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Introduction: Increased risks from global climate change and sun-blocking global
catastrophic risks (such as a nuclear winter), warrant the reevaluation of our
food systems and their resilience to these climatic changes. Increasing native
agrobiodiversity is a simple way of increasing food system resilience, and despite
the vast amount of native genetic resources available in North America, the United
States has shown little systematic effort to improve its agrobiodiversity.

Methods: We use a systematic literature review of staple Native American food
plants (NAFPs) to determine the current state of research interest among them and
suggest species of interest for domestication. The nutrient profiles and nutrient
adequacy scores for the most researched staple NAFPs were also collected and
calculated.

Results: A total of 174 Staple NAFPs were evaluated through systematic review,
resulting in a total of 5302 peer-reviewed articles searched. Our findings show that
most NAFPs are understudied and are more commonly seen by the agricultural
community as weeds. However, there are a few that have current scientific interest
in their value as a potential crop.

Discussion: We discuss the 24 most researched NAFPs and their nutritional
content. We also discuss potential actions, protocols, and ethical issues regarding
future steps in using NAFPs to increase agrobiodiversity and food resilience in the
United States through more resilient agroforestry systems.

KEYWORDS

agrobiodiversity, domestication, global catastrophic risk, nutritional value, United States
agriculture, wild edible plants (WEP)

1. Introduction

Both natural and man-made disasters often drastically affect food and nutrition security.
For instance, the Ethiopian famines of the 1970s’ and 1980s proved lethal for many,
especially before foreign aid (Crummey, 2018). More recently, droughts in Australia and
the COVID-19 pandemic have highlighted the fragility of many food supply chain networks
(Singh-Peterson and Lawrence, 2015; Deconinck et al., 2021). These disasters and their
effects on food security would pale in comparison to sun-blocking global catastrophic risks
(GCRs), such as a nuclear war, asteroid strike, or super volcano eruption. For example,
several crop models have clearly predicted that any-scale nuclear war between nations would
significantly decrease food production across the globe (Denkenberger and Pearce, 2015; Xia
et al,, 2015; Jagermeyr et al., 2020). In addition to inevitable supply-chain disruptions after
a GCR, severe climate-shifts to a drier, colder, and darker environment would drive crop
production decline for many years (Toon et al., 1979, 2019; Coupe et al., 2019). The annual
risk of a nuclear war occurring has been estimated as high as 1%, which could certainly
continue to be decreased with more strategic diplomacy (Barrett et al.,, 2013). Concurrently,
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the world has seen unprecedented and rapid shifts in climate
warming, causing more frequent and more severe natural disasters
(Garner et al,, 2017; Smith et al., 2022). Both the increased risk of
natural disasters and higher risk of GCRs mean that creating a more
resilient global food system is even more important than ever.

One strategy for food sustainability and resilience, even
through disasters, is by increasing and preserving agrobiodiversity.
Agrobiodiversity is very broadly defined by the FAO as “the variety
and variability of animals, plants and micro-organisms that are
used directly or indirectly for food and agriculture, including crops,
livestock, forestry, and fisheries. It comprises the diversity of genetic
resources (varieties, breeds) and species used for food, fodder, fiber,
fuel, and pharmaceuticals. It also includes the diversity of non-
harvested species that support production (soil micro-organisms,
predators, pollinators), and those in the wider environment that
support agro-ecosystems (agricultural, pastoral, forest, and aquatic)
as well as the diversity of the agro-ecosystems” (FAO, 1999).
Increases in agrobiodiversity mean increased resilience to any
changes in the environment and can help dampen the effects from
climate change on food production, such as drought (Gonzalez,
20115 Ortiz, 2011; Chivenge et al.,, 2015). In addition to resiliency
from climate change, agrobiodiversity also protects against the
spread of crop diseases and buffers yield losses (Gonzalez,
2011). In addition to direct crop-system resilience, increased
agrobiodiversity leads to better overall nutrition, boosts in local
economies, community independence, and cultural preservation
(Birol et al., 2006; Gonzalez, 2011; Dwivedi et al., 2013; Bioversity
International., 2019; Mabhaudhi et al., 2019; Odhiambo et al., 2019;
Chatzopoulou et al.,, 2020; Carney, 2021; Tamariz, 2022). If done
correctly, agrobiodiversity can also increase native biodiversity by
emulating native environments (Gonzalez, 2011; Khumalo et al,
2012).

According to Bioversity International. (2020), the United States
scores below average on their agrobiodiversity index compared
to other developed nations. Likewise, the US government does
not seem to be prioritizing plans for increasing or preserving
agrobiodiversity resources for the future, exemplified by their
not submitting a National Biodiversity Strategies and Action
Plan (NBSAP) to the Convention on Biological Diversity (Jones
et al, 2021). To increase the resilience of the US agricultural
and food system to these many potential future threats, actions
need to be taken to prioritize strategies of increasing and
preserving agrobiodiversity resources within US agroecosystems,
preferably at a local scale (Paci-Green and Berardi, 2015; Bioversity
International., 2019).

North America has no shortage of available plants to use
for this purpose, having thousands of seldom-used wild edible
plants (WEP)s and hundreds of unique crop varieties (Moerman,
1998; Veteto, 2014). The crops and WEPs once used abundantly
by Native Americans are a largely underutilized resource of
North America and if developed and valorized could increase the
United States’ agrobiodiversity, and consequently, food resilience
in the face of disaster events and a changing climate (Small, 2013;
Bioversity International., 2019). Sadly, much of the knowledge on
how to use these species was lost with the extermination and
extirpation of many Native American people groups (Moerman,
1998; Veteto, 2014). Even those plant species that were not
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necessarily domesticated by Native Americans may have still been
grown in manipulated ecosystems for the purpose of increased yield
and not natural “wild” landscapes (Hladik et al., 1993). For these
reasons, we have refrained from using the term WEPs, as the line
between wild and semi-domesticated plants is somewhat blurred
and cannot be confirmed because some of those who used these
plants are no longer living. Throughout this paper we will refer to
these plants once used as staple foods by Native American as Native
American food plants (NAFPs).

The purpose of this study is to better direct the attention
of researchers and industry leaders toward NAFPs that would
increase nutritional, economic, and ecological resilience of the
United States. The NAFPs with the most available research are
likely the most useful options as an abundant foundation of
knowledge and focused attention is needed for the efficient use and
scaling up and profitability of any new crop and plant resource
(Cerdon-Souza et al, 2021). In this study we propose a list of
several plant species and genetic resources of interest, that would
increase Americas agrobiodiversity and food resilience if preserved
and valorized.

2. Methods

To create this list of species and cultivars, we have conducted
a literature review on species listed as “staple foods” in Daniel
Moerman’s book and database Native American Ethnobotany
(Moerman, 1998), which was created using primary records
and ethnographic studies of 291 native people groups in
North America. The top NAFPs in this literature review will be
highlighted with their nutritional content and possible yields if
available in the literature.

A total of 225 NAFPs are listed in Daniel Moerman’s book
as being used as “Staple” foods by one or more native nations of
North America. Of those plants, 196 are native to North America.
Of those, 7 do not have species level identification listed and 11
are duplicated as different subspecies. Of the remaining 178 plants,
4 were excluded from the literature search as they have become
common mainstream domesticated crops. Those species were
cayenne pepper (Capsicum annuum), field pumpkin (Cucurbita
pepo), wild strawberry (Fragaria vesca), and common sunflower
(Helianthus annuus). The remaining 174 plants were used in the
systematic literature review.

The systematic literature review was conducted with the
following criteria using Penn States available 940 databases accessed
between 03/23/2022 - 11/20/2022: Literature published between
03/23/1982 - 03/23/2022, only Peer-Reviewed articles, only articles
in English, only search titles of articles (Figure 1). The purpose
of limiting the keyword search to only within the title is to
only focus on research that is prioritizing or valorizing specific
NAFPs and not merely mentioning them. The genus and species
of each NAFP (i.e., “Genus species”) was then searched using
the criteria and all available literature was then categorized
into one or more subjects with the definitions in Table 1. All
duplicates or articles in other languages other than English were
not included in total numbers. In addition to the literature
review, the regionality, botanical family, habit, ecological status
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FIGURE 1

Native american food plant (NAFP) selection and systematic review methods flow chart.
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(Either TUCN or NatureServe if ITUCN not available), part(s)
used, and duration (annual, perennial, or biannual) for each
NAFP were collected. Plant region data were gathered from
the USDA Plant Database and regionality assigned to plants
depending on the states and provinces they were native to
Supplementary material.

The micro- and macronutrient profiles of these plants
were compiled using available literature and their nutritional
density scores, and powerhouse fruit and vegetable (PFV)
scores were calculated if enough nutrient value information
was available using the methods from di Noia (2014). These
scores were calculated using the following equations, where
“nutrient;” is one of 17 nutrients chosen by di Noia (2014)
for evaluation:

PFV nutrient adequacy score
= (X [nutrient; x bioavailability;)/DV;] x 100)/ 17
PFV nutrient density score (expressed per 100 kcal)

= (nutrient adequacy score / energy density) x 100

The top ten NAFPs with the most total peer-reviewed
literature available, top ten NAFPs with the most nutritional
articles, and top ten annual NAFPs with the most total peer-
reviewed literature available were compiled into a list (excluding
duplicates) (Table 2). Among the top 24 selected plants, only
Zizania spp. and Amaranthus spp. had all data available to
calculate a nutrient adequacy score, therefore if more than half
of the nutrient data was available, a nutrient adequacy score
was calculated.
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3. Results

A total of 5,302 peer-reviewed articles were categorized and
codified for 127 of the staple NAFPs. Yet, 47 of the reviewed NAFPs
from Moerman’s database did not have any peer-reviewed literature
available with their species name in the title over the past 40 years
among the databases available to Penn State University Libraries.
Only 32 NAFPs had any nutritional literature available about them
in the last 40 years.

Although there was more information available on some of
these NAFPs’ nutrition, only data on the raw whole portion of plant
used as a staple food was considered when evaluating the 24 NAFPs’
micro- and macronutrients (Table 3) (Darmon et al., 2005; di Noia,
2014). Even still some plants only had genus specific nutritional
data which we have labeled accordingly. These nutritional values
and nutrition adequacy scores for species are compared with yellow
corn grain in Table 4. Among the NAFPs examined, the genus
Zizania had the highest nutrient adequacy (22.69) and nutrient
density score (6.36), followed by the genus Amaranthus (16.38 and
4.4, respectively). These values were higher than the yellow corn
nutrient adequacy score (13.61) and nutrient density score (3.73).
All the other NAFPs considered had nutrient adequacy and density
scores similar to or lower than yellow corn grain, with Vaccinium
myrtillus having the lowest nutrient adequacy score.

Currently, the most researched NAFPs for their nutrition and
domestication are Mojave Yucca (Yucca schidigera), Whortleberry
(Vaccinium  myrtillus),
alnifolia), and tepary bean (Phaseolus acutifolius). However,
most literature for Mojave yucca was directed toward its use as

Saskatoon serviceberry (Amelanchier
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TABLE 1 Systematic literature review categories and their definitions.

Label Defined as any article that

pertains to

Nutritional The nutritional content (micro- and
macronutrients), palatability, or storage as food;
and the use as a feedstock for livestock and

poultry.

Weed The decreased growth of the plant as a weed, or

any efforts to decrease growth and fecundity.

Horticultural The positive growth of a plant, including yield,
propagation, germination, horticultural methods,

etc.

Organismal The structure and mechanisms of the plant
including genetics, characteristics, responses,
morphology, molecular structure, cellular

structure, etc.

Ecological The plants interactions with biotic and abiotic

factors of its environment including weather.

Pharmaceutical | The positive or negative medical effects of the
plant or its constituents on human or animal
health, as well as any specific molecules from the

plant that have potential medicinal or toxic effects.

Biotech The use of the plant or its constituents for a
purpose that is not for biofuel, pharmaceuticals, or

nutrition.

Biofuel The use of the plant or its constituents as fuel or

similar energy source.

a feedstock for animals rather than the nutritional value of its
fruits, which is the plant part listed as a staple for Native American
nations. The NAFPs with the most available nutritional values were
amaranth (Amaranthus spp.), black walnut (Juglans nigra), wild
rice (Zizania spp.), Saskatoon serviceberry (Amelanchier alnifolia),
and acorns (Quercus spp.). Although these top five have the most
nutritional information available, three of them are only to genus
level, and most values for black walnut are for the dried nut and
not raw. This leaves Saskatoon serviceberry with the most available
nutritional values and one of the plants with the most literature
available making it a good candidate for domestication and use.

Most plants reviewed could be found in the Western US
(88.5% of NAFPs), or Southwest US (70.7% of NAFPs). The
least represented areas were the central, Atlantic, and northern
Canadian regions. Only 14.9% of staple NAFPs had ecological
statuses that were not a G5 NatureServe rating or Least Concern
TUCN rating. There were 45 botanical families represented among
the listed staple NAFPs. The five most commonly represented
botanical families among the staple NAFPs were the oak and beech
family (Fagaceae: 19), sunflower and daisy family (Asteraceae: 16),
grass family (Poaceae: 15), cactus family (Cactaceae: 14), and bean
family (Fabaceae: 11).

4. Discussion

Our systematic review exposes the lack of literature and
ongoing development of NAFPs and their domestication. The
lack of substantial nutritional research for most of the listed
staple NAFPs shows the lack of interest, funding, and attention
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to these food crops and likewise, the lack of attention to Native
American voices and cultures. Similarly, more literature on NAFPs
had been focused on decreasing their growth and prevalence as
weeds rather than on how to increase their growth and prevalence
through horticultural methods. More than half of the available
literature on these staple NAFPs fell under the ecological or
organismal study categories, with the next most interest being their
pharmaceutical value.

Only 18.4% of staple NAFPs have any literature concerning
their nutritional value, and only eight NAFPs have more than five
articles on their nutritional value. This shows the overall lack of
attention on this group of plants as an agricultural resource. The
staple NAFPs regionality follow similar geographic trends to plant
diversity geographical distribution in North America, where there
is more diversity the farther south in latitude and west in longitude
on the North American continent (Qian, 1999).

Wild rice, amaranth seeds, and saskatoon serviceberry all have
nutrient adequacy scores and nutrient density scores higher than
yellow corn grain. Although there is not much species-specific
nutritional information for the species listed in this review, it is
important to note that many are congeners with other food plants.
It has been shown that plants of the same genus usually have
similar nutritional profiles, meaning that many of the plants listed,
although understudied, have high nutritional potential given their
relation to other nutritious plants (Cantwell-Jones et al., 2022).

4.1. Actions for the future

In order to increase the agrobiodiversity and resilience of North
American agriculture, attention must be redirected effectively to
these staple NAFPs. Other research involving the incorporation of
underutilized plants into modern agriculture has listed government
incentives and further nutritional research as key components of
success (Hunter et al., 2019; Tharmabalan, 2021). Previous research
has also emphasized the importance of cataloging a priority list of
underutilized crop plants and gathering more information about
them as an essential step in this process (Cerén-Souza et al,
2021). This paper intends to establish what the state of current
research is in this area in North America, and which NAFPs have
the best foundation of knowledge to use. Likewise, incentives to
incorporate some of these foods into local school systems would not
only increase awareness of these food resources and their cultural
significance, but also provide support for local farmers, healthier
school diets, and shorter supply chains (Bioversity International.,
2019; Hunter et al., 2019; Mabhaudhi et al., 2019).

Currently, there are no federal protections for wild crop
relatives (WCR) in the United States. Both WCRs and NAFPs,
are overlapping categories of native edible plants and can both
be considered agricultural genetic resources (AGR). The only
distinction between WCR and NAFP being genetic relatedness
to mainstream agricultural crops. Additionally, there are no
protections for WCRs at any state level, and 17 states do not even
have any protections in place for endangered plants on state land
(Greene et al., 2018). The lack of policies to protect AGR within the
United States at both the national and state levels needs to change.
Our recommendations as first steps are to identify and define AGR
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TABLE 2 Top 24 NAFPs with the most available total literature and nutritional literature.?

Genus Species Partsusedas Cycle Native Native nations Total Nutr. Hort. Weed Eco. Pharm. Biotech Biofuel
staple (USDA) region(s) that used plants Lit.
(USDA) as staple
Agave americana | N/A P W, SW, LC Comanche, Paiute, 119 8 10 0 7 15 31 56 3
SE Papago, Ute, Yuma
Amaranthus | palmeri Seeds A W, SW, G5 Navajo, Papago, Yuma 326 0 0 271 1 173 2 1 1
MW, SE,
NE
Amelanchier | alnifolia Berries P N, Pa, Pr, LC Okanagon 77 30 16 0 3 32 7 0 0
C AW,
SW, MW
Arctostaphy | uva-ursi Berries P Pa, N, Pr, G5 Okanagon 72 6 4 0 9 23 37 4 0
los C AW,
SW, MW,
SE, NE
Bromus carinatus | Seeds A,P W, SW, G5 Neeshenam 9 0 1 0 5 7 0 0 0
MW, N,
Pa, C, Pr
Helianthus | petiolaris | Seeds A W, SW, LC Havasupai 49 1 4 0 2 33 0 1 0
MW, SE,
NE, Pr, C
Juglans nigra Nut P W, SW, LC Iroquois 174 3 36 0 36 86 19 6 0
MW, SE,
NE, C, Pr
Panicum capillare Seeds A Pa, Pr, C, G5 Hopi 8 0 0 1 2 5 0 1 0
AW,
SW, MW,
SE,NE
Phaseolus acutifolius | Beans A SW LC Cocopa, Papago 112 22 19 0 8 63 12 2 0
Physalis pubescens | Berries A W, SW, LC Navajo 39 11 2 0 2 10 14 3 0
MW, SE,
NE
Pinus ponderosa | Nuts P SW, W, LC Okanagon 317 3 20 0 179 155 7 11 6
MW, Pa
Prosopis glandulosa| Beans P W, SW, LC Mescalero, Comanche, 134 4 13 12 64 37 16 5 0
MW, SE Yavapai
Pteridium aquilinum | Rhyzomes P Pa, Pr, C, LC Sierra, Thompson 256 7 0 4 90 107 62 8 0
AW,
SW, MW,
SE,NE
(Continued)
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TABLE 2 (Continued)

Genus Species Parts used as Native Eco " Native nations Total Nutr. Hort. Weed Eco. Org. Pharm. Biotech Biofuel
staple region(s) status that used plants Lit.

(USDA) as staple

Quercus alba Nuts NE, SE, LC Menominee 90 4 11 0 37 36 4 4
MW, SW,
C

Quercus rubra Nuts SW, MW, LC Ojibwe 320 3 13 0 128 177 2 12
SE, NE,
C A

Rhodiola rosea Roots SE, NE, LC Inupiat 445 2 9 0 14 12 413 0
N,C A

Salvia columbariae Seeds SW, W G5 Cahuilla, Costanoan, 8 1 1 0 1 3 2 0

Mohave, Pomo,

Typha domingensis Seeds W, SW, LC Northern Paiute 160 2 1 0 92 44 8 15
MW, SE

Typha latifolia Seeds, Pollen Roots Pa, N, Pr, LC Cahuilla, Lakota, Ojibwe, | 305 1 4 0 149 137 4 21
C, AW, Northern Paiute
SW, MW,
SE,NE

Vaccinium myrtillus | Berry W, SW, LC Okanagon 396 62 35 0 73 95 139 6
Pr, Pa

Xanthium strumarium Seeds Pa, Pr, C, G5 Costanoan 274 0 2 81 28 53 103 13
AW,
SW, MW,
SE, NE

Yucca schidigera | Fruits W, SwW LC Hualapai 140 85 1 0 3 9 36 8

Zizania aquatica Grain Pa, Pr, C, LC Dakota, Menominee, 30 3 1 0 9 17 0 0
A, MW, Omabha, Ponca,
SE, NE Winnebago

Zizania palustris Grain W, Pr,Pa, | LC Ojibwe, Potawatomi 65 2 13 0 22 30 3 0
C, A, NE,
SE, MW,
SW

2P, Perennial; B, Biennial; A — Annual; NE, North East US; SE, South East US; W, West US; SW, Southwest US; Mw, Midwest US; N, Northern Region Canada; Pa, Pacific Region Canada; Pr, Prairie Region Canada; C, Central Region Canada; A, Atlantic Region

Canada. PLC-TUCN Least “Concern” rating; G5 — Natureserve “Secure” rating.
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TABLE 3 Available micro- and macronutrient information table for top 24 NAFPs.
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Agave americana 2.8 6.42 N/A N/A N/A N/A N/A N/A N/A N/A 7.00 N/A N/A N/A N/A N/A 1.7 N/A N/A Davis, 2022
Amaranthus | palmeri* 13.6 6.7 0.6 0.116 0.2 0.923 1.46 0.591 82 0 4.2 1.19 0 0 0.508 159 7.61 2.87 248 U.S. Department of
Agriculture, 2019
Amelanchier | alnifolia 2.24 4.389 10.68 0.04 3.54 0 0.31 0.03 4.55 0 3.55 1.12 N/A N/A 0.16212) 41.97 0.96 0.17 24.39 Mazza, 2006
Juglans nigra N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.6 100 4 3 250 Antora et al.,, 2022
Phaseolus acutifolius 229 4.15 4.8 N/A N/A N/A N/A N/A N/A N/A 0.27 N/A N/A N/A 1.2638 | 1335 7.1734 3 160.2 Idouraine et al.,
1989
Physalis pubescens 2.08 3.58 N/A N/A N/A N/A N/A N/A N/A N/A 4.816 N/A N/A N/A 0.03969 6.417 | 0.809 | 0329 | 2647 | Golubkinaetal,
2018
Prosopis glandulosa 36.35 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.7955 | 240.5 | 0.1443 | 0.0999 | 194.25 | Harden and
Zolfaghari, 1988
Pteridium aquilinum N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Marrs and Watt,
2006
Quercus alba* 6.15 N/A 11.7 0.112 0.12 1.83 0.715 0.528 87 0 0 N/A N/A N/A 539 41 0.79 0.51 62 U.S. Department of
Agriculture, 2019
Quercus rubra* 6.15 N/A 11.7 0.112 0.12 1.83 0.715 0.528 87 0 0 N/A N/A N/A 539 41 0.79 0.51 62 U.S. Department of
Agriculture, 2019
Salvia columbariae | 22.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Grimes et al., 2020
Vaccinium myrtillus 0.497 3.6 16.2 0 0 0.4 0.1 0.1 6 N/A 9.7 0.6 N/A 19.3 0.077 6 0.3 0.2 6 Zoratti et al., 2015
Zizania aquatica* 14.7 6.2 57 0.115 0.26 6.73 1.07 0.391 95 0 0 0.82 0 1.9 427 21 1.96 5.96 177 U.S. Department of
Agriculture, 2019
Zizania palustris* 14.7 6.2 57 0.115 0.26 6.73 1.07 0.391 95 0 0 0.82 0 1.9 427 21 1.96 5.96 177 U.S. Department of
Agriculture, 2019

*Genus level nutrient information only.
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TABLE 4 Powerhouse fruit and vegetable (PFV) Scores calculated from di
Noia (2014) methodology for NAFPs compared to maize (Z. mays).

Species PFV kcal/100 PFV
nutrient g nutrient
adequacy density
score score
Amaranthus | palmeri* 16.38 371 4.4
Amelanchier | alnifolia 9.37 356 2.63
Phaseolus acutifolius 11.03 N/A
Quercus alba* 12.96 387 3.35
Quercus rubra* 12.96 387 3.35
Vaccinium myrtillus 4.17 N/A
Zizania aquatica* 22.69 357 6.36
Zizania palustris* 22.69 357 6.36
Zea mays 13.61 365 3.73

*Genus level nutrient information only.

as a clear group of protected plants which should be recognized by
federal and state policymakers. Secondly, we recommend that AGR
be granted similar protections to endangered and threatened plant
species, with possible allowances for harvest by Native American
peoples, plant breeding, and controlled use by local farmers.

A possible framework for protection and policy making
is the multi-stakeholder, multi-disciplinary, and multi-sector
participatory methodology (3M) put forward by Wale et al.
in 2009. In this framework, policies are created with a more
holistic view with multiple stakeholders interests in mind. Using
this framework, protection and use policies are more quickly
implemented with more widespread approval (Wale et al., 2009).
These policies may include incentives for local farmers to take
part in in situ conservation strategies which benefit them and
their local communities (Gepts, 2006). Likewise, policies could be
implemented that are focused on in situ protection of AGR located
in state and federal lands that are naturally rich in AGR. These
policies should also include incentives to research and identify
public land that is rich in AGR (Ford-Lloyd et al., 2011).

4.2. Domestication

Domestication can be defined as “the selection process exerted
—consciously or unconsciously — by humans to adapt wild plants
and animals to cultivation and herding, respectively” (Gepts and
Papa, 2003). To accomplish these next steps, domestication of
NAFPs must take place to allow for these foods to be available to
those who need them and to preserve their genetic resources. It
is important to note that the domestication of any plant should
be looked at in a holistic manner as it requires not only changing
plant characteristics, but also creating infrastructure and demand to
meet production demands (van Tassel et al., 2020). Domestication
in the past has occurred by time-intensive selective breeding which
usually results in loss of undesirable traits. These same results can
quickly be achieved through the use of gene editing and if applied
to NAFPs, it would be possible to domesticate these plants within 5
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years (Osterberg et al., 2017). Studies suggest that increasing the
yield of edible plant portion is one of the most important traits
when domesticating a plant (Luo et al., 2022).

To accomplish new plant domestications in an easy and timely
manner, domestication pipelines need to be established using
university and government combined resources. Domestication
pipelines for grain crops have already been theorized and partially
implemented with species like Zizania palustris, one of our
highlighted staple NAFPs (DeHaan et al., 2016). However, the
partial domestication of Z. palustris has already brought several
ethical and cultural questions to light which we will discuss in the
next section of this paper. Additionally, depending on the mode
of domestication, there may be major push back by mainstream
culture due to possible legal GMO statuses of newly domesticated
species due to gene editing or even mutation breeding even though
these methods preserve more genetic diversity than traditional
breeding methods (Osterberg et al., 2017; Luo et al., 2022).

4.3. Biopiracy and importance of
collaboration

Because all of these NAFPs are interconnected with the culture,
land, and intellectual property of many Native American groups
and nations, the use and development of any crops from NAFPs
must be fully discussed with the appropriate Native American
nations. As previously mentioned, the partial domestication of
northern wild rice (Zizania palustris) is a good example of
the complexity and importance of this issue. The University
of Minnesota was asked to domesticate Z. palustris by non-
native farmers and successfully did so; however, none of this
was discussed with the local Anishinaabe nations from which the
germplasm was retrieved (Delaan et al, 2016). The neglect of
communication and initial plan for proper collaboration resulted
in the disrespecting and devaluing of Anishinaabe culture and
has been viewed as biopiracy and colonialism. In the future, any
research on the development of NAFPs into products must have
consent and collaboration from the appropriate native nations from
which the NAFP is found and had been used (DeHaan et al,
2016).

Communication and clear regulations on the development of
NAFPs into crops or products are needed to avoid biopiracy. Any
agreements must ensure that all parties are clearly and equally
represented and benefited from said crops and products, and any
actions are in collaboration with Native American cultures and
preferences (Love and Spaner, 2007; MacKey and Liang, 2012;
Cottrell, 2022). Relationships among Native American Nations
within the United States, although having an effect on possible
policy creation and implementation, is complex and is outside the
scope of this paper.

4.4, Disasters and catastrophe food
resilience

Because of the lack of information available for these species,
it is currently difficult to predict which plants would best be used
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to improve resilience to climate disasters and global catastrophes.
Increasing knowledge on the basic growing requirements for these
plants will better direct the scientific community in choosing which
of these plants to pursue for domestication. Although there is a lack
of information, it can be inferred that plant genera and families
with more drought resistant and heat resistant attributes would
be profitable for resilience to a warming climate, while others that
are drought tolerant, cool tolerant, and shade tolerant and grow
quickly would be the most desirable plants in a global sun-blocking
catastrophe. One of these plant groups that may do well in a
sun-blocking catastrophe are ferns (Polypodiopsida), given their
fast-growing nature, short harvest time, cool tolerance, and shade
tolerance. For example, the widespread range of bracken fern, and
its multiple edible parts would make it ideal for domestication as
a disaster food and indoor crop, however it has been proven to
have toxic and carcinogenic properties (Maroyi, 2014; Ugochukwu,
2019; Kreshchenok et al., 2021; Sareen et al., 2021; Singla et al.,
2022).

Turning our attention to the current warming climate,
finding crops that do better in warmer and drier conditions
may be necessary. The tepary bean’s ability to grow in
hot and dry conditions makes it an ideal candidate for
growth in the current warming climate (Porch et al, 2017).
Likewise, many amaranth species are also good examples
of plants that could grow better in a warming climate and
produce micro- and macronutrient rich seeds (Gregory
et al., 2019; Aderibigbe et al., 2022; Winstead and Jacobson,
2022).

Several of the foods listed are nuts and fruits from trees.
This would require the adoption of agroforestry techniques and
growing more perennial crops rather than annual monocultures.
Native trees like black walnut, American chestnut, ponderosa
pine, honey mesquite, white and red oaks, and serviceberries,
would offer very nutritious and high yielding food products if
incorporated into agroforestry systems with other shaded crop
interplanting. This method of agroforestry using the NAFPs
suggested would not only increase the agrobiodiversity and crop
resilience of American agriculture, but it would also provide
ecological services as emulated natural habitat for native species
within a variety of different climates (Nair et al., 2017). Lovell
et al. (2018) conceptualized a multifunctional woody polyculture
(MWP) agroforestry system for temperate areas using native trees
and shrubs which emulates natural structure of a forest, increasing
resilience, efficiency, and sustainability (Lovell et al., 2018). A follow
up study showed that these MWP systems, although of high interest
to farmers, could not be implemented because of lack of equipment
and access to processing facilities (Stanek et al., 2019). These studies
show how there is not only many benefits to agroforestry systems,
but there is also interest if the right infrastructure were to be created

through programs like government subsidies.

4.5. Comparison to other countries
We can look to other countries that scored higher than

the US on the agrobiodiversity index for ideas on how to best
proceed with using this information. The top three countries
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were Italy, Peru, and Australia. Looking at these three countries’
National Biodiversity Strategies and Action Plans (NBSAPs),
several commonalities stand out (DEST, 1996; Consejo Nacional
del Ambiente, 2001; Ministero Dell’ambiente, 2010). For example,
there is an emphasis in each about ensuring that the benefits
from any domesticated or monetized biological resources have
equitable benefits for all who provided knowledge, land, or
material of the resource. These countries also advocated for the
increased focus on scientific research and funding into research
of biological resources and the analysis of current knowledge gaps
and research on these resources, like the present review. Likewise,
there is emphasis in each on creating some form of government
branches to monitor and implement changes regarding their
nations’ biodiversity. Italy’s NBSAP emphasizes that economic,
social, and cultural factors need to be considered in addition
to merely considering conservation as a driving argument for
increasing and protecting biodiversity (Ministero Dell'ambiente,
2010). This holistic approach, with the integration of public
policy and private intervention has the potential to lead to new
sustainable territorial development especially in marginal areas
(Bocci and Bertacchini, 2009; Scaramuzzi et al., 2021). In this
perspective, it is important to highlight that in Italy and other
Mediterranean countries the use of agrobiodiversity resources,
including wild edible plants, has a long history and is part of
the Mediterranean diet (Chatzopoulou et al., 2020). Over the
last decades, Italy and other European countries have done large
investments in research aimed at characterizing the agronomic
and nutritional properties of neglected genetic resources (Luczaj
et al, 2012; Pinela et al, 2017), and the scientific community
in synergy with local rural communities, chefs, and small farms
greatly contributed to the valorization of such neglected genetic
resources (Petropoulos et al., 2019, 2020; Conversa et al., 2020;
Corréa et al,, 2020a,b). Over time, these initiatives led to the
domestication of several wild edible species and the creation of
new market opportunities especially for smallholder farms that
often have become the custodians of agrobiodiversity resources
(Hadjichambis et al., 2008; FAO, 2019). With this approach, in
situ conservation of agrobiodiversity resources can complement ex
situ conservation efforts (Love and Spaner, 2007; Engels and Ebert,
2021).

4.6. Limitations

This review is not intended to provide an exhaustive list
of staple crops used by Native Americans or provide a list
of all the possible plants that could be domesticated or used
for food native to North America. This review is designed
to highlight the most researched NAFPs, and which have
relatively more interest and information available than others.
This review is not intended to show exactly how much literature
is available, but rather the systematic literature search was
used as a tool to quantify relative current interest in the
scientific community. Because our systematic literature review
was for the purpose of determining current interest and limited
to the past 40 years and articles, it is possible that there
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could have been more research interest in the past than there
is now.

5. Conclusion

Love and Spaner (2007) suggest that “conservation of
agrobiodiversity is a prerequisite for the development of sustainable
agricultural systems.” The state of research of NAFPs in North
America leaves much to be desired. Although there is current
research on some of these staple NAFPs, most of this research
has no focus on their nutritional value or potential domestication.
We have discussed how the incorporation of these staple NAFPs
into the U.S. agricultural system, would increase the resilience
of the U.S. food system. The partnership and approval of Native
American nations toward domestication pipelines for staple NAFPs
with clear delineations on GMO statuses is imperative. As the risk
and likelihood of catastrophes and one-off disaster occurrences
increase, so also should the U.S. agricultural system grow in its
resilience to anticipate these increased risks. We have shown that
the limited literature available for the nutritional information of
NAFPs is promising by their high Powerhouse Fruit and Vegetable
value scores. Future research should focus on the incorporation
of these NAFPs into government incentive programs and school
food systems, as well as the domestication of the most well-
known and highly nutritious NAFPs. Although the U.S. agricultural
system is currently mostly monoculture agronomy systems, proper
government incentive programs and accessibility to post-harvest
preparation would facilitate NAFP agroforestry as there is already
farmer interest. Not only do these changes have direct agricultural
benefits, but the valorization of NAFPs may lead to a valorization
of the voice and culture of many Native American nations and the
conservation of our native biodiversity.
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