
REVIEW
published: 05 December 2017
doi: 10.3389/fpls.2017.02069

Frontiers in Plant Science | www.frontiersin.org 1 December 2017 | Volume 8 | Article 2069

Edited by:

José Manuel Mirás-Avalos,

Universidade de Santiago de

Compostela, Spain

Reviewed by:

Alexander Ignatov,

R&D Center “Phytoengineering” LLS,

Russia

Shabir Hussain Wani,

Michigan State University,

United States

*Correspondence:

Oren Shelef

milioren4@gmail.com;

orens@unr.edu

Specialty section:

This article was submitted to

Agroecology and Land Use Systems,

a section of the journal

Frontiers in Plant Science

Received: 28 September 2017

Accepted: 20 November 2017

Published: 05 December 2017

Citation:

Shelef O, Weisberg PJ and

Provenza FD (2017) The Value of

Native Plants and Local Production in

an Era of Global Agriculture.

Front. Plant Sci. 8:2069.

doi: 10.3389/fpls.2017.02069

The Value of Native Plants and Local
Production in an Era of Global
Agriculture

Oren Shelef 1*, Peter J. Weisberg 2 and Frederick D. Provenza 3

1 Biology Department, University of Nevada, Reno, Reno, NV, United States, 2Department of Natural Resources and

Environmental Science, University of Nevada, Reno, Reno, NV, United States, 3Department of Wildland Resources, Utah

State University, Logan, UT, United States

For addressing potential food shortages, a fundamental tradeoff exists between investing

more resources to increasing productivity of existing crops, as opposed to increasing

crop diversity by incorporating more species. We explore ways to use local plants as

food resources and the potential to promote food diversity and agricultural resilience.

We discuss how use of local plants and the practice of local agriculture can contribute

to ongoing adaptability in times of global change. Most food crops are now produced,

transported, and consumed long distances from their homelands of origin. At the same

time, research and practices are directed primarily at improving the productivity of a

small number of existing crops that form the cornerstone of a global food economy,

rather than to increasing crop diversity. The result is a loss of agro-biodiversity, leading

to a food industry that is more susceptible to abiotic and biotic stressors, and more at

risk of catastrophic losses. Humans cultivate only about 150 of an estimated 30,000

edible plant species worldwide, with only 30 plant species comprising the vast majority

of our diets. To some extent, these practices explain the food disparity among human

populations, where nearly 1 billion people suffer insufficient nutrition and 2 billion people

are obese or overweight. Commercial uses of new crops and wild plants of local origin

have the potential to diversify global food production and better enable local adaptation to

the diverse environments humans inhabit. We discuss the advantages, obstacles, and

risks of using local plants. We also describe a case study—the missed opportunity to

produce pine nuts commercially in the Western United States. We discuss the potential

consequences of using local pine nuts rather than importing them overseas. Finally, we

provide a list of edible native plants, and synthesize the state of research concerning the

potential and challenges in using them for food production. The goal of our synthesis is

to support more local food production using native plants in an ecologically sustainable

manner.
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REGENERATIVE AGRICULTURE IN A GLOBAL ECONOMY

Feeding growing populations with increasing demands for quality, healthy, savory, and attractive
food is a vital challenge for humanity. Contemporary agricultural practices have endeavored to
do so by improving productivity of a small number of existing crops, rather than by increasing
crop diversity. Developing new crops and learning to use wild plants creates the potential to
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diversify global food production and better enable local
adaptation to the diverse and changing environments humans
inhabit (Provenza, 2008). Manifestations of global changes—
climatic, ecological, behavioral, and technological—emphasize
the need to improve food production in ways that reduce negative
impacts on the carrying capacities of the ecosystems we rely upon
to sustain us. Regenerative-ecological agriculture can restore
earth and human health through the five processes that enable
and link all life: flow of energy, captured by plants through
photosynthesis; soil-mineral cycles that provides nutrients for
life; the water cycle essential for life; ecological relationships
that create soil-plant-animal communities; and human-land
linkages including landscape-genomics and our dialogue with
nature (Massy, 2017). As part of those essential linkages, we
could also benefit from re-learning to use local plants as
sources of healthy food and other products, with attention and
concern for environmental issues. Humans have used plants
in many ways that include various forms of domestication,
gathering, horticulture (Harris and Fuller, 2014), aquaculture
and production of secondary products like grazing (livestock,
bees) and forestry. While the use of animals for food and other
products also has a fundamental role in agriculture, in this review
we focus on plant-based agriculture.

Shelef et al. (2018) describe four aspects of sustainable
agriculture: landmanagement, resourcemanagement, the human
interface, and the ecosystem interface. They argue that using
native plants as part of local food production can help create
more sustainable agriculture. While local food production has
attracted much attention recently, use of native plants in local
food production has received little attention. Most food crops
are produced, transported, and consumed long distances from
their location of origin. Moreover, according to the Food and
Agriculture Organization of the United Nations (FAO), more
than 90% of the calories humans consume come from just 30
plant species (Hammer et al., 2003). We cultivate only about
150 out of an estimated 30,000 edible plant species (Sethi,
2015 and references within). Within these few species, genetic
diversity has decreased as the number of marketed varieties
has shrunk. For example, out of more than 7000 varieties of
apples grown in the United States in the last century, over 6000
varieties have become extinct (Shand, 2000). At the same time,
research efforts focus primarily on improving productivity of a
few existing crop species, rather than increasing crop diversity.
This represents a serious loss of agro-biodiversity and erosion
of genetic diversity, leading to a food industry and human
populations more susceptible to stressors associated with global
environmental change. Sethi (2015) described the potential loss
of food diversity in detail and the FAO estimates there has been a
75% reduction in crop diversity globally.

In this review, we discuss the tradeoffs between efforts to
improve the productivity of a limited number of crops and efforts
to increase crop diversity by recruiting new species and using
local species. We describe the concepts of local agriculture and
use of native species, elaborating on the ways these concepts
are perceived today. Commercial uses of new crops and wild
plants have potential, through diversification, to make global
food production more sustainable and resilient. We discuss

the advantages, obstacles, and risks associated with using local
plants. We also provide a case study—the missed opportunity to
utilize locally produced pine nuts at large scale in the Western
United States. Finally, we provide a list of consumable native
plants, and analyze research endeavors to study them.

In the process of using plants over thousands of years
humans have influenced plant evolution (Harris and Hillman,
1989). The early days of agriculture began about 10,000 years
ago (Zohary et al., 2012), when people used local species and
selected for desirable traits for human consumption (Diamond,
2002). Domestication began with the cultivation of wheat in
the Fertile Crescent and rapidly spread throughout Europe
(Zohary et al., 2012). Once domesticated, many crops expanded
rapidly and are now used in areas where they did not originate
(Drewnowski and Popkin, 1997). To a large extent, this is the
case with the seven most globally used food crops: rice (Oryza
sativa), wheat (Triticum aestivum), soybeans (Glycine max),
sugarcane (Saccharum spp.), tomato (Solanum lycopersicum),
maize (Zea mays), and potato (Solanum tuberosum) (FAO,
2016). In the United States, nearly all of the plants people
consume are exotic species, such as corn, rice, wheat, and
soybeans (Pimentel et al., 2005). Most research is now devoted
to improving existing crops through artificial selection and
breeding, agro-technical approaches and genetic modifications
(Lemaux, 2009). New crops developed from local species are the
exception (Shelef et al., 2016). Intensive agricultural practices
developed to increase yield are associated with ecological
and environmental costs that include reducing biodiversity,
accelerating land degradation, applying fertilizers, contaminating
water and spreading pesticides hazardous to human health
(Horrigan et al., 2002; Massy, 2017). Future agriculture will have
to cope with increasing food demands for greater populations
in the face of changing climates, including changes in the
frequency and intensity of precipitation, increasing occurrence of
droughts (Howden et al., 2007), and increasing use of chemicals
(Boxall et al., 2009). Developing new plant varieties for crop
production can help mitigate these challenges by increasing
the opportunity to match local crop species with changing
environmental conditions.

WHAT WE TALK ABOUT WHEN WE TALK
ABOUT LOCAL AGRICULTURE

Local agriculture has two facets. One is use of native plant
species that often have not been studied or commercialized. The
other is food production, which involves a short distance life
cycle from field to plate. Shorter cycles between production and
consumption reduce carbon footprints, defined as the equivalent
tons of CO2 emissions produced by a particular set of activities.
Food miles (Smith et al., 2005), the distance of food transport,
is a critical factor determining the carbon footprint of food
production. Edwards-Jones et al. (2008) criticized the popular
assumption that “local is better,” arguing that most analyses lack
the empirical evidence needed for explicit life-cycle assessment.
For example, they contend the distance considered within the
range of “locality” is ambiguously interpreted, and criticize the
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widespread reliance on supply-chain-distance as the sole metric
for evaluating food quality. They also question other ways we
attempt to assess the nutritional quality and value of food. Their
arguments highlight some weaknesses of the “local is better”
assumption that we consider later. We stress that the important
conceptual part of local plant consumption is the one that
is usually least discussed—the use of native plants for novel
agriculture.

The first step in commercializing any plant species is the
search for relevant plants (Figure 1). The FAO estimates a mere
1% of available tree species have been studied for agricultural
potential. As a matter of practical consideration, it is easier
to search for agricultural potential under the bright light of
traditional cultures. Ethnobotany, the study of native plant uses
through the traditional knowledge of a local culture (Balick and
Cox, 1996), had a significant contribution to the use of plants
in the modern society, mainly for the pharmaceutical industry
(Snader and McCloud, 1994). Ethnobotany uses socio-botanical
surveys and questionnaires as a first step prior to phytochemical
inspection. This practice is sometimes criticized for relying
more on “primitive conception” through qualitative sociology
inquiry than on “hard sciences” such as phytochemistry,
pharmacology and agronomy. The search for new drugs is
the main economic driver behind ethnobotanical studies, but
increasing agrodiversity is as important as developing new drugs.
Nevertheless, ethnobotanical studies have revealed important
knowledge about native plants as food resource. Worth
mentioning is a book by Daniel Moerman (1998) who listed the
ten plants most commonly used for food by Native Americans:
Common chokecherry (Prunus virginiana), Banana yucca
(Yucca baccata), Saskatoon serviceberry (Amelanchier alnifolia),
Honey mesquite (Prosopis glandulosa), Saguaro (Carnegiea
gigantea), Broadleaf cattail (Typha latifolia), Corn (Zea mays),
American red raspberry (Rubus strigosus), Salmonberry (Rubus
spectabilis), and Thimbleberry (Rubus parviflorus). It is also

worth mentioning that of all these plants, only the last four
(corn and the three berries) are commercially used today in
considerable scale. For additional examples of edible plants of
the new world, and potential obstacles for commercialization, see
Table 1.

Once a plant is identified as a novel food with good potential,
its agricultural commercialization can be developed through
two distinct strategies: one is establishing cultivated crops
and the other is developing solutions for the efficient, cost-
effective and ecologically sustainable gathering of native foods.
Developing novel cultivated crops requires vast investments
of time, knowledge, cash and patience for the long trial-
and-error learning process that is required, which is why
new crops are rare. Leaving the crop in its native habitat
is a good solution, as illustrated globally with many plants.
Coffee and cocoa—and to some extent tea, rice, coconut palm,
avocado, date palm and pineapple—are examples of plants that
are cultivated locally in their natural habitats and consumed
globally. These systems challenge the concept of native plant
use locally (see Figure 2): Is the global commercialization of
a native cocoa plantation considered local food? Is it good
for the local environment? We posit these extreme cases of
native plant production, harvesting, transport, and consumption
do not fit our thesis that promoting local food is neglected
or necessarily beneficial. A related issue is use of native
plants to improve existing conventional crops through back-
to-nature crop breeding (Palmgren et al., 2015). This aspect
is extensively studied and is not the focus of this review.
Finally, natural systems are hard to mimic, and many species are
impossible to domesticate. Yet, commercial use of wild plants
can be economically plausible. Contemporary food gathering
has great potential to expand the use of local plants, in concert
with properly managing natural ecosystems, their resources
and services, and improving plant gathering techniques at
commercial scales.

FIGURE 1 | A conceptual diagram illustrating the production cycle of edible plants from nature to plate. Commercialization of a new plant involves three phases: (A)

finding a species with potential for safe use commercially—the species may be used already by indigenous people or may be totally novel; (B) establishing the

technique for production through cultivation or gathering; (C) developing ways to harvest, store, and deliver the crop.
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FIGURE 2 | Conceptual illustration of local food production, native plants and agro-diversity. Illustrations (A–G) describe the differences between native plant

resources and local production, discussed further in the text. The plate represents a human community of consumers, and the squares represent their food resources.

The area of each square represents its actual size and its relative contribution to the food supply of the consumers. A small square stands for a native plant that can

(Continued)
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FIGURE 2 | supply food only when grown in its native range. The total area of squares is equal in all figures. (A) a community and its food demand; (B) a community

reliant on four crops that each supply a quarter of the demand; (C) a community reliant on a high variety of plant resources, 25 times more diverse than community B;

(D) a community fed by four plant resources, one of them is in proximity, the other three distant, demanding long chain of transports. Black arrows denote transport or

food miles; (E) a community relying on one short-chain food resource and many small resources with long supply chains; (F) a mixture of one big resource in the

vicinity of the community, two big and remote sources, and some small resources, most of them remote and two are local; (G) a community relying on a variety of

locally grown plants.

THE BENEFITS AND ASSETS OF LOCAL
FOOD PRODUCTION AND DEVELOPING
NEW CROPS FROM NATIVE PLANTS

In the developing world, 10–15% of one billion hectares are

farmed using traditional methods. Approximately 475 million

people cultivate food in smallholder farms (FAO, 2016). Local
production of food can reduce the carbon footprint of agriculture
by lowering costs of production, shortening food miles, boosting
local economies, and providing foods that are fresher and more
nutritious for customers. The discipline of economic sociology
links local food production to an increased sense of self-reliance
or embeddedness of provisioning services, resulting in tighter
social connectivity among individuals within communities and
the landscapes they inhabit (Hinrichs, 2000). Indeed, in many
industrial countries, the last decade saw proliferation of short-
distance cooperative distribution and delivery programs such as
community gardening and urban farming, farmers’ markets, and
various forms of community-supported agriculture including
vegetable box delivery. These trends set the stage for native
plants to develop into new biological resources that promote food
diversity and crop resilience and enhance ecosystem services.
The following is a more detailed list of the assets of local food
production and utilization of native plants for food.

Advantages of practicing local food production:

1) Greater proximity of food production and consumption can
lead to less waste and lower inputs of energy for transport,
storage and preservatives, as well as support the recycling
of plant nutrients, water and other inputs on site (for a
review of the many inefficiencies in agriculture see Alexander
et al., 2017). Local food supply helps to reduce food miles
thus reducing carbon emissions (Cowell and Parkinson, 2003;
Winter, 2003). For example, Coley et al. (2009) suggested that
a round-trip distance of less than 6.7 km by each customer to
purchase vegetables has a lower total carbon footprint than
a system of regional storage and transport of the same food
directly to the customer.

2) Locally grown crops supply fresher and potentially healthier
food through reduced use of preservatives and reduced loss
of nutritional value. Fresh food in short-chain production
systems is less likely to be heavily processed. Processed food
can negatively affect health by altering food preferences and
appetitive states (Provenza et al., 2015).

3) Domestic production implies self-reliance with less imports
(Little and Horowitz, 1987), which can promote societal
sovereignty that may become essential if the availability and
cost of fossil fuels make long-distance transport prohibitive.

In addition, local production and delivery promote small-scale
entrepreneurship, cultural diversity, sense of community,
cultural and physiological relationships between people and
seasonal availability of different foods.

4) At the ecosystem scale, the use of local plants can decrease
the risk of exotic plant invasions that can adversely affect
biodiversity (Cardinale et al., 2012). Compared with large-
scale monoculture agriculture, local food production can
reduce the spread of disease and the effects of invasive
species. Transport infrastructure has an enormous impact
on ecosystem fragmentation: the smaller the production-
consumption circles, the smaller the impacts of fragmentation
(Gehring and Swihart, 2003).

Advantages of using native plants and developing new
crops:

1) Promoting genetic diversity. People have selected for growth
over phytochemical richness in domesticated crops over the
past 10,000 years (Provenza et al., 2015). In the process,
domestication created a bottleneck of genetic diversity, as
numerous genes were out selected (Vigouroux et al., 2005).
Limited diversity of crops increases risks of disease and
reduces potential for climate change adaptation. Native
populations serve as a genetic bank that can enrich genetic
diversity and phytochemical richness of crops, which in
turn promotes resistance to adverse environmental conditions
(Palmgren et al., 2015). The opportunity to develop and
manage a greater array of native plants is critical to enhancing
genetic diversity with potential for agricultural use.

2) Recruiting new local foods and crops is a way to diversify
commercial uses, dietary options, and income for the local
communities that rely on agriculture. Notably, the adaptation
of local communities to climate changes will be critical for food
security and poverty reduction (FAO, 2016).

3) Native plants are adapted to their homeland environment
and thus better able to survive and produce high yields of
phytochemically rich foods with fewer inputs including water,
fertilization, and pest and disease control (Provenza et al.,
2015).

4) Native plants are likely to mitigate soil erosion and conserve
plant-microbe-soil interactions. Bacteria, fungi, endophytes
and rhizobia in the rhizosphere are essential for health of
plants and animals (Hawkes et al., 2007; Balestrini et al.,
2015). These findings, which suggest we have underestimated
the role of belowground interactions of plants with other
organisms historically (Shelef et al., 2013), offer great potential
to improve plant performance and crop yields (Drinkwater
and Snapp, 2007). Mutualistic associations take time to
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arise. Therefore, an optimal holobiome—sum total of all
genomes in a living system—will be easier to maintain in the
plant-rhizosphere-soil continuum developed in the location of
origin than in a mixture of soil, plant and other inputs derived
from different and distant locations not locally adapted.
Plant diversity can also be maintained in the context of a
shared holobiome, representing not only the genetic variety
of the individual plant genomes but also the metagenome
including associated fauna, such as the microorganisms in the
rhizosphere and the phyllosphere, which contribute to efficient
plant growth under evolving environmental conditions
(Pérez-Jaramillo et al., 2016). Agricultural management based
upon a metagenomics perspective can help to protect against
emerging plant diseases and pests, and can potentially reduce
the use of hazardous pesticides. In addition, decomposition
processes are likely to occur faster and more efficiently with
the home field advantage of native soil, plants, and herbivores
(Ayres et al., 2009).

5) Incorporating native food plants as temporal and spatial
intercrops for land management can help to maintain soil
quality and prevent soil degradation. The no-tillage strategy
depends on the availability of appropriate plants, often the
local plants found in the field. Intercropping also helps to
maintain soil quality and enhance nitrogen uptake (Eaglesham
et al., 1981), repel herbivores and other enemies (Tonhasca
and Byrne, 1994), reduce weeds (Liebman and Dyck, 1993)
and offer a higher net income to farmers (Yildirim and
Guvenc, 2005). Local plants as intercrops have two prominent
advantages—local adaptation is likely to occur with little
external inputs of water or fertilizers and the hazard of invasive
species is avoided by using noninvasive species.

6) By augmenting local food production with native plants,
people can enhance the diversity and resilience of existing
crops, using genetic diversity of native progenitors or crop-
recent relatives that preserve desired traits. In tomato, for
example, wild species outperformed the elite varieties for
total yield and soluble solids (15%), and fruit color and
sugars (40%), as compared to the normal improvement of
1% achieved annually through traditional breeding (Bernacchi
et al., 1998). Similar potential exists for the wild type gene
banks of the main crops (Tanksley and McCouch, 1997). Cox
et al. (2006) discuss the benefits of breeding and domesticating
perennial crops, including enhanced diversity of perennial
plants in native terrestrial biomes as opposed to monocultures
of annual crops. They also emphasize that today no perennial
crops produce adequate grain yields, though the perennial
crops that have been developed tend to store more carbon
and require less resources. Science can expedite processes
that a few millennia ago took centuries to develop, including
improving food quality and resilience, and breeding perennial
crops has been initiated in wheat, sorghum, sunflower and
wheatgrass (Cox et al., 2006). Diamond (2002) stresses that
knowledge regarding the control of bitterness and astringency
will allow selection for fruits that were not edible before, for
example acorns.

7) Local agriculture and native plants can help reduce human
conflicts, diminish exploitation of labor forces in developing

countries and enhance fair trade. An interesting example is
the cassava market. The starchy roots of cassava (Manihot
esculenta), native to Brazil, were expanded to a global
production of nearly 270m tones a year by 2014 (FAO). This
drought-tolerant crop is popular in small stakeholder farms
in rural areas of Latin America, Asia and Africa, (Henry and
Gottret, 1996). It is a unique example of a native Brazilian
plant that is successfully cultivated and globally distributed, yet
used primarily for self-production in short-chain markets. On
the other hand, quinoa illustrates the problems that can occur
when a local species is sold on international markets. Jacobsen
(2011) argued that increased demand for quinoa put too much
stress on the environment in Bolivia, leading to diminished
biodiversity and land health. Quinoa illustrates the complexity
of defining “local food” in a global economy. This crop is
grown in its natural homeland, due to biological constraints,
similar to many other crops including coffee, tea, cocoa, spices
and herbs. Once commercialized and distributed throughout
international markets, the impact on the local farmers can be
uplifting or devastating. Nevertheless, we argue that with fair
trade awareness and market incentives the use of native plants
can expand and diversify agricultural resources.

8) Native species can reduce negative impacts of introduced
species. Invasive species often spread and damage the
environment, threatening biodiversity, agriculture, and
human health (Schmitz and Simberloff, 1997). Insect
outbreaks transform ecosystems (Foucaud et al., 2010);
mammalian population outbreaks damage ecosystems and
risk human safety (Côté et al., 2004); and weeds adversely
impact rangelands across the U.S. and worldwide at an
alarming rate (DiTomaso, 2000; Duncan et al., 2004).
Recently, the EU Council adopted regulations on preventing
and managing invasive species (PE-CONS 70/14, 13266/14
ADD 1), suggesting that of 12,000 alien species in Europe, as
many as 10–15% spread and cause damage, estimated at 12
billion Euro each year. Clearly, encouraging the production
and use of local species could help to alleviate these issues.

9) Using native species can positively influence human health.
The so-called Western diet has changed key nutritional
characteristics of human diets worldwide, especially with the
introduction of processed foods. In addition, the food industry
has selected for fruits and vegetables of low palatability
by favoring varieties that are less phytochemically rich
than their wild ancestors (Robinson, 2013; Reeve et al.,
2016). Agricultural practices further diminish phytochemical
richness by increasing resource availability through fertigation
with off-farm sources of nitrogen, phosphorus, and potassium.
Primary and secondary compounds increase when plants
are mildly stressed due to less availability of nutrients and
water, but decrease when agricultural practices emphasize
productivity and growth (Bryant et al., 1983; Coley et al.,
1985). Expanding and diversifying use of native plants,
in combination with cultural practices for preparing those
foods, would add health-promoting phytochemicals to diets
and nullify the apparent economic costs of such practices
(Provenza et al., 2015). The use of native plants, some of
which have been used by humans for centuries, will result in
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vegetable foods that are highly nutritious, palatable and easily
digested.

In summary, significant advantages accrue to using local
plants to supplement food production, and through the
phytochemical richness they possess, enhance human health
(Provenza et al., 2015). In addition to enhancing diet diversity
for people, enhanced use of local plants will diversify agricultural
entrepreneurship and preserve genetic diversity so as to enhance
crop endurance during stressful environmental conditions. Local
species can reduce input investment and environmental conflicts.
Even if local species are not economically relevant globally,
maintaining a diversity of plants from different geographic
regions is important locally. Diverse plant communities have
myriad adaptations to environmental stressors, developed over
thousands of years in response to adverse environmental
conditions. Seed-bank collections can provide a genetic resource
to grow plants in various environmental conditions in different
geographic areas under changing climates (Dempewolf et al.,
2014). Domestication of plants, one of the most influential
processes in human history, resulted in vast socioeconomic
improvements and human development. According to Harris
and Hillman (1989), the main trends were increasing sedentism
(settlement size and duration), population density, and social
complexity from ranking to state formation. Domestication of
new crops has nearly stopped, supplanted by plant varietal
breeding (and genetic modification) of already domesticated
species. This practice creates a genetic bottleneck. For example,
the rich reservoir of wild tomato species has narrowed to a
few genetically poor cultivated varieties of tomatoes (Bai and
Lindhout, 2007). Miller and Tanksley (1990) estimated that
less than 5% of wild tomatoes’ genetic diversity is contained
in the genomes of modern cultivars. The current presumption
in research and practice is that agro-variability could be
remunerated by introgression of adaptive traits from wild
species to existing crops (Zamir, 2001) by researchers seeking
to improve crop resistance to abiotic stress (Flowers, 2004;
Tester and Bacic, 2005), disease (Johnson and Jellis, 2013),
and herbivory (Chaudhary, 2013). With growing initiatives to
improve agriculture through science and technology, expanding
use of native plants as novel crops is calling for more attention.
To do so, we must first learn the challenges of developing new
crops. If the benefits of using local species outcompete the use
of global crops, why are they not used more frequently? Here we
present some of the main reasons.

OBSTACLES TO DOMESTICATING LOCAL
PLANT SPECIES AND COMMERCIALIZING
THEIR PRODUCTS

Despite the advantages, recruitment of new crops from native
plants is extremely challenging. Several obstacles explain why
relying on native plants to supplement our diets remains to be
developed for the future, and is not yet a common practice:

1) Intensive agriculture selects for cash crops at the expense
of developing new crops with lower environmental impacts.

Existing crops are ready to use, whereas developing new
crops is demanding and risky. Existing companies, families,
machinery, roads and customers are all part of a well-known
infrastructure for food production. Neither producers nor
consumers are interested in leaving the familiar system to risk
investing in new crops. Evolving from the familiar into the
unfamiliar typically comes about only when people are under
great duress (Massy, 2017).

2) Consumer acceptance of novel food is hard to predict.
An interesting example is the acceptance of juice made of
Açaí palm (Euterpe oleracea). The plant, native to Brazil
and Trinidad, has a growing market as a healthy tropical
juice commercially distributed in Europe and the USA. Sabbe
et al. (2009) showed that consumer acceptance and purchase
intention of the fruit juice was affected by interactions among
many variables including socio-demographic characteristics,
health-orientation, perception of health claim, and of course,
to a large extent, taste experience. A rich body of literature is
related to causes and consequences of “food neophobia,” the
fear of eating unfamiliar foods (see for example Dovey et al.,
2008).

3) Domestication depends on financial investment and has high
risk. This implies that modern domestication can flourish only
with the strong support of policy makers and people with
strong financial interests.

4) Regulatory barriers exist for developing new crops. New foods
require the approval of government agencies. Proving that
a new food is safe for all consumers is not an easy task.
Only a handful of countries (e.g., Australia, Britain, USA,
and France) possess the technical and procedural abilities to
assess the risks of eating new foods. Most governments rely
on protocols and lists of edible species produced in those
countries. If the new food is not on those lists, regulators
are unlikely to prioritize investments in the risky process of
developing new crops, resulting in missed opportunities for
the entrepreneurial development of new crops derived from
native plant species.

5) In some countries, the use of local species may give rise to
intellectual property concerns (Ahmed and Johnson, 2000),
as indigenous communities may claim local plants and
cultivation and gathering procedures as their sole property.

6) Exploiting indigenous peoples’ rights (Lee, 2013) may hinder
domestication efforts. Indigenous communities tend to protect
their resources, which can cause conflicts when other people
want to share their experience. Cultivating food that was
formerly collected in the wild may require careful analysis
of the effects of the new practice on rural farmers and
harvesters (Stewart and Cole, 2005). The surging economy
generated by the Açaí palm, for example, has negatively
impacted local communities in the Eastern Amazon estuary.
The intensification of Açaí forestry impacted land tenure
systems, transportation systems, and social inequalities among
the local Caboblu producers due to the growing demand from
international urban centers (Brondízio et al., 2002).

7) Risk of overexploitation. Souther and McGraw (2014)
predicted that climate warming (1◦C, next 70 years) and
harvest will result in high risk of extinction of American
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ginseng (Panax quinquefolius L.). Similarly, local species
are used in oil palm agriculture, but 60% of the oil palm
plantation land use is at the expense of natural forests,
threatening their unique biodiversity and many ecological
services (Koh andWilcove, 2008). Thus, the use of local species
must involve a thorough study of the effects on ecosystems
including species biology, carrying capacity and interactions
with other species. Cultivating an over-harvested plant can
provide strong conservation benefits while still providing food
and income to indigenous populations, a strategy preferred
by Tekinşen and Güner (2010), who study tubers of native
Turkish orchids. The tubers of at least 30 species and 10
genera of the Orchidaceae family are traditionally collected
to produce a local delicate hot drink known as “Salep,” as
well as, among other products, a savory stabilizer of ice
cream. This high-quality local plant product has been traded
in the Mediterranean region for centuries. Nevertheless,
producing 1 kg of Salep requires thousands of dried tubers and
irresponsible plant poaching exposed the orchid population
to the risk of extinction—an estimated annual damage to 120
million wild Salep plants (Kreutz, 2002).

8) Biological barriers to domestication. Only a handful of plants
have been successfully domesticated in the last centuries. They
include strawberries, blueberries, macadamia, and pecan nuts,
which all had negligible economical value as compared to
ancient domesticated plants. An interesting example is the
enormous effort invested attempting to domesticate truffles.
The desert truffle Terfezia boundieri is associated with the
host plant Helianthemum sessiliflorum (Turgeman et al.,
2011). For decades, local Bedouin people have eaten the
truffle, which has great potential as a gourmet food, highly
valuable nutritionally and commercially (Kagan-Zur et al.,
2013). Truffles could be a novel crop with low inputs (Kagan-
Zur, 2001). Nevertheless, the complex symbiosis of this
mycorrhizal system (Zaretsky et al., 2006) has not proved easy
to domesticate and commercialize, despite several decades of
research. The same is true with huckleberries (Barney, 2003).
Another example, among many others, is the desert plant
Erodium crassifolium, an edible tuber plant used traditionally
by indigenous peoples (Batanouny, 2001), which was never
commercialized despite the fact it could potentially serve as an
energy source (carbohydrates) and a low input crop.

9) In addition to plant biology, some agro-technical issues must
be addressed, even when a plant is successfully transferred
from its native habitat to an agricultural field. The quality
and quantities of plant products are affected by seasonality,
climate, temperature, soil, nutrients and water supply. For
example, secondary metabolites of plants are often the
target of cultivation, as in the case of spices, tinctures and
drinks. However, the production of secondary metabolites
can be significantly altered when nutrient and water supply
is insufficient (Gershenzon, 1984), or with seasonal changes
(Grulova et al., 2015). Hence, finding the best conditions to
develop a new cultivar demands ample amounts of trial and
error, meaning vast investment of time, labor and resources.
Commonly, harvesting fruits and other plant parts from
naturally occurring stands and trees is more practical than

cultivation and domestication (Barney, 2003). However, some
masting species like acorns are subject to long reproductive
maturity and episodic fruit production.

10) The use of local varieties may result in the disappearance of
cultivars that support regenerative agriculture. For example,
Oriental Wheat Triticum turanicum Jakubz (Grausgruber
et al., 2005) is praised as a highly nutritious pure ancient
stand. Avoiding the use of this cultivar just because it has
expanded far from its area of origin (Anatolia, according to
Gökgöl, 1961) would have contradicted many other aspects of
promoting regenerative agriculture.

11) Once established, a new crop could rapidly spread andwould
not be a local crop anymore. The direct consequence is that
a successful new crop could inhabit new places and become
a well-established exotic and potentially invasive harmful
species. This can be avoided if plants are used in their native
range. For certain crops such as coffee, rice, and certain
tropical fruits, biological barriers dictate that crops are used
only in their home ranges.

UTILIZATION OF LOCAL PLANT
SPECIES—THE CASE OF PINE NUT
PRODUCTION IN THE WESTERN US

While export of agricultural products occurs globally, there are
plenty of untapped local resources. For example, approximately
11 species of North American pinyon pine produce edible
and highly nutritious nuts, with the most important being
Colorado piñon (Pinus edulis), dominant throughout pinyon-
juniper woodlands of the southwestern USA and Colorado
Plateau, and singleleaf pinyon pine (Pinus monophylla), which
is abundant throughout the Great Basin “cold desert” of Nevada
and western Utah. Archeobotanical records have dated pine nut
gathering in Utah to at least 7500 years before present (Rhode
andMadsen, 1998). As climates warmed and some species moved
north during the Holocene, the arrival of P. monophylla to the
Great Basin approximately 6000 years ago provided a critical
protein source that allowed people of the Middle Archaic period
to extend their seasonal use patterns beyond the wetland habitats
bordering pluvial lakes, into the surrounding uplands (Simms,
2008). Today, the same Pinus species cover large portions of
western North America, estimated at approximately 56 million
acres (Mitchell and Roberts, 1999), equivalent to 22.6 million
hectares.

Although piñon pine nuts are more nutritious than many
other tree nuts that are extensively cultivated in orchards—P.
edulis is rich in oils and P. monophylla is rich in proteins and
carbohydrates (Lanner, 1981)—pine nuts in the United States
are harvested only locally and nut harvests are not commercially
important. Yet large quantities of pine nuts are consumed each
year in the United States, often serving as a key ingredient
in pesto, salads and various Mediterranean dishes. Rich in
unsaturated fatty acids, pine nuts are beneficial for controlling
coronary heart disease through reduction of lipids in the
circulatory system (Ryan et al., 2006). In a $100 million market
over 80% of pine nuts consumed annually in the United States
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are imported mainly from eastern Asia (Russia and northeastern
China; Pinus koraiensis) andMediterranean Europe (Pinus pinea)
(Sharashkin and Gold, 2004). As a result, massive collection of
pine nuts in Russia and northeastern China continues to degrade
the Korean pine broad-leaved forests (Ogureeva et al., 2012; Zhao
et al., 2014), thousands of miles away from regions in North
America and Europe where the nuts are consumed (Slaght, 2015).

Despite the advantages, developing a commercial, local pine
nut industry in the western U.S. faces multiple challenges
including:

(1) Long generation time: reproductive maturity occurs at 25–
50 years, with maximum seed production occurring at 75–100
years (Krugman and Jenkinson, 1974).

(2) Episodic seed production: Good crop years of these masting
species are highly variable in space and time, occurring every
4–7 years (Barger and Ffolliott, 1972). During drought periods,
the frequency of good mast years can be reduced by as much
as 40%, particularly when drought is associated with high late
summer temperatures (Redmond et al., 2012).

(3) Picking nuts is laborious work and access to nut-producing
woodlands is often limited.

(4) Potential competition with cultural users of pine nuts. Pine
nut gathering remains important to native peoples in the
region, and increased commercialization of the pine nut could
come into conflict with such uses.

(5) Potential ecological sustainability issues. Commercial pine
nut harvesting could create competition for critical forage
resources required by certain seed-caching wildlife species,
including Pinyon Jay, Clark’s Nutcracker, and several species
of fossorial rodents (Vander Wall, 1997). Widespread seed
harvesting could also negatively affect the regeneration
potential of piñon pine populations, and hence resilience
to episodic drought events that cause extensive overstory
mortality (Redmond et al., in press).

Management of pinyon-juniper woodlands in the Western
United States has not strongly considered the food value of
pine nuts. In combination with recent drought events that have
resulted in widespread tree mortality that threatens the long-
term resilience of pinyon-juniper woodlands (Breshears et al.,
2005; Redmond et al., in press), recent and planned management
activities also threaten to reduce the availability of the pine nut
resource. Pinyon-juniper woodlands are currently targeted for
widespread tree removals across large areas of their distribution,
particularly in the Great Basin. The objectives are to create forage
for livestock and game mammals, to create or maintain habitat
for sagebrush specialist species such as Greater Sage-Grouse,
to provide woody fuels for bioenergy projects, to reduce fire
risk, and to increase resilience to post-fire invasion of exotic
annual grasses by fostering an understory of native perennial
herbaceous species (Chambers et al., 2014). Ironically, extensive
tree removal projects have occurred or are planned in many areas
that were tree-dominated prior to Euro-American settlement,
but were harvested in the late nineteenth Century to provide
charcoal and woody fuels for mining-related activities (Young
and Budy, 1979; Ko et al., 2011; Lanner and Frazier, 2011).
Subsequent regrowth over the past 100–150 years is commonly

viewed as an expansion of tree cover by human inhabitants of
the region, whose generation time is much shorter than that
of pinyon pines. In any case, many of the desired management
objectives for fire risk reduction and conservation of understory
plant species and the associated shrub-steppe habitats do not
require complete woodland removal, and can be compatible with
the goal of maintaining abundant pinyon pine seed production
for wildlife and humans. Silvicultural methods, likely including
uneven-aged management on favorable sites, can be further
developed to promote drought-resilient, fire-resistant woodlands
with a significant proportion of seed-producing trees (Gottfried
and Severson, 1993; Page, 2008). Cone production in Pinus pinea
can be increased by judicious thinning (Moreno-Fernandez et al.,
2013).

One requires only a small stretch of the imagination to
envision people in the Western United States meeting their
demand for pine nuts through purchase from local harvesters,
or by harvesting the nuts themselves when cones ripen in
the autumn. This would greatly reduce the carbon footprint
associated with pine nut importation, and would require no
water use or fertilizer application, as piñon pines occur naturally
under the driest conditions and in relatively nutrient-poor soils.
Increased consumption of locally harvested pine nuts might also
have the desirable effect of reducing the incidence of “pine nut
syndrome” or “pinemouth”. This condition is characterized by an
annoying metallic taste that can linger in the mouth for multiple
days, and that has been associated with consumption of Pinus
armandii, an inedible pine species whose nuts are occasionally
found mixed within pine nut batches that have been imported
from Asia (Mikkelsen et al., 2014).

Despite all the good reasons, economic and environmental,
to promote a local agriculture of pine nuts, we are still far
from seeing considerable change from importing these nuts to
developing local production. In a world motivated by short-term
economic incentives, with nearly unlimited transportability of
foods across the globe, most foods people eat are not produced
locally. If costs for transport increase, due to rising costs of
fossil fuels, that will drastically change the value of local food
production and consumption.

FUTURE PROSPECTS OF LOCAL FOOD
PRODUCTION

A recent call to rethink the research and development of food
production urges us to nourish humanity more efficiently and
improve the food disparity of a world in which 795 million
people are undernourished and 2 billion adults are overweight
or obese (Haddad et al., 2016). Haddad et al. (2016) discuss
ten global research goals, two of which are closely related to
our discussion. The first implies understanding the role of food-
chain length. Ultimately, that would lead to an optimal mix of
short-chain systems where high-quality food is produced and
consumed nearby and long-chain systems where large quantities
of food travel great distances (see Figures 2F,G). Second, they
argue that to improve global food production we must analyze
business incentives, mainly for private farmers, retailers and
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food processors. To help kick-start these activities, we contend
that governments should offer more incentives for shorter food-
chains by finding solutions to enhance diversity of uses of
native plants. Awareness of consumers and farmers for the
benefits of commercializing native species will play an important
role. The local food movement, urban farming, production and
consumption of pesticide-free healthy, nutritious, savory and
sustainable food have attracted a great deal of attention in the last
decade.

We refer here to agriculture as a more complex system than
traditional cultivated crops. Agriculture has a strong impact
on the environment: soil and water quality and quantity,
deforestation, habitats and biodiversity, intensive farming,
economic and social conditions in rural communities (Massy,
2017). The consequences can include the loss of biodiversity,
accelerated land degradation, high fertilizer inputs, water
contamination and the spread of pesticides hazardous to human
health. Regenerative agriculture has arisen as a reaction to
the negative effects of agriculture including impacts on land
and resource management, humans and ecosystem interfaces.
Agricultural practices can move from external-input farming
to low-input practices (e.g., water, nutrients, pest control, land,
energy) without significantly reducing production (Pittelkow
et al., 2015). One of the greatest challenges for agriculture
is to reduce the distances between crop production and food
consumption. In some cases, this challenge can be met by using
local species.

Recruiting native plants to develop cultivation of novel
crops has great potential to establish new markets. This
potential is countered by great challenges and enormous
financial demands—lack of knowledge concerning unfamiliar
species, the need for hybridization and agro technical
improvements, sometimes with slow growing plants, and
the risks associated with exchanging existing crops for uncertain
income opportunities in an already conservative market.
Some plant species are completely incompatible with any sort
of domestication, or their cultivation requires an enormous
investment of research, time and money. That is the case for
slow growing species (e.g., many trees), plants with specific and
narrow niche breadth (e.g., orchid tubers), and food sources that
require complex biological interactions that are hard to mimic
(i.e., edible mycorrhiza). Nevertheless, the success of some plants
that are now harvested for commercial use (e.g., truffles, pine
nuts, berries, spices, and herbs) demonstrate that modern food
gathering is feasible. Food gathering may be improved in various
ways, although many of them are not commonly practiced and
deserve more attention. The first step is developing tools to
find biological resources that are not used today, by expanding
the strategy of ethnobotany, with its pros and cons. People
also must continue to evolve ways to better manage naturally

occurring plantations, a process that is site-specific. The last

step is improving technological solutions for gathering, picking
and processing wild fruits and other plant organs. Commercial
gathering and developing new crops may balance each other,
as the risk of overexploitation may be offset by mitigation
of undesired plant invasions and overuse of agricultural
inputs.

Local does not necessarily mean native, and using non-native
foods grown, harvested, stored and delivered near the place
of their consumption is advantageous. Native plants can
complement these efforts. Native plants require lower inputs
of water, nutrients, pest control and energy. Nevertheless, the
long road to greater use of native species and local food
production has many obstacles to overcome. Biological barriers
to domestication are a challenge. In addition, global markets
make it difficult to establish new crops. Other barriers include
lack of financial incentives and investments, regulations, and
agro-technical boundaries. Moreover, a successful new crop
is likely to spread rapidly across the globe, losing its local
value. Despite these challenges, the advantages of using native
plants for food production are many. They include enabling
diverse agriculture entrepreneurship, preserving interspecies
crop and genetic diversity to enhance crop endurance in adverse
environmental conditions, reducing inputs, reducing conflicts
over indigenous land management, reducing environmental
conflicts, and intercropping to improve land management.

CONCLUSION

To date, most research and practical efforts have been devoted
to improving existing crops, rather than recruiting new, local
species. We conclude that native food production should receive
more attention in research and application to initiate and
empower regenerative agriculture.Moving frommonocultures to
more diverse local crops, and domestication of new species, can
conserve biological resources, and help to foster more sustainable
agroecosystems. However, the use of native plants in local food
production has not yet attained a high level of awareness. To
reach an optimal balance between short- and long-chains of food
production, shorter chains should be supported more vigorously
and the evaluation of this balance should consider a more
thorough-life-cycle analysis of food production (Edwards-Jones
et al., 2008). A pivotal strategy to support more local sources
of food production is to allocate more resources for improving
harvesting of local plants.
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Yeşil Atlas, eds G. Müdür et al. (Broken Arrow: DBR), 98–109.

Krugman, S. L., and Jenkinson, J. L., (1974). “Pinus L. Pine,” in Seeds of Woody

Plants in the United States, Agriculture Handbook 450, ed C. S. Schopmeyer

(Washington, DC: U.S. Department of Agriculture), 598–638. Available online

at: https://www.fs.fed.us/psw/publications/krugman/psw_1974_krugman002.

pdf

Lanner, R. M. (1981). The Piñon Pine: A Natural and Cultural History. Reno, NV:

University of Nevada Press.

Lanner, R. M., and Frazier, P. (2011). The historical stability of Nevada’s

pinyon-juniper forest. Phytologia 93, 360–387. Available online

at: http://www.phytologia.org/uploads/2/3/4/2/23422706/933360-

387lannerpinyonjunipernevada.pdf

Lee, L. S. (2013). Horticultural development of bush food plants and

rights of Indigenous people as traditional custodians–the Australian Bush

Tomato (Solanum centrale) example: a review. Rangeland J. 34, 359–373.

doi: 10.1071/RJ12056

Lemaux, P. G. (2009). Genetically engineered plants and foods: a scientist’s

analysis of the issues (Part II). Annu. Rev. Plant Biol. 60, 511–559.

doi: 10.1146/annurev.arplant.043008.092013

Liebman, M., and Dyck, E. (1993). Crop rotation and intercropping strategies for

weed management. Ecol. Appl. 3, 92–122. doi: 10.2307/1941795

Little, P., and Horowitz, M. (1987). Subsistence crops are cash crops: some

comments with reference to eastern Africa. Hum. Organ. 46, 254–258.

doi: 10.17730/humo.46.3.58411820x8823725

Lovell, J. H. (1926). Honey Plants of North America. Medina, OH: A.I. Root

Company.

Massy, C. (2017). Call of the Reed Warbler: A New Agriculture–A New Earth.

Brisbane, QLD: University of Queensland Press.

Mikkelsen, A. A., Jessen, F., and Ballin, N. Z. (2014). Species determination of

pine nuts in commercial samples causing pine nut syndrome. Food Control 40,

19–25. doi: 10.1016/j.foodcont.2013.11.030

Miller, J. C., and Tanksley, S. D. (1990). RFLP analysis of phylogenetic relationships

and genetic variation in the genus Lycopersicon. TAG Theor. Appl. Genet. 80,

437–448. doi: 10.1007/BF00226743

Mitchell, J. E., and Roberts, Jr., T.C. (1999). “Distribution of pinyon-juniper

in the western United States,” in Proceedings: Ecology and Management

of Pinyon-Juniper Communities within the Interior West (Ogden, UT: US

Department of Agriculture, Forest Service, Rocky Mountain Research Station),

146–154.

Moerman, D. E. (1998). Native American Ethnobotany. Portland, OR: Timber

Press.

Moreno, M. D. L., Comino, I., and Sousa, C. (2014). Alternative grains as potential

raw material for gluten-free food development in the diet of celiac and gluten-

sensitive patients. Austin J. Nutri. Food Sci. 2:1016.

Moreno-Fernandez, D., Canellas, I., Calama, R., Gordo, J., and Sanchez-Gonzalez,

M. (2013). Thinning increases cone production of stone pine (Pinus pinea

L.) stands in the Northern Plateau (Spain). Ann. For. Sci. 70, 761–768.

doi: 10.1007/s13595-013-0319-3

Nobel, P. S. (1994). Remarkable Agaves and Cacti. Oxford, UK: Oxford University

Press.

Ocean, S. (1993). Acorns and eat’em. Ocean-Hose. Oakland, CA: California Oak

Foundation.

Ogureeva, G., Dudov, S., and Karimova, T. Y. (2012). Diversity and protection of

Korean pine broad-leaved forests in the Manchurian Natural Area. Contemp.

Probl. Ecol. 5, 621–632. doi: 10.1134/S1995425512070062

Pacheco-Palencia, L. A., Hawken, P., and Talcott, S. T. (2007). Phytochemical,

antioxidant and pigment stability of açai (Euterpe oleraceaMart.) as affected by

clarification, ascorbic acid fortification and storage. Food Res. Int. 40, 620–628.

doi: 10.1016/j.foodres.2006.11.006

Page, D. H. (2008). “Preliminary thinning guidelines using stand density

index for the maintenance of uneven-aged pinyon-juniper ecosystems,”

in Ecology, Management, and Restoration of Piñon-Juniper and Ponderosa

Pine Ecosystems: Combined Proceedings of the 2005. St. George, Utah and

2006 Albuquerque, New Mexico workshops, Proceedings RMRS-P-51, US

Department of Agriculture, Forest Service, Rocky Mountain Research Station;

Fort Collins, CO, USA.

Palmgren, M. G., Edenbrandt, A. K., Vedel, S. E., Andersen, M. M., and Landes, X.,

Østerberg, J.T., et al. (2015). Are we ready for back-to-nature crop breeding?

Trends Plant Sci. 20, 155–164. doi: 10.1016/j.tplants.2014.11.003

Pérez-Jaramillo, J. E., Mendes, R., and Raaijmakers, J. M. (2016). Impact of plant

domestication on rhizosphere microbiome assembly and functions. Plant Mol.

Biol. 90, 635–644. doi: 10.1007/s11103-015-0337-7

Pimentel, D., Zuniga, R., and Morrison, D. (2005). Update on the environmental

and economic costs associated with alien-invasive species in the United States.

Ecol. Econo. 52, 273–288. doi: 10.1016/j.ecolecon.2004.10.002

Pittelkow, C. M., Liang, X., Linquist, B. A., Van Groenigen, K. J., Lee, J., Lundy,

M. E., et al. (2015). Productivity limits and potentials of the principles

of conservation agriculture. Nature 517, 365–368. doi: 10.1038/nature

13809

Provenza, F. D. (2008). What does it mean to be locally adapted and who cares

anyway? J. Anim. Sci. 86, E271–E284. doi: 10.2527/jas.2007-0468

Provenza, F. D., Meuret, M., and Gregorini, P. (2015). Our landscapes, our

livestock, ourselves: restoring broken linkages among plants, herbivores,

and humans with diets that nourish and satiate. Appetite 95, 500–519.

doi: 10.1016/j.appet.2015.08.004

Rabinowitch, H. D., and Currah, L. (eds.). (2002). Allium Crop Science: Recent

Advances. Oxford, UK: CABI.

Frontiers in Plant Science | www.frontiersin.org 14 December 2017 | Volume 8 | Article 2069

https://doi.org/10.1038/540030a
https://doi.org/10.1007/s00114-003-0433-4
https://doi.org/10.1179/1947461X14Z.00000000039
https://doi.org/10.1016/S0743-0167(99)00063-7
https://doi.org/10.1289/ehp.02110445
https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1111/j.1439-037X.2011.00475.x
https://doi.org/10.1016/j.foreco.2011.01.007
https://doi.org/10.1111/j.1755-263X.2008.00011.x
https://www.fs.fed.us/psw/publications/krugman/psw_1974_krugman002.pdf
https://www.fs.fed.us/psw/publications/krugman/psw_1974_krugman002.pdf
http://www.phytologia.org/uploads/2/3/4/2/23422706/933360-387lannerpinyonjunipernevada.pdf
http://www.phytologia.org/uploads/2/3/4/2/23422706/933360-387lannerpinyonjunipernevada.pdf
https://doi.org/10.1071/RJ12056
https://doi.org/10.1146/annurev.arplant.043008.092013
https://doi.org/10.2307/1941795
https://doi.org/10.17730/humo.46.3.58411820x8823725
https://doi.org/10.1016/j.foodcont.2013.11.030
https://doi.org/10.1007/BF00226743
https://doi.org/10.1007/s13595-013-0319-3
https://doi.org/10.1134/S1995425512070062
https://doi.org/10.1016/j.foodres.2006.11.006
https://doi.org/10.1016/j.tplants.2014.11.003
https://doi.org/10.1007/s11103-015-0337-7
https://doi.org/10.1016/j.ecolecon.2004.10.002
https://doi.org/10.1038/nature13809
https://doi.org/10.2527/jas.2007-0468
https://doi.org/10.1016/j.appet.2015.08.004
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles


Shelef et al. Native Plants and Local Production

Redmond, M. D., Forcella, F., and Barger, N. N. (2012). Declines in pinyon

pine cone production associated with regional warming. Ecosphere 3:120.

doi: 10.1890/ES12-00306.1

Redmond, M. D., Weisberg, P. J., Cobb, N. S., and Clifford, M. J. (in press).

Woodland resilience to regional drought: dominant controls on tree

regeneration following overstorey mortality. J. Ecol.

Reeve, J. R., Hoagland, L. A., Villalba, J. J., Carr, P. M., Atucha, A.,

Cambardella, C., et al. (2016). Chapter Six-organic farming, soil health,

and food quality: considering possible links. Adv. Agron. 137, 319–367.

doi: 10.1016/bs.agron.2015.12.003

Rhode, D., and Madsen, D. B. (1998). Pine nut use in the early Holocene

and beyond: the Danger Cave archaeobotanical record. J. Archaeol. Sci. 25,

1199–1210. doi: 10.1006/jasc.1998.0290

Richards, R. T. (1997). What the natives know.Wild mushrooms and forest health.

J. Forestry. 95, 5–10.

Robinson, J. (2013). Breeding the Nutrition Out of Our Food. New York, NY: The

New York Times.

Ryan, E., Galvin, K., O’connor, T., Maguire, A., and O’brien, N. (2006).

Fatty acid profile, tocopherol, squalene and phytosterol content of brazil,

pecan, pine, pistachio and cashew nuts. Int. J. Food Sci. Nutr. 57, 219–228.

doi: 10.1080/09637480600768077

Sabbe, S., Verbeke, W., and Van Damme, P. (2009). Analysing the market

environment for açaí (Euterpe oleracea Mart.) juices in Europe. Fruits 64,

273–284. doi: 10.1051/fruits/2009022

Schmitz, D. C., and Simberloff, D. (1997). Biological invasions: a growing threat.

Issues Sci. Technol. 13, 33–40.

Sethi, S. (2015). Bread, Wine, Chocolate: The Slow Loss of Foods We Love.

New York, NY: HarperCollins.

Shand, H. (2000). Biological meltdown: the loss of agricultural biodiversity.

Reimagine: Race Poverty Environ. Available online at: http://www.

reimaginerpe.org/node/921

Sharashkin, L., and Gold, M. (2004). “Pine nuts: species, products, markets, and

potential for US production, Northern Nut Growers Association 95th Annual

Report,” in Proceeding for the 95th Annual Meeting (Columbia, MI).

Shelef, O., Fernández-Bayo, J., Sher, Y., Ancona, V., Slinn, H., and Achmon, Y.

(2018). “Elucidating local food production to identify principles and challenges

for sustainable agriculture,” in Sustainable Food Systems from Agriculture

to Industry: Improving Production and Processing, eds C. M. Galanakis

(New York, NY: Elsevier-Academic Press), 416.

Shelef, O., Guy, O., Solowey, E., Kam, M., Degen, A. A., and Rachmilevitch,

S. (2016). Domestication of plants for sustainable agriculture in drylands:

experience from the Negev Desert. Arid Land Res. Manag. 30, 209–228.

doi: 10.1080/15324982.2015.1089954

Shelef, O., Helman, Y., Behar, A., and Rachmilevitch, S. (2013). Tri-party

underground symbiosis between a weevil, bacteria and a desert plant. PLoS

ONE 8:e76588. doi: 10.1371/journal.pone.0076588

Simms, S. R. (2008). Ancient Peoples of the Great Basin and Colorado Plateau.

Walnut Creek, CA: Left Coast Press, Inc.

Slaght, J. C. (2015). Making Pesto? Hold the Pine Nuts. New York, NY: The New

York Times.

Smith, A., Watkiss, P., Tweddle, G., McKinnon, A., Browne, M., Hunt, A., et al.

(2005). The Validity of Food Miles as an Indicator of Sustainable Development.

Final Report. Report ED50254. Aea Technology Environment.

Snader, M., and McCloud, T. G. (1994). Ethnobotany and drug discovery: the

experience of the US National Cancer Institute. Ethnobot. Search New Drugs

185:178.

Souther, S., and McGraw, J. B. (2014). Synergistic effects of climate change and

harvest on extinction risk of American ginseng. Ecol. Appl. 24, 1463–1477.

doi: 10.1890/13-0653.1

Stewart, K. M., and Cole, D. (2005). The commercial harvest of devil’s claw

(Harpagophytum spp.) in southern Africa: the devil’s in the details. J.

Ethnopharmacol. 100, 225–236. doi: 10.1016/j.jep.2005.07.004

Stoffle, R. W., Halmo, D. B., Evans, M., and Olmsted, J. E. (1990). Calculating

the cultural significance of American Indian plants: Paiute and Shoshone

ethnobotany at Yucca Mountain, Nevada. Am. Anthropol. 92, 416–432.

doi: 10.1525/aa.1990.92.2.02a00100

Tanksley, S. D., and McCouch, S. R. (1997). Seed banks and molecular

maps: unlocking genetic potential from the wild. Science 277, 1063–1066.

doi: 10.1126/science.277.5329.1063
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