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Abstract: Agriculture faces the unprecedented
task of feeding a world population of 9 billion
people by 2050 while simultaneously avoiding
harmful environmental and social effects. One
effort to meet this challenge has been organic
farming, with outcomes that are generally
positive. However, a number of challenges
remain. Organic yields lag behind those in
conventional agriculture, and greenhouse gas
emissions and nutrient leaching remain
somewhat problematic. In this paper, we
examine current organic and conventional
agriculture systems and suggest that agroforestry,
which is the intentional combination of trees and

shrubs with crops or livestock, could be the next
step in sustainable agriculture. By implementing
systems that
mimic nature’s functions,
agroforestry has the potential to remain
productive while supporting a range of ecosystem
services. In this paper, we outline the common
practices and products of agroforestry as well as
beneficial environmental and social effects. We
address barriers to agroforestry and explore
potential options to alter policies and increase
adoption by farmers. We conclude that
agroforestry is one of the best land use strategies
to
contribute
to
food
security
while
simultaneously
limiting
environmental
degradation.
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1. Introduction
Agriculture shapes our planet in profound ways.
Roughly 38% of the land surface of the earth is used to
grow food, making agriculture the largest
anthropogenic land use [1]. Expansion in agricultural
land is the leading cause of deforestation and native
habitat loss [2,3], a situation that has led to declines in
wildlife, including birds [4], insects [5], and mammals
[6], some of which are now considered endangered
species [2]. Nutrient leaching from fertilizer results in

the eutrophication of waterways, leading to oxygen
deficient “dead zones” in water bodies around the
world [7,8]. Agriculture is the largest human-caused
contributor to the greenhouse gas emissions
implicated in climate change [1,9].
Humans are not exempt from these effects.
Pesticides in measurable quantities can be found in
many environments, including the human body
[10,11]. In the United States alone, the human health
cost of pesticide poisoning has been estimated at $1.2
billion per year [12], and excess nitrate in drinking
water caused by over-fertilization can cause illness
and is costly to clean up [13,14,15].
In addition to environmental and human impacts,
there are disconcerting implications for the resilience
of our agricultural systems [16]. Worldwide, just fifteen
crops produce 90% of food calories, with wheat, rice,
and maize alone supplying 60% [17]. A majority of
these crops are grown in vast tracts of annual
monocultures which have a high risk for pest and
disease outbreaks [18,19]. The Irish potato famine of
1845–1850 contributed to the deaths of over a million
people and is a stark reminder of what can happen
when disease destroys a single crop that is relied upon
too heavily [20]. These monocultures require yearly
replanting, high inputs, and weed control [21], and it
has been suggested that this cycle of plant-fertilizespray tends to serve the interests of the large
agribusiness companies who supply the inputs for
this system more than furthering the goal of feeding
the world [22].

The long-term sustainability of any agricultural
system requires that soils stay productive and that
necessary inputs remain available in the future.
However, soil loss occurs more rapidly than soil
creation in many agricultural landscapes [23], and the
soil that remains tends to decline in quality [24].
Heavy reliance on fossil fuels in the form of liquid fuel
and fertilizer makes agriculture subject to fluctuations
in fuel costs and supply [25]. One-way fertilizer
nutrient flows simultaneously cause pollution and
scarcity. Phosphorus is one example: this essential
plant nutrient is expected to become increasingly
expensive to mine and process, while, at the same
time, phosphorus runoff causes eutrophication of
water bodies [26,27].
In the near future, our agricultural systems will also
have to adapt to a changing climate that is expected to
bring more extreme weather events like droughts and
floods, in addition to increases in outbreaks of diseases
and pests [28]. The changes will be more severe in the
developing world, where poverty hinders people’s
ability to adapt [29,30]. The Dust Bowl of the 1930s is
an example of destructive agricultural practices paired
with an extreme drought that led to catastrophic
consequences [31]. Agricultural overreach along with
the inability to adapt to changes in climate has
toppled
civilizations,
from
the
ancient
Mesopotamians to the Mayans [32,33].
2. The Rise of Organic Farming
Organic agriculture arose as an alternative to the

conventional farming paradigm, pioneered by early
practitioners such as Rudolf Steiner in Europe in the
1920s, Sir Albert Howard and Lady Eve Balfour in the
UK and J.I. Rodale in the United States in the 1940s,
and Masanobu Fukuoka in Japan in the 1970s and
1980s [34]. Several terms were used in these
agricultural
movements,
including
“organic”,
“biodynamic”, “ecological”, and “biological” [35]. In
1990, the United States Department of Agriculture
(USDA) standardized the definition of organic
production in the US, giving consumers and
producers alike a common understanding of what
“Certified Organic” means [35].
Although differing slightly by country and certifying
agency, the main guidelines for organic management
prohibit the use of synthetically produced pesticides
and fertilizers, genetically modified organisms
(GMOs), and the prophylactic use of antibiotics in
livestock feed. Soil quality must be maintained
through various practices such as crop rotation, cover
cropping, or mulching [36]. Animals under organic
management must be fed certified organic feed and
ruminants must have access to pasture for a
prescribed number of days [36]. Fertility is typically
maintained by leguminous cover crops, applications
of manure and compost, biologically derived inputs
such as blood and feather meal, and mined mineral
substances [36]. Weeds in organic grain and vegetable
systems are usually controlled through tillage, though
cover cropping and crop rotation also play an
important role in breaking up weed cycles [37]. Pests

control entails providing habitat for beneficial
predators, selecting resistant plant stock, and using
biologically derived pesticides as a last resort when
needed [36].
The guidelines of organic production usually lead to
more sustainable outcomes on the ground. Organic
farms foster higher biodiversity than conventional
farms, including insects, plants, soil biota, and even
birds and larger animals [38,39,40]. Often, organic
farms are more diverse in their cropping systems due
to the inclusion of livestock and longer crop rotations
[10]. The use of mechanical and cultural control
methods for weeds and other pests can leave low levels
of these populations that further contribute to
biodiversity [40]. Soil quality tends to improve under
organic management based on measurements of soil
organic matter [39,41], though no-till conventional
agriculture measured highest of all in some studies [9].
Although organic yields typically lag behind
conventional yields [42], in drought years the opposite
has been shown, which is attributed to the higher
water holding capacity of soils under organic
management [43,44]. Overall, organic production uses
less energy per production unit due to the high energy
costs of conventional fertilizer and pesticides
[39,44,45].
Worth noting is the fact that, although organic
certification makes hard distinctions about the use of
pesticides, synthetic fertilizers, and GMO technology,
a wide spectrum of practices are available for both
conventional and organic producers that have

beneficial environmental outcomes. Cover cropping,
integrated pest management, application of manure
and composts to build soil organic matter, crop
rotation, and the integration of livestock and crops are
important tools that should not be overlooked when
considering impacts. Indeed, in some studies that
compared organic vs. conventional crop systems, the
authors conclude that improvements under organic
management were likely due to practices like manure
application and cover cropping that were included in
the organic system which could be employed in a
conventional system to similar effect [46,47,48].
3. Challenges in Organic Agriculture
Even with the good intentions of organic
certification practices, most organic crop production
systems utilize the same basic methodology as
conventional farming, and therefore can have some of
the same negative consequences. The pattern of
cultivating annual monocultures that require yearly
replanting, application of fertilizer, intensive weed
control, and highly mechanized equipment to
accomplish the work remains relatively unchanged,
especially at scales larger than small market gardens
[49]. The undesirable conventional tools are simply
swapped out for those that are more benign: organic
seeds for GMO seeds, cultivation or mulch instead of
herbicides for weed control, and cover crops and
manure for fertilization instead of fossil-fuel
derivatives [36]. Although these changes can lessen
environmental impacts, they may not eliminate

them.
The issue of nitrogen leaching offers a good example
of environmental impacts that are not eliminated
entirely. Even though some studies show an
improvement in nitrate leaching under organic
management, the levels may still contribute to
groundwater pollution. Pimentel et al. compared
three rotations with differing sources of nitrogen: an
organic rotation with legume cover crops, an organic
rotation with animal manures, and a conventional
rotation utilizing synthetic fertilizers. They found that
leachate samples for all three treatments sometimes
exceeded the 10 ppm regulatory limit for nitrate
concentration in drinking water. The organic animal,
organic legume, and conventional rotations lost 20%,
32%, and 20%, respectively, of the nitrogen applied to
the crops in the form of nitrate [44]. In Swedish
studies, Bergström et al. concluded that organic
sources of nitrogen leached more than conventional
fertilizers. They attributed this to the fact that the
manures and legume cover crops released the most
nutrients during fallow periods or at times that did not
sync with nitrogen demand of the crop [50].
Even though soil quality can improve under organic
management relative to conventional management
[39,44,51], soil loss and degradation are still risks due to
the fact that tillage is required for weed control and for
incorporating biomass from cover crops [37,46].
Tillage has been shown to have adverse effects
including compaction, erosion, and lowering of
biological activity in the soil [23,52,53]. As reported in

Arnhold et al., studies comparing erosion in organic
and conventional systems have had variable results
that depend upon the crop rotation, crops used, and
tillage systems. The authors’ study in mountainous
regions in Korea concluded that soil loss under either
conventional or organic management was too high for
sustained productivity [54].
Recognizing the benefits of reducing tillage, there
has been interest in adapting no-till techniques for
organic farming [37]. The process usually entails
growing a cover crop ahead of the main cash crop,
then crushing it down mechanically and planting
through the residue [55]. If done correctly, weeds are
suppressed by the mulch and no cultivation is needed
for that crop. However, it can be a challenge to grow
the necessary biomass in the cover crop to provide
effective weed control, and the technique may not be
possible in water-limited environments due to water
competition by the cover crop [37]. Perennial weeds
pose a particular problem, as they are typically able to
grow through the mulch [37,42,55].
Studies exploring the impact of organic agriculture
on greenhouse gas emissions have shown mixed
results [35,41,56]. When measured on a per area basis,
organic systems may fare better than conventional
systems, but when the yield gap in organic is taken
into effect, the emissions may be higher per unit of
output [39,48]. Even when soil carbon increases, other
gasses such as nitrous oxide are emitted by annual
systems that contribute to climate change, negating
potential benefits [9].

Differences in yields between organic and
conventional systems may also have indirect
environmental implications. Organic systems are
generally agreed upon as less productive, with an
average decrease in yield of around 20% to 25%,
though the literature shows ranges anywhere from 5%
to 50% depending upon the crop, soils, intensity of
management, and methods by which the study was
conducted [38,42,57]. Critics argue that under organic
management, more land would need to be put into
agricultural production in order to maintain global
food security. This would result in deforestation and
other habitat loss, leading to an overall negative
environmental outcome [42,58].
Given
these
challenges
within
the
organic/conventional debate, there seems to be an
opportunity to evaluate additional tools and
techniques that may yield other possible solutions.
Instead of an ”either-or” approach to thinking about
our agricultural landscapes, a ”yes-and” mentality
might be more useful. Indeed, many have called for a
multidisciplinary, multifunctional approach to
designing agroecosystems [24,39,59,60]. In terms of
feeding the world while sustaining the planet, perhaps
Foley enunciates this best: “No single strategy is
sufficient to solve all our problems. Think silver
buckshot, not a silver bullet” [1] (p. 65).
4. Agroforestry as a Transformative Solution
One multifunctional approach for our food system
is agroforestry, the intentional combination of trees

and shrubs with crops or livestock. Agroforestry has
been recognized for nearly half a century as a
sustainable agricultural practice [61], and the concept
of integrating trees into the agricultural landscape is
as old as the practice of cultivating land. The beneficial
outcomes of agroforestry include reductions in
nutrient and pesticide runoff, carbon sequestration,
increased soil quality, erosion control, improved
wildlife habitat, reduced fossil fuel use, and increasing
resilience in the face of an uncertain agricultural
future [21,62,63,64,65,66,67]. In short, adding trees and
other perennials to a landscape can help mitigate
many of the harmful effects of agriculture. The fact
that it can simultaneously provide economic,
ecological, and cultural benefits gives agroforestry
great potential as a land use strategy in both the
developing and developed world [68].
4.1. Agroforestry Practices and Products
In addition to the environmental benefits,
agroforestry can supply products such as timber,
crops, fruits, nuts, mushrooms, forages, livestock,
biomass, Christmas trees, and herbal medicine [69]. A
diverse portfolio of products would allow revenue
streams to be spread out over the short-term (crops,
forage, livestock, mushrooms, certain fruits like
currants), medium-term (nuts, fruits such as apples or
persimmons, biomass, medicinal plants), and longterm (lumber, increased property value). This
diversity of products can also reduce risk for farmers,
though it may require creative marketing [69].

Different types of agroforestry are practiced across
the world. Tropical agroforestry has traditionally
enjoyed more focus and has been more widely
adopted than temperate agroforestry. Systems like
shade-grown coffee and tea are well developed, and
the availability of hand labor makes some tropical
agroforestry practices more practical than in areas
where machine harvesting is more common [31,70].
Culturally, agroforestry has played an important role
in both indigenous tropical areas and in temperate
places like Europe, though land abandonment and
agricultural intensification in northern areas has led to
declines in traditional agroforestry practices [71]. This
review focuses primarily on temperate agroforestry.
There are five generally recognized agroforestry
practices promoted in the temperate zone, especially
in North America: alley cropping, silvopasture,
riparian buffers, windbreaks and forest farming
[67,69]. These practices fit within a variety of cropping
systems, topographies, and climatic zones.
4.1.1. Alley Cropping
Alley cropping involves growing field crops between
rows of trees [72]. The trees can be grown for timber or
fruits and nuts, while the alley crops can include a
variety of grains, vegetables, or forages cut for hay. The
crops provide short-term income while the trees
provide longer-term revenue. The tree and crop
species also may interact in ways that allow increased
production due to the different niches that the trees
and crops occupy [73]. For example, one study in

France showed walnuts and winter wheat to be good
companions because they grow at different times of
the year and have differing rooting depths. The
researchers concluded that the system produces 40%
more product per given area than if the two crops
were grown separately [74].
4.1.2. Silvopasture
Silvopasture incorporates livestock into an
intentional mixture of trees and pasture. Silvopasture
is different from just “grazing the woods”, because the
spacing of the trees is carefully planned to allow
enough sunlight for the forages below, and the
livestock are kept from damaging the trees. The trees
offer protection for livestock through shade during the
heat of the summer and wind reduction in the cold
winter [75,76]. Additionally, the pasture quality in
partial shade may increase, although it is usually
slightly less productive in terms of biomass [77].
Livestock grazed on silvopasture versus open pasture
show equal gains [76]. If the trees are also being grown
for timber, the long-term bottom line of the farmer
will improve without compromising current
production [76].
4.1.3. Riparian Buffers
Riparian buffers are planted areas around
waterways that are at risk from erosion, nutrient
leaching, or habitat loss [78]. Usually there are two or
three “zones” of vegetation that vary in composition
based on the proximity to the waterway, slope, and

producer needs [69]. Riparian zones tend to be
marginal for agricultural production, making them
prime candidates for alternative uses. There has been
concerted effort by the United States Department of
Agriculture (USDA) to implement conservation
practices on areas around waterways due to their
beneficial impact on water and soil quality. The
Environmental Quality Incentive Program (EQIP)
through the Natural Resources Conservation Service
(NRCS) and Conservation Reserve Program (CRP)
through the Farm Service Agency (FSA) are examples
of some government funded initiatives [79].
4.1.4. Windbreaks
Windbreaks, also known as shelterbelts, were
recognized early on as a useful agroforestry practice.
Windbreaks prevent wind erosion, provide habitat for
wildlife, and can increase water availability to nearby
crops due to lower evapotranspiration and the effects
of catching snow [75]. More water can mean higher
production, leading to important economic benefits
to farmers [80]. On a farmstead, windbreaks can
decrease the heating and cooling needs for living and
working spaces by reducing indoor air exchange
caused by wind [81].
The Dust Bowl years in North America led to the
U.S. government initiating the Prairie States Forestry
Project, a massive shelterbelt stretching from Canada
to Texas [75]. Another notable example is China’s
Three-North Shelter Forest Program, the world’s
largest afforestation effort [82]. Started in 1978 and

expected to be completed in 2050, it is known as
”China’s Great Green Wall” [82]. Similar strategies
have been employed in Russia, northern Europe,
Australia, New Zealand and other countries [75,80,83].
4.1.5. Forest farming
Forest farming includes practices such as raising
mushrooms, harvesting medicinal herbs like ginseng
and goldenseal, and marketing woody ornamental
material [69]. This agroforestry approach usually
occurs in established forests that are grown for timber
and allows for income generation without major
disturbance [84]. Management of forest farming
systems can range from intensive to minimal,
depending on the product and desired market. For
example, woods-grown ginseng may involve extensive
site preparation, fertilizer, tillage, and fungicides that
can increase yields but are costlier and therefore
riskier. Alternately, wild-simulated ginseng may
involve simply raking leaves back, planting seeds, and
letting the ginseng grow for several years until it is
ready to harvest [69].
It is noteworthy that, of the five practices, only alley
cropping and silvopasture are typically practiced on
land that is suitable for conventional agriculture. Even
then, conventional cropping is often continued for
several years before the trees are fully grown [69].
Riparian buffers, windbreaks, and forest farming
usually occur on field margins or on land not suitable
for farming, although, in some cases, may require
setting aside some cropland to obtain the required

width to be effective [85]. These practices therefore
tend to complement, rather than compete with,
existing production systems and may provide ways to
contribute to food security by using resources that are
otherwise underutilized.
In practice, agroforestry can contribute to either
conventional or organic systems. In either case, the
beneficial effects of agroforestry can improve
environmental outcomes beyond what is already
possible within each system. In this way, agroforestry
may be able to address some of the challenges
outlined earlier for organic agriculture, including soil
loss, greenhouse gas emissions, and nutrient leaching.
The next section summarizes these benefits, as
promoted in the agroforestry literature.
4.2. Benefits of Agroforestry
Agroforestry has positive effects on soil and water
quality. Soil quality is improved by increased levels of
organic matter, more diverse microbial populations,
and improved nutrient cycling, which may increase
crop productivity and the ability to cope with drought
[65,86,87]. The water quality benefits occur as nonpoint source pollution from row crops is reduced by
incorporating agroforestry vegetative buffer strips
[88,89,90]. On a “paired” watershed study in Missouri,
agroforestry and grass buffer strips reduced
phosphorus and nitrogen loss from a corn-soybean
rotation [88]. The perennial vegetation increases
above-ground biomass that slows runoff and can trap
as much as 95% of the sediment at risk of being lost

[91], while the below-ground roots can take up 80% or
more of excess nutrients as well as hosting microbial
populations that can break down pesticides [68,90,92].
The increase in soil organic matter in the form of
carbon not only improves the health of the soil, but it
can also help reduce atmospheric carbon dioxide that
is implicated in climate change [23]. Compared to a
monoculture of crops or pasture, adding trees and
shrubs to an agricultural landscape increases the level
of carbon sequestration [65,93]. Kim et al. did a metaanalysis on greenhouse gas emissions in agroforestry
and showed an overall mitigation of 27 ± 14 tons CO2
per hectare per year. Biomass accounted for 70% of
sequestered carbon, with the remaining 30%
sequestered in the soil [94]. A North American analysis
performed by Udawatta and Jose showed that
agroforestry practices implemented on a modest scale
could potentially sequester 548.4 Tg carbon per year,
enough to offset 34% of US emissions from coal, oil,
and gas [85].
The mechanisms for increased carbon sequestration
include better erosion control, more carbon being
stored in woody perennials, reduced organic matter
decomposition, and the fact that crop biomass is not
harvested in agroforestry to the degree that it is in
conventional systems [94].
The link between perennial systems and climate
change may be an important one. Robertson et al.
studied the global warming potential of several annual
and perennial systems. They found that none of the
annual cropping systems reduced global warming

potential, whether conventional, no-till, reduced
input, or organic. Although the cropping systems did
accumulate carbon in the soil, the gains were offset by
nitrous oxide emissions. However, the perennial and
early successional forest treatments including alfalfa,
hybrid poplar, and abandoned early successional sites
all reduced global warming potential. Midsuccessional and late successional systems stored less
carbon per year as they matured. The authors
concluded that the best option for mitigation was the
early successional forest system [9]. Many agroforestry
practices effectively mimic these early successional
forests.
Reducing fossil fuel use is another important
strategy for climate change mitigation [95]. Bioenergy
is one avenue to reduce fossil fuel dependence, but
there are concerns about using valuable cropland to
grow crops for energy instead of food [16]. Currently,
40% of the U.S. corn harvest goes to producing
ethanol, which seems counterproductive to the goal of
reducing world hunger [16]. By producing biomass
from trees in combination with food on the same land,
agroforestry may be one way to contribute to a secure
energy future without compromising food production
capabilities [96,97].
When comparing mixes of species (i.e.,
polycultures) with individual crops, a useful measure
is the LER, or Land Equivalent Ratio [98]. This metric
considers the yield of the polyculture and calculates
the amount of land that would be required if the crops
were grown separately. For example, when comparing

loblolly pine and switchgrass mixes with pure stands
of each crop, Haile et al. noted that, although each
crop yielded less in the mix, the system produced an
overall LER of 1.47 [99]. This means that if switchgrass
and loblolly pine were grown separately, it would
require 47% more land than the agroforestry system to
grow the same amount of biomass.
Modeling of agroforestry systems in Europe using
the Yield-SAFE (YIeld Estimator for Long-term Design
of Silvoarable AgroForestry in Europe) model
predicted LER values between 1–1.4 for scenarios in
Spain, France, and the Netherlands, indicating higher
productivity when integrating trees and crops than
when grown separately [100]. In another study in
Switzerland, agroforestry models focusing on walnut
(Juglans hybrid) and wild cherry (Prunus avium)
showed that in 12 out of 14 scenarios, mixing crops led
to LER measurements higher than one. In addition,
68% of the Swiss financial scenarios were found to be
more profitable than current practices [101].
When compared with conventional and organic
monocultures, agroforestry contributes to the
conservation of biodiversity. Adding trees, shrubs, and
other perennial vegetation to an agricultural
landscape provides habitat for greater numbers and
more diverse populations of wildlife [68,90]. In
addition to intrinsic value, biodiversity can provide
useful services. More birds and predatory insects can
help keep pests under control [19,102]. Habitat for
pollinator species can mean better pollination of
horticultural crops [103]. Even incidences of disease

generally decrease in more diverse populations, for
both plants and wildlife [104,105].
Livestock can benefit from agroforestry as well.
Windbreaks protect animals from harsh winds, while
shade provided by trees can increase comfort in the
heat of the summer and may encourage more even
grazing over a paddock [71]. Forest-based foraging
systems for poultry and hogs can decrease the need for
grain and provide surroundings closer to these
species’ natural habitat [106]. The cork oak dehesas of
the Mediterranean are an example of a
multifunctional landscape that has endured for
hundreds of years, providing grass and acorns for
grazing livestock and a valuable cash crop in the form
of bark for making traditional corks [107].
Compared to annual monocultures, perennial
polycultures like agroforestry are inherently more
stable in the face of global market volatility and
extreme climatic events [16]. In the event of fossil fuel
scarcity, mature fruit and nut trees would continue to
produce their products with relatively little
interruption, though labor may have to be substituted
for other inputs. Not only do agroforests sequester
greenhouse gasses that are driving global climate
change, they are also more resilient to its likely effects.
Deeper rooting systems and improved infiltration and
water storage lessen the impact of drought, while
trees’ abilities to pump excess water out of the soil as
well as withstanding inundation better than field
crops means they are also more resilient to floods [30].
Though often overlooked, there are additional

cultural benefits to agroforestry. Many landowners
value the preservation of nature, both for its beauty
and for perceived benefits including a sense of
improved health and the peace and quiet of a rural life
[108]. Research shows that aesthetics provided by
practices such as vegetative buffers are preferred by
rural residents [109]. There are also opportunities for
recreation, including bird watching, nature hikes, and
hunting [110].
5. Challenges to Agroforestry Adoption
The opportunities for agroforestry are exciting, but
not without challenges. Agroforestry adoption has
been surprisingly low, considering the welldocumented benefits [111,112,113]. Barriers have
included the expense of establishment [114],
landowner’s lack of experience with trees [108,113],
and the time and knowledge required for
management [115].
Many farmers learn about new agricultural practices
through extension personnel or agricultural product
dealers, and these professionals typically do not have
training or experience with agroforestry [116]. In
addition, lack of established demonstration plots
makes it hard for landowners to see these systems in
action [3]. Since many of the useful outcomes from
agroforestry are less tangible or longer-term, it may be
difficult for landowners to envision them [117].
For agroforestry systems that produce edible
products such as fruits and nuts, the logistics of
harvest can be challenging. For agroforestry systems to

be economically competitive, mechanization may be
required for larger plantings [118]. This can be
complicated if multiple fruit or nut species are grown.
Non-traditional markets and delayed profits may be
another deterrent [108]. The economic feasibility of
some agroforestry systems such as silvopasture have
been shown to be profitable, whereas other practices
such as biomass plantings or riparian buffers may
need the development of markets that offer
compensation for the ecosystem services provided in
order to make financial sense [62,97,119]. Social
change and networking will also play a role as
mindsets evolve to include alternatives to the norm
[112,114].
Moving Forward—Policy and Research Needs
Given these challenges, a number of strategies have
been proposed to move agroforestry forward. Policy
changes could include increased funding for
government cost-share programs for installing
practices and credits for environmental services
rendered, such as pollination and carbon
sequestration [68,97,113,116]. Current USDA programs
through the NRCS and FSA often stipulate that land
set aside for conservation may not be harvested, but
agroforestry systems could provide a harvestable
product
without
compromising
conservation
potential. A policy change to allow non-destructive
harvest of consumable products from such systems
might encourage more farmers to adopt agroforestry
practices, leading to better conservation outcomes

[68].
Although it is reasonable that the majority of
government funding goes toward major cropping
systems such as corn and soybean, the fact that
agroforestry has the capability to remediate the
negative effects of these very systems suggests it
should be given more attention [68]. Some of this
support could be used for education through
extension and university programs [120]. In fact,
education may be the most important factor for
adoption, as many studies on the adoption of
conservation practices cite lack of access to
information and technical assistance as one of the
primary barriers [3,108,116,120].
The opportunity to expand the production
potential of agroforestry systems is underdeveloped.
More research is needed to study the use of trees and
shrubs to provide marketable products [121]. Recently,
interest has grown in the development of
multifunctional, edible polycultures that mimic
natural ecosystems such as the native oak savannas of
the Midwest [122]. These polycultures include
multiple crops stacked together to take advantage of
different ecological niches as well as to provide
multiple streams of income [123]. For example, field
trials at the University of Illinois at ChampaignUrbana were established to study a mixture of
chestnuts, hazelnuts, apples, currants and raspberries.
Control plots of a conventionally managed corn and
soy rotation will allow for comparative analysis of a
variety of environmental, ecological, and economic

metrics. A large-scale, replicated study established in
2015 will look at different spatial layouts of these
polycultures compared to monocultures of each
species as they might be grown in a commercial
orchard, in addition to being able to compare them to
a corn/soybean rotation. Included in the treatments
are plantings of native trees and shrubs that also have
edible products, including aronia, elderberry, pecan,
pawpaw, persimmon, plum, and serviceberry. This
native edible plot explores what is possible within the
confines of conservation easements that mandate the
use of native species [123].
6. Conclusions
Various pathways have been proposed to safely and
sustainably feed a growing population. Organic
farming shows promise for lowering the use of
agrichemicals and improving certain environmental
and human health metrics, while proponents of
conventional systems point out the advantages of
using genetic engineering, fertilizers, and pest control
in improving yields.
Broader strategies include limiting the expansion of
farmland via deforestation, minimizing food waste,
eating less meat, closing the yield gaps for
underperforming cropland in the developing world,
and more efficient use of resources like water,
fertilizer, and fuel [1,48]. These efforts, and others, will
be needed as part of a multi-faceted approach if we are
going to successfully and sustainably feed the world.
Nature produces its bounty while requiring no

plowing, no fertilizer, and no pest control—in fact, no
inputs of any kind. It runs entirely on solar energy and
generates no harmful waste products. Its biological
diversity allows dynamic adaptation in the face of
external change. If our agricultural systems can more
closely mimic the functionality of nature, they can
become more stable and resilient. Building such a
system is without a doubt a challenging task, requiring
a variety of tools. Agroforestry can provide the next
step in sustainable agriculture by promoting and
implementing integrated, biodiverse processes to
increase yields, decrease harmful effects, and advance
our understanding of the complex interactions
involved in increasing food production while
minimizing damage.
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