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OPINION & POLICY

Increasing the productivity, nutritional quality, and sustain-
ability of food systems is essential to nourish humanity in the 

decades to come (Foley et al., 2011; Godfray et al., 2010; Tilman 
et al., 2011). Mitigating profound declines in plant biodiversity 
will be critical to the resilience of natural systems and to the 
provision of ecosystem services (Brummitt et al., 2015; Newbold 
et al., 2015; Rockström et al., 2009).

These food system and conservation priorities converge 
with crop wild relatives and wild utilized plant species. Many 
crop wild relatives—the wild progenitors and other plant species 
closely related to cultivated plants—are resistant to the pests and 
diseases that cause crop losses, are adapted to extreme climates or 
difficult soils, or possess other valuable agronomic or nutritional 
characteristics (Dempewolf et al., 2017; Hajjar and Hodgkin, 
2007). Due to the close genetic relationship of wild relatives with 
the cultivated species, useful productivity, nutrition, and sustain-
ability traits found in wild relatives can be bred into crops. In 
addition, crop wild relatives serve important roles in domestica-
tion and evolution research (Doebley et al., 2006; Larson et al., 
2014; Meyer and Purugganan, 2013), and some are themselves 
attractive candidates for future domestication (Ciotir et al., 2019). 
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ABSTRACT
Crop wild relatives—the plant species closely 
related to agricultural crops—are valuable 
genetic resources used by plant breeders to 
increase pest and disease resistance, stress 
tolerance, nutritional profile, and other traits 
critical to productivity, quality, and sustain-
ability. Wild utilized plants provide food and a 
variety of other ecosystem and cultural services 
to people. North America harbors a rich native 
flora that includes wild relatives of important 
food, fiber, industrial, feed and forage, medic-
inal, and ornamental crops, as well as a diversity 
of regionally significant wild utilized plants. Many 
of these species are threatened in their natural 
habitats, and most are underrepresented in 
plant genebanks and botanical gardens. These 
conservation gaps limit the portfolio of useful 
plant diversity available to present and future 
generations. Likewise, the myriad potential 
uses of North American crop wild relatives 
and wild utilized plants are underexplored, and 
public awareness of their value and threats is 
limited. Greater coordination of efforts among 
plant conservation, land management, agri-
cultural science, and botanical education and 
outreach organizations will be necessary to 
secure, enhance use, and raise awareness with 
regard to these species. A road map for collab-
orative action is presented here, focused on five 
priorities: (i) to understand and document North 
America’s crop wild relatives and wild utilized 
plants, (ii) to protect threatened species in their 
natural habitats, (iii) to collect and conserve ex 
situ the diversity of prioritized species, (iv) to 
make this diversity accessible and attractive for 
plant breeding, research, and education, and 
(v) to raise public awareness of their value and 
the threats to their persistence.
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Wild utilized plant species, meanwhile, are noncultivated 
plants that are wild harvested for human nutrition and 
cultural uses (Cruz-Garcia and Price, 2014; Gascon et al., 
2015; Willis, 2017).

The natural populations of many crop wild relatives 
and wild utilized plant species are threatened by habitat 
destruction and degradation, invasive species, climate 
change, pollution, or overharvesting (Brummitt et al., 
2015; Jarvis et al., 2008; Khoury et al., 2019). At the same 
time, the majority are poorly represented in plant gene-
banks and botanical gardens (Castañeda-Álvarez et al., 
2016; Khoury et al., 2019). Urgent conservation action is 
required if they are to be available for use in the future.

North America has a rich flora of wild relatives of 
agricultural and horticultural crops, including wild apples 
(Malus Mill.), beans (Phaseolus L.), blueberries and cran-
berries (Vaccinium L.), chile peppers (Capsicum L.), corn 
(Zea L. and Tripsacum L.), cotton (Gossypium L.), grapes 
(Vitis L.), hops (Humulus L.), onions (Allium L.), pumpkins 
(Cucurbita L.), sunflowers (Helianthus L.), and many more 
(Contreras-Toledo et al., 2018; Greene et al., 2018b, 2019; 
Khoury et al., 2013). The region is also home to a diver-
sity of significant wild utilized plants such as sugar maple 
(Acer saccharum Marshall) and wildrice (Zizania palustris L.).

The natural habitats of many North American crop 
wild relative and wild utilized plant populations are 
degraded or are disappearing, and most species lack suffi-
cient representation in genebanks, botanical gardens, 
and other ex situ repositories (Greene et al., 2018b, 2019; 
Zhang et al., 2017). The majority have been only superfi-
cially documented, if at all, with regard to their potential 
breeding utility (Dempewolf et al., 2017). Moreover, 
their value as well as threats to their survival are largely 
unknown to the public (Krishnan et al., 2019).

Efforts are underway in many world regions to 
conserve crop wild relatives and wild utilized plants, as 
discussed in international fora (CBD, 2010a, 2010b; FAO, 
2002; United Nations, 2015). In planning a global conser-
vation initiative for wild relatives (Dempewolf et al., 2014), 
North America was recognized as an important hotspot, 
with many valuable native species inadequately safeguarded 
(Castañeda-Álvarez et al., 2016). Identifying and addressing 
conservation gaps for North American crop wild rela-
tives and wild utilized plants, facilitating their use in plant 
breeding, and educating the scientific and general public 
regarding their value as well as the threats to their survival 
are all urgently needed. Accomplishing these daunting, 
interconnected goals will require partnerships and collab-
orations across plant conservation, land management, 
agricultural science, and botanical education and outreach 
organizations, institutions, and stakeholders.

Organizations across Canada, Mexico, and the United 
States are striving toward, or have expressed interest in, 
increasing the contribution of native wild species to food 

and nutrition security and to the sustainability of produc-
tion systems. Conservation organizations are actively 
working to document the current state of protection 
of wild relatives (Frances et al., 2018). Land manage-
ment agencies are responsible for balancing multiple use 
priorities over large portions of North America (IUCN, 
2019). Public genebanks make plant genetic diversity 
openly accessible to scientists, plant breeders, and educa-
tors (Gepts, 2006; Hoisington et al., 1999). Plant research 
institutions have diverse and complementary capaci-
ties in crop improvement (Byrne et al., 2018; Repinski 
et al., 2011). Almost 1000 botanical and public gardens 
are located across North America, educating visitors and 
performing important conservation and research activi-
ties (BGCI, 2016; Krishnan and Novy, 2016; Miller et 
al., 2015). Collaborations across these institutions are 
growing, focused on important species such as wild chile 
peppers (USDA-FS, 2016a) and cranberries (USDA-FS, 
2016b). A variety of existing institutional frameworks 
and agreements facilitate work between organizations 
and across borders (BGCI, 2016; FAO, 2002; Greene et 
al., 2018a; Haidet and Olwell, 2015; Plant Conservation 
Alliance, 2017; USDA-FS and USDA-ARS, 2014).

A road map for conservation, use, and public engage-
ment around North America’s crop wild relatives and wild 
utilized plants was developed as part of “Celebrating Crop 
Diversity: Connecting Agriculture, Public Gardens and 
Science,” a USDA National Institute of Food and Agri-
culture (USDA- NIFA), US Botanic Garden, Leichtag 
Foundation, and World Food Prize Foundation sponsored 
project run jointly by the Alliance of Crop, Soil, and Envi-
ronmental Science Societies (ACSESS) and the American 
Public Garden Association (APGA). The road map was 
refined and improved with input from a wide range of agri-
cultural and botanical researchers, scientists, plant breeders, 
and educators, both through online surveys and during 
in-person stakeholder consultations at the World Food 
Prize Foundation in Des Moines, IA, 2 to 4 Apr. 2019.

A ROAD MAP FOR NORTH AMERICAN 
CROP WILD RELATIVES AND WILD 
UTILIZED PLANTS
To accomplish the goals of enhanced conservation, 
facilitated use, and increased public awareness of North 
America’s crop wild relatives and wild utilized plants, a 
diversity in capacities and approaches will be needed, with 
partnerships among plant conservation, land management, 
agricultural science, and botanical education and outreach 
organizations aimed at (i) understanding and docu-
menting North America’s crop wild relatives and wild 
utilized plants, (ii) protecting threatened species in their 
natural habitats, (iii) collecting and conserving ex situ the 
diversity of prioritized species, (iv) making this diversity 
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the viability of populations for the long term, including 
under the pressures of climate change. To do so, priorities 
for species conservation will need to be expanded beyond 
those few currently officially listed as threatened and 
endangered. As some native crop wild relatives and wild 
utilized plants are adapted to relatively disturbed habitats, 
opportunities also exist to work with farmers and other 
landowners to protect these species in hedgerows, conser-
vation easements, and other open spaces.

3. Collect and conserve North America’s priori-
tized crop wild relatives and wild utilized plants 
in ex situ collections. Ex situ collections of important 
crop wild relatives and wild utilized plants are maintained 
in public genebanks and botanical gardens across North 
America, but these collections are not currently complete 
with regard to coverage of taxa, nor to genetic diversity 
within species (Castañeda-Álvarez et al., 2016; Greene et 
al., 2018b, 2019; Khoury et al., 2019).

Prioritized crop wild relatives and wild utilized plants 
across North America need further collecting for ex situ 
conservation. This will require coordination by botanical, 
taxonomic, and conservation experts, capitalizing on local 
botanical expertise, while hopefully also providing much 
needed training and educational opportunities for addi-
tional participants (Kramer et al., 2013). The plants then 
need to be processed and stored in plant genebanks and 
botanical gardens under conditions that will enable their 
survival for the long term. Further research is needed to 
develop techniques for the maintenance of species that 
currently require expensive, nonstandard approaches.

4. Make North America’s crop wild relatives and 
wild utilized plants accessible and attractive to 
plant breeders, researchers, and educators. North 
America’s public genebanks, botanical gardens, and open 
spaces provide the foundation for making crop wild rela-
tives and wild utilized plants accessible for research and 
education. In the genebanks and conservation facilities 
in botanical gardens, these plants need to be carefully 
managed to ensure adequate, high-quality, true-to-type 
propagules are available for distribution, and they need 
to be easily accessible via online databases. Indigenous, 
traditional, and local knowledge about these plants must 
be valued and protected through access provided by 
agreements based on mutually agreed terms. These plants 
should also be accessible to the public through botan-
ical garden displays and through information initiatives 
on public lands. To make this diversity more attractive 
for crop improvement, wild relatives of high potential 
value should be characterized and evaluated for traits of 
interest, with these data maintained and accessible along-
side the germplasm. Crop wild relative genotypes of high 
potential value should then be prebred with domesticated 

accessible and attractive for plant breeding, research, and 
education, and (v) raising public awareness of their value 
and the threats to their persistence.

1. Understand and document North America’s 
crop wild relatives and wild utilized plants, assess 
threats to their natural habitats, and determine 
gaps in their conservation. Species inventories and 
conservation assessments have been generated for various 
taxa and for some geographic regions in North America 
(e.g., Castañeda-Álvarez et al., 2015; Contreras-Toledo et 
al., 2018; Greene et al., 2019; Kantar et al., 2015; Khoury 
et al., 2013, 2015; Wiersema et al., 2012), but many land 
management areas have no comprehensive species lists, 
and for many species, assessments are either out of date or 
have not yet been performed (Frances et al., 2018).

Assessments are needed to further document and 
define the highest priority species across North America, 
understand spatial patterns with regard to their genetic 
diversity, analyze threats to populations, and identify 
the most important gaps in conservation. Further recog-
nizing North American wild plant species with potential 
future agricultural significance is also a priority. Results 
should be integrated into relevant information platforms 
used by the conservation, land management, genetic 
resource, and agricultural research communities (e.g., 
BGCI, 2019; CONABIO, 2019; NatureServe, 2019; 
USDA-ARS NPGS, 2019), and these platforms should 
more easily align. The information and priorities must be 
shared widely with professionals in the conservation, land 
management, agricultural science, and outreach commu-
nities, as well as with the public.

2. Protect North America’s crop wild relatives and 
wild utilized plants in their natural habitats. North 
America’s public, private, military, Indigenous and First 
Peoples’, and other open spaces conserve numerous crop 
wild relative and wild utilized plant populations collater-
ally, because of overall land protection practices. These 
plants are not explicitly prioritized except in a few excep-
tional cases (e.g., for some chile pepper [USDA-FS, 2016a], 
cranberry [USDA-FS, 2016b], and maize [De La Torre et 
al., 2018] wild relative populations). Most species are not 
currently sufficiently conserved in their natural habitats 
(Khoury et al., 2019).

Conservation sites covering populations of the highest 
priority and/or the most threatened crop wild relatives 
and wild utilized plants need to be designated in existing 
protected areas, and additional protected areas might need 
to be considered, to adequately protect the genetic diver-
sity of these plants in their natural habitats so they can 
continue to evolve. Conservation of priority species that 
occurs collaterally within multiple land use areas should be 
upgraded to active management with the aim of ensuring 
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germplasm to facilitate the generation of breeding lines of 
interest to plant breeders (Prohens et al., 2017).

5. Raise public awareness about North America’s 
crop wild relatives and wild utilized plants. Plant 
conservation, land management, and agricultural science 
organizations are all increasing their efforts to commu-
nicate the value of plants and the many threats to their 
persistence, recognizing the critical need for continued 
public awareness and support for conservation and for 
agricultural research (Krishnan et al., 2019). Creating 
coordinated educational and communications programs 
to help raise awareness and provide a backdrop for support 
of crop wild relative and wild utilized plant conservation 
is necessary for the long-term viability of conservation 
and plant breeding efforts. Skilled education and outreach 
professionals should lead collaborative efforts to raise 
awareness about the importance of, and threats to, North 
American crop wild relatives and wild utilized plants.

These five priorities are interdependent and require 
collaborative, coordinated efforts. Current initiatives 
that combine the efforts of land managers, agricultural 
researchers, botanical gardens, and other organizations for 
the conservation and use of wild cranberries and other crop 
wild relatives are demonstrating the value of collaborative 
approaches (USDA-FS, 2016b). Through partnerships, 
significant progress could be made in conservation, use, 
and public engagement around North American crop 
wild relatives and wild utilized plants.

Conflict of Interest
The authors declare that there is no conflict of interest.

Acknowledgments
This road map was refined and improved through inputs from a 
wide range of agricultural and botanical researchers, scientists, 
plant breeders, and educators. We thank the Alliance of Crop, 
Soil, and Environmental Science Societies (ACSESS) and 
the American Public Gardens Association (APGA) for their 
facilitation of a collaborative platform to discuss synergies across 
North American agricultural and botanical organizations, 
supported by USDA NIFA (Grant 2017-67019-26289), the US 
Botanic Garden, the Leichtag Foundation, and the World Food 
Prize Foundation. For further information or to connect with 
current road map efforts, please contact the authors.

References
BGCI. 2016. North American botanic garden strategy for plant 

conservation, 2016–2020. Bot. Gardens Conserv. Int., Chicago.
BGCI. 2019. Plant search. Bot. Gardens Conserv. Int. https://

www.bgci.org/plant_search.php (accessed 19 Apr. 2019)
Brummitt, N.A., S.P. Bachman, J. Griffiths-Lee, M. Lutz, J.F. Moat, 

A. Farjon, et al. 2015. Green plants in the red: A baseline global 
assessment for the IUCN Sampled Red List Index for plants. 
PLoS One 10:e0135152. doi:10.1371/journal.pone.0135152

Byrne, P.F., G.M. Volk, C. Gardner, M.A. Gore, P.W. Simon, 
and S. Smith. 2018. Sustaining the future of plant breeding: 
The critical role of the USDA-ARS National Plant 
Germplasm System. Crop Sci. 58:451–468. doi:10.2135/
cropsci2017.05.0303

Castañeda-Álvarez, N.P., S. de Haan, H. Juarez, C.K. Khoury, 
H.A. Achicanoy, C.C. Sosa, et al. 2015. Ex situ conservation 
priorities for the wild relatives of potato (Solanum L. section 
Petota). PLoS One 10:e0122599. doi:10.1371/journal.
pone.0122599 [erratum: 10:e0129873].

Castañeda-Álvarez, N.P., C.K. Khoury, H.A. Achicanoy, V. 
Bernau, H. Dempewolf, R.J. Eastwood, et al. 2016. Global 
conservation priorities for crop wild relatives. Nat. Plants 
2:16022. doi:10.1038/nplants.2016.22

Ciotir, C., W. Applequist, T.E. Crews, N. Cristea, L.R. DeHaan, 
E. Frawley, et al. 2019. Building a botanical foundation for 
perennial agriculture: Global inventory of wild, perennial 
herbaceous Fabaceae species. Plants, People, Planet. 
doi:10.1002/ppp3.37 (in press).

CONABIO. 2019. Insituciones. Comison Nac. Conocimiento 
Uso Bioviersidad. https://datos.gob.mx/busca/organization/
conabio (accessed 19 Apr. 2019).

Contreras-Toledo, A.R., M.A. Cortés-Cruz, D. Costich, M. 
de Lourdes Rico-Arce, J. Magos Brehm, and N. Maxted. 
2018. A crop wild relative inventory for Mexico. Crop Sci. 
58:1292–1305. doi:10.2135/cropsci2017.07.0452

Convention on Biological Diversity (CBD). 2010a. Aichi 
biodiversity targets. CBD. https://www.cbd.int/sp/targets/ 
(accessed 1 Apr. 2019).

Convention on Biological Diversity (CBD). 2010b. Global strategy 
for plant conservation. The targets 2011–2020. CBD. https://
www.cbd.int/gspc/targets.shtml (accessed 1 Apr. 2019).

Cruz-Garcia, G.S., and L.L. Price. 2014. Gathering of wild food 
plants in anthropogenic environments across the seasons: 
Implications for poor and vulnerable farm households. Ecol. 
Food Nutr. 53:363–389. doi:10.1080/03670244.2013.8086
31

De La Torre, S.J.F., R.S.E. González, J.G.J. Cruz, M.G. Pichardo, 
M.C. Quintana, A.R. Contreras-Toledo, and J.I. Cadena. 
2018. Crop wild relatives in Mexico: An overview of richness, 
importance, and conservation status. In: S.L. Greene, et al., 
editors, North American crop wild relatives. Vol. 1. Springer, 
Cham, Switzerland. p. 63–96. doi:10.1007/978-3-319-95101-
0_3

Dempewolf, H., G. Baute, J. Anderson, B. Kilian, C. Smith, 
and L. Guarino. 2017. Past and future use of wild relatives 
in crop breeding. Crop Sci. 57:1070–1082. doi:10.2135/
cropsci2016.10.0885

Dempewolf, H., R.J. Eastwood, L. Guarino, C.K. Khoury, J.V. 
Müller, and J. Toll. 2014. Adapting agriculture to climate 
change: A global initiative to collect, conserve, and use crop 
wild relatives. Agroecol. Sustain. Food Syst. 38:369–377. doi:
10.1080/21683565.2013.870629

Doebley, J.F., B.S. Gaut, and B.D. Smith. 2006. The molecular 
genetics of crop domestication. Cell 127:1309–1321. 
doi:10.1016/j.cell.2006.12.006

FAO. 2002. The International Treaty on Plant Genetic Resources 
for Food and Agriculture. FAO, Rome. http://www.fao.
org/3/a-i0510e.pdf (accessed 25 Apr. 2019).

Foley, J.A., N. Ramankutty, K.A. Brauman, E.S. Cassidy, J.S. 
Gerber, M. Johnston, et al. 2011. Solutions for a cultivated 
planet. Nature 478:337–342. doi:10.1038/nature10452

https://www.crops.org
https://www.bgci.org/plant_search.php
https://www.bgci.org/plant_search.php
https://doi.org/10.1371/journal.pone.0135152
https://doi.org/10.2135/cropsci2017.05.0303
https://doi.org/10.2135/cropsci2017.05.0303
https://doi.org/10.1371/journal.pone.0122599
https://doi.org/10.1371/journal.pone.0122599
https://doi.org/10.1038/nplants.2016.22
https://dx.doi.org/10.1002/ppp3.37
https://datos.gob.mx/busca/organization/conabio
https://datos.gob.mx/busca/organization/conabio
https://doi.org/10.2135/cropsci2017.07.0452
https://www.cbd.int/sp/targets/
https://www.cbd.int/gspc/targets.shtml
https://www.cbd.int/gspc/targets.shtml
https://doi.org/10.1080/03670244.2013.808631
https://doi.org/10.1080/03670244.2013.808631
https://doi.org/10.1007/978-3-319-95101-0_3
https://doi.org/10.1007/978-3-319-95101-0_3
https://doi.org/10.2135/cropsci2016.10.0885
https://doi.org/10.2135/cropsci2016.10.0885
https://doi.org/10.1080/21683565.2013.870629
https://doi.org/10.1080/21683565.2013.870629
https://doi.org/10.1016/j.cell.2006.12.006
http://www.fao.org/3/a-i0510e.pdf
http://www.fao.org/3/a-i0510e.pdf
https://doi.org/10.1038/nature10452


crop science  www.crops.org 5

Khoury, C.K., B. Heider, N.P. Castañeda-Álvarez, H.A. 
Achicanoy, C.C. Sosa, R.E. Miller, et al. 2015. Distributions, 
ex situ conservation priorities, and genetic resource potential 
of crop wild relatives of sweetpotato [Ipomoea batatas (L.) 
Lam., I. series Batatas]. Front. Plant Sci. 6:251. doi:10.3389/
fpls.2015.00251

Kramer, A., B. Zorn-Arnold, and K. Havens. 2013. Applying 
lessons from the U.S. Botanical Capacity Assessment Project 
to achieving the 2020 GSPC targets. Ann. Mo. Bot. Gard. 
99:172–179. doi:10.3417/2011110

Krishnan, S., T. Moreau, J. Kuehny, A. Novy, S.L. Greene, and 
C.K. Khoury. 2019. Resetting the table for people and plants: 
Botanic gardens and research organizations collaborate to 
address food and agricultural plant blindness. Plants, People, 
Planet doi:10.1002/ppp3.34 (in press).

Krishnan, S., and A. Novy. 2016. The role of botanic gardens in 
the twenty-first century. Perspect. Agric. Vet. Sci. Nutr. Nat. 
Resour. 11(023). doi:10.1079/PAVSNNR201611023

Larson, G., D.R. Piperno, R.G. Allaby, M.D. Purugganan, L. 
Andersson, M. Arroyo-Kalin, et al. 2014. Current perspectives 
and the future of domestication studies. Proc. Natl. Acad. Sci. 
USA 111:6139–6146. doi:10.1073/pnas.1323964111

Meyer, R.S., and M.D. Purugganan. 2013. Evolution of crop 
species: Genetics of domestication and diversification. Nat. 
Rev. Genet. 14:840–852. doi:10.1038/nrg3605

Miller, A.J., A. Novy, J. Glover, E.A. Kellogg, J.E. Maul, P. 
Raven, and P. Wyse Jackson. 2015. Expanding the role of 
botanical gardens in the future of food. Nat. Plants 1:15078. 
doi:10.1038/nplants.2015.78

NatureServe. 2019. NatureServe Explorer: An online encyclopedia 
of life. NatureServe. http://www.natureserve.org/
conservation-tools/data-maps-tools/natureserve-explorer 
(accessed 19 Apr. 2019)

Newbold, T., L.N. Hudson, S.L.L. Hill, S. Contu, I. Lysenko, 
R.A. Senior, et al. 2015. Global effects of land use on local 
terrestrial biodiversity. Nature 520:45–50. doi:10.1038/
nature14324

Plant Conservation Alliance. 2017. National seed strategy for 
rehabilitation and restoration. Plant Conserv. Alliance. 
ht t p s ://w w w.f s . fed .u s/w i ld f lower s/Nat ive_ Pl ant _
Materials/documents/SeedStrategy081215.pdf (accessed 25 
Apr. 2019).

Prohens, J., P. Gramazio, M. Plazas, H. Dempewolf, B. Kilian, 
M.J. Díez, et al. 2017. Introgressiomics: A new approach 
for using crop wild relatives in breeding for adaptation to 
climate change. Euphytica 213:158. doi:10.1007/s10681-017-
1938-9

Repinski, S.L., K.N. Hayes, J.K. Miller, C.J. Trexler, and F.A. 
Bliss. 2011. Plant breeding graduate education: Opinions 
about critical knowledge, experience, and skill requirements 
from public and private stakeholders worldwide. Crop Sci. 
51:2325–2336. doi:10.2135/cropsci2011.03.0137

Rockström, J., W. Steffen, K. Noone, Å. Persson, F.S. Chapin, 
E.F. Lambin, et al. 2009. A safe operating space for humanity. 
Nature 461:472–475. doi:10.1038/461472a

Tilman, D., C. Balzer, J. Hill, and B.L. Befort. 2011. Global food 
demand and the sustainable intensification of agriculture. 
Proc. Natl. Acad. Sci. USA 108:20260–20264. doi:10.1073/
pnas.1116437108

United Nations. 2015. Sustainable development goals. United 
Nations. https://www.un.org/sustainabledevelopment/
sustainable-development-goals/ (accessed 19 Apr. 2019).

Frances, A.L., A.B. Smith, and C.K. Khoury. 2018. Conservation 
status and threat assessments for North American crop wild 
relatives. In: S.L. Greene, et al., editors, North American 
crop wild relatives. Vol. 1: Conservation strategies. Springer, 
Cham, Switzerland. p. 189–208. doi:10.1007/978-3-319-
95101-0_7.

Gascon, C., T.M. Brooks, T. Contreras-MacBeath, N. Heard, 
W. Konstant, J. Lamoreux, et al. 2015. The importance and 
benefits of species. Curr. Biol. 25:R431–R438. doi:10.1016/j.
cub.2015.03.041

Gepts, P. 2006. Plant genetic resources conservation and 
utilization: The accomplishments and future of a societal 
insurance policy. Crop Sci. 46:2278–2292. doi:10.2135/
cropsci2006.03.0169gas

Godfray, H.C.J., J.R. Beddington, I.R. Crute, L. Haddad, D. 
Lawrence, J.F. Muir, et al. 2010. Food security: The challenge 
of feeding 9 billion people. Science 327:812–818. doi:10.1126/
science.1185383

Greene, S.L., C.K. Khoury, and K.A. Williams. 2018a. Wild plant 
genetic resources in North America: An overview. In: S.L. 
Greene, et al., editors, North American crop wild relatives. 
Vol. 1: Conservation strategies. Springer, Cham, Switzerland. 
p. 3–31. doi:10.1007/978-3-319-95101-0_1.

 Greene, S.L., K.A. Williams, C.K. Khoury, M.B. Kantar, and L.F. 
Marek, editors. 2018b. North American crop wild relatives. 
Vol. 1: Conservation strategies. Springer, Cham, Switzerland. 
doi:10.1007/978-3-319-95101-0

Greene, S.L., K.A. Williams, C.K. Khoury, M.B. Kantar, and L.F. 
Marek, editors. 2019. North American crop wild relatives. 
Vol. 2: Important species. Springer, Cham, Switzerland. 
doi:10.1007/978-3-319-97121-6

Haidet, M., and P. Olwell. 2015. Seeds of success: A national seed 
banking program working to achieve long-term conservation 
goals. Nat. Areas J. 35:165–173. doi:10.3375/043.035.0118

Hajjar, R., and T. Hodgkin. 2007. The use of wild relatives in 
crop improvement: A survey of developments over the last 20 
years. Euphytica 156:1–13. doi:10.1007/s10681-007-9363-0

Hoisington, D., M. Khairallah, T. Reeves, J.-M. Ribaut, B. 
Skovmand, S. Taba, and M. Warburton. 1999. Plant genetic 
resources: What can they contribute toward increased crop 
productivity? Proc. Natl. Acad. Sci. USA 96:5937–5943. 
doi:10.1073/pnas.96.11.5937

International Union for Conservation of Nature (IUCN). 
2019. World database onprotected areas. IUCN. https://
protectedplanet.net/ (accessed 25 Apr. 2019).

Jarvis, A., A. Lane, and R.J. Hijmans. 2008. The effect of climate 
change on crop wild relatives. Agric. Ecosyst. Environ. 
126:13–23. doi:10.1016/j.agee.2008.01.013

Kantar, M.B., C.C. Sosa, C.K. Khoury, N.P. Castañeda-Álvarez, 
H.A. Achicanoy, V. Bernau, et al. 2015. Ecogeography and 
utility to plant breeding of the crop wild relatives of sunflower 
(Helianthus annuus L.). Front. Plant Sci. 6:841. doi:10.3389/
fpls.2015.00841

Khoury, C.K., D. Amariles, J.S. Soto, M.V. Diaz, S. Sotelo, C.C. 
Sosa, et al. 2019. Comprehensiveness of conservation of 
useful wild plants: An operational indicator for biodiversity 
and sustainable development targets. Ecol. Indic. 98:420–429. 
doi:10.1016/j.ecolind.2018.11.016

Khoury, C.K., S. Greene, J. Wiersema, N. Maxted, A. Jarvis, 
and P.C. Struik. 2013. An inventory of crop wild relatives 
of the United States. Crop Sci. 53:1496. doi:10.2135/
cropsci2012.10.0585

https://www.crops.org
https://doi.org/10.3389/fpls.2015.00251
https://doi.org/10.3389/fpls.2015.00251
https://doi.org/10.3417/2011110
https://dx.doi.org/10.1002/ppp3.34
https://dx.doi.org/10.1079/PAVSNNR201611023
https://doi.org/10.1073/pnas.1323964111
https://doi.org/10.1038/nrg3605
https://doi.org/10.1038/nplants.2015.78
http://www.natureserve.org/conservation-tools/data-maps-tools/natureserve-explorer
http://www.natureserve.org/conservation-tools/data-maps-tools/natureserve-explorer
https://doi.org/10.1038/nature14324
https://doi.org/10.1038/nature14324
https://www.fs.fed.us/wildflowers/Native_Plant_Materials/documents/SeedStrategy081215.pdf
https://www.fs.fed.us/wildflowers/Native_Plant_Materials/documents/SeedStrategy081215.pdf
https://doi.org/10.1007/s10681-017-1938-9
https://doi.org/10.1007/s10681-017-1938-9
https://doi.org/10.2135/cropsci2011.03.0137
https://doi.org/10.1038/461472a
https://doi.org/10.1073/pnas.1116437108
https://doi.org/10.1073/pnas.1116437108
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://doi.org/10.1007/978-3-319-95101-0_7
https://doi.org/10.1007/978-3-319-95101-0_7
https://doi.org/10.1016/j.cub.2015.03.041
https://doi.org/10.1016/j.cub.2015.03.041
https://doi.org/10.2135/cropsci2006.03.0169gas
https://doi.org/10.2135/cropsci2006.03.0169gas
https://doi.org/10.1126/science.1185383
https://doi.org/10.1126/science.1185383
https://doi.org/10.1007/978-3-319-95101-0_1
https://dx.doi.org/10.1007/978-3-319-95101-0
https://dx.doi.org/10.1007/978-3-319-97121-6
https://doi.org/10.3375/043.035.0118
https://doi.org/10.1007/s10681-007-9363-0
https://doi.org/10.1073/pnas.96.11.5937
https://protectedplanet.net/
https://protectedplanet.net/
https://doi.org/10.1016/j.agee.2008.01.013
https://doi.org/10.3389/fpls.2015.00841
https://doi.org/10.3389/fpls.2015.00841
https://doi.org/10.1016/j.ecolind.2018.11.016
https://doi.org/10.2135/cropsci2012.10.0585
https://doi.org/10.2135/cropsci2012.10.0585


6 www.crops.org crop science

USDA-ARS-NPGS. 2019. Crop wild relatives in GRIN Global. 
USDA-ARS Natl. Plant Germplasm Syst. https://npgsweb.
ars-grin.gov/gringlobal/taxon/taxonomysearchcwr.aspx 
(accessed 19 Apr. 2019).

USDA-FS. 2016a. Chiltepine or bird pepper (Capsicum annuum 
var. glabriusculum). USDA For. Serv. http://www.fs.fed.us/
wildflowers/beauty/Sky_Islands/plants/Capsicum_annuum/
index.shtml (accessed 19 Apr. 2019).

USDA-FS. 2016b. Complementary conservation of wild 
cranberry. USDA For. Serv. http://www.fs.fed.us/
wildflowers/ethnobotany/cranberry/index.shtml (accessed 
19 Apr. 2019).

USDA-FS and USDA-ARS. 2014. Joint strategic framework 
on the conservation and use of native crop wild relatives in 

the United States. USDA For. Serv., USDA-ARS. http://
www.fs.fed.us/wildf lowers/ethnobotany/documents/cwr/
FrameworkNativeCropWildRelativesOct2014.pdf (accessed 
19 Apr. 2019)

Wiersema, J.H., B. León, and E.J. Garvey. 2012. Identifying wild 
relatives of subtropical and temperate fruit and nut crops. Acta 
Hortic. 948: 285–288. doi:10.17660/ActaHortic.2012.948.33 

Willis, K.J., editor. 2017. State of the world’s plants 2017. Report. 
Royal Bot. Gardens, Kew Gardens, London. https://
stateoftheworldsplants.com/ (accessed 25 Apr. 2019).

Zhang, J., S.E. Nielsen, Y. Chen, D. Georges, Y. Qin, S.-S. 
Wang, et al. 2017. Extinction risk of North American seed 
plants elevated by climate and land-use change. J. Appl. Ecol. 
54:303–312. doi:10.1111/1365-2664.12701

https://www.crops.org
https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearchcwr.aspx
https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearchcwr.aspx
http://www.fs.fed.us/wildflowers/beauty/Sky_Islands/plants/Capsicum_annuum/index.shtml
http://www.fs.fed.us/wildflowers/beauty/Sky_Islands/plants/Capsicum_annuum/index.shtml
http://www.fs.fed.us/wildflowers/beauty/Sky_Islands/plants/Capsicum_annuum/index.shtml
http://www.fs.fed.us/wildflowers/ethnobotany/cranberry/index.shtml
http://www.fs.fed.us/wildflowers/ethnobotany/cranberry/index.shtml
http://www.fs.fed.us/wildflowers/ethnobotany/documents/cwr/FrameworkNativeCropWildRelativesOct2014.pdf
http://www.fs.fed.us/wildflowers/ethnobotany/documents/cwr/FrameworkNativeCropWildRelativesOct2014.pdf
http://www.fs.fed.us/wildflowers/ethnobotany/documents/cwr/FrameworkNativeCropWildRelativesOct2014.pdf
https://dx.doi.org/10.17660/ActaHortic.2012.948.33
https://stateoftheworldsplants.com/
https://stateoftheworldsplants.com/
https://doi.org/10.1111/1365-2664.12701

