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Abstract: Heat and drought stresses threaten global bean production. Additional genetic resources are needed in genebanks
for future improvement of bean crops through breeding for tolerance. The USA southwestern Sky Island mountains contain
such genetic resources that have not been adequately collected nor characterized. Continuing the work done in 2023 (during
which 14 populations were identified and described), a 9-day exploration in 2024 in southern New Mexico and Arizona
for wild teparies and other Phaseolus species resulted in the collection of herbarium and seed samples of 18 populations of
P acutifolius, one each of P angustissimus and P filiformis, two of P grayanus, three of P maculatus and possibly three of P
montanus, or 28 populations in total. Samples of nodules and soil of rhizosphere were also collected. Outcomes and ways to
improve these exploration endeavours are discussed.
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Introduction

The megadrought of western North America with effects
extending south to the Central American Dry Corridor is a
current and historic climatic feature (Williams et al, 2020;
McKinnon et al, 2021; IPCC, 2023; Chen et al, 2025). That
water-limited area is a huge arc extending in the north from
Saskatchewan (Canada) to North Dakota and Nebraska
south to New Mexico (USA), Chihuahua and Zacatecas
(Mexico) and ending in eastern Guatemala. The present
combination of record high temperatures, prolonged drought
and limited water resources can have profound implications
for agricultural systems. Increasingly, growing urban areas
and agriculture will compete for ever scarcer fresh-water
resources. Farmers in remote areas will likely seek grains

* Corresponding author: Daniel Debouck (d.debouck@cgiar.org)

with sufficient value (e.g. barley for breweries, beans for
export to Mexico and Central America, quinoa for specialty
markets) to cover production and postharvest costs such
as transportation. High-value grains capable of providing
more stable income with a lower water requirement will be
essential. Crops and cultivars highly resistant to drought and
heat stresses are now high on the agenda of agronomists and
breeders in that area (Parker et al, 2023; Silber-Coats et al,
2025), but also in other arid regions of the world e.g. Africa
(Assefa et al, 2019).

While the vast American arc aforementioned currently
has many introduced crops, tepary bean (Phaseolus
acutifolius Asa Gray) has long been known as a native
drought and heat tolerant crop (Freeman, 1912) as it was
grown by the pre-Columbian peoples of the Southwest
(Carter, 1945; Kaplan, 1956); seeds have been dated by
accelerator mass spectrometry to at least 2,000 years before
present (Kaplan and Lynch, 1999). In addition to drought
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(Parsons and Howe, 1984; Barrera et al, 2024) and high
temperature tolerance (Lin and Markhart III, 1996; Cruz et
al, 2023), tepary is resistant to several diseases (ashy stem
blight: Miklas et al, 1998; common bacterial blight: Coyne
et al, 1963; Bean Golden Mosaic Virus (later shown to be
Bean Golden Yellow Mosaic Virus): Miklas and Santiago,
1996; Bean Golden Yellow Mosaic Virus: Porch et al, 2021;
Bean Common Mosaic Necrosis Virus: Bornowski et al, 2023;
rust: Miklas and Stavely, 1998) and pests (bruchids: Shade
et al, 1987; Jiménez et al, 2017; thrip and leafthopper: Porch
and Estévez de Jensen, 2024). Further, some accessions of
P acutifolius are tolerant to low temperatures (Souter et al,
2017) and salinity (Bayuelo-Jiménez et al, 2002).

Not surprisingly, there have been many attempts to transfer
the useful traits of tepary into the common bean through
interspecific hybridization (Pratt and Nabhan, 1988), but
with limited success because of the genetic distance between
them (Debouck, 1999; Barrera et al, 2022). However,
the technological context of bean breeding is changing,
given the development of the genome sequences for both
species, marker assisted selection, and genomic technologies
(Schmutz et al, 2014; Moghaddham et al, 2021; Parker et
al, 2023; Wang et al, 2024). Genome editing through the
CRISPR-Cas 9 of 2012 and subsequent improvements are
also quickly changing the field of potential pathways for
cultivar development (Bandyopadhyay et al, 2020; Jha et al,
2022; Singh et al, 2024). There are a lot of possibilities given
the high level of synteny between tepary and common bean
(Gujaria-Verma et al, 2016; Moghaddham et al, 2021).

Transfer of candidate genes from common bean for highly
heritable traits such as seed size, seed colour, growth habit,
and disease and pest resistance, may prove more expedient
than attempting to transfer complex polygenic traits such
as heat and/or drought tolerance from tepary into common
bean. Incidentally, the approach to breed tepary itself is
increasingly being considered in its traditional areas of
cultivation (Pratt et al, 2023) but also in sub-Saharan Africa
(Mwale et al, 2020) and in the tropics (Porch et al, 2024).
So, it might be faster to breed tepary itself with molecular
markers developed using the reference genome sequences
of both species, based on the high level of synteny between
them.

Further, the food processing industry may offer
opportunities for bean seed types outside the current market
classes (Voysest and Dessert, 1991) and the traditional
ways of cooking. These factors are likely contributing to the
increasing trend in P acutifolius germplasm requests from the
United States Department of Agriculture (USDA) genebank
(Dohle, 2024).

The success of these new approaches depends heavily
on the availability of genetic variability in tepary bean.
Unfortunately, a lot of landraces went extinct, first when
the Spaniards introduced new irrigation techniques into
Mesoamerica in the 16th century onwards, and second in the
1930s onwards when water pumps with fuel-based engines
changed the watering systems in the Southwest and other
parts of Aridoamerica (Nabhan and Felger, 1978; Pratt et al,
2023). Some cultivated germplasm has been collected from
the historic range of tepary cultivation from northern Arizona
(Carter, 1945; Nabhan and Felger, 1978) to Guanacaste in
Costa Rica (Debouck, 1992), and it is conserved in several
genebanks. Once internal duplicates are identified, there are
about 100 different landraces of tepary bean in the major

germplasm collections for that crop: USDA, the International
Center for Tropical Agriculture (CIAT) and INIFAP (Instituto
Nacional de Investigaciones Forestales, Agricolas y Pecuarias
of Mexico).

Given this inadequate representation of the intraspecific
genetic variation in the genebanks and their obligation to
anticipate breeders’ needs instead of reacting to them, it
is imperative to expand the reservoir of available genetic
diversity. The greatest benefit will come from the two wild
forms of tepary (often named var. acutifolius Asa Gray and var.
tenuifolius Asa Gray: Delgado-Salinas, 1985). The distribution
of these wild forms extends from the southwestern USA
(central Arizona, southern New Mexico, and the Trans-Pecos
region of Texas) to Michoacan, Mexico (Nabhan and Felger,
1978; Debouck, 2021). While there might be ecological
reasons for the recognition of these two varieties (Pratt and
Nabhan, 1988), genetic evidence indicates that it is still an
open question (Mufioz-Florez et al, 2006; Blair et al, 2012).
A sister species and wild relative of tepary, P montanus
Brandegee (synonym P, parvifolius Freytag), strikingly similar
in appearance to, but separated from var. tenuifolius based
on biochemical (Florez-Ramos et al, 2004) and molecular
evidence (Zink and Nagl, 1998a; Mufoz-Florez et al, 2006;
Blair et al, 2012), extends from southeastern Arizona down
to Jalapa, Guatemala through several regions of the Pacific
side of Mexico (Debouck, 2021). Because of its presence in
the Chiricahua Mountains (Debouck, 2019), an additional
question is whether P montanus is present in western New
Mexico (the Arizona-New Mexico state border line likely
not being an ecological barrier, at least up to the continental
divide).

Another group of wild beans and with some genetic
relationship with common bean is section Rugosi (Zink and
Nagl, 1998b; Delgado-Salinas et al, 2006). It includes P
angustissimus Asa Gray, P carterae Freytag & Debouck and P
filiformis Bentham (Freytag and Debouck, 2002; Dohle et al,
2019). Gene transfer to common bean from these relatives
seems very difficult (Maréchal and Baudoin, 1978). Which
traits could be of interest for introgression into tepary or into
common bean? Wild teparies and these Rugosi species might
be tolerant to drought, salinity and freezing temperatures
(Bayuelo-Jiménez et al, 2002; Balasubramanian et al, 2004).
In conclusion, the main purpose of this project is to increase
the representation of wild teparies and species of the section
Rugosi from New Mexico, where collection to date has been
inadequate, in the USDA collection and later that of CIAT.
Further, given the rapid progress in comparative pangenome
analysis (e.g. Khan et al, 2024), it might be good foresight
to collect other Phaseolus species from New Mexico as the
opportunity arises in the field.

At the start of this project in mid-2023 there were two
accessions of wild P acutifolius (PI 640990, a collection by
Oliver Wendel Norvell of November 1969 and PI 702622, a
collection by Richard Pratt of October 2017; see also Figure
1) and two accessions of P angustissimus (PI 535272, a
collection by Russ Buhrow and PI 535273, a collection by
George Frederick Freytag) from New Mexico in the genebanks
of USDA-Pullman and CIAT-Palmira. Accordingly, a joint
exploration was carried out in fall 2023. Unfortunately, as
it often happens in desert areas, 2023 was a special year
with below normal, erratic and late rainfalls in the counties
of interest in southern New Mexico. However, several
populations of wild teparies yielded some seeds from dried
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plants of the previous year, as did return visits to three sites
(namely Big Burro Mountains and two sites in the Organ
Mountains) with delayed flowering (Debouck et al, 2023).
Those collections have been successfully increased in the
glasshouse of the USDA Pullman during the spring of 2024 (S.
Dohle, personal communication, 2024). Finally, the finding of
a new species of rhizobium in nodules of P filiformis tolerant
to salinity and high temperatures in Baja California (Rocha et
al, 2020) justifies the continued sampling (initiated in 2023)
of rhizosphere microorganisms in wild teparies and Rugosi
species to capture effective nitrogen fixation under these
abiotic stresses.

Materials and methods

Populations of target species

The team used two primary kinds of information to decide
where to sample: the study of herbaria (identified by their
acronyms: Thiers, 2023) keeping samples of Phaseolus sensu
stricto and the sightings posted on iNaturalist (https://www.
inaturalist.org/). The former source by personal visits to
86 herbaria collections since 1978 (Debouck, 2021, p. 102-
103) and the study of 16 herbaria through the Southwestern
Environmental Information Network (SEINet) portal
(https://swbiodiversity.org/seinet/collections/list.php/) in
April 2023 (Supplemental Material 1) gave a total of 189
populations for the state of New Mexico for six species (P
acutifolius (29 populations), P angustissimus (67), P, filiformis
(9), P grayanus (37), P maculatus (40) and P parvulus (7))
covering a period of field collecting between 1849-2014
(Supplemental Table 1). For the 29 populations of wild tepary,
the three coordinates were provided by the collector(s) only
for three locations (one by global positioning system (GPS)).
The second source of information provided GPS coordinates
and a colour picture collected by citizens in the year 2024, and
some in 2023. In addition, photos and descriptions of habitat
preferences of wild teparies were provided to several area
hikers. They subsequently reported to us possible sightings
during their hikes. These multiple strategies allowed us to
find concordance between prospective collection sites and
areas where (more) favourable seasonal rainfall patterns had
occurred. On the other hand, germplasm of the type localities
from original descriptions was also taken into account, given
its importance for future taxonomic and genomic studies.
For New Mexico, this representation of type materials in
genebanks refers to P acutifolius var. tenuifolius (‘near the
copper mines, New Mexico’ in October 1851), P angustissimus
(‘hill-sides above Dofla Ana’ in July 1851), P grayanus (‘San
Luis Mountains’ in September 1893) and P parvulus (‘Pinos
Altos Mountains’ in August 1880) (Wooton and Standley,
1915; Freytag and Debouck, 2002).

Timing of collection

In collecting in the northern Chihuahuan Desert and
surrounding dry areas (Dick-Peddie, 1993; Cornett, 2013),
it was critically important to know how the populations
revealed by the two approaches aforementioned had their
flowering and pod setting affected by the North American
monsoon, in essence variable from year to year (Nolin and
Hall-McKim 2006; Reichenbacher and Peachey, 2025). Based
on the experience of 2023, monitoring of rain accumulation
and distribution was started in July 2024 through late

September 2024 for an area covering southwestern New
Mexico (roughly south of 33° 15’ latitude North and from
106° 27’ longitude West) extending beyond the state border
with Arizona to include Cochise and Greenlee counties. That
area was the one containing most populations of target species
and the object of the grants. Rainfall information provided
by the US Drought Monitor (https://www.droughtmonitor.
unl.edu) (Supplemental Figure 1) was complemented with
invaluable field visits and consultations with staff of the US
Forest Service (FS) and the Bureau of Land Management
(BLM). Such field visits indicated that the Peloncillo, the
Florida and the southern Black Range Mountains (almost no
rain) would not be fruitful in terms of seed production, and
to concentrate exploration instead in 2024 in the Gila region
(see Figure 1). For example, information provided by a ranger
from the Southwestern Research Station (SRS) near Portal,
Arizona, on 23 September 2024 that water was still running
in Turkey Creek while not in Cave Creek in the Chiricahua
Mountains was key for the team to decide to cross the border
into Arizona in search of P montanus (see Discussion).
Implements used during field work were indicated
elsewhere (Debouck, 1988; Moss and Guarino, 1995). GPS
coordinates were obtained from a Garmin GPSmap 62S
receiver and checked against a second GPS receiver (Garmin
Etrex 32X) for any significant deviation (that did not happen:
see Table 3 in Debouck et al, 2025), while primary elevation
readings were provided by a barometric altimeter Thommen
3D-16 (0-5000). The application OnX Backcountry (OnX
Maps Inc., Missoula, Montana) installed on the smartphone
of one participant gave further validation to these direct
readings, as well as valuable data such as offline maps,
names of places and landmarks, and property ownership.
Trying to get the right geographic coordinates was doubly
important: first, to have the possibility of getting back to the
same population for any additional sampling in the same or
subsequent season, and second, to monitor the fate of these
populations over time. Many collections by Edward Lee
Greene, Henry Hurd Rusby, Elmer Ottis Wooton and Charles
Wright in the 1850s-1900s lack accurate data about location,
making our ability to monitor changes since these early
observations difficult, if not impossible. Further, ensuring
the exact coordinates is critically important in relation to
future germplasm evaluation for stresses related to location
such as drought, extreme temperatures or soil limitations
(salinity, nutrient deficiency or excess in minor elements).
For managing the time at the collection sites and to improve
sampling, communication was critical, and two pairs of radios
(‘walkie-talkies’) were found useful to link members of the
team looking for plants in different parts of a single location.

Sampling and data collection

It was a deliberate strategy to sample as many plants
as possible at a single site and therefore the team often
worked in pairs or individually for half an hour (often
longer) in search of additional plants in a population. The
reason for this strategy aimed at collecting genetic diversity
lies in the cleistogamous reproduction of tepary (Lord and
Kohorn, 1986). The sampling of the populations should
also be targeted at the conservation of rare alleles. The
example of resistance to bruchids in wild common bean
(Osborn et al, 1986, 1988) — where plants having the right
arcelin causing antibiosis were less than 20% in the original
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populations — clearly advocates for thorough sampling. The
data taken at collection sites follow the guidelines proposed
elsewhere (Debouck, 1988; Moss and Guarino, 1995),
and were reflected in the labels of the herbarium vouchers
(Supplemental Material 2). Vegetation types were described
based on the classification of Castetter (1956), Dick-Peddie
(1993) and O’Kane (2025). Vernacular names of plants
followed Hitchcock (1971a,b) and Dodson’s guide (2012).
GPS coordinates were checked against the atlas and gazetteer
of Arizona (DeLorme, 2008) and New Mexico (DeLorme,
2012) and web-based topographic maps provided by CalTopo
— Backcountry Mapping (https://caltopo.com/) and the
US Geological Survey (https://www.usgs.gov/programs/
national-geospatial-program/topographic-maps). These
sources and the comprehensive reference guide of place
names in New Mexico produced by Julyan (1998) enable the
checking of place names.

Results

General

In 2024, a total of 28 populations were found, including
two disclosed in 2023 (Table 1 and detailed information about
each population in Supplemental Material 2) for six species
(Phaseolus acutifolius and its two variants, P angustissimus,
P filiformis, P grayanus, P maculatus and P montanus, the
latter in southeastern Arizona) during a 9-day exploration.
Two populations of wild tepary disclosed in 2023 (#3387,
#3390) were revisited in 2024 (successfully) to collect more
seed for germplasm conservation; for all other populations
found in 2023, prior scouting visits indicated no plant
development due to lack of rains (and verified for populations
#3392 and #3396). Seeds were collected for conservation
for all populations except #3407 (too early), and herbarium
specimens were collected for all except #3420 and #3421
(too late) (see Supplemental Table 2).

Table 1. Populations found in chronological order (those highlighted in grey refer to populations found in 2023 for which seeds were

sought and found in 2024).

Collection No.  Species Latitude N Longitude W Elevation (masl) Date

3406 acutifolius 32°17 48.4” 106° 36’ 38.4” 1,565 3-Oct-2024
3407 acutifolius 32°1819.0” 106° 35’ 32.0” 1,740 3-Oct-2024
3408 acutifolius 32°18 44.4” 106° 34’ 43.2” 1,859 3-Oct-2024
3387 acutifolius 32° 22’ 08.6” 106° 33’ 34.7” 1,750 4-Oct-2024
3409 acutifolius 32°21’50.8” 106° 33’ 55.5” 1,893 4-Oct-2024
3390 acutifolius 32° 20’ 16.6” 106° 35’ 10.7” 1,757 5-Oct-2024
3410 acutifolius 32°17 33.5” 106° 35’ 40.2” 1,639 5-Oct-2024
3411 filiformis 32°17 34.0” 106° 35’ 39.1” 1,647 5-Oct-2024
3412 acutifolius 32°02’18.8” 106° 57’ 23.0” 1,288 6-Oct-2024
3413 acutifolius 31°5313.6” 109° 12’ 30.6” 1,663 7-Oct-2024
3414 montanus 31°53'13.6” 109° 12’ 30.6” 1,663 7-Oct-2024
3415 grayanus 31° 54’ 33.2” 109° 15’ 09.3” 1,967 7-Oct-2024
3416 montanus 31° 54’ 33.1” 109° 15’ 09.7” 1,964 7-Oct-2024
3417 montanus 31° 55’ 44.6” 109° 13’ 10.4” 1,693 7-Oct-2024
3418 acutifolius 31° 55’ 44.6” 109° 13’ 10.4” 1,693 7-Oct-2024
3419 maculatus 32°39’08.3” 108° 31’ 56.2” 1,781 8-Oct-2024
3420 acutifolius 32°3901.3” 108° 31’ 56.8” 1,790 8-Oct-2024
3421 acutifolius 32°4717.8” 108° 29’ 38.2” 1,518 8-Oct-2024
3422 acutifolius 32°51’ 04.8” 108° 35’ 26.0” 1,327 8-Oct-2024
3423 acutifolius 33°02’ 59.0” 108° 30’ 03.4” 1,535 9-Oct-2024
3424 angustissimus 32°5757.6” 108° 33’ 48.2” 1,412 9-Oct-2024
3425 maculatus 32°5332.7” 108° 14’ 06.4” 1,991 10-Oct-2024
3426 grayanus 33°07’ 1.3 108°11’ 57.5” 2,248 10-Oct-2024
3427 maculatus 33°1346.2” 108° 15’ 52.3” 1,744 10-Oct-2024
3428 acutifolius 33°13 35.9” 108° 16’ 11.5” 1,795 10-Oct-2024
3429 acutifolius 33°10’ 45.0” 108° 12’ 19.2” 1,698 10-Oct-2024
3430 acutifolius 33°05’ 16.6” 109° 05’ 21.8” 1,827 11-Oct-2024
3431 acutifolius 32°57 04.6” 108° 57’ 35.8” 1,918 11-Oct-2024
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Figure 1. Map showing the number and location of accessions of wild tepary (Phaseolus acutifolius) in the USDA collection before (red dots)
and after (blue dots) the explorations of 2023 and 2024. More information about the collections made east of Las Cruces, New Mexico,

USA, can be found in Supplemental Figure 3.

Seeds were taken to the USDA ARS National Plant
Germplasm System greenhouses located in Pullman,
Washington, for increase, while 96 herbarium specimens
were deposited at the New Mexico State University (NMSU)
Biology Herbarium (NMC) for conservation and further
distribution. Plants from seeds for all the annual species
collected during the fall 2024 plant exploration are currently
growing in the greenhouses at USDA Pullman (Supplemental
Figure 2). Populations may be accessioned and available for
distribution likely from 2026 onwards. As can be seen in Figure
1, the collections of 2023 and 2024 resulted in a significant
increase in the USDA collection of wild tepary. Samples of
nodules or soil around the rhizosphere of the collected plants
were obtained for all populations (except two wild tepary
populations #3407 and #3409; Supplemental Table 2). Soil
and microbe samples are conserved at the New Mexico State
University, Las Cruces, New Mexico, USA.

Per species
Phaseolus acutifolius

In 2024, 18 populations were found, most of them at seed
dispersal stage. Some populations were noted with relatively
broad leaflets (#3387, #3390, #3406, #3407, #3408,
#3409, #3410, #3412), while others displayed very narrow
ones (#3413, #3418, #3422, #3423, #3428, #3429, #3430,
#3431). Two populations (#3420, #3421) were found with
all leaves completely dry, making it impossible to prepare
good herbarium specimens. In addition to variation in leaf
shape, seed colour and size varied (Figure 2). The smallest
100-seed weight was for #3413 at 1.7g, and the largest
was for #3408 and #3412, both at 3.5g. One population
(#3428) was found on the slope close to the caves in the
Gila Cliff Dwellings National Monument. This seems to be
the northernmost latitude for P acutifolius in New Mexico,
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Figure 2. Closeups of seeds of Phaseolus acutifolius Asa Gray after field harvest. Top row: population #3406 (all scale bars in mm; note the
difference in lower row), right #3410. Middle row: left #3422, right # 3428. Lower row: left # 3430, right #3431 (all photographs by SD).

and apparently, upon evidence available to us, the first
record for Catron County. An iNaturalist report indicated the
presence of wild tepary in the Aden Lava Flow Wilderness
Study Area, Dofia Ana County, New Mexico; before reaching
the given coordinates, population #3412 (Figure 3 top) was
identified and sampled for seed and herbarium specimens.
This population is of particular interest because of its location
being between the Organ and the Florida Mountains and its
low elevation (1,210m barometric). For reasons related to
proximity with Las Cruces and distance between transects,
the distribution on the western slope of the Organ Mountains
(Supplemental Figure 3) is better sampled as compared to
other areas (Figure 1). Figure 1 also shows the positive return

of scouting in August-September, in line with moisture level
predicted in the Gila region by the US Drought Monitor
(Supplemental Figure 1). Wild teparies were found in open,
quite diverse habitats, from desert treeless grasslands (Figure
4 top) to pine juniper woodland (Figure 4 bottom). They
were found in chaparral-like habitat (Figure 5 top) or in dry
stream beds (Figure 5 bottom). These habitats match with
those reported by Allred and Jercinovic (2020) and Alexander
(2025), perhaps with the exception of the Ponderosa pine-
oak community, because our sampling has not yet been
targeted towards higher elevations (not enough rain in the
Black Range in 2023 and 2024!).
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Figure 3. Wild tepary Phaseolus acutifolius Asa Gray. Top: habitat of #3412, Aden Lava Flow Wilderness Area (photo DGD); in absence
of cattle grazing, tepary plants (foreground and middle right, arrow) can reach significant development. Lower left: #3430 with narrow
leaflets, the lateral ones lobed at base (arrow) (photo SD); lower right: #3406, dry pods as found in most populations at this time; the one
to the left with eight seeds (photo SD).
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Figure 4. Wild Phaseolus acutifolius habitats. Top: habitat of population #3406, a desert grassland at Sierra Vista Tank in Organ Mountains,
Dofia Ana County, New Mexico; a few stems can be seen on the Opuntia at foreground (arrow). The rough topography makes the entrance
of cattle difficult, while big rocks reduce the effects of drying winds and help collect a bit of air moisture. Bottom: habitat of population
#3423, a pine juniper woodland with scattered oaks in Turkey Creek in Brushy Canyon, Grant County, New Mexico (photos DGD).
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Figure 5. Wild Phaseolus acutifolius habitats. Top: habitat of population #3387, open low oak chaparral, Aguirre Spring, Organ Mountains,
Dofia Ana County, New Mexico. Bottom: habitat of population #3396, a dry wash along Red Rock Road in Big Burro Mountains, Grant
County, New Mexico. Arrows mark where plants were found in 2023 (photos DGD).
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Phaseolus angustissimus

One population (#3424) was found east of Gila, Grant
County, New Mexico (there was a previous collection in
the area: 4 miles east of Gila, Bear Creek Canyon by Bassett
Maguire 11664, 23 May 1935, kept at the herbarium of the
New York Botanical Garden (NY) with sprawling stems and
very narrow leaflets (Figure 6 lower right); several stems
were cut to the base of the plant most likely due to grazing by

cattle and/or nibbling by deer. The roadside location (Figure
6 top) perhaps saved this population from being completely
wiped out by grazing. While this population was found
thanks to an iNaturalist report of September 2024, another
population of P angustissimus similarly reported from a spot
inside Silver City was not found. The habitat of population
#3424 matches with the one reported by Jason Alexander
(2025).

Figure 6. Phaseolus angustissimus Asa Gray, population #3424. Top: habitat, a desert scrubland with few scattered junipers and soil almost
half bare; the yellow arrows mark where plants thrive (photo SD). Lower left: close-up of a late purple flower (photo SD). Lower right: a
plant with sprawling stems in roadside gully (photo DGD).
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Phaseolus filiformis

One small population (#3411; Figure 7) was found (very
close to a wild tepary #3410) in the central-southern part
of the Organ Mountains, Dofla Ana County, New Mexico;
because of the location (Cuates Canyon, after an unsuccessful
search in Achenbach Canyon, same mountainous range), it
might be a new record for the Organ Mountains. It was found
at seed dispersal stage (Figure 7 lower right). The population

#3393 found in 2023 in Rockhound State Park, Luna County,
New Mexico, was visited again for seed in 2024, but because
of lack of rains not a single plant was seen (nor for its
sympatric wild tepary #3392). The two populations found so
far (#3393 and #3411) fall within the diversity of dry and
open habitats reported by Allred and Jercinovic (2020) and
Alexander (2025).

Figure 7. Phaseolus filiformis Bentham, population #3411. Top: habitat in Cuates Canyon of Organ Mountains, the arrow marking where
the plants thrive. Lower left: a late green branch, where all leaflets are quite parallel to sun rays because of very active pulvini, thus difficult
to detect. Lower right: an almost dry stem on Opuntia with wrinkled leaflets, twisted pods (arrow) and seeds already dispersed (all photos

SD).
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Phaseolus grayanus . .
seen without any raceme (Figure 8 lower left), and the low

Two populations (#3415, #3426) were found at green and pod productivity may reflect the low amount of rain at these

mature pod stage, often in altitude pine woodland (Figure sites in 2024. If flowering is not triggered, more products of
8 top). That habitat is one of those reported by Allred and photosynthesis will go into the tuberous root (Figure 8 lower
Jercinovic (2020) and Alexander (2025). Many vines were right) as the survival strategy of this pluriannual species.

Figure 8. Phaseolus grayanus Wooton & Standley. Top: habitat of population #3415, a pine forest in Cochise County, Arizona (photo DGD).
Lower left: if left ungrazed, dense mats of sprawling vines can be seen as in population #3426 in pine woodland, Grant County, New Mexico
(photo DGD). Lower right: a 4-5-year-old root (20cm long, diameter 15mm) of plant in population #3426 (photo SD).



Genetic Resources (2025), 6(12), 131-152

New wild tepary bean germplasm from SW USA 143

Phaseolus maculatus

All three populations (#3419, #3425 and #3427) showed
stems with completely dried, tan whitish leaflets, perhaps
due to lack of rains in September or scarcity of water in
the immediate rocky environment. P maculatus is normally
a pluriannual prostrate legume of the grasslands of the
Chihuahuan Desert (Gentry, 1957). Its abundant biomass
of palatable shoots explains its extinction in these flatlands
due to cattle grazing, while it survives on steep rocky slopes

(Figure 9 top). Roadsides (#3419) and pine-oak (#3425)
communities were two of the habitats mentioned by Alexander
(2025) and one by Allred and Jercinovic (2020). In contrast
to wild teparies or P filiformis (Figure 7 lower right), pods
in P maculatus dehisce less abruptly (Figure 9 lower right).
Damage due to seed weevils (Coleoptera Brentidae subfamily
Apioninae, J. King, personal communication, 2024) was seen
in population #3427.

Figure 9. Phaseolus maculatus Scheele. Top: habitat of population #3427 at Gila Cliff Dwellings, Catron County, New Mexico, a rocky
outcrop above a small riverine plain now converted into a parking lot; arrows mark plants with dried sprawling stems (photo DGD). Lower
left: population #3419 on a cliff west of Red Rock, Grant County, New Mexico: note the active pulvini putting the leaflets in an upright
position (photo SD). Lower right: population #3427 with pods at maturity with 1-3 globose seeds (arrow) (photo SD).
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Phaseolus montanus

Three small populations (#3414, #3416, Figure 10,
and #3417) were found in 2024, all in Cochise County in
southeastern Arizona, while none were identified in New
Mexico. As explained below, the team had to enter into
Cochise Co., in the Chiricahua Mountains, to verify the
presence of the species, and to investigate the species habitat
in order to address the question about its presence in New
Mexico. The plants were found at flowering and green pod
stages, often intermixed with P acutifolius var. tenuifolius with

very narrow leaflets. It was thus important to verify some
of the discriminant traits, namely in leaflets (Freytag and
Debouck, 2002, page 174) and pods (Brandegee, 1893, page
130), as flowers were not present on all plants (Figure 11).
Confirming field observations made in Durango in 1978, and
in Guerrero and Jalapa both in 1987 (reported by Freytag
and Debouck, 2002), the plants do not exceed 60cm in height
and have narrow leaflets (Figure 11) with active pulvini that
make their identification challenging in the field.

Figure 10. Phaseolus montanus Brandegee. Top: habitat of population #3414 (shared with P acutifolius # 3413) (photo DGD). Bottom:
leaflets of population #3416 in a shady spot; comparing with Figure 3 lower left, no lobed leaflets are present (photo SD).
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Figure 11. Traits used to help identify Phaseolus acutifolius var. tenuifolius (left) and P montanus (right). Top row: trifoliolate leaves, #3423
(photo SD) and #3414 (photo LGS). Middle two rows: abaxial faces of lateral leaflets; upper: #3413 (photo SD), with arrow marking the
formation of an external lobe, and lower: #3414 (photo LGS). Lower row: flowers, #3390 and #3416, the greenish tip of the keel serving
as indication of scale (photos DGD). Bottom row: mature pods before shattering: #3428 left (photo SD) and #3417 right (photo SD) (note
four developing seeds against eight in P acutifolius, seven in photograph in upper corner left).
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Phaseolus parvulus

One small population (#3395) was found in 2023, in the
Pinos Altos Range NE of Silver City, Grant, NM. Given the
lack of accuracy in the original species description (‘in the
Pinos Altos Mountains, New Mexico’, Greene, 1881, page
217), it could be considered as falling within the range of

the type specimen. Together with a few forbs of Compositae
and scattered grasses, it thrives on organic soils in the
undergrowth of old Ponderosa pine forest (Figure 12); this
matches with the habitat mentioned by Allred and Jercinovic
(2020) and one of the three habitats indicated by Alexander
(2025).

Figure 12. Phaseolus parvulus Greene. Top: habitat of population #3395; bottom: three fully developed plants, the one in the centre with

an open pod, scale 5cm long (photos DGD).
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Discussion

These results suggest the following points for discussion,
namely on purpose, newness, diversity and prospects.
First, with the results of 2023, all six species (P acutifolius,
P angustissimus, P filiformis, P grayanus, P maculatus and
P parvulus) reported for the state of New Mexico (Wooton
and Standley, 1915; Freytag and Debouck, 2002; Allred and
Jercinovic, 2020; Alexander, 2025) have been found, and
some germplasm has been secured for the USDA genebank.
Importantly, the team has learned about vegetation type and
microhabitats of each taxon to more readily find additional
populations in the future. While the collecting priority was
on wild teparies, some germplasm was found for the other
species, and this is important for the genebanks serving
broader interests in different disciplines (e.g. plant taxonomy,
ecophysiology, genomics). In this regard, Arizona has the
same six species and in addition, P montanus and P ritensis
Jones. We concur with Allred and Jercinovic (2020) (page
452) that P ritensis has not been found yet in New Mexico,
and the same for P montanus.

This observation links with a second point that goes
beyond settling a floristic question, given the unique value
of P montanus for reciprocal breeding of common and tepary
beans (Barrera et al, 2022). Finding this taxon was debated
between the members of the team during preparation, and
explained the brief entry into Arizona. We had one record,
a collection by Jacob Corwin Blumer #1676 made in 1907
on Paradise slope in the Chiricahua Mountains in the
northeastern extreme of the Madrean archipelago (Figure
1 in Van Devender et al, 2013). It was actually a mixed
collection of P acutifolius var. tenuifolius (specimens studied
at the herbaria of ARIZ, E, ISC, MO, NMC and NY') and of P
montanus (specimens studied at the herbaria of CAS, K, L and
MIN?) (Debouck, 2019). Before arriving to the Paradise slope
not far from the Southwestern Research Station, we found
the two species (#3413 and #3414) almost growing side by
side. This close proximity repeated itself eastwards from the
locality of Paradise (with #3417 as P montanus and #3418
as P acutifolius), while population #3416 of P montanus
was found close to P grayanus #3415. A collection made
by Howard Scott Gentry #6472 in Sinaloa, Mexico in 1941
(annotated by one of us in NY; Debouck, 2019) also showed
that the two species can be found at the same spot much
further south. But the fact that P montanus is found alone in
many places from Guerrero, southern Mexico, south to Jalapa,
eastern Guatemala (Freytag and Debouck, 2002; Debouck,
2021) would argue against it being a mere morphological
segregant of P acutifolius var. tenuifolius. Clearly, this close
proximity requires further investigation.

A third point relates to sampling diversity of wild teparies
in southern New Mexico, where a clearer picture starts to
appear thanks to our field work. Extremes in elevation
are so far: 1,288m for #3412 and 1,918m for #3431, and
extremes in latitude: 31° 30’ 56.8” for #3400 (from 2023

1 ARIZ, University of Arizona, USA; E Field Museum of Natural
History, USA; ISC, Iowa State University, USA; MO, Missouri
Botanical Garden, USA; NMC, New Mexico State University, USA;
NY, New York Botanical Garden, USA

2 CAS, California Academy of Sciences, USA; K, Royal Botanic
Garden, Kew, UK; L, Naturalis Biodiversity Center, The Netherlands;
MIN, University of Minnesota, USA

in the Peloncillo Mountains) and 33° 13’ 35.9” for #3428
(from 2024 in the Gila Cliff Dwellings National Monument).
The records from herbaria indicated the following range
in elevation: the specimen collected by Elmer Ottis Wooton
528 (kept at NY) was found at 1,370m and the specimen
collected by J Travis Columbus 1588 (kept at NMCR) was
found at 1,980m. So, we have put the limit a bit further
towards lower elevation (the collection #3412 of Aden
Lava Flow Wilderness). Likewise, the study of herbarium
specimens indicated a collection (NMC-15801) by EO Wooton
sn in August 1902 ‘Mangas Springs; near Silver City’ as the
northernmost location (approxim. 32° 51°), so it seems that
we have pushed the limit a bit further north. But the western
slope of the Organ Mountains apart (Supplemental Figure
3), our sampling is still unequal and scanty (Figure 1), not
because of lack of records — though variously documented
(29 wild tepary populations out of 189 of Phaseolus records:
Supplemental Table 1), but because of the heavy dependence
on intensity and timing of the monsoon rainfall patterns.
This uncertainty is common in North American deserts
(Beck and Haase, 1969; Larson and Larson, 1997; Nolin
and Hall-McKim, 2006; Reichenbacher and Peachey, 2025)
and raises the point of how sampling could be improved.
One can mention the critical importance of local scouting
during August and early September, while the US Drought
Monitor gave only a broad picture (Supplemental Figure 1).
In this regard, given the lack of meteorological stations in
the wilderness of New Mexico, the information provided by
rangers of the Bureau of Land Management and of the US
Forest Service was extremely valuable, while iNaturalists and
informal hikers’ observations gave a 50% chance of accurate
data about wild P acutifolius, the rest being other legumes
such as Galactia (for example, for Gallinas canyon NE of San
Lorenzo in the Mimbres watershed). The help by iNaturalists
can perhaps be made more effective if genebanks put on their
websites macrophotos of flowers and pods, cumulating many
traits for an accurate identification of target species (Figure
11).

Finally, as noted in the first collection year (2023), grazing
in protected areas may be a threat to wild teparies because
the soil seed bank might not recover sufficiently to ensure
the long-term survival of the populations in the context of
the drying Southwest. As a suggestion, from our field work,
populations of wild teparies might be selected for the Bureau
of Land Management or the US Forest Service to launch a
pilot project of in situ conservation, more precisely to address
many questions related to the soil seed bank.

Concluding, the field work of 2023 and 2024 resulted
in a significant increase of representation of wild tepary
germplasm in genebanks, adding 22 new accessions from
diverse habitats of the Southwest (New Mexico, Arizona).
That ecological diversity may announce an important
diversity to be disclosed at the genetic level, thus opening up
new prospects for breeding of that crop.

Supplemental data

Supplemental Material 1. List of Museums of Natural
History and Herbaria where specimens were annotated.

Supplemental Material 2. Detailed information about each
population found.

Supplemental Table 1. Numbers of populations by species
(verified) and by county of New Mexico.
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Supplemental Table 2. Results about the collection of
seed, herbarium specimens and nodules/ soil samples of the
immediate rhizosphere.

Supplemental Figure 1. Map of New Mexico indicating
drought prediction as compared to moisture expected across
that state at that date.

Supplemental Figure 2. Photographs of seedlings during
the seed increase process at USDA Pullman.

Supplemental Figure 3. Satellite map of the Organ
Mountains showing the progress of sampling of wild tepary
populations.
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