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Tepary bean (Phaseolus acutifolius A. Gray) is a viable and nutritious alternative to
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common bean (P. vulgaris L.) in areas with excessively high temperatures and/or
chronic drought. Tepary bean is a traditional crop of the Tohono O’odham Indi-
ans of the Sonoran Desert in the Southwest United States and Mexico, as well
as other Indigenous peoples of the United States, Mexico, and Central America.
Despite its potential for broad applications for reduced water-input agriculture or
for hot, semi-arid, marginal production zones, tepary bean remains an orphan crop.
‘USDA Fortuna’ (Reg. no. CV-352, PI 698459) is an improved tepary bean culti-
var with enhanced seed size, seed quality, tolerance to Bean golden yellow mosaic
virus, and resistance to local strains of rust in Puerto Rico. It has leathopper pest
resistance, common bacterial blight resistance, and moderate resistance to pow-
dery mildew. USDA Fortuna is a high-yielding tepary bean with an attractive black

speckled seed color and a quick cooking time. This cultivar was developed coopera-

Abbreviations: BGYMV, Bean golden yellow mosaic virus; RCBD, randomized complete block design; TARS, Tropical Agriculture Research Station; UPR,
University of Puerto Rico.
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1 | INTRODUCTION

Given the benefits of increasing plant protein consumption
in Western diets both for human health and the environ-
ment (Aleksandrowicz et al., 2016), and an increasingly hotter
and drier climate in many common bean (Phaseolus vulgaris
L.) production zones, alternative climate-resilient pulses are
needed. Tepary bean (P. acutifolius A. Gray), a traditional
crop of the Tohono O’odham and other Indigenous peoples of
the Sonoran Desert region, is a nutritious and abiotic stress-
tolerant orphan pulse crop (Porch et al., 2017). As a close
relative of common bean, it is an important source of abi-
otic and biotic resistance for common bean (Singh & Mufioz,
1999; Souter et al., 2017), the most important pulse crop
worldwide. With the recent publication of the tepary bean
genome (Moghaddam et al., 2021), the unique characteris-
tics of tepary bean will become more readily available using
cutting edge tools now at our disposal.

Common bean production zones of Africa (Ramirez-Cabral
et al., 2016), Central America, and the Caribbean (Han-
nah et al., 2013), among other regions of the world, are
being affected by increasing temperatures, reduced or less
predictable rainfall patterns, and by a general reduction in
water resources. Tepary bean, a desert native species, with
a thick and deep tap root, and other little-studied abiotic
stress tolerance mechanisms (Suarez et al., 2020; Traub et al.,
2018), maintains higher yield under heat, drought, and salinity
stress (Markhart, 1985; Nabhan, 1979; Sternberg et al., 2001).
Given variable production conditions worldwide, improved
yield stability of cultivars under a wide range of climatic con-
ditions is essential for ensuring consistent farmer returns and
food security.

There has been limited contemporary effort using mod-
ern plant breeding methods in tepary bean improvement
(Mwale et al., 2020). The first published tepary release,
named ‘Redfield’, was a selection from the Texas lan-
drace T.S. 3306, by Garver (1934). Modern improvement
of tepary has resulted in the development of a white-
seeded germplasm, TARS-Tep 22, with resistance to common
bacterial blight, caused by Xanthomonas axonopodis, and
rust, caused by Uromyces appendiculatus (Porch et al.,
2013). TARS-Tep 32, a yellow tepary bean, was released
as a selection from the landrace PI 477033 (Porch et al.,
2013). Recently, TARS-Tep 23 was released as a germplasm

tively by the USDA-ARS, the University of Puerto Rico, Zamorano University, the
Instituto Dominicano de Investigaciones Agropecuarias y Forestales (IDIAF) of the
Dominican Republic, Quisqueya University of Haiti, the National Seed Service of
Haiti, Instituto Nacional de Innovacién y Transferencia en Tecnologia Agropecuaria
(INTA) of Costa Rica, and Iowa State University.

with elevated abiotic stress tolerance, broad adaptation, and
high levels of rust and common bacterial blight resistance
(Porch et al., 2022). The continued improvement of tepary
bean germplasm and cultivars is needed to attract broader
testing and adoption of the crop by consumers and the
industry.

Previous research on nutritional quality of tepary bean has
shown similar protein, amino acid, starch, fiber, and elemen-
tal composition as compared to common bean (Porch et al.,
2017). However, lower fiber (Benitez et al., 1994), distinct
fat composition (Bhardwaj & Hamama, 2005), lower fat con-
tent and higher sucrose content (Porch et al., 2017), and a
broad range of elemental concentrations (Garvin & Welch,
1995) have been found. A wide range of cooking times and
the presence of the hardshell seed coat trait in some genotypes
indicate areas for potential improvement (Porch et al., 2017).
In addition, environmental conditions can affect nutritional
composition in tepary bean (Bhardwaj & Hamama, 2004).

Biotic stresses remain a significant constraint to broadening
the adaptation and yield potential of tepary bean, includ-
ing response to both insects and diseases. The leafhopper
(Empoasca spp.) is an insect pest of tepary bean, common
bean (Kornegay & Cardona, 1990), and other annual crops
(Lamp et al., 1994) in both tropical and temperate regions.
In trials conducted in Haiti and Puerto Rico, leathopper pres-
sure early in the crop cycle can result in severe dwarfing of
tepary bean and complete yield loss (Timothy Porch, personal
communication, 2018). Leaf damage, including leaf curl and
leaf burn (Murray et al., 2001), are commonly scored in com-
mon bean, but evaluations of tepary bean leaf response have
not been published. However, previous studies in common
bean have found yield under leathopper pressure to be the
most-effective trait for selection for resistance (Kornegay &
Cardona, 1990).

Bean golden yellow mosaic virus (BGYMV) is a major
constraint for common bean production in Central America
and the Caribbean and a focus of extensive and success-
ful improvements in genetic resistance (reviewed by Beaver
et al., 2020). Previous evaluations of tepary bean response
to BGYMV in Puerto Rico, during a period when Puerto
Rico experienced regular, natural epidemics, found some
tolerance in the germplasm evaluated (Miklas & Santiago,
1996). Although tolerance in tepary bean has been found
and can be further improved, BGYMYV resistance will likely
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come through introgression of higher levels of resistance from
common bean.

Tepary bean germplasm has the highest levels of resis-
tance to common bacterial blight, caused by Xanthomonas
axonopodis pv. phaseoli (Smith) Dye (Xap), in the Phaseolus
species (Singh & Muiioz, 1999). However, there is a broad
range of responses from complete susceptibility to high levels
of resistance within tepary bean germplasm. Genetic control
of this seed-borne disease is important since chemical con-
trol has limited effectiveness and because genetic resistance
is critical for future production of disease-free tepary bean
seed. Tepary beans are largely susceptible to powdery mildew,
caused by Erysiphe polygoni, and genetic resistance is needed
for broadening adaptation to more humid production zones
(Miklas et al., 1994).

The goal of this effort was to develop a tropically
adapted, disease-resistant, tepary bean cultivar with high
nutritional value and seed quality, as well as good cook-
ing quality. ‘USDA Fortuna’ (Reg. no. CV-352, PI 698459)
was developed cooperatively by the USDA-ARS, the Uni-
versity of Puerto Rico (UPR), Zamorano University, the
Ministry of Agriculture of the Dominican Republic, the
National Seed Service of Haiti, Quisqueya University of Haiti,
Instituto Nacional de Innovacién y Transferencia en Tec-
nologia Agropecuaria (INTA) of Costa Rica, and lowa State
University.

2 | METHODS

The original cross in the development of USDA Fortuna
(tested as TARS-Tep 93), G40022 (TDP-13)/G40029 (TDP-
18), was completed in a screenhouse at the Tropical Agricul-
ture Research Station (TARS) in Mayaguez, Puerto Rico (PR),
in 2014, and parents were selected out of the Tepary Diver-
sity Panel (TDP) (Bornowski et al., 2023). Seed was bulked
from the F;s planted in the same screenhouse in 2015, from
the F,s planted at the TARS Station in Isabela, PR, in 2015,
from the F5s planted at the UPR Station in Juana Diaz, PR,
in the winter of 2015-2016, and from the F,s planted at the
UPR Station in Juana Diaz, PR, during early 2016. The single
plant selection resulting in USDA Fortuna was completed in
the F5 generation in a high-temperature field trial at the UPR
Station in Juana Diaz in the summer of 2016, and the line
was bulked thereafter. G40022 (P1321637) is a cultivated yel-
low tepary bean landrace from the Tohono O’odham Nation in
Arizona, with good symbiotic nitrogen fixation capacity (Var-
gas, 2015), powdery mildew resistance, caused by Erysiphe
polygoni DC (Miklas et al., 1994), common bacterial blight
resistance (Urrea et al., 1999), heat tolerance (Rainey & Grif-
fiths, 2005), and a small yellow round seed type. G40022 was
collected by Howard Scott Gentry in 1966 in Newfields, AZ,
along the U.S.-Mexico border, at approximately 816 m asl.
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Core Ideas

* Tepary bean has promise as a nutritious plant
protein source in marginal environments

* USDA Fortuna tepary bean has improved seed size
and quality, and fast cooking time

* USDA Fortuna shows high common bacterial
blight and moderate powdery mildew resistance, as
well as leathopper resistance

G40029 (PI 70793) has a large black speckled seed type, is
a cultivated landrace, has good symbiotic nitrogen fixation
capacity (Vargas, 2015), has high levels of common bacterial
blight resistance (Singh & Munoz, 1999) and has moder-
ate tolerance to BGYMYV in trials conducted at Zamorano
University in Honduras (unpublished data).

A total of six field trials were evaluated in Puerto Rico in
2018, 2019, and 2020 under humid conditions on an Oxisol
soil at the USDA-ARS-TARS Experimental Station in Isabela
and in a semi-arid environment on a Mollisol soil at the UPR
Experimental Station in Juana Diaz. These trials were planted,
managed, and harvested using standard commercial common
bean equipment. The 2018 drought trial in Juana Diaz was
planted with five replications in a randomized complete block
design (RCBD) with 3-m single-row plots, spaced 0.76 m
apart. The 2018 Isabela trial under low N fertility was planted
with six replications in an RCBD design with 3-m four-row
plots, spaced 0.61 m apart. The winter 2019 drought trial and
the summer high-temperature trial in Juana Diaz were planted
with two replications in an RCBD design with 3-m single-row
plots, spaced 0.76 m apart. The fall 2019 Isabela trial, with
relatively high levels of irrigation, was planted with six repli-
cations in an RCBD design with 3-m four-row plots, spaced
0.61 m apart. The winter 2020 Isabela trial, with relatively
high irrigation and rainfall, was planted with six replications
in an RCBD design with 3-m four-row plots, spaced 0.76 m
apart. The field trials were all treated with pre-emergent herbi-
cide, fertilized with 10-10-10 (N-P-K)) with micronutrients,
except for the 2020-2022 trials that were fertilized with 15—
15-15 (N-P-K) with micronutrients, at a rate of 400 kg ha~".
Cultivation was completed mechanically and by hand during
the crop cycle, and the trial was treated with pesticides as
needed to control insect pests. Data, including vigor, phenol-
ogy, yield (kg ha™!), and 100 seed weight, were collected from
most of the trials.

A tepary bean trial, including 10 entries from USDA-ARS-
TARS, was planted with three replications in an RCBD design
in Zamorano, Honduras, on June 7, 2019, and harvested on
August 17, 2019. Experimental units were two rows, 3 m
long with 30 plants per row and 0.7-m distance between
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rows. The trial was conducted in a loamy soil with pH 6.01,
and with 1.74 and 0.09 g 100 g~! of organic matter and total
nitrogen, respectively, and 151, 344, 1,452, 115 and 14 mg
kg‘1 extractable P, K, Ca, Mg, and Na, respectively.

In the 2019-2020 agricultural cycle, two experiments were
planted with and without drought stress in the locality of
Sardinal de Carrillo, Guanacaste, Costa Rica (47 m asl,
10°32'36"' N, 85°38'20” W). An RCBD design was used with
three replications in experimental units of a single 3-m-long
row, spaced 0.50 m apart and with a density of 12 seeds
per meter. The frequency of irrigation was twice a week for
30 min, while the drought treatment had its water supply
terminated at Day 40.

Four trials were completed on the Island of Hispaniola from
2017 to 2020. During the winter 2017-2018 season, trials
were conducted in Cabaret and Damien, in the Cul-de-Sac
valley area of Haiti, under high leathopper pressure, and low
fertility conditions with no fertilizer added. These two tri-
als were planted with three replications in an RCBD design
with 2-m single-row plots, spaced 0.76 m apart. During the
2018-2019 and 2019-2020 winter seasons, trials were con-
ducted in the San Juan de Maguana valley in the Dominican
Republic under moderately high and natural BGYMV pres-
sure and moderate drought. These two trials were planted with
three replications in an RCBD design with 2-m single-row
plots, spaced 0.76 m apart. Numbers of plants infected with
BGYMYV were counted, response to powdery mildew, yield
(kg ha™1), and the weight of 100 seed data were collected per
plot.

Water uptake and cooking time analyses were conducted at
the USDA-ARS, Sugarbeet and Bean Research Unit, in East
Lansing, MI, on the 2018 low N fertility Isabela trial accord-
ing to Cichy et al. (2019). Prior to cooking, seed was stored
at 4°C and 75% relative humidity for 1 month to equilibrate
beans to a seed moisture content of 10%—14%. Cooking time
was measured with a Mattson pin drop cooker (Wang & Daun,
2005). Thirty bean seeds per replication were weighed and
presoaked in distilled water for 12 hours. Percentage hard shell
was recorded as the number of seeds that did not take up water
during the 12-hour soaking. Water uptake was determined as
the percentage of water in the soaked and drained vs. the dry
seed samples. Twenty-five of the soaked seeds from a sin-
gle sample were chosen for cooking time determination. The
beans were placed in the wells of the Mattson cooker, and
the device was placed in a metal beaker with boiling distilled
water heated on a hot plate. Individual beans were considered
cooked when the piercing rods had passed through the seed. A
sample’s cooking time was recorded when 80% of the beans
were pierced.

Soil testing was completed by bulking the soil samples col-
lected in a “W” pattern from the 2018 low N fertility Isabela
trial and from the 2019 adequate fertility trial. The soil analy-
sis was completed by Waypoint Analytical. These soil samples

were collected from all six replications in the 2018 common
bean and tepary bean trials for a total of 12 soil analyses and
from two replications from the 2019 trial. Organic matter (%),
phosphorus (P, ppm), potassium (K, ppm), calcium (Ca, ppm),
magnesium (Mg, ppm), sulfur (S-SO,, ppm), boron (B, ppm),
copper (Cu, ppm), iron (Fe, ppm), manganese (Mn, ppm), zinc
(Zn, ppm), sodium (Na, ppm), nitrate (NO;N, ppm), and pH
were analyzed.

The seed proximate nutritional analyses were completed
on raw seed by A&L Great Lakes Laboratories on eight
tepary and four common bean lines from the 2018 low N
fertility Isabela trial and on four tepary bean lines from the
2019 adequate fertility trial. The seed nutritional analyses
were conducted on each of the replications of each line and
included analysis of crude protein, N, crude fiber, Ca, K,
Mg, P, and S measured as a percentage. Aluminum (Al), B,
Cu, Fe, Mn, and zinc (Zn) were measured as ppm. Certified
standards were used for calibration of the instruments. After
open vessel microwave digestion (SW846-3050B), samples
were analyzed by Inductively Coupled Argon Plasma (ICAP)
for minerals following AOAC 985.01 methods (AOAC Inter-
national, 2017). Nitrogen and crude protein assessment
was performed by the Dumas combustion method (AOAC
990.03) using an Elementar Rapid N Analyzer and LECO
TRUMAC Carbon:Nitrogen Analyzer (AOAC International,
2017). Crude fiber was determined using method 32-10
(AACC, 2000) which consists of chemical digestion and
subsequent combustion.

Significant differences for sulfur were found between the
tepary bean lines; thus, S-containing amino acids cysteine and
methionine were subsequently evaluated at the University of
Missouri Agricultural Experiment Station Chemical Labora-
tories. Performic acid oxidation and acid hydrolysis methods
were used for the determination of cysteine and methionine
on a weight/weight %, or grams per 100 grams of sample.

Disease evaluations for common bacterial blight were com-
pleted at the USDA-ARS-TARS in Mayaguez, PR, during
2020-2021. Common bacterial blight strain 484A was inoc-
ulated using the multiple needle technique (Andrus, 1948;
Zapata et al., 1985) using plants grown in a screenhouse.
Xanthomonas axonopodos pv. phaseoli cultures were grown
on YDCA media and then diluted to 107 mL~! for inocula-
tion (Zapata et al., 1985) on plants organized in an RCBD
with three replications. The disease response was evaluated
14 and 21 days after inoculation using a 1-9 scale, where 1
represents no symptoms and 9 represents complete infection
of the inoculated leaf (van Schoonhoven & Pastor-Corrales,
1987). Disease response to natural powdery mildew, infec-
tion in the field was evaluated on the same 1-9 scale in the
2019 Dominican Republic trial (van Schoonhoven & Pastor-
Corrales, 1987). The lines were also evaluated for resistance
to Bean common mosaic virus through inoculation with the
NL-3 strain of Bean common mosaic necrosis virus in a
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greenhouse in Mayaguez, PR, in 2020. ELISA was completed
on the samples as per the Agdia protocol (Elkhart, IN) and
used to detect the presence of the virus in three plants of each
line.

The lines were evaluated for response to the common
bean weevil (Acanthoscelides obtectus) at the UPR Experi-
ment Station in Isabela in 2019 and 2021 as per the protocol
described by Kusolwa et al. (2016).

All statistical analyses were performed using ANOVA for
each measured trait in each trial using PROC GLM in SAS
version 9.4 (SAS Institute). Fisher’s protected LSD (p = 0.05)
was used to compare entry means in trials that had significant
F-tests for entries.

3 | CHARACTERISTICS

USDA Fortuna yielded consistently well across yield trials in
Puerto Rico, Haiti, and the Dominican Republic, averaging
1,865 kg ha~!. In comparison, the checks TARS-Tep 22 and
the Arizona landrace Sacaton white had lower average yields
of 1,445 and 1,308 kg ha™!, respectively, whereas the G40001
check had the highest overall average yield of 1,917 kg ha™!
(Table 1). However, Sacaton white and G40001 were not
included in all trials. USDA Fortuna has a prostrate plant
habit, which can be classified as a Type III, while most of its
pods are held above the ground surface. It has good seed qual-
ity, with round black speckled seed type, composed of an off-
white background and black speckled foreground color, and
minimal seed coat wrinkling. Compared with other cultivated
tepary germplasm, it has larger-sized seed with an average
14.5 g 100~! seed weight and higher seed quality (Table 2 and
Figure 1). Compared with the unimproved cultivated checks,
seed weight was 17% higher than G40001 (12 g 100~!) and
22% higher than Sacaton white (11.3 g 100~!) on average
across the trials. USDA Fortuna matured in 64.2 days on aver-
age across the Puerto Rico and Haiti trials (data not shown).
To investigate the effects of tropical soil nutrition on tepary
seed composition, soil was evaluated from the 2018 very low
N and the 2019 low N field trials in Puerto Rico (Supplemen-
tal Table S1), all conducted with adequate irrigation and under
nonstress temperature conditions. The pH of the trials ranged
from 5.8 (2019) to 7.4 (2018). There were significant differ-
ences between the 2018 trials (common bean and tepary bean
side-by-side trials) and the 2019 trial for N. N in the 2019 trial
(7 ppm) was significantly higher and roughly double the 2018
trials (3.2 and 4 ppm). P was significantly lower in the 2018
tepary trial (15.2 ppm) when compared to the 2018 common
bean trial (26.5 ppm), but both represent adequate levels of
P nutrition for common bean. K levels in the 2018 common
bean (212 ppm) and 2019 trials (187 ppm) were significantly
higher than in the 2018 tepary trial (150 ppm), but all repre-
sent adequate K soil nutrition. Significant differences for Ca,

Journal of Plant Registrations HE

FIGURE 1

Images of dry seed and cooked seed samples of
USDA Fortuna. Bar indicates 1 cm.

Cu, Fe, and Mn were also found between the trials but were
at adequate levels.

In terms of seed composition in the very low N 2018 trial,
USDA Fortuna was similar to the other tepary beans (except
for TARS-Tep 90) for seed protein, Fe, Zn, and S, with means
lower than the common beans tested (Supplemental Table
S2). In 2019, the tepary beans were again evaluated for seed
nutritional composition under moderately low N fertility con-
ditions (Table 3), and in this trial USDA Fortuna seed protein,
Fe, Zn, and S were higher than the 2018 trial and at levels
comparable to common bean. The 2019 results also coincide
with another nutritional study conducted in a nearby field in
Isabela under adequate soil fertility conditions that showed no
significant difference between the common bean and tepary
bean lines tested for these seed nutritional components (Porch
et al., 2017). Thus importantly, the nutritional composition of
Fortuna may be affected by very low levels of soil N fertil-
ity. The concentration of S-containing amino acids, important
for human nutrition, including cysteine (0.25 W/W%) and
methionine (0.258 W/W%), were close to the mean of the
tepary beans tested (0.265 and 0.259, respectively; data not
shown) for Fortuna. It is interesting to note that a common
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TABLE 2
different abiotic constraints, 2018-2020.

Weight of 100-seed samples of tepary bean lines from eight trials conducted in Puerto Rico and the Dominican Republic under

Puerto Rico Dominican Republic  Puerto Rico
Juana Diaz  Isabela San Juan Juana Diaz Isabela
High

Drought Low fert. BGYMV Drought temp. Nonstress Nonstress

Line Seed type 2018 2018 2018-2019 2019-2020 2019 2019 2019 2020 Mean
g
TARS-Tep 90  Black 14.7 11.1 17.2 12.6 19.8 15.1 16.0 13.2 15.0
USDA Fortuna Black 16.8 12.3 14.7 12.3 18.7 12.4 15.1 13.9 14.5
speckled
TARS-Tep 22  White 13.2 9.3 14.6 12.5 16.7 11.8 13.4 11 12.8
Sacaton white ~ White NT 9.8 NT 10.2 15 10.6 11.6 10.4 11.3
G40001 White 14.3 9.3 13.7 10.9 14.1 9.4 NT NT 12.0
Mean 14.8 10.5 14.9 12.2 17 12 14.1 12.2 13.5
LSD (0.05) 1.9 0.9 1.7 1.5 1.5 2 1.1 1
CV (%) 10.1 5.5 5.5 8.4 43 8 6.4 6.7
Abbreviations: BGYMYV, Bean golden yellow mosaic virus; fert., fertility; NT, not tested.
TABLE 3 Seed composition of tepary bean lines from a trial with adequate soil fertility in Isabela, Puerto Rico in 2019.
Crude Crude
Line Seed type N* protein fiber Ca K Mg P S Al B Cu Fe Mn Zn
% dry wt. ppm
TARS-Tep 90 Black 3.87 2422 477 020 1.87 024 054 042 9.67 14.67 11.00 72.00 34.33 33.33
USDA Black 398 2484 470 021 163 022 053 038 9.67 14.00 13.67 61.33 40.67 33.33
Fortuna speckled

TARS-Tep 22 White 4.07 25.44 580 022 178 021 053 034 433 12.00 10.67 68.67 37.67 30.33
TARS-Tep 51 White 375 2344 490 024 182 020 055 033 750 1050 1050 71.50 28.50 30.50
Mean 3.9 24.5 5.1 023 1.78 0225 053 035 7.1 128 112 67.1 341 31.8
LSD (0.05) 032 2 NS 0.03 0.06 NS NS 0.03 3.8 2.7 1.8 6.5 6.1 NS
CV (%) 22 2.1 3.9 0.83 375 257 102 7.7 4.7 8.7

2Seed composition components including raw seed crude protein, nitrogen, crude fiber, calcium (Ca), potassium (K), magnesium (Mg), phosphorus (P), and sulfur (S)
were measured as a percentage of dry weight. Aluminum (Al), boron (B), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) were measured as ppm.

bean cultivar developed in Puerto Rico, ‘Verano’ (Beaver
et al., 2008), showed high protein, Fe, and Zn concentrations
in the 2018 very low N field trial, which may indicate indi-
rect breeding for improved nutrient uptake or translocation to
the seed under these soil fertility conditions. In low N field
trials conducted at the Isabela Substation from 2015 to 2018,
Verano had among the highest mean nitrogen derived from
the atmosphere (NDFA) values (56.1%) among 27 lines from
the Bean Abiotic Stress Evaluation (BASE) 120 panel (Beaver
etal., 2021).

USDA Fortuna showed superior seed quality overall.
Whereas some of the tepary bean and common bean lines
grown in this trial showed hardshell (Stanley, 1992), which
means they did not imbibe water during soaking, USDA For-
tuna took up water readily during soaking and was uniform
across the seed samples. USDA Fortuna also had excellent

cooking quality (Figure 1). The cooking time was 58.8 min,
which was faster than most other samples. This genotype
maintained its integrity during cooking and retained some of
its speckled seed phenotype after cooking (Table 4), which
is unusual. The relatively low water uptake of Verano and
‘Stampede’ (Osorno et al., 2010) may be related to the high
temperature production and storage environments in Puerto
Rico, which can result in the hardshell seed phenotype.

In the disease evaluations, USDA Fortuna showed toler-
ance to BGYMYV in field trials in the Dominican Republic
in terms of yield performance (Porch et al., 2021). Yields in
these trials were high in 2018 and somewhat lower in 2019,
despite a proportion of the plants in each plot showing typi-
cal BGYMYV symptoms in both trials. Response to common
bacterial blight in the screenhouse in Mayaguez, PR, was
evaluated with an average rating of 2.8 for USDA Fortuna
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TABLE 4
in 2018.
Soaked seed increased
Line/cultivar Seed type weight
%
Tepary bean
TARS-Tep 90 Black 148.5
USDA Fortuna Black speckled 138.5
TARS-Tep 22 White 110.1
Sacaton white White 98.0
Common bean
Stampede Pinto 39.2
TARS-MST1 Black 117.3
Verano White 36.1
Zorro Black 129.9
Mean 99.9
LSD (0.05) 14.2
CV (%) 11.8

at 21 days after inoculation, while controls VAX 6 and
Morales had ratings of 3.3 and 8.4, respectively. USDA For-
tuna showed a low percentage of powdery mildew damage,
27.8% to 33.3%, among the 10 tepary bean lines tested in the
2018 and 2019 Dominican Republic trials, where the means
were 48.6% and 36.5%, respectively (Porch et al., 2021).
USDA Fortuna showed a high titer of virus using ELISA when
inoculated with the NL-3 strain of the Bean common mosaic
necrotic virus, thus indicating susceptibility to Bean common
mosaic virus. The development of genetic resistance to this
seed-borne disease is important for production of disease-
free seed and remains a key goal of ongoing improvement
efforts. USDA Fortuna was resistant to endemic races of rust
in Puerto Rico but was susceptible to rust in an observational
trial planted in the field in Fort Collins, CO, and tested in the
greenhouse at USDA-ARS, Beltsville (data not shown).

Under high leathopper insect pressure in Cabaret and
Damien, Haiti, in the 2018-2019 winter season, USDA For-
tuna yielded 2,568 and 1,223 kg ha™!, respectively (Table 1).
These yields were significantly higher than the mean yield of
both tepary bean trials, and the plants showed reduced leaf
curl and leaf burn symptoms compared with the susceptible
check TARS-Tep 22, and a similar response to the leafhopper
resistant accession G40001. In controlled trials in Puerto
Rico, USDA Fortuna was susceptible to the common bean
weevil.

4 | AVAILABILITY

Seed of this cultivar has been deposited in the USDA-ARS
National Plant Germplasm System (http://www.ars-grin.gov/

Water uptake and cooking performance of tepary and common bean lines from a very low-N trial conducted in Isabela, Puerto Rico

Soaked seed weight  Hardshell Cooking time
g per 100 seed % min
29.3 6.0 78.6
29.2 0.0 58.8
20.3 10.6 71.3
19.2 32.0 95.0
443 67.2 86.2
41.3 0.0 38.8
242 57.2 80.7
37.0 1.7 338
27.7 21 69.4
2.8 11.7 30
8.3 46.2 35.8

npgs/index.html), where it is available for research purposes,
including development and commercialization of new culti-
vars. A limited quantity of seed of the cultivar may be obtained
by writing to orders@ars-grin.gov or to the corresponding
author (timothy.porch@usda.gov). It is requested that appro-
priate recognition be made if this germplasm contributes to
the development of new breeding lines or cultivars.

AUTHOR CONTRIBUTIONS

Timothy G. Porch: Conceptualization; data curation; formal
analysis; investigation; writing—original draft; writing—
review and editing. Juan Carlos Rosas: Formal analysis;
investigation; methodology; writing—review and editing.
Karen Cichy: Investigation; writing—review and editing.
Graciela Godoy Lutz: Investigation; writing—review and
editing. Iveth Rodriguez: Investigation; writing—review and
editing. Raphael W. Colbert: Investigation; writing—review
and editing. Gasner Demosthene: Investigation; writing—
review and editing. Juan Carlos Hernandez: Investigation;
writing-review and editing. Donna M. Winham: Investiga-
tion; writing—review and editing. James S. Beaver: Formal
analysis; investigation; writing—review and editing.

ACKNOWLEDGMENTS

The authors thank the field and laboratory contributions of
Giovanni Lorenzo and Stephanie Cosme in Puerto Rico, and
those participating in the trials at the University of Puerto
Rico, Haiti, Costa Rica, and the Dominican Republic. We
thank Dr. Maria Munoz Amatriain and Barry Ogg for plant-
ing the observation trial in Ft. Collins, CO. We also thank
Dr. Talo Pastor-Corrales for the evaluation for rust response
at USDA-ARS in Beltsville, MD. Mention of trade names

5U60 1 SUOWILIOD @A1IERI0 3[R0 dde 2Ly Aq poLLIBAOB a2 SaoILE WO ‘88N J0 S3INI 0 AIRIGITBUIIUO AB|IA LD (SUOIIPUOD-PUE-SUULBI 0" AB| 1 AIBAC 18U |UO//Sa1L) SUOIPUOD PUE S | 3L 89S *[§20Z/0T/9T] Uo ArIIT8U1IUO A8, ‘11T AISIBAIUN XIS BMO| Ad 2ZE02 211d/Z00T 0T/10p/LI00 A3 | I AJR1q] 1 [pUI [UO'SSBST8,/:SAlY WO} Popeo|umod ‘0 ‘967E0Y6T


http://www.ars-grin.gov/npgs/index.html
mailto:orders@ars-grin.gov
mailto:timothy.porch@usda.gov

PORCH ET AL.

Journal of Plant Registrations Nl

or commercial products in this article is solely for the pur-
pose of providing specific information and does not imply
recommendation or endorsement by the U.S. Department of
Agriculture.

ORCID

Timothy G. Porch ‘© https://orcid.org/0000-0002-5107-2448
Juan Carlos Rosas ‘© https://orcid.org/0000-0003-4396-
702X

Karen Cichy ‘© https://orcid.org/0000-0002-4311-0774

Graciela Godoy Lutz "2 https://orcid.org/0000-0002-0543-

0857
Donna M. Winham ‘2 https://orcid.org/0000-0003-3924-

2560

James S. Beaver (¥ https://orcid.org/0000-0002-1112-8224

REFERENCES

Aleksandrowicz, L., Green, R., Joy, E. J. M., Smith, P., & Haines, A.
(2016). The impacts of dietary change on greenhouse gas emissions,
land use, water use, and health: A systematic review. PLOS ONE, 11,
€0165797. https://doi.org/10.1371/journal.pone.0165797

Andrus, C. F. (1948). A method of testing beans for resistance to bacterial
blights. Phytopathology, 38, 7157-759.

American Association of Cereal Chemists (AACC). (2000). AACC
method (32-10-01). In Approved Methods of the AACC. American
Association of Cereal Chemists.

AOAC International. (2017). Official methods of analysis of AOAC
International (17th ed.). Association of Official Analytical Chemists.

Beaver, J. S., Estevez de Jensen, C., Miklas, P. N., & Porch, T. G. (2020).
Contributions in Puerto Rico to Phaseolus spp. research. The Journal
of Agriculture of the University of Puerto Rico, 104, 43—-111.

Beaver, J. S., Gonzalez-Vélez, A., Lorenzo-Vazquez, G., Macchiavelli,
R., Porch, T. G., & Estevez de Jensen, C. (2021). Performance of
Mesoamerican bean (Phaseolus vulgaris L.) lines in an unfertilized
Oxisol. Agronomia Mesoamericana, 32, 701-718. https://doi.org/10.
15517/am.v32i3.44498

Beaver, J. S., Porch, T. G., & Zapata, M. (2008). Registration of ‘Verano’
white bean. Journal of Plant Registrations, 2, 187-189. https://doi.
org/10.3198/jpr2008.02.0110crc

Benitez, M. A., Grijalva, M. L., & Valencia, M. E. (1994). Total and sol-
uble iron content and effect of certain inhibitors present in selected
varieties of tepary bean (Phaseolus acutifolius). Journal of Agricul-
tural and Food Chemistry, 42, 1300-1302. https://doi.org/10.1021/
j£000422009

Bhardwaj, H. L., & Hamama, A. A. (2004). Protein and mineral compo-
sition of tepary bean seed. HortScience, 39, 1363—1365. https://doi.
org/10.21273/HORTSCI1.39.6.1363

Bhardwaj, H. L., & Hamama, A. A. (2005). Oil and fatty acid compo-
sition of tepary bean seed. HortScience, 40, 1436-1438. https://doi.
org/10.21273/HORTSCI.40.5.1436

Bornowski, N., Hart, J. P., Vargas Palacios, A., Ogg, B., Brick, M. A.,
Hamilton, J. P., Beaver, J. S., Buell, C. R., & Porch, T. G. (2023).
Genetic variation in a tepary bean (Phaseolus acutifolius A. Gray)
diversity panel reveals loci associated with biotic stress resistance.
The Plant Genome, 16, €20363. https://doi.org/10.1002/tpg2.20363

Cichy, K. A., Wiesinger, J. A., Berry, M., Nchimbi-Msolla, S., Fourie,
D., Porch, T. G., Ambechew, D., & Miklas, P. N. (2019). The role

of genotype and production environment in determining the cooking
time of dry beans (Phaseolus vulgaris L.). Legume Science, 1(1), e13.
https://doi.org/10.1002/leg3.13

Garver, S. (1934). The Redfield tepary bean, an early maturing variety.
American Society of Agronomy, 3, 397-403. https://doi.org/10.2134/
agronj1934.00021962002600050007x

Garvin, D. F., & Welch, R. M. (1995). Genetic variation for micronutrient
density in tepary bean, Phaseolus acutifolius A. Gray. Annual Report
of the Bean Improvement Cooperative, 38, 60-61.

Hannah, L., Ikegami, M., Hole, D. G., Seo, C., Butchart, S. H. M.,
Townsend Peterson, A., & Roehrdanz, P. R. (2013). Global climate
change adaptation priorities for biodiversity and food security. PLOS
ONE, 8(8), €72590. https://doi.org/10.1371/journal.pone.0072590

Kornegay, J. L., & Cardona, C. (1990). Development of an appropri-
ate breeding scheme for tolerance to Empoasca kraemeri in common
bean. Euphytica, 47, 223-231. https://doi.org/10.1007/BF000242
45

Kusolwa, P. M., Myers, J. R., Porch, T. G., Trukhina, Y. O., Gonzalez-
Velez, A., & Beaver, J. S. (2016). Registration of AO-1012-29-3-3A
red kidney bean germplasm line with bean weevil, BCMV and
BCMNV resistance. Journal of Plant Registrations, 10, 149-153.
https://doi.org/10.3198/jpr2015.10.0064crg

Lamp, W. O., Nielsen, G. R., & Danielson, S. D. (1994). Patterns
among host plants of potato leathopper Empoasca fabae (Homoptera:
Cicadellidae). Journal of the Kansas Entomological Society, 67,
354-368.

Markhart, A. H. (1985). Comparative water relation of Phaseolus
vulgaris L. and Phaseolus acutifolius Gray. Plant Physiology, 77,
113-117. https://doi.org/10.1104/pp.77.1.113

Miklas, P. N., Rosas, J. C., Beaver, J. S., Telek, L., & Freytag, G.
F. (1994). Field performance of select tepary bean germplasm in
the tropics. Crop Science, 34, 1639-1644. https://doi.org/10.2135/
cropscil994.0011183X003400060040x

Miklas, P. N., & Santiago, J. (1996). Reaction of select tepary bean to
bean golden mosaic virus. HortScience, 31, 430-432. https://doi.org/
10.21273/HORTSCI.31.3.430

Moghaddam, S., Oladzad, A., Koh, C., Ramsay, L., Hart, J., Mamidi, S.,
Hoopes, G., Sreedasyam, A., Wiersma, A., Zhao, D., Grimwood, J.,
Hamilton, J. P, Jenkins, J., Vaillancourt, B., Wood, J. C., Rokhsar, D.,
Schmutz, J., Kagale, S., Porch, T., ... McClean, P. E. (2021). Genome
sequences of wild and landrace tepary bean provide insight into evo-
lution and domestication under heat stress. Nature Communications,
12, 2638. https://doi.org/10.1038/s41467-021-22858-x

Murray, J. D., Michaels, T. E., Pauls, K. P., & Schaafsma, A. W. (2001).
Determination of traits associated with leafthopper (Empoasca fabae
and Empoasca kraemeri) resistance and dissection of leathopper
damage symptoms in common bean (Phaseolus vulgaris). Annals of
Applied Biology, 139, 319-327. https://doi.org/10.1111/j.1744-7348.
2001.tb00145.x

Mwale, S. E., Shimelis, H., Mafongoya, P., & Mashilo, J. (2020). Breed-
ing tepary bean (Phaseolus acutifolius) for drought adaptation: A
review. Plant Breeding, 139, 821-833. https://doi.org/10.1111/pbr.
12806

Nabhan, G. P. (1979). Tepary beans: The effects of domestication on
adaptation to arid environments. Arid Lands Newsletter, 10, 11-16.

Osorno, J. M., Grafton, K. F., Rojas-Cifuentes, G. A., Gelin, R., &
Vander Wal, A. J. (2010). Registration of ‘Lariat’ and ‘Stampede’
pinto beans. Journal of Plant Registrations, 4, 5—-11. https://doi.org/
10.3198/jpr2009.03.0143crc

85U8017 SUOWILLIOD @A 18810 3|cedldde 8y Aq pauenob ae e VO ‘8sn JO Se|nJ o} Akeid 18Ul UO A8]IAA UO (SUORIPUOD-PUR-SLUIB)ALIO" A [IM"AeIq Ul UO//:SANL) SUORIPUOD pUe SWwid | 8U18eS *[£202/0T/9T] Uo Akiqiauluo Ao M ‘Akiqi AisieAun ates emo| Aq 2ze0z 241d/Z00T 0T/10p/uwioo A8 1M Aelq Ul U0 ssesde//sdiy Woj pepeojumoa ‘0 ‘96vE0v6T


https://orcid.org/0000-0002-5107-2448
https://orcid.org/0000-0002-5107-2448
https://orcid.org/0000-0003-4396-702X
https://orcid.org/0000-0003-4396-702X
https://orcid.org/0000-0003-4396-702X
https://orcid.org/0000-0002-4311-0774
https://orcid.org/0000-0002-4311-0774
https://orcid.org/0000-0002-0543-0857
https://orcid.org/0000-0002-0543-0857
https://orcid.org/0000-0002-0543-0857
https://orcid.org/0000-0003-3924-2560
https://orcid.org/0000-0003-3924-2560
https://orcid.org/0000-0003-3924-2560
https://orcid.org/0000-0002-1112-8224
https://orcid.org/0000-0002-1112-8224
https://doi.org/10.1371/journal.pone.0165797
https://doi.org/10.15517/am.v32i3.44498
https://doi.org/10.15517/am.v32i3.44498
https://doi.org/10.3198/jpr2008.02.0110crc
https://doi.org/10.3198/jpr2008.02.0110crc
https://doi.org/10.1021/jf00042a009
https://doi.org/10.1021/jf00042a009
https://doi.org/10.21273/HORTSCI.39.6.1363
https://doi.org/10.21273/HORTSCI.39.6.1363
https://doi.org/10.21273/HORTSCI.40.5.1436
https://doi.org/10.21273/HORTSCI.40.5.1436
https://doi.org/10.1002/tpg2.20363
https://doi.org/10.1002/leg3.13
https://doi.org/10.2134/agronj1934.00021962002600050007x
https://doi.org/10.2134/agronj1934.00021962002600050007x
https://doi.org/10.1371/journal.pone.0072590
https://doi.org/10.1007/BF00024245
https://doi.org/10.1007/BF00024245
https://doi.org/10.3198/jpr2015.10.0064crg
https://doi.org/10.1104/pp.77.1.113
https://doi.org/10.2135/cropsci1994.0011183X003400060040x
https://doi.org/10.2135/cropsci1994.0011183X003400060040x
https://doi.org/10.21273/HORTSCI.31.3.430
https://doi.org/10.21273/HORTSCI.31.3.430
https://doi.org/10.1038/s41467-021-22858-x
https://doi.org/10.1111/j.1744-7348.2001.tb00145.x
https://doi.org/10.1111/j.1744-7348.2001.tb00145.x
https://doi.org/10.1111/pbr.12806
https://doi.org/10.1111/pbr.12806
https://doi.org/10.3198/jpr2009.03.0143crc
https://doi.org/10.3198/jpr2009.03.0143crc

PORCH ET AL.

LN Journal of Plant Registrations

Porch, T., Barrera, S., Berny, J., Diaz-Ramirez, J., Pastor-Corrales, M.,
Gepts, P., Urrea, C. A., & Rosas, J. C. (2022). Release of tepary
bean TARS-Tep 23 germplasm with broad abiotic stress tolerance
and rust and common bacterial blight resistance. Journal of Plant
Registrations, 16(1), 109-119. https://doi.org/10.1002/plr2.20180

Porch, T., Beaver, J., Arias, J., & Godoy-Lutz, G. (2021). Response
of tepary beans to bean golden yellow mosaic virus and powdery
mildew. Annual Report of the Bean Improvement Cooperative, 63,
73-74.

Porch, T. G., Beaver, J. S., & Brick, M. (2013). Registration of tepary
germplasm with multiple-stress tolerance, TARS-Tep 22 and TARS-
Tep 32. Journal of Plant Registrations, 7, 358-364. https://doi.org/10.
3198/jpr2012.10.0047crg

Porch, T. G., Cichy, K., Wang, W., Brick, M., Beaver, J. S., Santana-
Morant, D., & Grusak, M. (2017). Nutritional composition and
cooking characteristics of tepary bean (Phaseolus acutifolius Gray)
in comparison with common bean (Phaseolus vulgaris L.). Genetic
Resources and Crop Evolution, 64(5), 935-953. https://doi.org/10.
1007/s10722-016-0413-0

Rainey, K. M., & Griffiths, P. D. (2005). Inheritance of heat tolerance
during reproductive development in snap bean (Phaseolus vulgaris
L.). Journal of the American Society for Horticultural Science, 135,
700-706. https://doi.org/10.21273/JASHS.130.5.700

Ramirez-Cabral, N. Y. Z., Kumar, L., & Taylor, S. (2016). Crop niche
modeling projects major shifts in common bean growing areas. Agri-
cultural and Forest Meteorology, 218, 102-113. https://doi.org/10.
1016/j.agrformet.2015.12.002

Singh, S. P., & Muiioz, C. (1999). Resistance to common bacte-
rial blight among Phaseolus species and common bean improve-
ment. Crop Science, 39, 80-89. https://doi.org/10.2135/cropscil999.
0011183X003900010013x

Souter, J. R., Gurusamy, V., Porch, T. G., & Bett, K. E. (2017). Success-
ful introgression of abiotic stress tolerance from wild tepary bean to
common bean. Crop Science, 57, 1160-1171. https://doi.org/10.2135/
cropsci2016.10.0851

Stanley, D. (1992). Hard beans—A problem for growers, processors,
and consumers. HortTechnology, 2(3), 370-378. https://doi.org/10.
21273/HORTTECH.2.3.370

Sternberg, P. D., Ulery, A. L., & Villa-C, M. (2001). Salinity and boron
effects on growth and yield of tepary and kidney beans. HortScience,
36, 1269-1272. https://doi.org/10.21273/HORTSCI.36.7.1269

Suarez, J. C., Polania, J. A., Contreras, A. T., Rodriguez, L., Machado, L.,
Ordoiiez, C., Beebe, S., & Rao, I. M. (2020). Adaptation of common
bean lines to high temperature conditions: Genotypic differences in

phenological and agronomic performance. Euphytica, 216, 28. https://
doi.org/10.1007/s10681-020-2565-4

Traub, J., Porch, T., Naecem, M., Urrea, C. A., Austic, G., Kelly,J. D., &
Loescher, W. (2018). Screening for heat tolerance in Phaseolus spp.
using multiple methods. Crop Science, 58(6), 2459-2469. https://doi.
org/10.2135/cropsci2018.04.0275

Urrea, C., Miklas, P. N., & Beaver, J. S. (1999). Inheritance of resistance
to common bacterial blight in four tepary bean lines. Journal of the
American Society for Horticultural Science, 124, 24-27. https://doi.
org/10.21273/JASHS.124.1.24

van Schoonhoven, A., & Pastor-Corrales, M. A. (1987). Standard system
for the evaluation of bean germplasm. CIAT.

Vargas, A. (2015). Estudio de la reaccion al virus del mosaico necrético
comtin del frijol (BCNMYV) y la habilidad de fijacién bioldgica del
nitrégeno (FBN) en frijol tépari (Phaseolus acutifolius A. Gray)
e introgresién de la FBN al frijol comun (Phaseolus vulgaris L.).
[Master’s thesis, University of Puerto Rico, Mayaguez].

Wang, N., & Daun, J. K. (2005). Determination of cooking times of
pulses using an automated Mattson cooker apparatus. Journal of the
Science of Food and Agriculture, 85(10), 1631-1635. https://doi.org/
10.1002/jsfa.2134

Zapata, M., Freytag, G. F., & Wilkinson, R. E. (1985). Evaluation for
bacterial blight resistance in beans. Phytopathology, 75, 1032-1039.
https://doi.org/10.1094/Phyto-75-1032

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Porch, T. G., Rosas, J. C.,
Cichy, K., Lutz, G. G., Rodriguez, 1., Colbert, R. W.,
Demosthene, G., Hernandez, J. C., Winham, D. M., &
Beaver, J. S. (2023). Release of tepary bean cultivar
‘USDA Fortuna’ with improved disease and insect
resistance, seed size, and culinary quality. Journal of
Plant Registrations, 1-10.
https://doi.org/10.1002/plr2.20322

85U8017 SUOWILLIOD @A 18810 3|cedldde 8y Aq pauenob ae e VO ‘8sn JO Se|nJ o} Akeid 18Ul UO A8]IAA UO (SUORIPUOD-PUR-SLUIB)ALIO" A [IM"AeIq Ul UO//:SANL) SUORIPUOD pUe SWwid | 8U18eS *[£202/0T/9T] Uo Akiqiauluo Ao M ‘Akiqi AisieAun ates emo| Aq 2ze0z 241d/Z00T 0T/10p/uwioo A8 1M Aelq Ul U0 ssesde//sdiy Woj pepeojumoa ‘0 ‘96vE0v6T


https://doi.org/10.1002/plr2.20180
https://doi.org/10.3198/jpr2012.10.0047crg
https://doi.org/10.3198/jpr2012.10.0047crg
https://doi.org/10.1007/s10722-016-0413-0
https://doi.org/10.1007/s10722-016-0413-0
https://doi.org/10.21273/JASHS.130.5.700
https://doi.org/10.1016/j.agrformet.2015.12.002
https://doi.org/10.1016/j.agrformet.2015.12.002
https://doi.org/10.2135/cropsci1999.0011183X003900010013x
https://doi.org/10.2135/cropsci1999.0011183X003900010013x
https://doi.org/10.2135/cropsci2016.10.0851
https://doi.org/10.2135/cropsci2016.10.0851
https://doi.org/10.21273/HORTTECH.2.3.370
https://doi.org/10.21273/HORTTECH.2.3.370
https://doi.org/10.21273/HORTSCI.36.7.1269
https://doi.org/10.1007/s10681-020-2565-4
https://doi.org/10.1007/s10681-020-2565-4
https://doi.org/10.2135/cropsci2018.04.0275
https://doi.org/10.2135/cropsci2018.04.0275
https://doi.org/10.21273/JASHS.124.1.24
https://doi.org/10.21273/JASHS.124.1.24
https://doi.org/10.1002/jsfa.2134
https://doi.org/10.1002/jsfa.2134
https://doi.org/10.1094/Phyto-75-1032
https://doi.org/10.1002/plr2.20322

	Release of tepary bean cultivar ‘USDA Fortuna’ with improved disease and insect resistance, seed size, and culinary quality
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	3 | CHARACTERISTICS
	4 | AVAILABILITY
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


