to keep plantings simple for ease of management,
and so that these systems are relatively easy to explain to potential adopters.

2.3

Summary of Benefits from Silvopasture Systems

The shade from silvopasture trees can reduce heat stress in cattle enough to make
the investment in trees worthwhile even before harvesting them (L. Godsey, personal communication). Cattle use more energy staying in their thermoneutral zone
when the temperature is higher than 25 degrees C (77 degrees F); shade that keeps
the temperature below that threshold decreases the energy the cattle have to put into
making milk or meat. Silvopasture had a higher net present value than open pasture
or pine plantations in Louisiana (Clason 1995). Amphibians like the red-backed
salamander benefited from silvopasture as compared to open pasture in Appalachia
(Riedel et al. 2008). Silvopastures in Florida prevented some phosphorous from
leaching into waterways (Nair and Graetz 2004). Carbon sequestration (Montagnini
et al. 2013), aesthetics, animal welfare (Broom et al. 2013) and control of invasive
plants (Chedzoy and Smallidge 2011) are other benefits. Silvopastures can also
make use of under-used land (Brubaker 2013), encourage forest management, provide an alternative management strategy for “high-graded” forest, and increase economic resilience and farm viability.
Silvopasture is listed as a practice eligible for reimbursement under the Natural
Resources Conservation Service’s Environmental Quality Incentives Program
(EQIP) (Natural Resources Conservation Service 2012). In Connecticut, thinning
woods to create silvopasture is only eligible for EQIP cost sharing if the woodlands
are already being grazed. One soil conservationist said extension staff are generally
supportive of silvopasture done well, but worry that people will not follow through
on the complexities of management, and create more resource concerns than they
solve (B. Purcell, personal communication). For this reason, regional proponents of
the practice always begin presentations by differentiating woodland grazing (no
management of forages, no grazing rotations, Fig. 4.3) from true silvopasture
(Chedzoy, personal communication, Orefice, personal communication). Early
adopters should be careful, and document their progress to share with others. One
resource (Chedzoy and Smallidge 2011) gives valuable advice: “…experiment and
start small – but above all, start. The cost of doing nothing will likely outweigh the
cost of making some mistakes.”
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Fig. 4.3 (L) Compaction and bare soil under this apple tree in Germany is the result of poor grazing management. (R) Cattle had access to this riparian forest for several weeks during the winter
in Missouri. This stand has a closed canopy, and no intentional management of grasses. These are
examples of poor management (Photos: E. Roberts)

3

Intensive Silvopastoral Systems

Silvopastoral systems integrate a tree crop, a forage crop, and a livestock crop in
ways that optimize ecological or economic interactions. Intensive silvopastoral systems (ISS) rely on a layer of directly grazed, medium-sized fodder shrubs or cut-
and-
carry “fodder banks”; most current systems also integrate widely spaced
overstory trees. Their intensiveness comes from the degree of management, design
complexity, and efficiency of biological processes (Murgueitio et al. 2011); one of
their primary benefits is a reduction in the off-site inputs required. ISS have undergone research in South and Central America over the past few decades (Dagang and
Nair 2003; Montagnini 2008; Giraldo et al. 2011; Murgueitio et al. 2011; Calle et al.
2013; Montagnini et al. 2013; Cuartas Cardona et al. 2014); these studies answer
many questions and raise a significant number more, yet the results are promising
enough to warrant examining the possibility of adapting ISS to temperate North
America (Dumont et al. 2014).
Some researchers (Murgueitio et al. 2011) assume that cattle ranching is integral
to the culture and economy in tropical Latin America, and justify converting existing pastures to ISS as a means to achieve “sustainable intensification” that will
forestall deforestation. Reforestation or preservation might provide more ecosystem
services than silvopastures, but food production is another worthwhile goal of land
management. Intensive silvopastures are economically productive enough so that
they might be adopted by people who would not otherwise reforest their land.
Farming is also central to rural culture in the Northeastern US, both economically
(Donahue et al. 2014) and aesthetically (Foster et al. 2010); thus it is worth exploring whether intensive silvopastoral systems are applicable here, as well.
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Fig. 4.4 (L) Intensive silvopasture with Alnus and Tithonia as sheep enter. (R) Sheep have fully
defoliated the Tithonia after 3 days. Both pictures from highland tropics in Veracruz, Mexico
(Photos: E. Roberts)

3.1

Intensive Silvopasture in the Tropics

The intensive silvopastoral systems developed in Central and South America rely on
the use of Leucaena leucocephala in the lowland dry forest regions as well as the
humid tropics, and on Tithonia diversifolia in the highlands (Fig. 4.4). Other species
are used as well, depending on climate and availability. Both plants are high in protein, highly palatable, and regrow vigorously after defoliation. They are planted
densely (often over 10,000 plants per hectare—4000 per acre), often in combination
with improved pasture grasses and timber or fruit trees (~500 trees per hectare)
(Montagnini 2008; Murgueitio et al. 2011; Montagnini et al. 2013). Leucaena is
native to Mexico, but its integration into pasture began to be formalized in Australia
in the 1970s (Murgueitio et al. 2011) as “Leucaena pastures.” These systems feature
widely spaced rows of Leucaena with grass in the inter-row space, primarily used as
a dry season reserve of high-protein feed (Dalzell et al. 2006; Shelton and Dalzell
2007).

3.2

Benefits of Intensive Silvopastoral Systems

3.2.1

Yield Improvements

Intensive silvopasture has improved yields by factors of up to ten (for beef) and five
(for milk) over continuously grazed, traditional degraded pastures in dry tropical
Colombia (Montagnini et al. 2013). Yield improvements are common for both meat
and milk (Yamamoto et al. 2007). In a dry region of Colombia, a switch from conventional management to rotational management resulted in a fourfold increase in
beef yields per year; switching to intensive silvopastures with timber trees resulted
in a tenfold increase (Montagnini et al. 2013). Other studies compare continuously
grazed open pasture with rotationally grazed intensive silvopasture, so it is difficult
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to determine the relative effects of switching to rotational management from the
effects of including woody fodder crops.
Forage quality declines as plants reach later stages of maturity. Cool-season
grasses in the humid Northeastern US are an important resource; the addition of
fodder shrubs should only enhance, not supplant them. Tropical pasture grasses tend
to have lower nutritional value than temperate species, and so the yield improvements
from adding high-protein shrubs might be less dramatic in the Northeast US. Still,
there is good evidence to suggest that integrating woody forages can have benefits
for farmers and their livestock.
3.2.2

Carbon Sequestration

Silvopastoral systems capture carbon dioxide; the amount varies based on the size,
age, number, and density of their woody components (see chapters by Toensmeier
2017 and Peri et al. 2017). Estimates of carbon sequestered for intensive silvopastoral systems in the tropics range from 4.4 to 26.6 Mg of CO2 equivalent per hectare
per year (the high end includes timber trees) (Montagnini et al. 2013; Cuartas
Cardona et al. 2014). The stems and branches of plants in fodder banks do not hold
much carbon because of their high turnover: longer-term timber and tree crop production is better for carbon sequestration. To the extent that ISS displace deforestation, the retained carbon in preserved forests should also be accounted for. The
methane emissions from livestock decrease as livestock feed becomes more digestible, and with a certain level of condensed tannins. When accounting for plant and
soil carbon and livestock methane emissions, open pastures tend to be net emitters
of greenhouse gases; when well designed and well managed, silvopastoral systems
tend to be net sequesterers (Montagnini et al. 2013). Leucaena pastures in Australia
decreased methane emissions and increased yields in beef cattle in Australia. This
decrease outweighed the increase in soil nitrous oxide content that resulted from the
higher protein feed (Harrison et al. 2015).
3.2.3

Other Ecosystem Services

Intensive silvopastoral systems can improve soil fertility, promote good management practices, and reduce chemical inputs. They contribute to climate change
adaptation (Murgueitio et al. 2011) by reducing the seasonal variation in production
(Cuartas Cardona et al. 2014) and diversifying farmers’ income streams (Montagnini
2008). ISS can also preserve fragile ecosystems (by allowing set-asides through
intensification), reduce production costs and methane emissions (Cuartas Cardona
et al. 2014), and increase biodiversity by providing habitat for wildlife (Montagnini
2008; Giraldo et al. 2011). Of course, intensification does not automatically lead to
preservation; incentives and policy changes must also accompany yield increases
(Kremen 2015).
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Benefits to Animal Welfare

Several elements of intensive silvopastoral systems benefit animal welfare. Shade
reduces heat stress, and habitat that increases biodiversity improves natural biocontrol of pests such as ticks. In some studies, cattle were calmer and displayed fewer
stress responses to the presence of people in silvopastoral systems when compared
to open grass monocultures. This difference was associated with improved body
condition scores in silvopasture cattle, despite the same forage resource availability
(Broom et al. 2013).
3.2.5

Cattle and Sheep Parasite Control

Intensive silvopastoral systems offer many direct and indirect benefits to farmers,
livestock, and society. In many cases, ISS change the vegetation structure, increase
the level of anti-parasitic tannins, or alter ecosystem processes in ways that benefit
animals. When livestock browse above ground level instead of grazing near ground
level, the life cycle of some parasites is interrupted (Halvorson et al. 2011; Hart
2013). Lambs raised on a pasture planted with high densities of willow in New
Zealand had lower fecal egg counts and higher weight gains than lambs on conventional pasture (though they did not perform as well as lambs with antihelmintic
treatments) (Barry et al. 2006). Research in Colombia suggests that silvopastoral
systems’ increased leaf litter and shade, reduction in agrochemicals, and, possibly,
connectivity to intact habitat increase the fitness of dung beetles, which interrupts
the life cycle of hornflies, a problematic cattle pest (Giraldo et al. 2011).

3.3

 lant Species Worth Considering for Intensive Silvopasture
P
for the NE USA

Adapting intensive silvopasture to cold, humid temperate climates will involve the
development of a plant “palette” for various species of livestock and site conditions;
design, layout, and management specifics; and financial and technical supports for
farmers that are applicable in their situations. The top candidates are black locust,
mulberry, and mimosa; other plants like willow and bamboo will likely play supporting roles (Table 4.1).
3.3.1

Other Promising Plants

Other plants with promise as alternative forages in the Northeastern United States
include Illinois bundleflower (Desmanthus illinoensis), wild senna (Senna hebecarpa), Cassia marilandica, and others (Ristau n.d.). Many other species of trees

12–25%

12–20%

Mulberry (Morus alba,
M. rubra)

Bamboo (Phyllostachys
spp.; Arundinaria
giganteum;
Semiarundinaria fastuosa)
Willow/poplar (Salix spp.,
Populus spp.)
Russian Olive (Elaeagnus
angustifolia)/Autumn
Olive (E. umbellata)

11–25%

10–16%

16%

Crude
Protein%
18–25%

Mimosa (Albizia
julibrissin)

Plant
Black locust (Robinia
pseudoacacia)

Evapotranspiration for pasture
improvement; easy to propagate
Protein decreases over season; tender
shoots most palatable to cattle; can
outperform black locust in dry conditions

More digestible than black locust; lower
yields; possible to start from seed; may be
more sensitive to defoliation
Research in warmer climates; wide
variation in leaf nutrition, but very
palatable; does best with high soil fertility;
tradeoff between protein % and dry matter
throughout season
Potential for winter fodder: Protein peaks
late in season; possibly integrate into
riparian buffer areas

Notes
Palatability decreases, protein increases
throughout season. “Monophylla” variety
may be better adapted: Higher leaf
production, fewer thorns

Table 4.1 Protein and Yields from Several Woody Forage Species from Temperate Regions.

945–1600

Yields, kg ha−1
804–3200 (up to
7200a)

Baertsche et al. (1986), and O’Reilly
(2015)
Azim et al. (2011), Djumaeva et al.
(2009), and Webb et al. (2011)

Anderson and Oakes (2011), Halvorson
et al. (2011), and Kashyap et al. (2014)

2223

(continued)

50–3600, (4000a)

–

370–505
Azim et al. (2011), Kabi and Bareeba
(2008), Kitahara et al. (n.d.)., Miller et al.
(2005), Papanastasis et al. (1998), and
Sanchez (n.d.)

Source
Addlestone et al. (1998), Burner et al.
(2005), Burner et al. (2007), Djumaeva
et al. (2009), Papachristou and
Papanastasis (1994), and Papanastasis
et al. (2008)
Addlestone et al. (1998), Burner et al.
(2007), and Pitman (2008)
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15–21%

Lespedeza cuneata/bicolor

a

likely total biomass, not leaf

Seabuckthorn (Hippophae 21%
rhamnoides)

Crude
Protein%
13–30%

Plant
Amorpha fruticosa

Table 4.1 (continued)

May be slow to establish; used as feed in
Central Asia

Notes
Variable reports on preference; protein
yield comparable to alfalfa
Palatability varies with age; some
low-tannin varieties

Source
(DeHaan 2001, DeHaan et al. 2006,
Papachristou and Papanastasis 1994)
Ball and Mosjidis (2007), Gucker (2010),
Pieters et al. (1950), Southern SARE,
Tuskeegee University Extension (2013)
Hu and Guo (2006), Kashyap et al.
(2014), Singh et al. (2012), Stobdan et al.
(2013), and Wenhua (2001)
__

__

Yields, kg ha−1
7200 +
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and shrubs are widespread in the Northeastern United States. Red maple (Acer
rubrum), poplar (Populus spp.), alder (Alnus spp.), oak (Quercus spp.), birch (Betula
spp.), and beech (Fagus grandifolia) have many good properties, but do not have
high enough nutritive value or regrowth potential to justify intensive planting.
Honey locust grew much more slowly than mimosa or black locust in trials in
Arkansas and North Carolina (Addlestone et al. 1998; Burner et al. 2005); it is probably worthwhile using it only as an overstory tree. Some producers prefer to avoid
black cherry (Prunus serotina), whose wilted leaves can be toxic to most livestock;
horse and chicken owners should also avoid black locust. The Goats in the Woods
project at Cornell examined goats’ ability to consume common forest species; juvenile goats gained weight, or were able to gain weight after leaving a forest grazing
situation (Smallidge 2004). Diverse diets made up of woody and herbaceous plants
are good for animals (Rinehart 2008). Simplicity is important overall, especially
when testing relatively new production systems, but producers should experiment
with what works best for their interests, situation, and risk tolerance.
Black locust, mulberry, mimosa, bamboo, false indigo, willow, Elaeagnus,
Lespedeza and seabuckthorn are all vigorous perennial plants that hold potential as
livestock feed. Their nutritive value varies with life stage and across seasons; animals’ nutritional requirements vary, too. Producers should map their animals’ needs
throughout the year to see where these woody forages can be included. Goat producers may have the easiest time incorporating these feeds, because of goats’ tendency to choose woody plants, and ability to process tannins, but sheep and cattle
may be used with some careful management. Chickens and horses cannot eat black
locust, but it is worth testing whether other species are valuable to them. Black
locust, mimosa, false indigo, seabuckthorn, Eleagnus, and Lespedeza all fix atmospheric nitrogen, and may be particularly adapted to nutrient-poor sites.

3.4

Design Considerations

Design is an important part of intensive silvopastoral systems. There is much variation in spacing in the research on temperate species, which is likely a reflection of
ease of planting and maintenance, moisture availability, and site conditions
(Papanastasis et al. 1998). Research in North Carolina (Addlestone et al. 1998)
found that the highest per-acre herbage mass growth for black locust and mimosa
occurred at 50 cm in-row spacing and 50 cm coppice height, compared to 100 cm
spacing or 25 cm coppice height (in single-row plots 3 m apart). In contrast, a study
in that same region found that black locust planted at 3 m × 1 m spacing (and coppiced to 50 cm yearly starting at year 1) produced the same herbage biomass as
3 m × 0.5 m spacing. The denser spacing cost an additional $650 per hectare to
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establish, with no additional production (Snyder et al. 2007). In a system that relied
on human harvesting of mulberry branches in temperate India, a coppice height of
2 m out-yielded 0.5 m, 1 m, and 1.5 m (Kashyap et al. 2014).
One project (Ainalis and Tsiouvaras 1998) tested spacing patterns for black
locust, honey locust, mulberry, and Amorpha fruticosa in Northern Greece. The
researchers compared 1.5, 2.5, and 3.5 m–square spacing (4440, 1600, and 810
plants per hectare). The densest treatment significantly increased the per-hectare
herbage mass production rate for all species, though the difference was most pronounced in black locust. The researchers coppiced the plants every winter, and
noted no competition with the herbaceous vegetation.
Practitioners in arid Australia recommend 7–12 m spacing between Leucaena
rows to reduce water competition with grass (Boadle 2010). Other Australian
researchers (Dalzell et al. 2006) suggest double rows spaced 6–8 m apart. Double
rows may reduce the vigor of Leucaena so that it stays within browsing reach of
livestock. They suggest a minimum distance between rows of 3 m (grass grows
poorly at closer spacing), and note that rainfall and equipment widths are the primary determinants of row spacing. Researchers in dry Pakistan (Azim et al. 2011)
used 1 × 1.75 m spacing to test black locust, honey locust, and Russian olive. In
Japan (Kitahara et al. n.d.), mulberry at 3 × 0.7 m spacing with pasture out-yielded
mulberry or pasture alone. One site in humid warm temperate India planted fodder
trees in ditches along the contours of sloping land to slow runoff and accumulate
soil particles. They included mulberry spaced 1 m apart within the row, with rows
(contour ditches) 4 m apart, with satisfactory results (Kashyap et al. 2014).
Producers’ choice of spacing will ultimately depend on how their intensive silvopastures fit within other farm enterprises. Farmers wishing to maximize eventual
per-acre output would be wise to choose closer spacing (as in Ainalis and
Tsiouvaras’s 1.5 × 1.5 m (1998)). The highest coppice height is probably best for
encouraging regrowth, but plants must also be kept within the reach of livestock.
Australian proponents (Dalzell et al. 2006) recommend coppicing Leucaena at 1 m
high using a rotary blade mower, suggesting that the lacerated and split stems produce better regrowth than cleanly-cut stems. Well-timed browsing may eliminate
the need for additional coppice management. Many people will need to use the
space between the tree rows in the years before the woody forages are ready to be
browsed; in this case, row spacing should accommodate the equipment needed to
produce vegetables, cut flowers, or hay, or move pastured poultry (“chicken tractors”). In these cases, the results of Snyder et al. (2007) suggest that spacing plants
1 m apart within rows is appropriate, at least for black locust; on-farm trials are
needed to determine the tradeoffs between individual plant productivity, per-acre
productivity, and installation cost. In general, drier sites should need wider spacing,
whereas wetter or more fertile sites should tolerate closer spacing. Farmers and
experiment stations will need to investigate which plants fit their production needs
and grow best on the various sites on their farms.
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Management Practices

Grazing timing, stock density, and rotation times are key areas for investigation.
Producers need to balance nutritional quality with the ability of shrubs to regrow,
and coordinate that with the growth rate of the pasture grasses. Most current research
measures biomass, leaf mass, nutritional characteristics, or animal performance, but
recommendations for best practices on working farms must be inferred. In one
Greek study, the crude protein content of black locust, honey locust, A. fruticosa,
and mulberry leaves did not change in regrowth after grazing, but acid digestible
fiber (ADF) and lignin decreased, and digestibility increased after grazing in July
and August (Ainalis et al. 2006). In North Carolina, increasing levels of black locust
in goats’ diets led to a greater proportion of nitrogen in their feces, which implies
lower digestibility. The author is careful to suggest further research giving goats a
diverse diet selection to dilute the tannins in black locust that reduce the animals’
ability to digest nutrients (Snyder 2004).
Plant defoliation levels above 50–60% reduce the plant’s ability to regrow
(Hendrickson and Olson 2006). When researchers in North Carolina (Luginbuhl
and Mueller 2000) tested goats’ relative preferences for black locust, mulberry, and
mimosa, they found that the goats completely defoliated the locust and mulberry
before eating the mimosa. Optimizing each species’ ability to regrow will be difficult if animals browse them preferentially (although optimizing the combination,
rather than the individual plant species would make better sense). One strategy
would be planting single-species blocks (though it makes sense to have different
species in different paddocks to minimize risk and diversify diets, i.e. Le Houérou
2000). More research is needed to examine how the presence of fodder shrubs
affects livestock’s use of grass and other herbaceous plants.
Stocking rates and grazing periods are quite variable in the literature. Researchers
in New Zealand (Barry et al. 2006) used grazing periods of 7–10 days for 120 lambs
on high-density willow fodder banks, and an 8-week rest period, but did not specify
the area. Practitioners in Australia (Boadle 2010) recommend 1 animal unit per
0.4 ha, 8–12 week return periods, and grazing until 10% of the leaves remain on
Leucaena.
Hart (2013) notes the difference between browsing for plant control (early
spring/late fall, full defoliation, inadequate rest (<8 weeks)) and browsing for sustainability (the opposite: late spring/summer/early fall, rest >8 weeks, 50% defoliation). The recovery time and degree of defoliation tolerated probably varies by
species (Pitman 2008).
Some Greek researchers propose once-per-year grazing in summer for sheep and
goats, with an 11-month rest period, using plants with similar Relative Acceptance
Indices (a measure of how likely an animal is to eat a particular plant), which seems
most applicable in their dry, Mediterranean climate (Papachristou and Papanastasis
1994). Characterizing this system as a seasonal “reserve” for dry season grazing
(Papanastasis et al. 2008) speaks to a particular need of livestock producers.
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Annual cutting of black locust and Amorpha fruticosa does not affect their survival for at least 8 years. To maximize biomass and herbage production, it is best to
wait until the plants are 3 years old to begin grazing (Papanastasis et al. 1998).
Cutting and grazing have different effects on plants; cutting increases the necessary
recovery time. Different species and varieties tolerate different degrees of defoliation (including 100% in mulberry “Kokuso 21”) (Papanastasis et al. 1998).
Many of these studies did not test directly browsed systems, and so did not
address concerns about fencing and water provision. Rotational management provides optimal forage availability, but also requires more intensive fencing and water
infrastructure. This tradeoff applies to grass pasture-based rotational grazing, too
(Gillespie et al. 2008). Many extension resources exist on animal water and fencing
design for rotational management (eg. Blanchet et al. 2000), and these considerations should be similar for intensive silvopastoral systems. Designers of ISS must
consider accessibility for people and vehicles, and clear paths for electric fences. If
paddock sizes change throughout the year, designs must incorporate this variability,
and will likely mean less-dense plantings.
The benefits of manipulating complex agro-ecological systems depend on harnessing “additive yields,” or positive interactions between components (Jose et al.
2009). Research in North Carolina (Montagnini et al. 1986) found that black locust-
dominated young forests had higher soil net nitrogen mineralization than adjacent
late successional forest. The researchers characterized this as a risk for nutrient
leaching, but it also indicates the possibility of harvesting this useful resource in
terms of increased tree growth. It is unclear how the nitrogen dynamics of regularly-
browsed black locust might differ, or what the effects of locust-mineralized nitrogen
are on nearby grass and forbs. Van Sambeek et al. (2008) assessed the relative contributions of various nitrogen-fixing trees to pecan growth, but found that black
locust’s fast growth rate made management difficult. Even though it increased the
pecan’s leaf nitrogen, black locust did not increase the pecan’s size or diameter. This
trial placed two “support” trees per one “crop” tree; maybe higher density legumes
with more frequent defoliation or coppicing might have different results. So, it is
worth investigating the contributions of legumes like black locust to nitrogen cycling
within silvopastures. Future research should measure the relative shade cast by
densely planted shrubs, and how those shrubs’ nutrient levels respond to conditions
of partial shade from overstory trees.
Pasture-based livestock management is complex; adding a woody component
only increases its complexity. One key area for investigation is the relative preferences of livestock for woody species versus pasture grasses. More work on the
relationship between defoliation rate and recovery time will be useful to producers
trying to integrate woody plants into pasture rotations. Woody plants are probably
better able to withstand overgrazing because of their extensive root reserves. Small
scale and non-commercial livestock owners can play an important role by observing
their animals’ preferences and grazing habits for various combinations of woody
species and pastures across different seasons. The most concrete recommendations
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seem to be waiting until trees are 3 years old to browse, not browsing more than
50% of leaves, and determining the relative palatability of various plants for a particular herd of livestock. Of course, these must be weighed with the real needs of
livestock producers.

3.6

Browse Preference and Nutrition

We know some about what affects goats’ browsing preference, but some is known
“only to the goat.” Goats tend to browse hierarchically: they fully defoliate one species, then move to another (Hart 2013). Seasonality affects animals’ preference;
other factors include “available woody and herbaceous species, forage availability
and availability of nutritious alternatives, period of grazing, stocking rate, and
whether goats and sheep forage as sole rangeland users or together with other animals” (Papachristou et al. 2005). Livestock tend to eat foods their mothers eat,
younger animals are more likely to try new foods, and livestock that have experience eating some kinds of shrubs may be more likely to eat other kinds (Burritt and
Frost 2006).
Plants can have chemical or mechanical defenses, but neither completely prevents herbivory. Mechanical defenses (e.g. spines) tend to reduce the size and speed
of bites, and chemical defenses change the order in which animals eat particular
plants, or the efficiency with which they digest them (Papachristou et al. 2005).
Condensed tannins play a role by decreasing the palatability and efficiency of digestion of many nutrients, but the relatively high crude protein of leaves increases the
amount that goats eat by offsetting tannins (Papanastasis et al. 2008). Mueller-
Harvey (2006) offers a useful review of tannins’ relationship to animal nutrition.
The fact that animals prefer certain plants to others makes their management more
difficult.
Supplemental nutrients may help make plants with secondary compounds more
palatable (Smallidge 2004; Papachristou et al. 2005). Polyethylene-glycol (PEG)
added to the water deactivates tannins and increases feed intake (Papanastasis et al.
2008). Snyder (2004) describes PEG’s effectiveness when added to feed, calling it
“relatively inexpensive,” but claims it is impractical for most farmers. Mueller-
Harvey, citing the expense and variable results of PEG supplementation, notes that
feeding high-tannin foods in combination with other foods may dilute the effects of
tannins. The energy costs of processing tannins may be offset by energy-rich diets,
especially foods high in sugars (Mueller-Harvey 2006). Bhat et al. (2013) suggest
that animals are likely to self-regulate their levels of toxic plant intake, but are only
able to do this when adequate levels of other forage are available. They say tannins
at 1–2% of dry matter intake can be beneficial to livestock, and that digestibility
problems arise only when levels surpass 5%. Livestock owners have variable experiences with this.
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Researchers in Arkansas (Burner et al. 2007) compared the yield and nutritional
quality of black locust and mimosa. While black locust had higher yields, mimosa
had higher in vitro dry matter digestibility, likely related to the tannins in black
locust (which are roughly equivalent to those in Leucaena). Still, they found that
concentrations of digestible nitrogen in mimosa were higher than requirements for
goats and cattle, and concentrations in black locust were higher than requirements
for growing cattle, even when controlling for digestibility. They also tested for
mimosine, the secondary compound that causes some concern about Leucaena toxicity, but did not find detectable levels in either black locust or mimosa.
Despite having comparable nutritional analyses, black locust was more readily
eaten by goats, whereas Amorpha fruticosa was much less preferred (Papachristou
and Papanastasis 1994). The researchers note the goats had no prior experience with
A. fruticosa, which may have affected the results. They use a “Relative Acceptance
Index,” which is the number of bites taken from all browse species divided by the
number of bites taken from a particular species.
Defining grazing preferences along a continuum is preferred (to characterizing
cattle as grazers, sheep as forb-eaters, and goats as browsers) because most animals
graze or browse opportunistically. One assumption is that animals choose forages to
maximize nutrient intake, but some evidence suggests they may choose less nutritious forages in order to reduce variation in nutrition content, or in tannins, specifically (Papachristou et al. 2005). It would be wise to be careful of research that
studies the effects of single-plant diets because intensive silvopastures will always
have a combination of grasses and woody plants.
Some practitioners (Voth 2010) have had success teaching cattle to eat weeds
that have tannins, spines, or other chemical/mechanical defenses. It is worth testing
these procedures before dismissing woody perennial forages as unpalatable.
The evidence in this section suggests that, rather than finding one perfect species
for intensive silvopasture, the real work entails managing several good species for
optimal results. A safe general recommendation is to interplant high-tannin plants
with low-tannin plants (alternating blocks of mulberry and black locust, for
instance), but designs will vary among producers with different breeds, production
goals, and risk preferences. An interesting study could compare PEG supplementation with diet diversity on the basis of animal performance, ease of management,
and cost. Practitioners will have to experiment with easy ways of managing many
species of forage, balancing simplicity of management with the diverse diet needs
of their animals.

3.7

Adoption of Intensive Silvopasture

It is important for intensive silvopastoral systems to compare favorably to other
existing livestock raising systems. One study cautions against the common comparison to alfalfa: if alfalfa won’t grow competitively or sustainably in a certain
place, it is not a good comparison (Burner et al. 2005). In case studies in Colombia,
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the return on investment (ROI) for ISS was 13–28% for dairy; 12–27% for beef
(without timber), and 22% including 500 trees per hectare. This compares favorably
with close to 0% ROI for conventional pasture! ROI was higher on 15 ha parcels
than on 5 ha parcels because of economies of scale (Cuartas Cardona et al. 2014).
Dagang and Nair (2003), noting the slow adoption of silvopasture throughout the
tropics despite striking yield improvements, suggest that it is important to consider
farmers’ reasons for keeping cattle: as alternative income, emergency reserve, or
daily survival. Their degree of mechanization is also important. They propose
understanding why farmers are not adopting, considering what their needs are, and
designing research with that in mind.
Murgueitio et al. (2011) note that the main barriers to adoption of ISS are initial
cost (and perception of ranching as low-capital by technicians, producers, banks),
and knowledge barriers because of ISS systems’ technical complexity. They discuss
payment-for-ecosystem-services schemes that differentiate among life stages of silvopastoral systems and their relative tangible benefits to land owners. Gillespie
et al. (2008) confirm that rotational grazing in Louisiana can have higher labor
inputs on a per-animal and per-acre basis (though they do not include labor for haymaking). Individual producers’ values between time and profitability are important
to consider. In the Northeastern United States, demonstration sites using “intensive
silvopastures” are scarce (though, of course, pastured livestock producers’ animals
browse woody plants all the time).
Le Houérou (2000) summarizes the challenges of expanding fodder tree systems: high establishment cost, the need for secure land tenure, the need for skilled
matching of plants to different landscapes, lack of research on best management
practices, improved plant material, and the requirement of disciplined/skilled grazing management.
Farmers’ current relationships with particular plants are important determinants
of adoption. A West Virginia study noted that autumn olive’s tender regrowth is
more palatable; they mention that a similar proposal for grazing cattle on the invasive woody legume gorse (Ulex europaeus) in New Zealand “has not met widespread acceptance by producers” (Webb et al. 2011). Many of the plant species
mentioned in this chapter are on some states’ “invasive” lists (Table 4.2), or, at least,
are well adapted to disperse onto continuously grazed, nutrient-poor pastures. In
promoting these systems, we must be sympathetic to people’s antagonism to particular plants and state-mandated barriers to their planting.
The Leucaena Network in Australia has adopted a voluntary code of practice that
encourages managed leucaena for farmers but minimizes its invasiveness. These
practices include only planting leucaena for livestock use, only using commercial
cultivars, maintaining vigorous pasture for competition, not planting within 10 m of
boundary fences, maintaining buffers from waterways to prevent dispersal, managing plants to stay within reach of cattle (and therefore unable to produce seed),
controlling unwanted seedlings, and determining that escapees are the responsibility of the “source” owner (Dalzell et al. 2006). Farmers who find that black locust,
bamboo, Amorpha fruticosa, or Elaeagnus work for them may need to establish
similar codes of practice to improve acceptance of their production systems.
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Table 4.2 Potential ISS Species and their legal status in New England States
Species
Amorpha fruticosa
Black locust
Mulberry
Bamboo
Autumn olive
Mimosa
Lespedeza cuneata/
bicolor
Seabuckthorn

3.8

CT
Prohibited
OK
OK
Phyllostachys genus
isrestricted
Prohibited
OK
OK

MA
OK
Prohibited
OK
OK

RI
OK
OK
OK
OK

VT
OK
OK
OK
OK

NH
OK
OK
OK
OK

ME
OK
OK
OK
OK

Prohibited
OK
OK

OK
OK
OK

OK
OK
OK

Prohibited OK
OK
OK
OK
OK

OK

OK

OK

OK

OK

OK

Scaling Up Intensive Silvopasture

A variety of incentives are possible for encouraging larger-scale adoption of intensive silvopasture. Projects in Colombia combined on-farm research, capacity building, payment for environmental services schemes, low-cost loans, and market
access; these helped support several hundred hectares of ISS (Calle et al. 2013). The
Colombian efforts were a collaboration between government, non-profits, and
industry organizations. The Northeastern US does not have that level of collaboration yet, but some resources do exist to support adoption. The Natural Resources
Conservation Service (NRCS) —a program of the US Department of Agriculture—
administers the Environmental Quality Incentives Program (EQIP) to encourage
landowners to use conservation practices. Each state’s NRCS office reimburses
landowners for a variety of practices, typically on a per-acre or per-plant basis.
Practices eligible for reimbursement vary from state to state and include silvopasture establishment, forested riparian buffers, windbreaks, and hedgerows. Forest
farming, alley cropping, and homegardens are not listed as eligible practices, but
there may be some flexibility with Tree Establishment (practice number 612).
Table 4.3 shows which practices are eligible for reimbursement in some states in the
Northeastern US. Some of these practices require a forest management plan or grazing management plan (also eligible for cost-sharing) to be in place before they can
be reimbursed.

3.9

 uture Research on Intensive Silvopasture Systems
F
in the Northeast USA

Future research will encompass the technical aspects of ISS development and its
social and political elements. Animal breeding will have to balance adaptive and
production traits (Dumont et al. 2014), specifically, to improve efficiency of feeds
with higher fiber and lower digestibility, like tree leaves. There is a need to
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Table 4.3 NRCS listed agroforestry practices
Practice
Silvopasture
Riparian buffer
Windbreak
Alley cropping
Forest farming
Homegardens
Hedgerow planting
Tree establishment

State
CT
381
391
380
–
–
422
612

MA
381
391
380
–
–
–
422
612

RI
381
391
380
–
–
–
422
612

NH
–
391
–
–
–
–
–
612

VT
–
391
380
–
–
–
422
612

ME
–
391
380
–
–
–
422
612

NY
–
391
380
–
–
–
–
612

PA
–
391
380
–
–
–
422
612

Natural Resources Conservation Service- CT (2015), USDA Natural Resources Conservation
Service (2016), USDA Natural Resources Conservation Service- ME (2016), USDA Natural
Resources Conservation Service- NH (2016), USDA Natural Resources Conservation Service- RI
(n.d.), USDA Natural Resources Conservation Service- VT (2016))

understand animals’ physiological, genetic, and epigenetic (across generations)
adaptation to heat, and how that might be different under distributed shade conditions. Goat browsing preference is influenced in part by heritability (Hart 2013);
goat breeding might focus on strains adapted to woody browsing. Rotational management of grasses, forbs, and legumes relies on grazing to a certain residual height
to optimize the regrowth of plants. Future research should examine the relative palatability of woody forages versus herbaceous forages so that producers can optimize the grazing system overall. For instance, what if livestock fully defoliate
mulberry before eating the grass, and there is a tradeoff between mulberry regrowth
time and grass nutritive value upon reentry? Will a fully-defoliated black locust
recover in the same amount of time as a half-defoliated mimosa? Is the effort
required for managing livestock towards partial defoliation worth the maximized
yield? Or are easier management strategies acceptable?
Plant breeding will need to emphasize palatability, adaptability, and ability to
regrow after browse. Researchers will study plants’ response to different fertilizer
regimes (phosphorus for black locust, how much N fertilizer might legumes displace, or is it economic to have lower overall yields for lower inputs?). To allay
concerns about unwanted plant dispersal, it may be worthwhile to breed sterile varieties of certain plants (but weigh this against its cost and limitations for smaller-
scale breeding). Many studies have compared plants on similar sites; it is likely that
different plant species are optimal for different sites. Future research should e xamine
variability in soil parent material, moisture, and fertility and their effects on different species’ forage growth. Most research studies plants’ nutritive value under full
sun conditions. It is worth researching how nutrition changes under partial shade
conditions to inform planning and management of trees in the overstory. It would
also be worthwhile to investigate the potential of ISS systems as part of a transition
zone between riparian buffers and open pastures as a way to increase their usefulness and leverage their ecosystem services potential (Schultz et al. 2004), while, of
course, following good grazing practices (as detailed in (Moechnig 2007)).
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Efforts to scale from on-farm research to larger-scale projects in the Northeastern
US should follow the process suggested by Calle et al. (2013). It will also be important to separate the influence of switching from set stocking to rotational management from the influence of additional woody species. Practitioners of rotational
grazing (farmers, extension workers, researchers, and teachers) are among the necessary collaborators in investigating ISS, and we should complement, not undermine their work. It will be important to build on existing research and practitioner
networks, as well as sources of technical assistance and plant material. The many
hundreds of livestock owners and tree enthusiasts in the Northeastern United States
should begin (or continue!) their trials so that intensive silvopasture knowledge and
practice can expand rapidly.

4

Forest Farming in the Northeastern USA

Forest farming describes several practices where agricultural products grow under a
closed canopy of trees. These products can include gourmet mushrooms and edible,
medicinal, or decorative plants. Forest farming is one of the five agroforestry practices recognized by the United States Department of Agriculture.

4.1

Gourmet Mushrooms

There has been renewed interest in log-grown shiitakes in the Northeast USA,
thanks largely to efforts at Cornell University, the University of Vermont, and the
USDA’s Sustainable Agriculture Research and Extension program. A clear and
detailed guide came out recently (Matthews et al. 2013), and various shorter extension documents and email lists (http://blogs.cornell.edu/mushrooms/, for instance)
provide introductory and advanced information to growers. This section will briefly
summarize that body of work, and suggest how mushroom cultivation might fit
within forest management more broadly.
Shiitake mushrooms are the most commonly grown gourmet mushroom, other
than button mushrooms (Agaricus bisporus) (Gold et al. 2008). They grow on many
species of wood, but sugar maple and red and white oaks are particularly suitable
(Mudge and Gabriel 2014; Field and Forest Products n.d.). There is, of course, a
tradeoff between what substrates are ideal and which are available (Matthews et al.
2013). Sugar maple substrate produced more mushrooms by weight than red or
white oak in natural-fruiting trials in Missouri (Bruhn et al. 2009). The researchers
attribute this difference to the relative amounts of discolored heartwood, which is
more difficult for shiitake mycelium to colonize. The proportion of non-discolored
sapwood is higher in open-grown saplings and on branches higher in the tree (Bruhn
et al. 2009). They found that yields averaged close to 1 kg per log over the lifetime
of the log (5 years). Mudge and Gabriel (2014) suggest that force-fruiting (soaking
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Fig. 4.5 The author grew
shiitake mushrooms on
white oak (Quercus alba)
and sugar maple (Acer
saccharum) logs. These
fruited after a rain in July,
13 months after a June
inoculation (Photo:
E. Roberts)

logs to initiate fruiting) can be beneficial because it pushes logs to yield in a shorter
window of time—which reduces the time available for competing fungi and pathogens to colonize the log—without affecting lifetime yields. Producers must balance
the extra labor requirements of forcing with the benefits of regular harvests and
potential for higher lifetime yields.
There are several methods for inoculating mushroom logs (“bolts”): manufactured hardwood dowels, pre-colonized sawdust, and “plugs” with Styrofoam caps
(See Matthews et al. 2013 for details). Each method makes sense at different scales.
In general, dowels make sense up to about 50 logs, when sawdust becomes more
economical. Plugs are appropriate for much larger scales, but, of course, producers
should work out their own enterprise budgets (Szymanski et al. 2003 is a good
resource). Bruhn et al. (2009) found that sawdust-based spawn had higher yields
than dowel or plug-based spawn.
Gourmet mushrooms provide a unique opportunity to transform relatively low-
value products (small diameter hardwood logs) into relatively high-value food
(Fig. 4.5). Gold et al. (2008) mention the possibility of combining mushroom log
production with timber stand improvement, but give no further details. In an analysis of silvicultural rehabilitation in Northern hardwoods in Quebec, Bédard et al.
(2014) suggest that markets for low-quality wood (unacceptable growing stock, or
UGS) are required for rehabilitation to make financial sense. Developing a market
for mushroom bolts may increase forest managers’ financial ability to rehabilitate
forests. These markets may develop locally as loggers can connect with mushroom
growers, and may require a certain “critical mass” of mushroom log buyers.
The profitability of mushroom enterprises varies based on local markets, grower
practices, and scale, but the majority of enterprises are profitable by their third year
(Gold et al. 2008; Matthews et al. 2013). Growers perceive that the market will keep
expanding or remain steady, and it is likely buoyed by sawdust-grown shiitakes and
other mass-produced gourmet mushrooms that continue providing customer
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education. Most growers’ mushroom enterprises are side businesses (Gold et al.
2008), but there is still an opportunity for significant income.
Matthews et al. (2013) found that a major part of shiitake growers’ time is spent
acquiring logs. In some areas, loggers sell pre-cut bolts for between one and two
dollars each. This represents an opportunity to expand markets for lower-value
wood, even though the price is comparable to firewood. Of course, the existence of
markets does not guarantee sound forest management practices, but it does make
them more feasible. There may be opportunities for landowners who harvest their
own wood to conduct timber stand improvement operations and provide substrate
for mushroom enterprises.
Potential mushroom growers should start small and slow, and establish their markets. A cooperative arrangement that allows small producers to pool their products
in order to fulfill larger orders would help access markets. Creative loggers could
market small diameter mushroom logs to boost their business and the mushroom
growers’.

4.2

Ramps

Wild leeks, or ramps (Allium tricoccum) grow in the eastern deciduous forests of the
United States and Canada. They are a popular and pungent springtime food but
some wild populations are declining because of overharvesting (Sen 2011).
Managing ramps can take several forms, from sustainable wildcrafting to varying
intensities of cultivation.
Wildcrafting means collecting plants from relatively un-managed populations.
Ramp populations are sensitive to overharvesting. Ramp seeds do not survive in the
seed bank for more than 2 years, which means that populations may not recover if
all mature individuals are harvested (Connor et al. 2015). One study in Tennessee
suggests that, at least at the edges of their range, individual ramp patches should be
harvested at a 10% level once every 10 years (Rock et al. 2004). This provides an
85% chance that the population will reach its un-harvested level in the ensuing
10 years. Administrators at the Great Smoky Mountains National Park in Tennessee
and North Carolina used that study to justify a ban on ramp harvesting, which led to
citations in 2009 to—among others—members of the Eastern Band of Cherokee
Indians (Lewis 2012). These people had been harvesting ramps sustainably for
thousands of years and pointed out, in the trial in which they were eventually found
guilty, that Rock et al. (2004) only examined full removal of ramps, not cutting
leaves above the bulbs in the traditional Cherokee way. This raises an important
issue: academic ways of knowing and their influence on policy do not always match
with traditional ecological knowledge. Formal academic research on population
effects of tops-only harvesting is difficult to find but is worth cautious, small-scale
experimentation.
In places without robust wild populations of ramps, propagation through seeds
or transplants is possible. Soil nutrient and moisture levels are more important
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contributors to seedling and transplant survival than light levels (Vasseur and
Gagnon 1994). This suggests that site quality is more important than the existing
forest vegetation in selecting a site for ramp cultivation. The authors also suggest
that ramps may be field grown in more intensive settings and then transplanted to
forest sites for naturalizing, as a way to increase seedling survival rate, or as a
potential enterprise.
One study in Quebec compared the effects of applying gypsum (CaSO4) and
organic fertilizer, and planting time on bulb survival and harvest weight (Bernatchez
et al. 2013). Ramps responded positively to applications of gypsum and organic
fertilizer. In transplanting 2-year-old bulbs in West Virginia, slaked lime (Ca(OH)2)
and gypsum increased soil calcium levels, slaked lime increased pH (from 4.0 to
4.7), and both treatments increased bulb survival and weight (Ritchey and Schumann
2005).
Transplanting bulbs in spring leads to bigger bulbs at harvest, but fall transplanting is more feasible logistically because there is a wider window of time to transplant leaf-less bulbs (Bernatchez et al. 2013). The concentrations of leaf nitrogen
decreased in years following fertilization with N, suggesting that ongoing fertilization would be beneficial for plant growth, but more research is necessary on the
economics and effects on the rest of the forest (Bernatchez et al. 2013). These recommendations might be more applicable to growers who are field-growing ramps to
transplant into forests.
Some people build raised beds in the forest for ramp cultivation (Forest Farming
2013). These are built from treated lumber, lined with landscaping fabric, and filled
with garden soil to reduce weed competition. This represents a more intensive growing strategy, but could help with keeping the ramp patch organized, and make calculations for fertilizer applications and other management easy.
Seeds planted in September in North Carolina produced roots after 11 months,
and shoots after 20 months (the second spring) (Connor et al. 2015). Ramps grown
from seed can take up to 5 years before they are ready for harvest, so this method of
propagation is recommended for relatively extensive management, or as a complement to shorter term, more intensive cultivation. Ramp seeds mature in the late
summer; selling them may be an additional enterprise possibility for growers with
large populations.
Ramps are an important part of Appalachian identity, and are a traditional spring
food. Before their current boom in popularity, they were sometimes viewed as a
“survival food,” where only those poor enough would eat the pungent bulbs (Rivers
et al. 2014). Throughout Appalachia, ramp festivals provide a means of celebration,
and marketing and fundraising opportunities for ramp foragers, growers, artisans,
and cooks. These festivals have become tourist attractions, which bring people from
the cities out to the country. As the restaurant market for ramps is strong in New York,
a southern New England Ramp Festival might be a worthwhile endeavor for a town
or nonprofit looking to increase agritourism. Land trusts might include sustainable
ramp harvests as a perk to encourage new members.
Land managers with relatively moist forests should test ramps to see if they grow
well under their conditions. It is wise to start with transplants as well as seeds to
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avoid a discouragingly long period before harvest. Because ramps will survive in
high light conditions if soil moisture and nutrients are adequate, they might also be
integrated with other agroforestry practices. The understories of windbreaks or alley
cropping rows might be appropriate if the competing understory vegetation does not
leaf out in early spring.
Marketing ramps should be relatively easy because they are a well-known crop
whose seasonal availability is part of their appeal. Small growers might need to collaborate to meet volume requirements of some buyers, and there is opportunity to
add ramp products (pesto, infused butter) to value-added enterprises with infrastructure already in place.

4.3

Ginseng

Ginseng (Panax quinquefolium) is a high value medicinal herb that is widely grown
throughout Appalachia. Much of the harvest is exported to China where it is valued
for its medicinal properties. The most suitable sites are fertile, sloping North- or
East facing sites with a mostly-closed canopy (Hankins 2009). A Virginia Tech
Extension document says that optimal ginseng sites also support sugar maple, black
walnut, and tulip poplar (Vaughan et al. 2009). In southern New England, the relatively mesic sites will have sugar maple, ash, and tulip poplar, though Ginseng
might do well on sites with other species, like oaks, in the canopy, as long as the
other site criteria are met. Associated herbaceous plants include jack-in-the-pulpit
(Arisaema triphyllum), trillium (Trillium spp.), bloodroot (Sanguinaria canadensis), Solomon’s seal (Polygonatum spp.), lady’s slipper (Cypripedium spp.), mayapple (Podophyllum peltatum), spicebush (Lindera benzoin), and jewelweed
(Impatiens capensis) (Hankins 2009; Vaughan et al. 2009).
Vaughan et al. (2009) describe variations on ginseng planting strategies that balance space, seed cost, germination rate, labor intensity, and final outcomes. In general, the seeds are scattered on bare soil, then covered with leaf litter, or individually
planted around one inch deep.
Dried wild-grown ginseng roots can be sold for up to $850 per pound, though
prices fluctuate depending on the day and the particular buyer (Hankins 2009).
“Wild-simulated,” or extensively cultivated ginseng plants, fetch similar prices.
Ginseng cultivated in tilled soil under artificial shade commands a much lower
price, and—because these practices are underway in China—the export market is
virtually nonexistent. The conditions for wild-grown ginseng are not abundant in
China, so that export market still exists, and is likely to persist.
Lest ginseng be considered a get-rich-quick scheme, there are serious threats to
a successful ginseng enterprise. Poaching, pests like deer and slugs, environmental
stresses, and a disorganized market can all take their toll in the 7–10 years it takes
for wild-grown ginseng to mature (Hankins 2009). Producers receive more favorable prices if they can sell at least a pound of dried roots at a time: about 275 plants’
worth.
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Ginseng grows best in soils with low pH and (somewhat counterintuitively) high
calcium.1 Though prior recommendations supported adding lime, the current best
practice is the addition of gypsum (calcium sulphate), which increases available Ca
but does not change pH (Hankins 2009). The authors are clear that more research on
agronomic practices for ginseng is necessary.
Forest owners with appropriate sites would do well to test ginseng as an additional enterprise. As with ramps, starting with transplants as well as seeds might
lead to earlier, more encouraging harvests. Markets may be necessarily informal
and diffuse, but more easily accessible information would help growers in the
Northeastern region.

5

Homegardens

Homegardens are generally understood as “intimate, multi-story combinations of
various trees and crops, sometimes in association with domestic animals, around
homesteads” (Kumar and Nair 2004). The practice is several thousand years old,
with roots in Java and India, as well as Mesoamerica (Kumar and Nair 2004;
Montagnini 2006). Research has been primarily focused on description and inventory, rather than measuring biophysical or dynamic ecological interactions.
Homegardens in China are variable in their products (fuelwood, food, livestock,
medicine, cash crops, nursery stock), climates (subtropical through temperate), and
utility (productivity can be high, but sometimes gardens are mismanaged) (Wenhua
2001). In some Chinese homegardens, a family’s income can be six times that of
farmland output for the same area input because of higher labor inputs, complexity,
and smaller scale.
Homegardens can cycle nutrients efficiently, conserve biodiversity, diversify
farm products, and provide non-market-valued products. They can be associated
with and promote social and cultural values, including the opportunity for women
to be primary agents (Kumar and Nair 2004). Homegardens might be threatened by
urbanization, but they are still widespread, and worth promoting: homegardens can
inform the development of other agroforestry practices. Though many writers focus
on tropical homegardens, this last point may be even more relevant in temperate
systems, where agroforestry arrangements are even less well-developed and studied
than in the tropics.
1
From Hankins 2009, citing Beyfuss 1997: “Beyfuss was surprised at the soil test results that came
from this study. He said in his report, “The most interesting and puzzling result of the analysis was
the positive correlation of very low pH and very high levels of calcium. This is the exact opposite
of what would be expected in mineral soils. The average pH for these samples was 5.0 + or − 0.7.
Soils that are strongly acid such as this usually have calcium levels in the range of 1000–2000
pounds per acre or less. The average calcium levels in these samples (where ginseng was growing
well) was 4014 + or – 1679. It is my suspicion that this abnormality may, in fact, be the key to the
limited range of healthy populations of wild ginseng. Duplicating this soil condition may be the key
to successfully cultivating American ginseng in a forested environment.” (Beyfuss 1997)
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The permaculture movement (Ferguson and Lovell 2014) has been promoting a
resurgence of homegardens (or forest gardens, or food forests) particularly among
Australians, Western Europeans, and North Americans. Contemporary records of
temperate homegardens refer to the homestead of Robert Hart in England as a model
(Jacke and Toensmeier 2005). The Agroforestry Research Trust in England has
established forest gardens, and its director has written several books on the topic
(Crawford 2010). Eric Toensmeier details his experience over a decade of urban
homegardening in Massachusetts (Toensmeier and Bates 2013). There are many
other “gray literature” treatments of the subject (i.e. Flores 2006; Hemenway 2009);
many more less formal reports exist in the records and communications of the North
American Fruit Explorers (http://www.nafex.org/), Northern Nut Growers
Association (http://www.northernnutgrowers.org/), and various Facebook groups
and websites dedicated to temperate homegardens. Of course, many people have
“homegardens” but do not use that term to describe the diverse, multi-strata plantings close to their houses (Zinkhan and Mercer 1996).
The USDA does not recognize homegardens as one of the primary agroforestry
practices (United States Department of Agriculture 2011), which may limit their
adoption. Gordon and Newman (1997) say that temperate homegardens are not a
significant agroforestry practice. To some extent, this may be a self-fulfilling prophecy. Current research is examining the rise of “community food forests,” or
homegarden-style land management on public land, often in cities (http://communityfoodforests.com/). One prominent example is Beacon Food Forest in Seattle,
which began as an idea in a permaculture design course, but has expanded to include
partnerships with city and community groups (McLain et al. 2012). Temperate
homegardens are also being promoted for their ecosystem services benefits like
habitat creation, biodiversity promotion, and carbon sequestration, as suggested by
Toensmeier (2016).
Homegardens should be more widely practiced and supported in the Northeastern
United States. Homegarden proponents should seek to complement, learn from, and
enhance the work of home orchardists, organic gardeners, homesteaders, pollinator
enthusiasts, and public park administrators. The current trajectory of informal hobbyist networks could be supplemented by the United States Department of
Agriculture recognizing homegardens as a sixth agroforestry practice, land conservation organizations practicing homegarden-inspired management, and making
conservation funding available for homegarden practitioners.

6

Alley Cropping

Alley cropping refers to rows of trees or shrubs planted in lines in the same land as
cultivated crops in the alleys or space between the rows (Fig. 4.6). The woody component may increase soil fertility, soil organic matter, produce timber, fruit/nuts, or
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Fig. 4.6 Gooseberries (Ribes spp.) grow between widely spaced rows of white pine in Iowa, USA
(Photo: E. Roberts)

to give shade to the crops. Benefits can include wind speed reductions, wildlife
habitat, and the potential to run a tree-based enterprise on the same land as a row-
crop enterprise.
While some tropical research promotes planting frequently-coppiced legumes in
the tree rows (Smith et al. 1997), work in Oregon suggests that the improvements in
soil organic matter do not offset the decrease in yields of corn due to the shade provided by red alder (Alnus rubra) or black locust (Robinia pseudoacacia) in the tree
rows (Seiter et al. 1999). Jordan (2004) did find that pruned mimosa (Albizia julibrissin) in tree rows improved the soil condition in farms in the Southeastern United
States. This difference in results is likely related to the fast growth rate of the
mimosa in the warmer climate of the Southeast; prospects for a similar system justified on crop yields alone in the Northeast are probably not realistic.
Gordon and Newman (1997) and Wenhua (2001) discuss paulownia (Paulownia
tomentosa) alley cropping in China, which provides fast-growing quality timber,
minimizes light competition with late leaf emergence, and provides some frost protection from late leaf holding. Other Chinese systems also include fruit trees, and
have higher yields driven by resource sharing and the humidity and temperature
mediating effects of the trees.
A study in Missouri (Gillespie et al. 2000) tested corn’s response to black walnut
and red oak rows: 10 years after establishment, the corn rows closest to the tree rows
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showed declining yields. Root pruning treatments mitigated most of the row closeness effect, suggesting that belowground competition was a much stronger factor
than light limitation for crops. Interestingly, the walnut had slower diameter growth
in response to root pruning, whereas the red oak had a much smaller response. The
authors speculate that differences in root physiology might explain the differential
responses. Importantly, corn yields in the root-pruned walnut block were comparable to or higher than in the adjacent corn monoculture. The authors are also careful
to suggest that the pruning depth was particularly extreme: 1.2 m. They speculate
that a shorter pruning depth may have benefited the corn without such detriment to
the trees in the alley. Using a single shank subsoil plow every year on alternating
sides of the tree rows is a cost-effective way to “train” the tree roots to grow below
the level where they compete with crops (Garrett et al. 2009).

6.1

Black Walnut Allelopathy

Root pruning may also mitigate the effects of juglone exuded by the roots of black
walnut trees. Juglone is a chemical exuded by the roots of black walnuts that inhibits respiration and photosynthesis in some other species of plants (Scott and Sullivan
2007). Trials with polyethylene barriers in black walnut alley cropping systems
reduced juglone in the alleys to near nothing (but increased concentrations within
tree rows). Root pruning has been suggested as a more cost-effective intervention
that might also “train” the roots to spread into deeper soil levels and further partition
belowground resources, and act to catch water and nutrients that seep below the root
zone of the crops (Jose and Holzmueller 2008).
Different crop species respond differently to juglone. Corn, wheat, and barley are
less damaged than soybeans in the presence of juglone. Especially when black walnut plantings are young, there is good opportunity to grow even sensitive crops in
the alleys for at least the first 10 years. Four meters away from the row, juglone is
reduced by 80% (Jose and Holzmueller 2008). This emphasizes the point that alley
cropping systems are dynamic over time, and the nature of interactions can change
(Fig. 4.7).
Scott and Sullivan (2007) consider plants that can grow well with black walnut
in the beginning, intermediate, and mature phases of plantations. They emphasize
that, especially at wide row spacings (i.e. Fig. 4.8), the first 15 years of a black walnut planting produces relatively little juglone, and most crops will grow satisfactorily (Scott and Sullivan 2007). They note that soil moisture can modify juglone’s
effect on other plants; walnuts share drier sites better. Noting the almost mythical
status of juglone toxicity, these authors propose a reorientation, where juglone is
considered as a resource to be managed, like low pH or soil dryness, rather than a
liability.
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Fig. 4.7 (L) Hybrid chestnuts (Castanea spp.) spaced 20′ × 30′, 8 years after establishment, intercropped with winter wheat. Chinese chestnut spaced 30′ × 30′, 23 years after establishment (R).
Both in Missouri, USA. Alley cropping can provide income in the early years of a tree plantation
before the primary crop matures and the canopy closes (Photos: E. Roberts)

Fig. 4.8 Black walnut
rows spaced 18 meters
(60 feet) apart in Missouri,
USA have no apparent
negative effect on the
pasture grasses underneath,
25 years after
establishment (Photo:
E. Roberts)
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Alley Cropping in the Northeast United States

In the Northeast USA, alley cropping could be more widely used. Trees can take up
excess fertilizer (Nair and Graetz 2004), which contributes both to tree growth and
to mitigating water quality concerns. Black walnut and red oak would be appropriate in this region, too, as would other trees with some commercial value. Corn has a
C4 photosynthetic pathway, and so is not very tolerant of competition for light. C3
crops such as wheat and soybeans might have different responses to shading and
belowground competition. The shade of trees from the tree rows might be particularly useful in growing heat-sensitive crops like lettuce for longer into the summer
months. Best practices for easy root pruning should be a research priority.
The mitigation of nonpoint source pollution is a priority for conservation and
water quality agencies in the Northeast (CT Department of Energy and Environmental
Protection 2014). Alley cropping can reduce the nutrient and sediment loads that are
entering waterways and becoming a public liability; alley cropping should be financially supported by entities that benefit from clean water. There are also direct conservation benefits to farmers, and trials should be happening to determine species,
spacings, management practices, and enterprises that work well. Informal networks
and university-based documentation should encourage a diverse group of practitioners to experiment.

7

Windbreaks

Windbreaks are rows of trees or shrubs located near agricultural land to slow the
wind. They can control erosion and snow deposition, improve animal health, survival, and reproduction, and provide habitat for predatory birds and insects (Brandle
et al. 2004), as well as sequester up to 6.4 tons (Mg) of carbon per linear kilometer
in aboveground biomass (Toensmeier 2016). Windbreaks can be classified by their
primary purpose or location, though the mechanisms and other benefits often remain
the same. Field windbreaks occur in cultivated crop land, livestock windbreaks protect livestock, often on pasture, and farmstead windbreaks manipulate the wind patterns around houses or other farm buildings (Williams et al. 1997). There are many
factors that influence windbreaks’ functions, like structure, width, height, shape,
orientation, and leaf and branch arrangement within the windbreak (Brandle et al.
2004). Much windbreak research and writing has taken place in the American West
(Jairell and Schmidt 1999), but there are examples from western Europe (Caborn
1957), and the technology is worth adapting to landscapes in the more humid
Northeastern USA.
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 he Physical Effects of Windbreaks Can Influence
T
Temperature and Plant Growth

Windbreaks are typically oriented perpendicularly to the problematic winds which
are prevalent in a given region (Brandle et al. 2004), but those might be different
from the most frequent winds (Cleugh 1998). Height is the most important factor in
determining the protected area: usually 2–5 times the height (2–5H) upwind, and
10–30H downwind (Brandle et al. 2004). Yield benefits are generally found 2–5H
upwind, and 10–15H downwind of windbreaks, but it depends a lot on the year, site
conditions, design of the windbreak, and crops (Williams et al. 1997). There is some
yield reduction because of the space windbreaks occupy, and within 1H of the windbreak, but this is more than offset by larger increases in yield farther downwind
(Williams et al. 1997). Puckett et al. (2009) suggest combining windbreaks with
grassy strips where tree root competition would otherwise affect crop yields. This
would diversify the habitat and not have a large relative impact on yields. Tree root
pruning is another way to manage competition between tree rows and crops, which
becomes especially important as water becomes more limiting (Brandle et al. 2004).
Windbreaks for different purposes require different densities, which is an
approximate measure of the trunk, branch, and leaf area the wind must blow through.
For snow distribution along a field, a lower density windbreak is appropriate.
Medium density windbreaks benefit crop and soil protection during the growing
season (Fig. 4.9). For protection of buildings and livestock, relatively higher densities provide the most benefit (Straight and Brandle 2007). The National Agroforestry
Center in Nebraska has a series of resources about windbreak design, maintenance,
and integrating income-producing products into windbreaks (http://nac.unl.edu/
practices/windbreaks.htm). Denser windbreaks generate relatively short, deep drifting snow (probably better for protecting roads and buildings), but more porous ones
spread shallow snow drifts over longer areas (probably better for crops) (Brandle
et al. 2004). Research from Scotland suggests that windbreaks with abrupt edges,
rather than gradual increases in height along the cross section, better reduce wind
speed by creating a series of eddies (Caborn 1957).
Plants tend to grow better with less wind speed, but the effects of windbreaks on
yields are quite variable (Brandle et al. 2004). Grains and pasture have mixed yield
responses, but specialty crops, vegetables, orchards, and vineyards have more consistent positive yield responses to windbreaks, especially between 3H and 10H
(Cleugh 1998). Horticultural crops like fruits and berries are especially sensitive to
wind speed (Brandle et al. 2004).
One review from Australia detailed the complexities in determining which mechanisms affected the variety of yield outcomes (Bird 1998). Across temperate
Australia, Europe, and Asia, the authors found yields that were influenced by
reduced evapotranspiration, some by snow trapping, and some where the pasture
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Fig. 4.9 A farmstead windbreak of black walnut (Juglans nigra) in Connecticut, USA. This seems
to be designed for summertime wind protection, because it is not very dense when the leaves have
fallen (Photo: E. Roberts)

yield did not increase, but animals’ performance improved because of temperature
or stress reduction. The authors emphasize that it is difficult to give unequivocal
advice about why windbreaks often work when studying them is so complex. For
instance, if windbreaks have wind speed effects up to 30H downwind, it is hard to
assume that site conditions are otherwise similar, especially in variable topographies. Daytime temperatures within 8H tend to be warmer because of reduced turbulence (but between 8 and 24H turbulence is higher, so temperatures are cooler)
(Brandle et al. 2004).
Windbreaks may help accumulate heat units, which is useful especially in cold
places (Brandle et al. 2004). The reduced turbulence in windbreak-sheltered areas
may also increase the risk of frost damage (Cleugh 1998), so sites where frost is a
limiting factor might need more judicious planning (sloping topography with no
trees, for instance).
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Effects on Livestock

All animals have a temperature below which they must use more physical resources
to maintain their body condition. This temperature varies with species, age, size,
health, coat thickness, and whether the animal is wet or dry, but in general, windbreaks reduce wind chill, which can lead to animals needing less feed to meet their
maintenance requirements (Williams et al. 1997). Dairy cattle produce less milk at
temperatures below 2 degrees C (35 degrees F) and pigs must eat more when they
are faced with cold winter temperatures. Whether these animals are raised outside
or in confinement systems, windbreaks will either reduce wind chill or reduce the
amount of energy needed to heat/cool their buildings (Quam et al. 1994).

7.3

 iological Diversity, Pest Control, and Non-timber Forest
B
Products

The wind moderating effects of windbreaks are the primary purpose for installing
them, but auxiliary benefits like pest control, non-timber forest products, and aesthetics are also important factors. Thin windbreaks improve conditions for insect
diversity and survival primarily through wind speed reductions, but the more complex they get, the more habitat they provide (Brandle et al. 2004). Vegetative structure provides perching substrate, cover for predator avoidance, and travel corridors
for birds (Jones and Sieving 2006). Diverse native vegetation supports specialist
herbivore caterpillars that make up the bulk of breeding birds’ diets (even if those
birds are primarily seed-eaters) (Tallamy 2009). This suggests that trees as in windbreaks can improve bird habitat in agricultural areas.
A study in Quebec found that cutworms and weevils were less abundant in corn
plots that birds had access to, especially those near (0–7 m) the field edge. The overall pest pressure was low, so there was no effect on yields, but there was also some
evidence for control of aphids and corn rootworms (Tremblay et al. 2001). Downy
woodpeckers are significant predators of overwintering corn rootworm; windbreaks
likely increase their spread into crop fields (Williams et al. 1997). Bird exclosures
had higher levels of aphids and thrips on kale than non-exclosed plots in Kenya,
especially in the dry season (Ndang’ang’a et al. 2013). These studies suggest that
birds contribute to pest control.
The effects of vegetative structural diversity of windbreaks on bird activity can
be significant even if the additional plants are relatively small. Rows of sunflowers
increased insectivorous bird foraging activity at a density of only one or two 1 m
rows per 0.4 ha (Jones and Sieving 2006). A study in Florida found significant bird
foraging within 20 m of woody edge, especially birds they called “functional insectivores” who eat cutworms, corn borers, and weevils, at least during their breeding
season. The authors recommended the 20 m zone as a target area for reducing pesticide use and performing other bird-friendly practices (Puckett et al. 2009).
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One study in Quebec (Bernier-Leduc et al. 2009) compared bird abundance and
diversity in 12 year old larch-ash (Larix-Fraxinus) and ash-elderberry-highbush
cranberry (Fraxinus-Sambucus-Viburnum) windbreaks (about 2 m wide, with
diverse understories). There was no difference in bird diversity between the treatments. 98% of the recorded birds were non-detrimental, and potentially damaging
birds like crows (Corvus brachyrhynchos), starlings (Sturnus vulgaris), cedar waxwings (Bombycilla cedrorum), and red-winged blackbirds (Agelaius phoeniceus)
occurred in low abundance. In balancing the crop predation of detrimental birds
with the pest control benefit of non-detrimental birds, the authors conclude that the
windbreak probably produced a net benefit for crops. Specialty crop integration in
windbreaks requires a relatively large initial investment, plus labor costs and marketing expenses are high, and small local markets can be limiting. But one analysis
(Josiah et al. 2004) estimated the gross per-meter returns as high as $15 (Brandle
et al. 2004). For producers with access to the right markets, that is a real
opportunity.
Dix et al. (1995) review how trees affect the predators and parasitoids of crop
pests. They suggest that diverse woody field edges and windbreaks provide alternate
prey for predators and parasitoids, overwintering and nesting habitat, and floral
resources that can enhance the fitness of crop pests’ natural enemies. Lavandero
et al. (2006) complicate the picture, with examples of floral resources benefiting
pest organisms as well. Lu et al. (2014) discuss the importance of extrafloral nectaries in addition to nectar and pollen resources on improving parasitoid fitness. They
stress the importance of finding “selective” floral resources that favor beneficial
species only. One example is buckwheat, which supports the parasitoid wasp
Microplitis mediator without benefiting its host pest, the cabbage moth Mamestra
brassicae (Géneau et al. 2012). Lu et al. (2014) are careful to point out that selectivity can happen at the landscape scale, too: the ease with which predators/parasitoids
and their prey/hosts move across various landscapes can affect the fitness of each.
Future conservation biocontrol research should examine woody plants’ flowers’
selectivity; this can relate to extrafloral nectaries, flower morphology, nectar chemistry and secondary compounds, or benefits to predators of parasitoids. Until then,
diversity, continuity of nectar availability, and other functions (habitat, caterpillar
host, aesthetics, availability) will likely drive producers’ choice of woody species
for windbreak biocontrol.
Woody plants can also support pollinators next to agricultural fields by providing
floral resources and nesting sites (Sheffield et al. 2016). Plants that flower near the
bloom time of the primary crop can increase the reproductive success of native pollinators; a diverse assemblage of plants should be able to carry populations throughout the year. One analysis from Pennsylvania tracked pollinator visits to various
native plants throughout the year (Russo et al. 2013). The researchers suggest that a
mix of plants will support specialist and generalist bee species across the flowering
seasons. Some native bees nest in bare ground, and others nest in cavities or hollow

4

Agroforestry for the Northeastern United States: Research, Practice, and Possibilities

115

stems. Windbreaks are an ideal place to manage for a variety of habitat types that
support beneficial wildlife. Details about specific habitat structures are well
explained in Lee-Mader et al. (2014), and include woody debris, rock piles,
un-disturbed mulch, and woody stems. Each of these is easy to incorporate into a
row of trees.

7.4

Other Benefits of Windbreaks

Buildings situated downwind of windbreaks use less heating energy. Other, less
tangible—but very real—benefits include reduced noise and dust pollution,
improved outdoor working conditions, and reduced building maintenance costs
(Williams et al. 1997). Many people will be concerned about aesthetics, too. While
few producers will be able to install windbreaks solely for aesthetic purposes, affinity for a particular plant can be an added factor when deciding on species composition. Proponents of windbreaks’ functionality would be wise to respect individuals’
preferences.

7.5

Windbreaks in the Northeastern United States

The most appropriate species for windbreaks in the Northeast will vary with producers’ goals and site conditions. Dense, fast-growing conifers include Norway
spruce and white pine; most other hardwoods will grow well. If control over tree
species is not a priority, natural regeneration might be possible, depending on what
trees are in the vicinity, and what competing herbaceous vegetation is present. For
small, unmown and uncultivated areas, selectively weeding out shrubs and grasses
to release existing tree seedlings might be an easy way to establish a windbreak.
In the Northeastern USA, many farms already have rows of trees and shrubs
along fence lines and stone walls, even if farmers aren’t using the term “agroforestry.” These should be valued and supplemented as needed, especially to create
even density, and to make the density match the desired wind control goals. Many
rows of trees alongside fields may have gaps from uneven establishment or storm or
insect damage, which may be concentrating wind rather than buffering it. Fast-
growing species adapted to the shade and moisture conditions of the particular gap
could be planted to make these windbreaks more functional.
Windbreaks’ widths vary from one to seven or even ten rows wide. The widest
designs tend to have less effect on wind speeds because they encourage less eddying
(Straight and Brandle 2007). Two to five rows of trees are a feasible width. This also
provides an interesting canvas on which to design multifunctional systems. The
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simplest designs might have two rows of white pines for livestock protection. A
more complicated windbreak might include one row each of red maple and black
locust for early nectar resources, with a row of hemlocks in the middle for structure
and wildlife cover. Willows are fast growing species that are especially adapted to
higher moisture sites; several species of willow can also be marketed in the ornamental floral trade. A windbreak mixing full-sized willows with adjacent rows of
ornamental willows could provide wind protection benefit and a supplemental
income source. On a smaller scale, windbreaks of shrubs like elderberry (Sambucus
spp.), hazelnut (Corylus spp.), nanking cherry (Prunus tomentosa), or crabapple
(Malus spp.) might provide crops in a shorter time than trees, and could be easier to
integrate into an agricultural landscape because of their smaller statures.

8

Forested Riparian Buffers

Riparian buffers are areas of vegetation managed around water bodies to intercept
nutrient, pesticide and sediment runoff, stabilize streambanks, maintain cool water
temperatures, and provide habitat and wildlife corridors. Many of these functions
can be performed by simple perennial grass “filter strips,” but the addition of woody
plants provides more opportunity to be creative in meeting several management
goals simultaneously. Particularly promising are the incorporation of woody floral
products and other non-timber forest products like fruits and berries, and designing
and managing forested buffers to enhance the beneficial effects of wildlife on agricultural operations.
The Northeastern United States faces water quality challenges from agricultural
runoff, much like the rest of the country. The most common sources of excess nonpoint source nutrients in surface water are chemical fertilizers and manure from
animal facilities. Water quality contaminants associated with agriculture include
nutrients (N and P from fertilizers and animal wastes), pathogens and organic materials (animal wastes), sediment (field erosion), pesticides, salt, and petroleum products. Primary outreach is through the Natural Resources Conservation Service
(NRCS) and its Environmental Quality Incentives Program (EQIP). The Connecticut
Department of Energy and Environmental Protection’s 5 year plan includes developing a clearinghouse for nutrient management and soil erosion control innovations
(CT Department of Energy and Environmental Protection 2014).
Buffers can be forested through natural or artificial regeneration methods; the
usual tradeoffs apply. Natural regeneration can be cheaper, but can be less predictable and relies on nearby seed sources. Artificial regeneration gives managers more
control over the species mix, but can be more expensive (Butler 2003).
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Design of Riparian Buffers

The Connecticut Best Management Practices recommend riparian buffer widths
from 15 m (50 ft) to more than 45 m (150 ft), depending on the slope of the land,
vigor of vegetation, drainage of the soil, and size of the draining watershed (CT
Department of Energy and Environmental Protection 1996). Guidelines from the
University of Missouri suggest a three-part buffer: fast-growing trees closest to the
stream, a combination of trees and shrubs in the next section, and perennial grasses
closest to the crop field (Gold et al. 2005). Schultz et al. (2004) expand that idea,
saying more flexibility in vegetation structure can benefit stream ecology and
encourage producers to adapt buffers to fit their particular farms. Design considerations are well detailed in Bentrup (2008). Interestingly, buffers designed to capture
runoff phosphorus should be located higher in elevation than potential floodwaters,
so that the phosphorus will not be washed away during high water. Nitrogen buffers
should be downslope so that they can catch the available nitrogen; the plants in the
buffer use nitrogen, so it is at less of a risk for washing away.

8.2

I ntegrating Non-timber Forest products into Riparian
Buffers

There has been recent work in Virginia to encourage landowners to install riparian
buffers by emphasizing the possibility of producing fruit and nuts in the buffers
(K. McFarland, personal communication). Trozzo et al. (2014) found that landowners most likely to express interest in planting a buffer that included native fruit and
nut trees had relatively high incomes, did not consider themselves farmers, and had
bought their land relatively recently. This expands the traditional targets of buffer
outreach. A new tool called Buffer$ (“Buffer Bucks,” http://nac.unl.edu/tools/buffer$.htm) helps project enterprise budgets for a variety of edible or marketable
riparian buffer species. Elderberries (Sambucus spp.) and woody florals are promising non-timber forest products that can be incorporated into forested buffers (Trozzo
et al. 2012).
Riparian buffers offer a technique that can benefit water quality and improve
wildlife habitat. They can also improve aesthetics and be a source of income and
beneficial wildlife. They are already a recognized practice by NRCS and state conservation bodies; innovations in outreach and creative marketing of non-timber forest products are logical next steps. The agro-tourism market should be a place where
woody florals can be used, and the growing vineyard industry might do well to
incorporate elderberry into some unique wines. Some initial experimentation should
be followed with collaborations between growers and wineries to achieve a scale
that works for both parties.
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Conclusions

Agroforestry presents opportunities to resolve tensions between productivity, profitability, and conservation goals held by farmers and society. Silvopastures can mitigate heat stress, improve timber value, and expand the amount of land under active
management. Fodder trees can be directly grazed, and there is much experimenting
to be done to ascertain the nuances of intensive silvopastures in temperate regions.
Windbreaks and riparian buffers are well established conservation practices that
could benefit from better promotion and support. Incorporating non-timber forest
products or explicitly designing habitat for beneficial wildlife may improve these
practices’ appeal to farmers. Forest farming is appropriate for expanding throughout
the region. Ramps, ginseng, and gourmet mushrooms can grow in previously under-
used farm woodlots and provide a supplemental income source to landowners of all
kinds. Policymakers would do well to recognize the informal networks that are
already supporting these practices. Institutions that coordinate research and communication among practitioners should continue and expand their work. Foresters
and extension personnel should work with landowners to determine whether agroforestry practices might help them reach their goals. A wide spectrum of complexity
and intensiveness will be useful in fully exploring the possibilities of agroforestry
for a variety of applications in the Northeastern US.
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